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Abstract  
In a changing and globalized world, companies are faced with an ever-increased 

competition. This rapid change has made a big impact, where automation, complex 

production and customization are common requirements in order to stay competitive. Due 

to more complex production, companies need to prioritize safety aspects simultaneously as 

they develop internal processes. 

 

The addressed problem in this thesis have been centralized to the department 

Massamagasinet at Södra Cell in Mönsterås, mainly due to their experienced safety 

problems regarding forklifts and heavy vehicles. Due to the chosen context, a case study 

has been conducted in order to create an in-depth understanding of Södra’s witnessed safety 

issues. The executed thesis has been characterized by three theoretical perspectives: Multi 

Causational Theory, Unified Theory of Acceptance and Use of New Technology as well as 

Virtual Reality. Thanks to the theories, an identification of safety shortcomings as well as 

user requirements was made possible. The context and theoretical perspectives have 

consistently been linked to chosen technologies, Virtual Reality simulators and RFID. 

Furthermore, interviews with users as well as software-developers have provided a broader 

perspective, regarding the situation and techniques mentioned above.  

 

Results generated, includes both technical possibilities and limitations based on the thesis 

initial perspective. Moreover, it has been shown that a potential reduction of identified 

shortcomings is possible, by using a Virtual Reality simulator and RFID system. However, 

it’s worth mentioning that such implementations and the advantages they potentially might 

generate, are feasible first when prevailing requirements regarding the techniques are 

carefully considered. Investments of similar character require both human and financial 

resources, where maximum value can be achieved first if the employees stands positively 

against such implementation. Thanks to the theory Unified Theory of Acceptance and Use 

of New Technology, this thesis has been enriched with an additional perspective which 

aimed to investigate how Södra in general, and Massamagasinet in particular, stands 

towards new techniques. 

 

Keywords: Safety shortcomings, Virtual Reality simulator, RFID, sawmill industry, 

Multi Causation Theory, Unified Theory of Acceptance and Use of New Technology.  
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1. Introduction 
This chapter aims to create an overview regarding this thesis subject. Background, previous 

research, purpose, research question, boundary and target group will be presented below. 

1.1 Background 

Before the society as known today, we lived in a society characterized by agriculture and 

man power. As time passed by, people and companies in general started to notice the 

importance of productivity and efficiency, which led to a need of reducing the labor in this 

sector. Instead of working in the agriculture, the industrial sector increased and define what 

today is mentioned as the first industrial revolution. This change derives from an increased 

focus on productivity, which can be seen as a continuous ambition throughout all the 

industrial revolutions. During these, productivity increased due to a combination of 

resources such as man-power and new technologies. Furthermore, this generated new jobs 

within the service businesses where the most valuable resource went from machines to 

information (Weber, 2014). With this in mind, new techniques and tools for an efficient 

handling of information has been developed and contributed to what are nowadays called 

digitalization. In the twentieth century, digitalization has made a huge impact, not only in 

people’s everyday life, but also in the way companies conduct their businesses in an ever 

changing and global environment.  

 

With new and upcoming requirements from customers and the society, organizations need 

to optimize their offerings as well as develop their internal processes in order to stay 

competitive. Delivery experience, availability, efficiency and the environmental impact are 

a few examples of crucial aspects for companies to fulfill. Within this era, new business 

models and techniques has gained more and more attention due to increased expectations 

and possibilities. In relation to the ongoing digitalization, the production of data has 

fundamentally increased due to new techniques.  

Therefore, a critical success factor for companies today, is to store, process and utilize 

available data. Both public and private companies are forced to make quick decisions on 

changing circumstances, at tactical, operational and strategic level. Essential for such 

decisions are data, although, it requires an analysis before its value can be realized (Ramesh, 

Dursun & Efraim, 2017). 

This has led to the commonly used word, Big Data, which is characterized by some of the 

following aspects: Volume, Variety, Velocity, Value and Veracity of the data. Big Data, 

with its value and possibilities, has since 2005 been explored and used by companies to 

create a better understanding and insights about their customers, as well as taking more 

intelligent decisions (Oracle, n.d.).  

 

As earlier mentioned, an efficient handling of data, together with digital techniques, has led 

to new possibilities in order to make companies more efficient and productive. 

At first, automation was characterized by robots and machines within manufacturing, 

although, when talking about automation nowadays, it’s not only referred to manufacturing 

but also a huge part of operations in different sectors (Ghobakhloo, 2018). Since the Third 
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industrial revolution in the 1970’s, automation is today dependent on even more 

computerized technologies and data such as Artificial Intelligence and Internet Of Things.  

 

In relation to automation and Internet of Things, an important component when it comes to 

gathering huge amounts of data, which enables machine to machine communication, are 

sensors (Ramesh, Dursun & Efraim, 2017). Together with Augmented- and Virtual Reality, 

the techniques mentioned above constitute a part of what today is described as the fourth 

Industrial Revolution. Although, Ghobakhloo (2018) points that the revolution hasn’t 

entered yet, but with new and more powerful tools, the fourth industrial revolution and its 

full potential, are soon realized. In this era, companies will interact seamlessly, internally 

and with each other. This requires an integration of the above described technologies, which 

is supported by information and communication technology. Industry 4.0 integrates the 

virtual and physical environment, where production with higher complexity and 

customization can be solved through a combination of Cyber-Physical Systems, Semantic 

Communication between machines, as well as Internet Of Things. As a result of the 

increased use of machines within the automation, additional requirements regarding the 

environmental impact has been actualized, both in terms of machines, but also in general. 

The trend today is clear: companies are fully committed to develop electrified solutions 

(Semcon n.d.)  

 

In general, companies need to rearrange their internal processes, in order to meet new 

demands from customers as well as the society. This change will and have already made a 

big impact on companies and their operations in order to survive and stay competitive. As 

a result of these changing circumstances, due to more complex production, automation and 

customization, companies need to prioritize safety aspects in order to avoid an imbalance 

between productivity and safety. Vasudevan and JunSon (2011) describes that productivity 

and safety can collide, when existing or new industrial facilities are developed.  

 

Due to the increased requirements from both customers and shareholders regarding 

profitability and productivity, safety work is sometimes overlooked. 

 

Within the evolution of new techniques, possibilities and an understanding of the 

expectation’s companies face today, this thesis aims to clarify how techniques such as 

Virtual Reality and RFID potentially can decrease safety shortcomings within a sawmill 

facility. Mylek and Schirmer (2015) emphasizes that safety problems are common in the 

forestry industry and describes it further as one of the most dangerous industries in the 

world. They also mentioned that the situation has received more attention over the last few 

years, but it still lacks a huge amount of documentation and data.  

 

This thesis will be conducted in collaboration between Kalmar Global and Södra, which 

both have a huge interest of the upcoming results, although from different perspectives. 

Kalmar Globals interest derived from their overall strive towards being a service-driven 

company, where technologies such as Virtual Reality and RFID are prioritized in order to 

optimize their customers operations, and thus create additional value. Södra, which refine 
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raw wooden materials and produce pulp, have during the last years experienced a lot of 

accidents within their operations and has therefore recently started an internal safety 

program. Besides their program, this thesis will contribute with additional understanding 

and insights on how a Virtual Reality simulator as well as an RFID system potentially can 

improve safety. According to previous research, written by Mylek and Schirmer (2015), and 

the circumstances described above, the importance of this thesis clarifies.  

  

1.2 Previous research 

As mentioned in the previous chapter, this thesis will focus on Virtual reality and RFID in 

relation to safety shortcomings within a sawmill facility. The appearance of Virtual Reality 

devices was first introduced 1962, when the machine Sensorama was developed. However, 

it wasn’t until the nineteenth century before the technology received more attention and was 

seriously considered as a part of the entertainment business. Although, the development of 

Virtual reality devices, and its usability, wasn’t realized until 2010. The reason behind this 

late entrance on the market, was mostly because of a trailing software development (Pope, 

2018). Virtual Reality has to today’s date been used in several areas and businesses. As a 

result of the investigations that have been made, Vaughan, Gabrys and Dubey (2016) 

explains that medical, industrial- and commercial training, serious games, remote training, 

and rehabilitation are the most common areas where Virtual Reality has been applied. The 

use of Virtual Reality has mostly been realized through development of devices such as 

Head-mounted displays, simulation games, as well as a combination of head-mounted 

displays and body equipment in order to achieve a “real life” experience. Additional value 

of using Virtual reality within industry and commercial training, lies in its capability to 

exercise during sharp circumstances.(Vaughan, Gabrys & Dubey, 2016) 

 

When looking at previous research, several differences in the application of Virtual Reality 

are described, which can be related to the previous mentioned areas of use. Since the focus 

of this thesis is related to a Virtual Reality simulator and RFID system within a sawmill 

facility, a number  

of articles which debates different application areas for the industry we’ll be presented. To 

give an illustration, Virtual Reality can be applied to areas such as training and education 

(Nazir et al. 2015; Vaughan, Gabrys and Dubey, 2016 ), as well as simulating industrial 

facilities in order to avoid hazards when implementing new machines or vehicles (Novak-

Marcincin, 2011; Bordegoni & Ferrise, 2013). To emphasize the value that Virtual reality 

can bring to the service-and maintenance sector, Borsci, Lawson and Broome (2015) 
explains that the entire market for automotive industry related to service and maintenance, 

had a turnover of 166,5 billion in 2012, where the total sales of cars during the same period 

was 65 billion units. With this in mind, an understanding of how new technologies can 

improve service quality, emphasizes.  

 

As earlier mentioned, numerous studies have been made in the area regarding Virtual 

Reality. Several papers have a dedicated focus on how the technique has been applied within 

the gaming industry, as well as a training method in various businesses. However, there is 
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an obvious gap when it comes to research made in terms of the interplay between safety 

shortcomings within the sawmill industry and its potential to decrease such with a Virtual 

Reality simulator and RFID system.  

 

1.3 Problem background 

It’s a well-known fact that companies are struggling to meet their customer needs in a global 

market as well as meet or exceed financial targets (DI.se, 2017). 

In order to achieve this, new and modern, or updated facilities are often required. 

Furthermore, Vasudevan and JunSon (2011) explains that companies within the 

manufacturing industry, are expected to retain a high level of productivity, and at the same 

time ensure a safe working environment. As can be seen in Vasudevan and JunSon’s (2011) 

article, the relationship between productivity and a safe working environment are sometimes 

difficult to maintain at the same time. Although, one should not overlook the importance of 

a high safety level, since Mylek and Schirmer (2015) describes that a safe working 

environment can generate some of the following benefits: Higher Productivity, Decreased 

Stress-Levels and Higher Job Satisfaction for employees. 

 

In relation to this thesis, the magazine Canadian occupational safety (2017), have identified 

the most common causes of an accidents emergence within the sawmill industry as: young 

and new employees, employees taking shortcuts, high stress levels, distracting moments and 

lack of focus and personal influencing factors. The conclusions that can be drawn from this 

is the obvious fact that described factors could be analyzed in relation to this thesis and the 

chosen company, and later investigate how these potentially could be reduced through the 

use of Virtual Reality simulators and RFID. Based on the majority of the reasons described 

above, it’s considered to have a connection between a lack of education, training and the 

methods used to ensure a safe working environment. 
  

1.4 Purpose 

The purpose of this thesis is to investigate how safety problems in relation to forklifts and 

heavy vehicles within a sawmill facility potentially can be reduced through the use of 

Virtual Reality simulators and an RFID system. 

 

1.4.1  Research questions  

Safety shortcomings within a sawmill facility. 

- How can Virtual Reality simulators and RFID potentially decrease the most common 

identified safety problems? 
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1.5  Boundary  

This thesis will have its primarily focus on How Virtual Reality simulators and RFID system 

potentially can decrease experienced safety shortcomings within a sawmill facility. The 

chosen company, which the thesis will address towards, consists of multiple business 

departments and are located in various geographical locations. Therefore, our main focus 

will be safety problems within the department Massamagasinet at Södra Cell in Mönsterås. 

Due to several accidents and incidents, with varying degrees of consequences regarding 

forklifts and heavy vehicles, Massamagasinet and its processes has been chosen as our key 

area 

1.6 Target group 

Our thesis is primarily aimed to Kalmar Global, and especially representatives from Kalmar 

Services. Since the organization wants to accelerate in digitalization and further develop 

their service offering, this thesis will hopefully generate useful insights regarding a Virtual 

Reality simulator, RFID system and the requirements Södra see as essential of such 

techniques. In addition to Kalmar Global, the contribution which this thesis aiming to 

generate, could be used as an enabler for Södra and how they can utilize Virtual Reality 

simulators and RFID system in their operations. Due to Södra’s experienced safety 

problems, they constitute the most vital stakeholder. All things considered, this thesis is also 

considered as interesting for not only the mentioned stakeholders above, but also companies 

within industries with similar characteristics. Likewise, we hope this thesis will appeal to 

students and people in general who find Virtual Reality simulators and RFID interesting.  
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1.7 Disposition  
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2. Theory  
This chapter will give an introduction to the theories which have been used in this thesis. 

Multi Causational Theory, Unified Theory of Acceptance and Use of Technology, Virtual 

Reality as well as RFID will be described with a purpose to create a better understanding 

for further reading. The overall aim for the thesis is thus, as mentioned earlier, to investigate 

how a Virtual Reality simulator and RFID system potentially can prevent accidents and an 

unsafe working environment. 

 

2.1  Multi Causation Theory 

This section will give an introduction to the theory Multi Causational Theory, where the 

intention is to give the reader a better understanding throughout the entire thesis. The 

purpose by using this theory, is to investigate why Massamagasinet is considered as an 

unsafe workplace and identify the underlying causes which generate this.  

 

Heinrich (1959), developed the theory Causation Theory, and is seen as a pioneer within the 

accidents-and causation theories. Moreover, Heinrich was the man behind the Domino 

Theory, which clearly stated that an accident was a result of a single cause. From these facts, 

Dan Petersen (1971) instead meant that an accident in general arose from several causes, 

and therefore developed the Multi Causational Theory (see figure 1). (Hosseinian 

&Torghabeh, 2012) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Multi Causation Theory.  
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By comparing them, it makes clear that Petersen ́s theory is far more comprehensive and 

complex regarding the reasons why an accident occurs. Furthermore, the Multi Causational 

Theory is divided into two sections: Unsafe Acts and Unsafe Conditions. 

These can be derived from an assessment of whether a problem is caused by Human 

Actions, the Physical Environment, Tools or Routines. Unsafe Acts as well as Unsafe 

Conditions, consist of inherent Sub-causes, which is critical to identify and eliminate in 

order to work preventive. (Hosseinian &Torghabeh, 2012) 

 

2.1.2  Immediate causes 

Below follows a description of two immediate causes: Unsafe Acts and Unsafe Conditions, 

which contribute to an unsafe workplace. Also, a description of its inherent Sub-causes, 

which probably have a clear impact to occurred events and accidents. 

 

 
2.1.2.1  Unsafe Acts 

As earlier mentioned, Unsafe-Acts are one out of two important aspects of Multi 

Causational theory, created by Petersen (1971). At the same time as companies produce 

higher volumes, it’s inevitable that personnel can be affected by the situation and therefore 

act in an unsafe way (Abdelhamid & Everett, 2000). Unsafe Acts, like Petersen described, 

are characterized by acts related to the human factor. When analyzing why an accident 

occurred, Hartshorn (2011) describes that the sole reason behind the appearance of an 

accident, are rarely connected to one cause but rather a combination of human acts in a 

specific situation and its physical environment. For instance, if an accident takes place in a 

factory due to a slippery floor, the main reason of the occurrence is seldom tied to only the 

floor, but also how humans acts in the specific situation. The described logic for how an 

accident occurs can be applied and related to several other situations where an accident can 

occur or has occurred. Hartshorn (2011) is, in his article, mentioning that personal beliefs, 

decision to work unsafe and overload, are a few examples of sub causes related to Unsafe 

Acts. 

 

 
2.1.2.2  Unsafe conditions  

The Unsafe Condition in Petersen’s theory is described by Hartshorn (2011) as one place in 

the work environment with uncontrolled, inherent hazards. Moreover, he describes 

situations and unplanned accidents as the main reasons that create Unsafe Conditions over 

time. It’s crucial for companies to oversight tools, facilities, machines and safety equipment, 

in order to avoid accidents and the phenomenon that Hartshorn describes as Unsafe 

Conditions. Other causes that can be linked to Unsafe Conditions, which contribute to 

unsafe working situations, are inadequate instructions and training for employees, both for 

new and existing ones. Likewise, insufficient work with analyzing potential risks and the 

physical design of a company are also contributing to potential accidents (Hartshorn, 2011). 
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2.1.3  Contributing causes 

Unsafe Conditions and Unsafe Acts are as described above immediate causes to an unsafe 

working-environment. Below follows a description of the underlying reasons for its 

emergence. 

 

 

2.1.3.1  Personal beliefs 

To illustrate what the personal beliefs consist of, Hartshorn (2011) describes it as a complex 

situation where earlier expectations, values and beliefs affect how personnel act. For 

instance, employees think they know everything, no sense for teamwork, attitude 

characterized by “hazards don’t exist for me”, and last, ignoring rules or formalities given 

from colleagues or a boss. From these facts, one may conclude that this will contribute to 

unconscious acts, which generate prerequisites for an unsafe working situation.  

 

 

2.1.3.2  Decision to work unsafe 

“Hazards doesn’t exist for me”, was one personal belief which Hartshorn (2011) outlined 

as a sub-cause for an accident, which can be related to an employee’s decision to work 

unsafe. People with, or without, experience from dangerous working situations, tendate to 

ignore equipment and tools with its inherent goal to improve safety. As long as one doesn’t 

realize the danger of their current work, equipment and tools related to safety will be 

ignored. First when employees experience incidents at work or receive a warning from a 

supervisor or boss, a consciousness of the situation clarifies. Likewise, Hartshorn (2011) 

believes that employees choose to disregard safety equipment in order to reach higher 

productivity, at the same time as they expose themselves to significant hazards. The decision 

to follow defined safety routines or work unsafe is a critical balance for each employee. 

Although, employees will always have the opportunity to sacrifice their own safety, as long 

as their operations allows it. Therefore, companies need to limit such initiatives, in order to 

ensure a safe working environment.  

 

 

2.1.3.3  Overload 

The above-mentioned Sub-causes which Hartshorn (2011) outlined, is related to active 

choices made by an employee. In addition, overload distinguishes by its focus on the 

employee’s performance, regarding its physical and mental state. Overload occurs when an 

employee’s physical and mental state isn’t sufficient to perform a task during safe 

circumstances. A working environment with non-satisfying aspects regarding hearing, 

vision, color recognition and temperature are contributory factors to occupational accidents 

(Hartshorn, 2011). Furthermore, Hartshorn are also convinced that accidents and similar 

events often depends on the work-allocation made by the company, for instance, too much 

overtime, no time for vacation and lack of adequate sleep. He also suggests that too 

complex, repetitive or cognitively difficult work tasks, can lead to bad habits and un-careful 

decisions made by the employees. To sum this up, due to what Hartshorn (2011) explains, 

companies performance has a strong correlation to its employee’s overall wellbeing.  
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2.1.3.4  System failure 

To ensure, or decrease the appearance of accidents, managers and supervisors need to 

communicate, and use communication channels which mediates the company’s rules, 

procedures, and policies. Even though this communication is crucial internally, one cannot 

deny the fact that systems failure is described by Hartshorn (2011) as all potential errors 

related to management control. This includes as mentioned: clear policies, rules, procedures, 

as well as ensuring that tools, facilities and equipment follow current standards or 

technology requirements. Within system failure, inadequate training for employees can also 

contribute to disadvantages. Since systems failure is closely linked to management control, 

it requires high demands on managers to take initiatives in the forefront of safety work, and 

not just look at the company’s efficiency and profitability. Safety work must be prioritized, 

measured and of course maintained, in order to avoid fatal accidents.  

 

 

2.1.3.5  Traps 

Factors or features for a trap, which is an unsafe condition, are characterized by the physical 

attributes of an employee’s workstation. These physical attributes, contribute to, or allows 

an employee in a greater way to act unsafe (Hartshorn, 2011). In production processes, traps 

can occur in different formats and designs. It can, for instance, be related to either 

equipment, tools or machines, but also to the layout where the work is supposed to be 

performed.  

In order to be able to perform such a painless and, above all, safe work, it’s important to 

have control over a process critical parts and tools. Additionally, it’s important to develop 

attributes related to the process, which in its greatest way avoids the occurrence of accidents. 

Important aspects to consider when developing these attributes, is to ensure that non 

abnormal movements like twisting, bending and heavy lifting exist. Likewise, user friendly 

controls and displays in a machine, for instance, should be designed in a way which does 

not allow the user to act unsafe. Lastly, a company’s internal workflow should be carefully 

planned and balanced, since a jerky and disproportionate work-allocation also can 

contribute to the occurrence of traps and accidents (Hartshorn, 2011). 
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2.2  Virtual Reality 

The following chapter consists of a brief introduction and history about the development of 

Virtual Reality. 

 

As earlier mentioned, the history of Virtual Reality can be traced back to the 1960s, when 

Morton Heilig developed the simulator “Sensorama” (Gutiérrez et al, 2008). Due to 

technological improvements in general, and the ongoing digitalization, it’s doubtless that 

Virtual Reality then, where just an embryo to what it is today and are expected to be. Typical 

features and what characterized Sensorama, although it was not fully developed, were not 

only pre-recorded tours with motorcycles, but also an opportunity to experience wind, smell 

and sound (Gutiérrez et al, 2008). This is seen as the starting point for the development of 

today’s modern Virtual Reality technologies & equipment, which in turn created 

prerequisites for further development as well as the creation of Augmented Reality. Finally, 

it’s of the utmost importance to mention that Virtual Reality are separated into three 

different categories, which depends on its extent of interaction between devices and the user. 

They are referred as Non-immersive, Semi-immersive and Fully immersive devices 

(Gutiérrez et al, 2008). 

 

Listed below are a description of different Virtual Reality devices, its characteristics, as well 

as an explanatory of its user integration. 

 

2.2.1  Non-immersive system 

Due to its ease of use, low costs and ease of installation, the Non-immersive devices have 

received increased attention and popularity. A Non-immersive system or device are 

characterized by a limited stimulation of a human and its different senses. Thanks to high-

resolution monitors and conventional computers, entering a Non-immersive virtual 

environment are enabled. The most occurring example of this takes place in video games, 

where a great level of interest and involvement are reached through good usability, sound 

and graphics. Compared to events happening in the real world, such as sport events, Virtual 

Reality has in general and Non-Immersive devices in particular, a greater opportunity to 

capture people and get them involved. The emotional grounding is due to the technology, 

where the user find itself located in the middle of the virtual environment, just as if the 

situation happened in reality (Gutiérrez et al, 2008).  
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2.2.2  Semi-Immersive System 

Devices categorized as Semi-Immersive, provide the user with enhanced interaction and 

involvement compared to Non-immersive systems. The user is in high, but not full extent, 

exposed in a virtual world. In order to achieve this, several of the techniques and tools that 

exist in flight simulation are used. For instance, high-performance computers, 

comprehensive graphics systems and joysticks, which later are coupled with several screens 

in order to stimulate the user. (Gutiérrez et al, 2008) 

Virtual Reality devices, with inherent features and characteristics as described above, are in 

general mentioned as Haptic devices. Such devices are frequently used in situations where 

users can experience their “real-world”, without the need for building prototypes 

(Grajewskia et al, 2015). Thanks to Semi-Immersive systems, a utilization of shared 

experiences as well as collaboration has also been made possible. (Gutiérrez et al, 2008)  

 

2.2.3  Fully Immersive System 

Even though the development of Virtual Reality and its software has progressed, it’s 

impossible to avoid the fact that the first unit was a simpler variant of a Fully Immersive 

system, where the purpose was to isolate the user from reality. In an early stage, suppliers 

of Fully Immersive systems had a different ability to achieve the conditions for the system, 

and therefore achieve its purpose. Gutiérrez et.al (2008) outlines that Virtual Reality 

applications in general concentrate on providing users with auditory and visual feedback, 

and less on feedback regarding touch and handling. At the same time, Gutiérrez outlines, to 

increase the presence and consciousness regarding Virtual Reality and a Fully Immersive 

system, Head-mounted and Haptic devices are preferable.  

 

2.2.4  Areas of use 

Ever since Morton Heilig developed the first Virtual Reality device Sensorama in 1962, the 

entire industry and application areas for such devices has increased radically, especially 

during the twentieth century (Gutiérrez et al, 2008). Due to what Vaughan, Gabrys and 

Dubey (2016) says, following areas are utilizing Virtual Reality frequently: Rehabilitation, 

Remote Training, Serious Games, Medical as well as Industrial- and Commercial Training.  

Product development, with an increasing complexity, has led to a need for more efficient 

tools that reduce time to market and allows engineers to work more productively. Product 

simulation as well as 3D-printing has already revolutionized the everyday-work for 

engineers, but due to what Mark Berry explains, new and even more efficient tools are 

already used within engineering. By utilizing Virtual Reality in the design process, 

companies can, compared to flat CAD-drawings, look at products in 3D and identify 

potential design errors or conflicts. Furthermore, small changes in the design process can 

easily be done virtually, instead of building new prototypes. This rapid development is 

already used frequently in manufacturing companies, for instance, by Ford and Bentley. 

(Berry, 2016) 
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By utilizing Virtual Reality as a tool for engineers, companies can as mentioned increase 

their efficiency in such processes and save money. Additionally, benefits by using Virtual 

Reality within engineering can also be identified in terms of sustainability due to a decreased 

need for physical prototypes, as well as an enhanced relationship with customers. 

(Mechdyne, n.d) 

 

The application of Virtual Reality in the industry sector has according to Vaughan, Gabrys 

and Dubey (2016), received vast attention on how it can be utilized in order to predict 

collisions and improve industrial processes in general. Moreover, the application and 

usability of Virtual Reality has also been identified within the Air-Craft industry. For 

instance, Semi-Immersive systems can offer a real-world experience for pilots, during safe 

and controlled circumstances. 

 

Within the above-mentioned areas of use, Virtual Reality has received most attention 

regarding training. Vaughan, Gabrys and Dubey (2016) points that within Virtual Reality 

training, additional sources than the physical devices, not only helps the user to improve 

their skills, but also improve the efficiency of the education-process. A few examples of 

these are: autonomous agents, eye-tracking and adaptive content. Computer rendered 

characters, which can be a part of a Virtual Reality training programs, are by Vaughan, 

Gabrys and Dubey described as autonomous agents. Furthermore, these agents enable a 

deeper interaction with the user, as well as an adoption to individual training-programs, 

needs and requirements.  

In order to improve skills and identify weaknesses as well as providing the trainee with right 

material and difficulty, adaptive content is by Vaughan, Gabrys and Dubey (2016) described 

as an essential part of training with the use of Virtual Reality. Techniques such as eye-

tracking and assessment are key elements to fulfill expectations and requirements for each 

individual. An evaluation of trainee’s performance in a specific situation, for instance whilst 

driving, can be analyzed through the use of eye-tracking. This could generate useful insights 

of where and what the trainee put their attention to, which later on can prerequisite more 

individualized training material. Assessment on the other hand, is a part of the training 

process which collects important data regarding each trainee. This could, like the eye-

tracking technique, contribute to a more individualized training material. Although, with 

this technique, the driver’s attention is disregarded and all data required for improvement 

are collected and used to develop the simulation, as well as the trainees. (Vaughan, Gabrys 

and Dubey, 2016). 
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2.3 Development of Unified Theory of Acceptance and Use of Technology  

The forthcoming chapter consists of a description of the Theory UTAUT, which focus on 

how organizations stands towards implementation of new technologies. This is critical 

considering the fact that the initial standpoint probably will have a direct impact in which 

extent a potential user will utilize the system. 

 

Unified Theory of Acceptance and Use Of Technology, is a theory or model which has 

emerged from several theories: Innovation Diffusion Theory (IDT), Social Cognitive 

Theory (SCT), Reasoned Action (TRA), the Technology Acceptance Model (TAM), the 

Theory of Planned Behavior (TPB), the Motivational Model, the Model of PC Utilization 

and a combination of TBP/TAM (Venkatesh, 2003). The mentioned theories are by their 

own illustrating specific aspects of “User Acceptance”, for instance, when implementing 

new technology or systems. With this in mind, UTAUT intends to create a holistic 

perspective of user acceptance, originating from the earlier mentioned theories (See figure 

2). Thus, UTAUT can be seen as a merger where the best parts from respective theory are 

utilized, in order to assess user acceptance.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Unified Theory of Acceptance and Use of Technology. 
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Performance Expectancy, Effort Expectancy, Social Influence and Facilitating Conditions 

are by Venkatesh (2003) described as ground pillars in the theory, which  

allegedly affect the user acceptance and use of new technology. By examining these factors 

in a real context, an understanding of the individual’s intention with a new system can be 

created, as well as the opportunity to identify the most important factors for acceptance in a 

specific context (Venkatesh, 2003). 

 

Below follows a description of the ground pillars in the theory, which together creates a 

foundation whether the implementation will succeed or not. 

 

2.3.1  Performance Expectancy 

The extent to which a user of a new system believes it will facilitate their daily work, are by 

Venkatesh (2003) described as Performance Expectancy. 

 

2.3.2  Effort Expectancy 

Effort Expectancy derives to the extent of how a user expect a new system to either increase 

or decrease the effort required for specific tasks. Furthermore, this pillar examines how the 

user perceives a new system. Does the new system require an increased effort and is the 

user-friendliness remained on an arbitrary level?  

 

2.3.3  Social Influence 

The social aspect of implementing a new system or technology is partly about the potential 

user’s perception of whether important people in the company believe he or she will use the 

system. Social influence, on the other hand, is also about whether a new system can increase 

the user’s image as well as the status within the social system. Finally, the use of a new 

system or technology can also be affected by other social factors in an organization 

(Venkatesh, 2003). 

 

2.3.4  Facilitating Conditions  

Venkatesh (2003), outlines that facilitating conditions can be derived from not only the 

organization and its technical infrastructure, but also if potential users of a new system 

believe that the technical infrastructure supports the new system. Furthermore, facilitating 

conditions debates whether the new system covers an existing need, or if the internal 

experience are sufficient to use the new system.  
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2.3.5  Gender, Age, Experience and Voluntariness of Use 

In addition to what’s described above, UTAUT also consist of factors such as Gender, Age, 

Experience and the extent of Voluntariness to use the system. These factors are, beyond the 

main pillars, contributing to different answers that may arise when analyzing user 

acceptance. By examining Performance Expectancy, Effort Expectancy and an 

organization’s social context as well as its employees, an understanding of behavioral 

intentions among personnel can be created. (Venkatesh, 2003) 

 

2.3.6  Behavioral Intention 

Behavioral Intention represents an individual’s initial standpoint towards a new system or 

technology. This approach is affected by all the main pillars, except Facilitating Conditions, 

and will contribute to future behavior and use of the system. (Venkatesh, 2003) 

 

2.4  RFID   

The section below will give a short presentation about RFID in general, with the aim of 

introducing the reader to its basic concepts, application areas and characteristics. 

According to Piramuthu and Zhou (2016), RFID emerged during World War II. 

Although the commercial use was first intensified in the 1970 ́s for automatic 

identification. The basic logic and characteristics regarding RFID still mimic the initial 

version developed during World War II, where a signal is transmitted from a receiver to 

an RFID tag that either reflects back a signal or broadcasts a signal. Generated data from 

this were later transferred to a back-end system for further analysis. The things that 

define this communication is based on whether the system is categorized as a Passive or 

Active system (Piramuthu & Zhou 2016). Moreover, Piramuthu and Zhou (2016), 

describes RFID tags as classified according to three categories: Passive, Semi-Active 

and Active. What distinguishes these categories is mainly its power supply and range, 

where a tag, classified as Passive, only reaches a few meters. Furthermore, differences 

in storage capacity are also seen among the different categories, where Passive tags 

possess a considerably smaller capacity compared to the Semi-Active and Active tags 

(Piramuthu & Zhou 2016). 

Asset Tracking, Manufacturing, Supply Chain Management, Retailing, Payment 

Systems, Security, and Access Control are according to Piramuthu and Zhou (2016) 

described as business areas where RFID tags are utilized. They also describe that the use 

of RFID tags is extensive, meaning they show up in new application areas which 

constantly emerging. Moreover, Lim et.al (2013) describes that RFID system can 

improve company’s identification and handling of items. Beyond that, RFID system can 

also represent a useful tool in order to reduce human errors and increase the overall 

efficiency in repetitive processes. 
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3. Method 

This chapter aims to present the methodology of this thesis. Moreover, the qualitative 

method is presented, which has been utilized during the data collection. Lastly, a 

presentation of the selection of informants, as well as an argument regarding credibility 

and ethical considerations. 

 

3.1 Scientific approach 

This thesis, which is a case study, have focused towards the specific department 

Massamagasinet, where safety aspects regarding forklifts and heavy vehicles have been 

studied relative to mentioned techniques. According to Jacobsen (2002), a case study is a 

research strategy that intends to go into depth in a particular unit, which in this case can be 

identified in the distinctive delimitation to a specific department and organization. The data 

collection has been conducted through a qualitative method and deductive approach, where 

data have been collected via interviews, document studies and observations. The reason 

behind the deductive approach, is due to an initial understanding of the topic as well as 

insights about Södra Cell and Massamagasinet. This can be mimicked in how Jacobsen 

(2002) describes the deductive approach, where the initial understanding is found in earlier 

theory and empirical findings. Proponents of this approach means that an earlier 

understanding regarding the subject is necessary before data is collected. Furthermore, some 

criticism is directed at the deductive approach, since the researcher will inevitably search 

for information he finds relevant and thus support the result he is expected to receive 

(Jacobsen, 2002). Despite this, the opposite, an inductive approach, were considered as 

impossible to use under actual terms and conditions.  

 

As previously mentioned, the thesis has been conducted through a qualitative method, where 

interviews, document studies and observations mainly has represented the data-collection.  

The informants were given, thanks to the qualitative method, the opportunity to provide a 

more comprehensive, full-bodied answer. Compared to the quantitative method, which 

deals with numbers, the qualitative approach has a dedicated focus on meaning. In other 

terms, meaning is primarily conveyed through language and actions. Furthermore, Jacobsen 

(2002) describes that the qualitative method is suitable to use when there is an interest to 

create clarity in a specific phenomenon or situation. How people understand and interpret a 

certain situation are also aspects that characterize the qualitative approach. In addition to 

the previously described benefits such as freedom for the informant and responses of a more 

elaborate nature, the qualitative method is also advantageous since it’s not omits unexpected 

events and discoveries.  

To sum this up, transparency is a key word which characterize the qualitative method. The 

choice to use this method derives from the intention to create an in-depth understanding of 

the current problem and situation. Thus, the qualitative method has been appropriate and 

suite the thesis well.  
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3.2 Data collection 

3.2.1  Secondary data 

Jacobsen (2002) describes secondary data as information that is not taken directly from the 

source, but instead collected by someone else with another purpose. Moreover, Jacobsen 

describes the importance of being critical regarding the selection of these sources and 

recommend asking by who, and where the data was collected. Here Jacobsen emphasizes 

that there may be a lack of conformity with the data that one gets access to, and what the 

purpose is to use it for. When secondary data is described, Jacobsen also believes that it is 

in great extent about documented statistics. However, secondary data can also appear in 

plain text form, and can therefore be classified as a qualitative study. The empirical findings 

that created the foundation for this thesis consist to some extent of secondary data, which 

were collected through a document study of reported events in Södra’s system, PIA. Based 

on this material, a compilation of the reported events could be accomplished in relation to 

Massamagasinet, as well as a categorization of what the event could be derived from. Due 

to statistics in PIA, collisions, crashes and lack of communication between both employees 

as well as external parties, where considered as most relevant considering this thesis 

purpose. 

 

This material was mainly used to demonstrate in which extent these "categories" occurred 

in relation to all the reported events, but also demonstrate the relevance of the thesis when 

taking Södra, and especially Massamagasinet’s, problem into account. Lastly, the collected 

data from PIA generated not only a good overview regarding their historical events in 

relation to forklifts and heavy vehicles, but also strengthens the motive for the execution. 

 

3.2.2 Primary data 

Primary data are, unlike secondary data, information collected directly from the source. The 

data is thus collected for the first time in relation to the context in which the thesis is 

conducted. Jacobsen (2002) describes that the methods for collection such data are primarily 

done via interviews, observations and surveys, depending on whether the study is based on 

a qualitative or quantitative research method. The data collection that has been carried out 

during the study, with a purpose to answer the research-question mentioned earlier, started 

with an initial observation in Massamagasinet as well as a factory tour with representatives 

for several departments. This created an increased understanding of the study and its 

associated context.  

 

Furthermore, semi-structured interviews were conducted with employees at 

Massamagasinet. The interviews generated a possibility to control the questions in a desired 

direction and thus avoid that important parts were disregarded, at the same time as the 

informants were given the opportunity to freely speak and express their views on the 

discussed topic. 
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Through the use of Semi-Structured interviews, an increased flexibility was generated since 

the questions were not required to follow a specific order, and everything could be 

controlled as the interviews went on. Semi-Structured interviews were also conducted with 

representatives from Kalmar Global, more precisely, employees who have experience their 

Virtual Reality simulator, Kalmar in a box. The interviews with informants from both 

Massagasinet and Kalmar Global were similar and conducted during same circumstances. 

These were characterized by openness and freedom to share information, with some control 

to ensure that relevant data in relation to the overall purpose of the thesis were gathered. 

This openness, within certain set limits, is equivalent with Jacobsen’s (2002) description of 

a Semi-Structured interview. During the collection of empirical data, two group interviews 

were also conducted due to limited availability of the informants, as well as various 

geographically positions which made the group interview to a smooth alternative. 

 

3.2.3  Selection of informants 

When a selection of sources for data collection is to be made, Jacobsen (2002) suppose that 

the choice of method sets different demands. Which persons should be selected for 

interviews? How should group interviews be composed? Which situations are interesting 

regarding observations and which sources of secondary data should be used? This is only 

some of the choices a researcher is faced with, which will both affect the thesis reliability 

as well as validity. Jacobsen further describes that the purpose of the study should support 

the data-collection method. During the study conducted at Massamagasinet, eight 

employees were interviewed, both from the department which this thesis focuses around, 

but also employees with responsibilities that spans the entire organization. The selection 

was based on a number of criteria, with the overall purpose to gather the information that 

was sought. These criteria were established on what Jacobsen describes as both breadth and 

variety, as well as information. It means that the selection should consist of people with 

various experiences and age, but not to forgotten, informants familiar with the problem and 

the studied area. When the requirements were defined, the responsibility was handed over 

to a person on Södra Cell, who anchored meetings with people relevant for the thesis. 

However, during the study it clarified that the informants would not generate an arbitrary 

result on their own, additional data to increase the validity and future results, were therefore 

required. Relevant employees from Kalmar Global were contacted and thanks to their help, 

meetings were booked and anchored with Software developers from the external party, 

Combitech, in order to discuss technical boundaries and possibilities.  

 

Meetings were also completed with three employees from Kalmar Global, who has 

experience from Kalmar Globals existing Virtual Reality simulator Kalmar In A Box, with 

an accumulated knowledge of forklifts and Reach stackers that exceeds eighty years. 

Through these informants, a validation of the claims and thoughts generated from previous 

interviews with employees at Södra were possible, which thus increased the thesis 

credibility. 
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3.3  Data analysis 

An analysis of collected empirical data is described by Jacobsen (2002) as a process in three 

steps: description, systematization and combination. The first step of the process is basically 

to get a detailed description of the data, via, for instance, interviews and observations which 

Jacobsen describes as "thick descriptions". To obtain a better overview of the collected data, 

the thick descriptions, requires a reduction to better illustrate the most relevant data. This is 

described by Jacobsen (2002) as the second step in the process, which includes 

systematizing and categorizing. The third and final step in the process focuses on combining 

information shared by the informants, where the researchers can be given an understanding 

of hidden conditions and patterns that have not been expressed directly. Jacobsen’s 

described analysis process above, has formed a foundation for the analysis of empirical data 

in the study. As an author, it is considered to have contributed with valuable insights and 

methods for analyzing qualitative data. Raw data has been transcribed from recorded audio 

files at a first stage, with a purpose to create what Jacobsen calls "thick descriptions", 

meaning, detailed data that contains extensive descriptions. Based on these transcripts, each 

individual interview was analyzed with the aim of finding the most relevant descriptions 

and opinions for the thesis. These parts were then entered under common categories, with 

the purpose of gathering relevant data under each category. It’s worth mentioning that 

valuable quotes from informants were identified, in order to be used later in the empirical 

chapter and thus reinforce certain statements. When interviews were transcribed, analyzed 

and some parts entered under specific categories, the work began to combine these data with 

the aim of creating additional insights, that initially were not obvious. When describing the 

process of analyzing collected data, it may seem to be a relatively simple process, which is 

a false assumption. The process between transcribing, categorizing and combining data has 

been a time-consuming work, that has gone back and forth before the final result was 

considered as correct and arbitrary. This also reinforce how Jacobsen (2002) describe the 

analysis process, where he believes that this work rarely has a simple and straight path. 

  

3.4 Reliability 

Jacobsen (2002) describes that problems with an investigation regarding its validity and 

reliability, should to the greatest possible extent be minimized. Furthermore, he explains 

that the qualitative method needs to be carefully examined to assess whether the drawn 

conclusions can be trusted and regarded as valid. In terms of the reliability of a study, 

Jacobsen mentions several aspects to take into account. Partly the data collection sources: 

Are they relevant in relation to the purpose of the thesis? Do they have good knowledge of 

the subject? Are they firsthand-sources? Do they have motives to lie?  

In order to assess a study’s reliability and validity, answers generated from the above 

questions may have a clear impact. Furthermore, Jacobsen (2002) believes that a critical 

approach should be used when it comes to the created categories, for instance, if the 

researcher has influenced the informants during the study or whether the data registration is 

considered substandard. 
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When the work of defining which informants should be included in the study, it was 

immediately a priority to get in touch with various informants with the common 

denominator, a connection to and knowledge about Massamagasinet. A contributing reason 

behind this was to collect data directly from sources with great knowledge in the field, but 

also since these mainly are affected by identified safety shortcomings in Massamagasinet. 

By going directly to the primary sources, it was also considered to increase the credibility 

of the data that was actually collected. The interviews conducted with external parties, seen 

to Massamagasinet and Södra Cell, followed in large extent the same structure as in the 

selection of informants from Södra. 

Thus, the interviewed informants had a direct connection to the subject, whether it was a 

Virtual Reality simulator, an RFID system, or user experience regarding such simulator. It’s 

worth adding that all interviews were recorded and transcribed in detail, with the aim of not 

distorting nor losing important descriptions or opinions. Collected data has also been 

analyzed and processed several times to avoid misunderstandings, wrong categorizations as 

well as ensuring that selected categories are relevant to the previously defined research 

question. These preventive actions are also considered to strengthen the study’s reliability.  

 

To sum this up, it may be worth mentioning that all interviews that have been carried out, 

have in some way been conducted in an environment which can be considered as safe as it 

can be, where all informants have participated voluntarily. This can be seen as a positive 

aspect in relation to the fact that the respondent’s answers would be unreliable due to the 

interview’s context. Taking the study’s potential impact on the informants into account, no 

aspects or circumstances are seen as contributing negatively. Instead, the general perception 

during the interviews suggested that all informants wanted to contribute, although in 

different ways. 

 

3.5 Validity 

Validity, on the other hand, derives from a study and its ability to measure what’s intended 

to be measured. Jacobsen (2002) separates validity in two perspectives, internal and 

external. The internal validity is described by Jacobsen (2002) as an assessment of the 

results validity, which can be influenced by a number of conditions. In case where the 

informants are of the same opinion, can thus be considered as having high internal validity. 

External validity compared to the internal, have a clear focus on generalization, which 

Jacobsen (2002) describes as an opportunity when using the result in situations with similar 

conditions or contexts. 

  

The empirical data in this study has been validated by conducting interviews with personnel 

related to activities and processes, which this thesis has focused around. The process, to 

collect data, has also consisted of informants who are considered as experts in respectively 

field, partly from a system development perspective, but also in terms of experience 

regarding Kalmar equipment and thus also their simulator. The interviews have contributed 

to a validation of the thoughts and questions that existed before the interviews with Södra, 

from two different perspectives which are considered as relevant to the problem situation. 
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In order to get in-depth data from the interviews, a detailed transcription and categorizing 

constituted to an invaluable material for the study. Based on this approach, no nuances and 

opinions were left to chance as well as avoiding data to be distorted. 

 

Finally, the collected data can generally be seen as valid, since it’s mainly derived from 

first-hand sources, as previously mentioned. 

 

3.7 Ethical considerations 

According to Jacobsen (2002), ethical considerations can have a varying meaning 

and are not forced to be absolute on a case-by-case basis, where cost and impact on the study 

are two influencing factors. In the accomplished study, no problems regarding these criteria 

aroused, nor affect or changed the result. Through a number of real actions, such as briefing 

the informants about their voluntariness, giving them full information and the right to 

privacy, as well as confidential handling of data, ethical aspects are therefore considered to 

be adequately addressed.  

Furthermore, the study has been characterized by the informant’s ability to not only answer 

the questions by themselves, but also ensuring that they understand the underlying purpose 

of the study and their reason for participation. Despite the fact that the data generated were 

not regarded as sensitive and, or consisting of company secrets, the study has followed the 

recommendations which Jacobsen (2002) describes in relation to ethical considerations. 
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4. Result  

4.1  Empirical findings 

This chapter is a description of identified shortcomings regarding safety in 

Massamagasinet, which were discovered during interviews, document studies as well as 

observations. A majority of the identified shortcomings came from informants, but the 

observations gave useful insights about the layout and Södra’s processes. The chapter 

begins with a description of Massamagasinet in general, followed by a presentation of 

empirical findings regarding safety.  

 

4.1.1  Daily operations  

Massamagasinet is a warehouse located at the pulp mill in Mönsterås, which stores finished 

pulp. It is built like a big shell, which is held up by a large number of pillars placed over the 

entire warehouse. The facility is located between the production site and the loading docks, 

where ships, trucks and trains arrive in order to collect finished material. The warehouse is, 

considering what’s been mentioned, a vital part of storing and distributing pulp, and are 

therefore important to ensure that customers receive the correct pulp, at the right time, with 

the right quality through pre-arranged transportation. Due to the handling of pulp, which is 

characterized by weights up to 8 tons, vehicles such as forklifts and terminal tractors are 

required.  

 

Since Södra has customers in various continents all over the world, different transport 

modes such as railway, trucks and ships are required. For instance, when the operators are 

preparing shipment by boat, the amount of goods equivalent to one week of production are 

emptied in one day. It’s therefore inevitable that the majority of the fleet are on the same 

limited area. This can be a contributing aspect to the occurrence behind several accidents 

and incidents reported over the years in Massamagasinet, in relation to forklifts and heavy 

vehicles. However, it is somewhat confusing that the most fatal accident, when the entire 

roof of Massamagasinet fell in, occurred during nighttime when the operator was alone.  

It is, as mentioned, indisputable that several accidents, incidents and risk observations 

involving forklifts and heavy vehicles have been reported. This can be seen both in the 

information gathered from PIA, the system for reporting, but also through the informants 

who participated in the study.  

During the interviews, it has been speculated from several informants that the number of 

reported events is less than what actually happens in Massamagasinet. It has also emerged 

that the majority of the informants see Massamagasinet as a risky workplace. 

 

Due to these accidents, incidents and the current work situation, that Massamagasinet has 

implemented various safety measures, mainly regarding physical attributes which are 

critical to the operations. For instance, pillars have been equipped with lighting, forklifts 

have been completed with 360-degree cameras and blue-point lights, assembling of mirrors 

in the facility as well as plotted center lines in order to prevent further accidents. 
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One further step to improve safety at Södra has also been centered to establish a forklift 

education, which every forklift driver must undergo in a timeframe of five years. 

Furthermore, the organization also have something they call U-time, which means that 

personnel in Massamagasinet should allocate 120 hours annually for alternative tasks, which 

includes safety related work. 

 

4.1.2  Identified shortcomings regarding safety aspects 

With a strong growth and increased capacity in the factory, which manages 750 000 tons 

yearly, a more complex system of forklifts and heavy vehicles in a limited area requires, 

which can be seen as a contributing factor to the unsafe workplace. The information that 

emerged during interviews, as well as data gathered from PIA (see table 1), indicates that a 

large part of the accidents and incidents derived from the physical attributes in the 

operations. Massamagasinet is a warehouse which has been rebuilt and changed in several 

phases, in relation to increased demands from the market. As previously mentioned, the 

construction is made up of pillars, which carry the roof trusses. This step-by-step extension 

has led to the fact that certain parts of Massamagasinet isn’t adapted for today’s operations, 

including the produced quantities, as well as their heavy vehicles. Furthermore, the facility 

requires constant maintenance, where external people such as electricians need access in 

order to perform their work. According to the informants, this has created a certain concern 

and an increased risk, since forklift drivers have difficulties to receive information whether 

they are still present or not. 

  

“Everyone has an obligation to listen to the radio and we have also an obligation 

to inform when someone should go out in Massamagasinet but it’s difficult to get the 

right feedback that everyone has listened to the information. Likewise, it’s not easy 

to know how long the contractor will stay and whether it will stick to what it said to 

us” (Informant two, forklift driver at Södra). 

  

With the fact that the outgoing volumes of pulp varies day by day, with a changing stock 

level as a result, employees are continuously faced with new circumstances and situations. 

The ever-changing production rate contribute to impaired view, more dead angles and 

increased traffic. 

  

"I didn't see the pillar, it didn't exist until you drove into it. I think it’s a pretty bad 

view from the forklift. If you drive out of a compartment, the pillar that mark your 

position disappear, they disappear about six seconds” (Informant five, forklift 

driver at Södra). 

 

 

This requires a high level of individual assessment and decisions regarding driving routes, 

since Massagasinet hasn’t established standardized or predetermined processes. The lack of 

these standardized processes may be a result of the multiple pulp-qualities they manage, 
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which is scattered in Massamagasinet. The informants also consider a lack of technical 

integration between man and machine in terms of their fleet, which has led to non-value-

added moments and decreased productivity.  

 

The interviews gave additional insights regarding the driving environment of their forklift’s, 

which are still focused on physical aspects, where ergonomics and similarities are 

prioritized. Due to this fact, an avoidance of the technical development and the integration 

between man and machine has occurred.  

  

“If you to look at the forklift manufacturers, they are for fuck sake in the 70’s. You 

shouldn't have to sit down there and look at a screen. After all, they have built a 

forklift and then thrown in all the technology, it is not integrated, it’s just placed on 

different arms here and there. It is pure stone age” (Informant four, Supervisor at 

Södra). 

   

The forklift drivers have to manage, additionally of the value creation, moving pulp, 

activities which instead contribute to increased safety risks and decreased productivity. A 

consequence of this has led to the occurrence of an accident, where an employee released 

focus from the road and drove into a pillar due to a deficient integration between man and 

machine. 

 

So far, this thesis has mainly described tangible features in relation to Massamagasinet, its 

physical design and the equipment required in the operations. Insights that interviews, 

document studies and observations generated, also shows that Södra’s current shifts creates 

an irregularity for forklift drivers, where some of them only drive one or two times every 

six weeks, which can be derived from Södra’s reorganization 2012. Moreover, it has 

emerged that inexperienced forklift drivers are to a certain extent thrown into sharp 

situations too early, where an assessment of their driving ability is done by appointed 

supervisors 

  

4.1.3  Unsafe Acts 

As earlier mentioned, a majority of the accidents has a clear link to physical attributes and 

the facility in which the business is conducted. The collected data which is seen as a 

fundament for this thesis, has also shown that a majority of occurred events can be derived 

to the employee’s behavior and their actions. The work as a forklift driver are characterized 

by freedom with responsibility, where they perform their job after predetermined orders. 

This means, in practice, that the route for each order can look different every time. However, 

this responsibility has by several informants been identified as a potential problem, where 

forklift drivers wait until the unloading-station is full. This often leads to increased speed, 

where safety aspects are disregarded and thus expose both themselves and others for 

dangerous situations. Beyond this, increased speed is also considered to generate higher fuel 

consumption as well as increased maintenance. It has also been identified that a work 
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situation like this tend to generate stress, as the margins for dealing with problems, for 

instance technical equipment, are reduced. 

  

Furthermore, Massamagasinet are characterized by irregular workflows, since the arrival of 

trucks are uncontrollable. This sometimes led to situations where the employees, during 

certain periods, have to load several trucks during a short timeframe. 

  

The informants also described, thanks to the truck driver’s hectic schedule, that they 

regularly affect Massamagasinet’s employees way of working. Personnel choose to 

prioritize truck driver’s interests, to leave as soon as possible, prior to a calm work pace 

with safety as a priority. In general, the informants experience a well-rooted culture 

characterized by “I shall only”, where employees actively choose to ignore risks and 

problem areas in order to prioritize own interests.  

  

“You know humans, you can do things such as taking a shortcut, for instance. You 

came across something damn good” (Informant four, Supervisor at Södra). 

  

"Driving in to on a pillar is okay, the problem is when the trusses fall down" 

(Informant seven, forklift driver at Södra). 

  

The quotes above are examples extracted from interviews and further strengthen the feeling 

of a deeply rooted culture in Massamagasinet. Taking into account what interviews, 

observations and document studies generated, it clarifies that the majority of informants 

believe that Massamagasinet is a risky and dangerous workplace. Moreover, 

Massamagasinet are by Södra classified as a dangerous place as well, where unauthorized 

persons, such as customers, are not allowed to visit except for certain events.  
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4.1.4  The five most common reasons behind an accident 

A part of the empirical findings consists of statistical data on the reported events that have 

occurred in relation to Massamagasinet. To distinguish which and how many events that 

can be linked to safety shortcomings in relation to forklifts and heavy vehicles, statistical 

data are visualized in figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Visualization of reported events. 

 

In addition to described categories, a majority of figure 3 consists of other events, which are 

considered as outside the area in which this thesis mainly is related to. Worth mentioning, 

however, is that several of the informants believe that there is an extensive number of 

unrecorded incidents regarding the statistics in PIA. Although, there is an ongoing work to 

encourage the employees to participate and report all the occurred events, with an explicit 

purpose: to improve personal safety.  

  

“No for fuck sake! There is probably as much of what you see in PIA” (Informant 

six, Supervisor at Södra). 

  

The empirical data generated five reasons (see table 1) that clearly explain that 

Massamagasinet is an unsafe workplace, described as follows: Human behavior, irregular 

forklift driving, construction of the facility, stress and lack of control related to people in 

Massamagasinet. Furthermore, the underlying reasons for these have been identified by 

utilizing Multi Causation Theory and thus contributed with additional perspectives.  
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Table 1. Reasons behind an accident.  
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The identified causes can be linked to the theory and its overall areas, Unsafe Acts and 

Unsafe Conditions. The interaction and influence between them can be seen as a domino 

relationship, where a sub-cause contributes to an immediate cause, which in turn leads to an 

increased risk of exposing property or people with danger or damage. The field frequency 

of informants represents the number of whom consider the immediate cause contributing to 

the fact that Massamagasinet is dangerous. 

  

 4.1.5  Acceptance regarding the adoption and use of new technologies 

This chapter will focus on how Södra as an organization stands towards adoption and use 

of new technologies, which aims to improve safety. 

  

The attitude and overall standpoint towards new technologies are summarized well in the 

quote below and permeates all informants participating in the study.   

 

“No, but this is one of the more technology-heavy industries we have. The 

people who are here and work, like technology” (Informant five, forklift 

driver at Södra).  

 

Virtual Reality simulators were the most discussed topic in terms of data collection at 

Massamagasinet, which are considered as applicable with the purpose to improve processes 

within training, education and thus potentially prevent further accidents. 

 

An insight into and understanding of Södra’s business and operations has been generated 

through observations, where their processes will remain dangerous until their fleet are fully 

automated. The discussion about Virtual Reality simulators and its possible application in 

relation to Massamagasinet were held open-minded. Likewise, the informants showed a 

great interest in creating an understanding of the technology and its potential opportunities. 

One common denominator among the informants were that they, as well as the management 

team, first can see the value of a Virtual Reality simulator if it can provide measurable 

benefits to the organization and, for instance, be used as a supplementary tool. 

 

What’s more, the step to implement this type of technology was among the informants not 

considered to be difficult, especially though similar technology  are already utilized at 

Södra. It’s worth adding that the discussed implementation is only taking the user 

acceptance into account, where technical as well as economical aspects are not assessed at 

this stage. 

 

From an economic perspective, the informant’s asses that Södra are likely to have an interest 

in such technology, since personal safety are always prioritized and capital for similar 

investments are to a large extent sanctioned. Although, despite major investments to 

improve safety in the operations, several and sometimes serious accidents still occur. 
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"Södra has a tricky challenge. Everyone craving for safety and Södra putting in, as 

I see, substantial more money than what equal companies or less would do, and after 

all, we are exposed to fatal accidents far too often. So obviously we are not done yet 

and we have to continue with this process. Simultaneously, I can't blame Södra of 

not putting in enough money or efforts” (Informant four, Supervisor at Södra). 

  

To sum this up, Södra can be seen as a modern, conformable and change-prone organization. 

From people at strategic level, there is an explicit endeavor that Södra as a whole should 

become the most digitized paper mill in the world, were a lot of technical improvements 

already have been accomplished during the last years. However, the interviews with 

employees working at operational level, gave a clear view of its interest in being part of the 

technological advances within the organization.  

 

Despite this, in general positive attitude towards new technology, a few informants 

considered that technologies such as Virtual Reality simulators could, in various extent, be 

adopted among the employees. This is mostly due to large generational differences in 

Massamagasinet, were older people may possibly have a more spaced view initially as they 

believe they are already fully trained, and no one should tell or teach them anything. 

  

“I think it’s a kind of age issue. So, excuse me even if you record this, but the 40’s 

are on their way, 50’s are in their way. I am born in the 70’s and I wouldn’t see any 

problems with it at all. So, I think it’s an age issue and also a question regarding 

the personal interest, where an employee with three years left to retiring may see 

this as unnecessary. I’m 45-year-old and even though I drove forklift for 25 years 

I’m continuously learning new things, and I believe this kind of solutions will help 

me improve my competence further” (Informant two, forklift driver at Södra). 

  

It’s worth adding that some of the informants saw a threat regarding how the utilization of 

this technology should be conducted over time, since previous projects were started with 

enthusiasm but not maintained over time. Likewise, the majority of the informants consider, 

despite their positive attitude, the importance of design, reality-anchoring as well as current 

physical circumstances in a potential Virtual Reality simulator. 

  

I think all kinds of training and technology development are positive. There are a 

lot of moments to train and take advantage of. Then how, how to build the program 

to get events that the forklift drivers are exposed to, and ensuring that it is as credible 

as within the cabin? So, I think the design of the program and the exercise tasks and 

situations becomes extremely important in order to get them realistic and actually 

benefit from them in a sharp position” (Informant three, Supervisor at Södra). 
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4.1.6  Virtual Reality simulators from a user perspective              

The existing Virtual Reality concept Kalmar in a box, at Kalmar Global, has an explicit 

purpose to educate customers, service-technicians and engineers virtually. The current set-

up, with its features and characteristics, are limited to reachstackers which handle containers 

in ports and terminals. This thesis, which instead focus on safety aspects in operations where 

forklift are a vital part, should not be seen as a threat since the systemic parts and 

requirements is equivalent regardless of vehicles.  

Based on interviews conducted with three informants, which possess over 40 years of 

experience as test drivers of Kalmar equipment, their perspectives and experiences 

regarding Kalmar in a box will be presented below. These proclamations aimed to generate 

a comprehension on how faithful, and to which extent the driving experience of a 

reachstacker are virtually compared to a physical environment. In order to make a correct 

and fair assessment of the technology and its connection to reality, a criterion for the chosen 

informants was their extensive knowledge regarding the physical machines, as well as 

insights about the simulator.  

When the informants got a question about the simulator and the virtual environment in 

which its currently built on, the answers generated a good response. Both Test-driver one 

and two from Kalmar Global believe that the simulator reflects the reality in a good way, 

where the view and experience in the virtual cabin, among other things, was the thing that 

excelled most.  

“The simulator is identical to drive a physical reachstacker. Especially when you lift 

a container, where it was just as difficult in the simulator as in reality. The difficulty 

of the simulator contributed to a need for a “light-version, which Combitech and 

our Business developers created. The users did not manage to handle it " (Informant 

two, Test-driver at Kalmar Global). 

Beside this, Test-driver two described that the simulator has contributed to visible results in 

the business, where newly employed engineers who used the simulator as a preventive 

action before taking their forklift-license, turned out to have a smoother learning process in 

reality compared to those who had not. Test-driver two and three also explained that the 

application of the simulator could be a good foundation for purposes beyond training, where 

customer demonstrations and design processes were mentioned as potential application 

areas. 

“I think drivers in general would benefit by using the simulator. For instance, before 

taking their forklift license” (Informant two, Test-driver at Kalmar Global). 

However, the informants also felt that there are a few shortcomings with today’s simulator, 

where the genuine feeling experienced in a reachstacker regarding sound, vibrations and 

other movements were missing. 
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“The greatest need for development is the view when one is lifting a container, we’ve 

asked for a clear color difference from the unit down to the container. It was hard 

to see if you should stack one container on another” (Informant three, Test-driver at 

Kalmar Global). 

"The only problem I experienced with the simulator was that I became seasick, that 

is the only concern" (Informant one, Test-driver at Kalmar Global). 

It’s worth adding to the conversation that a new version of Kalmar in a box, with a further 

developed physics engine, which will solve the perceived shortcomings, is under 

development. There was also a consensus among the informants that Kalmar in a box, for 

further development, require different scenarios, competition moments, as well as functions 

that provide feedback on specific driving moments. 

 

4.1.7  Virtual Reality simulators from a developer perspective               

In order to make an assessment of opportunities and limitations with Virtual Reality 

simulators, several aspects from a development perspective will be presented below. 

With the ambition to create a basic understanding of Virtual Reality, its possibilities and 

limitations in relation to the sawmill industry, three informants were chosen who 

dedicatedly work with the existing equipment, Kalmar in a box. Two of the informants work 

as software developers at Combitech, where one of them has been involved since the project 

was initiated. 

Informant three works at Kalmar Global as a business developer within the department for 

digitalization, including, among other things, development of Kalmar in a Box and its 

features. The informants were selected based on the criteria that they would have extensive 

knowledge of Virtual Reality in general, and Kalmar in a Box in particular. The data which 

were collected at Södra, generated insights and an understanding of which areas and 

elements they perceive as risky in their operations, which later constituted a basis for the 

discussion. Furthermore, Södra considered that the value of a Virtual Reality simulator 

would benefit their business first if it would mimic their environment and circumstances. 

When the problem areas, requirements and needs announced by Södra regarding a Virtual 

Reality simulator, for instance, being able to build scenarios, mimic the physical 

environment and create individual training programs, the informants described what’s 

possible and not. They explained that the possibilities of Virtual Reality are almost 

unlimited, where only two factors affect the outcome and the degree of reality anchoring, 

time and money. 
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“You can actually do anything with Virtual Reality, but it’s also a question about 

time. It depends on the level of complexity, if the environment has to be fully open 

with units moving irregularly, or if it could be limited to a specific area” (Senior 

Software Developer at Combitech). 

 “It’s really easy to do scenarios. For instance, you are not allowed to drive a forklift 

in front of a person or around a corner without looking” (Software Developer at 

Combitech). 

"Definitely, you have full control regarding the design and how you want to build 

your warehouse and what should happen" (Senior Software Developer at 

Combitech). 

“The best thing is if you have some accidents, real scenarios, where it’s what 

actually happens. Then you just try to reproduce this, and the steps required. It could 

be a good thing for evaluation” (Senior Software Developer at Combitech). 

Furthermore, both of the developers explained that Virtual Reality can be utilized in other 

ways than those initially discussed regarding driving behavior and rules, which also can 

contribute to a safer working environment. 

The possibility of building scenarios that evaluate the driver’s load-handling during a work 

session was described as one action, where direct feedback can be given whether the driver 

has driven carelessly and handled the pulp in a risky manner. 

“You can measure the forces that arise on the load and see if the driver has bump 

around too much. If the driver acts carelessly with the load or whatever it may be” 

(Software Developer at Combitech). 

There are, however, some limitations with today’s Kalmar in a box and its features, which 

is about the fact that the physics engine is not adapted for certain moments. For instance, 

when assessing the driver’s carefulness when 8 tons are placed on the forks. 

“Now we come to a bit more difficult aspects, such things require a physics engine 

that behaves like a forklift in reality, where friction as well as the weights are 

required to behave in a specific way. It depends on how realistic you want it” 

(Software Developer at Combitech). 

The software developer also explained that scenarios, which assesses the driver’s attention 

during a work session, can be evaluated through eye-tracking in Virtual Reality simulators. 

This provides an opportunity to evaluate the driver’s behavior, as well as their ability to 

perceive unpredictable events. 
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“But it’s also possible to build in Eye-tracking in the Virtual reality programs, which 

assess and analyze where the driver is looking when driving a forklift. Furthermore, 

it’s possible to rate the driver’s behavior, instead of focus on the performance. For 

instance, if the driver looks to the right before he turns left” (Software Developer at 

Combitech). 

 

4.2  Analysis 

This chapter will analyze the empirical data regarding the situation at Massamagasinet, 

which will focus towards safety aspects, forklifts, heavy vehicles and its relationship to 

Virtual Reality simulators as well as an RFID system. In order to ensure a result with high 

validity and dignity, the analysis will be enriched with not only a user perspective, but also 

a perspective from developers working at Combitech, where possibilities and boundaries 

will be outlined. 

 

4.2.1  Multi Causation Theory 

Multi Causation Theory highlights the reasons why an event or accident occurs and put great 

importance on causal relationships. Thus, a direct reason to the origin of a situation are not 

created independently, since several influencing factors together, like a causal relationship, 

contribute to arisen events (Hosseinian & Torghabeh, 2012). In relation to the study carried 

out at Massamagasinet, it has become clear that, via interviews and document studies, both 

Unsafe Conditions and Unsafe Acts exist. Hartshorn (2011) describes Unsafe Conditions as 

linked to physical attributes in relation to an occurring accident. Regarding this thesis, 

Unsafe Conditions are primarily identified as pillars, compartments as well forklifts. A 

majority of the informants mentioned the pillars in the warehouse, which holds up the 

trusses, as one major cause to why an unsafe working environment arises. Likewise, 

shortcomings regarding the daily work has also been identified, where stress, irregular 

forklift driving as well as lack of communication have been identified. These shortcomings 

seem to have a major impact whether a hazardous situation arises or not. However, due to 

what Hosseinian and Torghabeh (2012) describes, the importance lies in the identification 

of each shortcoming and its inherent causes. As previously mentioned, Södra has no 

established routines regarding control of people who are in Massamagasinet beyond their 

employees, for instance, contractors. When these are working in Massamagasiet, unwanted 

situations appear regularly, which could be prevented if forklift drivers receive information 

about their location and whether they have left the building or not, and thus be conscious 

about their presence. 

 

In terms of stress, the informants agreed to a relatively large extent its relationship to 

different sub-causes, which partly is created by irregular workload, uncertainty when 

driving forklifts as well as problem with technical devices. Furthermore, today’s facility is 

a result of several re-buildings and are thus not fully adapted to the operations and managed 

volumes. Unsafe Conditions however, as Hartshorn (2011) mentions, constitute only a part 
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of Multi Causation Theory. Unsafe Acts, on the other hand, derives from the employee’s 

behavior at Massamagasinet, where both conscious as well as unconscious actions compose 

a risk. Although, in order to achieve the intentions with this thesis, a prioritization about 

occurred events were employees disregard existing risks are considered as most important. 

For instance, Too high self-confidence, inattention as well as not adjusting its driving 

behavior during changed circumstances.  

 

Due to what’s been debated in Canadian occupational safety (2017), where young and new 

employees, employees taking shortcuts, high stress levels as well as distracting moments, 

are considered as factors behind the occurrence of an accident. These examples can also be 

related to several identified causes, which forms the foundation of this thesis, and thus point 

out the seriousness regarding safety aspects within the sawmill industry, globally as well as 

locally at Massamagasinet. As can be seen in the description of earlier mentioned reasons, 

this also points out what Hartshorn (2011) means by the original goal of Multi Causation 

Theory: Create an understanding that direct causes of an accident are based on various sub-

causes as well as a combination of them. In this thesis, the theory has had a specific purpose: 

to identify the reasons why hazardous situations arise in Massamagasinet, with an explicit 

focus on forklifts and heavy vehicles. Through an identification of the above-mentioned 

causes, by utilizing Multi Causation Theory, preventive work with the ambition to reduce 

these were made possible. 

 

To sum this up, the use of Multi Causation Theory has made a foundation for the entire 

thesis and thus been a vital part of the result which will be presented later. 

 

4.2.2 User acceptance 

Unified Theory of Acceptance and Use of Technology intends to create a holistic view of 

user acceptance in terms of new technology. The theory is based on four pillars, which are 

supposed to affect the actual use of implemented technology. These are by Venkatesh et.al 

(2003) described as Performance Expectancy, Effort Expectancy, Social Influence and 

Facilitating Conditions. In addition to these, contributing factors are as follows: Age, 

Gender, Experience and Voluntariness of Use, which affect the main pillars. 

 

In this thesis, Unified Theory of Acceptance and Use of Technology has formed a 

complement and additional perspective to take into account. As mentioned, several times 

before, Virtual Reality simulators and RFID system has made up a majority of this study 

with a general ambition: identify areas for their application in Massamagasinet, in order to 

potentially decrease hazardous situations and thus increasing safety. Hence, it has also been 

relevant to simultaneously look at user acceptance and assess how employees in 

Massamagasinet stands towards such implementation.  

 

By looking at the main pillars of the theory and empirical data, it’s made clear that the 

majority of the informants were positive regarding a potential implementation, Södra is 

therefore, in advance, considered to achieve a high utilization rate if the implementation 
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will be executed. Worth mentioning, safety is prioritized at Södra as a whole and all 

employees are striving towards a safe workplace. This can explain the in general positive 

attitude towards new technology, since the purpose is to increase safety. However, if the 

pillars are discussed separately, interesting information can be extracted which nevertheless 

could be used as criteria in an implementation of new technology. Performance- and Effort 

expectancy, like Venkatesh et.al (2003) describes, can be deduced from a human perception 

of a system or new technology’s impact on the everyday-work, not only regarding additional 

efforts, but also whether it will facilitate one’s work. During interviews with the staff at 

Massamagasinet, it was clarified that a Virtual Reality simulator, to the greatest possible 

extent, should mimic the physical environment. Thus, this can be seen as future 

requirements and expectations. 

 

Furthermore, the informants were generally positive regarding the ability to create scenarios 

and other challenging moments in order to further develop forklift drivers. 

An implementation of new technology and primarily a Virtual Reality simulator is also, by 

the informants, considered to positively affect the employees and Massamagasinet’s image. 

Moreover, the conducted interviews gave also insights that such technologies tend to not 

only raise the overall reputation, but also the image towards other departments. However, 

whether this will affect the reputation of Massamagasinet is not clear, although the 

informant’s initial attitude towards mentioned techniques are considered as positive. 

  

Venkatesh et.al (2003) further mentions that facilitating conditions is an influencing aspect 

when implementing new technology, where technical infrastructure, experience and needs 

should be taken into account. However, the study can only relate to whether there is a need 

or not, since the use of a Virtual Reality simulator does not require extensive experience 

and the technical infrastructure will in all probability be handled by external parties. With 

regard to identified needs in Massamagasinet, it has been clarified that critical situations 

arise regularly, where the majority of informants consider, in one way or another, 

Massamagasinet as an unsafe workplace. If one also looks at the identified reasons why 

accidents occur, there are potential to reduce these in different ways through the utilization 

of a Virtual Reality simulator, which were identified via systems developers and Test-

drivers with experience of Kalmar in a box. This undoubtedly demonstrates a need for 

Södra.  

 

Furthermore, the above-mentioned main pillars also include factors about the potential 

user’s characteristics, for instance, Age, Gender, Experience and Voluntary Use of the 

System.  

 

Here, the outcome of collected empirical data differs somewhat, where a part of the 

informants considers that the use of, and willing to assimilate new technologies, is to some 

extent affected by Age and Experience. In other words, the informants explained that 

employees with great experience of forklift driving might possibly oppose such initiatives 

at first, partly because of their proximity to retirement, but also though some tend to consider 

themselves as perfected. What the informants do mention, however, is that the initial 
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resistance would most likely disappear over time, especially when the technologies aims to 

increase their safety. 

 

Finally, it’s worth mentioning that the theory’s description regarding the actual use are 

affected by several factors, which has been verified within the context of this study. 

Most attention has undoubtedly been dedicated to in which extent of credibility and reality-

anchoring a Virtual Reality simulator can be developed to, in relation to Massamagasinet 

and its current characteristics. If these are met, the barrier to implementing such technology 

is not considered as particularly extensive, which can be seen as good prerequisites for a 

successful implementation and use of new technology. 

  

4.2.3  Virtual Reality  

Virtual reality is today described, according to Vaughan, Gabrys and Dubey (2016), 

frequently used in rehabilitation, remote training, serious games, product development as 

well as industrial and commercial training. Devices are offered with varying degree of user 

interaction, which (Gutiérrez et.al, 2008) describe as Non immersive, Semi Immersive and 

Fully Immersive Systems. The level of interaction describes the extent to which a device is 

able to transfer the user from a physical into a virtual world. 

 

The overall purpose of this thesis, as described earlier, has been an explicit focus on safety 

aspects at Massamagasinet at Södra Cell in Mönsterås. Empirical data, which were 

generated through, for instance, interviews, has worked as a basis for the entire thesis. A 

summary of the collected data showed in general a great interest in Virtual Reality as a 

technology, explicit requirements as well as expectations and features Södra see as essential 

when talking about future implementations. 

 

The technical expectations of the simulator were subsequently analyzed and put in relation 

to the reasons which, thanks to the theory Multi Causational Theory, were identified. Based 

on what’s been mentioned earlier, (Gutiérrez et al, 2008) description of Virtual Reality 

devices and its various user interaction, it’s obvious that Södra with the prevailing 

conditions tends to be most interested in a Fully Immersive System which completely isolate 

the user from reality. Requirements regarding Virtual Reality simulators was especially tied 

to the opportunity of creating Massamagasinet in a virtual environment, which to the 

greatest extent should be anchored to the physical environment as well as characteristics of 

existing fleet. 

 

Moreover, the informants also generated insights that they’ve experienced a lack of 

integration in the relationship between man and machine, concerning forklifts used in their 

operations. When taking Virtual Reality simulators and Product Development into account, 

an implementation of a simulator is considered to generate increased opportunities for Södra 

in order to identify improvements regarding man to machine integration. A further 

developed driving environment for Södra’s forklift drivers, with an optimized cabin and 
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technical integration, should potentially contribute to a safer working environment over 

time.  

 

A group interview conducted with a Digital business developer at Kalmar Global and two 

software developers from Combitech, emanated by insights and requirements generated 

from previous held interviews at Södra. Furthermore, these informants are considered as 

experts within Virtual Reality as well as Kalmar in a box and saw no limitations regarding 

complexity based on requirements and expectations from Södra. Only two aspects were 

considered as aggravating regarding the desired degree of complexity and detail, time and 

money. The empirical data also shows, from a perspective which consists of extensive 

knowledge regarding Kalmar products and experience of Kalmar in a box, that a physical 

product in several aspects can be mimicked by utilizing Virtual reality and thus fulfill 

Södra’s requirements. Like previous research and what Vaughan, Gabrys and Dubey (2016) 

describe, as well as the insights generated during the interview with the above-mentioned 

experts, possibilities to reduce and prevent identified events on Massamagasinet are 

considered as good. Furthermore, the experts explained that development of scenarios based 

on Södra’s requirements, which consists of the ability to assess driving behavior, examine 

rules and create individual training programs, are feasible. 

 

The initial thought to utilize Virtual Reality as a theory in this thesis are partly derived from 

Kalmar Globals existing Virtual Reality simulator, but also through the longstanding 

relationship between Kalmar Global and Södra. 

  

4.2.4 RFID 

RFID are as previously described, an aid for automatic identification (Piramuthu & 

Zhou, 2016). Different categories or levels of RFID system have been mentioned and 

explained as either Passive, Semi-Active or Active, depending on its characteristics.  

In the completed study, RFID has formed a compliment to a Virtual Reality simulator, 

with the aim of potentially decrease safety shortcomings in Massamagasinet. Potential 

application areas emerged gradually, primarily during the document study as some of the 

identified reasons behind the origin of a dangerous event, were considered as difficult to 

reduce in advance with Virtual Reality simulators. Based on empirical data, it has been 

found that identified hazards in Massamagasinet, which are tied to people, forklifts and 

heavy vehicles, can be solved technically. This is also evident in Piramuthu and Zhou 

(2016) description of RFID tags and its usability, where communication between tag and 

receiver can contribute to valuable insights in varying contexts. In relation to 

Massamagasinet and the identified safety deficiencies, it is made clear that a less 

advanced RFID system, which Piramuthu and Zhou (2016) describes as a passive 

system, would contribute positively to prevent collisions of people, forklifts, terminal 

tractors and pillars. An aid that, via notices or sounds, ascertains the forklift driver if he 

or she is close to either a vehicle, person or parts of the facility, can potentially contribute 

to reduce consequences caused by human actions.  
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What also can be mentioned here is that, based on the context of the study, a 

comprehensive analysis must be carried out in relation to the facility and current 

circumstances, with the aim of choosing the most suitable system for Massamagasinet. 

Likewise, the various characteristics of an RFID system in terms of sensitivity, range 

and distance, as described by Piramuthu and Zhou (2016), should be taken into account 

in order to implement a system adapted to prevailing conditions, as previously 

mentioned. 

Although, during interviews with part of the informants, it has, as earlier mentioned, 

emerged that employees actively choose to refrain from using existing radio equipment. 

This further complicates the situation and reinforce the essence of an RFID system. It’s 

worth pointing out that the empirical data regarding RFID, generated insights that some 

of the informants thought it would not only be a distracting moment, but also an 

opportunity to create a false security among the staff. In situations where the technology 

doesn’t meet requirements and what is expected, may potentially lead to hazards 

originating from the technology. Despite this, the potential of applying an RFID system 

in Massamagasinet is considered as versatile, since it offers improved attention to forklift 

drivers in terms of People and Pillars, as well as specific situations which has been 

experienced. 

For instance, suppose that Massamagasinet and its pillars were equipped with an RFID 

system on the same day as a pillar was hit, and, as mentioned earlier, the roof collapsed. 

A utilization of an RFID system should thus proactively contribute to not only a safer 

working environment, but also potentially avoid unnecessary costs for re-buildings. 
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5. Discussion 

In the chapter below, an analysis and the obtained results will be presented and discussed. 

Furthermore, this chapter also intends to discuss whether the results can be generalized, 

but also in which extent the results are of significance in relation to the Group of Södra in 

general, and Massamagasinet in particular. 

 

5.1 Result discussion 

As described in the study, a majority of the informants are overall positive regarding an 

implementation of technologies like Virtual Reality and RFID. Since Södra has an explicit 

goal to be the most digitalized paper mill in the world, as well as ensuring the employees 

wellbeing and health, above mentioned techniques are therefore considered to be in 

complete line with their ambition. However, it’s worth pointing out that this may have 

influenced the selected informants regarding this study. Furthermore, it has also been 

discussed whether this overall positive attitude was generated from the study’s subject, 

safety, with a purpose to investigate the possibilities to create a safer workplace through the 

utilization of a Virtual Reality simulator as well as an RFID system. 

 

One of the most vital parts in this thesis has been to identify what forms the reported events 

in PIA, which was carried out through the use of Multi Causation Theory. This contributed 

to the identification of the main causes and, moreover, its inherent sub-causes allocated in 

Massamagasinet. 

 

By utilizing a Virtual Reality simulator, hazardous situations can be recreated virtually, and 

thus form a valuable training-material in order to improve the forklift driver’s competence 

in operations. Furthermore, we believe that the current shifts at Södra, where a part of the 

forklift drivers only drive a few days every six weeks, are prerequisites that the utilization 

of a Virtual Reality simulator constitute a valuable tool in order to maintain the forklift 

drivers capability, and thus create better circumstances for the upcoming shift cycle. 

Likewise, intrinsic and unpredictable events can create additional attention to hazardous 

situations and potentially avoid a mentality characterized by, I shall only, or I can, which 

can be related to identified causes. Moreover, the capabilities a Virtual Reality simulator 

provides can assess forklift driver’s individual behavior, for instance, Eco driving, forces 

created on the forks due to careless driving, as well as other deficiencies regarding violations 

of established driving rules. Additionally, an RFID system is considered to create awareness 

for forklift drivers to its surroundings, and thus constitute a valuable complement to this 

thesis key technology, a Virtual Reality simulator. This is due to the fact that some of the 

occurred hazardous situations cannot be reduced by a simulator itself, but instead create 

consciousness for forklift drivers regarding the location of people, pillars and other vehicles 

within Massamagasinet.  
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An exploitation of mentioned techniques does not guarantee a solution for the explicit 

causes, although, the consequences of them are expected to be reduced. A majority of below 

conditions are possible to address via mentioned technologies, and thus contribute positively 

to Södra’s work towards a safer working environment at Massamagasinet.  

 

• Unawareness of risks. 

• Lack of attention while driving. 

• Disregarding safety measures. 

• Too high confidence regarding their capacity. 

• Poor adjustment to different situations.  

• The same driving behavior, despite changing circumstances. 

• Re-Organization.  

• Shifts. 

• Dramatically increased number of forklift drivers. 

• Non-optimal facility due to today’s vehicles and operations. 

• Gradually expansion of the facility due to increased volumes. 

• Forklift driver waiting until unloading stations is full. 

• Irregular frequency of incoming trucks. 

• Problems with technical devices. 

• Uncertainty while driving forklift trucks. 

• Inadequate communication. 

• Unclearness regarding when contractors leave the facility. 

 

If one looks at the defined causes above, extensive possibilities have been identified in order 

to reduce these, based not only on previous research, the theoretical chapter, but also 

empirical data.  

 

A challenge to achieve high validity in this thesis, concretely, proving that identified events 

on Massamagasinet potentially could be reduced through the use of Virtual Reality as well 

as an RFID system, were achieved through perspectives from both developers and users. 

Collected data are considered reliable since the informants represents experts in each area. 

These generated insights that strengthen the validity and the results, as a complement to 

previous research and the theoretical perspectives which has characterized the study. 

 

Based on what Mylek and Schirmer (2015) describes, the fact that the Forestry Industry is 

considered as one of the most dangerous industries in the world, plus additional insights at 

Södra, obtained results are assumed to be generalizable. Achievements within the study are 

considered to be applicable to not only sawmills with similar identified causes, as earlier 

described, but also to the entire sawmill industry with similar characteristics such as shifts, 

lack of risk awareness and an irregular workload. Likewise, taking the previous discussion 

into account, Virtual Reality simulators and RFID system are also seen to be useful in 

companies with equivalent processes and characteristics, which further verify the 

generalizability of the results. 
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However, it’s worth adding to the conversation that the result is mainly considered to be 

generalizable in similar environments and processes as the one in which the study was 

performed. Initially, this thesis was tied to a creation of an overall picture regarding selected 

areas, Virtual Reality simulators, RFID system and safety shortcomings within the sawmill 

industry. In order to create an understanding of which gap this thesis potentially might fill, 

it was during the opening phase clarified that previous research regarding Virtual Reality 

simulators, RFID system and safety shortcomings within the sawmill industry, were 

deficient. None research, with a dedicated focus on the same subject, has been identified 

which thus increases the value of this thesis. 

  

5.2 Criticism of the method 

The choice of research method is of central importance as it creates a basis for future detail-

level and the purpose of the study. Advantages as well as disadvantages must be carefully 

considered in order to achieve the intentions. 

 

When looking back at the completed study regarding techniques such as Virtual Reality and 

RFID system in relation to safety, it’s clear that the used scientific approach suited the 

study’s purpose well. With that said, the qualitative method is considered to have created a 

deeper understanding of the studied phenomenon, and insights that potentially might not 

emerge with a quantitative method, did so. Admittedly, some skepticism can be found in 

relation to the study’s generalizability, since its explicit focus towards Södra. However, a 

quantitative study wouldn’t have generated as extensive results as were sought, which led 

to a disregard of such approach.  

 

Thanks to the qualitative method, the study has been enriched with a solid material that has 

contributed to a more in-depth understanding of Södra, as well as the operations in 

Massamagasinet and its perceived safety shortcomings. The interviews, eleven occasions, 

were recorded, transcribed and categorized, with an ambition to create a foundation where 

each informant’s individual position and nuances could be effectively addressed. What can 

be mentioned here is that interviews were conducted in Swedish, since Södra and the 

informants are located in Sweden and thus have Swedish as their corporate language. 

Citations, which constituted a vital part of this thesis, with the aim of strengthening 

statements and descriptions from informants, have subsequently been translated into 

English to satisfy stakeholders from Kalmar Global. This may be worth recognizing, 

although we do not believe that the translations contribute with anything but what’s been 

said during the interviews. 

 

Furthermore, this process, which is described by Jacobsen (2002), in addition to be a time-

consuming and resource-intensive work, has contributed to a clarification of quotes valuable 

for analysis and an avoidance to distort data. At best, this thesis could possibly form a 

foundation for further quantitative studies, in order to validate the obtained results, and thus 

generate measurable outcomes.  
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From these facts, one may conclude that the study has its advantages and disadvantages, as 

described. On the other hand, the advantages of the qualitative method and choices for the 

analysis of such data, are considered as an indication of its reliability. These choices may 

nevertheless be regarded as appropriate, since the work has been carried out according to 

theoretical guidelines. 
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6. Conclusions and implications 

This chapter consists of the conclusions that emerged during the study, in which our 

contribution to Kalmar Global and Södra Cell will be presented. Furthermore, the thesis 

results and knowledge gap will once again be highlighted as well as managerial 

implications. 

 

6.1  Conclusion  

Based on the identified shortcomings regarding safety at Massamagasinet, it’s undoubtedly 

that these can be addressed by using technologies such as Virtual Reality simulators and an 

RFID system in order to reduce the risk of the occurrence of an accident.    

 

Moreover, this thesis and its results contributed with not only an increased understanding 

regarding safety deficiencies allocated in a sawmill facility, but also valuable insights on 

how these potentially can be reduced through the utilization of mentioned techniques. 

 

Furthermore, obtained results are also in advance seen as useful for not only Södra in general 

and Massamagasinet in particular, but also for industries with similar characteristics and 

processes. 

 

Likewise, requirements in relation to the use of a Virtual Reality simulator has also been 

generated, where technical possibilities and boundaries has been validated and later 

compared to mentioned user requirements. Among several requirements, the most of 

significance where the correlation between the performance in a real forklift compared to a 

Virtual Reality simulator. 

 

6.2 Managerial implications 

Based on the obtained results, concrete suggestions are presented below for professionals 

within Kalmar Global and Södra, as well as Managers in businesses with similar 

characteristics. 

 

We believe that this thesis and its results, can be useful and provide a valuable foundation 

for further development of Kalmar Globals existing product, Kalmar in a box. A user 

perspective and requirements for a Virtual Reality simulator have, in relation to forklifts, 

been identified relative to the context of a sawmill facility. This could be seen as a 

specification, which the organization could utilize for further improvements, and thus create 

awareness of the potential market’s needs. Furthermore, knowledge about the identified 

causes behind an accident can be used in communication with customers, and thus 

demonstrate how such shortcomings can be addressed by using Kalmar in a box. Based on 

this, Kalmar Global can establish an improved risk-awareness and act more consultatively 

in safety related questions. Due to this, Kalmar Global can not only deepen their relationship 
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with existing customers, but also create better market-intelligence, meaning they can utilize 

generated insights when approaching new customers within the entire sawmill industry.  

 

Moreover, this thesis reveals the importance for Managers at Södra to address the identified 

shortcomings in order to create a safer working environment. Several approaches are 

considered as feasible, either through an application of described techniques, or via methods 

or techniques Södra consider as more appropriate. By one of the used theoretical 

perspectives, which assesses user acceptance in relation to new technology, identified 

requirements of a Virtual Reality simulator are also crucial aspects to consider if the 

implementation should be as successful as desired. These demands can, just as for Kalmar 

Global, constitute a specification of factors that potential users see as vital. Regardless of 

the chosen technology or approach, identified problems could be seen as an action-list for 

decision-makers at Södra. These safety shortcomings and its importance are further 

reinforced since the informants in general believe there is a large number of hidden statistics 

in the reported events. In addition to identified causes, this thesis contributes with an 

additional perspective which is based on whether organizational culture can be seen as 

inherent to the occurrence of accidents. Conscious and hazardous choices are potentially 

based on the prevailing culture, which also should be taken into account since these 

represents a huge part of reported events. The identified safety shortcomings at 

Massamagasinet have exposed employees for hazardous situations, as well as affected 

Södra’s financial statements, negatively. In order to utilize a Virtual Reality simulator in the 

daily work at Massamagasinet, a re-allocation of resources is required, which in advance 

could constitute a negative aspect from a financial perspective. However, we consider that 

Södra and its U-time can be exploited, and thus avoid increased costs and demands for 

Massamagasinet. 

 

Lastly, this further demonstrates the importance for Södra to consider alternative solutions 

regarding safety, since their history of accidents has remained high despite extensive 

investments. 
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7. Suggestions for further research 
The study’s results showed possibilities for the utilization of the described techniques within 

the sawmill industry. However, what the thesis did not generate, which also is seen as a 

limitation, is measurable results of such implementations. Thus, there are good prerequisites 

and opportunities for further research and evaluation, not only because the entire sawmill 

industry witnessed a comprehensive amount of accidents, but also considering the lack of 

previous research. 

 

Opportunities for further research are also identified with regard to the informant’s 

requirements on a Virtual Reality simulator, where the correlation between the physical and 

virtual environment is considered as a crucial part for the actual use. For instance, to what 

extent should the virtual environment mimic the physical and what is by the market 

considered as arbitrary? 

 

Taking the financial perspective into account, it’s also considered as interesting to examine 

how a modernized forklift education and further development of existing forklift drivers, 

would affect company’s financial situation through the utilization of a Virtual Reality 

simulator. Costs linked to forklifts, additional maintenance, diesel, supervisors as well as 

decreased productivity are five aspects to analyze. 

 

In conclusion, a clear need for further research in terms of Virtual Reality are considered as 

essential, where several gaps still need to be filled in relation to the sawmill industry. 

However, it’s worth mentioning that it preferably would be interesting to see continued 

research on Virtual Reality and its role in the ongoing transition to autonomous vehicles and 

automated businesses, for instance, autonomous forklifts within the sawmill industry.  
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Appendix 

Appendix 1: Questionnaire, informants at Södra 

 

Background 

Hi, we, Marcus Olsson and Johan Torudd, are studying Information Logistics at Linnaeus 

University. This thesis will investigate HOW Virtual Reality and RFID system can be 

utilized in order to improve safety within the sawmill industry. Our study will be 

addressed towards the department Massamagasinet, and particularly safety aspects 

regarding forklifts and heavy vehicles. Lastly, and for your knowledge, our work will be 

done in collaboration with Södra and Kalmar Global.  

 

Why participating and why is it relevant for you?  

Many organizations have today safety as one of their top priorities, since many aspects 

and actions regarding safety can contribute to decreased stress-levels as well as a better 

overall-wellbeing for the employees. Considering the fact that the forestry industry is 

described as one of the most dangerous in the world, actions to improve the overall safety 

are therefore needed. On that account, YOUR participation is critical for us in order to 

generate new insights, not only for this thesis, but also a contribution for the entire 

sawmill industry.  

 

Before the interviews, we want to ensure that YOU agree and are conscious about the 

following statements: 

• In order to ensure a proper information handling, and not miss important content: 

Do we have your permission to record this interview?  

• Your participation will be 100% voluntary, and at any given time, you can stop the 

interview or choose not to answer a question. 

• If inconvenience in some way will arise, you are able to ask for clarification or 

follow-up questions.  

• Your participation will in its greatest extent be anonymous, and all personal 

information will be kept confidential. 

 

The last phase of this thesis will consist of a presentation, where the results will be 

presented to relevant stakeholders at Södra, as well as Kalmar Global. At this moment, our 

recommendations and identified patterns from the study will be outlined, where YOUR 

comments and participation will be kept confidential and handled according to the above-

mentioned statements. 
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Questions: 

Information about the Informant: 

Informant: 

Title: 

Experience: 

-Shift? 

-Truck card? 

- Previous experience of forklift driving?  

- Experience within Södra? 

- Previous experience as a supervisor? 

 

Background questions: 

- Can you tell us about an ordinary day in Massamagasinet, what’s your responsibilities? 

• Do you think Massamagasinet is a safe workplace? Regardless of the answer, 

why? 

• How do you view the safety measures taken? Have they, according to you, had any 

major impact on your work situation?  

• When new safety-actions are taken, how are they informed among the employees? 

• Can you describe how Södra ensure that people, who’s working shifts, receive the 

same information? 

 

Based on an analysis of the reported statistics in PIA, we have seen that a significant part 

of the reported events, accidents, incidents and risk observations, can be linked to crashes 

or collisions. 

• You as an employee at Massamagasinet, have you got the same picture as us or 

can you describe other safety shortcomings? 

Regardless the answer: What do you think this is due to? (stress, shifts, unproportional 

workload, lack of safety measures, equipment etc.)  

• Is there something that you feel could be prevented? 

 

Questions related to Multi Causational Theory 

Unsafe conditions: 

Now when we have initiated the discussion regarding forklifts, heavy vehicles and 

analyzed the statistics, is there, according to you, something related to today’s premises 

and working methods that affect and or contribute to these occurring events? 

 

Do you believe forklift drivers are forced to start working under pressure to fast? 

 

• How does the process of training and introducing a new forklift driver look like? 

• Do new forklift drivers, need to go through certain education, theoretically and 

practically? 

• Does Södra have any measurements that shows when a person is ready to operate 

in the daily business? If YES, what? If No, what are your thoughts about this? 
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• In case you think the training process for a new forklift driver is, to some extent, 

inadequate, please describe your opinion on how you think this could be done 

better, in order to ensure safety for both forklift drivers and others? 

 

Do you believe that something in the facility layout or setup, contribute to the emergence 

of potential risks?  

 

Unsafe acts: 

If we ignore the facilities and working methods, does it according to you, arise occasions 

when you carry out actions where you knowingly or subsequently realize the risks of your 

actions? 

 

- Do you think there are personnel who sometimes overlook the safety measures taken? If 

YES, describe these situations? 

- Is there any standardized or pronounced working methods in Massamagasinet, which one 

must follow in order to achieve a safe working environment? If YES, is there any 

evaluation or follow up on this?  

- Do you believe that the reported events regarding crashes and collisions with forklifts, 

are due to lack of attention from both forklift drivers and / or other people in 

Massamagasinet? do you think there are other reasons? 

 

Based on what we have discussed and our previous study on new technologies such as 

Virtual Reality and RFID system, we have looked more closely at potential solutions 

based on identified patterns in PIA, but also related this to what has emerged so far during 

our interview. This suggests that the use of Virtual Reality in training purposes and RFID 

system in the facility could be applied, and thereby improve safety. However, we want to 

add that this is still in a speculative stage, but we have an interest to examine the 

viewpoint from you as an employee, and Södra as an organization, regarding such 

implementation. 

 

Specific questions related to UTAUT 

What is your standpoint towards using a Virtual Reality simulator and combine this with 

your physical driving, where the aim is to further develop yourself and thus increase 

safety? Regardless of the answer, why? 

- To the question above: 

A Virtual Reality simulator has the ability to create a virtual world that mimics 

Massamagasinet and everything that belongs to it. It can also create individual training 

schedules, identify weaknesses that a person should train more on and over time track the 

individual development. 

 

From the statistics in PIA, we have seen that there have been collisions with forklifts on 

pillars, and beyond that, dangerous situations has appeared due to unannounced people in 

Massamagasinet. Do you think this could be avoided by primarily start training in a 

Virtual Reality simulator, but also equip not only forklifts and critical parts in the facility 
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such as pillars with sensors, with the aim of increasing forklift driver’s awareness of their 

surroundings? 

 

When analyzing the reported events, we saw that a forklift were crashed into a pillar 

which caused a greater damage on the facility. Beyond a report of this in PIA, what has 

Södra actively done in order to avoid similar situations? Moreover, do you believe that the 

operations potentially could be done more safely by using RFID system, as previously 

said? 

 

If a Virtual Reality simulator were purchased, it would require time dedicated from the 

employees. What’s your standpoint of that? Why? 

- Do you feel that your potential use would be affected if decision makers believes this 

Virtual Reality simulator is a great solution? 

- Furthermore, do you think that the culture in general at Södra, and the current culture in 

Massamagasinet, are mature and adaptable to embrace this type of technology, with the 

aim of improving safety in your everyday work? 

- Do you believe that Massamagasinet, as a whole, are prone to change and sees 

advantages in utilizing new techniques, routines, etc. or is it considered as a burden? 

 

The Södra Group, as a whole, has several departments and production units, where Virtual 

Reality potentially could be applied. Do you feel that your personal and Massamagasinet’s 

image would be raised internally if the department applied such techniques? Regardless of 

the answer, why? 

 

Today, almost all companies have strong and explicit focus on sustainability and 

developing more Eco-friendly solutions. A good example of that is Södra, which recently 

made an investment of one electric forklift, which is fueled by the energy generated at the 

plant in Värö. Based on this, we are interested to investigate how receptive Södra’s 

management team are to invest in new technologies? For instance, a Virtual Reality 

simulator. 

 

• What are your thoughts about this? 

 

How aware are the personnel at Massamagasinet about the fact that the department has 

experienced several incidents and accidents regarding forklifts and heavy vehicles? 

- Do you see any change in your co-worker’s actions? Or do they act like before? 

- Do you think that management and other stakeholders take this problem seriously 

enough? 

- Is there any explicit work aimed at reducing similar accidents or incidents? 

If so, how does the performance follow-up look like? 

If no, what do you think this lack depends on? 
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Final questions: 

Now, after we have discussed almost all the questions, is there any contributor in 

Massamagasinet, which you see as the biggest cause to all the reported events related to 

forklifts? 
 

Is there, as a conclusion, something that you feel we’ve missed and want to share, which 

can give us additional insights and perspectives in our study? 

 

Thank you for your time!! 
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Appendix 2: Questionnaire, informants at Kalmar Global 
 

1.  For how long have you been working as a test driver at Kalmar Global? 

2.  When you drive the simulator for the first time, what were your first impressions? 

3.  How do you see the driving experience in the simulator compared to a real machine? What 

is the difference? 

4.  Which moments do you see as most important to develop based on the current conditions? 

5.  Which people do you think would benefit by training in a simulator? Is it a good 

complementary tool for training purposes according to you? 

6.  Which functions, moments and conditions do you see as most vital to include in the 

development of a simulator for forklifts, mainly such used in large warehouses? 

7.  How do you experience the driving-environment regarding Kalmar equipment (forklifts) for 

instance, levers and screens? Do you believe that the technology is integrated in a good way 

in the cabin or does the driver need to reach for essential components? 

8.  Do you see any improvement-areas regarding Kalmar forklifts in order to enhance safety 

for drivers, as well as people who are located in the same building? Mainly with a focus on 

new technologies such as sensors, voice control and cameras. 
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Appendix 3: Questionnaire, informants at Combitech 

 

1.  What kind of actions are required to create a virtual environment that mimics the physical 

environment to the greatest possible extent? How similar can you get it? 

2.  Which conditions and circumstances are required in order to create a virtual environment 

where the driver’s environment mimics the existing fleet? 

3.  How do you see future opportunities with the use of Virtual Reality, both for educational 

purposes for machine operators, but also from a product development perspective? 

4.  Have you developed simulators for similar companies as Kalmar Global? If Yes, Which 

outcomes of this were generated from a short, medium and long-term perspective? 

5.  How do you assess the future development of Virtual Reality in terms of education and 

training? 

6.  Which possibilities exist when it comes to building scenarios in a Virtual Reality 

simulator with a focus on safety? 

  

·       Examine driving behavior, feedback on negative & positive driving? 

·       Produce a scenario with a varying stock level in Massamagasinet, meaning, training when 

Massamagasinet is full, respectively empty? 

·       Irregular working frequency for loading pulp? 

·       Individualized training-programs, with specific moments and challenges for each 

employee? 

·       Machines and people in continuous movement? 

·       Scenario with built-in moments which can cause stress, for instance, problem with the 

computer or incorrect pulp quality? 

·       Build scenarios where the driver gets alerts if driving too early when you have taken the 

load, with forks not submerged? 

  

7.  Which future opportunities do you generally see in the development of vehicles within the 

material handling industry, with a focus on new technologies such as sensors, voice 

control, integrated technology and warning systems? 

8.  How long is the development-phase of a Virtual Reality simulator expected to take? What 

kind of economic aspects are there, for instance, for Södra to take into account if they 

want to invest in in a simulator? (Monthly costs, licenses, etc.) 

9.  Reference projects? What is your general view of Virtual Reality simulators regarding 

training? Other safety improvements in relation to new technologies? 
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