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Abstract 

Abstract 
 
The aim of this paper is to identify the enablers, barriers and benefits of implementing 
reconfigurable jigs in the off-site manufacturing of unique house elements. Due to de-
mands on customization, volume and lowering the cost, there is a need to increase flex-
ibility in the industry. The paper focuses on mainly two phases of implementation, 
which are manufacturing, design and engineering.  
 
The research questions are answered by applying a single case study method, taking 
place in a Swedish house manufacturing company.  The study consists of four different 
techniques – interviews, time study, observations, and questionnaire which are sup-
ported with an additional literature review. Hence, research questions are answered 
from a triangulation approach providing nuanced and dynamic perspectives.  
 
From observations and time study it is concluded that in current situation, changeover 
in manufacturing is time-consuming due to the difference in complexity of product var-
iants, along with a complex and inefficient setup process that is not responsive to a 
changeable environment. Findings imply that the barriers in both phases include lack 
of knowledge about reconfigurability, communication, current capabilities of CAD sys-
tems as well as training and education. Enablers are found to be awareness of the needs 
of improvements, long-term mindset and working with product platforms. The benefits 
of implementing reconfigurable jigs include a reduction of setup time in manufacturing, 
better storage and sharing of information along with a better interpretation of that in-
formation, a better structure in the organisation. 
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1 Introduction 
 
This chapter provides a background to the topic of the thesis as well as the problem 
area that the study focuses on. Furthermore, the aim and research questions are pre-
sented followed by the delimitations of the study and a disposition of the following re-
port.  

1.1. Background 
 
Globalization has changed the environment for industries in many ways, such as the 
increase of competition, change of customer demands and requirements to produce with 
shorter lead time, high variety and lower cost (Jonsson & Ossbahr, 2010). In order to 
stay competitive, companies must respond with a changeable manufacturing capacity 
and functionality.  Another important issue for businesses to stay competitive is sus-
tainability. According to Garetti & Taisch (2012) sustainability must be addressed from 
all three pillars which are environmental, social and economic. The authors also state 
that development of new technology in industries is key to reach sustainable manufac-
turing (Garetti & Taisch, 2012).   
 
Mass customization (MC) has become a strategy for companies to maintain their posi-
tions at the market and stay competitive, by combining an ability to provide a high 
variety and customization but keeping the efficiency of standard product manufactur-
ing.  MC could be reached in several ways, one which is by developing a lean approach. 
By focusing on Lean practices like standardization of processes and reducing wastes, 
for example in terms of time and overproduction, manufacturing can become more ef-
ficient. Furthermore, this could also improve the ability to provide customized products 
as well as a better customer experience. A lean approach also highlights the need for 
the manufacturing system to quickly adjust to changes in variety and being flexible 
(Naylor, Naim, & Berry, 1999).  
 
Another strategy to adapt to the competitive environment and reach MC is to develop a 
more changeable manufacturing system. As customization of products becomes a more 
important objective, it suggests an apparent need to increase changeability in the man-
ufacturing system. Changeability can be divided into different categories, including 
flexibility and reconfigurability (Wiendahl, o.a., 2007). 
 
Changeability can be reached on several levels in a manufacturing system, from system 
to workstation level (Wiendahl, o.a., 2007). The fixtures or jigs that are used to handle 
the parts during manufacturing are not always flexible to all the different varieties. In 
order to shorten lead time and lower cost, there is a need to develop jigs that are flexible 
in response to the high variety in mass customization, in order to decrease lead time and 
cost. One approach to achieve this is by using flexible or reconfigurable fixtures or jigs 
(Jonsson & Ossbahr, 2010).  
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1.2. Problem description 
 
A field of industry that is facing challenges to reduce cost and lead time while providing 
mass customized products is the off-site manufacturing (OSM) of timber houses. His-
torically, the industrialised house builders were inspired by the philosophy of Henry 
Ford and mass production (Khalili-Araghi & Koralevic, 2018). However, demands on 
variety, time and cost increase which the industry must respond to by applying MC. 
Hence, house elements can be manufactured in a factory environment, assembled in 
parts and modules before delivering to the site for final construction (Khalili-Araghi & 
Koralevic, 2018).   
 
These OSM systems are required to handle a large variety of products, which results in 
high lead time and costs due to complicated processes like material handling and as-
sembly. According to Khalili-Araghi & Koralevic (2018), flexibility is one of key char-
acteristics for the building industry to reach MC. Hence, by developing more flexible 
processes in the manufacturing, house manufacturers could successfully face the chal-
lenges related to MC.  
 
However, MC and flexibility is not only aiming to achieve to do quick changes in man-
ufacturing, it is also necessary to involve the systems that support manufacturing. The 
design and engineering of products is highly connected to the levels of customization 
and volume that can be achieved. The three key concepts related to the product are 
platform, family and modularity (Jensen, Lidelöw, & Olofsson, 2015).  
 
Also, research shows that the sharing of information between design, engineering and 
manufacturing departments is crucial both to meet customization demands as well as 
being flexible to realise those products in the manufacturing area. Generally, the hous-
ing industry has a less mature information technology system than other industries mak-
ing it an area in need of improvements (Malmgren, Jensen, & Olofsson, 2010).  
 
More specifically, there are challenges in managing the high variety of products, which 
is currently creating long changeover times in the assembly of unique house compo-
nents. Therefore, a possible solution is to introduce reconfigurable fixtures or jigs that 
can be automatically rearranged to fit new variants, reducing the changeover time sig-
nificantly. Consequently, this paper focuses on the benefits, enablers and barriers of 
implementing reconfigurable jigs in OSM of unique house elements. To define those 
terms, benefits are in this paper identified as advantages that could follow the imple-
mentation of reconfigurable jigs. Enablers are factors or characteristics that could mo-
tivate or feed the implementation while barriers are challenges or hinders that needs to 
be removed before implementation.  
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1.3. Purpose and research questions 
 
The aim of this study is to identify benefits, enablers and barriers of implementing re-
configurable jigs in off-site manufacturing of unique house elements. There are three 
research questions to explore the aim of the study, which are presented below.   
 
RQ1: What are the enablers and barriers of implementing reconfigurable jigs in off-
site manufacturing of unique house elements? 
 
RQ2: What are the benefits of implementing reconfigurable jigs in off-site manufac-
turing of unique house elements? 
 
RQ3: How can a company remove the barriers of implementing reconfigurable jigs in 
off-site manufacturing of unique house elements? 
 

1.4. Delimitations 
 
This thesis covers reconfigurable manufacturing in timber house building industry, 
therefore not covering reconfigurability in any other industry. Also, the study focuses 
on timber house industry in Sweden.  
 

1.5. Outline 
 
Chapter 1: Introduction. This chapter presents the background to the topic, followed by 
a definition of the problem area which also motivates the aim of the study. Then the 
purpose of study is presented along with research questions and delimitations. 
 
Chapter 2: Theoretical framework. This chapter consists of all theories and concepts 
which are the base for the research of the study. Starting with defining mass customi-
sation and the underlying concepts, followed by the definition of changeable manufac-
turing systems, flexibility and reconfigurability.  
 
Chapter 3: Method and Implementation. The research approach is presented along with 
the chosen method of research. Thereafter the applied research techniques are outlined, 
followed by a description of the research process and evaluation of the reliability and 
validity of the study.  
 
Chapter 4: Findings an Analysis. The findings from the different techniques are pre-
sented and categorized and then analysed.  
 
Chapter 5: Discussion and Conclusions. The applied method and techniques are dis-
cussed based on the results followed by a discussion of the findings where research 



Introduction 
  

 

questions are answered based on the previous analysed results. Finally, the conclusions 
of the study are presented along with proposals of future work.  
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2 Theoretical Background 

2.1. Mass customization 
 
Mass customization attributes manufacturing, development, marketing and delivery of 
customized product which present diversified customized product with sensible price 
to satisfy customer needs (Pine , 1993). Through mass production, retailers learn about 
different customer preferences and build long term relationship with their customer 
(Parka & Yoo, 2018). Mass production started with Henry Ford when demands of prod-
uct was high but as the time went by, the customer requirements varied, which in turn 
led to mass customization. Flexible and reconfigurable manufacturing systems are used 
to build high diversity through combined assembly in the final assembly, thus achieving 
scope economics (Hu, 2013). 
 
Market needs are changing quickly nowadays because of the high competition and fast 
changing consumer’s need. Product Family Architecture which is important in mass 
customization helps the manufacturer to develops a product family strategy, thus 
providing a high diversity in final products during assembly (Hu, 2013). 
 
At the Building Industry, process begins  when customer gives order, hence, every  
product in the building industry is exclusive, and processes can not be well standardized 
because of that the productivity gap between building industry with other industries is 
growing faster (Monizza , Raucha, & Matt, 2017). Lean management (LM) and Infor-
mation Technology (IT) can be applied to facilitate of improvement MC. Therefore, 
this section describes and provides information about Lean Management, and Infor-
mation Technology. 

2.1.1 Lean Management  
 
Lean defines every source that does not add value to the end product as waste and deals 
with the elucidation and elimination of these wastes (Sobek & Lang, 2010).                      
Rymaszewska (2014) describes lean management as doing more with less. Lean man-
agement (LM)  aims to remove 8 types of wastes which are transport, inventory, motion, 
waiting, over-processing, overproduction, defects, and talent and also helps to improve 
performance, breakdowns, inventory level, customer satisfaction and profit (Kadarovaa 
& Demecko, 2016). Lean management reduces waste and improves quality in the or-
ganization. Kanban, Value Stream Mapping (VSM), 5s, Kaizen, Pull system are tools 
which are used for lean. 
 
Lean management needs qualified leaders and organization culture to get success. Lean 
manufacturing, which is the most distant of individualism, adopts the understanding of 
community-togetherness, so it gives importance to the group performance and is a 
method that wants continuous improvement. 
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2.1.2 Information Technologies 
 
Information technologies has enormous effect on manufacturing due to efficient usage 
of limited human resources. The dynamic market is influenced by the relationship be-
tween the parts of the system and the changing customer behaviour over time. Infor-
mation processing activities which are definition of the tasks, planning and control, and 
reporting (Riezebos , Klingenberg, & Hicks , 2009) helps organizations to enhance 
productivity level.  

 
Figure 1 Automation and computerization in a production (Figure 1 is adopted from 
Groover, 2015) 
 
Manufacturing support systems are used to manage and support the production, solv-
ing problems related to design, planning, ordering of new material as well as keeping 
track of and controlling the work in process (WIP) in the factory. For this purpose, it is 
often of use to apply computer systems. These are CAD for design activities and CAM 
for manufacturing activities. This way, the generation of information from design and 
engineering to manufacturing can be optimized without losing any important data 
(Groover, 2015).    
 
Design and manufacturing are linked together in several ways. Therefore, the design 
process is of importance to the manufacturing process and vice versa. Design process 
consists of six phases which are 1) recognition of need, 2) problem definition, 3) syn-
thesis, 4) analysis and optimization, 5) evaluation, 6) presentation. Presentation is the 
documenting the design by drawings, material specifications, assembly lists, etc.  
Design processes that use computer-based systems and applications are generally called 
CAD. The term CAD/CAM is used if the program also includes applications for man-
ufacturing. CAD can be used in 4 of the 6 steps in product design which are:  
Synthesis – geometric modelling, analysis and optimization – engineering analysis, 
evaluation – design review and evaluation, presentation – automated drafting (Groover, 
2015). 
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Geometric modelling uses CAD to create mathematical outlines of geometry of the 
product, a geometric model. Engineering analysis are computer-based analyses like 
stress-strain calculations, heat transfer analysis, dynamic simulation. These are com-
plex calculations where Computer Aided Engineering (CAE) is useful. Design evalua-
tion and review include the following: Automatic dimensioning, error checking, ani-
mation of discrete-event simulation solutions, plant layout design scores. Lastly, auto-
mated drafting can utilize CAD systems to prepare engineering drawings (Groover, 
2015).  
 
As mentioned by Jensen et al (2012), modularity is a key characteristic for achieving 
mass customization. “Cut-to-fit modularity has the property of parameterization, where 
the interface of the module remains the same but the dimensions can change. This has 
been used in many applications in the construction industry. Often, the length of a wall 
is a variable parameter and can be stretched according to the rules of the building 
system.” (Jensen, Olofsson, & Johnsson, Configuration through the parameterization of 
building components, 2012). Parameterization helps organizations to change products 
dimensions when interface of modules stay same. This process configurate product 
that’s why it decreases the level of time which is spent to design new product. 
 
Furthermore, it can be understood that the output of the design process is a vast amount 
of data. In order to store and manage this, a PDM system can be of good use. In con-
clusion, CAD and management systems provide many advantages compared to using 
manual tools for design and drafting. These can be summarized below:  
Increased design productivity, increased available geometric forms in the design, im-
proved quality of the design, improved design documentation, creation of a manufac-
turing database, design standardisation (Groover, 2015). 
 

 
Figure 2 CAD/CAM and CIM scope (Figure 2 is adopted from Groover, 2015) 
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Computer Aided Manufacturing (CAM) uses computer technology for manufacturing 
control and planning. For manufacturing planning process, computer is used for arrang-
ing for production management and activities like process planning, numerical control 
part programming, work standards, cost estimating, production and inventory planning 
and line balancing. For manufacturing control process, computer systems controls and 
manage the operations which are physical include process monitoring and control, qual-
ity control, shop floor control, inventory control, and just in time (JIT) production sys-
tems (Groover, 2015).  

Groover (2015) describes CAD/CAM as “denotes the integration of design and manu-
facturing activities by means of computer systems”. CAD/CAM which has direct rela-
tionship with design and manufacturing aims not just automate current design and man-
ufacturing phase but also automate transition from design to manufacturing. 

Computer Integrated Manufacturing (CIM) contains CAD and CAM but also it includes 
business functions which are related with manufacturing (Groover, 2015) (Figure 2). 
 

2.2 Changeable manufacturing systems  
 
Changeable manufacturing is addressing the need to adapt to changes in terms of prod-
ucts and functionalities, a vital characteristic for companies to stay competitive. 
(Andersen, ElMaraghy, ElMaraghy, Brunroe, & Nielsen, 2018). Changeable manufac-
turing systems include both flexible and reconfigurable systems. Therefore, this section 
provides a definition of manufacturing systems, followed by changeability, flexibility 
and reconfigurable manufacturing systems.  

2.2.1 Manufacturing systems 
 
The most common definition of a system could basically be a combination of machines 
and human workforce, working towards a common goal.  (Bellgran & Säfsten, 2010). 
According to (Groover, 2015), the term production is overarching the term manufac-
turing. As seen in the Figure 3, a production system consists of two larger components 
and these are facilities and manufacturing support systems. Facilities concerns the fac-
tory building, location but also the organization and layout of equipment in the plant, 
which is both in terms of machines and human workforce. Furthermore, it includes the 
computer systems used to control the operations.  Manufacturing support systems in-
clude activities to handle the production and meet technical and logistical issues like 
material handling, in-house transportation, product design and securing the quality 
(Groover, 2015). According to Groover (2015), the collection of workers and machines 
are ultimately the manufacturing system. Hence, the manufacturing system could have 
the direct physical impact to the finished product.  
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According to Bellgran and Säfsten (2010) , the manufacturing system is the system that 
includes both design and realization of a product. As for the term production, the au-
thors refer to this term as the physical making of a product.   
 
For this thesis about OSM in building industry, the term manufacturing system could 
therefore be used by the definition from Groover (2015).  

2.2.2 Changeability 
 
Changeability in a manufacturing system can be defined as keeping the levels of qual-
ity, cost and time even though adapting the system to different demands of capacity and 
functionality. (Andersen, ElMaraghy, ElMaraghy, Brunroe, & Nielsen, 2018). As stated 
by ElMaraghy & Wiendahl, changeability is the ability to response to changes in terms 
of adjustments on all levels in a manufacturing firm (ElMaraghy & Wiendahl, 2009).  
 

 
Figure 3 Changeability Classes (Figure 4 is adopted by Wiendahl, 2007) 
 
The characteristics of changeability can be achieved on different levels in a manufac-
turing firm. According to Andersen et al (2016), the levels are the six as following: 
network, factory, segment, system, cell and station. The classifications of changeability 
on the different levels according to Wiendahl et al. (2007) are following (Figure 4):  
Segment: Flexibility. Ability on a tactical level for a manufacturing system to adapt to 
changes in product and function but with no change in time and performance. 
Cell/System: Reconfigurability. The ability of a manufacturing or assembly system to 
adjust to a product family by removing or adding functional elements.  
Station: Changeover-ability.  

2.2.3  Flexible & Reconfigurable manufacturing systems  
 
According to ElMaraghy (2006) there are generally speaking three types of manufac-
turing systems; dedicated, flexible and reconfigurable. Dedicated manufacturing sys-
tems (DMS) primary objective is cost, focusing on high-volume machining manufac-
turing of a specific type of product. In contrast to DMS, a flexible manufacturing system 
(FMS) is a combined machine and material handling system. The main objective is to 
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produce a variety of parts but within a product family and still keeping levels of cost, 
volume and quality. Finally, a reconfigurable manufacturing system (RMS) is one that 
can convert to different levels in capacity and functionality (Figure 5).   
 

 
Figure 4 Dedicated, flexible and reconfigurable manufacturing systems (ElMaraghy 
H. , 2006) 
 
Stated in the paper by Mehrabi et al (2000), the difference between FMS and RMS is 
that the systems provide different types of flexibility. While FMS provide a fixed range 
of capacity and functionality, RMS is customized in hardware and software according 
to the fluctuations in capacity and functionality.  
 
According to ElMaraghy (2006), it can seem like an RMS lies in between a DMS and 
FMS in terms of capacity and functionality, however, that thought is misleading. The 
uniqueness of an RMS is that capacity or functionality is never set or predetermined.  
This explanation is also given by (Mehrabi, Ulsoy, & Koren, 2000).  Followingly, FMS 
provide general flexibility while RMS could achieve a customized flexibility.  
To further expand the concept of RMS, the key characteristics are modularity, integra-
bility, convertibility, diagnosability and customization which is explained below in Ta-
ble 1.  
 

Table 1 Key characteristics of RMS 
Characteristics of RMS  
Modularity All components, both hardware and soft-

ware to have modular design 
Integrability Ability to integrate modules rapidly, both 

existing and new technology 
Convertibility Ability to do quick changeovers as well 

as adapting system to future changes 
Diagnosability Identify the sources of quality and relia-

bility issues quickly 
Customization Design the system hardware and soft-

ware to match the product family 
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3 Method and Implementation 
This chapter presents and elaborates on the approach, method and techniques used to 
answer the research questions. It also explains the research process which consists of 
three parts, pre-study, interpretation and main study, as well as the connection between 
research questions and techniques.  
 

3.1.     Research Approach 
 
To conduct the research for this thesis, a deductive approach was used. A deductive 
reasoning is aiming to develop hypotheses and testing those by collecting data, based 
on existing theory. In contrast to this, an inductive research approach aims to establish 
new theory through collection of data (K.Williamson, 2002). Furthermore, the study in 
this paper was performed by collecting both qualitative and quantitative data. Qualita-
tive research aims to observe and understand the research object in its natural setting, 
the description of phenomena. On the other hand, quantitative research are methods 
aiming to identify the measures of a phenomena and gives numerical results 
(K.Williamson, 2002).  
 
To answer the research questions, a qualitative method and techniques were used. These 
are case study method including interviews, observations and literature review. In ad-
dition, time studies were also conducted which provided numerical, quantitative results  
(Yin, 1994).  
 

3.1.1. A Single Case Study 
 
Case study was applied to identify benefits and barriers of implementing reconfigurable 
jigs in off-site manufacturing of unique house elements. Case study examines events 
according to real life situation when the boundaries are not obvious (Yin, 1994). Qual-
itative and quantitative research can be done by using case study. Case study helps re-
searcher to observe and understand situations. Interpretation phase can be difficult and 
different according to approaches of the researcher and data type.  
 
Observation, interview, questionnaire and time study were applied during the case 
study. A single case study was applied. According to Couldiamson (2002), “single 
cases allow researchers to investigate phenomena in-depth to provide rich description 
and understanding”. However, there is generalization problem in the single case study. 
 

3.1.2. Case Company 

A case study was conducted at the Swedish timber house manufacturing company 
OBOS Sverige AB in Myresjö. OBOS which is a Scandinavian real estate company, is 
one of Sweden's leading housing manufacturers with approximately 1000 employees 
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since its establishment in 1927. OBOS Sweden is part of the Norwegian OBOS, a mem-
ber body based in Oslo. 

3.2 Research Process 
 
Table 2 presents the research techniques’ relation to the research questions. RQ1 which 
is aiming to find the barriers will be answered with results from interviews, observa-
tions and questionnaire. RQ2 is about the benefits of applying reconfigurable jigs will 
be answered with findings from interviews which are semi-structured, time studies and 
questionnaires. RQ3 is aiming to investigate the possibilities to remove the barriers that 
have been identified. Therefore, interviews and literature review are conducted.  

Table 2 Research techniques related to research questions 
  

 INTERVIEWS Time     
studies 

Observations Literature 
Review 

Questionnaire 

 Manufacturing Design/ 
Engineering 

RQ1 x x   x x 
RQ2 x x x x x x 
RQ3 x x   x  

 
Figure 6 represents the data collection process of the paper. There are 3 main data col-
lection processes which are pre-study, interpretation phase and main study. 
 
 

 
Figure 5 Data collection process 
 

Main study

Interpretation 
phase

Pre-study
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3.2.1 Pre-Study 
 
The purpose of the pre-study was to gain a deeper knowledge about the process that 
was observed during the main study/data collection. Furthermore, the pre-study aimed 
to try out the method and tools that was foundation for the collection of data. These 
techniques were observation, time study, questionnaire and interviews. Therefore, the 
pre-study consisted of a trial round of time study, questionnaire and interview proce-
dures. The aim with this was to assure that the chosen tools and questions provided the 
desired outcome and make room to improve to avoid pitfalls during main data collec-
tion. Hence, the pre-study increases the relevance and reliability of the time study (Yin, 
1994).  

The observations and trial time studies served as a knowledge foundation for the fol-
lowing data collection and were also necessary to decide which stations and products 
that must be observed during the time study. Furthermore, during the pre-study, inter-
views were carried out to gain knowledge about important aspects to consider during 
data collection (Yin, 1994).  

Trial interview with CAD developer, and time studies were made firstly, then trial ques-
tionnaire. Trial interview was made to see the relationship between the questions and 
subject, openness of questions, and also the connection between these questions. Trial 
time studies for the two production areas, which are roof trusses and special gable walls, 
were done to prepare for the main time studies with getting knowledge about processes. 
Questionnaires for 2 production areas were done to see the openness level and improve 
the questions. 

Table 3 Pre-study activities 

Activity Duration Purpose 
Time study/observations 2.5 hours Trial of time study 
Meeting with CAD-developer 50 mins Pre-interview/discussion 
Questionnaire trial   

Table 3 shows a description of the activities that were conducted during the pre-study. 
After pre-study was performed, the data was interpreted according to findings from pre-
study. This became a foundation for improvements and things to consider before the 
following main data collection.  

3.2.2. Main Study 
 
After pre-study, collected data were interpreted by researchers to get deep knowledge 
about the processes and to make improvements on interviews and questionnaire. During 
the main study, observations, time studies, interviews, questionnaire and literature re-
view were applied.  
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3.3. Research Techniques 

3.3.1.  Literature Review 

Winchesterand and Salji (2016) described literature review as “should be an informa-
tive, personal but unbiased synopsis of the information, providing a balanced view that 
includes conflicting findings and inconsistencies, as well as established and current 
thinking”. Research subject should be supported by finding of researchers. Relevant 
keywords, search engines are vital for literature search. 

The benefits of applying reconfigurable jigs and possibilities to remove the barriers will 
be answered with applying literature review. Old and current established papers were 
used to answer research questions. Table 4 shows the 12 steps guideline for authors. 
Steps which will be followed during the literature review search process. Applying 
these steps helps researchers and readers to get clear understanding (Kable , Pich, & 
Maslin-Prothero, 2012). 
 

Table 4 A 12 step guideline for authors (Kable , Pich, & Maslin-Prothero, 2012) 
Steps of framework 

1. Provide a purpose statement to describe the question to be addressed in the 
literature search  

2. Document the databases or search engines  
3. Specify the limits applied to the search  
4. List the inclusion criteria and exclusion criteria  
5. List the search terms used  
6. Document the search process for each search engine including search en-

gine, terms and number retrieved on a search results table.  
7. Assess retrieved articles for relevance using inclusion and exclusion criteria  
8. Document a summary table of included articles with headings  
9. Provide a statement specifying the number of retrieved articles at the end of 

the search process i.e. search results  
10. Conduct quality appraisal of retrieved literature  
11. Critical review of literature  
12. Check the reference list for accuracy  

 

3.3.2.  Observations & Time studies 

Observations are necessary to capture phenomena in their natural habitat 
(K.Williamson, 2002). For this study, two types of observations were used to answer 
the research questions. Firstly, observations were performed to gain a deeper under-
standing about the production, the assembly activities and the working conditions. In 
addition, time studies were carried out on specific assembly stations.  
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The observations were non-participative and direct, meaning the observers were not 
taking part in the observed activities. According to Yin (1994), direct observations al-
low insight to the real-world context of the studied phenomena. Therefore, such obser-
vations were performed to gain additional evidence to the case study research.  

Time studies, which is one of work measurements techniques, were conducted to 
achieve a quantitative result. This type of study aimed to identify the time aspect of a 
production area, assembly station and how that process is working. Hence, time studies 
are a basis for identifying how improvements can be made (Permata & Hartanti, 2016). 
To perform the time study, the work activities were divided into three different catego-
ries: value adding, non-value adding and waste activities. Times for these activities dur-
ing each cycle were recorded with stopwatch at specific assembly stations. In total, 12 
whole cycles were recorded that included both setup time and assembly. Excel was used 
for analysing data of time study. 

3.3.3.  Interviews 

The purpose of interview which is qualitative method aims to discover individuals´ 
views and experiences (Stewart, Treasure, Chadwick, & Gill, 2008).  Kvale (1996) de-
scribes interview as “a conversation, whose purpose is to gather descriptions of the life-
world of the interviewee”. There are advantages and disadvantages of this method. Ad-
vantages and disadvantages of interview described by Brown (2001) as includes high 
return rate, high reality whereas it is time consuming, includes potential of bias and 
inconsistency. Respondents should be informed about the subject and researchers 
should give assurance about the ethical principles. 

There are three types of interview which are structured interview, unstructured inter-
view and semi structured interview. The interviews will be semi-structured forms which 
therefore will provide a more discussion-like setting compared to a completely struc-
tured interview. Furthermore, respondents in such a setting will feel freer to elaborate 
on their answers (Couldiamson, 2002). The interviews will be carried out together with 
influential employees and managers at building company in order to find the most vital 
information about the challenges. Also, interviews will be carried out with team leaders. 
During the interviews, record tapes will be used.  

Table 5 Interview chart 

OBOS 
Roles Semi-structured    

interview 
Location Duration(min) 

Team leader 1 1 Myresjö 20 
Team leader 1 1 Myresjö 21 

Project & drafting 1 Myresjö 56 
CAD developer 1 Myresjö 59 

Production manager 1 Myresjö 27 
Total 5   
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There are two different interviews were prepared which are for production and design 
(Appendix 1). Table 5 represents the roles, numbers of interviewee at the company and 
duration of respondents. 
 
For the interviews, the respondents were selected from different segments in OBOS. 
The reason for choosing these specific respondents was to get deep knowledge from 
both manufacturing and design as well as the interface between them. Two employees 
from production were interviewed, one production engineer, one designer and CAD 
developer, one employee responsible for the activities between design and production. 
Also, three employees from design presented how the design and CAD process works.  

3.3.4.  Questionnaire 
 
Questionnaire is the most widely used technique for collecting data however it is not 
easy to design (Rowley, 2014). Pilot study for questionnaire was done during the pre-
study to discover potential problems of understanding. The reason of applying ques-
tionnaire is to investigate the assembly process for roof trusses and gable sides at the 
company. The questionnaire format, order, classification, behavioural, perception ques-
tions, questionnaire length and output, and the reliability of the participant should be 
taken into account to ensure validity and continuous participation (Bird, 2009).  
 
To be more representative the questionnaire was not done by all workers it was only 
done by the workers who work at gable sides and roof trusses area. Therefore, the rate 
of respondents was not sufficient to do statistical tests. However, authors decided to do 
questionnaire because it also allows opinions from workers about their working condi-
tions, as well as potential improvements. Questionnaire which was prepared includes 
ranking questions, closed questions and open questions (Appendix 2). Two types of 
questionnaire were prepared for roof trusses and gable sides. Excel was used for ana-
lysing data. 

3.4. Reliability and Validity 
 
According to Williamson (2002),  a well performed study can be evaluated by three 
different parameters; internal validity, external validity and reliability. Internal validity 
is reached when the study has studied what was intended. External validity is achieved 
when results of the study can be applied and generalised to other areas. Reliability is 
when the study shows reliable results and can be repeated to show the same results.  
 
The method used for this thesis is a case study and as a known fact, case studies are 
used to study a phenomenon in its natural habitat. However, this make case study results 
are less appropriate for generalisation to other domains (Yin, 1994).  To increase relia-
bility and internal validity, methodological triangulation can be used where researchers 
perform two or more techniques to achieve supporting results (K.Williamson, 2002). 
Hence, this paper comprises several techniques that increases both reliability and inter-
nal validity.  
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According to Greener (2008), ethics are connected to morals which in turn has impact 
on decisions and behaviour. However, during research, it is difficult to set rules that 
will cover all the potential morals.  
Respecting to participants is vital for researchers. According to Levin (1976), "privacy 
is the freedom an individual has to determine the time, extent, and general circum-
stances under which private information will be shared with or withheld from others ". 
During the study, full information about the purpose must be given, researchers must 
respect the participants and create confidential area, and also researchers must maintain 
their objectivity from beginning to end of the study (Greener, 2008).
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4 Findings and Analysis 

The results of this study will be represented in this section after the guidance literature 
review, interview, observation and document analysing. During this section, the find-
ings from case study together with the theoretical background will be presented and 
will be analysed by the authors. This section aims to answer research questions which 
are described in aim and issues part.  

4.1  Interviews 
The results of these interviews are presented in Table 6 and Table 7 below.  

 
Table 6 Barriers of Implementing Reconfigurable Jigs from Interviews 
 
Manufacturing Perspective  
The barrier  Example 
Lack of knowledge about reconfig-
urability 

The respondents´ idea of flexibility is the ability 
to produce “whatever” 

Resistance to change “We don’t have any need to become more flexi-
ble, we already are flexible today.” 

Competence & Training Skills to handle the new equipment 

Communication Lack of sufficient information sharing from de-
sign 

Design/Engineering Perspective  

Current Capabilities of CAD “CAD is not flexible to create what you want” 

Training/adaption of new working 
process 

Learning the new design process could be re-
source demanding  

Communication Not enough communication of manufacturing 
processes to optimize work for designers and 
engineers 

 

Barriers from Manufacturing perspective 

According to RMS characteristics it is about being able to do quick changeovers, design 
hardware and software to the product family, responsive to changes, not to do “what-
ever”.  From interviews it could be found that the respondents´ idea of flexibility is the 
ability to produce “whatever”. However, the definition of flexibility and reconfigura-
bility also includes the ability to usage of resources in an efficient way. Results show 
that there is a lack of knowledge about the meaning of being flexible, which is combin-
ing a high variety with being efficient.  

Resistance to change is a common phenomenon that can be seen in many organizations. 
One of the respondents answered questions regarding flexibility as following: “We 
don’t have any need to become more flexible, we already are flexible today.” To do 
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changes there must be awareness that change is needed. In order to succeed in imple-
mentation of reconfigurable jigs the organization has to be aware of that it is needed.  

Lack of structure was found as a barrier because current situation of the company is not 
well organized according to respondents. The information sharing between departments 
is late and not always complete. The new system with reconfigurable jigs and its sup-
porting systems like CAD, control, planning, needs detail plans since the process is 
going to be computerized. Also, there is currently no sophisticated production schedule. 
When adapting to a new system with higher automation it also requires the organization 
to be more structured. Shop floor workers could need training in order to use the new 
system.  
As stated earlier, communication and information sharing between design and manu-
facturing is vital. According to interviews, todays situation is not optimal in that aspect 
since communication is mainly via email or phone when urgent situations occur. How-
ever, there is no sophisticated data program for information sharing that provides all 
useful information for manufacturing from design.  
 
Barriers and Enablers from Design/Engineering perspective 
 
From design perspective, respondents said that the current capabilities of the CAD sys-
tem create some limits for the designer. When changes are made on parts, for example 
facade material on external walls, the whole part has to be redone in CAD even though 
the base and the load bearing parts are always the same. Even if only the material of the 
studs is changed, the whole part has to be redone. This is time-consuming and instead 
the system could allow for changes and still keeping the base frame and structure.  
 
Furthermore, implementing reconfigurable jigs which are computerized, the design and 
engineering processes would go from 2D drawings to only working with 3D models.  
Since the company used to work with current way for a long time there is a need to 
adapt to the new way.  
 
Design and engineering departments have good level of technology whereas production 
area does not, which create constraints from both perspectives since the levels of IT 
capabilities are not the same across the organisation. In order to enable flexibility in 
design phase, the manufacturing must be flexible as well. The departments are interre-
lated in all ways. For design and engineering, the barriers are current capabilities of 
CAD and training/adaptation to the new work process.  

Communication is also an issue from design perspective. According to respondents, it 
is not possible to gain information about the current status of work in progress. Also, 
there is lack of communication about how the manufacturing is carried out which was 
important because it affects how drawings should be made and which type of infor-
mation that is important for the different areas in manufacturing.  
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Enablers found from the interviews are several, long term perspective and awareness of 
need. Also, it could be considered that a highly important enabler is that the organisa-
tion is already working with product platforms and modularity, which is a vital founda-
tion for flexibility and MC.  

Table 7 Benefits of applying Reconfigurable Jigs from Interviews 
 
Manufacturing Perspective  

The benefit Example 

Information access Earlier and more thorough information (drawings 
etc.)  

Interpretation In current situation, “it takes a few years to get com-
fortable to reading drawings” 

Responsive to late changes Today’s system with paper drawings are not support-
ing late changes but computerized system could 
make it possible to adapt to late changes in design 

 

Sustainable working environment Decrease level of manual work, better ergonomics  

More efficient use of resources Better planning which enables better use of re-
sources, along with time savings in changeover 

Better structure The new system will provide to be more structured 
and organized (planning). 

Shorter setup time/less complex 
changeover 

Reconfigurable and computerized setting of jigs in-
cluding no manual intervention will decrease the 
setup time and the complexity of changeovers 

Design/Engineering Perspective  

Storage of Data Avoiding information losses (code of products, BOM, 
date of finished, project code, laser, etc.) 

Using of 3D models No need of making drawings or laser files which is 
very time-consuming 

Effective Design and Engineering 
process 

“Effective information sharing could make it easier 
for every person to do their job” 

Tracking of product throughout 
the manufacturing phases 

Designers and engineers can see when factory start 
with a product before making changes on it 

Better structure The new system could provide to be more structured 
and organized 
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Benefits from Manufacturing perspective 

From interviews it can be seen from all respondents that the most common problem in 
the factory is the late receptions of data from design. The respondent who is working 
with manufacturing engineering explained the current situation of information sharing 
between design and production as following:  

“The information technologies are lacking; we don’t have the data until very late.” 
 

Because of the lack of information technologies, the current manufacturing system is 
struggling with last minute changes since data is only received in form of paper draw-
ings. That also blocks the manufacturing to do well planning and organizing. Storage 
of data regarding both product information and manufacturing details could enable a 
better foundation for planning, control and manufacturing phase.  Furthermore, the in-
terpretation of information can be challenging in reading the paper drawings. According 
to interviews, it takes up to a few years to become comfortable in reading drawings.  

Since todays system is dependent on paper drawings, the manufacturing is not efficient 
in responding to last minute changes. However, the use of 3D model could allow the 
design to make late changes and still make it possible for production to respond to 
changes quickly.  

The most discussed current issue which has also been mentioned during interviews is 
the sustainability of the working environment, social sustainability. Today, the setup 
process of especially roof trusses is characterised by heavy manual and repetitive work 
as well as high waste time related to understanding drawings, as well as uncertainty 
about the product to be produced the same day. One of the respondents expressed the 
issue as following:  

“We could take more orders, deliver more roof trusses, reduce error margins, better 
working environment both physically and mentally. You can plan your work better.” 

This citation also proves that along with improving the working environment, the im-
plementation of reconfigurable jigs could also provide a better use of resources. Plan-
ning could be done in more detail, resources could be allocated in a more optimal way.  
All of this could also give the whole organisation a better structure, which is today an 
issue according to the interviews.  
 
Benefits from Design/Engineering perspective 

From designer and engineering perspective, it was a common problem that storage of 
data needs to be improved. More specifically, storage of data includes the documenta-
tion and sharing of information regarding product details; measurements, materials as 
well as manufacturing details. This information system should provide any information 
that is needed for each part of the production system in developing and realising a prod-
uct. Thus, both manufacturing, design/engineering and other supporting functions could 
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have more knowledge and transparent interfaces to achieve a more flexible system. Due 
to the current transformation into 2D drawings, there are information losses and also 
difficulties in making later changes in product design. Storage of data could remove 
information losses such as product code, bill of materials, laser, etc. Furthermore, re-
spondents expressed that the use of 3D drawing could make the interpretation easier for 
production as well as making the design process more effective. Thanks to usage of 3D 
model and computerized information flow, it could give more resource focus on actual 
design and engineering and remove time for making 2D drawings which is currently a 
highly time-consuming task.  

The new system could provide the design and engineering departments to track each 
product in the factory to see the location and status before making any customization 
changes. According to interviews from the both departments, it is a current issue that 
products can not be tracked in the factory. With computerised system, all employees 
can see if a product has started to be manufactured or not, before making last minute 
changes.  

The proposed system is not just going to help to have better organisation structure, it 
could also allow a production of high volumes. In current situation, there is a trade-off 
between customization and volume when deciding what to produce because the com-
pany wants to keep the volume of products. Therefore, the company today prefers to 
produce standardized houses in larger volumes instead of one single customized house.  
	
At the current situation system has lack of information flow from both departments, for 
example the design cannot see when parts have been started or completed in production 
and production can´t see when changes have been made. One of the benefits of applying 
reconfigurable jigs is to “access information” which could allow to get information 
from the system by every worker, and also creates opportunity to do last minutes 
changes since drawing are not going to be on the papers.  

4.2 Time Study 
 
Time study was conducted based on three types of activities, value adding, non-value 
adding and waste time. Value adding activities are such that directly adds value to the 
finished product, like screwing, pressing, sawing, nailing, isolation material, plywood, 
and windshield whereas non-value adding activities are placing nail plate, picking tools, 
filling screws to the tool, carrying, transportation of material and quality checking. 
Waste activities are waiting, reading drawing, fixing drawing from computer, measur-
ing, discussion about the process with other workers.  

4.2.1 Roof trusses 
 
The level of complexity parameters of roof trusses was discussed with an engineer who 
has knowledge and experience about different product types. Roof trusses are classified 
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as simple, medium, and complex. The level of complexity is directly related to the dif-
ferent dimensions of roof trusses which are number and locations of nail plates, length 
and height of timbers.  

Table 8 Average & Rate of activities 

  Average 
(sec) 

Rate 
(%) 

Value Adding 198,58 7,03 
Non-Value Adding  2146,53 76,01 

Waste 479,00 16,96 
Sum  2824,12 100,00 

 

Table 8 represents the average and rate of activities of value adding, non-value adding 
and waste. 12 observations were made during the time study. Due to the fact that the 
production system has to deal with a high variety and a broad range of product size and 
complexity, the cycle times are highly fluctuating. According to the results of the time 
study, average value adding time is 7,03% while non-value adding time is 76,01% and 
waste is 16,96%.  

Table 9 Time study data for roof trusses 

Time 
Study 

Type of 
products 

Set Up 
Time 
(min)  

Assembly 
Time 
(min)  

Total 
Time 
(min) 

Value  
Adding  

Non-Value 
Adding  

Necessary 

Waste 
(%) 

(sec) (%) (sec) (%) (sec) (%) 
1 medium 33,00 22,55 55,55 232 6,96 2774 83,23 327 9,81 
2 medium 60,00 5,23 65,23 139 3,55 3705 94,66 70 1,78 
3 complex 50,00 13,58 63,58 210 5,50 2444 64,06 1161 30,43 
4 simple 19,98 19,33 39,32 103 4,37 1989 84,32 267 11,32 
5 medium 42,70 10,12 52,82 260 8,20 2398 75,67 511 16,12 
6 medium 22,53 23,67 46,20 227 8,19 2778 82,18 267 9,63 
7 medium 25,17 9,53 34,70 179 8,67 1358 65,76 528 25,57 
8 medium 9,63 10,03 19,67 211 17,88 794 66,86 175 15,25 
9 complex 17,13 10,22 27,35 250 15,23 1026 62,52 365 22,24 
10 medium 41,25 27,95 69,20 242 5,83 2978 71,72 932 22,45 
11 medium 21,67 20,52 42,18 186 7,35 2029 80,17 316 12,49 
12 medium 32,45 16,85 49,31 144 4,87 1990 67,28 824 27,85 

 

Table 9 shows time study results for every observed product. The values listed in the 
table are independent of each other and do not follow in sequence during the observa-
tion. Table 9 includes type of product, set up time, assembly time, and activity type.  
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As shown by time at the Table 9, the longest total times are 69,20 min and 65,23 min 
which are medium complexity level. However, the expected outcome would be the op-
posite, that highest level of complexity has the longest setup time. This deviant result 
can be explained by the products assembled before which directly affects the setup time 
of following assembly. This can also be seen in the high rate of non-value adding ac-
tivities of observation 2 and 10. The non-value adding rate of 2 was 94,66% but with 
only a 3,55% value adding, which implies that the largest part of the whole process was 
setup activities. And also, this can be seen from the distance between set up times, set 
up times are much higher than assembly time. Since set up time has direct relationship 
with non-value adding and waste time, decreasing set up time could increase value add-
ing time. 

Table 10 Standard deviation of activities 

  Standard 
deviation 
rate (sec) 

Maximum 
(sec) 

Minimum 
(sec) 

Median 
(sec) 

Value adding 49,28 260 103 210,5 
Non-Value adding 823,86 3705 789 2153,5 

Waste 330,57 1161 70 346 
 

As shown in Table 10, the standard deviation is hugely different in the different activi-
ties. The main reason of this distance between results is because non-value adding ac-
tivities and waste are unnecessarily high compared to value adding time. Non-value 
adding activities deviation is high because of the carrying, understanding of drawings, 
programming and set up of jigs process, these activities can show huge differences be-
cause of the variety of products and experienced of workers whereas value adding ac-
tivities such as pressing, screwing and sawing processes are not as time consuming. 
Basically, the most time-consuming part of assembly is setting up and preparing for the 
different varieties.  

Table 11 Set up time activities rate 

Set up time activities 
rate 

Average 
(sec) 

Rate  
(%) 

Non value Adding 435 0,75 
Value Adding 0 0,00 

Waste 141,13 0,25 
Sum 576 1 

 

Table 11 presents set up time activities rates. As shown by Table 11, set up time in-
cludes 75% non-value adding, 25% waste and there is no value adding activities. Com-
plexity level of product does not imply the complexity of production or setup. Analys-
ing the different levels of product complexity shows that the complexity of setup and 
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production is affected by the sequence of products and their mutual variation, like com-
plex to simple or medium to complex.  

4.3 Observations 
 
The observations are divided into two main areas, roof trusses and gable walls, which 
are categorised (Table 14) and presented below.  

Table 12 Categories of observation 
1. Setup Jigs & Fixtures 

2. Material Handling 

3. Handling of Tools & Machine 

4. Variation of Products 

5. Planning and Control 

6. Information Technologies & Communication 

7. Working Environment 

 

Roof trusses 

There are two main processes in the assembly of roof trusses, which are setup and as-
sembly. Setup consist of several steps which are:  

• Printing and checking drawing from computer  
• Choice of laser projection view (timber view, nail plate view) 
• Arranging of jigs  
• Placing nail plates on jigs 
• Measuring 
• Checking that timber/kit of parts are correct according to the product drawing 
• Quality checks  

Assembly process consists of putting kit of parts, putting nail plates, screwing and 
pressing. When the part is complete it is moved by a traverse to the side to wait trans-
portation or storage. Observations on the roof truss assembly area were carried out dur-
ing six days by two observers. After recording the observations with detailed notes, 
some main categories could be found. Notes were thoroughly discussed, and the find-
ings of observations can therefore be found below.  

 

Setup Jigs & Fixtures 

The jigs that are currently used for setup are really heavy and difficult to move around, 
the floor underneath is also very uneven. This makes it difficult to arrange the jigs, and 
the process can most often not be handled by only one worker. Furthermore, it was seen 
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frequently that workers did not use jigs for all different products. When the products 
are smaller or less complex the workers prefer to do a completely manual process on a 
side bench. According to workers, the jigs are too inconvenient and time-consuming 
for the smaller parts. Operator said that “jigs are heavy and hard to move” when re-
searchers asked their personal experience and opinion. However, the manual assembly 
on side bench does also include a lot of carrying and heavy lifts by workers, for example 
in pressing. In addition, the parts made on the side benches are measured manually and 
not by laser or CAD which could lead to worse quality or incorrect measurements.   

Material handling 

One type of situation that reoccurred during the observations was that timber was un-
qualified for production. This means that timber had inconvenient level of moist, tem-
perature etc which is important since the products are required for a long lifecycle time 
and could be exposed to changes in climate like rain, snow, heat. So, when the quality 
is bad there has to be a reproduction of kit of parts which creates a long waiting time. 
To continue, the kit of parts could often also be the wrong according to the type of 
product.  

Handling of Tools & Machines 

As seen during the observations, the pressing machine used to press the nail plates was 
heavy and difficult to control. After the finished assembly, product needs to be carried 
by two operators because of the inconvenient size and shape of product.  

Variation of Products 

When the product complexity is high, workers need to discuss and ask each other about 
the details before starting the process and even during the process it can be interrupted 
due to uncertainty on how to proceed. Especially when workers are low in experience 
the variation of products is time consuming.  

The high variation is also affecting the use of jigs, which as mentioned earlier is not 
always convenient. If the variation between two products is little, then setup can be 
made quite quickly but if the variation is higher between two products then setup can 
be too time consuming. An example of this can also be found in the eighth observation 
in the time study findings.   

Planning & Control 

Drawings and information are often received late which limits them to plan the work 
far ahead and directly to difficulties in setup. 

Another important factor which is affecting directly to have an organized plan is the 
weak communication between departments as well as data storage problems. During the 
observations there was one situation where the laser projections didn’t match the draw-
ing. The workers then contacted the processor who in turn contacted the design depart-
ment. There had been a change in design according to customer changes which was not 
communicated to the production and therefore this mismatch occurred.  
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Due to the lack of production planning, there is no stability in the daily operations of 
roof trusses. There is a large freedom for workers on what to produce next, however 
this decision is affected by different factors like the most urgent order or the variety that 
could take the shortest time to do setup for. Also, if one station only has one instead of 
two workers, workers can help each other in finishing the assembly. The lack of plan-
ning can also mean that in the middle of a setup, the product must be changed due to 
another product that is more urgent to be finished.  

Information Technologies & Communication 

The last observation/time study of the day was interrupted due to changes made by the 
design department. Changes in design must be communicated to the production how-
ever, this was not the case. Workers discovered that the laser projections didn’t fit with 
the measures on the drawings that were printed. Order preparation was contacted who 
in turn had to call the design office. It turned out that design changes had been made 
but not updated to the drawing in manufacturing. Since workers can not contact design 
department directly, they had to go via production managers first which created more 
than one hour waiting time just to get the right drawings.  

Working Environment 

As mentioned above, the jigs are heavy and hard to move across the uneven floor. Also, 
shop floor was not organized properly and not clean that is why workers need to clean 
to produce next product most of the time. On the other hand, indoor climate is not ap-
propriate since it was too cold. 

Gable Walls 

Setup activities 

The other area that was observed had different kind of processes compared to roof 
trusses. There is less time for the traditional “setup”. Setup activities are timber cutting, 
picking materials, tools, reading drawing which are performed during the whole assem-
bly process and not constrained to only the beginning. Laser projections are not used 
which makes it more difficult to arrange the timber. Instead of jigs which are used in 
roof trusses area, the assembly of gable walls is performed on rectangular tables without 
any fixtures. To start the setup and assembly, workers have to read and understand the 
drawings completely before starting. Compared to roof trusses that have laser and jigs 
to help with the setup, gable wall setup is only based on the drawing which makes it 
more complicated.  

Material Handling 

Material handling stands for an extensive part of the assembly of roof trusses. It in-
cludes a lot of manual carrying of timber, isolation material, plywood, windshield, etc. 
Mostly, it is near to impossible to do the assembly alone since there are no fixtures to 
hold the timber.  
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Frequently workers had to cut timber which did not fit with the other parts of the gable 
wall. During observations workers said that sometimes it could be due to that the design 
department does not know how the walls are assembled in the factory and therefore the 
cutting of parts can be incorrect. Furthermore, another time-consuming moment was 
the cutting of isolation material. These were collected in large chunks and later cut and 
shaped by workers to fit the different gable walls. Also, the measuring of windshield 
material was made manually.  

Handling of Tools & Machines 

The screwing machines are heavy. The workers have to hold and screw at the same 
time. Also, they have to turn the walls to do at both sides to cover it with windshield 
and to do isolation with lifting machine. 

Variation of Products 

There is high variation of products and that prevent to have structured daily plan. Read-
ing and interpreting drawing is difficult. Production time can show variety according to 
experience of the employees. Worker with less experience had difficulties to understand 
the drawings that is why they had to ask employees who had more experience on it.  

Planning and Control 

Late data sharing from design to production makes the scheduling process harder. In 
current situation, this is therefore a barrier. Also, the table of weekly production plan 
was observed which showed the parts to be completed each week. It was found that the 
product due three days ahead was completed while a product to be finished the same 
day was not started with.   

Information technologies & Communication 

The only information that workers get access to, is the paper drawings. According to 
workers, reading and interpreting drawing and assembly process is difficult and takes 
time to get used to. That is why workers with less experience had difficulties and need 
help from others to understand. One of the workers expressed them “Design people are 
never down in production to see the process”. When design department does not know 
the production process then it can not create optimum designed products for the assem-
bly process. Hence, design department must consider the production process when de-
signing and writing drawing, the workers have to know production assembly limits and 
preferences. 

 

Working environment 

Work bench is not adjustable. Workers have to bend, climb, and have inconvenient 
positions during the assembly which can cause physical problems in the long term. The 
work was not scheduled very far ahead. Usually the plan was made for the upcoming 
week, depending on the demand and workload. The team leader went by the philosophy 
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that every operator takes his/her own responsibility that things are done, how and where 
workers want to perform their tasks.  

4.4 Literature review 
 
Literature review was conducted by searching through relevant databases and selection 
of appropriate articles to answer research questions. Table 13 summarizes knowledge 
which were collected during the literature review includes authors, published year, 
name of article, findings and conclusion of article, were used. 

Table 13 Literature Review 

No Source, Author, 
Year 

Purpose Findings Conclusion 

1 An integrated 
system for 
providing mass 
customized 
housing, 2008 
(Benros & 
Duarte, 2008) 

The purpose of pa-
per is to describe 
an integrated sys-
tem to ensure the 
mass customiza-
tion in housing in-
dustry. 

“Results show that the 
combined use of flexi-
ble design, data com-
munication, manufac-
turing and industrial-
ized building processes 
amounts to a success-
ful way of customizing 
mass housing and in-
creasing building 
quality. “ 

“Integration is achieved 
through a computer tool 
that enables the easy ex-
ploration and visualization 
of solutions, and automati-
cally generates the infor-
mation required for pro-
duction.” 

2 Reconfigurable 
production sys-
tem design-the-
oretical and 
practical chal-
lenge 
(Rösiö & 
Säfsten, 2013) 

The aim of this pa-
per is to discover 
the challenges to 
reach RPSD. 

    The result of study 
showed that chal-
lenges to reach RPSD 
systems are using a 
structured design 
methodology, gaining 
knowledge in recon-
figurability, and the 
reconfigurability 
knowledge in a struc-
tured design method-
ology.  

System needs to be adapta-
ble to needs. Reconfigura-
bility getting crucial be-
cause of sustainability. To 
achieve it subsystems must 
be planned for the future. 
 

3 Adaptation of 
Reconfigurable 
Manufacturing 
Systems for In-
dustrial Assem-
bly of Flexible 
Paradigms, 
Concepts, Out-
look 
(Huettemann, 
Gaffry, & 
Schmitt, 2016) 

This paper aims to 
answer the ques-
tion of whether ad-
aptation paradigms 
based on other 
production sectors 
can be adapted to 
be used for indus-
trial assembly. 

The results of paper 
present the enablers to 
be successful in adap-
tation to RMS for in-
dustrial assembly 
which are transfer sys-
tem, scheduling, logis-
tics, interoperability. 

“It is concluded that the 
paradigm of RMS is suita-
ble for adaption to small-
lot and small to medium 
series assembly.” 
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4 Reconfigurable 
Manufacturing- 
An Enabler for a 
Production Sys-
tem Portfolio 
Approach 
(Andersen, 
Rösiö, Bruch, & 
Jackson, 2016) 

The aim of the pa-
per is to investi-
gate how the de-
velopment of a 
strategically inte-
grated product and 
production system 
portfolio with the 
concept of RM can 
be achieved. 

“Insufficient infor-
mation management  
Lack of resources and 
competences  
Lack of long- term 
mindset and produc-
tion strategy  
Insufficient collabora-
tion with equipment 
suppliers  
Lack of monitoring the 
environment  
Lack of development 
process “ 

A long-term mindset, a 
good relationship with 
equipment suppliers and 
competence ready for re-
configuration. 
 

5 Issues in the de-
sign of the re-
configurable 
fixture modules 
for robotic as-
sembly 
(Shirinzadeh, 
1993) 
 
 

“This paper is 
concerned with 
design issues and 
prototypes of fix-
ture 
modules for appli-
cations in auto-
mated and robotic 
assembly of multi-
ple parts in a flexi-
ble assembly envi-
ronment” 
 

“This paper describes 
the requirements and 
principles for design of 
reconfigurable fixtures 
in a flexible manufac-
turing and assembly 
environment. Such a 
fixturing system would 
employ a number of 
reconfigurable fixture 
modules to locate and 
hold workpieces of 
various shapes and 
sizes.” 

“The advantages of em-
ploying such a system in-
clude: 
* reducing the lead time 
and effort associated with 
the design and manufac-
ture of special-purpose 
jigs and 
fixtures; 
* reducing the overhead 
cost associated with stor-
ing and retrieving a multi-
plicity of traditional fix-
tures; 
* reducing the non-pro-
ductive time between 
batches in a manufactur-
ing plant; 
* reducing the amount of 
manual intervention re-
quired in setting-up and 
changing the special-pur-
pose jigs and fixtures; 
* fully exploiting robotic 
assembly for low-to-me-
dium volume production 
batches.” 

6 Reconfigurable 
handling system 
as an enabler for 
large compo-
nents in mass 

Define reconfigu-
rable handling sys-
tem as enabler for 
larger components 

“The development 
does not only comprise 
hardware construc-
tion, but also new 
methods for program-
ming, commissioning 

A suitable reconfigurable 
handling system could 
pave the way to reaching 
mass customization by 
supporting flexibility in 
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customized pro-
duction 
(Müller, Esser, 
& Vette, 2012) 

 

in mass customi-
zation 

and control of cooper-
ating handling devices 
in a modular and re-
configurable system 
layout.” 

manufacturing together 
with automation.  

7 Aspects of re-
configurable 
and flexible fix-
tures (Jonsson 
& Ossbahr, 
2010) 

This article pre-
sents different 
methods used to 
position and re-
configure flexible 
fixture devices us-
ing a parallel kine-
matic device as a 
case. 

The result of the study 
shows that changeover 
time decreases signifi-
cantly when imple-
menting reconfigura-
ble fixtures. However, 
it needs huge invest-
ments.  

The article concludes that 
there are several ways to 
reconfigure fixtures which 
are manual, industrial ro-
bot, NC machine and actu-
ators, however an auto-
matic reconfiguring is best 
performed by a robot or 
automated actuators. Con-
sequently, there could be a 
significant decrease in 
changeover time though it 
is more costly of course. 

8 Information 
management in 
industrial hous-
ing design and 
manufacture 
(Persson, 
Mahmgren, & 
Johnsson, 2009) 

The purpose of 
this article is to 
define informa-
tional management 
critical aspects 
connected with in-
dustrialization in 
the sector. 

“The findings show 
that companies aiming 
to enhance control and 
productivity by im-
proving information 
management need a 
better understanding 
of the requisites for ef-
ficient industrialized 
construction in terms 
of ICT support. “ 

 

“Three main areas are 
identified that should be 
prioritized before any in-
vestments in ICT can be 
implemented effectively:  

* formal description of the 
relevant processes,  

* detailed description of 
the product range and its 
full variety,  

* and creation of an ap-
propriate information sys-
tems strategy. “ 

9 (Khalili-Araghi 
& Koralevic, 
2018) 
Flexibility in 
mass customiza-
tion of houses 

“This paper pre-
sents a compre-
hensive framework 
in the adaptation 
of mass customiza-
tion in the housing 
industry by deline-
ating fundamen-
tals and techno-
logical develop-
ments in design, 
customization, and 
manufacturing 
spaces. “ 

Challenges and diffi-
culties when applying 
mass customization  

 
 
 
 
 
 

The challenges with apply-
ing mass customization 
have many aspects span-
ning from customer all the 
way to design and manu-
facturing.  

Making manual changes in 
design is time consuming 
and costly, applying para-
metric modelling that auto-
matically updates design 
would make it possible to 
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see if the customized 
changes are possible.  

10 (Malmgren, 
Jensen, & 
Olofsson, 2010) 
Product model-
ling of configu-
rable building 
systems 

“This paper inves-
tigates a Swedish 
house manufac-
tures building sys-
tem regarding the 
documentation 
and information 
structures. “ 

Cooperation and shar-
ing information is vital 
for development for 
the future goals as well 
as for customization, it 
makes it easier to share 
the common view 
across the organisation  

There are barriers in apply-
ing IT systems since infor-
mation needs to be formal-
ized, departments need to 
collaborate more, and IT 
level is typically lower 
than in other industries.  

11 (ElMaraghy H. 
A., 2007) 
Reconfigurable 
process plans 
for responsive 
manufacturing 
systems 

“This paper fo-
cuses on the pro-
cess plans and 
planning functions 
as the important 
link between the 
features of gener-
ations of prod-
ucts/product fami-
lies and the fea-
tures, capabilities 
and configura-
tions of manufac-
turing systems 
and components 
throughout their 
respective life cy-
cles.” 

In changeable manu-
facturing systems it is 
also important that 
supporting systems 
such as planning and 
control are up to date 
but also responsive to 
future changes and 
goals.  

Process planning and con-
trol are therefore a chal-
lenge since it must be re-
sponsive, therefore both 
design, manufacturing and 
planning departments must 
be aware of the adaptivity 
of generations of products 
with the manufacturing 
system.  

12 (Jensen, 
Olofsson, & 
Johnsson, 
Configuration 
through the 
parameterization 
of building 
components, 
2012) 
Configuration 
through the pa-
rameterization 
of building 
components 

“The downstream 
flow of design in-
formation and up-
stream flow of 
constraints on, 
and rules for, the 
building system 
are described from 
three product 
viewpoints: the 
customer view, the 
engineering view 
and the production 
view. “ 

Building systems 
(product platforms) to-
gether with infor-
mation sharing be-
tween the different 
views creates con-
straints for possible 
product solutions, but 
it also makes it possi-
ble to use design auto-
mation  

“The demonstration in this 
article shows that CAD 
tools used in the manufac-
turing industry can present 
new opportunities for de-
sign automation of build-
ing systems within the con-
struction industry. “ 
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As discussed by previous techniques, integration between design and production de-
partments is vital to reach high output both in quality and quantity. Benros & Duarte 
(2008) argue that for a successful integration of processes it is required to develop a 
computer system (CAD/CAM, 3D model, etc.) that provides both a description and 
visualisation of the products but also makes all information accessible for manufactur-
ing. Malmgren et al (2010) also prove that information sharing between departments is 
important, both to create constraints for the solution space but also to share the common 
goals across the organisation. Hence, IT system must be at the same level in all depart-
ments (Malmgren, Jensen, & Olofsson, 2010). According to Persson et al. (2009), a 
computerized information system should consist of formal product descriptions, pref-
erably in a product data model that visualises information and components. “A type of 
conceptual schema where the universe of discourse consists of buildings throughout 
their design, construction, operation and maintenance. A building product data model 
models the spaces and physical components of a building directly and not indirectly by 
modelling the information content of traditional documents used for building descrip-
tions.” (Persson, Mahmgren, & Johnsson, 2009) 
 
Reconfigurable production system design still includes many challenges. Challenges to 
reach RPSD are found by Rösiö & Säfsten (2013) as using a structured design method-
ology, gaining knowledge in reconfigurability, and the reconfigurability knowledge in 
a structured design methodology. Systems must be created for the future not for just 
today that’s why reconfigurability is vital to have. Also, with increasing level of im-
portance environment, reconfigurability is getting popular since it is sustainable in three 
way which is economic, environmental and social.  
 
Functionality is related with producing different products and production capacity. 
Huettemann, Gaffry, & Schmitt (2016) paper presents the enablers to be successful in 
adaptation to RMS for industrial assembly. These are described in four areas of R&D: 
transfer system, scheduling, logistics, interoperability. Transfer system includes 
transport logic, transfer system model, efficient omnidirectional transport. Scheduling 
consists of process time model, system behaviour for system design, dynamic job 
scheduling. Logistics comprise material flow system for additional parts and material 
flow prediction. Interoperability contains status monitoring and skill-based integration 
of work stations industries it is concluded that the paradigm of RMS is suitable for 
adaption to small-lot and small to medium series assembly. 

Andersen et al. (2016) describes RMS as “enables reconfigurability and adaptability 
on system and machine level, which prepares operations for new generations and up-
dates of products, resulting in a more efficient and sustainable production system de-
velopment approach”. Adapting a long-term mindset as an enabler is important for 
RMS. Short product life cycle, increased variety of needs, and rapidly changing tech-
nology pushes company to be innovative and competitive. System must support todays 
and also future needs, therefore RMS is vital which has long term perspective. Since, 
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production system ability is highly related with previous system or current system. Con-
tinuous improvements are key in reaching long-term goals. An organisation that has 
high degree of manual operations might not have the vision to reach reconfigurability 
because the current ability is so distant from that. However, a company that does con-
tinuous improvements on flexibility and automation could certainly see that vision more 
clearly.  

The paper by Shirinzadeh (1993) addresses the issues related to assembly and the setup 
of assembly processes. In order for a manufacturing system become flexible towards 
customization, the fixtures or jigs must also be flexible. Instead of using dedicated fix-
tures and jigs, the authors propose a concept for reconfigurable fixtures which are rear-
ranged and setup automatically without human intervention. This could decrease the 
non-value adding time between different parts in assembly (Shirinzadeh, 1993). Fur-
thermore, Müller et al (2012) present an approach which shows evidence that reconfig-
urability can not only be reached for smaller parts, but also for larger and more incon-
venient components. The use of a modular system makes it possible to adapt to changes 
in volume and variety. The paper which is written by Müller et al (2012) is focusing on 
aircraft assembly which of course has its differences in comparison to house elements, 
however, both areas are handling large parts with unique properties. To continue, 
Jonsson & Ossbahr (2010) state that there are different ways to reconfigure fixtures, 
from manual to automated. Companies want to remove unnecessary activities to stay 
competitive at the market. Reconfigurable fixtures help organization to decrease 
changeover times. Also, Heilala & Voho (2001) argue that the optimal solution to stay 
competitive is to develop a semi-automatic assembly. In addition, having skilled work-
ers in the manufacturing area helps the organization to increase flexibility in capacity.  
 
Benefits of having reconfigurable manufacturing provides company to be sustainable 
(Rösiö & Säfsten, 2013) ; reduce the lead time, the overhead cost, the non-productive 
time between batches, the amount of manual intervention (Shirinzadeh, 1993); change-
over time decreases when implementing reconfigurable fixtures but it needs huge in-
vestments (Jonsson & Ossbahr, 2010); besides having flexible workstations, the use of 
operators skill provides huge advantage for companies to stay competitive (Heilala & 
Voho, 2001). A suitable reconfigurable handling system could pave the way to reaching 
mass customization by supporting flexibility in manufacturing together with automa-
tion. (Müller, Esser, & Vette, 2012).  
 
However, there are still barriers to apply reconfigurable manufacturing system which 
are using a structured design methodology, gaining knowledge in reconfigurability, and 
the reconfigurability knowledge in a structured design methodology (Rösiö & Säfsten, 
2013); insufficient information management, lack of resources and competences, lack 
of long- term mindset and production strategy, insufficient collaboration with equip-
ment suppliers, lack of monitoring the environment, lack of development process 
(Andersen, Rösiö, Bruch, & Jackson, 2016). 
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In contrast to barriers, there are enablers to implement reconfigurability, these are: 
transfer system, scheduling, logistics, interoperability (Huettemann, Gaffry, & Schmitt, 
2016); Systems must be planned for the future needs not for today’s needs. Further-
more, it is stated that a long term mindset, a good relation with equipment suppliers 
and competence ready for reconfiguration (Andersen, Rösiö, Bruch, & Jackson, 2016) 
is needed to overcome barriers. Another aspect vital for changeable manufacturing sys-
tems is the support systems such as planning and control. ElMaraghy (2007) proves that 
in a responsive manufacturing environment, supporting systems with both soft and hard 
functions must be usable for the needs of today as well as the requirements of the future.  

4.5 Questionnaire 
 
For the questionnaires, participants were chosen from roof trusses and gable walls areas 
with the purpose to understand the level of difficulty and physical impacts of work. 
Furthermore, respondents were encouraged to leave comments about how the working 
conditions could improve. The number of participants from roof trusses were 6 workers 
and the number from gable walls was 10. The reason for the low number of participants 
was due to the season, however applying the questionnaire was still useful for results.  

As seen in Appendix 2, questions asked if workers had physical problems due to work-
ing conditions and the reasons for problems. 80% of respondents answered that they 
have physical problems due to work at gable walls, and for roof trusses it was 83% 
(Appendix 3).  

Table 14 The factors causing physical problems 
If you have physical problem, what 
is the reason of it? 

Gable Walls 
(%) 

Roof 
(%) 

layout 0,05 0,00 
workplace 0,00 0,00 
noise 0,00 0,27 

light 0,05 0,09 

indoor climate (heating, cooling, 
smell etc.) 

0,05 0,00 

working position 0,26 0,27 
repetitive work 0,16 0,00 
lift 0,42 0,36 

 

Table 14 represents the factors that cause physical problems among workers in the as-
sembly of gable walls and roof trusses. Results show that working positions and lifting 
in assembly create physical problems for workers in both areas. Since cutting machine 
is located close to the assembly stations of roof trusses, noise was also shown to be a 
problem. Despite of using ear plugs to protect from the noise, it still affects the working 
processes badly for workers.  



Findings and Analysis 

 

Two tables for each area, gable walls and roof trusses, were made to see the difficulty 
of work moments in unique as well as standard products. Results of rating tables gable 
walls and roof trusses show that there are no obvious differences of difficulty between 
unique and standard parts (Appendix 3). 

Comments from workers in gable wall area showed that most suggested improvements 
are related to manual lifting. Respondents said that the work includes a lot of heavy lifts 
from the floor which creates physical problems like back and knee pain. For gable walls 
the most critical parts according to workers are lifting of windows and large gypsum 
boards.  

For roof trusses, respondents answered that there are heavy lifts of material like timber 
which creates pain in back and shoulders. Also, there is large problem with old equip-
ment like pressing machine, the jigs which are really difficult to move together with the 
floor that is uneven. Noise is also a problem occurring both from cutting machine and 
nailing, affecting the working process badly



Discussion and Conclusion 

 

5 Discussion and Conclusions 
 
In this chapter there will be discussion of the method and techniques that were used in 
the study for answering the three research questions. Furthermore, the results of case 
study and literature review which were presented in previous chapter will be discussed. 
Lastly, conclusions are presented followed by future research.   
 

5.1 Discussion of method 
 
The chosen method of a single case study was considered appropriate since it captures 
the phenomenon in its natural surroundings. Given the purpose and research questions, 
a case study method would bring the expected outcomes. The case study provided un-
derstanding about the studied phenomenon, the industry as well as the specific com-
pany. However, due to this, it is also difficult to generalize the results to other compa-
nies, industries or countries.  
 
During the case study, several techniques were applied which were interviews, time 
study, observations, questionnaire and literature review to increase the validity and re-
liability of the outcomes. Before applying the main study, a pre-study was carried out 
to strengthen and testing out the techniques to be used during the main study. This pre-
study allowed insight to the industry that the company is acting in, the culture of the 
company, the main areas and key people that would be part in the main study. The pre-
study consisted of trial interview, trial time study and questionnaire and according to 
the results of these, questions for interviews and questionnaire were improved for main 
study.  
 
Time study provided numerical evidence of that the assembly of unique elements was 
in use of improvements. The strength of the time study is the results that it gave regard-
ing value adding and non-value adding time. It showed that value-adding time is sig-
nificantly low compared to non-value adding time, which could be explained by the 
current working situations. One limitation of this thesis is that equal data from time 
study could not be collected because of insufficient daily plans in manufacturing. An-
other limitation of this study is that time study for gable walls was performed but after 
deep consideration, researchers decided not to use it because the number of different 
product varieties could not be reached.  
 
After doing time studies for complex, medium and simple products, observations were 
conducted. Observations provided understanding of the manufacturing, assembly ac-
tivities and how the current working methods, conditions and equipment could be im-
proved. One of the challenges was during the observation process, one worker seemed 
disturbed by the time study and checked the stopwatch and started to work harder, even 
though observers told him to work as normal. After observations and time studies, in-
terviews were performed. Through observations and time studies, data was provided 
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about the specific production processes, while interviews also brought insight to the 
design and engineering department as well as the bigger picture of the studied phenom-
enon. For interviews, employees were selected from different departments which pro-
vided a variety of knowledge and experience. Also, respondents from these different 
departments gave information about the whole process from customer order to finished 
product. Respondents were open in answers and positive towards the purpose of the 
study. However, a few respondents did not have the sufficient knowledge of the studied 
topic and therefore the concept was misunderstood at the beginning of the interviews, 
but it was improved by further explanation. Also, interviews were recorded, transcribed 
and fully summarized on paper which shows that the results are reliable.  
 
As gaining knowledge about the management perspective was important, it was also 
considered necessary to receive information from the shop floor. With questionnaire, 
researchers aimed to gain knowledge about how to improve the working conditions and 
production processes from each worker´s perspective. Since interview was not feasible 
for a larger number of respondents, questionnaire was a suitable format of collecting 
the data. Also, questionnaire did not just include quantitative approach but was also 
combined with qualitative questions. Hence, it provided both a numerical result to-
gether with a deeper understanding of the working conditions and how they could be 
improved. However, the participants of questionnaire were not as many as expected due 
to seasonal work. 
 
The reason of chosen literature review besides case study was that with literature review   
research questions can be complemented with results from different resources. Since 
there was a lack of relevant articles focusing on the specific area, authors of this thesis 
decided after thorough discussions to aim the literature review at reconfigurable manu-
facturing, flexible fixtures and jigs which were then combined to reach a result. Results 
provided benefits and barriers of applying reconfigurable manufacturing from a broad 
range of resources, industries, and different professions experiences and perspectives. 
Another challenge was to find relevant articles from current research; therefore, some 
older research was found useful. The reason of using old articles is that, they were ap-
propriate to the area of this thesis, which showed that reconfigurability is still at its 
conceptual stage with very few implementations. 
 
Since many techniques were applied, it was challenging to achieve a larger amount of 
data for time study. Time study could be done more thoroughly if more time was given.  
Strengths and challenges of method and techniques are described above. The purpose 
of research was fulfilled by using diverse techniques and created relevant and expected 
outcomes; however, it was challenging in time and effort. The choice of method and 
techniques also made it possible to use triangulation which increased both reliability 
and internal validity.  
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5.2 Discussion of findings 

The study aimed to identify the enablers, barriers and benefits when implementing re-
configurable jigs in the off-site manufacturing of unique house elements. Therefore, the 
research questions to fulfil the purpose could be answered and discussed in the follow-
ing pages.  

 

 

Figure 6 Two-sided focus of findings 
 
For this study, it was found that the results derived from two different areas in order to 
capture all necessary data to answer research questions. Figure 7 below shows the two-
sided focus on design & engineering departments and the manufacturing department.  
Design side includes Revit 3D, HSBcad, ERP and suppliers whereas manufacturing 
includes reconfigurable jigs from Gable walls and roof trusses (Figure 7). 

5.2.1. Research Question 1 
 
What are the enablers and barriers of implementing reconfigurable jigs in off-site 
manufacturing of unique house elements? 
 
The research question 1 aimed to find enablers and barriers of implementing reconfig-
urable jigs in off-site manufacturing of unique house elements. Interviews, question-
naire and literature review were applied to answer RQ1.  
 
The main barrier from interviews at manufacturing perspective is lack of knowledge 
which also creates resistance to change and improvements. The idea of being flexible 
according to production was to “produce whatever”, however, not giving attention to 
the importance of being efficient in terms of resources, time and quality.  This result 
was surprising and is proved by research to be one of the key challenges in developing 
a reconfigurable manufacturing system (Rösiö & Säfsten, 2013). 
 

Revit 3D (customer 
view)

HSBcad 
(parametric 
modelling)

Machine files (3D 
models, laser 

proj.)

Reconfigurable jig 
(Gable walls)

Reconfigurable jig 
(Roof trusses) 

ERP (AX)

Suppliers
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 A barrier found from manufacturing and design perspective was that the current com-
munication and information sharing from design and engineering department is not suf-
ficient to support a more structured work and planning process which is required for a 
more flexible and computerized system. For example, changes in drawings by design 
are not communicated to the operators and drawings are received late. This finding is 
supported by the study of Malmgren et al. (2010). The authors mean that cooperation 
and having a good sharing of information between different departments is the key to 
develop for future demands and goals. Furthermore, Malmgren et al. (2010) prove that 
a barrier among companies in housing industry is the generally lower level of IT com-
pared to other industries, and a common “view” in the company. This was also found 
in the case study, that the different departments do not have the same level of technol-
ogy. For example, customer orders can be designed by design department however the 
limit of high customized product is not just design it is hugely affected by manufactur-
ing department because company must produce it efficient way. 
 
According to design perspective, the main barrier is the current capabilities of CAD, 
which would need to be improved. It is not flexible to make customized changes in an 
efficient way and therefore creates limits both for design but also for the manufacturing 
since the system can not respond to changes efficiently. Furthermore, as shown in lit-
erature, it is proved in research that parametrization of building components enables 
design automation, which in turn enables an automated solution in manufacturing. In 
the case company, parametric modelling is used for more standardized parts, however 
for the higher levels of customization the design process is done manually.  
 
The change from 2D to 3D drawings could certainly be limiting the level of mistakes 
and reducing some parts of the engineering work today, like making drawings. How-
ever, this new way of working could be resource demanding and require training and 
adaptation for the employees.  Also, from manufacturing perspective, the implementa-
tion of reconfigurable jigs would also need skilled workers that can handle the new 
equipment. This was found as a barrier both from interview and from literature 
(Andersen, Rösiö, Bruch, & Jackson, 2016).  
 
A surprising and significant finding was lack of planning and control activities. Con-
sidered first as a side track and a part of support systems that enables flexibility, it ended 
up affecting the whole study. Planning and control were found from all techniques to 
be a critical activity in need of improvements and structure. It could perhaps be argued 
why the organisation would benefit of a better structure, planning and control if the 
setup process could be computerized and independent of product variation. On the other 
hand, a sophisticated plan is not only for the operational issues in manufacturing but is 
also crucial for the supporting functions such as design, engineering, purchasing, and 
so on. Also, if the current problem of time-consuming changeovers is solved then the 
planning could aim to focus on other, more strategic goals which would be beneficial 
for the long-term development and competition. There is also still need to have detailed 



Discussion and Conclusion 

 

planning and control of the surrounding processes that either precede, follow or are 
affected in some way by the reconfigurable system. According to research, manufac-
turing support systems, both physical and logical, are equally important as the manu-
facturing capabilities in a changeable environment. Especially planning and control 
functions must be up to date but also responsive to future changes (ElMaraghy H. A., 
2007). 
 
Enablers were found via results from questionnaires, which shows that there is strong 
awareness among workers that change, and improvements of the working situation is 
needed. In contrast to interviews with responsible employees of manufacturing that 
showed little awareness change was needed, questionnaires prove that the shop floor 
workers who are in the centre of “actions” are well aware of the situation and the im-
provements it could benefit from as described in findings chapter. Also, results from 
interviews emphasize that employees from design and engineering perspective were 
conscious about the importance of change. Another enabler which was found by inter-
view was long-term perspective. This finding was supported by Andersen et al. (2016). 
Also, a highly important enabler is that the organisation is already working with product 
platforms and modularity, which is a vital foundation for flexibility and MC. 
 

5.2.2. Research Question 2 
 
 What are the benefits of implementing reconfigurable jigs in off-site manufacturing of 
unique house elements? 
 
After identifying the enablers and barriers, the second research question explored ben-
efits of implementing reconfigurable jigs in offsite manufacturing of unique house ele-
ments. To answer RQ2, interviews, time study, observations, questionnaire and litera-
ture review were employed. A significant and vital finding from this study was the re-
sult of time study. The results exceeded expectations about the high level of non-value 
adding time in the setup and assembly processes, highlighting the importance of imple-
menting reconfigurable jigs.  
 
Time study results for assembly of roof trusses showed that value-adding time is quite 
low which is 7,03% because of the carrying, adjusting laser, understanding of drawings 
and set up processes whereas there is no value adding time for setup process. As showed 
by time study results, reconfigurable jigs would target the non-value adding and waste 
activities since setup time is only consisting by those.  
 
The reason of high set up time of roof trusses is old equipment, uneven surface, heavy 
timbers, and paper drawings which also have bad effect on working position. Also, 
another significant finding important to point out is that the complexity of set up time 
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process is highly affected by the sequence of products and their mutual variation. Re-
configurable jigs could significantly reduce changeover time between product variants, 
which shows evident even in previous research (Jonsson & Ossbahr, 2010).  
 
Hence, the new system could be more responsive to high variety and changing needs 
by customers. Additionally, it could improve working conditions which are emerged by 
current working conditions. In the results from observations, these issues were empha-
sized as jigs are heavy to move, floor is uneven, pressing machines are also heavy. 
Therefore, the workers often have to ask assistance from another worker to manage. 
Also, the physical problems of workers due to working conditions were presented in 
findings under questionnaire section (Table 15). The suggestions from shop floor work-
ers prove that there is huge potential of improvements, many which could be applied 
when implementing reconfigurable jigs. Furthermore, reading drawing was seen as crit-
ical and workers have to ask each other about insecurities, especially when workers are 
new. This was found also from interviews, that interpretation of drawings would no 
longer be an issue in a reconfigurable system, since 3D models create visualization.  
 
Another issue connected to the use of paper drawings is last minute changes. This is 
also affected badly due to lack of communication between departments. To continue, 
results from interviews enhance the importance of a sustainable working environment 
both in terms of physical issues but also regarding the structure and ability to plan the 
work, as opposed to today´s unstructured way of working. Hence, implementing recon-
figurable jigs would remove the above-mentioned issues.  
 
Another aspect of benefits is the application of an information system, consisting of all 
necessary data and a visualisation of the product and solutions  (Persson, Mahmgren, 
& Johnsson, 2009) (Benros & Duarte, 2008). Interviews proved that storage of data and 
sharing of necessary information was lacking, along with ineffective and non-transpar-
ent interfaces between design, engineering and manufacturing. Only using paper draw-
ings created significant losses of information as well as delays in manufacturing and 
inefficient processes, which was also seen in observations. Thus, the new system which 
is proposed in this thesis would require a rigid IT system which benefits the whole 
organisation.  
 
It was seen in findings and discussed for RQ1 that the company uses product platforms, 
modularity and parametric modelling for more standardised products. However, for the 
products that have higher level of customisation, the products are designed step by step. 
In order to enable for the new system, the capabilities of CAD must therefore be im-
proved to use design automation and parametric modelling. Reconfigurable jigs have 
remarkable potential to reduce setup time, however the system must also be supported 
by design phase. A notable benefit when implementing reconfigurable jigs is therefore 
the development of parametric modelling and design automation, which makes the de-
sign and engineering activities more effective. (Jensen, Olofsson, & Johnsson, 2012) 
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The new system could provide to be more structured and responsive to changes in the 
future. According to ElMaraghy (2007) it is important that also the planning and control 
functions are up-to-date and designed for a changeable system. As seen in findings, the 
company today could therefore benefit from a better planning and structured manufac-
turing system.  
 
The benefits which are presented above are decreased changeover times, decreased 
level of mistakes made by human workers, as well as being flexible towards variety and 
changes in customer demands. In turn, it could provide increased the level of quality, 
reduce lead time, reduce non-productive time, customer satisfaction and also working 
conditions. This was showed in study by Shirinzadeh (1993). 
 

5.2.3. Research Question 3 
 
How can the company remove the barriers of implementing reconfigurable jigs in off-
site manufacturing of unique house elements? 
 
After focusing on finding the benefits, enablers and barriers for implementing recon-
figurable jigs, researchers explored possible ways to remove these barriers.  
 
During the applied techniques it occurred that the level of awareness was a huge barrier 
for the company to move forward. To remove this barrier, the organisation must create 
awareness from top to bottom. This also has to be supported by deeper training and 
education about the new ways of working and thinking, as well as providing a clear 
unified goal what the meaning of flexibility is and how to reach it. Research has shown 
that awareness and knowledge are key factors to reach long-term mindset, which is 
important when implementing reconfigurability (Andersen, Rösiö, Bruch, & Jackson, 
2016).  
 
Furthermore, the current barrier of a lacking information sharing system could be re-
moved by computerized system that could store all necessary data and information and 
make it accessible for the different departments. This could also provide to get feedback 
quickly and information about product status. According to interviews, there is cur-
rently even a lack of data and information in between departments since there is no 
structured way to store it. This loss of crucial information and data sharing could be 
removed when applying computerized reconfigurable jigs.  
 
Information needs to be stored and put into the system, departments need to collaborate 
more, and IT system needs to be developed (Jensen, Olofsson, & Johnsson, 2012). As 
seen in previous chapters, planning & control activities are insufficient which is highly 
related to the information sharing. The manufacturing today has only focus on the daily 
operations, firefighting strategy, no developing projects and just solving problems that 
occur. Having a more structured planning and control could make it easier for the shop 



Discussion and Conclusion 

 

floor workers, the whole manufacturing area as well as for design and engineering de-
partment to share information and vice versa. According to research, it has already been 
proved in previous chapter that planning and control activities are vital for implemen-
tation of reconfigurability (ElMaraghy H. A., 2007). Therefore, these functions must be 
developed in order for the organisation to be prepared for the new system.  
 
The implementation of reconfigurable jigs could bring many improvements but in order 
to utilize them fully, employees could need comprehensive training and education. It is 
important to apply the new method; however, it is vital to improve oneself. The level 
of flexibility in design from both product and production must support each other in 
order to be successful. Continuous improvements from each department is crucial to 
reach full potential in both manufacturing, design and engineering as well as developing 
the new system together.  
 

5.3 Conclusions and future research 
 
The aim of this study was to identify the enablers, barriers and benefits of implementing 
reconfigurable jigs in the OSM of unique house elements. The selected company expe-
rienced that manufacturing processes, particularly of roof trusses and gable walls, had 
long lead times and consisted of unnecessary activities. From findings, analysis and 
discussion, it has been proved that there is need to improve processes and especially in 
terms of changeover time and setup activities in dealing with a high variety of products. 
With applying reconfigurable jigs, the company could have increased efficiency in use 
of resources, be more flexible to customization, more sustainable working environment 
and be responsive to changes.  
 
Preferably, the development of higher flexibility in the gable walls assembly could be 
a separate project for research, thereby allowing for future work to be conducted within 
this area.       
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Appendix 1  Interviews 
 
 
Guide for semi-structured interviews at OBOS  
 
Production  
  
Topics for interview  

o Role & position of the respondent  
o Typical day of working  
o Difficulties in the work  
o Flexibility   
o Changeability  
o Productivity  
o Improvement of work conditions  

  
Introduction  

o Tell us about your position/role at the company  
o How long have you been working here?  

  
Productivity   

o How do you define the term productivity? How do you measure it?  
o How do you work with productivity improvements?   
o Can you explain the process from taking order from customer to finished prod-
uct? (Describe briefly)  

  
Information flows: Interaction between design and production  
  

o How is the communication between design and production departments?   
o We observed one example of weak communication when product changes were made 
without communicating this to production. Is this a frequent issue?  
o Difficulties in interpretation of information i.e. drawings and others by shop floor 
workers?   
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Describe concepts – changeability, flexibility, reconfigurability  
  
Flexibility   

o What are problems related to customisation (high variety of products)?  
o Have you implemented any recent improvements in production to increase flexibil-
ity? If yes, Success rate? Need more stable process, internal logistic   
o What do you think about needs of today and tomorrow to improve flexibility?  

 
 
 
Reconfigurability/Customised flexibility- [describe and show video about it]  

o What is your idea regarding the potential of reconfigurability/customized flexibility in 
your production?  
o How could your organisation benefit from implementing reconfigurability?   
o What are the main barriers within your organisation to implement reconfigurability?   
o How can the company overcome these barriers?  

  
Show video or drawing of conceptual idea of a reconfigurable jig here  
  

o Have you experienced issues on a daily basis in the production that are related to 
the large variation of complexity of roof trusses and gable walls? Could it be met with a 
reconfigurable (more flexible) solution?   
o What are the barriers for the implementation of such solution?  
o What are the implications to the preceding production step (kit of parts)?  
o We observed many examples where timber was cut wrongly by cutting phase (set-
up). What is the reason for this and how can it be improved?   

  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
 
  



Appendices 

 

Design/drafting/engineering  
  
Topics  

o Design phase challenges  
o Constraints upstream and downstream in the value chain 
o Reconfigurability impact on engineering/design  
o Customisation issues  
o Parameterisation  
 

Introduction  
o Tell us about your position/role at the company  

o How long have you been working here?  
  

Design Phase   
o When you receive a customer order, how and where does the design process 
start? (describe briefly)  
o How does the transition from design to BOM to production drawing work?   

 
Interaction between design and production:  
  

o How is the communication between design and manufacturing departments?   
o How do you communicate changes in design to manufacturing?   
o Constraints from production that affects design/engineering/drafting or vice versa?  
o We observed one example of weak communication when product changes were made 
without communicating this to production. Is this a frequent issue? 
o Communication between customer and company?   
o How can you avoid the loss of information between design & manufacturing?   
 
  

Reconfigurability/customized flexibility - describe and show it  
 

o Are there any benefits for the design phase if the reconfigurable solution is imple-
mented in production?   
o Problems in design related to production? How can this be solved?   
o How can reconfigurability in production be enabled in design phase?   
o Problems related to customization. How do you handle the high variety in design 
phase?    
o When customizing, how do you make adjustments in the CAD/CAM?  
o Do you use design automation such as parametric modelling?   
o If yes, for which parts/elements do you use parametric modelling?   
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Show video or drawing of conceptual idea of a reconfigurable jig here  
  

o What are the current capabilities of the design phase, meaning both engineers and IT 
systems (CAD/CAM, AX), to support such reconfigurable jig for roof trusses and gable 
walls?   
o How do you generate information for the production of roof trusses/gable walls in 
terms of manual work and/or design automation in CAD/CAM?  
o How does the complexity and variation from standard ones to very unique designs (of 
roof trusses and gable walls) affect the amount of manual work in the design phase?   
o What are current barriers in the design phase to efficiently support such automation 
in production, such as design automation (parametric modelling)?  
o How could you overcome these barriers?  
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Appendix 2  Questionnaire 
 
ENKÄT - TAKSTOLAR  
Syftet med denna undersökning är att fånga din uppfattning och upplevelse av monteringspro-
cessen för takstolar/gavelsidor på OBOS. Dina svar ska användas endast för akademisk forsk-
nings skull och inget annat syfte. Vänligen lämna gärna feedback.  
 
PERSONLIG INFORMATION  
 

1. Jobbtitel: 
 

2. Kön  
i.  Kvinna  

ii.  Man  
 

3. År i nuvarande position:  
  

ARBETSMILJÖ  
 

4. Har du några fysiska problem under arbetet?  
Markera endast ett val  

i. Ja  
ii. Nej  

iii. Kanske  
  
 

5. Om du har fysiska problem på grund av arbete, vad är orsaken till det?  
  
i. layout  

ii. arbetsplats  
iii. ljud  
iv. ljus  
v. inomhusklimat (värme, kyla, lukt etc.)  

vi. arbetsställning  
vii. repetitivt arbete  

viii. lyft  
ix. Annat:   

  
6. Om ja, kan du beskriva problemet?  
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JOBB/ARBETSBESKRIVNING  
7. Bedömning av svårighet av monteringssteg  

a) Gradera hur lätt/svår upplever du olika monteringssteg av unika/speciella takstolar är  
1=mycket lätt, 2= lätt, 3= lagom, 4=svår, 5 = mycket svår  
 

  1  2  3  4  5  
Förstå ritning & in-
struktioner                 
Omarbete vid fel material 
(t.ex. felkapat trä)                 
Hantera press-maskin                 
Lyfta material (trä, spik-
plåt, annat)                 
Justering av laser                 
Flytta blå stolpar                  
Kommunikation                  
Hämta material                 
Variation på produkter            
Sågning/kapning            
Travershantering            
Annat:                 
          
  
b) Gradera hur lätt/svår upplever du olika monteringssteg av standard/vanliga takstolar är  
1=mycket lätt, 2= lätt, 3= lagom, 4=svår, 5 = mycket svår  

  1  2  3  4  5  
Förstå ritning & in-
struktioner                 
Omarbete vid fel material 
(t.ex. felkapat trä)                 
Hantera press-maskin                 
Lyfta material (trä, spik-
plåt, annat)                 
Justering av laser                 
Flytta blå stolpar (takstol)                 
Kommunikation                  
Hämta material                 
Variation på produkter            
Sågning/kapning            
Travershantering            
Annat:                 
 

8.  Har du några förslag för att förbättra monteringsprocessen?    
   
 

9. Eventuella ytterligare kommentarer och förslag?  
 Tack Så Mycket! 
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ENKÄT – Specialbänkar Gavelsidor  
Syftet med denna undersökning är att fånga din uppfattning och upplevelse av monteringspro-
cessen för takstolar/gavelsidor på OBOS. Dina svar ska användas bara för akademisk forskning 
skull och inget annat syfte. Vänligen lämna gärna feedback.  
 

PERSONLIG INFORMATION  
 

1. Jobbtitel:  
 

2. Kön  
• Kvinna  
• Man  

 
3. År i nuvarande position:  

 
ARBETSMILJÖ  
 

4. Har du några fysiska problem under arbetet?  
Markera endast ett val  

i. Ja  
ii. Nej  

iii. Kanske  
  

5. Om du har fysiska problem på grund av arbete, vad är orsaken till det? 
  
i. layout  

ii. arbetsplats  
iii. ljud  
iv. ljus  
v. inomhusklimat (värme, kyla, lukt etc.)  

vi. arbetsställning  
vii. repetitivt arbete  

viii. lyft  
ix. Annat:   

  
6. Om ja, kan du beskriva problemet?  
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 JOBB/ARBETSBESKRIVNING  
7. Bedömning av svårighet av monteringssteg  

7a) Gradera hur lätt/svår upplever du följande olika monteringssteg av unika/speci-
ella gavelsidor är:  1= Mycket lätt, 2=Lätt; 3=Lagom, 4=Svår; 5=Mycket svår  
  

  1  2  3  4  5  
Ram                 
Isolering                 
Paneler                 
Förstå ritning & in-
struktioner                 
Omarbete vid fel material 
(t.ex felkapat trä)                 
Lyfta material (trä, spikplåt, 
annat)                 
Kommunikation                  
Hämta material                 
Variation på produkter            
Vindskydd            
Sågning/kapning            
Travershantering            
Annat:                 

  
7b) Gradera hur lätt/svår upplever du följande olika monteringssteg av standard/van-
liga gavelsidor är:  1=Mycket lätt; 2=Lätt; 3=Lagom, 4=Svår, 5= Mycket svår  
  

  1  2  3  4  5  
Ram                 
Isolering                 
Paneler                 
Förstå ritning & instruktioner                 
Omarbete vid fel material 
(t.ex. felkapat trä)                 
Lyfta material (trä, spikplåt, 
annat)                 
Kommunikation                  
Hämta material                 
Variation på produkter            
Vindskydd            
Sågning/kapning            
Travershantering            
Annat:                 

 
8.  Har du några förslag för att förbättra monteringsprocessen?  

   
9. Eventuella ytterligare kommentarer och förslag?  

  Tack Så Mycket! 



Appendices 

 

Appendix 3  Questionnaire data 
 
Table of rates of gable walls for unique elements 

  1 2 3 4 5 

Ram  0,50 0,30 0,20 0,00 0,00 

Isolering  0,70 0,10 0,20 0,00 0,00 

Paneler  0,20 0,60 0,20 0,00 0,00 

Förstå ritning & instruktioner  0,00 0,10 0,70 0,10 0,10 
Omarbete vid fel material (t.ex fel-
kapat trä)  0,10 0,10 0,30 0,40 0,10 

Lyfta material(trä, spikplåt,annat)  0,10 0,40 0,20 0,30 0,00 

Kommunikation   0,30 0,40 0,20 0,00 0,10 

Hämta material  0,20 0,40 0,10 0,30 0,00 

Variation på produkter  0,20 0,20 0,40 0,20 0,00 

Vindskydd  0,60 0,20 0,20 0,00 0,00 

Sågning/kapning  0,40 0,50 0,10 0,00 0,00 

Travershantering  0,40 0,40 0,10 0,10 0,00 
 

Table of rates of gable walls for simple elements 

  1 2 3 4 5 

Ram  0,5 0,4 0,1 0 0 

Isolering  0,7 0,2 0,1 0 0 

Paneler  0,3 0,5 0,2 0 0 

Förstå ritning & instruktioner  0,1 0,1 0,7 0 0,1 
Omarbete vid fel material (t.ex fel-
kapat trä)  0,1 0,2 0,2 0,4 0,1 

Lyfta material (trä, spikplåt, annat)  0,1 0,4 0,2 0,3 0 

Kommunikation   0,4 0,3 0,2 0,1 0 

Hämta material  0,2 0,5 0 0,3 0 

Variation på produkter  0,3 0,1 0,4 0,2 0 

Vindskydd  0,7 0,1 0,2 0 0 

Sågning/kapning  0,5 0,4 0,1 0 0 

Travershantering  0,5 0,3 0,2 0 0 
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Table of rates of roof for unique elements 

  1 2 3 4 5 
Förstå ritning & in-
struktioner 0,17 0,67 0,17 0,00 0,00 

Omarbete vid fel material 
(t.ex. felkapat trä) 0,00 0,17 0,83 0,00 0,00 

Hantera press-maskin 0,50 0,17 0,00 0,33 0,00 
Lyfta material (trä, spik-
plåt, annat) 0,00 0,17 0,50 0,33 0,00 

Justering av laser 0,33 0,50 0,00 0,17 0,00 

Flytta blå stolpar  0,17 0,17 0,17 0,50 0,00 

Kommunikation  0,17 0,67 0,17 0,00 0,00 

Hämta material 0,33 0,50 0,17 0,00 0,00 

Variation på produkter 0,50 0,50 0,00 0,00 0,00 

Sågning/kapning 0,50 0,00 0,50 0,00 0,00 

Travershantering 0,67 0,17 0,17 0,00 0,00 
 

Table of rates of roof for unique 

  1 2 3 4 5 
Förstå ritning & in-
struktioner 0,33 0,50 0,17 0,00 0,00 

Omarbete vid fel material 
(t.ex. felkapat trä) 0,00 0,17 0,83 0,00 0,00 

Hantera press-maskin 0,33 0,33 0,00 0,33 0,00 
Lyfta material (trä, spik-
plåt, annat) 0,17 0,17 0,33 0,33 0,00 

Justering av laser 0,17 0,50 0,17 0,17 0,00 

Flytta blå stolpar  0,00 0,17 0,50 0,33 0,00 

Kommunikation  0,00 0,67 0,17 0,17 0,00 

Hämta material 0,33 0,50 0,17 0,00 0,00 

Variation på produkter 0,17 0,67 0,17 0,00 0,00 

Sågning/kapning 0,50 0,00 0,50 0,00 0,00 

Travershantering 0,33 0,33 0,33 0,00 0,00 



 

 

 


