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Abstract 

Swedish wood product industry contributes significantly to the economy of the country. 
This industry adds more value to the sawn timber produced in order to manufacture 
different wooden products. Companies in Swedish wood product industry are presently 
seen as underdeveloped in terms of investments and developments in automation 
technologies. Automation technologies are seen by companies as a solution for improving 
productivity, product quality, manufacturing cost reduction and ultimately improving 
competitiveness. This has driven competing companies to pursue automation 
technologies that improve manufacturing processes. Literature in the Wood product 
industry field shows that there is need for extended automation technologies. The wood 
product industry has high degree of handcraft; for instance, some Swedish wood product 
manufacturers still have an essentially manual manufacturing process. This study seeks 
to understand the role of automation in the Swedish wood product industry and mainly 
focuses on the factors that drive and restrain companies in this industry to adopt and use 
automation technologies.  

An abductive research approach was applied, consisting of a literature review and 
multiple empirical case studies. The literature review was conducted to provide 
theoretical background on the general view of automation and the factors that affect 
adoption of new technologies in companies. The case studies were performed in 
collaboration with four wood product manufacturers within different business areas in 
order to analyse and compare similarities and differences in the factors that drive and 
restrain adoption of automation technologies.  

The findings imply that companies in the Swedish wood product industry face different 
factors that drive and restrain them from adopting automation technologies. The factors 
are both internal and external to the companies. Among the noticeable ones are the high 
product variety, lack of automation strategies, heterogeneous material property of wood, 
low competence levels regarding automation technologies, varying demands from the 
customers, and relationship with the suppliers of automation technologies.  

Regardless of the restraining factors faced by companies in the Swedish wood product 
industry, there is a great opportunity to improve their manufacturing systems in terms of 
automation technologies. There is now a growing tread in these companies to prioritise 
automation technologies as a competitive factor. This study contributes to the knowledge 
regarding the factors that drive and restrain the adoption of automation technology and 
how companies could deal with such factors. 

 

 

 

Keywords: Industrial competitiveness, automation strategies, Production system, 
investment decisions, Sweden.
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Chapter 1 – Introduction 

 
 
This chapter introduces the research presented in this thesis on the topic of the role of automation in 
the wood product industry. It describes the background of the research topic and presents the problem 
formulation, which is narrowed down to the aim of the thesis. The aim is thereafter conceptualized 
into two research questions. In order to set the framework for the research presented, the research 
area is defined and the scope is given.  Finally, an outline for the thesis is presented.  
 
 

1.1 Background and problem formulation 

The wood industry contributes significantly to the Swedish economy and is one of the 
cornerstone industries that is offering employment opportunities throughout the country 
(Bjärstig & Keskitalo, 2013). Statistics Swedish (2014), puts the number of those directly 
employed in this industry to be around 80,000 people, the number goes up to 200,000 
employment opportunities when suppliers are put into consideration. 
 
In this paper, a rather comprehensive definition of wood industry is given as adopted 
from Sandberg, et al., (2014). Figure 1 below shows the definition and contents of the 
wood industry from Sweden’s perspective. The importation of 5 million m3 Sub lumber 
and 0.5 million m3 sawn timber to Sweden is included in figure 1 to give a clearer picture 
(Sandberg, et al., 2014). The Wood industry is divided into two main branches: forest 
industry and wood product industry.  
 
The forest industry includes the following business areas; Pulp, Board industry, Energy 
conversion and Sawmills. Sandberg, et al., (2014), stressed that even though a large 
portion of the forest industry input goes to energy conversion, the forest owner makes 
the most income by the wood that passes through the sawmills. The wood product 
industry receives input material (sawn timber) from sawmills. This branch adds value to 
the timber produced by sawmills in order to manufacture different wooden products 
(ibid). Home building, Joinery/furniture, packing and renovations and additions (ROT) & 
wood products (WP) are some of the business areas that are found in this branch.  
 
Sandberg et al. (2014, p.353) defined the Wood product industry as: 
 
 “That part of the forest industry cluster which turns the forest raw material into sawn 
timber, boards, packaging, structural wood, furniture and interior fittings.” 
 
Therefore, we consider and refer to the wood product industry as “that part of the wood 
industry that adds value to the timber from the sawmills (including some imported) in 
order to manufacture different wood products.” Even though only 20-30% of the felled 
wood become sawn wood which is converted to solid wood products, the Swedish wood 
product industry has a great economic significance and is very important for the 
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countries’ prosperity (Sandberg, et al., 2014). 
 

 
Figure 1: The wood industry (Sandberg et al., 2014, p.355) 

The extensive literature in this field shows the need for extended automation in the wood 
product industry. The Swedish wood product industry has high degree of handcraft and 
some Swedish wood product manufacturers still have an essentially manual 
manufacturing process (Eliasson, 2014). Presently, Swedish companies in wood product 
industry are underdeveloped when it comes to investments and developments in 
technology (Salim at al., 2015). In essence, this represents an opportunity for the Swedish 
wood product industry to potentially develop and increase production through the use 
of automation technologies (Sandberg, et al., 2014).   
 
For the Swedish wood product industry to be competitive not overlooking the high wage 
levels in Sweden, automation is an important aspect to consider (Eliasson, 2014). 
Sandberg, et al., (2014), further stipulated that for Sweden to be one of the leading wood 
industry countries, it is essential to put high consideration to new production processes, 
value chains and new product development. With low degree of automation in this field, 
there is no specific literature that is directed at addressing the factors in the wood 
product industry that drive and restrain companies to adopt automation technologies. 
Eliasson (2014), when studying “quality requirements of wood for use in the industrial 
manufacture of single-family timber houses” alluded to three reasons why some part of 
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wood product industry has a relatively low degree of automation. However, there is a 
need to further investigate in-depth the reasons why the adoption of automation 
technologies is very low in the Swedish wood industry, as Hill (2000) stated, most 
literature concerning technology does not focus on how technological investments 
should be selected that support investment but rather focus on the application and 
improvements of the technologies. In order to adopt or introduce automation to 
processes in the wood product industry, it is imperative that factors which support or 
restrain the use of automation in this field are known and addressed. This is supported 
by Teischinger (2010) when he suggested that a selection criterion and factors affecting 
a technology should be put in place when selecting appropriate technology. He further 
went on to state that knowing the conditions that support a new technology leads to 
minimization of the costs and hazards involved when introducing the technology. 

1.2 Aim and research questions 

The aim of this study is to identify factors that drive and restrain companies in the 
Swedish wood product industry to adopt automation technologies. Thereafter, 
determining how companies could deal with the identified factors in order to facilitate 
the adoption of automation technologies.  
 

1. What factors drive and restrain companies in the Swedish wood product 
companies to adopt automation technologies? 

2. How could the companies deal with these factors in order to facilitate adoption 
of automation technologies? 

1.3 Scope of Research 

In order to answer the research questions, the Swedish wood product industry consisting 
of four case companies was in focus with emphasis on the adoption of automation 
technologies in the production system. To get an overview of all the factors affecting 
automation technologies adoption in the case companies, emphasis was on top 
management as people who make decision on adoption of automation technologies, 
middle management as the link between upper management and workers and also the 
shop-floor personnel as people who work with automation technologies on a daily basis. 
Culture and innovation processes in these companies was not included as they involve 
theories that would go beyond the scope of the research. However, a brief explanation 
of how these two aspects drive or restrain adoption of automation technologies was done 
in the theoretical framework to have an overall perspective picture.     
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1.4 Thesis outline 

Chapter 2: Theoretical framework presents the literature findings through review and 
discussion of literature pertaining to automation, production systems and automation 
issues in the wood product industry. The theoretical framework also serves to identify 
the knowledge in the literature related to triggers of automation and factors that restrict 
adoption of automation technologies. 
 
Chapter 3: Method and implementation chapter outlines the research design and the 
research process. Outlined also in this chapter is the choice of methodological 
instruments with justification for the selection. The literature and analysis strategy 
followed in this study is also outlined. Finally, the chapter shows the expected reliability 
and validity. 
 
Chapter 4: Empirical Findings and analysis: in this chapter the focus and emphasis is on 
presenting and analysing the finding from the empirical studies carried out in the 
research.  
 
Chapter 5:  Discussion: This chapter presents the discussion of the analysed empirical 
findings in relation to the theoretical framework and also consists of discussion of the 
method used in the research. 
 
Chapter 6: Conclusion: Finally, a conclusion on the research is made and recommendation 
are given for further research work.
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Chapter 2 – Theoretical framework 

 
 
In this chapter the theoretical frame of reference is presented which relate to the research topic. Firstly, 
the theoretical considerations of automation, production system and issues related to automation in 
wood product industry will be described. Thereafter, factors that triggers and affect the adoption of 
automation will be described and laid out as presented in the literature. Finally, a framework for the 
study is present which is deduced from the theory presented.  
 

2.1 Automation 

The term automation is defined by Oxford English dictionary (2006) as the automatic 
control of manufacturing a product through a series of stages; that is, the application of 
automatic controls to any branch of an industry or science. This is done by extending the 
use of electronic or mechanical devices in place of human labour. Britannica 
Encyclopaedia (2004) defines automation as:  

“The application of machines to tasks once performed by human beings or, 
increasingly, to tasks that would otherwise be impossible.  Although the term 

mechanization is often used to refer to the simple replacement of human labour 
by machines, automation generally implies the integration of machines into a 

self-governing system.” 

This definition is also supported by Groover (2007) when he defined automation as a 
technology concerned with the applications of mechanical, electronic and computer base 
system to operate and control production. Automation in general includes the 
mechanization and integration of the sensed variables in the environment (Frohm, 2008). 
In the course of time according to Billings (1997), the definitions of the automation were 
developed integrating the human-machine interactions, forcing the researchers to 
develop the best systems including optimized task allocations between automation and 
humans. 
 
Automation in this regard can therefore be defined as a process that is self-regulated with 
the use of programmable machines in caring out a series of tasks. A difference exists 
between automation and introducing a machine to a process which is known as 
mechanization. Automation goes a step further from introducing a machine in a process 
to introducing a program that regulates the behaviour of that machine (Mahbub, 2008).  

2.1.2 Levels of automation  
 
As a comparison of levels of automation (LoA) in the research case companies is going to 
be made, it is important to define the different levels of automation.  
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The contribution of Frohm et al. (2008) to the discussion of levels of automation (LoA) 
cannot be overlooked especially when it come to the two aspects of computerisation and 
mechanisation in relation to automation. From his discussions, there was a conclusion 
that all the tasks that are involved in manufacturing can be categorised into mechanised 
(physical) and computerised (cognitive) tasks. It is important therefore to recognise and 
understand that in production systems, automation cannot only be done to physical tasks 
but also to cognitive tasks (Frohm et al., 2008). Manly the major reason to automate the 
cognitive tasks is to provide decision support for operators and also to speed up 
information flow which comes as great help to monitoring situations (Frohm et al., 2008). 
In this respect, Frohm et al. (2008) went on to further state that in production systems, 
the levels of automation can be summed up into two seven step reference scales of 
physical and cognitive support as shown in table 1 below.  
 
Table 1: Scale for level of automation (LoA) (Frohm et al., 2008, p.19) 

LoA Mechanical and Equipment Information and Control 

1 

Totally manual - Totally manual work, no tools are used only the users 
own power. E.g. The user's own muscle power 

Totally manual - The user creates his/her own 
understanding of the situation and develops 
his/her course of action based on his/her earlier 
experience and knowledge. E.g. The user's 
earlier experience and knowledge 

2 
Static hand tool - Manual working with support of a static tool. E.g. 
Screwdriver  

Decision giving - The user gets information 
about what to do or a proposal for how the 
task can be achieved. E.g. Work order 

3 
Flexible hand tool - Manual work with the support of a flexible tool. 
E.g. Adjustable spanner 

Teaching - The user gets instruction about how 
the task can be achieved. E.g. Checklists, 
manuals 

4 

Automated hand tool - Manual work with the support of an 
automated tool. E.g. Hydraulic bolt driver 

Questioning - The technology questions the 
execution if the execution deviates from what 
the technology considers suitable. E.g. 
Verification before action 

5 
Static machine/workstation - Automatic work by a machine that is 
designed for a specific task. E.g. Lathe 

Supervision - The technology calls for the users' 
attention, and directs it to the present task. E.g. 
Alarms  

6 

Flexible machine/workstation - Automatic work by a machine that can 
be reconfigured for different tasks. E.g. CNC machine 

Intervene - The technology takes over and 
corrects the action, if the executions deviate 
from what the technology considers suitable. 
E.g. Thermostat 

7 
Totally Automatic - Totally automatic work. The machine solves all the 
deviations or problems that occur by itself. E.g. Autonomous systems 

Totally automatic - All the information and 
control are handled by the technology. The user 
is never involved. E.g. Autonomous systems 

 
To simplify the observation process regarding levels of automation (LoA) during the 
empirical study, we consider a company with most machines in the production system 
with LoA (7) to be very highly automated and a company with most machine of LoA (3) to 
be Very low automated. We further consider LoA (4) to be semi-automated, LoA (5) to be 
semi-high automated and finally LoA (6) to be high automated. 
 

2.2 Production system  

It is essential that the production system is clearly defined from the onset since the 
definition in the literature is dependent upon the context and the authors (Rösiö, 2012). 
Bennett (1986) defined a Production system as the ability to produce desired output by 
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the combination of labour and physical facilities of the organization. Physical facilities 
include; equipment, machines and buildings. A production system can be regarded as a 
collection and arrangement of people, machines, tools, materials and information for the 
soul purpose of producing a product (Cochran et al., 2002; Wu, 1994). Other authors have 
defined a production system in more details, for example Hubka and Eder (1984), define 
it as consisting of four sub systems which guide, work together and support the 
transformation process of inputs into outputs. The sub systems are: (1) the human system 
(2) the technical system (3) the information system and (4) the management system. This 
definition was also echoed by Groover (2007), when he defined a production system as 
comprising of (1) hardware related to production processes (2) the material handling 
system (3) the computer system and (4) the human workers. Other authors such as 
Bennett and Forrester (1993), streamlined the definition of a production system to just 
two characteristics involving organization of work and the choice and arrangement of the 
physical facilities.  
 
In this thesis, the view of a production system by Bellgran and Säfsten (2010) is adopted, 
which shows the hierarchical perspective of the production system as shown in figure 2 
below. As can be seen from the figure below, the production system is a sub-system of a 
manufacturing system. The production system also contains sub-systems such as the 
assembly system, part production system etc. it should be stated in this case that the 
manufacturing system is superior to the production system. This is as a result of the 
definition from CIRP (1990, p.736) which defines manufacturing and production as 
follows:  
Manufacturing is defined as “…a series of interrelated activities and operations involving 
the design, materials selection, planning, production, quality assurance, management 
and marketing of the products of the manufacturing industries”. 
Production is defined as “… the act or process (or the connected series of acts or 
processes) of actually physically making a product from its material constituents, as 
distinct from designing the product, planning and controlling its production, assuring its 
quality”. 
 

 

Figure 2: A perspective on the production system (Bellgran & Säfsten, 2010, p.45). 
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2.3 Automated production systems  

Processes such as material handling, inspection, assembly or everything combined in a 
factory are handled or performed by the automated production systems. In comparison 
with the manual processes, automated production systems perform activities with lees 
human participation hence the name (Groover, 2007). Some of the examples of 
automated systems are as follows: Automatic machine tools and machining centres to 
process parts, automatic assembly machines, industrial robots, automated inspection 
system for quality control, Automatic material handling and storage systems, transfer 
lines that perform a series of machining operations, to mention just a few (Groover, 2007; 
Wilamowski & Irwin, 2011; TECH, 2013) 
 
Automated production system can be categorised based on the flexibility and level of 
integration in the production process operations (Power EEE IIT Kharagpur, 2010). As such 
Groover (2007) went on to state that automated production system can be classified into 
three basic types, these are; fixed automation, programmable automation and flexible 
automation. Power EEE IIT Kharagpur (2010) added integrated automation to the three 
mentioned basic types of automated production systems. The subsections below present 
these four classification as they are important for understanding the type of automation 
a company uses.  

2.3.1 Fixed automation  
 
Fixed automation is also known as “hard automation” and utilises special purpose 
equipment to automate processes and operations. With this type of automation, it is 
usually very difficult to make changes in the design of a product. Regarding the 
operations, it takes a simple approach such as rotation motions or just a plain linear of a 
combination of both which is not complicated. Advantages; low unit cost, automated 
material handling, high production rate. Disadvantages; high initial investment, relatively 
inflexible in accommodating product changes. An example of fixed automation can be 
automated machines or machine transfer lines in paint shops, conveyor lines, distillation 
processes etc. (Groover, 2007).  

2.3.2 Programmable automation 
 
In programmable automation the design of the production equipment is in such a way 
that it accommodates configuration of different types of products. The production rates 
in programmable automation are usually lower than in fixed automation. Advantages are 
flexibility to deal with design variations and changes in product configuration. This type 
of automation is suitable for batch production. Disadvantages are high investment in 
general purpose equipment and lower production rate then in fixed automation. 
Examples of programmable automation are: numerical controlled machine tools, 
industrial robots and programmable logic controller. This type of automation is used in 
industries such as steel rolling mills, paper mills etc. (Groover, 2007). 
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2.3.3 Flexible automation 
 
Flexible automation is an extension of the programmable automation. A variety of 
products are produced by flexible automation with little lost time in change overs 
between party styles. Advantages are continuous production of variable mixtures of 
product and flexibility to deal with product design variation. Disadvantages are medium 
production rate, high investment in engineered systems and high unit cost relative to 
fixed automation. Example of flexible automation is the flexible manufacturing system 
such as systems typically use Multipurpose CNC machines, Automated Guided Vehicles 
(AGV) etc. (Wilamowski & Irwin, 2011: Groover, 2007). 

2.3.4 Integrated automation 
 
Integrated automation has been described as the full automation of all the manufacturing 
systems in a factory. In this case all the processes and functions would be under the 
control of computers and coordinated through the digital information processing. 
Technologies included in this type of automation are: flexible machining systems, 
computer aided process planning, automated material handling systems such as 
automated cranes, robots and conveyors, computer aided design and manufacturing, 
computerized scheduling and production control, computer numerical control machine 
tools and automated storage and retrieval systems (Power EEE IIT Kharagpur, 2010).  
 
Groover (2007), presented the three types of automation (fixed automation, flexible 
automation programmable automation) graphically by plotting production quantities 
against product variety. When faced with low production volume and high product 
variety, the use of programmable automation is appropriate with manual production 
which tend to be competitive. This is presented in figure 3 below.    
 

 
Figure 3: Types of automation (Groover, 2007, p.12) 

After presenting the concepts of the automation as described above, it is now important 
to understand what the issues are related to automation technologies in the wood 
product industry. Section 2.4 below presents automation technologies in the product 
wood industry and highlights challenges that are faced in this industry.  
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2.4 Automation technologies in the wood product industry 

Competition in the Wood product industry is high and mostly competes on product 
quality and manufacturing cost (Czabke & Hansen, 2008; Bumgardner et al., 2005). The 
wood product industry when compared to other industries such as automobile has a 
generally low level of adopting new technologies and manufacturing philosophies, as 
such it is lagging behind in terms of technological developments (Salim et al., 2015). 
Traditionally, the wood product industry has been known to be slow in adopting new 
manufacturing philosophies for greater improvement in the efficiencies (Sowlati & Vahid, 
2006; Bumgardner et al., 2005; Pirraglia et al., 2009). Schuler and Buehlmann (2003) 
suggested that competitiveness and efficiency in the wood working industry can be 
improved by adopting automation technologies, increased worker productivity, 
optimising supply chains and through cost reduction by applying lean. 
 
The wood product industry needs to update itself in terms of learning and knowledge of 
new technologies as compared to other industries because manufacturing philosophies 
keep on evolving (DeLong D et al., 2007). In as much as the Wood working industry has 
tried to implement some efficiency strategies to remain competitive, there is some 
additional work that needs to be done in order to counter the slow adoption rate of new 
technologies and help the industry to be more competitive on a global market (Kenny & 
Florida, 1993). On the same line of thinking, Sowlati and Vahid (2006) stipulated that the 
wood product industry needs time to learn the new technologies in order to utilise them 
more efficiently and therefore need to invest in machinery and human resource as well.  
 
Competence has been cited by many authors to be one of the major challenges the 
industry is facing (DeLong D et al., 2007; Sowlati & Vahid, 2006; Bumbardner et al., 2005; 
Pirraglia et al., 2009; Hoff et al., 1997; Salim at al., 2015) and is believed to have 
contributed to low levels of new technology adoption in the Wood product industry 
(DeLong et al., 2007; Sowlati & Vahid, 2006). When people in a company are educated 
and knowledgeable about the products and processes, a better product quality is 
achieved which results in a competitive advantage (Martin & Porter, 2001). Vlovsky and 
Chance (2001) suggested that, knowledge and training are required as prerequisites to 
the adoption and implementation of new technology which includes automation 
technologies.  
 
Wood as a raw material for the wood product industry cannot be over looked when it 
comes to automation technologies. The properties of wood which determines the quality 
of the raw material used in this industry depends on different factors (Kozak & Maness, 
2003). One challenge faced regarding wood as a raw material in relation to automation 
technology in the Wood product industry is the presence of high scrap rate. This is due to 
the visual inspection of quality check interpreting dirt stains as rotten stains and scrap 
that material (Kozak & Maness, 2003). The heterogeneous material properties of wood 
present a challenge with regards to automation as it requires high flexibility (Hoff et al., 
1997). In essence, management in this industry has to be involved and committed in order 
to have a better quality management system (Kozak & Maness, 2003).  
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In order to understand the factors that drive and restrain adoption of automation 
technologies, section 2.5 presents firstly the triggers of automation so as to understand 
the reasons why companies decide to automate their processes.  

2.5 Triggers of automation technologies   

Several reasons have been suggested by different authors regarding reasons why 
companies automate their production systems. Fasth et al., (2009) pointed out quality, 
lead time and flexibility as some of the factors that companies seek when automating 
their processes. Wickens et al., (2004) and Grover (2007) have contributed much to 
discussion of automation and reasons to automate. From their literature, the reasons are 
summarised below in Table 2.  
 
Table 2: Reasons for companies to automate 

 Groover (2007) Wickens et al., (2004) 

1 Increased labour productivity Assisting humans in performing 
impossible or hazardous work  

2 Reduced labour cost Assisting human in performing 
difficult or unpleasant work  

3 Mitigate the effects of labour shortage Extend the capabilities of human 
capacity 

4 Reduced routine manual or clerical tasks Technical feasibility 
5 Improved worker safety  
6 Improved quality  
7 Reduced manufacturing time  
8 Accomplish processes that cannot be 

done manually 
 

9 Avoid cost of not automating   
 
In addition to the reasons that have been given above, other researchers have also 
pointed out how triggers of automation are connected to the competitive priorities 
(gaols) of a company (Olhager, 2010; Tangen et al., 2008). The competitive priorities of a 
company can be broken down into cost, quality, delivery capacity and flexibility (ibid). In 
order to satisfy the requirements from the customer and be competitive, a company has 
to consider all the competing priorities (Olhager, 2010). Table 3 bellow as adopted from 
Tangen et al., (2008) shows how the automation technologies are connected to the 
company’s competing priorities.      
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Table 3: Competition priorities (goals) in relation to triggers of automation 

Competition priority Description (need for automation) Breakdown 

Cost Low price requires low cost Initial cost - Cost to manufacture a specific product  
Price - The price for which a product or service are sold 

Quality High quality and high service level 
Reliability - The probability that a product is durable for a certain time  

Requirements - Meet pre-determined standards and tolerances 

Delivery capability Quick and safe delivery 

Availability - The probability that the product can be delivered on time 
Lead time - Time between order and delivery 
Precision - The right product delivery in time and in the correct quantity 
Delivery flexibility - Ability to meet customer needs 

Flexibility Provide the customer with choices  

Volume flexibility – Ability to adjust to changes in demand. 

Product flexibility – Ability to manufacture different types of products 
without changing the production system. 

Material factor – Ability to adjust the manufacturing sequence due to 
changes in incoming material. 

 
The most commonly discussed reasons companies automate their production systems 
are discussed below. 
 
Competing with low labour cost companies  
Automation technologies offer competitive advantage in terms of flexibility and 
economies of scale for companies in high labour cost countries (Jelinek & Goldhar, 1983). 
Automation technologies have been known to offer quick production, greater variety, 
and more customisation and fast customer response which companies operating in high 
labour cost would have over companies with low labour costs (Schroeder et al., 1989; 
Julien, 1995). 
 
Increased productivity  
Automation technologies for some time now have been known to increase existing 
worker’s productivity, reduce inventories (WIP), increase capacity, reduce lead time and 
cycle time, improve safety and reduce work stoppages as well as the amount of labour 
required which in turn increase productivity (Ariss et al, 2000). Zairi (1993) also found 
that automation technologies have great influence on the speed of response, flexibility, 
business performance effectiveness and productivity levels of companies and finally 
concluded that, automation technologies result into improvements of the efficiency and 
effectiveness of the overall company. 
 
Quality improvement 
Ariss et al., (2000) stated that, more than ever before customers are demanding for better 
quality form manufacturing companies. This has led many companies to adopt 
automation technologies so as to maintain the consistence quality of the products 
produced and reducing human errors. The areas that are known to be more affected by 
automation technology in terms of quality are in production planning and scheduling, 
material handling and inventory control (Kandray, 2010). Quality in the manufacturing 
process is ensured by automation technologies in that faults and errors are discovered 
earlier and quickly in the process contributing to the improvements in the design stage 
(Ariss et al, 2000). The issue of quality was also echoed by Zairi (1993), when he saw that 
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quality was one of the major factors when it comes to the use of automation 
technologies. Philips and Ledgerwood, (1994) also pointed out that the use of automation 
technologies led to improvements in quality, lower cost of production, less working 
capital in inventory and increase in productivity.   
 
Product design improvements 
 Automation technologies in the designing of products in companies is contributing to 
better manufacturability (Ariss et al., 2000). In today’s markets of products, it has been 
noted that product life cycles are decreasing, cost patterns are shifting and product 
diversity increasing, which is making companies to include flexibility in their 
manufacturing capabilities (Mechling et al., 1995). In order to shorten the life cycle of a 
product in the design phase, products are tested and examined from a structural and 
engineering aspect before proto types are made (Meredith, 1987). Ariss et al., (2000) 
went on to state that automation technologies in the design stage is key to produce the 
planned product design, minimise delays and allow modification and adjustment to the 
design with a short possible time frame. 
 
Moving away from the triggers of automation, section 2.6 presents the factors that affect 
adoption of automation technologies in companies as presented in literature.   

2.6 Factors that affect adoption of automation technologies 

The adoption and use of automation technology by companies is a product of a series of 
different decisions, which most often comes from the comparisons of the benefits and 
the cost of the introduced automation technology (Ariss et al., 2000). A lot of theoretical 
frameworks and models have been put up by researchers to investigate the adoption of 
new technologies including automation (Woodside & LaPlaca, 2014). Most notably the 
work done by Davis (1989) that is the Technology Acceptance Model (TAM) and Rogers 
(1983) work known as Innovation Diffusion model (IDF). 
 
The contribution of the Innovation Diffusion model (IDF) to theory by Rogers (1983) 
cannot be overlooked as it presents and explains the factors that influence the adoption 
of new technologies and how these factors over a period of time are perceived. By 
combining the TAM by Davis (1989) and IDF by Rogers (1983), Aguila and Padilla (2006) 
stated that the factors that affect the adoption of new technology in a company can be 
broken down into two categories, i.e. internal factors and external factors. Internal 
factors may include but not limited to: organisational structure, processes in the 
company, company size, technological capabilities of the company workers, company’s 
financial resources available, working culture of the company, leadership and the way 
innovation is handled in a company. External factors include: competitors, customers and 
suppliers, the role of government, partner alliances technological infrastructure, 
technology consultants, and the image of the new technologies to companies. El-Gohary 
(2012) echoed the same sentiments by pointing out that adoption decisions of new 
technologies are affected by internal and external factors. 
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The factors that affect adoption of new technologies are now present below as taken 
from the combination of Davis (1989) Technology Acceptance Model (TAM) and Rogers 
(1983) Innovation Diffusion model (IDF). Factors which are internal to a company are 
presented first and then followed by factors that are external to a company.  

2.6.1 Internal factors 
 
Culture 
The term culture can be defined as the values, preferences beliefs, assumptions, rituals 
skills, behaviours and knowledge that are shared within a social group (IEEE, 2013). Over 
the years, there has been a growing concern on the relationship between organization 
culture and the benefits of automation technologies. Most often, organization culture 
has been referred to as a barrier to adoption of automation technologies (Zammuto & 
O'Connor, 1992). Organization culture has been referred to as being belt on beliefs of 
members of an organization and the values that are shared which comes to be shown by 
the means the company uses to attain them (Hofstede et al., 1990; Schwartz and Davis, 
1981). One of the means can be the organization structure that shows the history and the 
choices the company had to make in the past (Zammuto & O'Connor, 1992). Kelley (1990), 
concluded that most of the decisions companies make are influenced by their past 
decision, thus the adoption of new technologies will also be dependent on the past 
decisions. A new technology is likely to be introduced if in the past other technologies 
have succeeded. Therefore, the attention that is given to change management in a firm 
also has a bearing on the introduction of a new technology (Holland et al., 1999). In this 
respect, the culture of a company plays an important role when it comes to adoption of 
new technologies.   
 
Innovation 
Innovation is the other factor that has been considered to affect the adoption and 
implementation of new technologies, and it has been deemed a key factor in companies 
to renew and adopt to changes in the environment (Tidd et al., 2005; Eisenhardt & Tabrizi, 
1995). To survive in a dynamic and competitive environment, innovation is one factor 
that companies are using to stay in a market and remain competitive (Eisenhardt & 
Tabrizi, 1995). One way of looking at innovation is from the production systems 
perspective, in this respect it deals with new ideas from creation, adoption and 
implementation leading to novel products and production processes (Rogers, 2003). 
Bellgran and Säfsten (2010) also stated that innovation involves the continuous 
improvement of a company’s process and the methods leading to improved productivity. 
In essence innovation involves creativity of individuals in organization (Amabile, 1998) as 
innovation involves creation of ideas that improves or gives new products and production 
processes. For an innovation process to be successful, there is need for a proper and clear 
process which are coordinated by the entire organization (Roozenburg & Eekels, 1995).   
 
Management  
Managers feeling of satisfaction and high sense of security are known to create hurdles 
for adoption of new technologies (Garsombke & Garsombke, 1989). Ariss et al., (2000) 
presented that “traditional” managers display a fear of new technologies leading to a 
hurdle in adopting automation technologies and concluded that management philosophy 
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regarding automation technologies has an effect on decisions of adopting new 
technologies. Another challenge in adopting new technologies faced by companies is 
that, most manager do not have enough time to scrutinise new technologies (Ariss et al., 
2000). Lack of knowledge and misunderstanding about the advantages and disadvantages 
of new technologies especially from inconsistent sources was concluded by Beatty and 
Gordon (1990) to be leading to less adoption of new technologies. Therefore, Ariss et al. 
(2000) argued that as managers become more aware and exposed to automation 
technologies it is expected that adoption of new technologies will increase. 
 
It is difficult for a firm to introduce a technology when it does not have clear goals for that 
particular technology. Clearly defined and well understood goals will lead a firm in 
adopting a technology (Bancroft, 1996). Therefore, it upon the management to put up 
clear goals for the company. On top of having clearly defined and well understood goals, 
top management support has been argued by several authors to be one of the most 
important factor when adopting and implementing new technologies in companies 
(Mendoza et al., 2007: Arab et al., 2010). The way the top management responds and 
acts towards a certain technology proposed in a company, has a great influence on the 
way technologies are adopted in the future. Therefore, management should have a clear 
vision of the company, about the business processes, on how the staff should be trained 
and how effectively the adoption of the technology should be communicated (Al-Fawaz 
et al., 2008).  
 
Automation strategy is another factor from a managerial perspective that should be 
considered when making decisions on adoption of automation technologies. Most of the 
time, companies make costly investments in automatic manufacturing systems 
irrespective of whether the investment is suitable or not (Winroth et al., 2007). With a 
clear strategy on automation, companies can assess their investments in manufacturing 
system (ibid). Automation strategy can be look at from two perspectives, one is when 
automation is seen as to be part of decisions in the existing manufacturing strategy of a 
company and the other one is when automation strategy is seen as the overall 
manufacturing strategy (Säfsten et al., 2007; Winroth et al., 2007). Automation decisions 
which turnout to be successful usually are in line with a company’s long term gaols and 
synchronised with the manufacturing strategy and present capabilities of the company 
(Winroth et al., 2006; Winroth et al., 2007). Furthermore, Winroth et al., (2006) looked 
at how automation processes are affected by the integration of automation strategies 
with the manufacturing strategies. The conclusion was that, integration of the 
automation strategies with the manufacturing strategy of a company can be seen as a 
force that affect decisions on the use of automation in a company as integrating 
automation strategies with the manufacturing strategy of a company produces the best 
results of automation processes.  
 
Company size (Finance and goals) 
The size of the company in terms of finance and the type of the market the company 
operates in has for a long time been argued to both drive and restrain the adoption of 
new technologies (Hall & Khan, 2003). The arguments for the size and the market 
structure where made more vivid by Dorfman (1987) when four major arguments were 
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put-up which related to the levels of innovation activities and acquisition of new 
technologies by companies.  
 

• The first argument is that large companies with more market share are more likely 
to adopt new technologies because the adoption of new technologies requires 
huge amount of initial investment (upfront costs). A new technology might not 
look expensive on paper, but there are other factors that come into play also. 
(Blasi & Puig 2002). Example of such factors includes costs of; training workers, 
marketing, research and development and investment in production. Companies 
usually invest if they know for certain that the initial investment cost will lead to 
profits in the future. 

• The second argument is that larger companies have more readily available 
resources than small one to acquire new technologies. Furthermore, large 
companies have the ability to source for human capital and other needed 
resources necessary to adopt a new technology. 

• The third argument is that new technologies comes with risks and uncertainty 
when it comes to the development, marketing and use. When it comes to 
companies with larger market share, the potential risk of the new technologies is 
spread because of the diversity in the choice of technologies and are in a better 
position of testing a new technology while the old one is still in operation. 

• The final argument is that as larger companies are able to adopt new technologies 
of the economies of scale and are able to spread the costs (fixed costs) involved 
in the acquisition of the new technologies on many other units.    

 
Workers (Human resource) 
Particular attention should be paid to shop floor workers of a company as they are the 
ones who works with automation technologies (Faed et. al., 2010). When adopting a new 
technology, worker’s competence levels come into play. Technical knowledge and 
operations about a new introduced technology is needed from the operators in order for 
that particular technology to work effectively, otherwise the cost of educating the 
operators come into pay (Bancroft, 1996). New technologies require a certain level of 
training of the worker in order to be an effective operator (Ramchandran 1986). The 
probability of adopting a new technology in a company increases when the management 
has confidence in the competence and ability of the workforce (Ariss et al., 2000). 
Research by Chao and Kozlowski (1986) concluded that workers with high level skills and 
competence are more likely to adapt to changes and new technologies than workers who 
are not skilled enough.   
 
The other factor to consider is what the new technology will mean to the worker, for 
example, if the new technology will mean to fire workers or maybe to hire new workers 
with the level of competence that is needed for the new technology (Blasi & Puig 2002). 
Thus, the relationship between the shop flow workers and management plays a big role 
when adoption decisions are made because with such strong relationships, job loss and 
the new technology does not spread any fear to the workers (Ariss et al., 2000). If a poor 
relationship between management and the workers exist, workers most of the time 
protest and creates hurdles which leads to difficult in making decision on adoption of new 
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technology by management. This kind of resistance from the workers comes from many 
factors such as previous poor management of change in a company, anticipated job loses, 
loosing of status, poor organization climate and loss of power which Beatty and Gordon 
(1990) termed as “barrier to acceptance”.  
 
Process (Technology) 
When it come to the technology and processes in the production system, Blasi and Puig 
(2002) are the pioneers when discussing the factors which would affect the adoption of 
automation technologies. They proposed 10+1 conditions for efficient automation in 
manufacturing. The study was done on a screwer machine, and emphasized that by itself, 
automation is not useful but other additional requirements need to be meet for it to 
function as needed. They went on to state that most of the conditions have to do with 
economic reasons but in today’s working environment, particular attention has to be 
made on the safety and the health working conditions. The proposition they made which 
relate to the process (technology) are summarised in table 4 bellow. 

Table 4: Factors affecting the use of automation in processes (Blasi & Puig, 2002, p.15) 

1 Optimal materials handling 6 Information 
2 Checking 7 Safety 
3 Feeding 8 Cost effectiveness 
4 Flexibility 9 Environmental conditions 
5 Productive maintenance 10 People 
    11 10+1 Continuous evolving capabilities 

 
Most notably among the presented factors are flexibility, environment and 10+1 
continuous evolving capability which are non-company specific. Regarding flexibility, 
producing in small or large lots goes in hand with the amount of flexibility of the system. 
When it comes to the environmental conditions, the impact of these conditions plays a 
huge role in deciding which new technology to acquire. For example, temperatures affect 
some machines in their performance. Here the emphasis is on how the new technology 
would be impacted upon by temperature, humidity, dust, shocks power supply etc. It is 
also important to look at how the environmental condition would affect the behaviour of 
the material used in the automation processes. With 10+1 Continuous evolving 
capabilities, companies also look for technologies that can be upgraded when other 
systems in the firm have been upgraded, otherwise the technology is seen as a 
bottleneck.   
 
Other authors have looked at the factors in the processes that affect adoption of 
automation technologies from a different perspective for example; Eliasson (2014) 
pointed out; (1) Complicated processes that are involved in making wood products (2) 
Small series in the production (3) High variety. On the other hand, Winroth, et al., (2006) 
and Frohm, et al., (2006), alluded to (1) High number of variants in the production system 
(2) Adapting an already existing product to the newly introduced automation technology. 
Tangen et al., (2008) identified standard products and large series as better adapted to 
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automation technologies. Other factors identified were, production volumes and design 
of the production system to greatly affect the adoption of automation technologies. 

2.6.2 External factors 
 
Country laws and regulation 
Government laws and regulations have a great role to play when it comes to the adoption 
of technology in industries, mostly through the sponsoring of technology with network 
effects (Hall & Khan, 2003). These regulations depend on the choice of the governments 
on the price setting mechanisms chosen. Example of regulations that affect the adoption 
of new technologies are market structure, insurance, environment, etc. Regulations on 
the environment have a direct effect on the use and adoption of some technology, some 
regulations will advocate or prohibit the use of a particular technology or a method of 
production (Hall & Khan, 2003). A good example of the effect of the environmental 
regulation was presented by Gray and Ronald (1998) when the paper and pulp industry 
in the USA was affect by the change of the environmental regulations in the 1980’s. The 
finding was that on one hand, companies in this industries had to adopt new technologies 
which produced less pollution and on the other hand, the investments in these new 
technologies which were more specifically for less pollution led to a decrease in the 
investment of production technologies.  
 
Technology Suppliers 
Companies are more hesitant to adopt new technologies if they have been supplied with 
an imperfect technology in the past. When an imperfect technology is supplied to a 
company, it is upon the supplier of that technology to make improvements so as to 
increase the adoption rate of the technology (Hall & Khan, 2003). It has often been 
observed in the past that the way the technology suppliers respond to defects in the 
supplied technology is directly related to the acceptance of new technologies in 
companies (Rosenberg, 1972).  
 
Skilled and trained workers in a company makes it easier for a new technology introduced 
in a company work smoothly. However, the supplier of the technology has a greater role 
to play when it comes to adopting new technology by facilitating the training and 
information sharing (Rosenberg, 1972). An example of supplier of technology teaming up 
with a manufacturing company was shown by Gruber and Frank (2001) in the study of 
Microsoft (software provider) teaming up with hardware manufacturers in order to have 
a perfect product for the customers. Companies also try to look for external expertise 
(consultants), when introducing a new technology, companies at times consider external 
expertise who would help when the technology runs into problems. In this regard, the 
company is aiming for the use of the knowledge and experience of external consultants 
in maintaining the technology when it is introduced and this has a profound effect on 
adopting a new technology (Parr, et al., 1999).  
 
Customer  
It is important for companies to have a stable base of customers and this play a big role 
in adopting new and innovative technologies (Hall & Khan, 2003). As most of the initial 
investments in new technologies are costly, companies are concerned about how the 
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future inflow of cash is to pay for the investment and this can be achieved by having a 
stable market base. When faced with demand uncertainty, companies find themselves in 
a dilemma of whether the money invested in the new technology would be recovered or 
for how long they have to wait for the payback. In this case companies tend to abstain 
from adopting new technologies even though the benefits of the technologies are evident 
(Hall & Khan, 2003). However, if a company has a stable customer base it’s able to 
forecast its profits and calculate if the investment is worthy to acquire.       
 
In the automotive industry, the relationship of a company with its customers and the 
customer base was made vivid by Helper (1995) when studying the adoption of the CNC 
machines (Computer numerically controlled) in this industry. It was found in the study 
that companies that didn’t have a stable customer base adopted the use of CNC machine 
less than the others with strong customer base in spite of the evident increase in the 
efficiencies of the production systems. This was later echoed by Hubbard (1998) when 
studying the adoption of on-board information technology in the trucking industry. The 
findings where that the relationship of the trucking company and the shipper was the 
major factor of adopting the on-board technology.   
 
As already stated before, customers are now demanding products which are of high 
quality and they also want products to be delivered to them within the possible shortest 
time (Ariss et al., 2000). Automation has been known for the improvements in the quality 
of products and shortening of the lead time (Kandray, 2010). From this perspective, 
customer demands are seen to be contributing to companies adopting automation 
technologies.     
 
Competition  
Companies are now faced with increased global competition. As a response to this, 
companies are resorting to increase their performance through innovation and adopting 
new production process and product developments. Automation is one way of achieving 
this, which leads to increased productivity and creates sustainable competitive advantage 
for the companies (Baily et al., 2005). As automation has become a competitive 
advantage, it is now seen as a determining factor of whether a company would be 
competitive or not (Britney, 2013).  
 
Failure to look at where the company should be in the future and capitalize on the new 
technologies available, will certainly give an advantage to the competitors of the 
company (Advameg, 2016). Different reasons exist for companies to automate their 
process, one of them is to increase the competitive advantage of a company (ibid). In this 
regard completion is deemed to be one of the factors that companies are considering 
when making decisions on automation. Automation is known to lower or reduce the cost 
of products thereby increasing the competition (Rosenberg, 1972). 

2.7 Framework model for the research 

Although there are many models that can be used for analysing adoption of new 
technologies, most of the empirical studies have recommended integration of 
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Technology Acceptance Model (TAM) and Innovation Diffusion model (IDF) (Carter & 
Be´langer, 2005; Legris et al., 2003). This produce the best results when internal and 
external factors to a company are in focus (Lee et al., 2011; Sigala et al., 2000; Chen et al, 
2002). For more information on the different models used in the analysis of adoption of 
new technologies found during literature review, see appendix 6 as presented by 
Venkatesh et al., (2007).  
 
To ensure the focus of the study, the factors that affect adoption of new technologies 
from the combination of Davis (1989) Technology Acceptance Model (TAM) and Rogers 
(1983) Innovation Diffusion model (IDF) are now put into perspective. Table 5 below 
summarises the factors that influences adoption of new technologies and are categorised 
as internal and external.    
 
Table 5: External and internal influencers of new technology adoption 

Internal factors External factors 
Culture Laws and regulations 
Innovation Suppliers 
Management Customers 
Company (Finance and Goals) Competition 
Human resource  
Technology  

 
For the internal factors affecting adoption of automation technologies, company culture 
and innovation are not included as already stated. The focus is on four factors with sub-
factors included. The first factor includes Management issues with strategies as sub 
section. Strategies in this regards refers to the automation strategies of the companies 
and also the way managers make decisions on automation. The second factor is company 
size which include financial muscle of a company and goals. The third factor is technology 
consisting of input material, production processes and product output as its sub sections. 
The last factor is workforce (Human resource) of a company. 
 
Coming to external factors, four factors are also in focus. These include, Country laws, 
competition, technology suppliers and customers. Figure 4 below shows the framework 
model for the research which represents the discussed factors above.  
 

   
Figure 4: Framework model for research

Management Human resource Country laws Competition Suppliers Customers

Strategies Finance Goals Input material Process Output (product)

Factors driving and restrianing adoption of automation technologies

Internal factors External factors 

Company Size Technology 
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Chapter 3 - Method and Implementation 

 
 
This chapter describes how the research presented in this thesis was carried out and why certain 
research methods were used. First the research design is described where the research methods are 
defined followed by a description of the research process and finally, the expected validity and 
reliability related to the research methods are discussed.  
 
 
This chapter consists of Research design and the Research process. The first part, which 
is Research design describes the design of the study and presents the choice of methods 
used. The sub-sections in research design include describing the case selection, the case 
companies and the choice of the methodological instruments used in the empirical study.  
 
The second part, Research process describes the way the study was conducted and the 
numbers of respondents form the empirical study. The Research process differs from 
Research design as it focuses on the actual activities that are carried out during the 
empirical study. 

3.1 Research Design 

As pointed out in the first chapter, there is insufficient literature that addresses the 
factors in the wood product industry that drive and restrain companies to adopt 
automation technologies. To find out the state of the art more in detail and develop a 
theoretical framework for the research, we started with a literature review. The review 
process is discussed further below. 
 
When little is known about a phenomenon and the current perspectives on the 
phenomenon are insufficient, a case study design approach, which was used in this study 
is appropriate (Eisenhardt & Graebner, 2007). Looking at the aim of this thesis, the 
research has an explorative nature as it is trying to contribute to the understanding on 
the factors that drive and restrain adoption of automation technology in wood product 
industry. In this sense, case study design is applicable; as Yin (2009) suggested, a case 
study is appropriate when a deeper understanding of a complex phenomenon is in focus 
and the researcher has limited control. Since the research is explorative in nature the 
questions “how” and “why” can be best answered by a case study design (Miles & 
Huberman, 1994).    
 
In this thesis, a multiple case study design was used to answer the research questions and 
to reach the conclusions. As the research area is undeveloped, the aim was to get as much 
rich data as possible. This is in concurrence with recent studies which show that the use 
of multiple case study design is now increasingly being used in the publication of research, 
as the approach presents a richer collected data (Bryman & Bell, 2011; Saunders et al., 
2012). Yin (2009) emphasised that the results for a multiple case study design are 
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strengthen by replicating the patterns, therefore increasing the robustness of the 
findings. More so, the different cases in a multiple case study serves to confirm or refute 
the conclusions drawn from the other, thereby providing external validation to the 
findings (ibid). 
 
For this research, the unit of analysis is the individual companies in the wood product 
industry. The research, however attempted to differentiate the units of analysis according 
to the business area in the wood product industry to compare the factors that drive or 
restrain adoption of automation technologies. The unit of observation in this research is 
represented by the key individuals identified in the companies, the production systems 
of the companies and company documents regarding automation.    

3.1.1 Case Selection (multiple case studies) 
 
The case studies were performed in collaboration with four wood product companies 
within different business areas in order to analyse and compare similarities and 
differences in the factors that drive and restrain adoption of automation technologies. 
Each case company manufactures comparatively different products in the wood product 
industry. As comparisons between case companies were to be drawn, it was important 
that case companies were chosen carefully so that similarities or contrasting results 
across cases could be made (Yin, 2009). In order to control the extraneous variations in 
the wood product industry, choosing case companies from different business areas 
seemed appropriate. This is echoed by Eisenhardt (1989), when he stated that having 
more than one case study with different perspectives tend to control the extraneous 
variations being studied. Therefore, the results from the case companies were expected 
to be different and enriching (Yin, 2009). 

3.1.2 Case companies 
 
The four case companies selected as part of the study to answer the research questions 
of the thesis are presented in table 6 below. All the case companies are geographically 
located in the southern part of Sweden. As already stated, the business areas of the case 
companies are different which would contribute towards external validity of the research 
in the wood product industry. 
 
Table 6: Case companies involved in the study 

Case  Type of Products Number of Employees 

Case A Pulp, Interior products, Floor decoration 
and panels 640 

Case B Modular house building 180 
Case C Furniture and foil Wrapping 140 
Case D Windows and doors 725 
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Case A 
Case A is located in southern part of Sweden and has other branches in Norway, Denmark 
and Lithuania and in total having at least 640 workers with an annual revenue of 
approximately SEK 5.5 billion. The company produces internal fittings in wood, such as 
mouldings, panelling, and flooring and glued joint boards. Case A market is mainly the 
Scandinavian countries, where the products are sold to private customers, the 
construction industry and home manufacturers. The other customer is the timber 
industry, this includes interior design companies, window manufacturers and furniture 
and joinery factories. From the production point of view, most of the products in the 
company follow similar processes but differ in the type of the cutting tools to produce 
variations needed. As dimensions requirements vary from customer to customer, there 
is a high degree of product variation in the production system.  
 
Case B  
Case B is one of the leading producers of modular buildings such as offices, schools, 
hotels, kindergartens, group homes, health care and huts in Sweden. The company is 
located in south east Sweden with two production sites and a total of 180 workers. The 
annual turnover for the company is about SEK 400 million. The main market for the 
company is middle and southern Sweden, and mostly the municipality, country councils 
and major companies in Sweden. Case B produces modular buildings based on 
standardised building systems. Joinery and embodiments, electrical, plumbing and 
ventilation installations are also done alongside the production of the modular buildings. 
The modular buildings are made in the company’s factories thereafter shipped to the 
place of installation. The variety of the products is very high as the customers’ demand 
preferences differ.  
 
Case C 
Case C produces foiled furniture for bedrooms, storage spaces, living rooms, entrance 
halls and kitchens. The company is located in south Sweden and has a total of 140 
employees with an annual turnover of SEK 490 million. Since the middle 80’s, Case C had 
been a supplier and partner to one big customer which sells ready to assemble furniture, 
appliances and home accessories. When the study was undertaken, all the products for 
the company went to the same customer. For many years now, the core competence for 
the company had been foil wrapping. There were several lines for foil wrapping with 2D 
and 360° wrapping technology. The production lines were highly automated.   
 
Case D 
Case D is a leading producer of wooden windows, aluminium-clad wooden windows, and 
doors with related services and accessories in Europe. The company produces products 
under a wide number of brands on the market. Case D is a multinational company and its 
production units are located in different parts of the Nordic countries. The net sales for 
the company for the fourth quarter of 2015 was SEK 1,470.1 million. In total, the number 
of employees of the company was around 3200. The customers for the Case company are 
mainly the construction companies but also individuals. For the purpose of this research, 
a Swedish production unit located in south Sweden was studied with around 400 
employees. The main processes in the production system of Case D ranged from 
moulding, painting, assembling to packaging. The product variety for Case D was very 
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high, this can be attributed to customer requirements differing as the dimensions of the 
products being determined by the customers. However, some models were standardised 
and are produced in larger volumes. 

3.1.3 Choice of methodological instruments in the empirical study 
 
Based on the case study design chosen for the study, methodological instruments were 
selected accordingly. In order to get a good understanding of the present trends of 
automation and the factors that affect adoption of automation technologies in the wood 
product industry, multiple data source was used. In this study, the methodological 
instruments chosen were interviews, focus groups, observations and document analysis. 
Table 7 below shows how each methodological instrument was used in answering the 
research question of the thesis which are presented below for a recap.  
 

1. What factors drive and restrain Swedish wood product companies to use 
automation? 

2. How could the companies deal with these factors in order to facilitate adoption 
of automation technologies? 

 
Table 7: Research questions in relation to methodological instruments 

 Research Questions 
Methods RQ1 RQ2 
Interviews √ √ 
Focus groups √ √ 
Observations √  
Document 
analysis 

√  

 
Interviews  
One-on-one interviews were conducted in this research and semi-structured questions 
were used to give some degree of exploring, thereby gathering more detailed information 
on the studied subject. As already stated, this research was explorative in nature, it was 
imperative that the interviewees were given the opportunity to explain and build on their 
answers to the questions so as to have the general and detailed perception of the studied 
subject. (Saunders et al., 2012). For the purpose of gathering information from different 
perspectives on the factors that drive or restrain adoption of automation technologies, 
the interviews were conducted on two different levels in the companies. The sample 
group of the interviews came from the upper management level i.e. people who make 
decisions and the middle management level, people who work with automation 
technologies. In this respect, the questions of why and how automation technologies 
were adopted and also how they were used and the effects they had in the production 
processes on a day to day basis were investigated. 
 
Focus Groups  
The focus groups were purposely formed consisting of workers on the shop floor level so 
as to provide this research with information on the perception and knowledge of 
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automation technologies on that level. The focus groups were important in connecting 
the similarities and differences of how automation technologies were perceived by the 
managers i.e. the decision makers and the shop floor workers. To target more people and 
serve on time on the shop floor, it seemed to be appropriate to have focus groups keeping 
in mind also that focus groups can produce data that could not be generated in individual 
interviews (Krueger & Anne, 1994). 
 
Observations  
The main purpose of the observations was to check the validity of the data that was 
collected through other methodological instruments and also to add to the richness of 
the data by getting to the root of what is really going on in the production systems in 
terms of automation technologies (Saunders et al., 2012). Collection of data through 
observation is one of the distinctive features in doing a case study and reinforced the 
reason of choosing it as a methodological instrument for this research (Yin, 2009). Here, 
the data was collect through participant observations i.e. the researchers participated 
actively in the setting which the observation was done (Gillham, 2000). The observations 
were done in the production systems of the case companies by observing how 
automation technologies were applied and also how people worked with them.   
 
Document analysis 
In addition to the interviews, focus groups and observation, document analysis was used 
in this research as a way of collecting more data on the automation technologies in the 
case companies. Company strategy and policies towards automation technologies could 
be more understood by examining company documents (Williamson, 2002). The aim with 
document analysis was to get insight on how the case companies had been working with 
automation technologies and how the future looks in relation to automation 
technologies. The main documents targeted in this research were the automation 
strategies of the company in line with the manufacturing strategies. Not only the strategic 
documents on automation were in focus but also other documents which stated how the 
case companies work with automation technologies, as Merriam (1988, p.118) stated, 
“Documents of all types can help the researcher uncover meaning, develop 
understanding, and discover insights relevant to the research problem”. 
 
Overview table of the used methodological instruments 
Table 8 below shows the above presented methodological instruments used. The table 
also shows the corresponding number of interviewees and activities that had been 
planned to be carried out in order to answer the research questions of the thesis. Detailed 
information on the number executions on each methodological instrument is presented 
later in this chapter. 
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Table 8: Overview table of the used methodological instruments 

Case study 
Questions Interviews Focus group Document analysis Observation 

RQ1 & RQ2 

2 people in 
Management 
position 

At least 3 people 
(max 6) on the 

shop floor 
(production line) 

Checking of the 
company's documents 

for automation 
technologies related 

records.  

Production system 
tour, walk through 
the production 
lines and see how 
production goes 
on. 

2 Team 
Leaders/Line 
managers 

 

3.2 Research Process 

The research process was carried out in two phases. The first stage was to scope the 
research area of the study through a literature review, as the automation technologies 
affect the wood product industry on a broad scale and are used in different perspectives. 
The second phase involved conducting the empirical part of the study. 

3.2.1 Scoping the research area – literature review 
 
Before the empirical study could begin, a literature review played an important role in 
scoping the research area of the study. It was imperative from the on-set to have a 
general idea of what factors affects adoption of automation technologies in companies 
so as to have specific areas of the company context to focus on. Factors that affect 
adoption of automation technologies in companies were summarised as shown in figure 
4 (Framework model for research) which is also presented below. The formulation of the 
factors in the is explain in chapter two section 2.7. 
 

 
Framework model for research 
 
As can be seen in the figure above, the factors that affect automation technologies are 
divided into external and internal in relation to the company’s context. With regards to 
the external factors, the research area was scoped around four factors which were; 
country laws, competition, technology suppliers and customers. Regarding the internal 
factors, the research area was scoped around management, company size, technology 
and human resource. The figure above (Framework model for research) became the basis 
of starting the empirical study. 
 
 
 

Management Human resource Country laws Competition Suppliers Customers

Strategies Finance Goals Input material Process Output (product)

Factors driving and restrianing adoption of automation technologies

Internal factors External factors 

Company Size Technology 
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3.2.2 Development of research guides 
 
After scoping the area, interviews, focus group and observation guides were formulated 
in accordance with the factors identified in figure 4. The guide for the interview was split 
into two, one for the manager and the other one for the line managers (team leaders). 
The guide for the managers had more questions on the aspects of strategies and the 
investment decisions in relation to automation. With the line managers (team leaders) 
interview guide, questions were more concentration on the day to day working with the 
automation strategies within the production systems of the companies. The same aspects 
on the interview guide for the line mangers (team leaders), were used for the focus group 
guild with some inclusion to get more understanding of the shop flow workers on 
automation technologies. The observation guide was also divided into two, one for the 
mechanical system and the other one for the information system as part of the 
production system of the companies in accordance with the literature. Examples of 
elements in the production system regarding the mechanical part which were observed 
are the input material, production flow, transportation mode etc. For the information 
system, example of the elements studied are; information type, information use, 
information access etc. For more and detailed information on the guides, see the 
appendices; appendix 1 for the interview guides, appendix 2 for the focus group guide 
and appendix 3 for the observation guide.    

3.2.3 Empirical study  
 
The empirical study started after laying a foundation with the scoping phase based on the 
literature review. The corresponding number of executions done in the research in 
relation to the methodological instruments applied can be summarised as shown in table 
9 bellow.  
 
Table 9: Methodological instruments and the number of executions 

 Case A Case B Case C Case D 
Manager 
Level interviews n = 2 n = 2 n = 2 n = 1 

Line managers 
Level interviews n = 1 n = 1 n = 2 n = 2 

Focus group √ √ √ √ 
Observations 2 hours 1.5 hours 2.1 hours 3.8 hours 

Document analysis 

Annual 
report, official 

website 
documents 

and 
brochures  

Annual 
report, 
official 

website 
documents 

and 
brochures 

Annual 
report, 
official 

website 
documents 

and 
brochures 

Annual 
report, 
official 

website 
documents 

and 
brochures 
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Interviews  
As already been stated, an interview guide (appendix 1) was developed prior to the 
beginning of the empirical studies. The interviews were conducted by two researchers, 
one taking down the interview notes and the other one conducting the interview. The 
interviews usually started out with the managerial level and then went on to the line 
managers in all the case companies with an estimated average duration of one hour for 
each interview. Semi-structured interviews were carried out while following the interview 
guides but also the Interview questions where adjusted accordingly when something 
unexpected surfaced during the interviews which needed further clarification from the 
interviewees (Williamson 2002). In all the case studies, the interviews for this research 
were conducted on a one-on-one basis. The importance of recording interviews has been 
stressed by different authors (Creswell, 2003; Saunders, 2012; Williamson, 2002) and as 
such, in order not to miss anything the interviewees said, all the interviews done during 
the case studies of this research were recorded and later transcribed. 
 
Details on the interview data collection can be summarised as shown in table 10 below. 
The table shows the employment status of the participants and the length of the 
interview conducted. 
 
Table 10: Interview participants and the duration 

 Case A Case B Case C Case D 
Participant time Participant time Participant time Participant time 

Manager 
level 

Regional 
manager 

1.4 
hours CEO 1 

hour CEO 1 
hour 

Production 
manager 1 hour 

 
Site 

manager 

1 
hour 

Production 
Manager 

1 
hour 

Technical 
manager 

1.2 
hour

s 
  

Line 
managers 

Team 
leader 

1 
hour 

Team 
leader 

1 
hour 

Team 
leader 

1 
hour Team leader 1 hour 

    Team 
leader 

1 
hour Team leader 53 

minutes 

 
Focus groups 
The focus groups proved to be very difficult for the researchers to organise and carryout 
because most of the time the shop-floor workers did not have time to participate in the 
focus groups. However, the focus groups were conducted and a perspective of shop-floor 
workers view on automation technologies was put in focus. The focus groups consisted 
of shop floor workers and lasted for at the most one hour. 
 
Details on the focus groups can be summarised as shown in table 11 below. The table 
shows the number of participants and the time it took to carry out the focus group 
discussion.    
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Table 11: Number of participants and the duration of focus group study 

 

Case A Case B Case C Case D 
Participants time Participants time Participants time Participants time 

Shopfloor 
workers 

n = 4 

40 
minutes  

Shopfloor 
workers 

n = 4 

1 
hour 

Shopfloor 
workers 

n = 4 

1 
hour 

Shopfloor 
workers 

n = 5 

50 
minutes  

 
 Observations 
Productions systems of the case companies were observed with an assistance of an 
observation guide (appendix 3). The observation was done by both researchers 
simultaneously, one researcher was observing the mechanical part of the production 
system and the other one was observing the information system. On each of the 
observation guides, elements had been put-up which the researchers had to look out for 
and note down. This made the work for the researchers much easier when following 
predetermined elements. The duration for observing the production systems of the 
company by the researchers differed from case to case. The time for the observations 
ranged from one and a half hours to four hours approximately as presented in table 12 
below. The findings of the observation of the production systems are presented in 
chapter 4. 
 
Table 12: Duration of the observations 

Case A Case B Case C Case D 

Duration  Duration Duration Duration 

2 hours 1.5 hours 2.1 hours 3.8 hours 

 
Document analysis  
From the onset, the plan of the research was to analyse company documents relating to 
automation strategies with their manufacturing strategies. However, all the case 
companies did not have specific automation strategies in print or electronic. The option 
which was left for the researches was to look at the manufacturing strategies, how the 
companies work with the production systems, what plans they have for the future 
regarding the production system, the goals they have set to achieve and by what means. 
Therefore, the documents at the disposal for the researchers were the annual reports of 
the companies which contained the manufacturing strategies, goals, missions, financial 
investments and the future plans. Annual reports for the year 2013, 2014 and 2015 were 
considered so as to see if there is change in the manufacturing strategies, goals, missions 
etc. Brochures from the companies were also collected as supporting documents to the 
annual reports. The aim was to get the sense of how the companies are working with 
automation technologies, how they plan to invest in those technologies and how the 
companies foresee the future with regards to automation technologies. These 
documents were available at the company’s premises and their websites.  
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3.2.4 Literature Review Strategy  
 
Literature review played an important role in the whole research. Literature had twofold 
importance in the research occurring simultaneously: firstly, to scope the research area 
and secondly to understand what automation is and factors affecting adoption of 
automation technologies in companies. 
 
As there is limited literature in this field, the area of research was scoped with literature 
from other fields such as the electronic, information system, automotive etc. to get the 
understanding of which specific areas of the wood product industry should be addressed 
in order to answer the research questions. This was presented in the second chapter 
section 2.6 as; the factors affecting adoption of automation technologies. Models which 
refer to adoption of new technologies are presented in appendix 6 as presented by 
Venkatesh et al., (2007). The source of the literature was mainly through the University 
of Jönköping database ABI/INFORM Global and Scopus and also google scholar. Key words 
such as automation decisions, implementation of automation technologies, automation 
adoption, factors to consider when automating were used. A useful criterion which was 
used to get more and relevant literature was considering citations of the research papers 
found and the dates of publications. 
 
The second part of understanding automation, involved large numbers of literature 
papers and books. Firstly, an understanding of automation was needed and also, as the 
focus for the research was automation technologies in the production systems, defining 
the production system was relevant in this regard. Since the research was done in the 
wood product industry it was important to consider the literature on how automation 
technologies are applied in this industry. This part of literature review followed the same 
path of obtaining the literature as already presented above. The source of the literature 
was also mainly through the University of Jönköping database ABI/INFORM Global and 
Scopus and also google scholar. Examples of the key words used here were; automation, 
automation levels, automation in production system, wood product industry advantages 
and disadvantages of automation etc. It is important to mention here that the process of 
literature review went on continuously throughout the whole research process.   
 
Literature papers and books were narrowed down to relevant ones by reading through 
the abstracts and disposing of the ones found not to be consistence with the research 
aim and questions of the thesis. When the remaining relevant literature were read 
through, additional documents were revealed based on the reverse reference tracking. 
With the new articles in mind, the key words were modified accordingly to get more new 
useful data. This process was repeated several number of times until the point of 
theoretical saturation was reached.     

3.3 Expected reliability and validity 

Kirk and Miller (1987) defined reliability as the extent to which a procedure gives out the 
same kind of results when it is repeated and validity as the extent to which the procedure 
gives the correct answers. Therefore, in order to ascertain the quality and trustworthiness 
of this thesis, reliability and validity should be tested.  
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3.3.1 Reliability  
In order to increase the reliability of this research, the procedure which was carried out 
to fulfil the aim of the research has been fully described in chapter 3. By presenting this 
detailed description, the research can be repeated with the same kind of results. This is 
in accordance with Kirk and Miller (1987) when they stated that reliability depends 
explicitly and accurately on the description of the procedures of the research. Flick (2006) 
further stated that better reliability is achieved when the whole research process is 
documented. Adding to the strength of the research reliability is the methodological 
instruments used. As the research was explorative in nature, interviews, focus groups, 
observation and document analysis were deemed to be suitable for a multiple case study 
and where fully described.  

3.3.2 Internal Validity  
Internal validity can be defined as; if the research measures what is intended to be 
measured (Saunders et al., 2012). To increase the internal validity of this research, several 
steps and procedures were followed. Method triangulation was done with the 
methodological instruments used which included interviews, focus groups, observation 
and document analysis. This increases the internal validity as multiple sources of evidence 
were used (Johnson, 1997). Furthermore, data triangulation was done in the research; 
for example, people from different company levels and functions were interview. The 
combination of data and method triangulation generally results in converging conclusions 
(Mathison, 1988). To add to the strength of the internal validity is the fact that within the 
four case studies done, the same interview guide, focus group guide and the observation 
guide were used. Literature review during the research was continuous which gave the 
opportunity of comparing the gathered empirical findings from the case studies to the 
existing theory and where to base them (Silverman, 2006). This in essence increased the 
internal validity also.  

3.3.2 External Validity  
External validity can be referred to as; what extent can the finding of a research can be 
generalised also known as generalisation (Yin, 2009). As this research involves multiple 
case studies, it is important to note that case studied are often criticised for their lack of 
generalisation (Yin, 2009). However, detailed description of case study design gives an 
opportunity to readers of the research to make conclusions on the external generalisation 
of the report (Johnson, 1997). An effort was therefore made to describe the case studies 
by detailed description of the method of data collection, method of data analysis and the 
whole research process all together. As there is limited literature on the factors that drive 
and restrain the use of automation in wood product industry, the empirical findings were 
compared to theories in other industries and research which improved external reliability 
also. As such, the conclusions from this report can be used by other companies in the 
wood product industry.  

3.4 Data analysis 

Informally, making sense of the data that was collected in this research started during the 
course of data collection process, this is in accordance with Patton (2002), who argued 
that when a researcher is in the field, the ideas of how to make sense of the collected 
data is the beginning of the analysis process. All the interviews were recorded and later 
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transcribed from the audio recordings by the researchers. Data collected from the 
methodological was typed and added to the case files. 
 
The approach used in this research follows the five steps as proposed by Yin (2009).  
 

1. Compiling: putting data in a certain order 
2. Disassembling: breaking data in to fragments 
3. Reassembling: reorganising data into different groups 
4. Interpreting: creating new sense from the data 
5. Conclusion: conclusions from the study  

 
In the first step, the data collected from all the methodological instruments from each 
case study was gathered and compiled. Thereafter, the data was reduced and organised 
by writing summaries of all the case findings Yin (2009). 
 
In the second step, the data was arranged in accordance with the scope area as figure 4, 
to produce the themes as shown in table 13 below.  
 
Table 13: Themes for coding 

Internal Factors  External factors  
Management Country Law 
•  Strategy Competition  
Company Suppliers 
•   Finance Customers  
•   Goals    
Technology   
•   Input material    
•   Processes   
•   Output   
Workers   

 
In the third step, the data was purposely assembled to answer the research questions of 
the study and have an interpretation of the findings based on the literature study. In this 
step two phases were involved, firstly to analyse each case study data and secondly to 
analyse the cross case data patterns (Eisenhardt, 1989). In the first phase, the data was 
analysed for the purpose of identifying the patterns which were unique for each case 
company. The second phase involved the identification and analysis of similarities and 
differences of the cross case data. The factors that drive and restrain adoption of 
automation technologies were compared among the case companies.       
 
In the fourth step, an effort was made to present a clear picture of the whole study by 
the interpretation of the data that was analysed in the previous steps. The data that had 
been interpreted, represented the whole comprehensive picture of the study and not a 
single cases company (Yin, 2009).   
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In the fifth and final step, the interpretations made were compared to the already existing 
theory related to the aim of the research which presents the discussion chapter in this 
report. The aim was to identify the factors that drive and restrain companies in the Wood 
product industry to adopt automation technologies. Thereafter, determining how 
companies could deal with the identified factors in order to facilitate the adoption of 
automation technologies.  
  
It is import to mention here that the data analysis process of this research was iterative 
and spontaneous and not as a linear process (Yin, 2009). The collection of data and the 
analysis process occurred simultaneously.  
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Chapter 4 – Empirical Findings and Analysis 

 
 
In this chapter the findings from each of the empirical methodological instrument are presented and 
analysed. Factors that drive and restrain companies to adopt automation technologies in the Swedish 
wood product industry as well as how the companies would deal with these factors is presented.  
 
 
Interviews are first presented, followed by focus groups, then observations and finally 
the document analysed. A summary table of the analysed finding related to research 
question one are present in table 16, thereafter the findings related to research question 
two are presented.    

4.1 Interviews 

The interviews presented in this section are divided into two parts; first the managerial 
level interviews are presented followed by the line managers’ (team leaders) interviews. 
The interview findings for the manager level are presented according to the framework 
model for the research Figure 4 that is the internal factor findings are presented first and 
then external factor findings follows.  

4.1.1 Management level 
 
Internal Factors  
 
Management Issues (Strategy) 
It is quite clear from the interviews that all the Case companies had no particular 
automation strategy. Related to this, managers in cases B and C said that the decisions 
on automation are made by ‘gut feelings’. This was particularly due to lack of structured 
decision making as a result of not having an automation strategy. The focus in the 
available strategy was on achieving the company goals such as Quality, Productivity, Cost 
reduction, Safety, etc. To achieve these goals case companies A, C and D had in house 
research and development departments. However, these departments were dedicated 
to the improvement of the products and not the automation processes in the production 
units. A manager in case D had stated that it would be beneficial to have departments 
dedicated to automation technologies in the company. This also surfaced in case C when 
the manager expressed interest in hiring people who could be dedicated to the 
improvement in automation. The lack of coordination between the Sales department and 
Production department was mentioned by Case A and B as one of the factors which 
drastically affected the production systems.  
 
A common notion from the case companies was that the wood product industry is “old 
fashioned” and the management want to do things the same way they have been doing. 
This was mentioned by all the cases when linking to fear of failure with the new 
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technologies being introduced. According to the Cases C and D, the other factor 
contributing to this kind of mind set was due to satisfied status quo of managers. 
Unawareness of new automation technologies resounded in Cases B and D as a factor 
leading mangers to shun automation technologies. Awareness by managers on 
automation technologies had led Cases A and C to adopt new technologies. Irrespective 
of all the above mentioned elements, mangers in all case companies expressed desire to 
develop their production systems in terms of automation technologies.   
 
Company size (finance, goals) 
 
Finance  
Managers in Case A, B and D said that the market size of Swedish wood product industry 
is small and in most cases the margins in the profits are low. Focus on the short term pay 
back was stressed by the managers in Cases C, D and B. If we keep the market size aside, 
the size of the company has a great impact on development of automation technologies. 
On one hand Cases A and C revealed that bigger financial size of the company helps in 
providing the huge initial investments which are required to set up automation 
technologies. On the other hand, Case B alluded to the fact that lack of huge financial 
capacity hinders investments in automation technologies. Case D highlighted the thinking 
and deception by managers of “we make enough money” as a factor which restrain 
adoption of automation technologies. This means that, management is content with the 
current profits their company is making and do not focus or put an effort to improve 
production processes. Furthermore, Case C mentioned that stable cash flow from 
customers makes it possible to invest in new technologies as mostly the funds are 
available for projects.  
 
Goals 
The goals for the companies revealed the inclination towards automation technologies. 
For example, one of the goals for Case D is to develop and expand in the market, as a 
result, automation technologies are considered by the company to achieve this goal. 
Faced with increased demand of their products, one of Case C’s goals is to meet that 
demand. Even though the manufacturing processes in Case C are highly automated, the 
company is looking at ways to improve the in between process movement of materials. 
As a consequence, automation technologies are being looked at as part of the solution. 
Case A’s main goal is to provide a high quality product to the customers. Accordingly, the 
company’s research and design department is very focused on the product and not the 
production processes in the company. A manager from Case B stated that the goal for the 
company in the time being is to increase the profitability and not expanding. Therefore, 
talk about automation technologies in the company is not prevalent. On a broader 
perspective, all the case companies focus on the goal of improving and maintaining the 
product quality and delivery time to the customers. The case companies agreed that 
automation technologies maybe a solution to achieving most of their goals, even though 
the focus is not much on automation at the moment. 
 
 
 
 



Empirical Findings  
 
 

 
 

36 
 

 
Technology  
 
Input material 
Case A, B and D work with raw wood as the input material in the manufacturing processes, 
whereas Case C works with chip board material as the raw input material. The effects of 
wood as a raw material on automation was particularly mentioned by Case A and Case D. 
One of the problems Case A had was that, after the paint shop in the production line, 
there was an automatic machine checking the quality of the wood. The scrap rate at that 
point was high due to the machine detecting any irregularity in the wood as a defect. The 
company had to assign a worker on the machine to check the scraped material and put 
back in the process any material which is not defective. This actually defeats the purpose 
of putting up an automated machine to check the quality of the wood. Finger joints not 
perfectly done, dirt, knot marks on the wood, might be interpreted by the quality machine 
as a defect in the wood and scrap it. A manager from Case D explained that as wood is a 
living material it behaves differently depending on environmental condition. This means 
that the wood can expand or contract according to the temperature of the environment. 
In essence, the manager stated that it is difficult to set up automatic machine to handle 
such variation of the wood in the production processes. The effect of the raw material on 
automation technologies for Case B was not vivid, as there was no automation in the 
company. However, the quality of the material was talked about as affecting production. 
Case B also pointed out that finger joint wood sometime break which causes delays and 
increase the cost of manufacturing. Case C on the other hand had no complaints 
regarding the raw input material as they used chip boards in their processes. The 
problems with the raw material in relation to automation was tribute to its quality as the 
biggest challenge the case companies were facing as the quality of the wood material 
varies a lot. 
 
Processes 
High production volume was cited by all the case companies as a major contributing 
factor in the decision of adopting automation technologies. An example and comparison 
can be given of Case C which is highly automated and Case B with no automation. In Case 
C, a manager stated that in order to meet the demanded high volume by the customer, 
automation was a means to achieve that. As for Case B, the output volumes were low 
hence the managers stating that that automation technologies might not be suitable at 
the moment. Case D also attested to the fact that high production volumes were making 
them thinking about adopting more automation technologies. Case A was in the process 
of looking into automation technologies in order to increase the output production 
volume.  
 
The most common factor that hinders the automation adoption is Product variety 
demanded by the customers. Case A dealt with at least 1000 different types of articles, 
Case B produced unique products for each customer, case C comparatively had less 
variety by producing 6 different products families, and finally case D produced both 
standard and customer specific products. The requirements to satisfy this variety is to 
have enough flexibility in the production process. The case companies expressed a notion 
that automating the processes would reduce the flexibility, which caused a great trouble 



Empirical Findings  
 
 

 
 

37 
 

when there was a need to change the design according to the customer specifications. In 
this regards, case company C said that the automation in packaging and inspection were 
underdeveloped where the flexibility is an essential requirement. Likewise, most of the 
production processes were manual in case company D since the flexibility was a 
requirement of the process. 
 
Case B mentioned that additional to the variety, the product and process complexity also 
hindered the adoption of the automation technologies since most of the products were 
handcraft made in that company. This is strengthened by the complex task of removing 
the knots in the wood in Cases A and D which is hard to automate. On a different aspect 
a manger in Case D said that automation technologies which are available today would 
be outdated in a couple of years as technology developments are constantly changing. 
This uncertainty makes companies to think twice on adopting automation technologies.   
          
Output  
Size and weight of the product was mentioned to be the biggest problem the work force 
is facing today in Cases B and D. In Case B the manufacturing of the modular buildings 
requires the workers to be moving heavy material which put a lot of stain on them. In the 
same way manufacturing of windows and doors in case D is causing a lot of fatigue in 
workers. In the same sense, Case C’s workers need to push heavy loads in between 
processes. This factor is making the case companies to think about technologies which 
make work much easier for the workers.  
 
According to Cases A and D, the strong brand name of the companies is making 
management to relax. This is because even if no improvement in quality or delivery time 
is done, managers know that customers would buy their products because of its brand 
name.   
 
Now we change focus from the internal factors affecting adoption of automation to look 
closely at the external factors. The external factors will be presented in the order; Country 
laws, Competition, Suppliers and Customers.   
 
External Factors 
 
Country laws  
The laws and regulations of the country had limited effect on the case companies 
regarding driving and restraining factors to adopt automation technologies. The effect of 
the laws and regulations are particular experienced by Case B dealing with modular 
buildings and Case D dealing with windows and doors. This mainly had to do with the 
insulations involving protection from fire and the amount of heat allowed to pass 
through. The laws and regulations mostly affected the design and development of the 
products as some laws are passed in the country that specifies the amount of heat or fire 
protection a house or building should have. As a result, some changes needs to be done 
in the production system. The other aspects mentioned was that the case companies 
faced the same laws and regulations in terms of the ergonomic aspect of the workers at 
a work place as any other company. In this sense, the companies have to invest and 
improve the work conditions of the workers. In essence, this factor had less effect on the 
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adoption of automation, however Case B and D played much particular attention to it 
because of the reasons described above.     
 
Competition  
Competition was emphasised by the case companies to be one of the key factors that 
influences the studied companies regarding adoption of automation technologies. Case 
A and C specified that the companies in the low cost countries are taking advantage of 
low labour wages and improvements in their production systems, thus increasing the 
level of competition. This is leading the companies in Sweden to focus on the automation 
technologies to survive in this situation. Case A, D are market leaders in Sweden, 
however, competing companies are putting pressure on them. Case C is facing the 
competition from the co-suppliers for the big multinational company and therefore they 
need to constantly improve their manufacturing processes. Case B is neither a market 
leader nor have stability in customer demand, leading to face the severe competition. 
Competition is seen as a driving force for the use of automation technologies. The case 
companies agreed to the fact that automation technologies might be a means of keeping 
a market place in the competitive environment.  
 
Technology Suppliers  
The uncertainty from the supplier side is seen as common element in all the companies 
which is affecting the automation and of course there are differences in the magnitude 
of uncertainty, which is company specific. Case A mentioned that the suppliers take more 
responsibility for the bigger companies than the smaller companies and therefore are 
more cooperative. This is due to the availability of authority for larger companies. A 
manager in this company said that automation technology consultants do not take the 
responsibility of the faults with automation technologies they supply. In case B, there 
exists mutual cooperation with the saw mills for developing automation in the company. 
The sawmills are cooperating with the company financially and investing in a new 
machine which could reduce the worker stress and improve productivity. Case C had the 
suppliers dealing with its automation technologies and this company was completely 
dependent on these suppliers. However, as the company is small in size, the response of 
the suppliers was said to be quite less and delayed in most of the cases. The case 
companies had clearly asserted that these uncertainties have influence on the 
development of the automation. In this situation, the smaller companies were looking for 
long term relations and mutual responsibility with the technology suppliers in order to 
have proper working machines in their production processes. 
 
Customers 
Stability of customer demand is one factor which all the Case companies agreed on as 
contributing to the adoption of automation technologies. This was evident with Case C 
which had one major customer which purchased everything Case C produced. The 
amount of automation machines used at Case C compared to the other Case companies 
was more. In this case it was easy for them to plan their production which brought about 
a stable income cash flow from the customer. Case A, C and D brought up the aspect of 
product quality and delivery time as factors which the customers were now increasingly 
demanding. Automation technologies are viewed as a way of achieving these aspects by 
the three mentioned case companies. Customers also want the antique look of the wood 
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in the product as reported by Case A. For example, customers had different requirements 
which were traditional, such as wood without knots and should be in one piece rather 
than finger jointed. Case B was now looking at automation due to the increase in demand 
in the modular buildings in Sweden. Last but not the least, all the case companies agreed 
that they were now looking at automation as a means to reduce their manufacturing cost 
because customer were asking for lower prices from them.       
 
Section 4.1.2 below presents the findings from the line manager level (team leaders) 
interviews.  

4.1.2 Team Leader level 
 
It was not surprising that when the team leaders in the case companies were asked about 
strategy of the companies regarding automation, all of them responded by stating that 
there is no particular strategy regarding automation.  
 
Management considerations of workers’ ideas was highlighted by Case A, C and D. for 
example, in Case D, a line manager said that sometimes the ideas might not be possible 
to implement or much expensive. When asked about what management considers when 
making the automation decisions, the team leaders in Cases A and D brought up the issue 
of financial priority by management.  
 
Astonishingly, the line manager level in the case companies were very optimistic about 
adoption of new automation technologies even though it was linked to fear of job loss. 
For example, Case C had to let go off some people when it introduced automation 
technologies. Nevertheless, line managers in this company were still optimistic regarding 
increased investment in automation technologies as they see advantages of these 
technologies which will result in expansion of the business and consequently to more 
people being employed.  
 
In all the case companies the line managers were concerned about the worker 
ergonomics since they have direct contact with the shop floor. To improve ergonomic 
aspects, the team leaders see automation as a way of reducing strain and fatigue. On the 
line manager level product quality was the main focus in all the case companies. For 
instance, a team leader in Case D specified that the introduction of an articulated robot 
in the paint shop had reduced shop floor workers stress level and maintained the same 
level of quality throughout the production, which is quite hard to achieve by human 
operators.    
 
In Cases A and B the line managers alluded to the problem of departments not 
coordinating with each other. In Case B line managers specifically mentioned that the 
sales department and production department did not coordinate. This in itself increases 
the product variety as the sales department looks at what the customer wants to be 
produced and not considering whether the production can produce the product. The 
other challenge is that the sales department are focused on the number of sale and not 
whether those numbers can be produced by the production department.  
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4.2 Focus Groups - shop floor workers 

Shop floor workers had no influence or proper awareness of the company’s strategy or 
the higher management activities. Shop floor workers were only concerned about their 
duties and the activities they needed to perform.  
 
Shop floor workers in Case C said that the end quality control and packaging need humans 
and that the automation is quite hard to implement. In Case D the variety in the products 
was mentioned as the constraint for the development of the automation. Furthermore, 
they added that the flexible automation is costlier when compared to standard and fixed 
automation. 
 
Competence was one of the issues which was brought about in the focus groups as one 
factor affecting the use of technologies among the shop floor workers. Case D mentioned 
that most of the times the competence and the education of the shop floor workers do 
not match with the higher automation technologies and proper training was needed if 
the companies wanted to introduce higher level of automation. Moreover, Case A 
referred to education and training of the workers is contributing to the flexibility of the 
worker in the company, which is essential for automation improvement. In Case C 
workers expressed that training and education added to their knowledge of how to 
handle the various machines in the manufacturing processes.  
 
Coming to the physical challenges, all the case companies had to deal with the internal 
logistics manually. In addition to this, Case B and D dealt with heavy lifting in the assembly 
process and the workers wanted automation to reduce the stress and the physical work 
load.   
 
Fear of job loss is another crucial factor that was discussed in the focus groups. Cases A 
and D stated that, the fear of job loss was mostly among the older and less educated 
workers rather than in the young, and educated workers.  It was also clear that if there is 
job security issue at stake, then the workers were really willing to automate. Most of the 
work in Case B was done manually so the idea of introducing automation was making the 
workers to think that they would lose their jobs. Interestingly from all the focus groups in 
all the case companies, the workers expressed a positive attitude and interest towards 
automation technologies regardless of the fear of job loss. 

4.3 Observations 

In this section the findings from observation of the production system are presented. To 
start with, table 14 presents the findings and then followed by more thorough 
explanation of the findings. Various elements were used in the observation of the 
production system. Elements such as Input material, product, production flow, product 
variety, product volume and size were considered as they affect adoption and use of 
automation technologies. This is in relation to the already presented theoretical 
framework on the internal factor technology affecting the adoption of automation 
technology. As table 1 in chapter two suggest, automation consist of mechanical and 
information sections, therefore, elements such as transportation flow, information flow 
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were included. Levels of automation and type of automation were also included so as to 
compare the differences between the case companies. 
 
Table 14: Production system observation elements 

Elements Case A Case B Case C Case D 

Input Material Raw wood 

Wood 
components 

assembled from 
supplies and Raw 

wood 

Chip board Raw wood 

Product Interior wood 
products Modular building Foil wrapped 

furniture 
Windows and 

doors 

Production 
Flow 

Continuous 
(process 
focused) 

Job shop 
production 

Continuous 
(process flow) Intermittent 

Transportation 
flow 

Manual, 
conveyors, 

forklifts 

Manual, forklifts, 
overhead cranes  

Manual, 
conveyors, 

forklifts, 
Automated 

guided vehicles 

Manual, 
Forklifts, 
overhead 

cranes  

Output product 
Variety Medium Very high Semi - Medium High 

Product Volume 
and Size 

Very 
high/Medium Low/Very Big High/Medium High/Big 

Type of 
automation 
mostly used 

Fixed and 
programmable _ Fixed and 

programmable 
Fixed and 

programmable 

Automation 
Level Semi - high Very Low High  Semi 

Information 
flow 

Electronic, 
board, work 

sheets, verbal 
Electronic, verbal 

Electronic, 
board, work 

sheets, verbal 

Electronic, 
board, work 

sheets, verbal 
 
Input material 
Inherently the core input material for the Swedish wood product industry is the raw wood 
from the saw mills or other kinds of raw wood processing units. Case A and D share 
similarity in the input which is from the saw mills. Case D utilizes glass and metal strips as 
inputs to build entire product. As an exception, the raw material in Case C is the chip 
board which is an output of some other wood product company. Case B, as a modular 
building company, uses raw wood and other input from other industries such as 
electronic and some synthetic material, since their core product require all these kind of 
raw materials.  
 
Product 
Products in all the case companies were different and unique. Case A is an organization 
which deals with the whole wood industry covering from saw mills, energy conversion, 
pulp and board industry and interior products in the wood product industry. The core 
product for Case B is modular buildings, they produce these modules in house and 
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assemble them at the site of construction. As for Case C, the product is foil wrapped chip 
boards and finally case company D produces windows and doors. Case A, C and D share 
surface finish as the common requirement from the customers. 
 
Production flow 
The differences in the production flow were observable in all the case companies. Case A 
and C were producing the products in a continuous process and Case B was producing 
with a job shop production while Case D was producing in an intermittent layout that is 
the mixture of continuous flow with several stops in the process. Case A was using semi 
to high automated layouts for the standard products and making them manually for the 
non-standard products with fixed and programmable automation. This trend of making 
the standard products with high automation was quite commonly observed in all the 
companies but Case B was an exception for this. Manual work, conveyors and forklifts 
were mostly used in Case to transport materials between stations. Case B was unique in 
a way; it utilised hand tool automation compared to the other case companies from a 
general perspective. The machines available in Case B were mostly cranes and some 
machines and other mechanized tools like electrical screw drivers and nail guns. Case C 
has high automation levels, 5S and lean consciousness utilising fixed and programmable 
automation. Mostly, Case C used conveyor belts to transport the work in progress and at 
some points utilised automated guided vehicles. Manual transportation by the workers 
were used at some points. Case D could be considered having semi automation which 
was prevalent in some processes but not in between the processes; transportation was 
done at some places with the conveyors and other with the fork lift or manually 
depending on the type of activity. Case D used make to stock and order utilising both 
fixed and programmable automation with their machines.   
 
Output product variety 
Variety is a key factor that is influencing the automation in the case companies. Case A 
had around 1000 different articles involving similar kind of processes. Case B designed 
each product according to the customer requirements which resulted in high product 
variety. Case C produced around 6 different product families in bulk amounts. Case D had 
both standard and customer specific products varying from 30 cm to 3 meters. The Case 
companies have a unique character when it comes to product output. Companies have 
to produce whatever the customer wants, which increases product variety.  
 
Production Volume and Size 
Case A produced in running meters of the floor panel strips, Case B produced individual 
module buildings, Case C produced running meters of sheets of foil wrapped chip board, 
and Case D produced windows and doors as products. The customers of the Case A, B and 
D are the construction companies and ordinary people. The customer for Case C is an 
international company which buys 99 percent of the company’s products. This makes 
demand fluctuations in Case C comparatively lower than the other case companies. In 
terms of volumes, Case C produced the highest volumes as compared to the other case 
companies. Case B on the other had was low in production volumes, producing about 
1200 modules buildings per year. In terms of Size, Case B produced the biggest products 
which are the modular buildings. Following is Case D producing windows and doors. The 
products in Case A and C can be said to be medium in size.  
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Information flow 
From the computerization point of view, in all the Case companies, information flow was 
computerized and transmitted to the different lines through an internally built 
information system. The accessibility of production information by the workers in all the 
case companies was quiet good. In general, the way information was distributed was 
almost the same in all the case companies, the minor differences in the information flow 
are explained as follows:  
 
Case A had 5-6 software platforms due to the vertical integration of several companies in 
this same business area. Case B used a CAD system which allowed them to design the 
modular buildings according to the customer requirements and then this information was 
distributed into the work floor electronically. Workers were provided by the touch screen 
devices to access the information. This development was under taken in the recent years 
to eliminate the paper work and to become eco-friendlier. The company was now 
focusing on interlinking the internal CAD system to the suppliers, so that the suppliers 
could provide the materials according the design of the modules. In Case C, the 
information about the status of the production was conveyed through the Red, Yellow, 
Green lights at every station of the plant so that the supervision could be done very easily 
and problems could be quickly responded to. In Case D, information flow in the company 
is mainly through worksheets and schedule books that are distributed to each and every 
station of the production department. 

4.4 Document analysis 

The findings from the document analysis are presented in table 15 below and are further 
discussed after the table. The findings are presented starting with the goals of the case 
companies, followed by the methods to achieve these goals and finally the objectives of 
the companies in the long run. In this section, the Goals refer to the parameters such as 
quality, flexibility, delivery time etc. that companies are focused on to gain a competitive 
advantage. The Method strategy refers to the ways or means the company has put in 
place to achieve the goals described above and Objectives refers to the long term results 
and benefits that the companies view or intend to have.   
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Table 15: Document analysis findings 

 
Goals 
The documents showed that striving for best quality and short lead time for the products 
was common among the case companies. In terms of flexibility of the production 
processes, Case A and Case C put much emphasis on that. Even though all the case 
companies said they aimed to reduce the cost of production, only Case B and Case C 
specifically pointed out that cost reduction is a goal also. It was not surprising to find from 
the documents analysed that Case A and Case D were the only ones that listed product 
development as one of the goals, which reflected the observation and the interviews 
conducted. In connection with the product development, Case A and Case D also put up 
product variety as one of the goals as we expect more different products from product 
developments. Surprisingly, Case B received different orders from customers on the 
structures of the modular building they make, but did not list variety as one of the goals. 
However, only Case B listed product image as a goal in relation to the modular buildings 
they make. Interesting to note was that Case C had only one customer for its product and 
listed customer demand and low sales price as goals. This was attributed to the fact that, 
this customer had put high demand and pressure on Case C. Finally, improving 
productivity of the company was one of the goals of the case companies as alluded to 
during the interviews, however only Case C and D listed productivity increase as a goal. 
 
Method Strategy 
All the Case companies agreed upon monitoring and follow ups in the production process 
to ensure that the goals set were achieved. Investment in research and development is 
one way to achieve company goals as stated by Case A and Case B relating to the 
production processes. Continuous improvement is one method that was mentioned by 
the case companies except for Case C which mostly referred to using cutting edge 
technology. Turning to the customers and environment, Case A and D specifically 
mentioned these factors even those from the interviews, all the companies focused on 
those factors, especially on customers. Related to the customer bases, Case A and Case C 

Case A Case B Case C Case D
● High Quality ● High Quality ● Low cost ● High quality
● Delivery time ● Short lead times ● Highly efficiency ● Product variety
● Product development ● Product image ● Flexibility ● New products and concepts
● Product range ● Cost saving ● Quickly delivered ● Less lead time
● Flexibility ● Meet customer demand ● Productivity

● Best quality
● Productivity
● Low sales price

● Investments in research and development ● Continuous improvement process ● Fully automated lines ● Dealing with famous brands
● Manage and develop products ● Manufacturing done in a coordinated fashion ● Simple process, components used show its complexity ● Modern equipment with-high degree of automation 
● In partnership with the business areas ● Production monitored and supervised ● Each production step-closely monitored and streamlined ● Production with a focus on automation
● Identifying ideas with high potential ● Through development and design ● Capacity to expand, add further production lines ● Lean on focus- develop production
● Good service, focus and commitment ● Process development according to lean ● Cutting edge technology ● Customer and Environmental focus
● Producing large volumes ● Design to provide maximum productivity ● Invest in employee competence 
● Continuous improvement on processes ● Dealing with companies with unique requirements ● High operational efficiency with synergies

● Handle large volumes ● Increased automation
●Cost effective production ● Efficient follow-ups

● Applies shared product platforms.

● Provide customers environmentally products ● More efficient in operations. ● Increase and develop relation with the customer ● Focus on health and safety more
● Ensure long term value creation ● Expansion by acquisitions in new markets ● Expand operations with good profitability ● Financial position that provides scope for investment
● Promoting the interests of forest owners ● Increasing customer's awareness about product ● Considers growth as a promise ● Role model in the industry

● Offering the best production system. ● Growth profitability
● Product with a better margin ● Meet the competition from materials
● Build and maintain best production systems ● Integration between Group units
● Offer experienced and responsible personnel ● Innovative solutions that benefit consumers
● Constant quality and safety ● Best people and competences

Goals

Method 
Strategy

Objectives
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referred to producing in high volume to meet the customer demand. This is evident with 
the production processes and the type of products produced by the two Case companies 
as seen during the observations. Lean methodology is another method which came up 
from the documents of Case B and D. Focus on automation was mostly found within Case 
C documents. It’s evident from the documents that Case C puts much emphasis 
automation technologies which can also be seen on the production floor. Case D is the 
other company with an emphasis on automation technologies in its production system, 
however, the emphasis does not really match the low automation levels in the production 
processes. Having coordinated production processes in the company is one thing the case 
companies cited in their documents except for Case A, in spite of the CEO alluding to it 
during the interviews. Even though competence of the workers was cited by managers 
during the interviews, only Case D had specifically cited to invest in the employees’ 
competence. Case C and Case D listed dealing with unique companies as one way to 
achieve the goals they had set. For example, Case D dealt with famous Companies brands 
which helps in having a stable customer base which is good for long term planning. For 
Case C having a special customer helped them in easy decision making for planning also.  
 
Objective 
Apart from making money (Profits) all the case companies presented expansion and 
growth of the companies as an objective. Nevertheless, one of the managers at Case B 
during the interviews stated that at the moment expansion of the company was not an 
objective. As such, only Case A, Case C and Case D cited long term value creation as an 
objective. The objective of providing customers with environmentally friendly products 
was cited by Case A and Case D as an objective. Increasing relationships with the 
customers went hand in hand with having a more efficient production system, which was 
mentioned by both Case B and Case C. It’s not surprising that Case D had “Best people 
and competence” as one of its objectives because in the method it was stated that the 
company invests in employees’ competence. Case C also had the objective of having the 
best employees with competence. Coming to the issues of improving health of workers 
and increase in product quality, Case C and Case D cited them as objectives. Case D had 
one outstanding objective of being the best company in the industry.  

4.5 Factors driving and restraining adoption of automation technologies 

Table 16 gives the summary of the driving and restraining factors for the use of 
automation in wood product industry that were identified from all the interviews, focus 
groups, observations and document analysis. The element in the table follows the same 
pattern as the guiding frame work presented in the second chapter, figure 4. Information 
from the empirical findings are grouped according to the respective themes and 
presented in the following table 16 which are used as the base for the discussion of 
research question one (RQ1) in the discussion chapter. For more detailed analysis and 
cross case of the findings see appendix 5. 
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Table 16: Factors driving and restraining adoption of automation technologies 

 
 Elements Driving Factors  Restraining Factors  

In
te

rn
al

 F
ac

to
rs

 

 
 
 
 
 
 
 
 

Management 
Issues (Strategy) 

• Desire to Develop by 

managers 

• Awareness of new 

automation technologies 

• Lack of Automation strategy  
• Satisfied with the status quo 
• Decisions based on gut feelings  
• Fear of failure  
• Research and Development not 

centred on automation 

• Old fashioned thinking 
(resistance to change)  

• Unawareness of automation 
technologies 

• No coordination between sales 
and production departments 

Co
m

pa
ny

 
    

 
Finance 

• Small profit margins   
• Financial capacity of the 

company  
• Stable cash flow from 

customers 

• Focus on short term profits  
• Financial capacity of the company  
• Thinking of " we make enough 

money" 

 
Goals 

 

• Having goals supporting 
automation adoption (e.g. 
Business expansion, 
meeting increased 
demand, quality 
improvement, short 
delivery time, etc.) 

• Goals not in line with automation 
(Short term profit, etc.) 

 
 
 

Technology 
(Input / Process / 

output) 
 

• High production volume  
• Size and weight of the 

product  

 

• High product Variety  
• Material properties of Wood  
• Product Complexity  
• Automation Technologies   

becomes outdated quickly 
• Strong brand name 

 
 
 

Human Resource 

• Worker Ergonomics  
• Young work force 
• Worker flexibility  
• Matched Education  
• Positive attitude towards 

automation technologies 

• Fear of job loss  
• Workers reluctance to learn new 

things  
• Worker incompetence  

 

Ex
t

er
n    

Country Laws 
• Following specific laws 

and regulations 
• Change in laws and regulations  
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Competition 

• Competition with low 
wage countries has 
increased 

• Competing companies 
have started to automate 
their process. 

• To Keep the place in the 

market  

 

 
 

Suppliers 

• Have made long term 
relationships  

• Now having mutual 
cooperation 

• Slow response to technical faults 
(to some companies) 

 
 

Customers 

• Increasing demand on 
different aspects (e.g. 
Quality, price, delivery 
time, etc.) 

• Increase in quantity 
demand for wooden 
products. 

• Stable demand from 
customers 

• Different requirements (length, 
size, shape, etc.)  

• The antique wood properties 
requirement 

4.6 Improvements to facilitate automation 

Table 17 presents the facilitating factors that would improve adoption of automation 
technologies as suggested by the case companies and a detailed explanation of these 
factors follows. These empirical findings will be used in the discussion of research 
question two (RQ2) in the discussion chapter  

Table 17: Factors that would facilitate automation adoption in case companies 

Facilitating factors Case A Case B Case C Case D 
Having automation strategy ✕   ✕ ✕ 
Focus on long term company goals ✕   ✕   
Having a responsible department for 
automation technologies   ✕ ✕ ✕ 

Standardising products ✕ ✕ ✕ ✕ 
Managers should have confidence to 
invest in automation technologies   ✕ ✕   

Change in attitude and mentality 
towards automation by managers ✕ ✕ ✕ ✕ 

Fresh minds in managerial positions is 
needed   ✕   ✕ 

Leadership from managers ✕ ✕ ✕ ✕ 
Awareness on the automation 
technologies ✕ ✕   ✕ 
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Increasing competence levels of 
operators ✕ ✕   ✕ 

Step by step implementation of 
automation technologies ✕ ✕ ✕ ✕ 

Collaboration between departments   ✕   ✕ 
Long term relation and mutual 
cooperation with the technology 
suppliers 

✕ ✕ ✕   

Need patient and time     ✕ ✕ 

 
The case companies had different views and ways of dealing with the factors affecting 
adoption of automation. Cases A, C and D acknowledged that having a strategy 
specifically for automation would facilitate adoption of automation technologies. In this 
sense the companies would have a vision of how the automation technologies would be 
in their company. As already stated most of the companies were focusing on short term 
profits, however, Case A and C thought that a shift of focus from short term profitability 
to long term profitability would assist companies to invest in automation technologies. 
Another issue that surfaced from the companies to improve automation is to have a 
department dedicated to development of automation technologies in the companies. 
This perception resounded from Cases B, C and D. 
 
In all the case companies the most talked about problem was having high variety of 
products which was acting as a restricting factor for adoption of automation technologies. 
To resolve this issue, all the companies agreed on standardisation of the products in the 
wood product industry. This would reduce the variety of the products that needed to be 
produced and make it easier to automate production processes. Further, managers need 
to have the confidence to make investments on automation technologies, which was 
brought up by Case B and C. That is, in the absence of automation strategy management 
makes automation decision based on gut feeling that requires confidence. All the Case 
companies acknowledged that there is need for change in mentality and attitude of 
management towards automation technologies. This is because, at present a lot of 
people need to be convinced in order to implement ideas regarding to automation as 
awareness of the available technologies by managers is less. Additionally, Case D said that 
the management need to take the leadership role of explaining the importance of 
automation to everyone in the company. In support of this cases A, C and D said that the 
management should give more authority to workers to come up with more ideas on 
improvement of the production processes. Case B added that the initiation for adoption 
of automation technologies should come from the management while explaining the 
resistance to change in the management level. Fresh minds in managerial positions was 
emphasised by case B and D. These two case companies thought that when the same 
people occupy a managerial position for a long time, the desire to improve diminishes.   
 
Awareness on new technologies need to increase in the companies as stated by Case 
Company A, B and D. When people in companies don’t know any other existing 
technologies other than that is available in the production units of their own companies, 
they tend to think that they possess superior technologies. This kind of thinking is making 
them not to think out of the box. Related to this, Cases A, B and D specified that improving 



Empirical Findings  
 
 

 
 

49 
 

competence of the workers results in easier use of new technologies in the company 
which gives mangers confidence for investing in new technologies. 
 
All the case companies agreed that the automation technologies need to be adopted step 
by step. This can be achieved by having small projects that automate processes in the 
production system. It was also mentioned that rushing towards automation could lead to 
high cost and uncertainty in success. A common prerequisite as specified by Cases B and 
D is to have better collaboration between all the departments in the company.  
 
Technology suppliers plays a crucial role in the automation technology development in 
the case companies. Cases A, B and C, specified that the long term relation and mutual 
cooperation with the suppliers will surely develop the automation in the companies. On 
top of that Case A stated that suppliers of automation should also take responsibilities 
for the automation projects in the companies. In spite of all the facilitating factors, Case 
C and D emphasised that the automation development needs time and patience. 
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Chapter 5 – Discussion  

 
In this chapter the results of the thesis are discussed related to the aim and the research question which 
are answered. Firstly, the discussion of the method is presented and there after the general discussion 
of the finding are presented. 
 
 
To recap, the study aims to identify factors that drive and restrain companies in the 
Swedish wood product industry to adopt automation technologies, and thereafter, 
determine how companies could deal with the identified factors in order to facilitate the 
adoption of automation technologies.  
 
To achieve this two research question presented below are answered.  
 

1. What factors drive and restrain companies in the Swedish wood product 
companies to adopt automation technologies? 

2. How could the companies deal with these factors in order to facilitate adoption 
of automation technologies? 

 
The discussion chapter is divided into two sections. The first section is the discussion of 
the method that was used in the research. Thereafter, the discussion of the findings of 
the research is presented.    

5.1 Discussion of Method  

We considered the chosen method of a multiple case study approach to be the most 
appropriate to use since the study was explorative in nature and the field of “factors 
driving and restraining the use of automation technologies” that was explored was 
unknown. The case studies enabled us to investigate the research questions in a real life 
context, in four Swedish wood product companies contributing to the understanding of 
the factors that drive and retrain companies in this industry to adopt automation 
technologies. 

Even though there is literature in this field which relates to the problems the wood 
product industry faces, the literature related to factors driving and restraining adoption 
of automation technologies is in its infancy stage. As such, we used an abductive approach 
to gather the elements in the industry to focus on study. This approach helped us in the 
empirical gathering stage as it focused the study area and provided the guideline to 
conduct the study. Most of the time was spent on the literature review and trying to 
scope the research area. The literature review was very helpful as already stated in 
scoping the research area. During the process of the research, question two was slightly 
changed so as to be in line with the findings and the literature.   

Most of the data collected came from the conducted interviews. To captures all the 
sentiments about automation in the companies, interviews were conducted at the 
management level and also the line managers (team leaders). We considered the amount 
of interviews conducted to be representative as both the people who makes decisions on 
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automation and people who use automation were targeted. All the interviews were 
conducted with help of an interview guide. Two interview guides were made; one for the 
managers and the other one for the team leaders. This help in having consistent way of 
doing the interviews and also that all the interviewees had the same understanding of 
the questions. The interviews were recorded and after each interview, the recordings 
were transcribed. This helped in maintaining the trustworthiness of the findings. 

The second method used to gather empirical findings in this report is the focus groups. 
The focus groups were specifically formed to get insight of what the shop floor people 
think about automation technologies. It was interesting to hear how the workers think 
on what factors managers base their decisions on automation. Even though the insight 
was obtained on the thinking of the shop floor workers on automation, we still feel that 
more turn up in number would have been better.   

Observation was the third method used to assess the difference in the production 
systems of the case companies. To facilitate the observation of the production system, 
we made an observation guide. The observation guide was made with the assistance of 
literature so as to have elements to study in the production system and thereafter 
compare between the case companies. The observations where very useful as they 
cemented what the interviewees said about their production systems. Difference in the 
level of automation where also confirmed by this method as presented in the observation 
findings.  

Document analysis was the last method used to obtain data in this research and proved 
to be very useful in triangulating our empirical findings. The findings from this method 
where mainly used to triangulate with the other methods. This is because the findings in 
this method did not give a clear picture on the studied phenomenon of the driving and 
restraining factors to use automation technologies.   

Reliability of the research was insured by the detailed description of the methods 
followed in this research which would lead to obtain the same results if another research 
is done with these methods. The draw back that is associated with case study is the 
limited possibilities of generalization (Yin, 2009). To strengthen the generalisation of this 
thesis, a multiple case study approach was taken. The factors that drive and restrain 
adoption of automation technologies in each case company were studied and compared 
to each other to get the general picture of the Swedish wood product industry. Having 
different case companies manufacturing different products helped in covering a broad 
area in the wood product industry and also helped in catching different point of views as 
possible. In doing so, the construct validity of the research could be strengthened (Yin, 
2009). However, it should be noted that the conclusions made in this report are mostly 
valid to the case companies involved in the research. To increase the internal validity of 
the research, method and data triangulation were performed as explained in the method 
chapter. Additionally, within the four case companies, the same interview guides, focus 
group guide and the observation guide were used. Additionally, literature review during 
the research was continuous, which gave the opportunity of comparing the gathered 
findings from the case studies to the existing theory. 
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5.2 Discussion of Findings 

In this section the findings from the empirical study are discusses. The discussion is 
separated into two by answering the research questions. To begin with, research 
question one is discussed and then followed by research question two. The discussion 
follows the same sequence as the one in the findings and analysis chapter regarding the 
identified factors that affect adoption of automation technologies in the case companies.  

5.2.1 Answering research question one (RQ1): 
 
(RQ1) What factors drive and restrain Swedish wood product companies to use 
automation? 
 
The internal factors to a company are now discussed and includes; Management issues, 
Company size, Technology and Human resource. 
 
Internal Factors  
 
Management 
Literature has emphasised that having automation strategies linked to manufacturing 
strategies plays an important role which facilitates quicker adoption of technologies 
(Winroth et al., 2006). The case companies did not have automation strategy and they all 
agreed that this was contributing to a situation of not having a proper vision regarding 
automation adoption in the companies. The case companies also agreed that, clear goals 
and proper vision on automation can improve the adoption of new technologies. 
(Bancroft, 1996). Winroth et al., (2007) stated in literature that the manufacturing 
strategy can be used to have an insight on how to automate manufacturing processes, 
however the case companies were mostly concerned about the manufacturing priorities. 
Most of the decisions related to automation were made with gut feelings, this is a 
consequence of not having a structured way of thinking in the case companies regarding 
automation.  
 
The satisfied nature with the status quo was observed in the case study companies as one 
of the factors that was restricting the adoption of automation in the companies 
(Garsombke & Garsombke, 1989). The workers in the case companies also had the same 
perception that the relaxed nature and the satisfied status quo of the management is 
delaying the adoption of automation. In addition, the old fashioned thinking, fear of 
failure due to lack of awareness on new technologies was making management to look 
away from automation (Ariss et al., 2000). It was evident in some cases that the 
awareness of new technologies had contributed to the improvement in automation. The 
lack of proper coordination between the departments within the companies and 
defocused research and development regarding automation was further restricting the 
companies to adopt automation. Regardless of the restraining factors in adopting 
automation technologies faced by the case companies, the desire of management to 
develop and expand their companies is driving them towards adoption of automation 
technologies.  
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Company size (finance, goals) 
 
Finance 
The financial size of the company was found to be playing huge role in the adoption of 
new technologies among the case companies (Hall & Khan, 2003). It is both driving and 
restraining the companies in a unique way, as it was noticed that the financial muscles 
are providing the huge initial investments that are required for the automation. This was 
evident as case companies with stable cash flow from the customer had more resources 
to plan and consider automation, which is not the same with other case companies with 
fluctuating income flow. When it comes to convincing people in the companies to invest 
in new technologies, it was found that the bigger the size of the company the more people 
needed to be convinced (Henderson & Kim, 1990). This was in a sense restricting the 
adoption of automation technologies. Most notably in the case companies the profit 
margins were small. The high competition and high labour cost were making it hard for 
the companies to make more profits with such small margins. And thus the managers 
were considering automation technologies as a solution.  
 
The payback with the investment on automation takes time which needs long term focus. 
However, the case companies were focusing on the short term profits to improve the 
image of the company in a short run, consequently the adoption of automaton was being 
overlooked. This also brings in the thinking of “we make enough money”, which also 
hinders the adoption of new technologies.  
 
Goals  
The case companies had goals such as increasing product quality, productivity, reduction 
in delivery time, safety, reduction in manufacturing cost, etc. which can be enhanced by 
adopting automation technologies as cited in the literature (Ariss et al., 2000; Zairi, 1993; 
Kandray, 2010; Philips & Ledgerwood, 1994). Having this kind of goals is driving the 
managers to support arguments regarding the adoption of automation. In contrary, 
having goals which are not aligned with the automation such as focusing on short term 
profits are restricting the investments in automation technologies. 
 
Technology (Input, process, output)  
 
Input 
As it is cited in the literature the case companies are facing the challenges regarding wood 
as an input material (Hoff et al., 1997; Kozak & Maness, 2003). The most evident challenge 
with wood as an input material is quality. The wood has different kind of knots and 
surface irregularities which make the wood a heterogeneous material. It is evident that 
the heterogeneous nature of wood makes it difficult to automate the production which 
needs a high degree of flexibility. For example, the surface checks (checks are the 
deformities on the surface of wood) in the wood are mostly visible after the painting 
process is completed, so these checks should be treated and filled with putty manually 
and automating this process is highly complicated. Another issue is visual inspection, the 
automated visual inspection detects dirt and stains on the wood as the deformities which 
leads to high scrap rates (Hoff et al., 1997; Kozak & Maness, 2003). 
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Process 
High production volume has been mentioned in literature as one factor that greatly affect 
the adoption of automation technologies positively, which is also true for the case 
companies studied as mentioned by Eliasson (2014). It is evident from the cases that high 
production volumes need repetitive work which is quite hard for the manual workers to 
achieve with consistent quality. Opposite to this, the low volume production is restricting 
the automation because it is not worth it to spend money and time automating for such 
low production volume.  
 
The other factors which have a drastic influence on the automation development are 
variety of the product and complexity of the process. In accordance to Eliasson (2014); 
Winroth et al., (2006); Frohm et al., (2006), It is seen that the variety is directly linked to 
the production volumes. The case companies which have less variety and high production 
volumes are seen to adopt more automation technologies than the companies with high 
variety and low volumes. In the same way process complexity in the companies is also 
influencing the automation technologies negatively which was referred by Eliasson 
(2014). The more complex the process is the more flexible the automation should be and 
the costlier it is. Most of the wooden products needs handcraft and the skills to perform 
the task, and this is the reason that companies show less interest in automation 
technologies. Frohm et al., (2006) mentioned that adoption of the new technologies 
needs some modifications in the already existing product to fit in the new technology. 
This is the reason why the mangers are stepping back regarding automation of processes 
as they fear that the new technology might get outdated and effect the product design.  
 
Output 
The product size and the weight are the two influential factors in the cases companies 
which are driving them towards automation. In the case companies the products are 
mostly heavy and big in size. The big size of the products is making it hard for the workers 
to handle. And the weight is effecting the workers after some time in the production as 
they risk suffering from work load injuries. As such, managers are considering to adopt 
automation technologies to help the workers in doing their work. 
 
On a different point the automation adoption is being restricted by the strong brand 
name of the company in the market. That is having a strong brand name is leading the 
management to relax in making proper investments in automation. The reason behind 
the relaxed nature of managers is that the share of the market place is secure with a 
strong brand name.  
 
Human Resource 
Worker competence was highly argued to be one of the major factors affecting the 
adoption of the automation. This is also reflected in the literature by the studies done by 
Bancroft, (1986); Ramachandran, (1986); Ariss et al., (2000). The competence levels of 
the workers were found to be low in the case companies and from the four case studies 
it is evident that the people who had been working in the companies for long time and 
were used to work in the same way for years, display reluctance to learn new things when 
compared to the young workforce. Competence levels regarding new technologies are 
more prevalent in the young workforce than in the old workforce.  



Discussion and Analysis  
 
 

 
 

55 
 

 
The use of new technologies need some education and training (Ramachandran, 1986; 
Ariss et al., 2000), as it was found the level of competence was low in the shop floor level. 
The willingness of the workers to learn was driving the companies towards the adoption 
of automation. The workers with a matched education was also found to be a driving 
force for automation in this industry, because the effort to train workers with matched 
education is less than which is required to train workers without matched education. 
Additionally, workers with proper education and skill tend to be flexible and can work 
with any machine, which builds the confidence in the managers to invest in the new 
technologies.  
 
Worker ergonomics is a crucial factor that is considered when automating a process (Faed 
et al., 2010; Blasi & puig, 2002). As already mentioned above, the heavy weight and size 
of the wooden product in the case companies causes health issues to the work force, 
which leads to ailments and affects the organisation in the long run. Therefore, managers 
consider automation to be a solution to eradicate this problem.  
 
Another factor that is making the workforce to resist the automation is the fear of job 
loss. As Blasi and puig, (2002) stated also, the fear of job loss was quite common in the 
old workforce and also in the inexperienced young workforce in the case companies. This 
is as a result of lack of knowledge on new technologies in the older personnel and lack of 
experience in the younger ones. The fare is that when the new technologies are brought 
in, they will be displaced.  
 
Similar to what was argued in the literature (Beatty & Gordon, 1990; Ariss et al., 2000), 
the case companies presented that efficient and effective communication between the 
workers and management reduces the fear of job loss consequently reducing the 
resistance to change.  Despite of all the resistance to change mentioned above, it was 
found that the workers in the case companies portrayed a positive attitude toward 
automation technologies, which makes it easier for the managers to take decisions on 
the automation adoption.  
 
The external factors to a company that affect adoption of automation technologies are 
now discussed below and are focused on four factors; Country laws, Competition, 
Technology suppliers and Customers. 
 
External Factors 
 
Country laws  
Even though literature emphasises the huge role of the laws and regulations on the 
adoption of automation technologies (Hall & Khan, 2003), not so much connection was 
found between these elements. The case companies responded that, the Swedish wood 
product industry face the same industrial laws and regulations that any other industry 
face. For example, the environmental law, laws dealing with worker ergonomics. Having 
said that, Case B dealing with modular building admitted that some new laws that are 
specific to their business area makes them to look at their production systems and make 
some changes. The laws mostly related to the insulation of the buildings which has a 
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direct effect on the thickness of the hall of the buildings they produce. Case D echoed the 
same sentiments, when a new regulation was introduced to change the thickness of the 
windows. However, it was difficult to see the direct relationship between the laws of the 
country and the adoption of automation technologies but the case companies agreed 
that following a law that does not change will make it easier to think of other ways to 
improve the production system.  
 
Competition  
The case companies are faced with a high competition from the low labour cost countries. 
Quality of product and manufacturing cost were the two main elements the case 
companies compete on to sustain the competition from these countries as Czabke and 
Hansen, (2008); Bumgardner et al., (2005) also stated. The low cost countries are gaining 
the advantage of competing on the price because of the low labour cost. To deal with this 
situation, the case companies expressed interest in adoption of automation technologies 
as it is known to reduce manufacturing cost that results in lower prices of products 
(Rosenberg, 1972).  The case companies were also looking at automating processes 
because their competitors in other countries had already started automating their 
production systems. The same was alluded to by Advameg, (2016). All these advantages 
with the improved automation will ultimately support the companies to keep the place 
in the existing market in the high labour cost countries (Jelinek & Goldhar, 1983; 
Schroeder et al., 1989; Julien, 1995). 
 
Technology suppliers  
Response uncertainty regarding the suppliers of automation technologies in the wood 
product industries is found to be prevalent. As mentioned in the theory chapter the 
response of the suppliers is affecting this industry drastically (Rosenberg, 1972). In this 
case study it was found that the influencing factors on the response of the supplier to 
rectify the breakdown of the automation was dependent on the size of the manufacturing 
company. That is, the bigger the company size the more authority the company have and 
thus the suppliers respond more quickly. Due to this attitude of the suppliers the 
companies were working with the automation which they considered to be imperfect 
(Hall & Khan, 2003). As the theory suggests, having mutual cooperation between the 
companies and the automation suppliers facilitates the adoption of automation (Gruber 
& Frank, 2001; Parr, et al., 1999). It was found to be true that the case companies with 
mutual cooperation with suppliers had better adapted automation. Long term 
relationship with the suppliers was also seen as a factor leading to development of 
automation.  
  
Customers 
There are a lot of similarities in literature and the empirical findings from the cases in this 
study on the perspective of the customers. As the literature states, customers are 
demanding products with high quality and they also want the products to be delivered in 
the possible shortest time at a lower price (Kandray, 2010; Ariss et al., 2000). This was 
found to be true with the case companies as product quality and delivery time were 
essential for them. Product price is also crucial for the companies to maintain the profit 
margins. It was also evident in the cases studied that having a stable customer base leads 
to proper forecasting and planning of production. This in turn leads to stable income 
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which is a facilitating factor in adoption of automation. This is supported in literature by 
Hall and Khan, (2003); Helper, (1995); Hubbard, (1998). It was also found that the case 
companies had customers who had unique requirements individually. This is increasing 
variety which calls for high flexibility and thus has a direct impact on automation 
adoption. In Sweden the market for the wood product industry is projected to increase 
in future, thus in order to meet the future demands from the customers the case 
companies are looking at automation technologies as a good solution (Groover, 2007; 
Zairi, 1993).  
 

5.2.2 Answering research question two (RQ2):  
 
(RQ2) How could the companies deal with these factors in order to facilitate adoption 
of automation technologies? 

In this multiple cases study having a strategy specifically for automation in the companies 
was agreed upon as a major facilitator to overcome the restraining factors for the 
automation adoption in the case companies. This is also in accordance with the 
statements made by Winroth et al., (2006) in relation to the match between the 
manufacturing and automation strategies. Having an automation strategy will provide the 
management with a proper vision on how to develop and lead them ultimately to achieve 
improvement in the present conditions.  

One of the paths that is shown to develop automation in this case study is to have a long 
term perspective on the investments regarding automation. The payback period for 
automation technologies takes time, as such, the focus should shift from short term to 
long term perspective. Another shift that is proposed is to have a department dedicated 
to automation development. Even though this idea seems to be farfetched, as the 
companies need to design and invest in the new proposed departments.  

With high variety of the products in the case companies, a solution to standardise the 
products was proposed by the companies. Even though producing customer specific 
products is a positive element for the companies, it is also leading to very high product 
variety. Most of the times the differences between the products is minimal so if the 
companies try to reduce the variances without affecting the end product, adoption of 
automation will become easier. As Frohm et al., (2006); Blasi and Puig (2002) stated, 
reduction in variety improves use of automation due to less requirement of flexibility. 

To bring out the change in the automation in the case companies, the shift in the 
management thinking was proposed as a solution. As mentioned in the above parts of 
the report at present it is seen that there is a lack of confidence in management to make 
investment in new technologies. This is due to factors such as fear of failure and 
unawareness on new technologies. There is need for managers to build confidence and 
take the leadership role in initiating changes by introducing new technologies. In line with 
the above statements, management’s unawareness on new technologies was also cited 
by Salim et al., (2015), and fear of job loss was cited by Ariss et al., (2000); Beatty and 
Gordon (1990) as factors leading to management shunning new technologies. 

It was noticed from the four case companies in this study that desire of improving the 
organisation and the production processes on the management level diminishes with 
time. As such a proposal of periodical change in the managerial level was made so as to 
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have fresh minds in those positions every time a change is made. In the same way 
improvement in the competence of the workers was proposed to ease the use of 
automation technologies. Most literature supports the notion that improved worker 
competence increases the confidence of mangers to invest and implement new 
technologies (Martin & Porter, 2001; Chance, 2001; Hoff et al., 1997). 

The view of the companies on automation as being an expensive venture is because of 
seeing the investment in total. A proposal was made to make the automation in a step by 
step process so that the company fear of huge financial investments can be avoided. 
Small projects in companies that automate processes would be a way to achieve these 
processes of “step by step”. This will also require collaboration between all departments 
in the organisation. Additionally, the collaboration with the suppliers of the automation 
is proposed to be an essential requirement for developing automation in the 
organisations. The goal is to have long term relationships with the technology suppliers 
which will make it possible for the suppliers to take more responsibility for the 
implemented automation technologies in the companies. Above all, investment in 
automation technologies requires patience and time, mostly because the payback 
periods are longer.   
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Chapter 6  – Conclusions  

 
 
In this chapter, conclusions are made for the research and finally the future researches on the topic 
are proposed.  
 

6.1 Conclusion 

The aim of this research was to identify the factors that drive and restrain the use of 
automation in the wood product industry. Two research question were answered to fulfil 
the research aim. Based on the finding gathered from the four case companies in the 
Swedish wood product industry, the research makes a conclusion that the case 
companies in the wood product industry faced various factors that drive and restrain the 
use of automation technologies. The following are the conclusions made on the factors 
identified from the case companies.  

High product variety is a major challenge the companies are facing when trying to adopt 
automation technologies. The high product variety require a lot of flexibility by the 
companies. Automation technologies are deemed to be less flexible as compared to the 
flexibility which is needed. Most of the time the variety difference is quite minimal, 
reducing product varieties and moving to standard products would surely help in the 
adoption of automation technologies.  
 
Competition from the low labour cost countries cannot be avoided by companies in the 
Swedish wood product industry. For companies in the Swedish wood product industry to 
sustain and maintain their market positions, automation technologies are needed to 
enhance their production systems thus improving the competitiveness. 
 
Material properties and quality of wood as a raw material to the wood product industry 
presents challenges to the companies especially when it comes to automatic quality 
checks. The suppliers of automated machines to the wood product industry now face the 
burden of designing flexible machine to handle the material properties and quality of 
wood as a raw material. However, this cannot be accomplished alone by the technology 
suppliers but can be accomplished by mutual cooperation and long term relationship with 
the wood product companies.   
 
Awareness of the different kind of automation technologies available is quite low among 
managers. As a consequence, managers have limited understanding about automation 
technologies and are afraid to make decisions and investments on new technologies. This 
also connects with the issue of competence of the worker and managers regarding 
automation technologies. There is a need to improve the competence of the workers on 
automation technologies so that adoption of new technologies will meet less resistance 
from the workers. What is encouraging with the case companies is that the workers are 
willing to learn about new technologies and are very positive towards automation 
technologies, even with the “fear of job loss” sentiments. This presents a huge 



Conclusions  
 
 

 
 

60 
 

opportunity for the managers to invest in new technologies as the resistance to change 
is low from the workers.   
 
Wood product companies work with heavy WIP (work in progress) materials and 
products. Most often, workers have to move materials manually from one process to 
another. This situation puts a lot of strain and fatigue on the workers. As such, this 
situation calls for automating the process that affect the health of the workers. In the 
long run, the companies’ losses a lot of money when the workers don’t show up for work 
or admitted in the hospital due to the strain and fatigue from the work they perform.   
 
Satisfaction with the status quo within the case companies presents a challenge with 
regards to automation adoption. This brings in the notion of “we are already making 
profits, so why should we change and invest in automation technology?” This stem from 
short term focus by the companies, which is not sustainable in the long run. In the long 
run the company will earn less and less profit eventually going out of business. An 
increase in demand for the wooden products in Sweden has been projected in the next 
10 years. To meet the increased demand, companies should either automate or build new 
factories. With the high wages in Sweden, automation seems feasible as companies 
automated to expand without getting new people in. Thus increasing product output and 
expanding without new people can only be done with automation. 
 
The companies in the wood product industry are termed as old fashioned, that is 
management is very conservative, thus to bring about change is very difficult. The way of 
approaching automation technologies as “more automation equivalent to job losses” is 
wrong. Companies should automate to expand and meet customer demands with the 
same number of people. Effective communication between management and workers is 
really needed to avoid the notion of losing jobs with the introduction of automation, on 
top of that strategies of the companies should also be communicated to the works so that 
they don’t feel left out when certain changes are made.  
 
Automation was usually seen as an expensive venture by the case companies in this study. 
Managers did not want to invest into something which is expensive and after sometime 
fails to perform its intended function. Therefore, starting with small project which should 
be done steps by step is a preferred way of automating a production system. This 
reinforces the need to have a company strategy specifically for automation. The company 
goals that the case companies have such as quality improvement, increasing productivity 
cost reduction etc. can be reinforced by automation technologies. What is needed is to 
have managers making bold decision with regards to adoption of automation 
technologies. Finally, considering all the factors motioned above, there is a great 
opportunity for the companies in the Swedish wood product industry to develop towards 
automation technologies in future. 

6.2 Future research  

As this research was a case study, there is difficulty in generalising the results. Therefore, 
a challenge still remains of how to increase the knowledge of the factors that drive and 
restrain the use of automation in the wood product industry. We suggest that, the driving 



Conclusions  
 
 

 
 

61 
 

and restraining factors identified in this research be verified at additional wood product 
companies in Sweden. This would certainly develop a more detailed picture concerning 
the driving and restraining factors and also how the Swedish wood product industry 
would deal with the factors.  
 
Another future research which would be interesting is to see how the identified factors 
driving and restraining adoption of automation technologies would be weighted with a 
score. This would present which factors are most critical for the companies in the Swedish 
wood product industry. 
 
This research excluded the study of culture and innovation processes at the companies 
as these aspects contain theories that would have been outside the scope of the research. 
Therefore, the next step could be to consider and study how culture and innovation 
process in the Swedish wood product industry drive and restrain the use of automation 
technologies.
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Appendices 
Appendix-1 Interview Guide for Managers  

Introduction 

• Thank interviewee 
• Introduce team members 
• What the roles are 
• Purpose of the interview 
• Review interview topics (define what are driving and restraining factors) 
• Confidentiality/attribution statement 
• Can we tape? 
• Length of session, time constraints 
• Ask if there are any questions before we begin 

GENERAL INFORMATION  
1 Company name  

2 Sector of the wood product industry 
(E.g. furniture, doors, house etc...) 

 

3 Number of full time employees   

4 Approximate gross annual revenue  

6 Name   

6 Approximate age  16-20 
21-25 
26-30 
31-35 
36-40 

41-45 
46-50 
51-55 
55-60 
61-65 

7 Sex M F 

 
WORK EXPERIENCE  

8 What is your position in the company?  

9 What are your duties?  

10 For how long have you been in the current position?  

11 Do you have any previous positions in the company?   

12 What previous experiences do you have outside of this 
company? 
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A Opening questions:  

Could you explain the company’s strategy regarding the use of automation 
technologies? 

 

 
 
 
INTERNAL FACTORS  

Management 
13 What factors would you say are considered in the company when making 

(financial) investment decisions on automation technologies? 
 

14 On what ground do you think automation decisions are made in the 
company? 

(Note to the interviewer :)  

• Financial grounds 
• Quality grounds 
• Production capacity demands 
• Working environment demands 
• Demand for productivity improvements 
• Other aspects? 

 

15 a)  Do you think automation technologies are more predominantly 
used in larger wood product companies than smaller ones? 

b) If yes, why do you think this is so? 

 

16 a) Do you have a research and development department within the 
company that develops automation technologies? 

b) If not, how are most of the automation technologies acquired? 

 

 

Production system 
17 How would you describe your current production system in relation to 

automation? Why?  

(Note to the interviewer :)  

- automated, semi-automated, manual 
- floor space use, layout 

 

 

18 In what way/(how) do you think the input material might affect the 
company’s decisions on automation technologies? 

 

 

19 In which areas of the company’s production system do you mostly use 
automation technologies?  
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20 Why do you think your company uses automation technologies more 
predominantly in certain areas but not in others? 

(Note to the interviewer: the process, organisation of the work and the 
personnel in these areas) 

 

21 a) Do you think some products are more suited to the use of 
automation technologies compared to others? 

b)  If yes, please state which type of products you think automation 
technologies are most suited for. 

 

22 What do you think are the main problems associated with the use of 
automation technologies in wood product industry? 

a) Your company? 
b) Wood product industry? 

 

Work force 
23 a) Are  (internal) social and/or ergonomics issues regarding the 

employees considered by the company when making automation 
decisions? 

b) What kind of issues could that be? 
c) What other work force (employees) factors are considered when 

making automation decisions?  

 

24 What would you say are the main attitudes of the work force (employees) in 
your company toward automation technologies? 

 

 
EXTERNAL FACTORS  

25 a) Do your competitors (or competition) in the wood product industy 
affect your decisions regarding automation technologies? 

b) If yes, in what ways? 

 

26 What would you say are the Supplier issues that are put into consideration 
when making decisions on automation technology? 

 

27 What would you say are the Customer issues that are put into 
consideration when making decisions on automation technology? 

 

28 In what respect do you think the country legislation and laws affect your 
decision on automation technology? 

 

29 How do you think automation technologies affect the society you operate in 
(Social responsibility)? 
(Note to the interviewer:) 

• The connection between the goals of the company and the actual 
practice in the production system. 
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FUTURE TRENDS AND OPPORTUNITIES 
30 What do you think are the opportunities available to the wood product 

companies in terms of increasing the use of automation technologies? 
 

31 a) What are the company’s future plans regarding automation?  
b) What do you think the future of automation technologies in the 

wood product industry will be in the next ten years?  
c) What do you think are the main challenges regarding increased 

automation in wood product companies? 

 

 
32 Are there any other things you think are important to consider regarding 

what factors drive and restrain the use of automation in wood product 
industry? 

 

Appendix-2 Interview guides for Team leaders  

Introduction 

• Thank interviewee 
• Introduce team members 
• What the roles are 
• Purpose of the interview 
• Review interview topics (define what are driving and restraining factors) 
• Confidentiality/attribution statement 
• Can we tape? 
• Length of session, time constraints 
• Ask if there are any questions before we begin 

GENERAL INFORMATION  
1 Company name  

2 Sector of the wood product industry 
(E.g. furniture, doors, house etc...) 

 

3 Number of full time employees   

4 Approximate gross annual revenue  

6 Name   

6 Approximate age  16-20 
21-25 
26-30 
31-35 
36-40 

41-45 
46-50 
51-55 
55-60 
61-65 

7 Sex M F 
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WORK EXPERIENCE  
8 What is your job in this company?  

9 Explain a typical day of your work?  

10 For how long time have you been working here?   

11 Did you work in any other position in this company before?  

12 Did you work anywhere before you work in this company?  

 
 

A Opening question: 
a) How do you consider the balance between automated and un-

automated processes/tasks in your company? 
b) What do you think could be improved? 
c) How? 

 

 
13 Have you ever suggested any improvements in the production system 

regarding automation to management? 
 

14 Generally what do your managers say when you suggest something 
regarding automation? 

 

15 Does management give the some priority to your ideas as it does with 
the research and development department? 

 

16 On what ground do you think automation decisions are made in your 
company? 

(Note to the interviewer :)  

• Financial grounds 
• Quality grounds 
• Production capacity demands 
• Working environment demands 
• Demand for productivity improvements 
• Other aspects? 

 

17 How would you describe your current production system in relation to 
automation? Why? 

(Note to the interviewer: explanation is needed here to the interviewee)  

- automated, semi-automated, manual 
- floor space use, layout 

 

18 In which areas of the company’s production system do you mostly use 
automation technologies? 
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19 Why do you think your company uses automation technologies more 
predominantly in certain areas but not in others? 

(Note to the interviewer: the process, organisation of the work and the 
personnel in these areas) 

 

20 Do you think there is need for further automation in your company’s 
production system? 

a) Why? 

 

21 Which areas of the production system would you want to improve with 
the application of automation technologies? 

a) Why  
b) How  

(Note to the interviewer: the why question takes care of the problems 
in the production system)  

 

22 Do you think there are processes in your production system that 
cannot be automated? 

a) Why?   

 

23 In what way/ (how) do you think the input material might affect the 
company’s decisions on automation technologies? 

 

24 c) Do you think some products are more suited to the use of 
automation technologies compared to others? 

d) If yes, please state which type of products you think 
automation technologies are most suited for. 

 

25 What do you think are the main problems associated with the use of 
automation technologies in your company? 

 

26 What would you say are the main attitudes of the work force 
(employees) in the production system of your company toward 
automation technologies? 
 
 

 

27 How does the work force (employees) relate to the ergonomic 
perspective of your production system? 

a) Light (ambient, local) 
b) Work posture (repetitions, duration, force) 
c) Noise (ambient noise) 
d) Stimulus 
e) Visually (flashing lights/buttons, information boards) 
f) Sound (alarms) 

 

28 Are there any complaints from the work force (employees) about the 
ergonomic perspective of the production system? 

a) What kind of complaints could that be? 
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29 What factors in the production system would you want to be 
considered when introducing automation technologies? Why?  

(Note to the interviewer: an explanation is needed here, e.g. layout, job 
design, etc. factors that would help the work force (employees).) 

 

 

30 a) What do you think the future of automation technologies in the 
wood product industry will be in the next ten years? 

b) Are there any processes/technologies you would want to 
eliminate in your production system? Why?  

c) What do you think are the main challenges regarding increased 
automation in wood product companies? 

 

31 Are there any other things you think are important to consider 
regarding what factors drive and restrain the use of automation in 
wood product industry? 

 

Appendix-3 Guide for focus group  

Introduction 

• Thank interviewee 
• Introduce team members 
• What the roles are 
• Purpose of the interview 
• Review interview topics (define what are driving and restraining factors) 
• Confidentiality/attribution statement 
• Can we tape? 
• Length of session, time constraints 
• Ask if there are any questions before we begin 

GENERAL INFORMATION  
1 Company name  

2 Sector of the wood product 
industry 
(e.g. furniture, doors, house etc..) 

 

3 Number of participants   

 
 

1 How do you consider the balance between automated and un-
automated processes/tasks in your company? 
What do you think could be improved? 
How? 

 

2 In which areas of the company’s production system do you 
mostly use automation technologies? 
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3 Why do you think your company uses automation technologies 
more predominantly in certain areas but not in others? 
(Note to the interviewer: the process, organisation of the work 
and the personnel in these areas) 

 

4 Do you think there is need for further automation in your 
company’s production system? 
Why? 

 

5 Do you think there are processes in your production system 
that cannot be automated? 
Why?   

 

6 In what way/ (how) do you think the input material might affect 
the company’s decisions on automation technologies? 

 

7 Do you think some products are more suited to the use of 
automation technologies compared to others? 

If yes, please state which type of products you think automation 
technologies are most suited for. 

 

8 What do you think are the main problems associated with the 
use of automation technologies in your company? 

 

9 How do you relate to the ergonomic perspective of your 
production system? 

• Light (ambient, local) 
• Work posture (repetitions, duration, force) 
• Noise (ambient noise) 
• Stimulus 

 Visually (flashing lights/buttons, information 
boards) 

 Sound (alarms) 

 

10 What do you think are the main challenges regarding increased 
automation in wood product companies? 

 

11 Are there any other things you think are important to consider 
regarding what factors drive and restrain the use of automation 
in wood product industry? 

 

Appendix-4 Observation Guides  
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4.1 Observation Guide for information System  
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4.2 Observation Guide for the production system 
 

 

Appendix -5 Data analysis  
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Case A 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Internal factors External Factors 
Strategy Country Law
No automation strategy. Laws have less influence on automation,
Strtegy - to improve competitiveness, labour, safety cost, material 
High volume orders implies towards automation. Suppliers 
Utilisation of the own material can improve profitability. relations with suppliers is crucial, need to take mutual responsibility 
No special team to develop automation. long term commitments can improve automation
Competition is pushing companies to automate 

Customers
Finance Long term commitment and relations are crucial for automation 

Pay back .... 2-6- Years. Customers demand wood without knots traditionally. 
Main focus is profitability. stable customer demand improves automation.
low labour countries like Lithuania have more developed 
automation. Competition 
need to convince the owners and make them realize the need for the 
automation.

Automation is good in high volume area.

Goals/Management 
Investments in automation becomes hard when needed to convince 
many people.
mentality of the management need to change. 
Forest owners don't understand the main idea that we need to 
improve the automation.
people in the organisation don't know more automation than they 
have in the factory.

Input
Input material have impact on the production, wood from southern 
Sweden have more Knots.

Process
need to increase material utilisation and reduce scrap. 
need to streamline the processes.
Integrated vision technology for quality control have lot of scope to 
develop regarding automation.

Output
large volume products have more resources.
For the low volume products change over time  and scrap rate are 
not a big deal. 
scrap is not a problem because it becomes input for the energy 

Worker
workers skills don't match the automation most of the time. 
old people are afraid of unemployment.
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Case B 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Internal factors External Factors 
Strategy Country Law
Don’t have a department responsible for automation demands from the government also affect decisions on automation 

(thickness)
Considers finance, safety, quality Suppliers 
more competition, automation can help us Mutual cooperation, companies who give technologies and the 

receivers of technology
little smaller and other companies have stds products. Customers
have a local market. No need to automate product and customers are different (difficult to automat)

Finance Competition 
Considers profitability of the investment if automated, flexibility wont be reached for the customer’s 

requirements. 
More focused on the net profit and not expansion, no goal to 
expand.  

Not automated at all. floor space is enough to have robots and put 
more machines. 

Goals/Management use automatic technologies where ever it is profitable and possible 
own technical competence in automation is not up to that level don’t have to reprogram the machines for every piece of wood 
And also the confidence that we should have to invest  in the 
technologies 

lack of flexibility

Input  Atomisation and flexibility oppose each other. 
material come already fixed, no control over that step by step improvement is the only way to go

No change in the material is needed, what to still work with wood the demand in the industry is set to increase, more reason to 
automate

Process
information improvements more than the mechanical part 
(CADsystem)

have small projects that’s to automate some processes

Output
with the technique development, mass customisation will be 
possible 
the range of the products also affect automation
build the hall in different details every time then the idea of 
automation is lost

Worker
The ergonomics are considered and turned also into economic 
values
workers want to see the company develop.  
workers want their jobs
For example in the sawmills today not so many people are working 
their
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Case C 

 
 

Internal Factors External Factors 
Strategy Country Law
automation work hand in hand with efficient.
have a technical department (no in charge of automation)
transfer worker to value adding activities (strategy) Suppliers 
big opportunity in the industry, come this far automation suppliers responding to bigger companies than small ones. 
Opportunity to expand the market with investments in automation
Decision made on the gut feeling.  
Competition with companies in low cost countries (increasing automation) Customers
No department dedicated to automation but works with consultants People can not see quality defects as compared to machine when quantities are 

high
reduce men, increase production by automation, in countries with high salaries.
Competing on the price basis (automation needed)
to invest in a flexible machine then pay more Competition 
need to keep the company's competence in the industry keeping the same std of quality for large output 
competition from low cost countries one way to do a process is easy to automate 
satisfied with the profit so why automate with automation, loose a loot of flexibility, 
considers quality aspects of the material when moving it High grade of automation means less cost per product

automated lines but not between the lines

Finance automation should be done step by step
high cost per employee in Sweden, one of the success factors is to automate  Automation and flexibility do not go hand in hand
stable demand making us relaxed when you automate then the quality would be expected to be high
huge capital is needed to invest in automation manual work in Packing line opportunity to invest
depends on the amount of demand from customers to automate need to have higher automation and less people as necessary. 
margins in the industry are less and is affecting automation Quality goes well with automation and a lot to tenders are won through that. 

initial investment and stable demand future increase automation, reduce people, produced at high speed with high 
quality

the money is the basic foundation of anything ideas to invest in production system for more automation. 
Considers, finance, output, quality, Need more automation.
large companies yes, requires high investment Quality inspection is quite hard to automate.
Focus is too much on the payback of a single machine and not on the entire picture fixing required pace with automation is quite hectic in some cases 

small margins in the industry reason to automate
Pace, Ergonomics, Quality are main issues to consider when 
automating.

Not just look at the short tern profits.
flexible automations costs a lot

Goals/Management 
Considers production capacity and ergonomics
Working with automation company with long term relationship
we have opportunity to improve
biggest employer in the community, good CSR
decision makers should dare to make decision on automation
tell workers as it is 
attitude towards what the company prioritise. 
strong brand so automation is not always on the minds 
guts to invest in automation technologies
Need Patience.
Comapay consider the voice of shop floor workers.

Input
input does not give us any problem regarding automation
what to give assistance to workers move heavy staff

Process
manual done in logistics, opportunity to improve
getting red of non adding volume with automation
more need to be done in logistics in terms of automation
expanding is put into consideration also. Internal logistics improvements
Having a vision system for the inspection. (prospect)
Internal logistics need to be developed.
Need to see the production as sections and implement automation step by step.
Aim is to reduce scrap as much as possible 

Output
std processes easy to automate
Every piece should look the same in all shifts, With automation this is possible.
Quality and productivity are quite important when we implement automation.
standard processes can be automated easily.
Large demand encourages automation and give confidence to invest in it

Worker
higher risk of quality when the human factor is involved
positive attitude from the workers 
more flexible the workers with increased automation (moving them)
ergonomics of the workers
positive attitude of the workers on automation
People are changing jobs so are not concerned about the future
Presently more hands on packaging.
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Case D 

 

Appendix 6 

Internal Factors External factors 
Strategy Country Law
No strategy on automation Like any others industry (country laws)
Manager make automation decisions (Quality and efficiencies)

Making enough money Suppliers 
R/D department but are not responsible for automation technologies

Difficult to come up with good argument, pay offs come after some years. Customers
Old fashioned industry. 

Reduce the cost of production and be more efficient (competitors) Competition 
More efficiently and more money (automation) Bought robot didn't work, put in lot of money
No strategy but have gaols (improve our efficiency and quality) - automation Robot handles a piece of metal better than a piece of wood. 

More demand in future, the need to build more houses. Automation simple in pre-assembly then other places
Now looking at how to use automation More automation in large industries (lead adopters of automation)

Veriancies are to big for the robots to coup with

Finance Adopting the technology to the product
Automation needs money and time  Investment in automation does not have a quick pay off. 
automation needed to make more money Good quality product with automation. (customer)

Room for improvement and implementation of automation

Goals/Management Companies turning to automation in the industry
Considers HSE, Quality, Delivery and Cost New revolution of making products, our industrialised plant outdated 
Not early adopters of automation (less automation) More automation is coming.
Comfortable reduced pain in the shoulders
relaxed due to a Strong brand name Robot working very good (reduced stress of the workers)
Leadership from management, explaining automation importance. robot makes the quality better. 
Opportunities, not quite used a lot today, increased automation, increased output, increased workers
Many things will be automated in the future increased production with the people and new automation
Mangement considers our proposals (our comfort first) automation used where time is essential
new leaders in the company (identified the problem) difficult in learning new technology
working environment is considered by management automation implementation takes long time.
company doing a lot of changes Reduces stress and improves productivity
why change if everthing is ok Some automation ideas are not possible to implement.
Management consider ideas (expensive and easy to implement) Automation maintains quality 
Main priority is productivity, firing people is not good idea. full automation not possible, especially for the sorting work.
Wood product industry is old fashioned. Automation is required and need to make it step by step.
Not realised the need of automation before, mentality is changing. 
Owners were focused on profits than on the development.

Input
Wood is a living material
Wood behaves differently (cooled, worm)
Wood never perfectly square

Process
New technical manager, going the right why
Used to work manually (now a machine is helping) 
quality check should remain been done by humans

Output
Simple products, 2 articles easy automate
Few/less Standards easy to automate
Combination so std and non std products
Change the product or develop a new one (with automation)
heavy products should be automated
Demand is a driving force for automation.
When variety is high automation is hard, evensize of the product.
Easy to automate standard products. 

Worker
Most of the work done by hands
No resistance from the workers
Product parts made to be handled by human, product development needed 
Fear of job loose
Used to doing the same thing for a long time
Competing with the machine, we need to calm the workers down. 
50/50 on automation technology from workers
Give workers authority to come up with ideas. 
apart from unemployment, workers are positive for automation.
Workers need to learn automation if we increase it. 
Hired one more worker with intoduced automation
worker feel happy with introduced technologies
dont like to do new things, have been doing this the same way
more experience more resistance to automation
fear of failure in a new job
positive towards automation (management intervation)
workers need to understand the importance of automation
no one has lost a job due to automation
complaints from workers shulders and back
people will be like robots (working without thinking)
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Summary of Progress of Technology Adoption Research (Venkatesh et al., 2007). 

  
Major Areas of Progress Representative Examples and Key Cites 

   

Influential Models Technology Acceptance Model: Davis (1989); Davis, Bagozzi & Warshaw (1989) 

 
Theory of Planned Behaviour: Ajzen (1985); Mathieson (1991); Taylor & Todd 
(1995a; 1995b) 

  
Innovation Diffusion Theory: Rogers (1983); Moore & Benbasat (1991); Agarwal & 
Prasad (1998) 

   
Replication and 
generalizability 

Population: Mathieson (1991); Adams & Nelson (1992); Hendrickson, Massey & 
Cronan (1993) 
Countries: Japan – Straub, Keil & Brenner (1997); Saudi Arabia - Abdul-Gader & 
Kozar (1995) 

 Technologies: Email - Karahanna & Straub (1999); Calculator - Mathieson (1991); 
Spreadsheet - Mathieson (1991); Venkatesh & Davis (1996); Organisational 
Systems - Venkatesh et al. (2003)  

   

Predictive validity 
Actual use: Straub & Limayen (1995); Venkatesh & Morris (2000); Venkatesh et al., 
(2003) 

 Choice: Szajna (1994) 

 Intention: Davis (1989); Mathieson (1991) 

  Self-reported use: Davis (1989) 

   

Competing models Decomposed theory of planned behavior: Taylor & Todd (1995a; 1995b) 

 Innovation diffusion theory: Moore & Benbasat (1991) 

 Social cognitive theory: Compeau & Higgins (1995a; 1995b) 

  Triandis’ model: Thompson, Higgins & Howell (1991) 

   

Theory base to study unique 
problems 

Advertising: Rodgers & Chen (2002) 

Dairy farming: Flett, Alpass, Humphries, Massey, Morriss & Long (2004) 

 Green electricity: Arkesteijn & Oerlemans (2005) 

 Information adoption: Sussman & Siegal (2003) 

 Marketing: Dabholkar & Bagozzi (2002) 

  Trust: Gefen, Karahanna & Straub (2003a; 2003b) 

   

Temporal dynamics and 
other contingencies 

Age: Venkatesh & Morris (2000) 

Gender: Gefen & Straub (1997); Venkatesh & Morris (2000) 

 Higher-order interactions: Morris, Venkatesh & Ackerman (2005) 

 
Temporal dynamics: Taylor & Todd (1995a); Karahanna, Straub & Chervany (1999); 
Venkatesh & Davis (2000) 

  Voluntariness: Hartwick & Barki (1994); Venkatesh & Davis (2000) 

   
Determinants and other 
interventions Determinants of usefulness and ease of use: Karahanna & Straub (1999); Venkatesh 

(2000); Venkatesh & Davis (2000) 
Training interventions: Olfman & Mandviwalla (1994); Venkatesh (1999); 
Venkatesh & Speier (1999) 



Appendices  
 

 
 

85 
 

    

Construct refinement and 
alternative mechanisms 

Expectation-disconfirmation: Bhattacherjee (2001); Bhattacherjee & Premkumar 
(2004) 

Habit: Morris et al. (2005) 

  Post-adoption: Jasperson et al. (2005) 

   

Synthesis 
Gefen & Straub (2000); Lee, Kozar & Larsen (2003); Legris, Ingham & Collerette 
(2003); Venkatesh et al. (2003) 
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