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Abstract 

The wood products industry is important to Sweden's prosperity, and is 

currently facing several challenges by increased global competition. To 

avoid the gradual decline of the industry’s contribution to the country’s 

revenues and employment opportunities, the Swedish wood products 

industry needs to increase the proportion of the raw material that is refined. 

New and efficient manufacturing technologies are essential to support this 

development. The implementation of automation in manufacturing needs to 

be supported by conscious and well-defined strategies. However, currently, 

there is a lack of knowledge regarding automation decisions in this industry.  

Therefore, the purpose of this thesis is to increase knowledge regarding 

which aspects should be taken into account when automation decisions are 

considered in the wood products industry. Three research questions are 

addressed: (1) What is the current state of manufacturing operations in the 

wood products industry? (2) What are the potential opportunities for 

automation in the wood products industry? And (3) What challenges can 

arise from automation in the wood products industry?  

The results presented in this thesis are based on four research papers. The 

first paper provides an overview of the current state of manufacturing 

operations in the wood products industry. The second paper examined the 

impact of the raw material on manufacturing operations in the wood 

products industry. The third paper assessed how the levels of automation in 

manufacturing impact operational performance. The fourth paper examined 

automation opportunities and challenges to gain a better understanding of the 

reasoning behind automation decisions in the industry. 

 In general, it is concluded that automation decisions in the wood 

products industry tend to be based on “gut feeling” and previous experience 

with automation rather than well-defined decisions and strategies. This is 

due to inadequate knowledge and familiarity with automation technologies 

in manufacturing. Furthermore, the findings showed that different aspects of 

manufacturing interact and impact each other. For this reason, it is essential 

to take into account other aspects of manufacturing when considering 

automation decisions. 

Keywords: Sweden; Wood products industry, Manufacturing strategy, 

Automation decisions
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1. Introduction

The introduction chapter begins by providing a description of the Swedish 

wood products industry, and is followed by a discussion of the role of 

automation in the industry. The chapter then outlines the problem that the 

research underlying this thesis focused on, with an emphasis on automation 

decisions. The purpose and research questions are presented last, along with 

the scope of the research and an outline of the thesis.  

1.1 Background 

The wood industry greatly impacts the competitiveness of the European 

industry. According to the European Confederation of wood industry (2009), 

the industry is “a driving force of the global economy” and “a provider of 

welfare in Europe”. More on, wood is a material that has several 

applications, and one of its advantages is that it has a low impact on the 

environment. It is possible to re-use and re-cycle, and above all, wood can be 

used as a carbon-neutral source of energy (Svensktträ, 2010).  

The wood industry is divided into the forest industry and the wood 

products industry. The forest industry consists of: pulp and paper, board 

industry, energy conversion, and sawmills (Sandberg et al., 2014). The wood 

products industry further refines wood as it passes through sawmills to 

transform into the desired product (Sandberg et al., 2014, Kozak and 

Maness, 2003). The wood products industry includes several business areas, 

such as home building, furniture, packaging, millwork and floors, doors and 

windows, cabinetry, and moldings, among others (Sandberg et al., 2014, 

Bumgardner et al., 2005, Kozak and Maness, 2003). The sawmills along 

with the wood products industry in Europe includes more than 380 000 

companies and 2.7 million employees, with an annual turnover of 269 billion 

euros (European Confederation of wood industry, 2009). 

The Swedish wood industry has a long tradition of refining raw materials, 

and has significant national economic value (Sandberg et al., 2014) as it is 

one of the top three industries in Sweden (European Confederation of wood 

industry, 2009). Even though the wood products industry is smaller than the 

sawn timber industry, it is nevertheless important for Sweden’s prosperity. 
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This is because the wood products industry adds value to sawn timber. 

Furthermore, the domestic wood products industry provides more job 

opportunities (Sandberg et al., 2014, NRA Sweden, 2012).   

However, Swedish wood products manufacturers are facing several 

challenges due to increased global competition (NRA Sweden, 2012). A 

recent study found that the Swedish wood products industry has experienced 

stagnation in productivity growth during recent years. The industry must 

improve manufacturing productivity if it is to remain profitable (Sandberg et 

al., 2014). Long and variable manufacturing lead-times indicate that there 

may be opportunities to increase efficiency through automation (DeLong et 

al., 2007). The industry has been described as historically slow in engaging 

in activities that would increase efficiency, with the neglected development 

of manufacturing as a key example (Pirraglia et al., 2009, Sowlati and 

Vahid, 2006, Bumgardner et al., 2005).  

The Swedish forest industry utilizes a high degree of automation in 

manufacturing to remain competitive. However, the wood products industry 

has not implemented automation to the same extent. Some Swedish 

manufacturers still use an essentially manual manufacturing process 

(Eliasson, 2014, Eliasson, 2011).  

1.2 Problem area 

Companies actively seek ways to enhance manufacturing performance and 

improve competitiveness to succeed in the global market. Automated 

manufacturing systems are considered to be highly productive (Winroth et 

al., 2007) and are commonly adopted to improve a company’s 

competitiveness (Machuca et al., 2011). Automation today is regarded as 

essential to making a manufacturing process competitive, and, in this way, 

decisions regarding automation no longer focus on whether to automate, but 

rather on the type and extent of automation (Costa and Lima, 2008, 

Laosirihongthong and Dangayach, 2005).  

As previously mentioned, the extent of automation in the Swedish wood 

products industry is relatively low. This has challenged the industry from an 

array of aspects, such as work environment conditions, productivity, and 

manufacturing costs (Eliasson, 2014, Karltun, 2007). Therefore, automation 

is viewed as a way to potentially increase competitiveness. However, the 

relatively low degree of wood refinement has caused the largest investments 
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in automation technologies to come from sawmills, which has left the wood 

products industry at a disadvantage.  

Sawmills and the wood products industry provide the greatest income for 

Swedish forest owners (Johansson, 2008). The domestic refinement of wood 

provides better profit margins and employment opportunities.  The wood 

products industry further refines the raw material and adds manufacturing 

value to sawn timber. Despite this, two-thirds of the timber volume annually 

produced at sawmills is directly exported without any further refinement 

(Sandberg et al., 2014). To avoid the gradual decline of the industry’s 

contribution to the country’s revenues and employment opportunities, the 

Swedish wood products industry needs to increase the proportion of the raw 

material that is refined. New and efficient manufacturing technologies are 

essential to support this development (NRA Sweden, 2012, Nord and 

Widmark, 2010). 

However, in order to support the industry through automated 

manufacturing systems, the implementation of automation in manufacturing 

needs to be supported by conscious and well-defined strategies. The 

initiatives that aim to use automation to simply reduce manufacturing costs 

rarely achieve the expected outcome. This is since automation decisions will 

become the core strategic decision area in manufacturing; thus, automation 

will become  the manufacturing strategy (Winroth et al., 2007), not 

considering various aspects of manufacturing before the decision to 

automate is made. 

In the context of manufacturing strategy, Skinner (1969), a pioneer in 

outlining manufacturing strategy, describes automation as belonging to the 

process technology decision area, which is one of several decision areas in 

manufacturing strategy that support the achievement of overall business 

goals. The level of automation is one of the aspects that needs to be 

considered in this decision category (Hill, 2000, Skinner, 1969). Since 

automation in manufacturing is usually not a matter of “all or nothing”, the 

levels of automation refer to a continuum that begins with manual work and 

progresses to complete automation (Frohm et al., 2008).  

The implementation of automation requires certain knowledge on how 

the levels of automation will affect the manufacturing outcome (Lindström 

and Winroth, 2010). The implementation of automation will also require an 

understanding of how automation decisions will affect other strategic 

decision areas in manufacturing (da Rosa Cardoso et al., 2012, Das and 

Jayaram, 2003, Jonsson, 2000), , and must therefore comprehensively 
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consider the various aspects of manufacturing (Säfsten et al., 2007). Winroth 

et al. (2007) argue that the most successful results are achieved when 

automation decisions are linked to the long-term goals of the company, and 

are, based on the manufacturing strategies and capabilities. The maximum 

benefits are attained when automation decisions consider the manufacturing 

strategy (Garrido-Vega et al., 2015). Dekkers et al. (2013) emphasize that 

companies with a well-defined manufacturing strategy are more prone to 

improve the efficiency of manufacturing through automation. Nevertheless, 

the literature that focuses on manufacturing mostly examines automation and 

manufacturing strategy in isolation (Morita et al., 2012). Automation is 

examined in terms of specific applications and potential improvements, often 

times not connected to other relevant manufacturing aspects (Säfsten et al., 

2007, Hill, 2000). Furthermore, even fewer studies examine specific 

industries when addressing automation while considering the manufacturing 

strategy (Morita et al., 2012).  

There is currently a lack of knowledge regarding how automation 

decisions are handled and what these decisions are based on in the wood 

products industry. Research has not yet fully described the contextual 

influence of the industry and the impact of materials on automation 

decisions.  

1.3 Purpose and research questions 

The purpose of this thesis is to increase the knowledge regarding which 

aspects should be taken into account when automation decisions are 

considered in the wood products industry. The following research questions 

were used to guide the research process: 

RQ1: What is the current state of manufacturing operations in the wood 

products industry?  

The first research question (RQ1) aims to provide information regarding 

the contextual conditions of manufacturing operations in the wood products 

industry. A full description of the state of manufacturing operations precedes 

an understanding of how automation decisions will affect manufacturing in 

the wood products industry.   
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RQ2: What are the potential opportunities for automation in the wood 

products industry?  

RQ3: What challenges can arise from automation in the wood products 

industry? 

The second and third research questions (RQ 2 and RQ3) intend to clarify 

better the underlying reasons for automation decisions in the wood products 

industry by examining the opportunities for, and challenges of, automation. 

The opportunities for automation provide insight into the potential benefits 

of automation which drive the industry to automate, while the challenges 

indicate what discourages the industry from automating manufacturing.  

In order to answer RQ2 and RQ3, the research studies will examine the 

opportunities and challenges of automation identified by those who establish 

automation decisions in the industry as well as by examining the 

implications of automation at shop floor level, through among others, 

studying the impact of the levels of automation.  

1.4 Scope of the research 

The research presented in this thesis focused on the part of the wood 

industry that generates a high degree of refinement. Therefore, the research 

was limited to the refinement of sawn timber and was performed in a wood 

products industry context (Sandberg et al., 2014). The forest industry, which 

comprises pulp and paper, board industry, energy conversion, and sawmills, 

has been excluded, see Figure 1.  

Regarding the theoretical scope, the research presented in this thesis 

contributes to knowledge of automation decisions in the wood products 

industry from the perspective of the manufacturing strategy domain. 

Automation decisions are considered to be part of the process technology 

decision area, which is one of several decision areas within the 

manufacturing strategy that support the overall business goals (Hill, 2000).  

The research presented in this thesis also distinguishes between 

production and manufacturing since these terms are used interchangeably in 

the literature. In this thesis, manufacturing is defined as the connected acts or 

processes that transform raw material into components or final products with 
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assistance from, among others, machinery, tools and manual labor (Groover, 
2007). This definition will be used throughout the thesis. 

 

Figure 1: Scope of research (Sandberg et al., 2014) 

1.5 Thesis outline 

This thesis consists of five chapters and four appended papers. A brief 
description of each chapter is presented below:   
 
Chapter 1: Introduction 
This chapter describes the wood products industry in a Swedish context. The 
chapter further highlights research problem area with regards to automation 
decisions in the wood products industry as part of the manufacturing 
strategy. Thereafter, the purpose and research questions are presented, 
followed by a description of the scope of the research.  
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Chapter 2: Frame of reference  

This chapter provides the frame of reference that is used to support the 

research topic, beginning with a definition of the manufacturing system. 

Thereafter, the manufacturing strategy is described in terms of content and 

process. The manufacturing strategy content is presented with an emphasis 

on competitive priorities and strategic decision areas that cover automation 

decisions. The chapter ends with a description of automation that focuses on 

the concept levels of automation.  

Chapter 3: Research methods 

This chapter describes the methods that were used to answer the proposed 

research questions. The methodologies of four research studies, which 

resulted in four research papers, are presented. The chapter begins by 

presenting the research design, which is followed by a description of the 

aims, as well as the data collection and analysis procedures, of each study 

included in this thesis. The chapter ends by discussing the research quality. 

Chapter 4: Summary of papers 

This chapter presents the main empirical and theoretical findings of the four 

appended papers. This chapter also links the findings to the research 

questions posed in this thesis by describing how each appended paper has 

increased knowledge regarding automation decisions in the wood products 

industry.   

Chapter 5: Discussions and conclusions  

This chapter discusses the findings presented in the previous chapter 

(Summary of papers), and then considers the limitations of the presented 

results. The chapter ends with the contributions, along with future research 

and concluding remarks.  
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2. Frame of reference

This chapter presents the theoretical foundation that the research underlying 

this thesis is based upon. The chapter begins with a definition of the 

manufacturing system, which is followed by a description of the 

manufacturing strategy with an emphasis on content and process. The 

chapter ends with the discussion of automation in the context of 

manufacturing, as well as a presentation of the concept levels of automation.  

2.1 Manufacturing system 

The terms manufacturing and production are often used interchangeably. 

However, these two terms do not have precisely the same meaning since 

they cover different parts of the manufacturing system. This is further 

complicated by the fact that there are several definitions for the 

manufacturing and production systems. The main difference between the 

two terms arises from the view of their scope. Two dominant perspectives 

currently exist. One considers the manufacturing system to be superior to the 

production system (CIRP, 1990), while the other stresses the opposite, that 

the production system is superior to the manufacturing system (Groover, 

2007). Therefore, it is essential to specify which system is superior, and to 

thus define the hierarchical perspective (Bellgran and Säfsten, 2010).  

According to CIRP (1990), the manufacturing system (1) and the 

production system (2) are defined as: 

(1) “…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”.

(2) “… 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”.

Thus, this definition considers manufacturing to be the superior system. 

In accordance with CIRP (1990), Bellgran and Säfsten (2010) illustrate the 

hierarchal perspective of the manufacturing system in Figure 2. The 

manufacturing system is shown to be superior to the production system, and 
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the production system consists of subsystems such as assembly and parts 
production system. 

Figure 2: A hierarchical perspective of the production system, adapted from 
Bellgran and Säfsten (2010) 

On the contrary, Groover (2007) argues that the production system is 
superior to the manufacturing system. The manufacturing system, according 
to Groover (2007), is a part of the production system that includes connected 
acts or processes that transform raw material into components or final 
products with assistance from, among others, machinery, tools and manual 
labor. Therefore, manufacturing can be viewed as a type of production; 
however, production does not always involve manufacturing. This thesis will 
apply the notion that production is superior to manufacturing. 

2.2 Manufacturing strategy 

The manufacturing system is one of several functions that has to support the 
 (Skinner, 1978). If run 

properly, the manufacturing system can be a competitive advantage. 
However, a coherent strategy that is implemented well is necessary to 
accomplish manufacturing operations. Skinner (1969) was a pioneer in 
grasping the importance of manufacturing strategy by realizing that it was 
the missing link between manufacturing and the corporate strategy. The 
notion of manufacturing strategy has held an important role in the domain of 
operations management ever since this realization.  

Manufacturing 
system 
Production 
system

Assembly

Parts production 
system
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Manufacturing strategy has been defined differently by different authors. 

Generally, the definition of manufacturing strategy emphasizes that the 

strategy should include a description of competitive advantages and has a 

long-term scope. Platts and Gregory (1990) provide a comprehensive 

definition of manufacturing strategy:  

“…a pattern of decisions, both structural and infrastructural, which 

determine the capability of a manufacturing system and specify how it will 

operate in order to meet a set of manufacturing objectives which are 

consistent with overall business objectives”  

Manufacturing strategy comprises a series of structural and infrastructural 

decision areas that aims to support company’s capabilities and meet the 

overall business objectives (Hill, 2000). The view of manufacturing strategy 

is often divided in terms of content and process (Dangayach and Deshmukh, 

2001, Hayes and Wheelwright, 1984). The manufacturing strategy content 

refers to the competitive priorities and strategic decisions that are made to 

achieve competitive advantage, while the manufacturing strategy process 

refers to the formulation and implementation of the manufacturing strategy 

(Slack and Lewis, 2015). 

2.2.1 Manufacturing strategy content 

Various competitive priorities and decisions areas have been identified in the 

literature covering manufacturing strategy (Slack and Lewis, 2015, 

Dangayach and Deshmukh, 2001). The most commonly listed competitive 

priorities are cost, quality, delivery, and flexibility (Hill, 2000, Wheelwright 

and Hayes, 1985). Structural and infrastructural decisions are often 

mentioned when decision areas are discussed (Hayes et al., 2005, Hayes, 

1984). 

Structural decisions determine the physical attributes of a company and 

often require a substantial capital investment (Hayes et al., 2005). These 

types of decisions are usually characterized by their long-term impact. On 

the other hand, infrastructural decisions refer to tactical activities and do not 

often require extensive capital investment (Hayes and Wheelwright, 1984). 

However, this is not always the case. It is important to note that structural 

and infrastructural decisions should be viewed together. The focus should no 

shift towards only structural or infrastructural issues, but rather consider the 

right combination of decision areas.  
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Capacity, vertical integration, facility, and production technology are the 

most common decision areas that are mentioned when structural decisions 

are described. In contrast, quality, production planning and control, 

workforce, and organization are usually acknowledged when infrastructural 

decisions are detailed. The exact terms and definitions for decision areas 

vary among sources. However, the sources often share more or less 

congruous views (Miltenburg, 2005, Hill, 2000, Ward et al., 1996, 

Wheelwright and Hayes, 1985, Skinner, 1969).  

Automation decisions are considered within production technology, 

which is a structural decision area. The production technology decision area 

is also referred to as process design (Swink and Way, 1995), plant and 

equipment (Skinner, 1978, Skinner, 1969), process choice (Hill, 2000), 

equipment and process technologies (Wheelwright and Hayes, 1985), 

technology strategy (Slack et al., 2010), and process technology (Miltenburg, 

2005). The various authors include different aspects within this decision 

area. Säfsten et al. (2007) provide a comparison of the aspects included by 

several authors, shown in Table 1.  As seen in Table 1, the production 

technology decision area includes, among others, the production technology, 

type of technology, and the amount of automation (levels of automation).  



13 

Table 1: The aspects included in various manufacturing decision 

areas, adapted from Säfsten et al. (2007) 

2.2.2 Manufacturing strategy process 

The manufacturing strategy process involves the formulation and 

implementation of a manufacturing strategy. In this way, the manufacturing 

strategy is put into practice since the manufacturing strategy process 

considers “what must be done, why it must be done, how it will be done, 

when it will be done, and who will do it” (Miltenburg, 2005).  

Manufacturing strategy formulation is often based on one of two 

perspectives. The first perspective is referred to as the resource-based view, 

whereas the second perspective is referred to as the market-based view 

(Gagnon, 1999). The resource-based view focuses on the resources, 

capabilities and competencies of the company and leverages them to adjust 

and strengthen the competitive advantages. On the other hand, the market-

Decision area Included 

considerations 

Author(s) 

Plant and equipment Span of process, plant 

size, plant location, 

investment decisions, 

choice of equipment 

Skinner 

(1969,1978) 

Equipment and process 

technology  

Scale, flexibility, 

interconnectedness 

Wheelwright 

and Hayes 

(1985) 

Process and process choice Technology, flexibility 

jobbing, batch, line 

Hill (2000) 

Technology strategy Type of technology, 

leading edge of 

technology, internal 

development or 

external purchasing 

Slack et al. 

(2001) 

Process technology Nature of the 

production process, 

type of equipment, 

amount of automation, 

linkages between parts 

of the production 

process 

Miltenburg 

(2005) 
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based view focuses on the demands of the market. A company that adheres 

to this perspective follows the rules dictated by the market in order to 

achieve competitive advantages. 

The manufacturing strategy process plays an important role in the 

manufacturing strategy since it can, along with established objectives and 

framework for the manufacturing strategy, support the needs of the 

organization acceptable to all employees (Roy et al., 1992).  

2.3 Automation 

Automation replaces, to some degree, cognitive and physical human labor 

(Groover, 2007, Sheridan, 2002). There are many reasons for automating 

manufacturing (Winroth et al., 2007). Automation can be initiated at 

different levels within a company. A top-down approach starts at top 

management level, whereas a bottom-up approach begins at the employees 

who are at lower levels of the organization. A top-down initiation will focus 

on increasing labor productivity, reducing labor cost, improving product 

quality, reducing manufacturing lead-time, and avoiding the cost of not 

automating. In contrast, automation that is implemented bottom-up will 

focus on minimizing the effects of labor shortage, reducing or eliminating 

manual tasks, improving workers safety, and accomplishing processes that 

cannot be done manually (Groover, 2007). The decision to automate tends to 

focus on the economic value of automation. However, there are other aspects 

to consider. Wickens et al. (2004) emphasize four reasons for automation 

that focus on the human factor perspective: impossible or hazardous work 

for humans, difficult or unpleasant work for humans, extension of human 

capability, and technical feasibility.   

The decision by companies to invest in the automation of manufacturing 

is often based on the assumption that automated manufacturing systems are 

efficient. Based on this assumption, automation is viewed as a means to 

potentially improve manufacturing competitiveness (Säfsten et al., 2007). 

However, not all automation investment projects in manufacturing 

companies succeed (Morita et al., 2012). The automation of the 

manufacturing processes can be accompanied by various challenges. Most of 

the literature emphasizes that the human factor is critical to the success of 

automation, especially the interaction between human and technology 

(Sheridan, 2002, Wickens et al., 2004). However, automation decisions can 
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also affect other relevant aspects of manufacturing that need to be considered 

(Säfsten et al., 2007).  

2.3.1 Automation strategy  

The decisions and strategies that determine whether automation should be 

implemented, and in that case how, are known as automation strategies 

(Winroth et al., 2007). Winroth et al. (2007) suggest that automation 

decisions can either be viewed as one of several decision areas within the 

manufacturing strategy (Figure 3) or as the core decision area in the 

manufacturing strategy. Thus, automation decisions become the 

manufacturing strategy (Figure 4).  

 

Figure 3: Automation is one of several decision areas within the 

manufacturing strategy, adapted from Winroth et al. (2007) 

 

Figure 4: Automation is the manufacturing strategy, adapted from Winroth et 

al. (2007) 

However, Winroth et al. (2007) emphasize that empirical findings show 

that the most successful results are achieved when automation decisions are 

Business 
strategy 

Market 
strategy 

R&D 
strategy  

Manufacturi
ng strategy 

Business 
strategy 
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strategy 

R&D 
strategy  

Automation 
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made in conjunction with the other strategic decision areas in the 

manufacturing strategy. Winroth et al. (2007) state that several aspects need 

to be considered during automation decisions since automation will affect 

the other manufacturing decision areas. Some of the aspects that should be 

considered include the skill level of the personnel, the organizational 

structure, and the planning and control.  

2.3.2 Levels of Automation 

The concept of “levels of automation” has been discussed and defined by a 

number of authors active in, among other, the fields of aviation, tele-

robotics, and process industry. Several theories address levels of automation 

(LoA) based on the allocation of human and machine function. MABA-

MABA, which stands for “Men Are Better At – Machines Are Better At”, 

proposed by Fitts (1951), is one of the classical models that addresses the 

allocation of human and machine function. The MABA-MABA model 

aimed to identify the functions that humans are more adept at handling and 

the functions better suited for automation, as well as to determine the extent 

to which these activities can be allocated in a given system.  

Automation is not a question of “all or nothing”, but rather a continuum 

of levels of automation, starting at manual work (work performed by humans 

without any tools) and progressing to full automation (no human 

involvement) (Frohm et al., 2008). Table 2 provides a range of definitions 

for levels of automation. 

Table 2: Definitions of LoA, adapted from Frohm et al. (2008) 

Author Definition of levels of automation 

Amber and 

Amber (1962) 

The extent to which human energy and control over the 

production process are replaced by machines 

Sheridan 

(1980) 

The level of automation incorporates the issue of 

feedback, as well as relative sharing of functions, in ten 

stages 

Kern and 

Schumann 

(1985) 

Degree of mechanization is defined as the technical 

level in five different dimensions or work functions 

Billings (1997) The level of automation goes from direct manual control 

to largely autonomous operation where the human role 

is minimal 
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Endsley 

(1997) 

The level of automation in the context of expert systems 

is most applicable to cognitive tasks such as ability to 

respond to, and make decisions based on, system 

information 

Satchel (1998) The level of automation is defined as the sharing 

between human and machine with different degrees of 

human involvement  

Parasuraman 

et al. (2000) 

Levels of automation is a continuum from manual to fully 

automatic operations 

Groover 

(2001) 

The level of automation is defined as an amount of the 

manning level with focus around the machines, which 

can be either manually operated, semi-automated, or 

fully automated 

As seen in Table 2, Groover (2001) describes LoA with a focus on the 

physical aspect of automation. Kern and Schumann (1985) discuss the 

“degree of mechanization” as a variation to LoA. In line with Groover’s 

(2001) work, Kern and Schumann (1985) focus on the physical aspect of 

LoA in a manufacturing system. Unlike them, Sheridan (1980)   defines the 

LoA with a focus on the cognitive aspect. The concept of LoA is also 

described as a continuum involving decision making and action processes. 

Frohm et al. (2008) considers both the physical and cognitive aspects and 

define LoA as:  

“The relation between human and technology in terms of tasks and function 

allocation, which can be expressed as an index between 1 (total manual 

work) and 7 (total automation) of physical and cognitive support”  

Frohm et al. (2008) present a so-called “DYNAMO taxonomy” which 

consists of seven LoA that are classified in terms of “physical” and 

“cognitive” LoA (Table 3). Level 1 refers to totally manual work without 

any tools or equipment, while level 7 refers to full automation with no 

human involvement.  
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Table 3: The DYNAMO taxonomy, adapted from Frohm et al. (2008) 

LoA Physical Cognitive 

1 Totally manual 

Totally manual work, no tools 

are used, only 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  

2 Static hand tool 

Manual work with support of 

static tool, i.e. screwdriver 

Decision giving  

The user gets information about 

what to do or a proposal for how 

the task can be achieved, i.e. 

work order 

3 Flexible hand tool 

Manual work with the support 

of a flexible tool, i.e. 

adjustable spanner 

Teaching 

The user gets instruction about 

how the task can be achieved, 

i.e. checklists, manuals

4 Automated hand tool 

Manual work with the support 

of an automated tool, i.e. 

hydraulic bolt driver 

Questioning 

The technology questions the 

execution, if the execution 

deviates from what the 

technology considers suitable, 

i.e. verification before action

5 Static machine/workstation 

Automatic work by a machine 

that is designed for a specific 

task, i.e. lathe 

Supervision 

The technology calls for the 

users’ attention, and directs it to 

the present task, i.e. alarm 

6 Flexible machine/workstation 

Automatic work by a machine 

that can be reconfigured for 

different tasks, i.e. CNC 

machine 

Intervene 

The technology takes over and 

corrects the action, if the 

executions deviate from what 

the technology considers 

suitable, i.e. thermostat 

7 Totally automatic 

Totally automatic work. The 

machine solves all deviations 

or problems that occur, i.e. 

autonomous systems 

Totally automatic 

All information and control are 

handled by the technology. The 

user is never involved, i.e. 

autonomous systems 
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The DYNAMO taxonomy is part of the DYNAMO methodology that 

assesses LoA at an operational level (shop floor) in the context of assembly 

line systems (Fasth et al., 2008). The DYNAMO methodology combines 

both the socio-cognitive and technical aspects with a focus on allocating 

tasks between operators and the available automation technology. The 

DYNAMO methodology consists of the DYNAMO taxonomy (Table 3) and 

the DYNAMO ++ method (Table 4). The DYNAMO ++ method evaluates 

the applicability of the DYNAMO taxonomy in a specific setting by 

progressing through a structured framework (Table 4) that allows the 

quantification of LoA. The DYNAMO ++ method consists of four phases 

and twelve activities.  

Table 4: An overview of the DYNAMO++ method, adapted from Fasth et al. 

(2008) 

Phase Main activity 

Pre-study 1 Choose a system 

2 Walk the process 

3 Conduct VSM to identify flow and time parameters 

Measurement 4 Design an HTA to identify main operations and 

subtasks 

5 Measure LoA (physical and cognitive) 

6 Document results  

Analysis 7 Conduct a workshop (Ws) to determine the relevant 

minimum and maximum levels for the different tasks in 

the system 

8 Design a Square of Possible Improvements (SoPI) 

based on the Ws 

9 Conduct an analysis of SoPI: optimize tasks and 

operations based on time and flow parameters 

Implementation 10 Write and/or visualize some suggestions of 

improvements based on the SoPI analysis and company 

demands 

11 Implement the chosen suggestions 

12 Follow-up when the suggestions have been 

implemented to determine how the suggestions have 

affected the time and flow parameters  
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3. Research methods 

This chapter presents the research design and provides an overview of the 

four research studies that underlie this thesis, hereafter referred to as 

research studies I-IV. The aim of each study is described, and the employed 

data collection and analysis techniques are explained. The chapter ends with 

a discussion of the research quality. 

3.1 Research design  

This thesis aims to increase the knowledge of what aspects need to be 

considered during automation decisions in the wood products industry. The 

research questions addressed were of an exploratory nature. Therefore, the 

thesis was initiated with an exploratory study approach (Voss et al., 2002) on 

automation decisions in the wood products industry. Since contemporary 

phenomenon in a specific industry was to be explored, the contextual 

conditions were relevant. However, the existing body of theory on 

automation decisions in the wood products industry was inadequate. For this 

reasons, the case study method was chosen as the primary method in this 

thesis. The case study method is an empirical inquiry that investigates a 

contemporary phenomenon within its real-life context (Yin, 2014).  

The first research question (RQ1) was initiated to examine the current 

state of manufacturing operations in the wood products industry to increase 

the understanding of its contextual influence. To provide an overview of the 

manufacturing operation, research study I (RSI) was initiated. The study 

examined manufacturing challenges affecting the industry from operational 

and managerial point of views, and provided insights on several aspects 

challenging the manufacturing, including human resource, automation 

technology, and raw material. Thereafter, research study II (RSII) and 

research study III (RSIII) were conducted to build up on RSI and get more in 

depth insights on manufacturing operations in the wood products industry. 

RS II focused on the impact of the raw material on the manufacturing since 

it is an important aspect that characterizes the wood products industry, while 

RSIII examined the impact of the levels of automation on manufacturing.  

The second research question (RQ2) examined the potential opportunities 

of automation in manufacturing in the wood products industry. To provide 
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information on potential benefits and opportunities of automation, research 
study IV (RSIV) was initiated. The study examined, among others, the 
perceived opportunities of automation in the manufacturing from a 
managerial point of view where automation decisions are established. RQ2 
was also answered by RSIII which by examining the implications of the 
levels of automation also provided insights on the opportunities of 
automation at an operational level, i.e. shop floor.  

The third research question (RQ3) examined the challenges of 
automation in manufacturing in the wood products industry. RSIV 
contributed to this question by, among others, examining the perceived 
challenges of automation in the manufacturing from a managerial point of 
view where automation decisions are established. RSI and RSIII also 
contributed to answer this research question, since RSI examined the 
manufacturing challenges in the wood products industry with regard to 
among other automation, and RSIII provided insights on the challenges of 
automation at an operational level by examining the implications of the 
levels of automation. Each research study resulted in a research paper. An 
overview of the research design is provided in Figure 5. 

 

Figure 5: Overview of the research design  
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3.2 Research study I 

Research study I was an introductory study that examined the current state of 

manufacturing operations in the wood products industry. The study 

identified and categorized manufacturing challenges in the wood products 

industry, which included automation aspects. The study contributed to 

answering RQ1 and RQ3, and resulted in research paper I.  

3.2.1 Data collection 

The first study consisted of a literature review and a single case study (Yin, 

2014). The literature review examined a body of published work (Karlsson, 

2009), and was then combined with the empirical findings from the case 

study. The case study method was suitable since a contemporary event was 

investigated within its real-life context (Yin, 2014). The case study was 

performed at a Swedish wood products company to investigate the 

contextual influence, both geographical and industry-specific, in relation to 

the literature.  

The literature review utilized three main keywords: “wood products 

industry”, “manufacturing challenges”, and “competitiveness”. However, 

several synonyms were also included, such as: “wood processing industry”, 

“wood manufacturing industry”, “woodworking industry”, “secondary wood 

products industry”, “production challenges”, and “productivity”. The search 

used Boolean connectors and was conducted in three academic databases: 

Scopus, Web of Science, and Google Scholar. The three inclusion criteria 

were that the publication is in English, covers the wood products industry, 

and deals with manufacturing operations.  

Since research covering manufacturing operations in the wood products 

industry was found to be inadequate, several types of publications were 

viewed: journal articles, conference papers, thesis work, books and reports. 

No time limits were set.  

The evaluation process began with a title and abstract screening 

(Rumsey, 2008). Thereafter, if the source was relevant, the introduction, 

along with the discussion and conclusions, were screened to determine 

whether the source would undergo content analysis (Weber, 1990). A 

citation search (Rumsey, 2008) was applied to relevant sources.  

All of the challenges identified in the literature were categorized 

according to the five basic components of a manufacturing system that allow 
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the transformation of raw material into a finished product (Bellgran and 

Säfsten, 2010): the human system, the technical system, the information 

system, the material handling system, and the management system. Findings 

that did not fit into these proposed categories were placed under an “others” 

category.  

The company selection criteria were that the company was only a 

manufacturing company, only operated in the wood products industry, and 

only had a manufacturing unit in Sweden. Semi-structured interviews with 

open-ended questions  (Williamson, 2002) were conducted with respondents 

that represented an array of roles from the operational to managerial level: 

production planer, quality inspector, plant manager, operators, technical 

manager, team leader, and manufacturing manager. The unit of analysis was 

the manufacturing system. The manufacturing challenges were explored in 

terms of current and future challenges. Future challenges were defined as 

challenges that would arise five to ten years from the time that the study was 

conducted.  

Table 5: Interview guide  

 Current 

manufacturing 

challenges 

Future 

manufacturing 

challenges 

The human system   

The technical system   

The information system    

The material handling system   

The management system   

Others   

3.2.2 Data analysis  

An interview guide (Table 5) was developed prior to the interviews to aid the 

assessment of challenges in the basic components of a manufacturing system 

(Bellgran and Säfsten, 2010).  The interviews were recorded and later 

transcribed into text. The transcriptions were analyzed according to the 

model outlined by Miles et al. (2014). The data analysis consisted of three 

steps: (1) data reduction, (2) data display, and (3) conclusion 

drawing/verification.  
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The data reduction was initiated when the basic components of the 

manufacturing system were selected. Information regarding challenges 

related to the identified manufacturing components was gathered in a 

Microsoft Excel sheet. Codes were then assigned to the different challenges 

identified for each component. This allowed the collected data to be 

displayed in the second step of data analysis. The data display phase, during 

which the data were visualized, made it easier to process the data and draw 

conclusions. After the data were coded and the manufacturing challenges in 

each manufacturing component were identified, the data were inserted into a 

table. This step enabled the final step of data analysis: drawing conclusions 

and verifying the collected data. The three steps mentioned by Miles et al. 

(2014) were used in an iterative matter until final conclusions were drawn.  

3.3 Research study II 

Research study II provided insight into how the raw material impacts 

manufacturing operations in the wood products industry. The study 

contributed to answering RQ1, and resulted in research paper II.  

3.3.1 Data collection 

The effect of raw material on manufacturing operations was examined in 

terms of direct and indirect influences. The direct influences referred to how 

raw material properties can impact manufacturing operations, while the 

indirect influence referred to how interactions between process-related 

aspects and the raw material can affect the manufacturing outcome.  

The study was based on a case study performed at a Swedish wood 

interior manufacturing company. The case study consisted of a document 

analysis and face-to-face interviews with production engineers, operators, a 

production scheduler, and a site manager. The document analysis examined 

how raw material properties affect manufacturing productivity and 

efficiency. Two wood panels (finger-joint and solid) that differ in terms of 

the incoming material properties that they require were selected. The panels 

were processed by the same machines. The finger-joint panel was delivered 

to the customer with a moisture content of 8-10%, finger–jointed, knot free, 

and only cover painted. The solid panel was delivered to the customer with 

moisture content of 16-18%, solid, knotty, and without a surface finish. 
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The analyzed documents comprised historical data that the case company 

had gathered. The documents provided information about process 

productivity and efficiency based on stop–time, product yield and 

production/machine hour. The stop–time referred to the reasons for halting 

manufacturing, how many times manufacturing was stopped for each reason 

and the duration of each stop. The product yield referred to product qualities 

(A, B, and C) and the percentage of each class of quality in the analyzed 

orders. Quality A represents the best quality, followed by quality B, while 

quality C is scrap. The machine hour category referred to the number of 

running meters of the respective quality produced per machine hour.  

Both of the analyzed panels were produced in the same amount of 

running meters: 343 000 rm. There were a total of 13 and 7 orders analyzed 

for the finger-joint- and solid-wood panels, respectively. 

Face-to-face interviews with open-ended questions were conducted to 

investigate the process-related factors that affect how the raw material 

impacts a manufacturing process. The respondents covered a variety of roles, 

such as production planner, quality inspector, operator, and team leader. The 

interviews focused on the operational level because this is the level at which 

knowledge of the process-related aspects that affect how raw material 

influence the manufacturing outcome is available.  

3.3.2 Data analysis 

Quantitative data analysis was applied to the examined documents. 

Descriptive statistics were used to calculate the productivity and efficiency 

variations of produced orders in terms of yield and machine hours for both 

finger-joint and solid wood panels. The stop time for each panel, as well as 

the reason for each stop time, was provided. The yield of the panels was 

presented as the percentages of each quality class. This enabled the 

comparison of different productivity and efficiency values for the selected 

and examined wood panels.  

The interview data were analyzed based on the three steps of qualitative 

data analysis outlined by Miles et al. (2014) and described in research 

studies I and IV.   
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3.4 Research study III 

Research study III assessed how the levels of automation (LoA) affect 

operational performance in terms of material utilization and production 

flexibility. The research study also explored the applicability of the 

DYNAMO methodology to processing line systems in the wood products 

industry. The following research questions were addressed: (1) How does the 

changeover in physical and cognitive levels of automation affect material 

utilization and production flexibility in processing line systems in the wood 

products industry? (2) To what extent is the DYNAMO methodology 

applicable to processing line systems in the wood products industry?  

Research study III provided insights into how the levels of automation 

impact manufacturing operations, and evaluated an existing methodology in 

a new context. Furthermore, the study identified potential challenges and 

opportunities of the automation of manufacturing by assessing how 

automation impacts the manufacturing process. Paper III was the outcome of 

the study. 

3.4.1 Data collection 

The DYNAMO methodology was used to assess the LoA since it covers 

both the socio-cognitive and technical-physical aspects of automation at the 

operational level. The DYNAMO methodology has previously been used in 

research that employs a case study approach (Fasth and Stahre, 2008).  

A case study was conducted at a Swedish wood products manufacturer. 

The case company had decided to increase the LoA in a processing line 

(Line A), with the aim to improve system performance, which justified the 

case selection. Line A was selected as the unit of analysis. A reference 

processing line within the same production site was selected (Line B) to 

examine the changeover in LoA. 

Line A and Line B, both produced interior wood molding products. The 

processing lines were selected according to the guidance of senior managers 

after they had received a description of the study aim. The input to the lines 

was sawn timber and the output was labeled and packaged wood moldings. 

A batch of sawn timber was sent from the storage area to the unloading area 

of the processing lines by trucks. At the unloading area, a visual quality 

inspection of the raw material was performed before feeding the material to 

the planer. Line A was characterized by a continuous flow, which included 
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multiple surface treatment operations, quality inspections, rework, and the 

labeling and packaging of the finished product. Line B included similar 

operations, but was based on a batch flow consisting of five separate 

workstations with buffers in between. The finished product was then shipped 

to storage. During the study, one production order was followed through 

each line from the visual quality inspection of the raw material to the 

labeling and packaging of the finished product. The material handling 

between the processes was also included. However, all activities outside the 

processing lines, such as storage, were excluded. Thus, the processing line 

system was the unit of analysis. 

Line A produced high volume batches, with low product variety and low 

product complexity. A batch size of 100 000 running meters was followed in 

the study. Line A produced a total of six product variations, of which one 

was selected for the study. Furthermore, the line consumed finger-joint raw 

material, which is solid wood that has been processed to avoid some of the 

natural wood features.  

Line B produced low to middle volume batches with high product variety 

and medium to high product complexity. A batch size of 13 000 running 

meters was followed in the study. Line B produced over 100 product 

variations. Furthermore, the line consumed solid raw material, Table 6. The 

evaluation of product complexity was based on a comparison of the 

geometric complexity of the product profiles that were followed at Lines A 

and B.  

Table 6: A comparison of Lines A and B 

 Line A Line B 

Product Moldings Moldings 

Processing principle  Continuous flow Batch flow 

Raw material Finger-joint 

wood 

Solid wood 

Batch size High Low/Medium 

Product variety Low Medium/High 

Product complexity  Low Medium/High 

 

The study evaluated the first two phases of the DYNAMO++ 

methodology (Table 4), the pre-study- and the measurement phase, to gain 

an overview of the current state of LoA at both processing lines. In the pre-

study phase, line A and line B were selected (activity 1).  
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Time was also spent onsite (activity 2) to gain a deeper understanding of 

the chosen systems. Value stream mapping (VSM) was performed to identify 

time and flow parameters (activity 3). The following flow and time 

parameters were collected: number of operators, cycle time, lead time, set-up 

time, batch size, scrap rate, process time, and number of shifts.  

A document analysis was conducted to compare and enrich the VSM 

data. The document analysis utilized production documents, which were 

based on measurements from the company’s IT system. The documents 

included data regarding: set-up time, downtime, reasons for stop, and 

material scrap rate.  

During the measurement phase, a hierarchical task analysis was 

performed based on observations. The observations enabled the 

identification of the main operations and subtasks (activity 4). The 

hierarchical task analysis was conducted at two levels: operation and 

subtask. The identification of both the main operations and subtasks was 

necessary to the assessment of the LoA. Observations, including participant 

observations, were performed. The participant observations consisted of 

conversations with operators and team leaders, along with participation in 

shift handover meetings. The participant observation enriched the data 

regarding LoA measurements since more detailed descriptions were 

provided for the measured subtasks. The physical and cognitive LoA were 

measured at the task level using the DYNAMO taxonomy (activity 5), see 

Table 4. All the results were documented in structured Microsoft Excel 

sheets (activity 6). 

3.4.2 Data analysis  

The data analysis was based on the DYNAMO methodology. The data 

collection process followed the DYNAMO ++ method, with most of the data 

collected through value stream mapping (VSM) and hierarchal task analysis. 

The VSM provided information regarding the material scrap rate, setup time, 

cycle time, number of products, number of operations, and number of tasks. 

The hierarchal task analysis enabled the measurement of LoA. LoA 

measurements were conducted at the task level and were based on 

definitions provided by the DYNAMO taxonomy. The first step was to 

identify a task and who conducted it. For example, to identify the physical 

LoA one had to ask if the task is conducted totally manually, totally 

automatically, or if the operator uses some sort of tool? In case that a tool is 
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used, what kind of tool is used? Once these questions were answered, a 

definition of the task description could be chosen from the DYNAMO 

taxonomy, which provides a number that describes the current LoA at the 

specific task. The identified tasks were inserted into structured Microsoft 

Excel sheets, which provided the following information: the main 

operations, number of tasks, type of task, and physical and cognitive LoA at 

each task identified, see Table 7.  

Table 7: Data storage  

Operation Task # Task Physical Cognitive 

“Feeding” 1 Feed material 1 1 

2 Quality inspection 2 1 

3 Cutting 4 1 

4 Manual 

adjustment 

1 1 

5 Vertical pallet 

movement 

4 1 

6 Horizontal pallet 

movement 

4 1 

7 Lined de-

application 

2 1 

8 Replace scrap 

container 

3 1 

 

The first step in connecting LoA to material utilization and production 

flexibility was identifying what should be considered for both factors. For 

material utilization, material scrap and product rework were selected. On the 

other hand, mainly product mix flexibility and product customization 

flexibility were analyzed in relation to production flexibility. Regarding the 

rework operation both physical and cognitive LoA were considered in 

relation to the amount of running meters reworked by each observed 

operator. The main metric that was analyzed for product mix flexibility was 

the setup time in relation to the physical and cognitive LoA at each 

processing line. The evaluation of product customization flexibility was 

based on the ability of both lines (A and B) to handle the geometric 

complexity in each identified tasks. 
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3.5 Research study IV 

Research study IV aimed to identify and categorize automation opportunities 

and challenges. Automation opportunities refer to what drives the industry to 

automate, while the challenges refer to the reasons that deter investment into 

automation. The study contributed to answering RQ2 and RQ3, and resulted 

in research paper IV.  

3.5.1 Data collection 

Research study IV consisted of multiple case studies. The aim of the study 

was to identify the automation challenges and opportunities perceived by the 

wood products industry. A qualitative research approach was most suitable 

due to the lack of research in the area, and this made the case study approach 

a valid choice (Yin, 2014).  

A multiple case study design was chosen since evidence from multiple 

case studies is more compelling (Yin, 2014). Furthermore, the multiple case 

study approach enabled the evaluation and comparison of different business 

areas within the wood products industry, see Table 8. The company selection 

criteria were that the company was a manufacturing company within the 

wood products industry.  

Table 8: Overview of the case companies  

 Case A Case B Case C Case D 

Business area Interior 

wood 

products 

Construction Furniture Windows 

and doors 

Type of product Moldings, 

floor, and 

panels 

Modular 

house 

buildings 

Foil-

wrapped 

furniture  

Windows 

and doors  

No. of employees 640 180 140 725 

 

The case study consisted of primary and secondary data, Table 9. The 

primary data were derived from face-to-face interviews and observations of 

the production units, while the secondary data were based on document 

analysis. The document analysis considered of annual reports, company 

brochures and websites, which, among others, provided information about 

the company’s goals and vision.  
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Semi-structured interviews  with open-ended questions (Williamson, 

2002) were conducted. The unit of analysis was the manufacturing system. 

An interview guide was developed prior to the interviews, Table X. The 

interview guide framed the interview questions. 

Table 9: Data collection techniques 

Data collection 

technique 

Quantity Comments 

Face-to-face 

interviews 

16 Semi-structured interviews with open-

ended questions were performed. The 

interviews were audio-recorded and 

complemented with written notes. The 

respondents covered positions such as 

project manager, plant manager, 

production manager, technical manager, 

and first line manager. 

Observations 4 Observations were made based on the 

production of each case company. The 

observations were based on guided 

tours in production areas led by the 

respective case company with an 

emphasis on the production processes. 

Systems perspective thinking was applied to gain a holistic understanding 

of the automation challenges –and opportunities. Several socio-technical 

models that clarify the different aspects of a manufacturing system exist. 

Hubka and Eder (1988) view the manufacturing system as a transformation 

system, from input (raw material) to output (finished product). The 

transformation system consists of the management system, the technical 

system, the information system and the human system. The business 

environment exists outside of the system boundaries. A similar style of 

thinking can be noted in the socio-technical framework of Davis et al. 

(2014), as this model illustrates the manufacturing system as being 

embedded within an external business environment.  

In line with this work, the automation challenges and opportunities were 

categorized as either internal or external. Three aspects were investigated 

regarding the internal challenges and opportunities: the management system 

(M), the technical system (T) and the human system (H). In line with 
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Dunnette and Hough’s (1991) work, the management system is defined by 

goals, strategies and culture. The technical system is defined by tools, 

equipment, machines, information system, and technical expertise. The 

human system is the workforce.  

In line with the socio-technical framework of Davis et al. (2014), the 

external challenges and opportunities were assessed in terms of the influence 

of regulations (R) are examined. Further, the suppliers (S), competitors (C) 

and customers (C*) were also examined. Besides the aspects listed in the 

interview guide, the guide allowed the respondents to add additional aspects 

(A), which were viewed as critical to consider regarding automation in the 

wood products industry. The respondents in the study were people involved 

in production development, senior managers and first line managers. The 

respondents were chosen to provide a strategic point of view, as this is the 

sphere in which automation decisions are discussed. 

Table 10: Interview guide 

Internal External 

(M) (T) (H) (A) (R) (S) (C) (C*) (A) 

Challenges 

Opportunities 

3.5.2 Data analysis 

Data from the interviews and reviewed documents were analyzed according 

to the three steps of qualitative data analysis outlined by Miles et al. (2014): 

data reduction, data display, and conclusion drawing and verification. The 

data reduction was initiated when the internal and external aspects of a 

manufacturing system were selected. Information regarding automation 

challenges and opportunities related to the identified aspects were then 

gathered. Codes were assigned to the different challenges and opportunities 

identified for each of the manufacturing aspects. The collected data was 

displayed based on these assigned coded in the second step of data analysis. 

The data display, which facilitated data visualization made it easier to 

process the data and draw conclusions. Once the data were coded and the 

automation challenges and opportunities in the selected internal and external 

aspects of a manufacturing system were identified, the data were inserted 

into a table. This step supported the final step of data analysis: drawing 
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conclusions and verifying the collected data. The three steps mentioned by 

Miles et al. (2014) were used in an iterative matter until final conclusions 

were drawn.  

3.6 Research quality 

Validity and reliability are often considered when research quality is 

discussed. Validity may be divided into internal and external validity. 

Internal validity determines whether the reported measurements comply with 

what the study claims to measure. The external validity describes how 

applicable the results are to other samples (Karlsson, 2009).  

The application of multiple data collection techniques, also known as 

triangulation, is often used to ensure internal validity (Karlsson, 2009). 

Triangulation is often used to check the consistency of findings. Three types 

of triangulation are commonly used (Karlsson, 2009): method triangulation, 

data triangulation, and investigator triangulation. The use of several data 

collection tools, sources, or even multiple investigators, will increase the 

internal validity of the research. Method triangulation was applied in Paper 

II by using different data collection tools, such as interviews and document 

analysis, to collect the data. In paper III, investigator triangulation was 

applied by involving other researchers and enabling the comparison between 

findings to check consistency. Paper IV gathered data through several 

sources (Williamson, 2002), and hence used data triangulation to check the 

consistency of findings. Data collection utilized various sources, such as 

interviews, observations and the information available on the case 

companies’ websites. Internal validity was increased by the informing all of 

the participants about the aim of each research study. All of the gathered 

data were then summarized and sent back to the respondents involved in the 

studies to reduce the risk of researcher bias and misunderstanding. 

Regarding external validity, the four presented studies did not involve a 

large set of samples due to the exploratory nature of the research. Therefore, 

no claims can be made about the generalizability of the findings.  The 

empirical findings nevertheless broaden the empirical basis of research on 

automation in the wood products industry. 

Reliability concerns the replicability of findings (Yin, 2014). To ensure 

reliability, each research study included systematically prepared interview 

guides and protocols. Furthermore, notes were taken during the progress of 
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each study and summaries were written shortly after the completion of 

research. In addition, all of the interviews were recorded and transcribed. 

This practice ensured that the collected data were thoroughly documented.   
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4. Summary of papers  

This chapter presents the main empirical and theoretical findings from the 

four appended papers. A summary of each paper is provided first, and is 

followed by an overview of the aim and results of the research.  The chapter 

ends by discussing how the appended papers contributed to the research 

questions presented for this thesis. 

4.1 Paper I  

The purpose of this paper was to identify the current manufacturing 

challenges facing the wood products industry. The paper is based on a 

review of the literature, which adopted an international point of view, as well 

as empirical findings from the Swedish wood products industry. The 

manufacturing challenges were examined with regard to the following 

categories: (1) the human system, (2) the technical system, (3) the 

information system, (4) the material handling system, (5) the management 

system, and (6) others. 

The challenges identified for the human system category most often 

concerned competence, i.e. skills, education, experience. Attitude towards 

changes was also identified as a challenge. The industry was noted to be 

“traditional”, which cultivates a resistance to change.  

Regarding the technical system, the results indicated that underdeveloped 

technologies in manufacturing were one of the main reasons for why the 

wood products industry is at a disadvantage to other comparable industries. 

The underdeveloped technologies resulted in, among others, technical 

inefficiency and decreased productivity in manufacturing. The relatively 

high degree of manual manufacturing processes in the wood products 

industry was considered to stem from lack of knowledge and awareness of 

automation technologies. Furthermore, the empirical results emphasize that 

technical suppliers have an impact on the development of manufacturing 

technology. Limited supplier competence and limited supplier selection were 

identified to be challenging, since it slows technological development, and 

hinders competitive advantage.  

Several challenges were also identified in the information system 

category. The case company described the distribution and collection of 
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information to be challenging at both the operational and managerial level. 

The distribution of information proved challenging at the operational level 

because there was inadequate information on the shop floor. In contrast, the 

case company identified an excess of information at the managerial level, 

which was also perceived to be a challenge. 

The main challenges identified for the material handling system were 

related to the raw material. The raw material was described as bulky, which 

results in relatively high transportation costs. Moreover, the material 

handling often increased the material scrap.  

The managerial system suffered from a lack of leadership skills and from 

a vague relationship between the operational and managerial levels that led 

to both unmotivated and unsatisfied operators. Another identified challenge 

related to an excessive focus on solving day-to-day problems rather than a 

long-term style of thinking that could strengthen the company’s 

competitiveness. 

The catch-all category “others” included challenges related to the 

relatively high variation in raw material quality and raw material costs. The 

variation in the raw material placed a greater demand on the manufacturing, 

specifically with regard to the manufacturing processes. Furthermore, the 

empirical findings revealed that the primary focus of keeping production in 

Sweden was remaining superior to competitors from lower-cost countries. 

An overview of the identified manufacturing challenges in the wood 

products industry is presented in Table 11.    

Table 11: Manufacturing challenges in the wood products industry  

 
Manufacturing challenges 
identified in the literature  

Manufacturing challenges 
identified in the case study  

The human 

system 

 Competence  

 Motivated operators  

 Competence  

 Attitude to change 

The 

technical 

system 

 Underdeveloped 
production 
technology  

 Driving technology 
development  

 Technology 
investments 

 Technology 
flexibility  

 Underdeveloped 
production 
technology  

 Driving technology 
development  

 Technology 
investments 

 Technology 
flexibility 
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 Technical efficiency  
 

 Technical efficiency  

 Integrating 
processing functions 

 Supplier 
competence  

 Supplier selection 

The 

information 

system 

  Distribution of 
information  

 Collection of 
information 

The material 
handling 
system 

 Bulky material 

 Transportation costs 

 Bulky material 

 Transportation costs 

 Material scrap   

The 
management 
system 

 Quality 
management 

 Leadership 
competence 

 Utilization of 
resources at 
managerial level 

 Focus on solving 
daily problems 

 Shared company 
objectives at all 
levels  

Others  Raw material 
variation  

 Raw material cost  

 Product 
customization 

 Value added to the 
products 

 Material waste and 
product rework  

 Manufacturing lead-
time 

 Familiarity and use 
of different 
manufacturing 
philosophies  

 

 Raw material 
variation  

 Raw material cost  

 Product 
customization 

 Lag behind 
competitors from 
low cost countries  

 Keep the production 
in Sweden 
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4.2 Paper II 

The purpose of this study was to examine how the raw material influences 

manufacturing in the wood products industry in terms of productivity and 

efficiency. The factors influencing manufacturing were examined based on 

both direct and indirect influences. Direct influences refer to how raw 

material properties impact the manufacturing process. For this reason, 

wooden products with different raw material properties were examined and 

compared (finger-joint panel and solid panel). 

Indirect influences refer to how process-related activities can affect the 

influence that a raw material has on the manufacturing process. This was 

examined through interviews with the operators who were most familiar 

with the operational process. 

4.2.1 The direct influences 

Regarding the direct influences, the finger-joint panel showed a higher yield 

of quality A than the solid panel. Furthermore, the finger-joint panel resulted 

in a lower scrap rate.  Furthermore, the finger-joint panel required less 

machine hours than the solid wood panel. Table 12 shows that the finger-

jointed panel requires 7311 machine hours, whereas Table 13 demonstrates 

that the solid panel requires 7507 machine hours.   

Table 12: Yield and total machine hours for finger-joint panel 

 Yield (%) Machine 

hour (rm/h) Quality A Quality B 

Mean value 83.2 14.5 7311.9 

Standard error 3 61.5 61.5 

Table 13: Yield and total machine hours for solid panel 

 Yield (%) Machine 

hour (rm/h) Quality A Quality B 

Mean value 70.7 24.7 7507.3 

Standard error 1.8 1.4 112.4 

 

The stop times, organized according to the underlying reason, for finger-

joint- and solid panels are shown in figures 6 and 7, respectively. The most 
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common reason for stop time in both panels was the changeover time. 

However, the accumulated idle time for the finger-joint wood panel was 

more than double that of the solid panel. The total processing time for the 

finger-joint panel was 1755 minutes, while the time required to process the 

solid panel was 909 minutes.   

Figure 6: Stop time presented based on underlying reasons for finger-joint 

panel 

Figure 7: Stop time presented based on underlying reasons for solid panel 

4.2.2 The indirect influences 

Several operational factors, such internal manufacturing logistics, were 

identified as indirect influences. The transportation between inventories and 

the processing station, along with the existence of different processing 

stations, increased the risk of material defect, which in turn increases the 
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scrap rate. The inefficient transportation of the material within the 

manufacturing process was highlighted to be a result of poor manufacturing 

flow. However, logistics was not the only reason for the increased material 

scrap rate. The storage of the incoming raw material in the inventories was 

another challenge. The raw material was often bundled in large batches, and 

the risk of defects increased when trucks picked up smaller batches of the 

raw material to deliver to a different processing station.  

Furthermore, the machines were not perceived to be flexible enough to 

handle heterogeneous materials. Therefore, a large part of the manufacturing 

processes consisted of visual quality controls. In this way, the material 

quality, and thus scrap rate, depended on the operators; some operators 

might allow the material to continue while others would scrap it.  

4.3 Paper III 

The purpose of this paper was to examine how the levels of automation 

(LoA) affect operational performance. The paper also assessed whether the 

DYNAMO methodology is applicable to processing line systems in the 

wood products industry. The following research questions were addressed: 

(1) How does the changeover in physical and cognitive levels of automation

affect the material utilization and the production flexibility of processing line

systems in the wood products industry; and (2) To what extent is the

DYNAMO methodology applicable to these processing line systems?

Two processing lines at a wood products manufacturing company were 

examined: processing line A and processing line B. The processing lines 

performed similar tasks, but with different LoA. The average physical LoA 

at line A was 2.9 at line A, and at line B it was 2.4. The average cognitive 

LoA at line A was 2.4, and at line B it was 1.9.  

Regarding cognitive LoA, the study found that 52% of the decisions in 

line A were based on the operator’s judgment and 68% of the tasks in line B 

were totally dependent on the operator´s judgment. In terms of physical 

LoA, 65% of the tasks in line A were performed/monitored or partly 

performed/monitored by the operator, while 76% of the tasks in line B were 

performed/monitored or partly performed/monitored by the operator. The 

study also indicated that the operators were mostly involved in tasks 

regarding quality inspections, process monitoring, and handling 

disturbances.  
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4.3.1 The impact of changeover in levels of automation  

The results indicate that there is a relationship between changeover in 

physical LoA and production flexibility, as well as changeover in physical 

and cognitive LoA and material utilization. Changeover, when investigated 

in terms of physical LoA, mainly affected production flexibility by 

decreasing product customization flexibility. Higher physical LoA 

challenged the product customization ability since the handling of product 

complexity was limited. Some products demanded more from automated 

processes than others, and were thus perceived to be easier, as well as more 

profitable, to process manually.   

Furthermore, the results indicated that the physical and cognitive LoA 

significantly impact material utilization. The quality inspection operations 

were mainly performed visually, and thus, heavily depended on the 

operator’s judgment and experience, which clearly varied between the 

operators, see Table 14.  

Table 14: Visual quality control  

 Reworked (%) Back without rework 
(%) 

Operator A 77 23 

Operator B 67 33 

Operator C 90 10 

Operator D 91 9 

 

However, an automated quality inspection was performed in line A. The 

increased physical and cognitive LoA indicated that higher quality 

consistency could be achieved, see Table 15.  

Table 15: Automatic quality control  

 Scrap rate (%) 

Automated quality control 17 

 

4.3.2 The applicability of the DYNAMO methodology  

The DYNAMO methodology aims to quantify LoA; however, the reference 

scale provided in the DYNAMO taxonomy is more dependent on definitions 
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than quantities. It is important to note that the reference scale does not 

include a linear relationship for increases in LoA; this means that a LoA of 2 

does not signify a doubling in automation as compared to a LoA of 1. 

Furthermore, the definitions are open to interpretation, and this can cause 

confusion when trying to determine the appropriate LoA. Moreover, the 

DYNAMO methodology measures LoA at the task level and therefore 

cannot present a holistic view of LoA at a system level. 

The DYNAMO methodology was, to a certain extent, applicable to 

processing line systems in the wood products industry. The study provided 

insight into LoA of specific tasks, but could not be used for comparing 

processing lines at a system level in terms of changeover at the specified 

LoA. Furthermore, the DYNAMO methodology considers all tasks to be 

equal, and could therefore not consider how the individual tasks impact the 

system. For this reason, the analyses of changeover at specified LoA in the 

processing lines may be misleading because certain tasks may well have a 

larger impact on the system than others. Hence, the critical tasks in a system 

should be defined to gain a better understanding of how changeover in LoA 

affects system performance. 

4.4 Paper IV 

This paper aimed to identify automation challenges and opportunities in the 

wood products industry, and to strengthen the understanding of what factors 

affect automation decisions in the context of manufacturing. This 

identification of automation challenges and opportunities could help explain: 

(1) what stops wood products companies from investing in the automation of

manufacturing; and (2) what drives the wood products companies to

automate manufacturing.

The paper is based on empirical results obtained from four Swedish case 

companies (case A, case B, case C, and case D). Case A was a manufacturer 

of interior wood products, case B was a manufacturer of wooden doors and 

windows, case C was a supplier to a wood furniture company, and Case D 

was a wood construction company. The case companies identified a total of 

15 challenges and 10 opportunities for automation in manufacturing. These 

opportunities and challenges could be divided between the following aspects 

of manufacturing: (1) Management system, (2) Technical system, (3) Human 
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system, (4) Regulations, (5) Competitors, (6) Suppliers, (7) Customers, and 

(8) Additional aspects.

With regard to the management system, the companies were challenged

by a lack of automation strategies, a lack of knowledge regarding automation 

in manufacturing, traditional approaches, high investment costs, and focus 

on short-term goals. The findings indicate that automation decisions were 

based on gut feelings and previous experience rather than on systematic 

analyses. This was explained by an insufficient knowledge of manufacturing 

development, specifically of issues concerning automation. Furthermore, the 

findings highlighted that the mentality of the management needed to change. 

The industry was described as following traditional approaches, and 

employees in the industry felt that this also needed to change. High 

investment costs, which hindered the case companies from investing in 

automation due to a focus on short-term goals and return on investments, 

were another identified challenge for automation. However, the main reason 

for automation decisions in manufacturing was found to be the reduction in 

costs. 

Automation was viewed as challenging to the technical system based on 

the assumption that automation will reduce manufacturing flexibility. 

However, automation was also viewed as a tool that could potentially 

improve manufacturing productivity, result in higher quality consistency, 

and increase manufacturing capacity.  

The main challenges identified in the human system concerned operators’ 

attitudes to change and operators´ skills, while automation opportunities 

consisted of increased ergonomics in manufacturing and increased operator 

flexibility.  

With regard to the regulations, the empirical findings showed that the 

industrial practice regulations of Sweden, which includes the Work 

Environment Act and regulation of the physical environment regarding 

pollution, did not have crucial influence on the automation decisions.  

When the case companies evaluated automation from the competitor 

perspective, they emphasized the need to reduce costs in order to remain 

competitive in a market that includes competitors from countries with far 

lower wage standards than Sweden. Automation was viewed as an 

opportunity to increase company competitiveness and profitability, as well 

as to expand in the market. 

The supplier category was found to be crucial, as none of the case 

companies had a department in-house that was focused on developing 



automation technologies. Thus, the companies were dependent on external 

competence, and the relationship between the company and suppliers was 

therefore identified as critical and challenging with regard to the 

implementation of automation. Another identified challenge was the limited 

number of technical suppliers in the wood products industry in comparison 

to other industries, such as the automotive industry. The results further 

indicated that a low awareness of the available automation technologies for 

manufacturing in the wood products industry hinder the wood products 

manufacturers from investing in automation technology. Lastly, the 

company size was identified as a challenge, since the technical suppliers 

tend to respond faster to the demands of large companies than those of 

smaller companies.  

With regard to the customers, both the degree of product complexity and 

variety were found to impact automation decisions. Product customization 

requires a degree of flexibility that is sometimes limited by automation 

technologies. Furthermore, the uncertainty of customer demand was 

identified as a challenge since automation was considered to only be suitable 

for large volumes.  

The catch-all category of additional aspects included challenges linked to 

variation in the raw material consumed. The results indicated that flexible 

automation that can handle raw materials with a high degree of variation is 

necessary to achieving consistent quality. Another identified challenge 

related to the product development phase. Both the value that is added to the 

products and the profit margins were identified as relatively low, and thus, 

challenging. Furthermore, none of the case companies had a research and 

development department, which translated to a lack of product innovation as 

well as the inability to adapt products to the manufacturing process.  

In summary, all four case companies identified the lack of automation 

strategies, the lack of internal competence with regard to automation 

technologies, and the high initial investment costs to be challenges of 

automation. Furthermore, the case companies were unanimous in the belief 

that automation would provide opportunities for increasing profitability and 

competitiveness. The automation challenges and opportunities identified 

from the wood products case companies are presented in table 16 and table 

17. 

46 
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Case A Case B Case C Case D 

Strategies X X X X 

Competence X X X X 

Traditional approach X X 

Investment cost X X X X 

Short-term goals X X X 

Manufacturing 
flexibility 

X X X 

Attitude to change X X X 

Operator skills X 

Supplier relationship X X X 

Supplier selection X X 

Company size X X 

Product customization X X X 

Customer demand 
stability 

X X X 

Raw material X X 

Product development X 

Table 17: Automation opportunities 

Case A Case B Case C Case D 

Profitability X X X X 

Cost X X X 

Productivity X X X 

Quality X X X 

Capacity X 

Ergonomics X X 

Operator flexibility X 

Competitiveness X X X X 

Expansion X 

Product innovation X 

Table 16: Automation challenges 
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4.5 Contributions of the appended papers  

The contributions of the appended papers to the research questions addressed 

in this thesis are presented in Table 18.  

Table 18: Contributions of the appended papers to the research questions  

 RQ1: What is the 
current state of 
manufacturing 
operations in the 
wood products 
industry? 

RQ2: What are the 
potential 
opportunities for 
automation in the 
wood products 
industry? 

RQ3: What 
challenges can 
arise from 
automation in the 
wood products 
industry? 

Paper 
I 
 

The paper 
contributed to RQ1 
by identifying and 
categorizing 
manufacturing 
challenges that 
affect the wood 
products industry. 
The challenges 
were examined 
from an 
operational and 
managerial point of 
view with regard to 
several aspects of 
manufacturing. 

 The paper 
contributed to RQ3 
by identifying and 
categorizing 
manufacturing 
challenges that 
affect the wood 
products industry. 
The challenges 
were examined 
from an operational 
and managerial 
point of view, with 
regard to several 
aspects of 
manufacturing, 
among others, 
automation.  

Paper 
II 
 
 
 
 
 
 

The study 
contributed to RQ1 
by providing 
insight into how 
the raw material 
influences 
manufacturing 
operations in the 
wood products 
industry. 

  

Paper 
III 
 
 
 

The study 
contributed to RQ1 
by providing 
insight into the 
current levels of 

By exploring how 
automation affects 
manufacturing, the 
paper contributed to 
RQ2 and RQ3 by 

By exploring how 
automation affects 
manufacturing, the 
paper contributed to 
RQ2 and RQ3 by 
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automation and 
how they impact 
manufacturing in 
the wood products 
industry. 

presenting the 
automation 
challenges and 
opportunities in the 
wood products 
industry at the 
operational level. 

presenting the 
automation 
challenges and 
opportunities in the 
wood products 
industry at the 
operational level. 

Paper 
IV 
 
 
 
 
 

 The paper 
contributed to RQ2 
by identifying what 
opportunities of 
automation are 
perceived at the 
managerial level, 
and how these 
opportunities drive 
companies that 
manufacture wood 
products to invest in 
automate. 

The paper 
contributed to RQ3 
by identifying what 
automation 
challenges 
automation are 
perceived at the 
managerial level, 
and how these slow 
investments into 
automation 
technologies within 
the wood products 
industry.  
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5. Discussion and conclusions 

This chapter discusses findings from the appended papers in the context of 

manufacturing automation in the wood products industry. Thereafter, the 

contributions and limitations of the presented research are presented. The 

chapter ends with suggestions for future research and concluding remarks.   

5.1 Discussion 

The research underlying this thesis examines automation decisions in the 

wood products industry. This industry significantly affects Sweden’s 

prosperity (NRA Sweden, 2012) and has been urged to improve productivity 

to maintain profitability (Sandberg et al., 2014).  

The research topic was examined from the manufacturing strategy 

perspective. The reason that this field was chosen is clarified in the problem 

formulation earlier in this thesis, which indicates that automation could 

increase the competitive advantage of companies in the wood products 

industry. Earlier research has shown that a well-defined strategy precedes  

the successful implementation of automation (Dekkers et al., 2013, Garrido-

Vega et al., 2015), yet many manufacturing companies do not take this into 

consideration (Winroth et al., 2007). Therefore, the research underlying this 

thesis aims to provide a better understanding of automation decisions in the 

wood products industry. More specifically, the purpose of this research 

presented in this thesis was to increase knowledge regarding which aspects 

should be taken into account when automation decisions are considered in 

the wood products industry. Three research questions were addressed to 

fulfil this purpose.  

5.1.1 What is the current state of manufacturing operations in 

the wood products industry?  

The first research question (RQ1) focused on the current state of 

manufacturing operations in the wood products industry. Manufacturing 

operations were considered to be part of a transformation system that 

converts raw materials into a finished product (Groover, 2007) by utilizing 

human, technical, information and management systems.  
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Research paper I provides an overview of the manufacturing operations 

by identifying manufacturing challenges within the wood products industry. 

Raw material was found to be one of the factors that greatly impacts the 

industry. Wood is a somewhat unique material since it is heterogeneous, 

which means that its appearance depends on different biological factors, all 

of which also affect its properties (Wodzicki, 2001). This is highly relevant 

to the manufacturing processes (Eliasson, 2011), especially when they are 

compared to the processes of industries that consume homogenous raw 

materials and do not handle the same extent of material variation (Karltun, 

2007). The anisotropic character of wood is a major challenge for the 

industry, and many authors have also highlighted how the high variability in 

wood properties causes difficulties with regard to several aspects of 

manufacturing (Eliasson, 2014, Pirraglia et al., 2009, Kozak and Maness, 

2003, Schuler and Buehlmann, 2003). This was confirmed in Research Paper 

I, as the raw material was identified to be one of the core challenges 

affecting manufacturing operations in the wood products industry. More 

specifically, the challenges were related to bulky and costly materials, 

variation in the material received from suppliers, and human inconsistency 

with regard to visual quality controls, all of which are common in the 

industry (Karltun, 2007).   

The implications of raw material characteristics were further investigated 

in Research Paper II, which examined how raw material properties impact 

the manufacturing in terms of productivity and efficiency. The results 

indicated that variation in the properties of incoming raw materials 

significantly impacts manufacturing yield. However, this variation did not 

have a noteworthy impact on the amount of machine hours used during 

manufacturing.  

Moreover, the findings from Research Paper I indicate that 

manufacturing operations in the wood products industry are characterized by 

a low degree of education and skills. This was noted to be a challenge in the 

industry since it discourages the development of manufacturing operations. 

This factor has also been emphasized by previous researchers, who point out 

that inadequate education in the industry negatively affects the competitive 

advantage of manufacturing operations (Pirraglia et al., 2009, DeLong et al., 

2007, Sowlati and Vahid, 2006, Bumgardner et al., 2005, Hoff et al., 1997). 

Operators in the industry often have a low degree of education, and are 

missing certificates and/or operation licenses (Karltun, 2007). Furthermore, 

wood products manufacturers are facing challenges in the recruitment of 
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competent operators (Korhonen and Niemelä, 2005, Hoff et al., 1997). A 

possible explanation, which was identified in both Research Papers I and IV, 

is that the industry is perceived to be outdated and traditional. Karltun (2007) 

also emphasized that rapid turnover in the labor force should be considered 

as a factor for the inadequate competence in the industry. One interesting 

discussion point is that previous literature has mainly focused on the topic of 

inadequate competence by concentrating on the shop-floor workforce. 

However, Research Paper I showed that poor competence and outdated 

information exist at the managerial level as well. This aspect must also be 

taken into consideration when discussing the degree of competence in the 

industry as a potential competitive advantage.  

Furthermore, the results confirmed the low extent to which automation 

technologies are utilized in manufacturing operations of the Swedish wood 

products industry, as had been earlier recognized by, among others, Karltun 

(2007) and Eliasson (2014). However, this phenomenon is not restricted to 

the Swedish industry, as it has been observed in other countries as well 

(Sowlati and Vahid, 2006), indicating that the industry is characterized by 

handicraft. This characteristic has several implications for the industry since 

the low extent to which automation technologies are used in manufacturing 

impacts various aspects, for example, the work environment, which has been 

described as physically demanding (Karltun, 2007). It is important to note 

that claims of low levels of automation (LoA) in the industry have often 

been based solely on observations rather than quantification. Research Paper 

III added to empirical studies of the levels of automation in the wood 

products industry by quantifying LoA and examining how the levels impact 

manufacturing operations. The study found tasks that are common in the 

manufacturing and then quantified the levels of physical and cognitive 

automation for each task. This approach identified key issues related to the 

physical and cognitive automation of the tasks. The most common tasks 

were related to quality control, maintaining a process, as well as handling 

possible disturbances in the system. These tasks were mainly performed by 

the operators in either a totally manual way or with the help of static tools. In 

this way, the physical LoA were relatively low. Moreover, the cognitive 

LoA were even lower than the physical LoA since the operator either lacked 

information on some of the tasks or did not use the information provided. 

Thus, the majority of tasks were performed based on an operator's 

knowledge and experience. A study conducted by Popovic and Winroth 

(2016) compared LoA in various industries and found that the physical LoA 
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in the wood products industry are at an intermediate level but the cognitive 

LoA are at the lower end of the spectrum.  

One interesting discussion point is that previous research has mostly 

addressed the physical LoA (Eliasson, 2014, Sowlati and Vahid, 2006, 

Kozak and Maness, 2003), whereas Research Paper III investigates both the 

physical and cognitive LoA in the wood products industry. It has been 

suggested that cognitive automation (Frohm et al., 2008, Fasth and Stahre, 

2008) is neglected in the industry despite having a major role in 

manufacturing due to, among others, visual quality control of the raw 

material consumed (Karltun, 2007, Kozak and Maness, 2003). Therefore, 

paper III suggests that LoA need to be considered in terms of both physical 

as well as cognitive aspects.  

Another finding related to the cognitive aspect of automation focused on 

information systems in manufacturing. The case company in Research Paper 

I struggled to collect and share the right type and amount of information in 

manufacturing, which resulted in both unreliable data collected from 

manufacturing as well as dissatisfaction among the operators. Thus, it was 

clear that the relationship between the operational and the managerial levels 

was suffering. This provided insight into the hierarchical structures of 

organizations in the manufacturing industry. 

Furthermore, the wood products industry was found to be characterized 

by its products. The Swedish industry is currently challenged by the low 

value of product refinement (NRA Sweden, 2012, Karltun, 2007). However, 

Research Paper I indicated that high product customization is a challenge. It 

is important to note that the extent of customization was described as a 

minor challenge since it often dealt with color and dimension changes rather 

than functional modifications.  

Lastly, an empirical finding that specifically relates to the Swedish 

industry is that manufacturing companies are afraid of lagging behind 

competitors from “low cost countries”, which challenges companies to keep 

their manufacturing operations in Sweden.  

5.1.2 What are the potential opportunities for automation in the 

wood products industry?  

The second research question aimed to increase knowledge regarding 

opportunities for automation in the wood products industry. The term 
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opportunity is used to describe the aspects that drive automation in the 

manufacturing industry.  

The opportunities for automation were mainly examined in Research 

Paper IV, which indicated that the case companies tend to concentrate on the 

challenges that can arise from automation rather than the opportunities for 

automation. This might be due to low familiarity with, and knowledge about, 

automation technologies in the industry (Eliasson, 2014, Karltun, 2007, 

Sowlati and Vahid, 2006). The case companies agreed that first and 

foremost, the opportunities for automation lie in increasing competitiveness 

and profitability by reducing manufacturing costs. However, the literature 

has shown that the expected outcome of automation is usually not achieved 

when the core focus of automation decisions emphasizes a reduction of the 

manufacturing costs (Säfsten et al., 2007).  

Paper IV also found that companies viewed automation as an opportunity 

to increase productivity, quality, capacity, ergonomics, operator flexibility, 

and product innovation, as well as expand in the market. Interestingly, the 

case companies that described low familiarity with automation technologies 

in manufacturing focused on profitability, cost, productivity, and quality 

aspects. Thus, these companies focused mainly on the economic value of 

automation, which is usually the case with manufacturing companies that are 

unfamiliar with automation and utilize it to a lower extent (Groover, 2007). 

The case company that mentioned using a higher degree of automation in 

manufacturing, and was thus more familiar with automation, identified the 

most opportunities, for example, increasing capacity, ergonomics, and 

operator flexibility as well as expanding in the market. Even though the 

subject of ergonomics, which considers a human factor perspective in 

automation (Wickens et al., 2004), was identified, the case company still 

emphasized the economic value of automation opportunities by stressing the 

sick leave aspect.  

Another opportunity for automation in the wood products industry was 

identified in Research Paper III, which found that cognitive automation 

significantly impacts quality consistency and scrap rate. Low cognitive LoA 

were identified to cause variability in terms of quality. However, the 

introduction of higher cognitive LoA can decrease the amount of variability. 

Previous research has emphasized that more stringent control of incoming 

raw material, for example, by using scanners, can enhance the consistency in 

quality (Eliasson, 2014), but this option might be more costly for 

manufacturing companies than increasing the cognitive LoA.  



56 

 

5.1.3 What challenges can arise from automation in the wood 

products industry?  

The third research question aimed to provide a better understanding of the 

automation challenges that exist in the wood products industry. These 

challenges refer to aspects that deter the industry from implementing 

automation in manufacturing.  

Research Paper I examined the challenges that arise from the basic 

components in a manufacturing system in the wood products industry, 

considering, among others, automation. The paper indicated that the low 

level of automation in the wood products industry is a result of a low level of 

familiarity with, as well as use of, automation technologies. This finding is 

consistent with previous research (Pirraglia et al., 2009, Sowlati and Vahid, 

2006). However, while the literature has emphasized that the low utilization 

of, and familiarity with, automation technologies challenges manufacturing 

companies, Research Paper IV also found that an inadequate knowledge of 

what companies in the wood products industry need exists among the 

technical suppliers.  

Another factor that was found to deter companies from automating 

manufacturing was the raw material consumed in the wood products 

industry. Flexible automation solutions are essential due to both the 

anisotropic nature of wood, as well as the high variability in its 

characteristics. This challenge has also been identified by Pirraglia et al. 

(2009) and Karltun (2007), among others. Research Papers I and IV 

indicated that variation in the raw material is one of the main challenges that 

manufacturing companies face when considering automation technology. 

This finding was supported by Research Paper II, which confirmed that case 

companies perceived the flexibility of automation technologies to be 

inadequate in relation to the variation in raw material characteristics. This 

challenge was also emphasized in Research Paper III, as physical LoA were 

found to affect the manufacturing flexibility. The flexibility of 

manufacturing technologies has been found to challenge companies 

operating in numerous industries (Kaur et al., 2017, Swink et al., 2005). 

However, manufacturing companies in the wood products industry stress 

that the heterogeneous nature of wood is particularly challenging for their 

activities.   

Furthermore, quality inspections are common in the industry and are 

usually performed manually. Previous research has stated that this is a major 
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challenge since it results in inefficiency and inconsistencies in quality. 

Therefore, various researchers have proposed that the industry needs more 

stringent control through machinery (Eliasson, 2014, Karltun, 2007). 

However, Research Paper III indicated that the cognitive LoA significantly 

impact the manufacturing yield. The grading of quality varied considerably 

between operators since the operators were found to lack adequate 

information. The paper indicated that an increase in cognitive LoA would 

lead to an increase in quality consistency. Research Paper II confirmed this 

finding through the realization that the operators either did not have 

guidelines for how to perform the quality controls or did not use the 

provided guidelines, which meant that the operators had to trust their own 

judgment. Therefore, this particular study considered the cognitive 

automation to be at least equally important to quality inspections in the 

manufacturing industry as physical automation. 

Flexibility and quality were two further dimensions that were found to 

challenge the wood products industry in all the studies included in this 

thesis. Both of these dimensions are common competitive priorities in 

manufacturing strategy (Hill, 2000, Hayes and Wheelwright, 1984, Skinner, 

1969). Thus, this finding proves that the wood products industry views 

flexibility and quality dimensions as competitive priorities. However, the 

manufacturing side of the industry is struggling with these aspects. 

Other challenges that were identified in Research Paper IV were related 

to a company’s size and manufacturing profile. Automation is often linked 

with large investments and the need for resources (Fasth and Stahre, 2008, 

Winroth et al., 2007), both of which present a challenge for manufacturing 

companies. This is particularly relevant as most Swedish wood product 

manufacturers are small- or medium-sized companies (NRA Sweden, 2012). 

Automation was viewed as profitable for companies that have stable 

customer demands and standardized products; however, the case companies 

stressed that this did not fit their manufacturing profiles.  

Previous literature has indicated that automation decisions need to be 

based on well-defined strategies and consider all the relevant manufacturing 

aspects to achieve the best result of automation (Dekkers et al., 2013, Säfsten 

et al., 2007), and the presented research articles confirmed these suggestions. 

The empirical findings showed that different aspects of manufacturing 

interact and impact each other, especially with regard to automation, human 

resources, and the raw material. This approach is currently not used when 

considering automation decisions, as research paper IV noted that a majority 
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of automation decisions in the wood products industry are based on “gut 

feeling” and previous experience with automation. It was suggested that the 

lack of strategy results from insufficient knowledge of manufacturing 

development, specifically with regard to automation technologies. This may 

be one of the core challenges that the industry is struggling with. 

Furthermore, this may be one of the reasons why the case companies were 

more focused on the challenges of automation rather than the opportunities, 

and showed a sceptic view towards automation. 

5.2 Scientific and industrial contribution  

The research presented in this thesis contributed to increasing knowledge on 

automation decisions in the wood products industry. Both theoretical and 

empirical findings (Research Papers I, II, and III) provide a better 

understanding of manufacturing operations in the wood products industry, 

specifically with regard to automation issues. The presented research also 

provides insight into the factors that underlie automation decisions in the 

industry by identifying potential automation challenges and opportunities 

(Research Paper IV). The appended papers examine automation while taking 

into consideration various aspects of manufacturing to identify the aspects 

that should be considered during automation decisions in the wood products 

industry. This contributes to filling gaps in the current literature, which is in 

its infancy regarding automation decisions in the industry. The topic was 

examined from the manufacturing strategy perspective, and therefore 

contributes knowledge to this theoretical area.  

Moreover, manufacturing companies can use the empirical findings from 

the presented research to better understand the contextual conditions of 

manufacturing operations. This can help companies understand some of the 

manufacturing aspects that might affect the implementation of automation in 

the wood products industry. Since automation is viewed as essential to 

maintaining competitiveness in the industry (NRA Sweden, 2012), and there 

is currently insufficient knowledge of, and familiarity with, automation 

technologies (Eliasson, 2014, Sowlati and Vahid, 2006), the identified 

automation challenges and opportunities are valuable for any manufacturing 

company that is planning to implement automation. The findings can guide 

managers in the wood products industry regarding what should be taken into 

account during automation decisions.   
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5.3 Limitations 

The research presented in this thesis was mainly based on literature reviews 

and the case study method. The choice of research method impacts the 

findings, as well as the scope of the conclusions (Yin, 2014). Research Paper 

I, which contributed to RQ1 and RQ3, employed a traditional literature 

review and a single case study. Considering that the single case study 

provides only a limited sample, the findings cannot be claimed to be 

generalizable. However, the study was complemented with a traditional 

literature review, which gathered findings from an array of previous studies. 

This enabled a comparison of the established research and the empirical 

findings. In this case, the literature review strengthened the reliability of the 

obtained findings. The literature review was not limited to a specific period 

or type of publication since the size of the resulting sample was manageable. 

This provided a broader view of published work; however, the keywords 

used in the literature review might not have identified certain studies that 

would have been relevant for the study. Furthermore, traditional literature 

reviews are often considered to lack thoroughness (Tranfield et al., 2003). 

However, a literature review was chosen as an introductory approach in the 

presented research, and was used to gain an overview of the wood products 

industry as this field is still in its infancy phase.  

Research Papers II and III were complementary and provided further 

insight into specific aspects of the manufacturing that were identified as 

challenging in Research Paper I. Research Papers II and III contributed to 

RQ 1, but Research Paper III also contributed to RQ2 and RQ3. Single case 

studies were performed in Research Papers II and III. However, Research 

Paper II employed triangulation, i.e. several data collection techniques, to 

increase validity. Research Paper III measured several sources and applied 

investigator triangulation to enable the comparison of findings. Furthermore, 

the data collection process was supported by structured frameworks, such as 

Microsoft Excel spreadsheets, to increase transferability. Thus, the internal 

validities of Research Papers II and III were strengthened. However, the 

findings from these studies are not generalizable since the underlying 

research had a limited range of data collection.  

Research Paper IV contributed to RQ2 and RQ3, and was based on 

multiple case studies. Although four different business areas within the wood 

products industry were covered to broaden the view of the topic and enable 
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cross-sectional analysis, the number of cases was still limited. Further 

empirical studies, along with a deeper theoretical anchoring, are necessary 

for a more reliable view of automation challenges and opportunities in the 

wood products industry.  Nevertheless, the presented findings did broaden 

the empirical basis of existing research on automation in the wood products 

industry, specifically with regard to the reasons that either motivate or deter 

automation decisions.  

5.4 Future research  

This thesis aimed to increase the understanding for the various aspects of 

manufacturing that need to be taken into account when considering 

automation decisions in the wood products industry. Although a number of 

several business areas within the wood products industry were presented in 

this thesis, the number of cases is limited. Further empirical studies would be 

needed to broaden the sample and compare the findings. That would also 

strengthen and allow for comparison between different business areas within 

the wood products industry.  

Furthermore, the research in this thesis has mainly examined automation 

decisions considering the main components of a manufacturing system that 

allows the transformation from raw material to finished product. Thus, the 

research regarding automation decisions were initiated through systems 

perspective. This was done to establish basic knowledge of automation 

decisions in manufacturing operations in the wood products industry. Future 

research can expand the findings by exploring additional aspects in the 

manufacturing strategy. This can be done through a structured literature 

study on the impact of automation decisions on all of the strategic decision 

areas in manufacturing strategy. These results can then be complemented by 

further empirical studies in the wood products industry to enable a 

comparison between the outcomes. 

In addition, when a comprehensive understanding is provided on the 

aspects that need to be taken into account when considering automation 

decisions in the wood products industry, the next step is to explore how this 

knowledge can be put into practice in the industry through structured 

approaches.  
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5.5 Concluding remarks  

The research underlying this thesis was initiated with a traditional literature 

review, which concluded that efficient manufacturing technologies are 

essential to support the development and maintain profitability of the 

Swedish wood products industry. Furthermore, the literature emphasized that 

the implementation of automation requires an understanding of how 

automation decisions will affect relevant aspects of manufacturing 

operations to achieve the most competitive results. There is currently a lack 

of knowledge regarding this issue in the wood products industry. The 

contextual influence of the industry and the impact of the material on 

automation decisions have not yet been fully described in the literature. For 

this reason, this thesis aimed to increase the knowledge regarding which 

aspects that should be taken into account when automation decisions are 

considered in the wood products industry. 

Empirical findings indicate that automation decisions in the wood 

products industry tend to be based on “gut feeling” and previous experience 

with automation rather than well-defined decisions and strategies. 

Furthermore, research in this thesis has shown that there is an interaction and 

an impact between automation decisions and other relevant manufacturing 

aspects. The research in this thesis has, among others, highlighted that the 

raw material consumed in the wood products industry as well as the human 

resource can have a significant impact on automation implementation results 

in the wood products industry. Therefore, this thesis concludes that 

automation decisions need to take into account how automation affects other 

aspects of manufacturing with regard to the contextual influence of the 

industry studied.   
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