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Abstract 

Safety is very important for our society. In contrast, it is hard to define what this term really means. 

Nevertheless, one area that is considered important for safety involves accident prevention. Many 

methods exist within this area which aims at preventing accidents from happening. One accident 

prevention method is called ‘The Safety Scanning Tool (SST)’. The study conducted in this thesis 

aimed at exploring whether the SST could improve the safety understanding of experts from the 

domain of aviation.  

The term ‘safety understanding’, as it is used in this thesis, refers to the understanding of central 

scientific concepts underlying safety. These concepts relate to the area of accident prevention and 

they were the results of a literature study on safety. Thus, the safety understanding was addressed 

on two levels of abstraction. The first general abstraction level concerned the basic assumptions for 

studying an organization’s safety culture relating to Schein’s (1992) framework cited by Guldenmund 

(2000). This relates to the area of accident prevention in a more general way. The second more 

specific abstraction level regarded 21 different safety issues important for accident prevention. 

These originated from the area of resilience engineering. 

Furthermore, this study was structured as a field experiment using a pre-post test and a within-group 

design.  In order to measure the different experts’ safety understanding, the data were gathered 

with the help of two surveys before and after the experts’ used the SST. The SST was applied to two 

groups of experts. In the first group, they were six people, and, in the second 16. The questions in the 

surveys were created with the help of the above mentioned literature study on safety. The results 

were analyzed with the help of the statistics program SPSS. In addition, the results were analyzed 

with the help of sources from academic literature. These were used in order to determine whether 

there was an improvement of the safety understanding or not. 

Based on the results from this study, it can be concluded that undergoing the SST caused several 

improvements of the experts’ safety understanding. These improvements were found in both groups 

of experts and on both abstraction levels of the safety understanding.  However, one result relating 

to the basic assumption level in the second group of experts could be interpreted both as an 

improvement and as a decrease of the safety understanding. 

The results of this study indicate not only that the SST has the ability to detect safety problems in an 

early state, before they can develop to the outcome of an accident. It has also the ability to enhance 

its user’s safety understanding relating to factors important for accident prevention. 
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1 Introduction 

Safety is a word that almost every person in our society has heard about. There is, for example, a 

very crucial part of safety, namely a negative aspect, which involves accidents. Safety should be 

prioritized in every working environment in all domains. However, it is especially vital for high risk 

systems like nuclear power plants, ships, dams, chemical plants, aircrafts, air traffic control and space 

missions, for example. These are called high risk systems because in worst case scenario thousands 

or millions of lives can be taken (Perrow, 1999). The history in our society contains many examples of 

major accidents in high risk systems. The catastrophic Chernobyl accident in the nuclear power 

domain had a massive impact on the health of millions of people, the environment, and also the 

economy in parts of Belarus, Russia and Ukraine (Balonov, 2007). Another example in the maritime 

domain is the Titanic accident 1912 where over 1500 lives were lost (Relyea, 1997). In the aviation 

domain, the collision of two aircrafts over Überlingen took the lives of 71 people in 2002 (Brooker, 

2008). These catastrophes are examples of why it is crucial to prioritize safety in every domain. 

Furthermore, Reason (1997) states that the question is not what safety costs but instead what safety 

can save. The probability for an organization to reopen business after a major catastrophe is only one 

out of five cases.  

Moreover, our society is constantly developing new technology which also means an increase in 

complexity and a bigger risk for errors to occur as claimed by Hollnagel and Woods (2005). One 

domain that is expecting an increase in complexity is the domain of Air Traffic Control (ATM) (Sträter, 

2008). It is predicted that the air traffic will grow on an international level. Hence, this will mean 

more changes concerning operational improvements with more multiple actors in air transport and 

new complex interactions, for example (Sträter & Korteweg, 2009). As a result, the assessment of 

risks becomes increasingly problematic. Therefore, it is crucial to identify and monitor vital 

requirements for safety in all different areas and levels of a complex system. The Safety Scanning 

Tool (SST), initially developed for European Organization for the Safety of Air Navigation 

(EUROCONTROL), is a method which aims at meeting these requirements in an effective way (Sträter, 

Athanassiou, Korteweg & Everdij, 2010). The SST is a systematic application of the Safety 

Fundamentals (SF) with the purpose of assessing whether a conceptual change adequately addresses 

the important safety aspects of the overall system.  

The SF represents basic requirements clustered in four main perspectives: 1.Basic principles of Safety 

Regulation, 2. Safety Management, 3. Operational Safety and 4.Safety Architecture and Technology. 

These generic, safety-relevant criteria are essential when planning, implementing and evaluating a 

conceptual change (e.g. a new technical component or service) in a system. They are independent 

from individual characteristics of a system, for instance software and hardware, and as a result, can 

be applied to all types of concepts for which safety issues have to be identified. As the SF are based 

on legal requirements for the certification of a component or a service within the context of a larger 

system, the SST may be used to prevent potential failure or unwanted impact on system safety 

preventing potential costs of subsequent additional corrective actions. (Sträter &  Korteweg, 2009) 

According to Sträter and Korteweg (2009) the purpose of using the SST is to identify risks before they 

can expand to larger consequences. Therefore, one interesting research topic is to explore, whether 

the SST can also influence its users by increasing their understanding for safety. 
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1.1 Aim 

The aim of this thesis is to investigate, whether the ‘The Safety Scanning Tool’ (SST) can improve the 

safety understanding of experts from the domain aviation.  

This study is structured as a field experiment using a pre-post test and a within-group design. Two 

SST-sessions were performed with two groups of experts. The first consists of six experts (SST-session 

PBNR)1 and the other of 16 (SST-session CCAMS)2. In order to measure the different experts’ safety 

understanding the data will be gathered with the help of two surveys before and after the two SST-

sessions. Then this data from the two SST-sessions will be compared.  

The term ‘safety understanding’ in this thesis refers to the understanding of central scientific 

concepts underlying safety. These concepts are the results of a literature study on safety. Therefore 

the safety understanding will be addressed on two levels of abstraction: 

 The first abstraction level of the safety understanding is a more general level. It was 

operationalized into to the first dimension basic assumptions in Schein’s (1992) framework 

cited by Guldemund (2000) for studying an organization's safety culture and climate. This 

level relates to the area of accident prevention in a more general way. 

 The second level of abstraction regarding the safety understanding which is more specific. It 

will be operationalized into the estimated confidence of being aware of 21 different safety 

issues in relation to the two conceptual changes that the SST will be applied on. These safety 

issues have a relation to the area of accident prevention and they originate from the 

resilience engineering literature.  

 

1.2 Research questions 

1. Will the safety understanding that is operationalized into the basic assumptions be improved 

for all the experts in SST-session 1 (PBNR)?  

2. Will the safety understanding that is operationalized into the basic assumptions be improved 

for all the experts in SST-session 2 (CCAMS)?  

3. Will the safety understanding regarding the estimated confidence of being aware about 21 

different safety issues be improved for all the experts in SST-session 1 (PBNR)?  

4. Will the safety understanding regarding the estimated confidence of being aware about 21 

different safety issues be improved for all the experts in SST-session 2 (CCAMS)?  

 

1.3 Limitations of this study 

Since the term ‘safety’ is extensively discussed in the academic research literature, the scope of this 

search had to be limited. The defined SF were used as a base for the search in order to determine, 

which similarities were reflected in the research literature about safety. Namely, it was compared 

                                                           
1
 PBNR stands for ‘The Performance Based Navigation Roadmap’. This is the first conceptual change the SST will 

be applied on.  For further information see the description in Method. 
2
 CCAMS is a shortening for ‘The Centralised Code Assignment & Management System’. This is the second 

conceptual change the SST will be applied on (see Method). 
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which areas underline safety according to research literature and which areas are important as 

stated by the SF.  

Another limitation is the application of the SST to two groups of experts who were all working in the 

domain aviation, in order to measure the change of the safety understanding. It is possible to apply 

the SST on other domains as well. However, this is not part of the scope of this thesis.   
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2 Theoretical framework  

The following chapter presents the theoretical framework of the thesis. It will define areas important 

for safety, as well as the SST.  

 

2.1 The problem of defining the term ‘safety’ 

A literature study was performed, in order to explore which areas are important for safety. The first 

step was to try to define what the term ‘safety’ means. 

Many dictionaries define safety as freedom from risk or danger in hazardous technologies This 

definition of safety is vague, because the two factors risk and danger are always present in a system 

(Reason, 1997). Furthermore, the term ‘risk’ also is various defined according to Sheridan (2008). 

One definition of risk is: 

“...the likelihood of an undesired event with specified consequences occurring within a 

specified period or in specified circumstances. It may be expressed either as a frequency (the 

number of specified events in unit time) or as a probability of a specified event following a 

prior event), depending on the circumstances” (Alli, 2001, p. 117).  

In the two following paragraphs, the problematic of defining the term ‘safety’ is further explained 

according to Hollnagel (2008b):   

 

2.1.1 Freedom of risks 

The first question concerns how freedom from an unacceptable risk can be achieved. Which are the 

tools can be used in order to ensure safety? This is dependent on, whether safety is considered as a 

permanent state, or a product, or an outcome. As a result it is something that requires constant 

attention and nurturing.  The next problem with the definitions from the dictionaries deals with is 

the question regarding the acceptability of risks.  

 

2.1.2 What kind of risks and their likelihood for a certain outcome does an 

organization want to be free from?  

The second issue concerns the extent to which different risks are considered to be acceptable. The 

acceptance of a risk is dependent on the severity of the outcomes’ magnitude. The risk is 

unacceptable if there is a change towards unwanted outcomes like injury harm, loss of material, 

money, etc. Moreover, the probability for a certain undesired event can be low, but on the other 

hand there can also be undesired events which an organization does not want to occur too often 

even if their outcomes are not that severe.  

Based on these findings, the meaning of the term ‘safety’ remains unclear. Hence, the focus of the 

literature study changed to a search for concepts which are important for safety. The findings made 

in the literature will be presented in the subchapters Accidents – a negative aspect of safety, Safety 

culture and safety climate, and, Resilience engineering.  
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2.2 Accidents – a negative aspect of safety 

A negative aspect of safety is reflected in different outcomes, namely accidents, fatalities, injuries, 

losses of assets, environmental damages, near misses, incidents and other undesirable events of all 

kinds. (Reason, 2008)  

Moreover, the difference between the terms incident, near miss and the term accident is the 

seriousness or severity of the outcome. Incidents and near misses are events that could have led to a 

bad outcome like an accident but did not (Hollnagel, 2004; Reason, 1997). Furthermore, Hollnagel 

(2004) gives two examples to illustrate the difference between the latter terms. An incident could be 

that a person is hit by an object at work but not injured. A near miss could be that an object falls 

down on the floor and nearly hits a person, for instance.   

 

2.2.1 Definition of an accident 

 “...an accident can be defined as a short, sudden, and unexpected event or occurrence that 

results in an unwanted and undesirable outcome. The short, sudden, and unexpected event 

must directly or indirectly be the result of human activity rather than, e.g., a natural event such 

as an earthquake” (Hollnagel, 2004, p. 5). 

Accidents are unexpected in the sense that they happen without warning, rather than developing 

slowly. Natural disasters are not considered accidents, because they are not caused by human 

activity, except from extremely rare cases. (Hollnagel, 2004) 

 

2.2.1.1 Attempting to prevent accidents by accident investigations 

Furthermore, one field that is important in the area of accidents is accident investigation. It is 

impossible to prevent all accidents according to Hollnagel (2004) and Sklet (2004). However, it is 

possible to prevent many of them. Hence, it is important to understand how and why they happen in 

order to figure out effective ways to establish protection against the same accident to occur again 

(Lindberg, Hansson & Rollenhagen, 2010). Moreover, there have been several changes regarding the 

accident models for investigating accidents and also concerning the understanding of the nature of 

causes over the last decades (Hollnagel, 2004; Reason, 2008). For example, the sequential and 

epidemiological models search for simple causes and do not consider accidents normal. On the other 

hand, systemic accident models take the complex interactions among different factors in a system 

into account. These accident models also consider accidents normal. This corresponds with Perrow’s 

(1999) idea about normal accidents (Hollnagel, 2004).  

 

2.2.1.2 Normal accidents and complex high-risk systems 

According to Perrow (1999) risks can never be eliminated from a high-risk system, because they have 

certain features which make accidents inevitable and also normal.  This is related to the tight 

couplings between the elements of a complex high-risk system and the way failures can interact with 

each other. Imagine a system like a nuclear power plant which contains many parts. Then, envision 

that two or more failures interact with each other in an unexpected, unplanned, unfamiliar, or in a 

latent way. This is referred to as the complex interactions of the system. Moreover, according to 

Hollnagel and Woods (2005) the chance for errors to occur is more likely when the complexity of a 

task increases.  
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A complex system has the following characteristics as stated by Perrow (1999):  

 A concurrency of units and parts that are not in a production sequence. 

 There are many common-mode connections between components like parts, units or 

subsystems, which are not in a production sequence. A common-mode connection is a 

component which also assists two or more other components in a system.  

 There are various control parameters with possible interactions.  

 The possible existence of unintended or unfamiliar feedback loops: For example, when gas is 

expected to flow from tank A to tank B in a chemical plant, then a feedback loop can occur 

caused by a technical failure so that the gas flows back from tank B to A.  

 Indirect or inferential sources of information. 

 A limited understanding for some processes in the system.  

Moreover, Perrow (1999) states that a system is inevitable for accidents due to tight coupling. When 

a process in a complex system happens very fast, it cannot be turned off. Since parts that have a 

failure cannot be isolated from other parts due to the work process, buffers and redundancies (two 

or more ways to achieve the same goal) must be designed in the system in advance. Furthermore, 

the staff might not notice this interaction in time and does not know what needs to be done. 

Hollnagel (2004) also states that further difficulties with tight couplings in a system make it harder to 

maintain and manage it.  

 

2.2.1.3 Multiple causes of accidents – searching from the sharp end to the blunt end in a 

complex system 

According to Hollnagel (2004) reasoning backwards from failures made in the sharp end to the blunt 

end means that the search will more likely result in a complex network with multiple causes.  The 

sharp end of the system is the part where active failures occur. They have an immediate act on the 

safety in the system (Reason, 1997). In the sharp end, the staff directly interacts with the hazardous 

processes in their roles as control room operators, pilots, ship crew, air traffic controllers, etc. 

(Reason, 1997).  

Furthermore, in order to describe, how working conditions and the nature of tasks can influence the 

failures at the sharp end, the definition of the blunt end was introduced. The idea of the blunt end 

has already been presented in Reason’s (1997) thoughts about latent conditions (Hollnagel, 2004). 

Latent conditions are like pathogens in the human body, meaning they can exist for many years in a 

system undiscovered and uncorrected, before uniting with other factors and slipping through all of 

the layers in the system together. Latent conditions arise from top-level decisions that 

manufacturers, designers, governments, regulators and organizational managers have made. 

Examples of latent conditions can be: poor design, unworkable procedures, maintenance failures, 

manufacturing defects, clumsy automation, short-falls in training, inadequate equipment and gaps in 

supervision. Furthermore, latent conditions can also increase the probability of active failures 

(Reason, 1997).  

Moreover, the blunt end describes the way people affect safety through their effect on resources 

and constraints which on the other hand influence people in the sharp end. Furthermore, these 

resources and constraints acting on the operators in the sharp end are assumed to be determined by 
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other people’s decisions and actions in a different place and at an earlier time; examples are 

decisions concerning procedures for safety, communication channels, instructions for work, interface 

structures for the interaction between human and technology. Taking these factors into account, the 

search for failures can result in a host of causes, as an example, starting at the sharp end which is 

affected by local workplace factors, and then higher in the hierarchy comes the local management 

which is affected by the company. Moreover, in areas like aviation, healthcare and nuclear power 

production, the company is affected by national and/or international regulating authorities, e.g. the 

government, for instance. Finally, the government itself is affected by the public opinion and also the 

prevailing norms acceptable for safety. (Hollnagel, 2004)  

 

2.3 Safety culture and safety climate 
There are many different organizations world wide that have shown a larger interest in the concept 

of safety culture, because they consider it a mean for reducing accidents, disasters, incidents, and 

near misses in their everyday tasks. (Choudhry, Fang & Mohamed, 2007) 

Moreover, Guldenmund (2000) states that the concepts safety culture and safety climate are 

important for safety. In contrast, so far no consensus has been reached in previous research 

concerning the definition of these concepts and not regarding the establishment of their connection 

to each other either. Therefore, they can be considered as two general concepts. Performing a 

literature review on previous studies involving these concepts, Guldenmund (2000) found that the 

most common approach trying to measure them in an organization is by attitude, behaviour and 

perception questions connected to different safety dimensions. These are often distributed to the 

chosen population in self-administered questionnaires. However, the structure and the number of 

the questions, as well as the safety dimension they refer to, can differ a lot. Some of the safety 

dimensions in the questionnaire of Cooper and Philips (1994) cited by Guldenmund (2000) concerned 

the importance of safety training and the risk perception level. These safety dimensions were not 

reflected in the questionnaire made by DeDobbeleer and Beland (1991) cited by Guldenmund (2000). 

Instead, the focus was on the managements’ dedication to safety and also the workers’ safety 

involvement.  

Since there is no appropriate model that can describe the difference between safety culture and 

safety climate, Guldenund (2000) proposes a framework based on Sheins (1992) work. This 

framework separates the terms ‘safety culture’ and ‘safety climate’ from each other and it can be 

used to study an organizations’ culture. 

Further, Guldenmund (2000) defines the term ‘safety culture’ as the aspect of the organizational 

culture which will impact on the attitudes and the behaviour related to either decreasing or 

increasing risk. According to (Eagly & Chaiken, 1993) cited by (Guldenmund, 2000, p. 222), an 

attitude can be defined as: 

“a psychological tendency that is expressed by evaluating a particular entity with some degree 

of favor or disfavor”.  

In addition, organizational culture is defined as:  

“a pattern of shared basic assumption that the group learned as it solved its problems of 

external adaption and internal integration, that has worked well enough to be considered valid 
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and, therefore, to be taught to new members as the correct way to perceive, think and feel in 

relation to those problems” (Schein, 1992) cited by (Guldenmund, 2000, p.250). 

In Guldenmunds (2000) framework safety culture is conceptualized into three levels, namely basic 

assumptions (the core), espoused values which are attitudes (the middle layer) and artefacts which 

are behaviour (the outer layer). These layers can also be studied separately. For instance, safety 

climate which is the middle layer (espoused values) can be analyzed independently. (Guldenmund, 

2000) 

 

2.3.1 Basic assumptions  

Schein (1992) cited by (Guldenmund, 2000, p.249) defines basic assumptions as:  

“the implicit assumptions that actually guide behavior, that tell group members how to 

perceive, think about, and feel about things”. 

Basic assumptions are spread out throughout an organization and they are unconscious for the 

members of an organization. Furthermore, the basic assumptions are explanatory variables which 

can explain safety attitudes. Rundmo and Hale (2003) claim that an ideal safety attitude can 

contribute to improving safety, like engaging in safe behaviour that lowers the occurrence of 

accidents and near-accidents, for example. However, it might be difficult to decide what the ideal 

attitude is contributing to safety. According to Guldenmund (2000), the basic assumptions consist of 

six dimensions: 

 Reality and truth: The first dimension concerns the definition of what is real and what is not, 

more specifically what is safe and what is not.  

 Time: The second dimension deals with the importance of time in an organization and how it 

is used in relation to safety. It can reveal the assumptions of hazards and housekeeping in 

work places and also the preparation for work and the work itself. 

 Space: The third dimension involves how space is filled and used in an affiliation with safety 

in an organization. The third dimension can as well as the second dimension expose what the 

assumptions concerning housekeeping and hazards in a working place, work preparation, 

and the work itself are.  

 Human nature: The fourth dimension applies to the assumptions of human’s inherent nature 

and what can be done about them. For example, if some people are more likely to engage in 

risky behaviour or accident prone.  

 Human activity: The fifth dimension involves the definition of what work is and what is the 

right thing for people to do in relation to their environment, meaning to which extent they 

should wait for instructions or take the initiative. 

 Human relationships: The last dimension refers to the way people relate to each other, for 

example, co-operation, individualism, competition, authority of individuals and also to the 

question, whether it is acceptable to correct each other if someone engages in an unsafe 

behaviour.  

The basic assumptions do not have a numerical counterpart. Further research should aim at 

developing means in order to assess different organizations’ basic assumptions, in order to get a 

deeper understanding of the way things are done in an organization (Guldenmund, 2000).  
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Furthermore, it can take up to five years to change the basic assumptions in an organization 

according to De Cock et al. (1986) cited by Guldenmund (2000).  

2.3.2 Espoused values 

The basic assumptions affect the next layer, i.e. the espoused values which are operationalized as 

attitudes. The latter correspond with the term ‘safety climate’. Furthermore, attitudes always have 

objects and therefore these are included in the safety culture framework by Guldenmund (2000): 

 Attitudes towards hardware: These can involve safety arrangements and measures, or 

personal protective equipment, for example.  

 Attitudes toward software: Examples are training, safety procedures and knowledge.  

 Attitudes towards people: This includes all the different staff and also groups within a 

company, like colleagues and management etc.  

 Attitudes towards behaviour: This involves all acts with regard to safety, or the lack of safety 

which can be responsibility, communication about safety, safe working and scepticism.  

 

2.3.3 Artefacts 

The last layer concerns artefacts. It is operationalized as behaviour and is also affected by the basic 

assumptions and espoused values in Guldenmund’s (2000) framework. Artefacts comprise particular 

manifestations which are visible in an organization and also specific to the object of study. In relation 

to safety, examples are inspections, the decision to wear or not to wear personal protective 

equipment, incidents, accidents, near misses, or different types of behaviour.  

 

2.4 Resilience engineering 
A new area important for safety in respect to accident prevention has evolved during the latest years 

(Sheridan, 2008). This area is called resilience engineering and has a similar view like the systemic 

accident model approach, which considers accidents as normal (Hollnagel, 2008a). However, the area 

of resilience engineering also highlights the importance of looking into the future, in order to 

anticipate potential issues which can have a negative impact on the system (Nemeth, 2008).  

“A resilient system is able effectively to adjust its functioning prior to, during, or following 

changes and disturbances, so that it can continue to perform as required after a disturbance or 

a major mishap, and in the presence of continued stresses” (Hollnagel, 2009, p. 117). 

Furthermore, HoIlnagel (2008a) claims that the quality of resilience in a system or an organization 

can be determined dependent on the following abilities to face different threats efficiently:  

The first ability involves that the organization or the system must be able to respond quickly to 

different disturbances as well as regular and irregular threats. Further, it must also have responses 

ready and be able to apply them in present conditions in terms of resources and needs.  

The second ability comprises that it is important for the organization or the system to be able to 

monitor its own performance. This involves making updates from time to time in order to avoid 

getting trapped by habits and routines. Thereby, it is possible for the system or the organization to 

cope with threats.  
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The third ability deals with the prediction of pressures, disruptions and their possible consequences. 

In order to do this, the organization must have the ability to look in the near future and foresee what 

might happen. According to Hollnagel (2008a), one way to deal with this is to take Westrum’s (2006) 

three threat types into account. These are namely, regular threats, irregular threats and unexampled 

threats. Thus, the organization can face these different threats more efficiently. Therefore, it is 

important to foresee what might happen in medium-term and long-term future. To make 

anticipations about threats is a help for the organization or the system to deal with potential threats.  

The last ability underscores the importance of learning from past experience, which can involve both 

unwanted events and also every day situations (Hollnagel, 2009). Examples from everyday situations 

can be changes within the organization or the system itself, procedures, changes of roles, or 

functions, for instance. This is important in order to face different threats efficiently (Hollnagel, 

2008a).   

Moreover, both failure and success in a system are the results of normal performance variability in a 

system. Therefore, safety and resilience can be achieved by controlling the performance variability, 

by dampening the variability that can lead to unwanted events like accidents and also by reinforcing 

variability so it can produce positive instead of negative outcomes. (Hollnagel, 2008a) 

 

2.4.1 Performance variability 

A system and the output of a system or performance is said to be variable if it changes over time. The 

rate of the change is important and the performance variability can take place in a system’s sub-

system simultaneously. There are different types of variability like the moment-to-moment 

performance responding to short-term changes like resources, working conditions and demands. 

Furthermore, there is the variability of the working environment demands and also the variability of 

the organization. For humans in a system, the ranges or types of variability correspond to moment-

to-moment adjustments. They are also called the performance variability that is carried out during 

work. Humans have to do adjustments in work modes or patterns over days, weeks or even longer 

time, in order to maintain control over a situation. In addition, humans apply flexibility and 

adaptability to do the mentioned adjustments, which is also the reason why humans can deal with 

complexity. However, the adaptability and flexibility of humans is the source of both success and 

failure in a system. When the outcome of an action differs from requirements and/or intentions, it is 

due to the variability of the context and conditions and not due to the human action. (Hollnagel, 

2004) 

 

2.4.2 Preventing accidents by managing the variability 

Moreover, the variability in a system originates from the need to be adaptive in a constructive 

manner to be able to achieve goals. The complexity and the demands from the system induce the 

variability in a system. Since it is impossible to reduce complexity, another method is to control the 

variability, which requires the ability to be able to detect, or observe it, the ability to determine when 

it is getting out of hand, and the ability to be able to introduce countermeasures. Managing the 

variability is what accident prevention deals with. Failures and normal performance emerge over 

time and therefore it is important to look for how mutual dependencies can arise within a complex 

system. (Hollnagel, 2004)  
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Moreover, to some degree the future is always uncertain. Thus, it is not always guaranteed that the 

actions taken for preventing an unwanted event will be successful. Therefore, safety management 

and risk prevention cannot be made without taking some risks at least. As a consequence, it is 

important for an organization’s survival to accept the risk or chance that something might happen 

and to make investments for positive outcomes and the prevention of negative outcomes. Moreover, 

an efficient safety management system can contribute to managing the variability. An effective 

safety management should not only focus on the response after something has happened, but also 

focus on controlling the variability in the sense of making changes, or corrections when anticipating 

what may happen. (Hollnagel, 2008a)  

 

2.4.3 Safety management systems 

A safety management system is a framework containing safety philosophies, methodologies, and 

tools which can improve an organization’s ability to understand, construct and manage proactive 

safety systems (Stolzer, Halford & Goglia, 2008). Furthermore, Reason (2008) states that reactive and 

proactive measures are important for an effective safety management, because they provide crucial 

information about the defences, workplace and systematic factors which are known to contribute to 

bad outcomes.  

 

2.4.3.1 Reactive measures 

Reactive measures are derived from incident reporting systems or free lessons. According to Reason 

(2008) some of the positive aspects are: 

 Lessons learned from these data can be used, in order to mobilize an organization’s defences 

against other serious occurrences in the future.  

 This data can also be useful information, in order to analyze which safety guards and barriers 

were effective, when an unwanted event occurred.  

 Understanding and distributing these data is a way to slow down the process of forgetting 

and being afraid of rare operational dangers.   

 Close calls, near misses, and free lessons supply qualitative insights concerning how the 

combination of small defensive failures could contribute to accidents.  

Moreover, a high-reliability organization (HRO) uses the information from an accident analysis, for 

instance, to identify parts of the system that should have redundancies. Another example is that 

HROs use information from an unwanted event in order to perform failure simulations with the staff 

in the organization. Thereby, the people get a better preparation for in responding in a more 

effective way, when an unwanted event is about to occur. (Roberts & Bea, 2001) 

 

2.4.3.2 Proactive measures 

Proactive measures involve regular checkups of the system’s different crucial processes as well as the 

organization’s defences. These measures try to identify conditions that can cause holes in the 

resistance in the future. Proactive measures help to make latent conditions visible for the people 

who manage and operate the system. Organizations should regularly assess and improve processes 

like communication, planning, design, hardware, maintenance, procedures, scheduling, budgeting, 
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for instance, because these factors are known to contribute unwanted events like accidents. (Reason, 

2008)  

 

2.4.4 Factors which can have a negative impact on the performance variability 

Moreover, in order to control the performance variability, there are several factors that need to be 

monitored in a system. They can affect the performance variability in a negative way and thus an 

unwanted event like an accident (Hollnagel, 2008a). These factors are summarized in the following 

categories:  

 The availability of resources 

 Experience and training 

 Communication quality 

 Design 

 The accessibility of procedures and methods 

 Conditions of work 

 The time availability 

 Team work quality 

 The support and quality of the organization 

 Importance of independent view-balancing safety vs. production 

 Bias 

 

2.4.4.1 The availability of resources  

The performance in a system requires that all adequate resources are available. An insufficient 

number of resources can cause a negative impact on the performance variability, and thus lead to 

system failure. Examples of resources are material and personal. (Hollnagel, 2004) 

Additionally, Reason (1997) states that unavailability and/or bad quality of resources like equipment 

and tools that are part of the main components of the system can contribute to active failures. For 

example, the equipment should not be too old, the supply of equipment has to be sufficient, and lost 

equipment has to be replaced, etc.  

 

2.4.4.2 Communication quality  

Insufficient and untimely communication, including both human and technological aspects, can affect 

the performance variability negatively (Hollnagel, 2004). 

Moreover, communication is important for error reducing, effective performance, and also 

improving safety (Flin, O'Connor & Crichton, 2008).  Further, Roberts and Bea (2001) state that there 

are fever accidents in companies that have developed processes and systems for communicating the 

entire picture to everyone in an organization and also encourage the staff to communicate with each 

other about issues that affect the whole organization. Moreover, Flin et al. (2008) state that 

information exchange between people is crucial for decision-making, leadership, team co-ordination, 
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and situation awareness. An effective communication also enhances the genuine understanding as 

well as the information-sharing and perspective taking.  

In addition, Reason (1997) states that communicating problems relate to three areas:  

 System failures: The essential channels exist, but they are not used regularly or the vital 

information is not transmitted.  

 Reception failures: The right message is sent through the existing channels, but this message 

is misunderstood or arrives too late.  

 Message failures: The vital information is not sent through the existing channels.  

 

2.4.4.3 Experience and training  

It is the operational experience, plus the level and quality of training that determine how well 

prepared the personnel is for a certain situation. Hence, this will also affect the variability of the 

person’s performance (Hollnagel, 2004). 

In addition, Reason (1997) states that failure to understand the requirements of training and 

inadequate definitions of competence requirements, poor mixes of experienced and inexperienced 

personal, for example, can contribute to active failures.  

Moreover, when new technology is introduced in a complex system it is important to provide safety 

training so that hazards can be identified, measured and that the right actions can be taken to 

prevent them. In order to maintain a healthy and safe workplace, the whole staff in a working 

environment needs to be trained and get constant updates to refresh the knowledge. For this reason, 

training is a crucial element for safety. In addition, the information distributed through the safety 

training is vital, because it will have an effect on the reduction of the number of accidents and 

diseases. Therefore, it is important that safety and health information is presented in an easy way so 

that the staff can understand it better. (Alli, 2001)  

According to Salas and Cannon Bowers (1997) cited by (Flin et al., 2008) further examples of safety 

training are: 

 Information based training: The participants receive training by attending lectures where 

information is presented to them. 

 Demonstration-based training: The participants are presented different required behaviours, 

strategies or actions illustrated by video-clips. 

 Practise-based training: The participants learn through simulation of both emergency and 

also normal work situations. 

 Class discussion of certain scenarios.  

 

2.4.4.4 Design 

The general interaction between humans and machines which also comprises interface design as well 

as a range of operational support is well known for having a big impact on the performance 

variability (Hollnagel, 2004).  
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Reason (1997) also claims that the design of an object can have a vital impact on safety and will 

contribute to active failures when not providing feedback to the user, or when the design is not 

transparent in regard to the inner workings, for instance.  

Another important aspect regarding system design is the implementation of redundancy according to 

Roberts and Bea (2001). Thus, its defences against accidents are enhanced. This enables an 

organization to catch failures before they lead to unwanted events.   

Moreover, there is an entire area dedicated to improving design, namely human factors and 

ergonomics whose main purpose is design. One of the goals involves improving safety. With other 

words, safety in a working area will be enhanced by perceivable hazards, easy-used controls, 

acceptable work postures, relevant warning signs, a reduction of noise, and other environmental 

stressors, for example. (Helander, 2005)  

 

2.4.4.5 Conditions of work  

Disadvantageous working conditions like ambient light, glare on a screen, interruptions from the 

task, the temperature, noise, etc. can have a negative impact on the performance variability 

(Hollnagel, 2004) 

Furthermore, according to Parsons (2005) a dynamical and a constant interaction exist between 

people and their surroundings. This interaction can result in psychological and physiological strains 

on a person due to environmental factors like smells, draughts, glare, and noisy equipment, for 

example. In addition, this can lead to a direct impact on a person’s performance, productivity and 

thus on health and safety as well.  

 

2.4.4.6 Team work quality  

The performance variability can be affected negatively by the quality of collaboration between team 

members in different levels in a social climate. This includes overlaps between the unofficial and the 

official structure level of trust and in general the social climate. This also affects people’s enthusiasm 

for work. (Hollnagel, 2004) 

Moreover, team working problems have been reported as a factor contributing to accidents. 

Examples for the mentioned problems are failures to resolve conflicts, roles that are not clearly 

defined, bad communication, and a lack of a clear co-ordination. In addition, problems in a team can 

arise depending on how long and how efficient a team has been working together. For instance, in a 

team that is more inexperienced there is a higher chance for confusion to arise regarding 

responsibilities and roles. As a result, some team members will perhaps not assume their task fully 

and work less hard compared to working individually. These team members would also be less 

sensitive for the other team members who are more used to cooperate. Thus, this would result in a 

loss of effort. (Flin et al., 2008) 

 

2.4.4.7 The accessibility of procedures and methods  

The unavailability of plans and procedures (like operating and emergency procedures) as well as 

routine patterns for responding can have a negative effect on the performance variability (Hollnagel, 

2004). 
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Moreover, Reason (1997) also states that procedures which are unavailable, inaccurate, irrelevant, or 

of low quality can contribute to active failures.  

 

2.4.4.8 The time availability 

The performance variability can be affected in a bad way by time pressure when performing tasks. It 

is the synchronization between task execution and process dynamics which determines how much 

time is available for performing tasks. Time pressure can be due to an unreasonable number of goals. 

(Hollnagel, 2004) 

Furthermore, Reason (1997) claims that time pressure can be a contributing factor to active failures.  

Additionally, time availability can also have a big effect on safety when making decisions. Especially in 

critical situations, there is the risk that there is not enough time to consider all the choices relevant 

for the decision. As a result, not the most optimal alternative will be chosen. (Flin et al., 2008) 

 

2.4.4.9 The support and quality of the organization  

The safety management systems’ as well as the team members’ different roles and responsibilities, 

safety culture, instructions, roles for external agencies, etc. can also affect the performance 

variability in a negative way (Hollnagel, 2004). This also relates to the importance of team work, 

because teams are an embedded feature of the organization (Flin et al., 2008). For example, a 

problem that can arise in teams and that can contribute to accidents is poor defined roles, as 

mentioned before. In addition, another important matter concerns responsibility. Reason (1997) 

claims that a poor definition of responsibility in organization also contributes to active failures; 

warning signs can be overlooked, for example. This problem can be present for a long time in an 

organization at various levels and nothing might be done about it.  

Moreover, Hollnagel (2004) also mentions safety culture as a factor that can have an impact on the 

performance variability in a negative way. For instance, Guldenmund (2000) defines the term ‘safety 

culture’ as the aspect of the organizational culture which will impact on the attitudes and the 

behaviour related to either decreasing or increasing risk. Further, Flin et al. (2008) claim that the 

safety culture can contribute to poor decision making, which can affect safety in a negative way.  

 

2.4.4.10 Importance of an independent view – balancing safety vs. production 

A commercial organization has two goals. One is to keep risks as low as possible and the other 

objective is to stay in business. Sometimes, a conflict can arise between them (Reason, 2008). As a 

result, the conflict between the goals of production vs. safety can contribute to active failures 

(Reason, 1997). Furthermore, the number of goals can affect the performance variability negatively 

(Hollnagel, 2004).  

Moreover, it is the regulatory and public pressures that have the power to influence the top 

management of an organization to make it drift into a state where it is more resistant for accidents 

through enhanced safety measures. Unfortunately, these safety improvements are often short-lived 

and the organization starts to drift into a state where it is more vulnerable for accidents, because the 

fear of accident gets lost over time. Hence, it starts once again to direct their limited resources 

towards the goal production instead of safety. (Reason, 2008) 
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Woods (2006) states that an external and independent voice that questions the conventional 

assumptions of risks and decision-making concerning safety within the senior management can help 

an organization to reach a balance concerning the trade-off between safety and production. This 

could provide another point of view and assist the organization in discovering its own blind spot, so 

that it could apply countermeasures and become more resistant to accidents.  

 

2.4.4.11 Bias 

Bias is a factor that can influence people’s decision-making in different situations. Decision-making is 

especially critical in all high-risk settings (Flin et al.  2008). Furthermore, there are several forms of 

biases. An example is confirmation bias which refers to the people’s tendency to seek information 

that confirms their inferences rather than seeking for information that can disconfirm them (Forsyth, 

2006). When not considering the most relevant options, the outcome can be a decision that is not 

the most optimal and, as a consequence, a decision error can occur. Another factor which can 

influence the decision-making is the safety culture of the work site (Flin et al. 2008). For example, 

Parsons (2005) states that it is important to use an expert panel that is unbiased when evaluating 

different work environments, because bias could affect the judgment. If a biased expert panel with 

the task to design a human-machine interface consists only of a group of designers, it is possible that 

the outcome is more directed towards the goal of production rather than safety. Poor design is an 

example of a latent condition and is something that in the end can affect people in the sharp end 

negatively (Reason, 1997). Furthermore, the interaction between people can affect the performance 

variability as well (Hollnagel, 2004).  

 

2.5 The Safety Scanning Tool (SST) 

The Safety Scanning Tool (SST) is a new method in the area of accident prevention and it has its origin 

from the area of legislation relating to safety. In the beginning, this method was called ’The Safety 

Screening Tool’. It was created 2007 by the European Organization for the Safety of Air Navigation 

(EUROCONTROL), because there was a need for a systematic implementation of the Safety 

Fundamentals (SF) (Sträter & Korteweg, 2009).  

Furthermore, the SST is a proactive approach towards safety (Sträter, 2008). It is build up in MS-Excel 

and has the structure of a questionnaire that guides the users through the four main safety 

fundamental areas (Everdij & Balk, 2008; Arenius, Athanassiou, Sträter, Korteweg & Everdij, 2010; 

Sträter et al., 2010 & Sträter & Korteweg, 2009):  

 1. Basic principles of safety regulation 

 2. Safety management 

 3. Operational safety aspects 

 4. Safety architecture and technology 

The SST’s purpose is to investigate whether a conceptual change (e.g. a new technical component or 

organizational change) addresses all aspects important for safety. The procedure for using the tool is 

that experts from different relevant areas which are potentially affected by this change will meet. 

With the help of a facilitator and a co-facilitator, they will answer the questionnaire. The SST process 

is consists of the three phases ‘preparation stage’, ‘main part’ and ‘report’. (Arenius et al., 2010) 
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Moreover, the SST is always used in relation to a concept that means either a small, medium, or large 

change of a system. These changes also involve single or multiple actors. A small change can be to 

replace a keyboard, for instance, while the function of the keyboard remains the same as before the 

change. Since this is limited to one precise change in one workplace, it will only affect one single 

actor. Further, a medium change involves a certain number of working places within the same 

organization. An example for such a change is the introduction of a new communication device like a 

new email client, for instance. Since this change only affects actors inside the organization and not 

outside, only single actors are involved. Finally, compared to the other changes a large change 

involves multiple actors. The introduction of reduced vertical separation minima (RVSM) in the area 

of aviation is an example of a large change. RVSM describes the envisioned reduction of the standard 

vertical separation required between aircraft that flies at different levels in the airspace. This makes 

it possible for more aircrafts to fly safe in a special volume of airspace. This type of change involves 

several actors: the aircraft operators in terms of how to meet the requirements for RVSM airspace, 

furthermore state representatives are needed to answer the question of how to create these 

requirements and, in addition, the pilots in terms of training.  (Arenius et al., 2010) 

Furthermore, a conceptual change can be classified in different life cycle stages dependent on how 

far it is developed. The earliest stages of the life cycle are V0-V2. Here, the change is still under 

design and, therefore, the safety management principles like safety tasks and responsibilities are not 

yet developed fully. In the later life cycle stages V3-V5, the design of the conceptual change is 

finished and it is ready for implementation in the overall system. In this state, it is possible for the 

SST to provide more detailed recommendations regarding safety issues which might appear later in 

the development phase. Examples of safety issues are unexpected side-effects of the change. By 

applying the SST to a conceptual change, it is possible to see how the change will impact on the 

overall system. Thus, the SST can be used to detect potential safety problems. (Sträter et al., 2010) 

 

2.6 The Safety Fundamentals (SF) 
The Safety Fundamentals (SF) are a set of important basic requirements which are essential for a safe 

design of a system (Sträter & Korteweg, 2009; Everdij & Balk, 2008). It is crucial to get assurance that 

all the vital needs for safety are being identified and handled in an effective way. Furthermore, there 

need to be clear processes between the safety authorities and the developers. This is crucial 

according to a safety regulatory principle.  

 

2.6.1 The origin of the SF 

The SF are a collection of clustering based on different lists of several requirements concerning safety 

regulatory. These originate from different domains like the nuclear industry, rail industry, chemical 

industry, and aviation industry. (Everdij & Balk, 2008; Sträter & Korteweg, 2009)  

Moreover, the SF are presently used in the area of nuclear power under the name ’deterministic 

design criteria’. This is the most experienced domain dealing with safety, except from the aviation 

industry, that also considers it to be very important. In the nuclear power industry, the SF are a 

summing-up of basic safety rules. One rule involves, for example, that the occurrence of one single 

point error should not lead to a crash of a whole function. In the nuclear power industry, the SF are 

used in the early stage of licensing of operations like building licenses, in order to anticipate safety 

aspects that would lead to inadequate safety performance and also aspects that could put the 
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project in a risky financial scenario. As a result, the SF can prevent additional work and total failure of 

a project. Furthermore, the SF can also be helpful when dealing with cost versus benefit analysis. 

Hence, it can support management decisions involving this area. Another example of a domain 

where the SF are currently used is the chemical industry, where they function as basic aspects 

concerning safety oversight or evaluation. (Sträter & Korteweg, 2009) 

 

2.6.2 The generic usage of SF 

Despite the fact that the SF are compiled from several domains, it is possible to apply them to any 

type of system in any domain, because they are independent from individual characters of a system 

like software and hardware. For instance, one of the SF called redundancy involves the existence of 

at least two systems, which share the same functionality. Because of the SF’s generic nature, they 

can be applied to any technical design, or the design of human technological interactions. With 

respect to the existing safety regulations, the SF can be used to make a judgement about a system 

status at any stage of its life cycle. In addition, the SF are flexible, because it is possible to add more 

SF, if that is desired. (Sträter & Korteweg, 2009) 

Moreover, Petrek (2009) performed a study investigating whether the SST could be a useful tool in 

the domain of railway. The result showed that it is possible to use the SST in this domain. However, 

Petrek (2009) suggests to adapt the questions and explanations to railway. The study shows that it is 

possible to use the SST in other domains except from aviation.  

 

2.6.3 The four main SF perspectives  

The SF involve four main perspectives:  

 Basic principles of safety regulation 

 Safety management 

 Operational safety aspects 

 Safety architecture and technology 

Every perspective contains a specific list of SF extracted both from currently existing legal and 

regulatory requirements. Moreover, the distinction between the different perspectives in the SF 

considers that safety is not only an issue for architecture, but also an issue for performance, which 

can affect the first party as well as second and third parties. (Sträter & Korteweg, 2009) 

 

2.6.4 SF 1 Basic principles of safety regulation 

The four different SF in this perspective concern legal aspects, plus regulatory and organizational 

needs according to (Sträter & Korteweg, 2009; Everdij & Balk, 2008)3. These comprise of: 

 SF 1.1 Regulatory principles for independent oversight 

 SF 1.2 Structural needs – Legal mandate and the ability to ensure a safe standard 

                                                           
3
 Every safety fundamental perspective and safety fundamental in this thesis is marked with the shortening SF 
and a number to indicate where it belongs to (e.g. ‘SF 1.1 Regulatory principles for independent oversight’ 
belongs to the first safety fundamental perspective ‘SF 1 Basic principles of safety regulation’). 
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 SF 1.3 Implementation needs for responsibility concerning safety  

 SF 1.4 Needs for new regulations 

2.6.4.1 SF 1.1 Regulatory principles for independent oversight 

A competent organization should approve and monitor the safety standards independent from 

designers, producers, and service providers.  

 

2.6.4.2 SF 1.2 Structural needs – Legal mandate and the ability to ensure a safe 

standard 

All designers, producers, and service providers have a duty according to European regulations and 

national legislation. This duty involves taking all kinds of precautions, for example, to make sure that 

their products, or services are safe. Hence, it is mandatory to constantly improve safety standards.  

 

2.6.4.3 SF 1.3 Implementation needs for responsibility concerning safety 

The designers, producers and service providers have the main responsibility for a service’s or 

product’s safety. It is important that the responsibility allocation between all parties involved in the 

overall safety in an organization is clear. Thus, this requires a clear communication.  

 

2.6.4.4 SF 1.4 Needs for new regulations 

The safety regulations need to be updated constantly in order to keep a system safe. This check-up 

needs to be carried out approximately every five years.  

 

2.6.5 SF 2 Safety management 

The five SF in this perspective concern the role of an organization and the steps that need to be 

taken, in order to achieve safety. They are structured like a ‘Plan-Do-Check-Act’ cycle according to 

Sträter and Korteweg (2009):  

 Plan:  involves setting up the goals and processes. 

 Do:  comprises for realizing the processes. 

 Check: deals with supervising and comparing the processes with their requirements by 

measuring and monitoring, in order to be proven safe. 

 Act: concerns the importance to constantly take actions, in order to improve the safety 

performance.  

The SF in this perspective is, according to Sträter and Korteweg (2009) and Everdij and Balk (2008) 

comprised of: 

 SF 2.1 Understanding and openness in the safety policy 

 SF 2.2 Completeness and freedom from bias in safety planning 

 SF 2.3 Responsibility and practicability in the planning of safety achievement 

 SF 2.4 Detectability and feedback in the planning of safety assurance 
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 SF 2.5 Responsiveness and learning in the planning of safety promotion 

 

2.6.5.1 SF 2.1 Understanding and openness in the safety policy 

This SF concerns to which degree all the opinions and considerations are taken into account 

originating from the own as well as from other organizations, when establishing the commitments to 

safety and setting out the strategic goals in the safety policy. Humans have different experience and 

knowledge which can be very important for safety.  

 

2.6.5.2 SF 2.2 Completeness and freedom from bias in safety planning 

This SF refers to how appropriate the aims of an organization are regarding the choice of resources, 

the structure of the management, and the processes that are established, in order to achieve the 

best safety-related solution. In order to find the most optimal safety solution, it is necessary to have 

unbiased discussions involving lacks and alternatives in a system.  

 

2.6.5.3 SF 2.3 Responsibility and practicability in the planning of safety achievement 

This SF concerns the translation of a safety plan to reality. To make this possible, first there has to be 

a clear responsibility allocation in an organization and between organizations. Second, the 

requirement for the safety plan also has to be practically possible. Otherwise, the staff might make 

deliberate deviations from the plan.  

 

2.6.5.4 SF 2.4 Detectability and feedback in the planning of safety assurance 

This SF involves the constant supervising of the safety performance by means of feedback, in order to 

assure safety. Accident investigations can be used as methods for monitoring the safety performance 

and provide improvements concerning safety. 

 

2.6.5.5 SF 2.5 Responsiveness and learning in the planning of safety promotion 

This SF refers to the constant improvement process of a system so that it can remain robust against 

unwanted events. This concerns the ability to give correct actions in the right time due to changing 

demands and spreading of lessons learned throughout the whole organization.  

 

2.6.6 SF 3 Operational safety aspects 

These seven SF involve the ability to practically operate a system. The SF in this perspective address 

human-machine interaction performance which can consist of both stationary and dynamical 

characteristic, plus procedures that the people are assumed to follow.  

Furthermore, according to Sträter and Korteweg (2009) and Everdij and Balk (2008), this SF 

perspective is composed of: 

 SF 3.1 Procedures 

 SF 3.2 Competence 

 SF 3.3 Human-machine interaction 
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 SF 3.4 Operating environment  

 SF 3.5 Organization 

 SF 3.6 Communication  

 SF 3.7 Reliability 

 

2.6.6.1 SF 3.1 Procedures 

Procedures refer to the description of the tasks a human operator needs to perform in a job. This 

includes the content, detail, structure, realism in the procedure, but also the definition of roles and 

responsibility which is important from a regulatory point of view. 

 

2.6.6.2 SF 3.2 Competence 

Competence concerns the capabilities of the staff that work on the procedural and technical aspects 

of the system. The staff has to have the right competence (e.g. training) when operating in a certain 

system. 

 

2.6.6.3 SF 3.3 Human-machine interaction 

Human-machine interaction refers to the quality of the interaction between a system and the human 

resources that are required to operate it, in order to perform a work task.  

 

2.6.6.4 SF 3.4 Operating environment 

Operating environment involves the conditions under which the system has to function. These 

conditions can be weather variations, for example, and they can have a big impact on the human 

performance. 

 

2.6.6.5 SF 3.5 Organization 

Organization comprises the managerial feature of the working environment. This involves the 

structure of the organization itself, the structures of teams, staff availability, etc.  

 

2.6.6.6 SF 3.6 Communication 

Communication is about the interaction between people and it also includes the interaction between 

people through different communication systems.  

 

2.6.6.7 SF 3.7 Reliability 

Reliability refers to the ability of a system to perform safely, in a stable way, without service 

disruptions or breakdowns. This includes the potential of detecting unwanted events or failures in 

time and recovering from them.  



Theoretical framework  22 

  

2.6.7 SF 4 Safety architecture and technology  

The six SF belonging to this perspective focus on the safety design features in the whole system. A 

system can consist of human, technical, and procedural parts, or a mixture of all these parts. 

Furthermore, it has an input and output. According to Sträter, Korteweg (2009) and Everdij and Balk 

(2008), the SF in this perspective consist of: 

 SF 4.1 Transparency 

 SF 4.2 Redundancy  

 SF 4.3 Interdependence 

 SF 4.4 Functionality 

 SF 4.5 Integrity 

 SF 4.6 Maintainability 

 

2.6.7.1 SF 4.1 Transparency 

Transparency comprises the ability to specify in a clear way what the purpose of the system is and 

the ability to perform in a constant way as specified. Transparency also involves the identification of 

roles from a regulatory view.  

 

2.6.7.2 SF 4.2 Redundancy  

Redundancy concerns the ability of using independent components in a system which can perform 

the same function, in order to protect a system from failures.  

 

2.6.7.3 SF 4.3 Interdependence 

Interdependence involves the degree to which a system interacts in an unpredictable way with other 

systems. This can result in in-common-cause failures, for example. There are different types of 

interdependencies like unintended interactions between technical components, or organizational 

decision-making.  

 

2.6.7.4 SF 4.4 Functionality  

Functionality describes the system’s behaviour like its correctness, consistency, and clarity. 

Furthermore, it concerns the system’s ability to function in situations that were anticipated, but also 

unanticipated by the designers.  

 

2.6.7.5 SF 4.5 Integrity 

Integrity refers to a system’s trustworthiness of outputs. A breakdown can be the result of errors, or 

malfunctions from processing input to output. 
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2.6.7.6 SF 4.6 Maintainability 

Maintainability concerns the ability to maintain a system in working order throughout its whole life 

cycle by performing inspections, detecting and correcting failures before they become serious, for 

instance.  

 



  24 

 

3 Method 

In this chapter, the methods for collecting the data and the analysis used in the present study will be 

described. Furthermore, the methodology will be discussed. 

Two methods were used, in order to conduct this study: A literature study on safety and a 

quantitative method for measuring the safety understanding.  

 

3.1 A literature study on safety 

The main reason for conducting a literature study on safety was that the author wanted to find 

safety terms. The idea was to use these safety terms in the safety understanding questions of the 

two surveys applied in this study. Another reason for conducting this literature review was that the 

author wanted to get more knowledge about the term ‘safety’.  

 

3.1.1 Performing the literature study 

The literature search had a general approach. First, the author started on a broad level by trying to 

define what the term ‘safety’ means. However, this turned out to be problematic. Therefore, the 

focus of the search changed (see Theoretical framework). Instead, the author tried to identify which 

concepts are important for safety. However, the area of safety is very broad. Thus, a search strategy 

was needed. The SF were used to structure the literature review, since they are a set of important 

basic requirements which are essential for a safe design of a system (Sträter & Korteweg, 2009; 

Everdij & Balk, 2008). Therefore, the author took advantage of the 22 SF descriptions and tried to 

find similarities in the literature relating to the term ‘safety’. Therefore, the aim of the literature 

study was to investigate which similarities could be found between the SF descriptions and the 

academic research literature. Since the SF are descriptions of factors important for accident 

prevention (Everdij & Balk, 2008; Arenius et al., 2010; Sträter et al., 2010; Sträter & Korteweg, 2009), 

the author started to search for literature relating to this area. As a result, two important concepts 

underlying safety were found, namely safety culture and resilience engineering (please view 

Theoretical framework and Result).  

Moreover, when conducting the two comparisons, the author created different safety categories. 

This was a way to structure the literature findings. For example, there were several sources referring 

to the same safety area in the resilience engineering literature. Therefore, this approach was 

considered appropriate. Nevertheless, first a comparison was made between the SF and the 

resilience engineering literature. This resulted in the creation of 18 safety categories (see subchapter 

Comparison between the 22 SF and the factors in the resilience engineering theory in Result). Then, a 

comparison between the SF and the safety culture literature (the basic assumptions) was made. This 

resulted in six safety categories (view subchapter Comparison between the 22 SF and the factors in 

the safety culture theory in Result). Based on the result from this literature study it was possible to 

extract safety terms that could be used in the safety understanding questions.  

Moreover, Guldenmund (2000) states that the three layers in his safety culture framework can be 

studied separately. For this study, the layer of basic assumptions was used. No comparison was made 

between the SF and the layers ‘espoused values’ and ‘artefacts’ also belonging to the concept of 

safety culture. However, the espoused values are reflected in the estimated awareness of the 21 

safety issues. These are related to the resilience engineering factors and they do not relate to 
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Guldenmund’s (2000) attitude categories in the layer of espoused values. Therefore, two separate 

comparisons were made between the SF and the research literature, namely basic assumptions and 

resilience engineering factors. Furthermore, the layer ‘artefacts’ was excluded from this study.  

 

3.1.1.1 Finding the sources when performing the literature study on safety 

In order to find sources that related to the area of safety, the author used two search strategies. This 

involved first to check authors that had written several articles and books relating to the area of 

safety. The other search strategy involved to check whether the sources had been quoted several 

times by other authors (see the result in the subchapters Accidents – a negative aspect of safety, 

Safety culture and safety climate, and, Resilience engineering). 

 

3.2 Quantitative method 

In order to collect the data, two surveys were handed out to 22 experts from the domain of aviation, 

Survey 1 before the SST was applied and Survey 2 afterwards. Two SST-sessions were performed with 

two groups of experts. For measuring the safety understanding of the experts, two structures of 

questions and two different seven-point Likert-scales were used.  

After the SST the answers from the two surveys were compared, in order to investigate whether 

there had been an improvement of the safety understanding. The analysis was done with the help of 

the statistical program SPSS.  

 

3.2.1 Creating the safety understanding questions for Survey 1 and 2 

In this study, the quantitative method of questionnaires and Likert-scales was chosen, in order to 

measure the safety understanding. This method is also a common approach when measuring the 

safety culture and safety climate in an organization (Guldenmund, 2000). In addition, Likert-scales 

are a popular research method in the area of social sciences when measuring attitudes, for example 

(Kothari, 2004). 

Furthermore, based on the findings in the literature study it was possible to create safety 

understanding questions (view Result). When formulating the questions, the author’s safety 

categories were of use (view the subchapters Comparison between the 22 SF and the factors in the 

resilience engineering theory, and, Comparison between the 22 SF and the factors in the safety 

culture theory in the chapter Result). In the beginning the thought was to have an equal number of 

questions relating to each safety category. The safety categories relating to resilience engineering 

were 18 and the basic assumptions had 6 relating safety categories. However, this approached 

changed. The result of the safety questions reflecting the SF and the resilience engineering safety 

categories consisted of 21 questions instead of 18. The reason for this is that the author wanted to 

include two more general questions relating to the safety areas involving risk and accident 

preventing. Furthermore, it was not possible to reflect the safety category RE The support and 

quality of the organization by only one question. This also related to the area of resilience 

engineering. Therefore, two questions relating to this safety category were created. Moreover, the 

number of questions relating to the safety categories of the basic assumptions varied as well. This 

variation regarding the number of questions was larger. The reason for that was that the safety 

categories from the areas of resilience engineering and the basic assumptions had similarities with 
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each other. Both areas reflect the topic of time, co-operation and communication in relation to 

safety, for example. Further, the safety category BA Human nature relating to the basic assumptions 

is not reflected in the ones from the resilience engineering literature.  As a result, this safety category 

had a larger amount of questions compared to the others. In the end, the safety questions relating to 

the basic assumptions consisted of 12 questions. The structure of the surveys will be described more 

in detail (see subchapter Instrument – Survey 1 and 2).  

Next, the pilot study, participants, apparatus, the design, and the procedure in this study will be 

described more detailed.  

 

3.2.2 Pilot study 

A risk of surveys is that the participants might not understand the questions or interpret them in a 

different way than intended. As a consequence, the participant might leave questions unanswered. 

Therefore, it is important to create questions that are easy to understand. (Wood & Ross-Kerr, 2010)  

In order to test whether the questions in Survey 1 and 2 were understandable, two pilot studies were 

conducted with 12 students at the University of Kassel. An everyday life object was chosen as an 

example for a conceptual change (a car navigation system). In the first pilot study, the group of 

students read Survey 1 and 2 individually. Then, they tried to answer the questions with the help of 

written instructions and some suggestions for improvements were given.  

In the second pilot study, another group of students was first asked to fill in Survey 1 and, then, to 

participate in a simulated SST-session using the car navigation system as an example for a conceptual 

change. Afterwards, they answered Survey 2. As a result of this pilot study, some changes were 

made, in order to improve the questions’ understandability and syntax.   

 

3.2.3 Participants 

This section describes the two groups of experts that participated in this study. During fall 2010, two 

SST-sessions were scheduled to investigate the impact of two conceptual changes (PBNR and the 

CCAMS)4 and through personal connection it was possible to recruit participants for the present 

study.  

 

3.2.3.1 Participants in SST-session 1 (PBNR) 

The six experts participating in this study came from various organizations like regulation, air traffic 

management, safety oversight, air navigation service providers (ANSP), and airlines. They were all 

considered affected by the conceptual change. The experts had between 4 and 15 years of working 

experience in their present working area.  

 

3.2.3.2 Participants in SST-session 2 (CCAMS) 

In the second SST-session, 16 experts from air navigation service providers (ANSP) and the central 

flow management unit (CFMU) participated. The experts had both technical knowledge and 

                                                           
4
 The conceptual changes will be described in Apparatus. 



Method  27 

  

operational experience from these areas. Furthermore, the experts’ working experience in their 

present working area varied between 8 months and 25 years.  

 

3.3 Apparatus 

The apparatus used in this study were the Safety Scanning Tool (SST) applied in two SST-sessions, the 

first conceptual change – the Performance Based Navigation Roadmap (PBNR) – and the second 

conceptual change – Centralised Code Assignment & Management System (CCAMS). Finally, the 

statistical analysis program SPSS was used to evaluate the results.  

 

3.3.1 The SST-session 

The SST is used in a session which is attended by experts potentially affected by the envisioned 

change and which represent stakeholders from different air transport domains. Two facilitators 

coordinate the procedure and guide the experts through the questions of the SST from the areas of 

(Everdij & Balk, 2008; Arenius et al., 2010; Sträter et al., 2010; Sträter & Korteweg, 2009): 

 1. Basic principles of safety regulation 

 2. Safety management 

 3. Operational safety aspects 

 4. Safety architecture and technology 

Each question concerns the expected impact of the conceptual change on the overall system and will 

be thoroughly discussed by the experts. This is documented in form of a session protocol (see Figure 

1.).  
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Figure 1: A screenshot of the user interface of the SST. Adapted from (Arenius et al., 2010). 

 

 

 

Moreover, the results of the scanning are presented in qualitative form (the relevant notes gathered 

during the SST-session concerning important safety issues) and in quantitative form (in the shape of 

web charts illustrating safety issues that need to be addressed, see Figure 2). The SST-session lasts 

approximately a half to a full working day. (Arenius et al., 2010) 
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Figure 2: A screenshot of the results from the SST. Reprinted from (Arenius et al., 2010).  

 

 

 

3.3.1.1 SST-session 1 (PBNR) 

In the first SST-session, the Performance Based Navigation Roadmap (PBNR) was used as a 

conceptual change.  

 

3.3.1.2 The Performance Based Navigation Roadmap (PBNR) 

The Performance Based Navigation Roadmap (PBNR) defines major milestones within the domain of 

navigation in the aviation industry. The air traffic is expected to grow during the next decade and this 

means that new safety solutions need to be considered. With the help of the PNB and changes in the 

communication surveillance and Air Traffic Management domain, many navigation applications will 

make it feasible to increase the efficiency of the flights and the airspace, the sustainability of the 

airport, plus the air transports impact on the environment through noise and emission reduction.  

The PNB-Roadmap also takes all airspace users like commercial civil airline operators, business and 

military aviation users into account. The next step for the PNB-Roadmap is to prepare an action plan 

to implement each navigation milestone. (Ministry of Transport, Public Works and Water 

Management, 2010) 

Moreover, the PBNR can be classified as a large change with multiple actors involved. The PBNR is in 

different stages regarding the life cycle dependent from the actor. Therefore, some parts of the 

PBNR can be classified in V1-V3 (J. Nollet, personal communication, November 25, 2010).  

 

3.3.1.3 SST-session 2 (CCAMS) 

For the second SST-session, the Centralised Code Assignment & Management System was used as a 

conceptual change 
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3.3.1.4 Centralised Code Assignment and Management System (CCAMS) 

The Centralised Code Assignment & Management System (CCAMS) is one of EUROCONTROL's 

projects. Its aim is to solve the problem of present and future shortage of the SSR codes. These codes 

are used by air traffic control for radar services, in order to identify the location of aircrafts and to 

ensure that they are displayed on radar for the purpose of separation. Today, each individual flight is 

assigned an SSR code by each air navigation service provider (ANSP). This code, which is used for air 

ground communication purposes, consists of four numbers between 0-7. The present static code 

system is based on national allocation. Now, a problem occurs during peak times in some parts of 

Europe, namely that the availability of SSR codes decreases. With an increase in the flight traffic, 

this shortage will become more critical. In order to solve these issues, a code assignment based on a 

central basis is planned to be used (i.e. CCAMS) to ensure that the most optimal assignment of codes 

can be achieved when dealing with the increase in air traffic. The CCAMS central server will distribute 

SSR codes to the ANSPs. Then, they will assign the codes to different flights. This code assignment 

will be performed by a calculation algorithm which is based on the present flight information.  

(EUROCONTROL, 2009) 

Furthermore, the CCAMS project can be classified in the life cycle stages V2-3, since not all the 

involved ANSPs are in the same phase regarding the development or implementation of the CCAMS 

facilities in their local systems. The CCAMS Central Server at the CFMU is ready for the 

implementation stage (i.e. V4) (H. Korteweg, personal communication, November 24, 2010).  

 

3.3.2 SPSS 

In order to perform the analysis of the data, the computer program SPSS version 19 was used. The 

analysis in SPSS and the interpretation of the results were based on Field (2009). SPSS contains 

various tests that are relevant for statistical analysis, like Levene’s test for homogeneity of variance, 

Kolmogorov-Smirnov test, Shapiro-Wilk test for normal distribution, dependent t-test, and the 

Willcoxon Signed Rank test (Field, 2009).  

 

3.4 Instrument – Survey 1 and 2 

Below, a description will follow which tells about the content and the structure of the surveys and 

which area in the research literature they originate from.  

 

3.4.1 Survey 1 

 Survey 1 consisted of the parts (see Appendix A: Survey 1):  

 Instructions 

 Part 1: Background information 

 Part 2: General statements about safety 

 Part 3: Safety questions 
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3.4.1.1 Instructions 

The first part Instructions provided a description of how to answer the questions and an explanation 

of Survey 1. Here the experts were also informed that all the answers given would be treated 

anonymously and that they had the right to abort the study at any time.  

 

3.4.1.2 Part 1: Background information 

This part included questions about the experts’ background, in order to get demographical data. The 

questions concerned the number of working experience and the present job position, for example.  

 

3.4.1.3 Part 2: General statements about safety 

This part dealt with the measurement of the general abstraction level of the safety understanding. It 

is based on the core layer basic assumptions for studying safety culture in an organization in Schein’s 

(1992) framework cited by Guldenmund (2000).  

In this part, the experts were asked to answer to which extent they agree with 12 different questions 

with a seven-point Likert-scale. Moreover, this Likert-scale had a structure where 1 designated ‘I 

totally disagree’, 4 was labelled ‘Neutral’ and 7 was ‘I totally agree’. These 12 questions originate 

from the safety categories in the table below. For a more detailed description of what these safety 

categories involve, please see the subchapter Comparison between the 22 SF and the factors in the 

safety culture theory in Result.  

 

Safety culture factors 

(basic assumptions) (BA): 

Question: 

BA Human nature Question: 1-4 

BA Human relationships Question: 5-6 

BA  Human activity Question: 7-9 

BA Reality and truth Question: 10-11 

BA The nature of time and 

space 

Question: 12 

Table 1: The 12 questions in relation to the safety culture  

factors (The basic assumptions). 

 

3.4.1.4 Part 3: Safety questions 

With the help of the questions in the third part of the questionnaire, the second abstraction level of 

the safety understanding was measured. It was operationalized into the estimated awareness of 21 

different safety concepts in relation to the two conceptual changes that the SST was applied on.   

Moreover, Part3: Safety questions  consisted of 21 questions and a seven-point Likert-scale, where 

the experts where asked to answer how confident they were of being aware of the most important 

issues regarding the different safety concepts in relation to the PBNR and the CCAMS. Additionally, 
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the Likert-scale had a structure where 1 was labelled ‘Very Unconfident’, 4 was designated ‘Neutral’ 

and 7 was ‘Very Confident’.  

The 21 questions measuring the second abstraction level of the safety understanding are derived 

from the safety categories in the table below see the subchapter Comparison between the 22 SF and 

the factors in the resilience engineering theory in Result, for a more detailed description of what 

these safety categories involve.   

 

Resilience engineering 

factors (RE): 

Question: 

RE Accident prevention 

strategies 

Question 1 

RE Risks Question 2 

RE The availability of 

resources 

Question 3 

RE The communication 

quality 

Question 4 

RE Working experience Question 5 

RE Safety training Question 6 

RE Frequency of safety 

training 

Question 7  

RE Design Question 8  

RE Work conditions Question 9 

RE Team work quality Question 10 

RE The accessibility of 

procedures and plans 

Question 11 

RE The time availability Question 12  

RE The support and quality of 

the organization 

Question 13 and 21 

RE Complexity Question 14 

RE Lessons learned Question 15 

RE Predicting safety-relevant 

future events 

Question 16 

RE The maintenance quality Question 17 

RE Responding to any 

possible threat  

Question 18 

RE Bias Question 19 
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RE External supervision of 

safety standards 

Question 20 

Table 2: The 21 questions relation to the resilience engineering  

factors. 

 

3.4.2 Survey 2 

Survey 2 comprised of the parts (view Appendix B: Survey 2): 

 Instructions 

 Part 1: General statements about safety 

 Part 2: Safety questions 

 Part 3: Safety understanding  

 Part 4: Evaluation of the Safety Scanning Tool (SST) 

 

3.4.2.1 Instructions 

This part had the same main content as Instructions in Survey 1.  

 

3.4.2.2 Part 1: General statements about safety 

These questions were identical with Part 2: General statements about safety in Survey 1.  

 

3.4.2.3 Part 2: Safety questions 

These questions were the same as in Part 3: Safety questions in Survey 1.  

 

3.4.2.4 Part 3:  Safety understanding 

This part also related to the conceptual change and the same resilience engineering factors as in Part 

2: Safety questions. They also consisted of 21 questions. However, here the experts were asked to 

answer how much they think that their understanding has improved after the SST-session.  This part 

also had a seven-point Likert-scale, where 1 was designated ‘Not at All’, 4 was ‘Neutral’ and 7 was 

‘Very Much’.  

 

3.4.2.5 Part 4: Evaluation of the Safety Scanning Tool (SST)  

The last part of Survey 2 contained open questions regarding the SST. The experts were asked to 

write down their opinions about positive aspects concerning the SST, what can be improved in the 

SST, if the SST can be of usage in their company, why or why not the SST can be of usage in their 

company, and whether they have any other opinions concerning the SST.  
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3.5 Design 

The study was structured as a field experiment using a pre-post test and a within-group design.  In 

order to measure the different experts’ safety understanding, the data were gathered with the help 

of two surveys containing Likert-scales before and after the SST-session.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Independent variables: The exposure to the SST-session.  

Dependent variables: The experts’ safety understanding in relation to two abstractions: 

 The first abstraction level of the safety understanding is a more general level. It will be 

operationalized into to the first dimension basic assumptions in Schein’s (1992) framework 

Figure 3: Representation of the design of the study. 

Survey 1 

Measuring the experts‘ safety understanding before the SST-session: 
 

Level 1 - The basic assumptions  

(safety culture) 
 

Level 2 - The estimated confidence regarding awareness about 21 issues 

important for accident prevention in relation to the conceptual changes’ 

(resilience engineering) 

 

Exposure to the SST-session 

 

Survey 2 

Measuring the experts‘ safety understanding after the SST-session: 
 

Level 1 - The basic assumptions  

(safety culture) 
 

Level 2 - The estimated confidence regarding awareness about 21 issues 

important for accident prevention in relation to the conceptual changes’ 

(resilience engineering) 
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cited by Guldemund (2000) for studying an organization's safety culture.  This level relates to 

the area of accident prevention in a more general way. 

 The second level of abstraction regarding the safety understanding which is more specific. It 

will be operationalized into the estimated confidence of being aware of 21 different safety 

issues in relation to the two conceptual changes that the SST will be applied on. These safety 

issues have a relation to the area of accident prevention and they originate from the 

resilience engineering literature.  

 

3.6 Procedure 
The author personally attended SST-session 1 (PBNR) as an observer, but not SST-session 2 (CCAMS).  

A few days before SST-session 1 (PBNR) took place all the participants received Survey 1 via email. In 

this document, they were given written instructions about how to answer the survey (see Appendix 

A: Survey 1).   

Furthermore, one facilitator was leading this session. First, everyone was given the chance to present 

themselves mentioning name, occupation and also which organization they work for. After this 

presentation, the author collected the completed surveys. One expert had not filled in Survey 1. 

Therefore, this was done during the time when the facilitator presented the conceptual change and 

also the SST. The expert finished before the facilitator started to guide the group through the 

questions in the SST. The SST-session lasted approximately for four hours. Then, Survey 2 was handed 

out to the experts. When the experts were finished with answering them, the author collected the 

surveys.  

SST-session 2 (CCAMS) was performed a few weeks after SST-session 1 (PBNR) had taken place. One 

person involved in the second SST-session volunteered to hand out the surveys to the experts. 

Therefore, the purpose, the design, and other relevant instructions regarding this study had been 

explained to this person beforehand. The two surveys were sent to him via email. Survey 1 was 

handed out before and Survey 2 after the SST-session. Then, the author received all the 

questionnaires by post.  

When the SST-sessions had been performed and all data were collected, the latter were digitalized 

using the software MS Excel as a preparation for the SPSS analysis.  

 

3.7 The base for the analysis in SPSS 

The following parts in Survey 1 and 2 were compared, in order to explore the possible increase of the 

safety understanding. The first level of abstraction concerned Schein’s (1992) basic assumptions in 

Guldenmunds (2000) safety culture framework: 

Survey 1:    Survey 2: 

Part 2: General statements about safety  Part 1: General statements about safety 

 

In the subchapter The SPSS analysis in Result, this comparison will be referred to as SST-session 1 

(PBNR): Safety culture factors and SST-session 2 (CCAMS): Safety culture factors.  In order to perform 

the analysis in SPSS, either 7 ‘I totally agree’ or 1 ‘I totally disagree’ on the Likert-scale had to 

represent the highest value regarding the scores. Most of the questions were formulated in a 
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positive but some in a negative way. Since 7 was chosen to represent the highest possible score in 

the SPSS analysis, the scale had to be reversed for question 3, 4, 6, 10. For example, if participant one 

had answered 1 on question 3 then this value was changed to 7. 

Furthermore, the parts in Survey 1 and 2 which are mentioned below were compared, in order to 

investigate the second level of abstraction concerning the safety understanding. These originated 

from the resilience engineering literature:  

Survey 1:    Survey 2: 

Part 3: Safety questions   Part 2: Safety questions 

 

This comparison will be referred to as SST-session 1 (PBNR):  Resilience engineering factors and SST- 

session 2 (CCAMS):  Resilience engineering factors. In the SPSS analysis, 7 ‘Very Confident’ was chosen 

to represent the highest possible score.  

Furthermore, another part in Survey 2 was used, in order to explain some of the results that were 

found in the SPSS analysis: 

Survey 2: 

Part 4: Evaluation of the Safety Scanning Tool (SST)  

 

This will be referred to as SST-session 1 (PBNR): Evaluation of the SST and SST-session 2 (CCAMS): 

Evaluation of the SST. 

 

3.7.1 Performing the analysis in SPSS 

In the beginning, the idea was to perform a dependent t-test on the samples, in order to investigate 

whether there was an increase in the experts’ safety understanding or not. In order to perform a 

parametric dependent t-test, the following assumptions have to be fulfilled (Heiman, 2001): 

 The sample has to have a normal distribution. 

 Homogeneity of variance has to exist in the sample. 

 The dependent variables have to have a ratio or an interval scale. 

  There has to be an equal number of pairs regarding score, one score from the first condition 

and one from the second condition.  

The samples in this study fulfilled the requirements for assumption 3 and 4. A seven point Likert-

scale was used, in order to measure the safety understanding.  Moreover, when an answer was 

missing in the first survey, for instance, this pair was removed totally from the SPSS analysis.  

The SPSS calculated if there was an increase of the safety understanding for the whole group 

analyzing each question separately. For example, in SST-session 1 (PBNR): Safety culture factors the 

number of questions were 11 and in SST-session 2 (CCAMS): Safety culture factors they were also 11. 

The same procedure was applied to SST-session 1 (PBNR): Resilience engineering factors which 

consisted of 21 questions and SST-session 2 (CCAMS): Resilience engineering factors that had 21 

questions.  

Furthermore, the data from the comparisons SST-session 1 (PBNR): Safety culture factors, SST-session 

2 (CCAMS): Safety culture factors, SST-session 1 (PBNR): Resilience engineering factors and SST- 
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session 2 (CCAMS): Resilience engineering factors were analyzed applying a Kolmogorov-Smirnov test 

and a Shapiro-Wilk test for normal distribution. It was concluded with the help of SPSS that a mixture 

of significant results existed in the samples. For this reason, the Wilcoxon-signed ranks test was 

performed. In contrast to the dependent t-test, the Wilcoxon-test is a non-parametric test which 

does not require that the four above mentioned assumptions are fulfilled (Heiman, 2001).  

 

3.8 Methodology discussion 

In this subchapter, the methodology used in this thesis will be discussed.  

 

3.8.1 Reliability and validity in this study 

Reliability refers to the reliability of the results in a study, whether the outcome of other replicated 

studies will be the same every time when an event or behaviour is measured (Heiman, 2001).  

This study was applied to two groups of experts and involved two conceptual changes. The results 

varied quite a lot regarding increases of the safety understanding. Therefore, the degree of reliability 

can probably not be considered high on a general level. However, when considering that question 11 

relating to the safety culture factors showed a positive increase regarding the safety understanding 

in both SST-sessions, it is possible that this question might show an increase in the safety 

understanding for the majority of the experts in other replications of this study as well.  

Validity concerns to which extent a procedure measures what is was indented to measure. 

Moreover, there are different types of validity. Construct validity refers to which extent a 

measurement actually reflects the hypothetical construct of interest. Content validity involves to 

which degree a measure actually reflects the variable of interest. Additionally, external validity refers 

to which degree the results can be accurately generalized to other situations or individuals. (Heiman, 

2001) 

According to Reason (1997), there is no good definition of the term ‘safety’ that can really explain 

what it means. Furthermore, the research literature regarding what is important for safety is quite 

broad. Hence, it can be assumed that more aspects regarding safety could possibly have been taken 

into account when measuring the safety understanding and also when analyzing the results of the 

basic assumptions. Thus, it is hard to determine whether the construct validity in this study is high or 

low.  

Regarding the content validity, the way the questions were asked might have affected the results in 

this study. For example, the experts can have interpreted the questions related to the basic 

assumptions in different ways since they have a more general structure. Moreover, the way the 

questions were asked regarding the resilience engineering factors might also have affected the 

results. For example, there are many ways to create an attitude question which relates to the area of 

design and human-machine interaction. It is possible that the experts themselves think in different 

terms when defining what a certain safety area involves. How is a threat defined, for instance? 

Therefore, it is also hard to determine the level of content validity.  

In addition, the various backgrounds as well as working experiences related to safety of the experts 

can have had an effect on the external validity. This could have affected which kind of knowledge the 

experts shared between each other during the SST-sessions. Therefore, the results regarding the 

possible improvement of the safety understanding might differ from session to session.  
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3.8.2 Using the academic safety literature for creating the safety understanding 

questions 

There were different possibilities of creating questions to measure the safety understanding. One 

way could have been to use all the SF categories as the base for the surveys. However, then there 

would have been a large risk that the questions in Survey 1 would have acted as a treatment on the 

experts and that they would have influenced their safety understanding before applying the SST. 

Therefore, the areas of the SST were not used as a base for the surveys, which was the main reason 

for performing the literature study. Based on the similarities between the SF and the research 

literature relating to safety, the questions were created. The literature study was related to the 

descriptions of all SF, since they cover many safety aspects according to Everdij and Balk, (2008) and 

Sträter and Korteweg (2009). However, there is no guarantee that Survey 1 itself did not influence 

the experts’ safety understanding before they participated in the SST, since there was no possibility 

to perform a pre-study before the main study using a control group. A control group is a group of 

participants which retrieves no exposure of a treatment (Heiman, 2001). In this study, it was not 

possible to apply the mentioned procedure, because no method exists which corresponds to the SST. 

Although, the questions asked in Survey 1 could have influenced the experts’ safety understanding 

before using the SST, the group effect of the discussion between the experts on the SST-session was 

captured. As a result, either the effect of answering the questions individually plus the effect of 

discussing them in a group was measured, or, only the group discussion effect was measured.  

In addition, the process of creating the questions took time, since there are many possibilities to 

create questions in order to measure the safety understanding. It was tricky to formulate questions 

relating to the basic assumptions that did not sound too leading or too general. As mentioned in the 

paragraph concerning content validity, the way the questions were asked could have influenced the 

results. Unfortunately, it was discovered afterwards that the formulation of question 55 was 

problematic. Therefore, it was decided to exclude it from the analysis. Moreover, it would have been 

possible to generate more questions relating to each safety category, but due to lack of time it was 

decided not to expand the surveys further.  

Further, one reason for not developing a part with questions relating to the layer of artefacts in the 

safety culture theory by Guldenmund (2000) was the life cycle stages which the conceptual changes 

were in. Since they were both in an early implementation stage and since it was not yet possible to 

see how the behaviours of the staff could be affected by this change, this part was not relevant for 

the present study.  

 

3.8.3 Using surveys with Likert-scales for collecting data 

Due to the advantages of surveys and Likert-scales, the author decided to use this method in order to 

collect the data in this study.  

There are several advantages of using a Likert-scale as a research method according to Kothari 

(2004). This scale is considered useful when the aim of a study is to measure a group’s scores before 

and after a program in order to see, whether its efforts had the desired effect or not. Thus, Likert-

scales are a popular research method in the area of social sciences when measuring attitudes, for 

                                                           
5
 See Appendix A: Survey 1 (Part 2: General statements about safety) and Appendix B: Survey 2 (Part 1: General 

statements about safety) 
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example. Another advantage of Likert-scales is the possibility to see how the responses differ 

between groups. Due to these benefits, the Likert-scale turned out to be practical when comparing 

the results before and after the SST-session when performing the SPSS analysis. 

Furthermore, Wood and Ross-Kerr (2010) state that one benefit of using a survey in order to collect 

data is that it is easy to distribute it to a large population simultaneously by email or post. This was 

one reason why this method was chosen, because the number of participating experts was unknown 

in the beginning. When collecting data for the first SST-session, the author did not know until the 

same day how many people would participate in the SST-session. Therefore, using questionnaires as 

a method for collecting data compared to interviews, for example, seemed most fitting as a method 

in this study.  

However there are some disadvantages of the Likert-scale. Heiman (2001) states that one issue is 

that participants have a tendency to develop response sets. With other words, they choose one 

response and continue to give that answer automatically. In this study, the values of Likert-scales in 

the surveys that related to the safety culture and the resilience engineering factors were different. 

Nevertheless, these parts consisted of quite many questions, so that it could have been possible that 

the experts developed a response set. This also depends on the mood the participants were in. If 

they are stressed and do not have so much time when filling in the surveys, this can be a factor 

affecting the outcome of the results. In order to try to avoid these problems with ceiling and floor 

effects on the Likert-scale which could have resulted in no change in the safety understanding at all, 

it was decided to include Part 4: Safety understanding which related to the resilience engineering 

factors. This part was only incorporated in Survey 2. However, some problems with the interpretation 

of the questions were discovered after both of the SST-sessions had been performed. First, a 

problem was discovered with the Likert-scale in Part 3: Safety understanding in Survey 2. The Likert-

scale consisted of seven points, where 1 was designated ‘Not at All’ and 7 was designated ‘Very 

Much’. However, 4 was designated ‘Neutral’. Therefore, this could have caused confusion among the 

participants. They might have wondered which number means no change at all regarding the safety 

understanding, 1 or 4. For this reason, this part was taken out from the analysis.  

Another possible problem when using a Likert-scale in paper form could have been that the experts 

were quite confident on their answers before the SST sessions took place. Afterwards, when the 

experts had discussed different SST questions with each other, they might have changed towards a 

more conservative attitude and given lower ranking on the Likert-scale. Maybe, they started to think 

that there could be even more issues that were not discussed during the SST-session. Thus, this could 

have resulted in a more conservative ranking, even though their safety understanding might have 

improved. This is another reason why Part 4: Safety understanding was included in Survey 2. 

However, another possible way to solve this problem in future evaluations could be to let the experts 

answer an electronic survey instead. In an electronic version of Survey 2 the experts could have been 

allowed to see their previous ranking of all the questions in Survey 1. Then they could get the choice 

to decide if they would like to set a lower, neutral, or higher ranking on each question in Survey 2.   

In addition, De Cock et al. (1986) cited by Guldenmund (2000) state that it can take up to five years to 

change the basic assumptions in an organization. For this reason, an extra part relating to the basic 

assumptions was not included in Survey 2. Nevertheless, based on the positive results regarding the 

safety understanding in this study, including an extra part for the basic assumptions can be 

considered for future studies.   
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Furthermore, in this study it would have been helpful to include open questions relating to the basic 

assumptions, in order to investigate how the experts thought when answering these questions. Then, 

a double interpretation of question 3 relating to the basic assumptions might have been avoided 

(view Discussion and Analysis).  

Moreover, including Part 4: Evaluation of the Safety Scanning Tool (SST) in Survey 2 with open 

questions to get an insight of which opinions the experts had about the SST was valuable when 

discussing the results from this study.  
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4 Result  

This chapter is divided into two main parts. The first part, A literature study on safety, describes the 

results of the comparison between the SF and the findings made in the literature on the term 

‘safety’. In the subchapter Conclusion of the comparisons between all the SF and the research 

literature, a conclusion of the comparisons will be provided.  

The second main part of this chapter, The SPSS analysis, will present the results from the SPSS 

analysis regarding the data collected with Survey 1 and 2. Finally, the results of the open SST 

evaluation questions will be presented.  

 

4.1 A literature study on the safety 

The purpose of the literature study was to investigate which similarities could be found between the 

22 SF descriptions and the academic research literature. The findings in the literature study are 

important, since they were used for creating the safety understanding questions in the two surveys 

applied in this study (see Method).  
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Furthermore, in the two following subchapters, two comparisons will illustrate the connection 

between the building-blocks that the SST consists of, namely the SF, and the academic research 

literature. The first comparison will show the similarities between the SF and the resilience 

engineering factors and the second comparison will show the resemblances between the SF and the 

safety culture theory. Finally, a conclusion of both comparisons will be provided.  

 

4.2 Comparison between the 22 SF and the factors in the resilience 
engineering theory 

The comparison is illustrated in two parts. First, an overview over this comparison will be illustrated 

in a table. Then, short explanations of the similarities between the SF and the resilience engineering 

literature will be provided.  

Furthermore, in order to present the comparison between the SF and the resilience engineering 

literature, the author created categories in order to sum up the different sources that deal with the 

same topic. The following resilience engineering categories are used in this chapter:  

 RE 1 The availability of resources 

 RE 2 Communication quality 

 RE 3 Working experience 

 RE 4 Safety training 

 RE 5 Frequency of safety training 

 RE 6 Design 

 RE 7 Work conditions 

 RE 8 Team work quality 

 RE 9 The accessibility of procedures and plans 

 RE 10 The time availability 

 RE 11 The support and quality of the organization 

 RE 12 Complexity 

 RE 13 Lessons learned 

 RE 14 Predicting safety-relevant future events 

 RE 15 The maintenance quality 

 RE 16 Responding to any possible threat  

 RE 17 Bias 

 RE 18 Importance of an external view concerning safety standards 
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4.2.1 An overview of the comparison between the resilience engineering factors 

and the 22 SF 

Below, an overview of the comparison between the resilience engineering factors and the SF will be 

illustrated.  

 

Resilience engineering 

categories (RE): 

All the different Safety Fundamentals (SF): 

RE 1 The availability of 

resources 

Sources: Hollnagel (2004) and 

Reason (1997) 

 

SF 3 Operational safety aspects: 

 SF 3.5 Organization 

 

SF 4 Safety architecture and technology : 

 SF 4.4 Functionality  

 

RE 2 Communication quality 

Sources: Flin, et al. (2008), 

Hollnagel (2004) and Reason 

(1997) 

 

SF 1 Basic principles of safety regulation: 

 SF 1.1 Regulatory principles for independent oversight 

 SF 1.3 Implementation needs for responsibility 

concerning safety 

 

SF 2 Safety management: 

  SF 2.1 Understanding and openness in the safety 

policy  

 

SF 3 Operational safety aspects: 

 SF 3.3 Human-machine interaction 

  SF 3.6 Communication 

 

SF 4 Safety architecture and technology: 

  SF 4.4 Functionality 

 

RE 3 Working experience 

Sources: Hollnagel (2004) and 

Reason (1997) 

SF 3 Operational safety aspects 

 SF 3.2 Competence 

 

RE 4 Safety training  

Sources: Hollnagel (2004) and 

Reason (1997) 

SF 3 Operational safety aspects 

 SF 3.2 Competence  

 SF 3.6 Communication 

 

RE 5 Frequency of safety 

training  

Sources: Alli (2001) and Reason 

(1997) 

SF 3 Operational safety aspects 

 SF 3.2 Competence  

 SF 3.6 Communication 
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RE 6 Design 

Sources: Helander (2005), 

Hollnagel (2004), Roberts and 

Bea (2001) and Reason (1997) 

 

SF 3 Operational safety aspects: 

 SF 3.3 Human-machine interaction 

 

SF 4 Safety architecture and technology : 

 SF 4.1 Transparency 

 SF 4.2 Redundancy 

 SF 4.3 Interdependence 

 SF 4.4 Functionality 

 SF 4.5 Integrity 

 

RE 7 Work conditions 

Sources: Hollnagel (2004) and 

Parsons (2005) 

SF 3 Operational safety aspects: 

 SF 3.4  Operating environment 

 

SF 4 Safety architecture and technology: 

 SF 4.4 Functionality 

 

RE 8 Team work quality 

Sources: Flin et al. (2008) and 

Hollnagel (2004) 

 

SF 2 Safety management: 

 SF 2.1 Understanding and openness in the safety policy 

 

SF 3 Operational safety aspects: 

 SF 3.5 Organization 

 

RE 9 The accessibility of 

procedures and plans  

Sources: Hollnagel (2004) and 

Reason (1997) 

 

SF 3 Operational safety aspects: 

 SF 3.1 Procedures 

 SF 3. 6 Communication 

 

RE 10 The time availability  

Sources: Hollnagel (2004), 

Reason (1997) and Flin et al. 

(2008) 

 

SF 2 Safety management: 

 SF 2.5 Responsiveness and learning in the planning of 

safety promotion  

 

SF 3 Operational safety aspects: 

 SF 3.7 Reliability 

 

RE 11 The support and quality 

of the organization  

Sources: Hollnagel (2004), Flin 

et al. (2008) and Reason (1997) 

 

SF 1 Basic principles of safety regulation: 

 SF 1.2 Structural needs – Legal mandate and the ability 

to ensure a safe standard 

  

 SF 1.3 Implementation needs for responsibility 

concerning safety 
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SF 2 Safety management: 

 SF 2.3 Responsibility and practicability in the planning 

of safety achievement 

 

SF 3 Operational safety aspects: 

 SF 3.1 Procedures 

 SF 3.5 Organization 

 

RE 12 Complexity 

Sources: Hollnagel and Woods 

(2005) and  

Perrow (1999) 

 

SF 1 Basic principles of safety regulation: 

 SF 1.3 Implementation needs for responsibility 

concerning safety 

 

SF 3 Operational safety aspects: 

 SF 3.3 Human-machine interaction 

 SF 3.7 Reliability 

 

SF 4 Safety architecture and technology : 

 SF 4.3 Interdependence 

 

RE 13 Lessons learned 

Sources: Reason (2008), 

Hollnagel (2008a) and Roberts 

and Bea (2001) 

 

SF 2 Safety management: 

 SF 2.1 Understanding and openness in the safety policy 

 SF 2.4 Detectability and feedback in the planning of 

safety assurance 

 SF 2.5 Responsiveness and learning in the planning of 

safety promotion 

 

SF 4 Safety architecture and technology : 

 SF 4.2 Redundancy 

 

RE 14 Predicting safety-relevant 

future events  

Sources: Hollnagel (2008a) 

 

SF 3 Operational safety aspects 

 SF 3.7 Reliability 

 

RE 15 The maintenance quality 

Sources: Hollnagel (2008a) and 

Reason (2008) 

 

SF 1 Basic principles of safety regulation: 

 SF 1.2 Structural needs – Legal mandate and the ability 

to ensure a safe standard  

 SF 1.4 Needs for new regulations 

 

SF 2 Safety management: 

 SF 2.5 Responsiveness and learning in the planning of 

safety promotion  
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SF 4 Safety architecture and technology: 

 SF 4.6 Maintainability 

 

RE 16 Responding to any 

possible threat  

Sources: Hollnagel (2008a) 

 

SF 3 Operational safety aspects: 

 SF 3.7 Reliability 

 

RE 17 Bias 

Sources: Forsyth (2006), Flin et 

al. (2008) and Parsons (2005) 

 

SF 2 Safety management: 

 SF 2. 2 Completeness and Freedom from bias in safety 

planning 

 

RE 18 External supervision of 

safety standards 

Sources: Woods (2006) and 

Reason (1997) 

 

SF 1 Basic principles of safety regulation: 

 SF 1.1 Regulatory principles for independent oversight 

 

Table 3: Comparison between the resilience engineering factors and the 22 different SF. 

 

Next, the comparison below will illustrate the similarities between the resilience engineering 

literature and the different SF in the 18 safety categories created by the author.  

 

4.2.1.1 RE 1 The availability of resources 

An insufficient number of resources (e.g. material, personnel) can cause a negative impact on the 

performance variability and thereby lead to system failure (Hollnagel, 2004). Furthermore, Reason 

(1997) affirms that unavailable and/or bad quality of resources can contribute to active failures.  

Comparison: RE 1 and the SF 

SF 3.5 Organization 

It is important to have enough resources in the form of available staff. Otherwise, it can lead to 

accidents (Sträter & Korteweg, 2009). Hollnagel (2004) and Reason (1997) also concur that enough 

resources are important, in order to avoid failure in a system.  

SF 4.4 Functionality 

When a system and its safety equipment do not function properly, this can contribute to accidents 

(Sträter & Korteweg, 2009). Reason (1997) also claims that resources of bad quality can contribute to 

unwanted events.  

 

4.2.1.2 RE 2 Communication quality 

Flin et al. (2008) claim that good communication is important for reducing error, effective 

performance, and also for improving safety. Accordingly, Hollnagel (2004) states that communication 

(both technological and human aspects) which is untimely and insufficient can affect the 

performance variability negatively. Communication problems are divided into three areas: System 

failures, reception failures and message failures (Reason, 1997).  
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Comparison: RE 2 and the SF 

SF 1.1 Regulatory principles for independent oversight 

A clear communication between organizations is important for exchanging information about 

experiences. This is a way to ensure that work is carried out according to the best safety standards 

(Sträter & Korteweg, 2009). Furthermore, Flin et al. (2008) agree that a good communication is vital 

for safety.  

SF 1.3 Implementation needs for responsibility concerning safety 

It is essential that a clear communication exists between all parties responsible for the overall safety. 

Otherwise, the safety performance in a system would have an unknown status and the chance for 

latent error would increase (Sträter & Korteweg, 2009). Hollnagel (2004) also agrees that insufficient 

communication can lead to unwanted events.  

SF 2.1 Understanding and openness in the safety policy 

It is important that all different views, considerations, and opinions will be heard when establishing 

the commitments to safety as well as deciding about the goals in the safety policy (Sträter & 

Korteweg, 2009). Moreover, Flin et al. (2008) highlight that communication that functions in a good 

way is vital for reducing errors and an effective performance.  

SF 3.3 Human-machine interaction 

It is vital that the interactions between humans and machines work properly. Otherwise, accidents 

might occur (Sträter & Korteweg, 2009). Furthermore, Hollnagel (2004) states that communication 

also involves the interaction between humans and machines, and that it can lead to an accident if it 

affects the performance variability in a negative way.  

SF 3.6 Communication 

Communication involving both human-human and human-machine is vital for safety (Sträter & 

Korteweg, 2009). Both Hollnagel (2004) and Flin et al. (2008) agree on this.  

SF 4.4 Functionality 

Another factor contributing to many accidents was malfunctioning safety equipment (Sträter & 

Korteweg, 2009). Furthermore, Reason (1997) states that communication problems can occur due to 

an incorrect system performance.  

 

4.2.1.3 RE 3 Working experience  

A person’s operational experience determines how well prepared he or she is for a certain situation. 

As a result, this affects how variable their performance will be (Hollnagel, 2004). Moreover, 

inadequate definitions of different competence requirements can contribute to active failures 

(Reason, 1997). 

Comparison: Category 3 and the SF 

SF 3.2 Competence 

A further aspect important for safety is that an operator has to possess the right competence, in 

order to operate a certain system (Sträter & Korteweg, 2009). Additionally, Reason (1997) and 

Hollnagel (2004) highlight that a person’s operational experience is important for safety.  
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4.2.1.4 RE 4 Safety training 

Hollnagel (2004) states that the quality of training determines how well prepared a person is for 

certain situations. Thus, this affects the person’s performance variability. Furthermore, Reason 

(1997) claims that poor mixes of experienced and inexperienced personal can contribute to active 

failures. 

Comparison: RE 4 and the SF 

SF 3.2 Competence 

It is vital that an operator has received the right training, in order to possess the ability to operate a 

system in a safe way. Otherwise, this can lead to accidents (Sträter & Korteweg, 2009). Hollnagel 

(2004) also claims that bad quality of training can affect a person’s performance variability 

negatively. In addition, Reason (1997) argues that active failures can occur due to poor combinations 

of experienced and inexperienced staff.  

SF 3.6 Communication 

Language training is important for a proper communication, which is also important for safety 

(Sträter & Korteweg, 2009). Hollnagel (2004) argues that if a person has not received a training of 

good quality so that he or she is not properly prepared for a certain situation, an accident might be 

the consequence.  

 

4.2.1.5 RE 5 Frequency of safety training 

In order to maintain a healthy and safe workplace, all the staff in a working environment should 

undergo constant training (Alli, 2001). In addition, Reason (1997) affirms that failure to understand 

training requirements can contribute to active failures. 

Comparison: RE 5 and the SF 

SF 3.2 Competence 

It is necessary for safety that an operator has the right competence which can consist of training, in 

order to operate a certain system (Sträter & Korteweg, 2009). Reason (1997) argues that it is vital to 

understand the training requirements; otherwise, active failures can appear. Additionally, Alli (2001) 

claims that constant training of the staff in a working area is important for safety.  

SF 3.6 Communication 

In order to achieve a good communication quality, language training is an important aspect (Sträter 

& Korteweg, 2009). Furthermore, Alli (2001) argues that the training of the staff needs to be 

constantly updated, in order to maintain a safe workplace.  

 

4.2.1.6 RE 6 Design  

The interaction between humans and machines which also comprises interface design and a range of 

different operational support can have a significant effect on the performance variability (Hollnagel, 

2004). Moreover, Helander (2005) states that safety in a working area can be improved by 

perceivable hazards, easy-to-use controls, acceptable work postures, relevant warning signs, etc. In 

addition, Reason (1997) claims that the design of an object can contribute to active failures due to a 

lack of transparency and feedback. Furthermore, Roberts and Bea (2001) argue that designing 

redundancy in a system is a way to enhance its defences against accidents. 



Result  49 

  

Comparison: RE 6 and the SF 

SF 3.3 Human-machine interaction 

The interaction between humans and machines must work in a proper way. This crucial for safety 

(Sträter & Korteweg, 2009).   Hollnagel (2004) also underscores the importance of this argument.  

SF 4.1 Transparency 

It is vital that a system is transparent. Opacity can have a negative impact on safety (Sträter & 

Korteweg, 2009). Reason (1997) also concurs that it is important for safety that transparency of a 

system exists.  

SF 4.2 Redundancy 

A system has to have redundancy, because this makes the system more robust against accidents 

(Sträter & Korteweg, 2009). This is in accordance to Roberts’ and Bea’s (2001) statement about 

redundancy.   

SF 4.3 Interdependence 

Risks can arise from dependent events when a system interacts in an unintended way with other 

systems (Sträter & Korteweg, 2009). Furthermore, Helander (2005) states that safety can be 

improved when hazards are visible.  

SF 4.4 Functionality 

A system that malfunctions can contribute to unwanted events like accidents (Sträter & Korteweg, 

2009). Moreover, Reason (1997) claims that the design of an object can contribute to active failures.  

SF 4.5 Integrity 

When a system’s output results in error, this can contribute to unwanted events (Sträter & Korteweg, 

2009). Furthermore, Reason (1997) states that a system’s poor design can lead to active failures.  

 

4.2.1.7 RE 7 Work conditions 

Disadvantageous working conditions can have a negative effect on the performance variability. 

Examples can be glare on screens, ambient light, interruptions from the task, temperature, noise, 

etc. (Hollnagel, 2004). Furthermore, Parsons (2005) argues that environmental factors like smells, 

draughts, glare, noisy equipment, can cause psychological and physiological strain on individuals and, 

thereby, affect their performance in a negative way. 

Comparison: RE 7 and the SF 

SF 3.4 Operating environment 

The conditions in a working environment like the weather, light, noise can affect human performance 

in a negative way and, thus, affect safety (Sträter & Korteweg, 2009). Parsons (2005) and Hollnagel 

(2004) argue as well that the working environment can affect human performance in a negative way. 

Therefore, this can have an impact on safety.  

SF 4.4 Functionality 

If a system cannot work properly in both anticipated and unanticipated situations like weather 

conditions, for example, this can influence safety (Sträter & Korteweg, 2009). Additionally, Hollnagel 

(2004) claims that disadvantageous working conditions can affect the performance variability and 

also safety negatively.  
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4.2.1.8 RE 8 Team work quality 

Flin et al. (2008) state that team working problems like failures to resolve conflicts and lack of a clear 

coordination have been reported as contributing factors to accidents. Moreover, Hollnagel (2004) 

affirms that the collaboration between team members in different levels in a social climate can affect 

the performance variability in a negative way. 

Comparison: RE 8 and the SF 

SF 2.1 Understanding and openness in the safety policy 

Cooperating by sharing experience and knowledge within an organization and with other 

organizations as well is important when making decisions about a safety policy (Sträter & Korteweg, 

2009). Furthermore, Hollnagel (2004) claims that a good cooperation between team members is an 

important factor for safety.  

SF 3.5 Organization 

The structure of the teams and the general structure within an organization are vital aspects for 

safety (Sträter & Korteweg, 2009). Flin et al. (2008) also state that a clear coordination in teams is 

important for safety.  

 

4.2.1.9 RE 9 The accessibility of procedures and plans 

According to Hollnagel (2004), unavailable plans and procedures (like operating and emergency 

procedures), plus missing routine patterns when responding can affect the performance variability 

negatively. Moreover, Reason (1997) states that the availability, workability, quality, accuracy, and 

relevance of procedures contribute to active failures. 

Comparison: RE 9 and the SF 

SF 3.1 Procedures 

The content in procedures is a crucial aspect for safety. For example, a lack of procedures can lead to 

consistency problems and the risk concerning acting in an unsafe way when performing a task 

increases (Sträter & Korteweg, 2009). Reason (1997) agrees that it is crucial for safety that 

procedures are workable.  

SF 3.6 Communication 

Communication between the staff in an organization is a vital aspect for safe operations (Sträter & 

Korteweg, 2009). Both Hollnagel (2004) and Reason (1997) state that it is important that all the 

relevant procedures are available for the operators in the sharp end.  

 

4.2.1.10 RE 10 The time availability 

Time pressure when performing work tasks can lead to an increase of the performance variability 

and, hence, to an accident (Hollnagel, 2004). Also Reason (1997) highlights that time pressure can 

contribute to active failures. In addition, Flin et al. (2008) state that time pressure can affect the 

decision-making. As a result the most optimal alternative will not be chosen. This can also affect 

safety.  
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Comparison: RE 10 and the SF 

SF 2.5 Responsiveness and learning in the planning of safety promotion  

It is important to be able to give the correct actions in right time due to changing demands. 

Otherwise, this can lead to safety problems (Sträter & Korteweg, 2009). Furthermore, Hollnagel 

(2004), Reason (1997) and Flin et al. (2008) agree that the available time is an important factor 

concerning safety.  

SF 3.7 Reliability 

It is vital to have the ability to detect and recover from unwanted events or failure in time, before 

they become more severe (Sträter & Korteweg, 2009). In addition, Hollnagel (2004), Reason (1997) 

and Flin et al. (2008) all agree that the available time is an important factor concerning safety.  

 

4.2.1.11 RE 11 The support and quality of the organization 

Hollnagel (2004) states that the performance variability can also be affected by the quality of 

responsibility and roles of team members in safety management systems, safety culture, external 

agencies, etc. Moreover, Flin et al. (2008) argue that the safety culture in an organization can 

contribute to poor decision making and, hence, affect safety in a negative way. Furthermore, poor 

defined roles in teams can contribute to accidents. Additionally, Reason (1997) claims that a poor 

definition of responsibilities in organizations can contribute to active failures by over-looked warning 

signs, for example. 

Comparison: RE 11 and the SF 

SF 1.2 Structural needs – Legal mandate and the ability to ensure a safe standard 

All producers, designers and service providers have the responsibility to ensure that their products or 

services are safe (Sträter & Korteweg, 2009). In addition, Hollnagel (2004) and Reason (1997) agree 

that it is important for safety that the responsibility in an organization is clearly defined, otherwise 

risks might be missed during a search.  

SF 1.3 Implementation needs for responsibility concerning safety 

It is essential for safety that a clear allocation of responsibilities exists between all the people who 

have the main responsibility for a service or product (Sträter & Korteweg, 2009). Furthermore, 

Reason (1997) also concurs that poor definitions of responsibilities can contribute to active failures.  

SF 2.3 Responsibility and practicability in the planning of safety achievement 

A transparent responsibility allocation in an organization and between organizations is important, in 

order to transform a safety plan to reality (Sträter & Korteweg, 2009). Furthermore, Hollnagel (2004) 

and Reason (1997) concur that a clear definition of responsibility in an organization is essential for 

safety.  

SF 3.1 Procedures 

It is important to have procedures which can provide a description of roles and responsibility 

definitions in an organization (Sträter & Korteweg, 2009). Like in previous paragraphs Hollnagel 

(2004), Reason (1997) agree on the point that it is crucial to have clear definitions of responsibilities 

in an organization. Flin et al. (2008) highlight the importance of defining roles in teams.  
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SF 3.5 Organization 

The decision-making of an organization is an important aspect for safety, because it can result in 

accidents (Sträter & Korteweg, 2009). Furthermore, Flin et al. (2008) state that poor decision-making 

is the result of the safety culture in an organization and, thus, it can affect safety negatively. 

  

4.2.1.12 RE 12 Complexity 

Hollnagel and Woods (2005) argue that increasing complexity leads to a larger risk of the occurrence 

of malfunctions that might lead to accidents. Furthermore, Perrow (1999) states that tight coupling 

makes a system vulnerable for accidents. 

Comparison: RE 12 and the SF: 

SF 1.3 Implementation needs for responsibility concerning safety 

If a lack concerning the responsibility for safety exists, this can lead to latent failures in the system, 

because the safety status of the organization is unknown in that situation (Sträter & Korteweg, 2009). 

In addition, Perrow (1999) states that the complex interactions between errors in the system that are 

not transparent make a system inevitable for accidents, because the staff might not be able to 

perform countermeasures.  

SF 3.3 Human-machine interaction 

The complexity and the equipment of a system can affect the human reliability (Sträter & Korteweg, 

2009). Furthermore, Perrow (1999) claims that tight coupling is a factor which also makes a system 

vulnerable for accidents. Tight coupling might happen very fast and is latent. As a result, the staff 

might not notice anything until an unwanted event has occurred.  

SF 3.7 Reliability 

It is important to have the ability to detect and recover from unwanted events or failure in time, 

before they become more severe (Sträter & Korteweg, 2009). According to Perrow (1999), it is harder 

to detect failures, when they interact in an unplanned, latent, and fast way. As a consequence, this 

might not be noticed.  

SF 4.3 Interdependence 

Interdependencies are an important aspect for safety, because risks can occur from events that are 

dependent in a complex system (Sträter & Korteweg, 2009). This corresponds to Perrow’s (1999) 

argument that complex interactions can affect the safety in a system. In addition, Hollnagel and 

Woods (2005) claim that an increasing complexity of a task makes the risk for errors more likely.  

 

4.2.1.13 RE 13 Lessons learned 

Reason (2008) states that reactive measures are important for an efficient safety management 

system. They are derived from incident reporting systems providing crucial information about the 

defences, workplace and systematic factors known to contribute to bad outcomes. Furthermore, 

Hollnagel (2008a) argues that an organization has to learn from previous experience to deal with 

factual threats efficiently. Additionally, Roberts and Bea (2001) claim that a HRO takes advantage 

from lessons learned, in order to identify parts of the system that should have redundancies, but also 

in order to train their staff, so that they can respond to similar situations in the future adequately.  
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Comparison: RE 13 and the SF 

SF 2.1 Understanding and openness in the safety policy 

When setting up a safety policy, it is important to take all opinions and considerations into account 

(Sträter & Korteweg, 2009). Furthermore, Reason (2008), Hollnagel (2008a), Roberts and Bea (2001) 

agree that it is important to take previous events into account when dealing with future situations.  

SF 2.4 Detectability and feedback in the planning of safety assurance 

Accident investigations are a mean to make improvements of safety (Sträter & Korteweg, 2009). This 

corresponds to the statements of Reason (2008) as well as Roberts and Bea (2001).   

SF 2.5 Responsiveness and learning in the planning of safety promotion 

It is important to spread out the lessons learned to the staff in an organization (Sträter & Korteweg, 

2009). Hollnagel (2004) also concurs with this statement.  

SF 4.2 Redundancy 

Redundancy is a way to protect a system from failures (Sträter & Korteweg, 2009). Moreover, 

Roberts and Bea (2001) state that it is important to use information from previous unwanted events, 

in order to identify parts of the system that should have redundancies.  

 

4.2.1.14 RE 14 Predicting safety relevant future events 

In order to foresee different threats, it is important for an organization to have the ability to look in 

the near future and predict what might happen (Hollnagel, 2008a). 

Comparison: RE 14 and the SF 

SF 3.7 Reliability 

It is vital to have the ability to detect unwanted events or failure and recover from them, so that a 

system can function without any disruptions or breakdowns (Sträter & Korteweg, 2009). Hollnagel 

(2008a) states that it is important to have the ability to predict what might happen in future 

situations, in order to face threats efficiently.  

 

4.2.1.15 RE 15 The maintenance quality 

Hollnagel (2008a) states that it is essential for an organization to monitor the system performance in 

the sense of regular updates of routines and habits, in order to cope with potential threats. 

Furthermore, Reason (2008) claims that proactive measures are important for an effective safety 

management and that they involve regular checkups of the different crucial processes in a system, 

for instance, communication, planning, design, hardware, maintenance, procedures, scheduling, 

budgeting, as these are known as possible sources of unwanted events. 

Comparison: RE 15 and the SF 

SF 1.2 Structural needs – Legal mandate and the ability to ensure a safe standard 

In order to improve safety, it is important to perform regular checkups in a system (Sträter & 

Korteweg, 2009). This is in accordance with Hollnagel’s (2008a) and Reason’s (2008) statements 

about checkups.  
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SF 1.3 Needs for new regulations 

It is important that safety regulations are updated constantly, in order to keep a system safe (Sträter 

& Korteweg, 2009). Moreover, Hollnagel (2008a) and Reason (2008) also argue that it is important to 

perform regular updates of a system’s crucial processes and defenses.  

SF 2.5 Responsiveness and learning in the planning of safety promotion 

A system has to receive regular updates, in order to be able to respond correctly to changing 

demands in critical situations. This is crucial for safety (Sträter & Korteweg, 2009). Accordingly, 

Hollnagel (2008a) and Reason (2008) state that it is vital for safety to regularly update a system.  

SF 4.6 Maintainability 

A system has to be maintained throughout its lifetime, in order to prevent errors from becoming 

more severe (Sträter & Korteweg, 2009). Furthermore, Hollnagel (2008a) and Reason (2008) argue 

that regular updates are important with regard to the system’s safety.  

 

4.2.1.16 RE 16 Responding to any possible threat 

Hollnagel (2008a) states that it is important that an organization has the ability to respond quickly to 

several disturbances. 

Comparison: RE 16 and the SF 

SF 3.7 Reliability 

Another important aspect for safety is the ability of detecting unwanted events or failures in time 

and recovering from them, before they become more severe (Sträter & Korteweg, 2009). This 

corresponds to Hollnagel’s (2004) statement about the importance of being able to respond fast to 

different disturbances.  

 

4.2.1.17 RE 17 Bias 

Forsyth (2006) claims that biases can influence people’s decision-making in different situations. In 

addition, Flin et al. (2008) argue that good decision-making is crucial in all high-risk settings. 

Moreover, Parsons (2005) states that it is important to avoid bias when evaluating work 

environments. 

Comparison: RE 17 and the SF 

SF 2.2 Completeness and freedom from bias in safety planning 

It is important to be unbiased when trying to find the best safety solution (Sträter & Korteweg, 2009). 

Furthermore, Flin, Connor and Crichton (2008) and Parsons (2005) also agree on this point.  

SF 3.5 Organization 

Decision-making is a vital aspect for safety in a working environment (Sträter & Korteweg, 2009). In 

addition, Forsyth (2006) claims that bias can have an impact on human’s decision-making in different 

situations.  

 

4.2.1.18 RE 18 Importance of an external view concerning safety standards 

Woods (2006) emphasizes the importance of having an independent voice in a company which can 

uncover gaps by questioning the conventional assumptions of risks and decision-making of the senior 

management. In addition, Reason (1997) argues that the pressures of the public and the regulations 
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have the power to influence the top management of an organization, so that it will aim the limited 

resources towards the goal of safety instead of production.  

Comparison: RE 18 and the SF 

SF 1.1 Regulatory principles for independent oversight 

It is important in an organization to have an independent source which can help the management to 

uncover risks (Sträter & Korteweg, 2009). Woods (2006) agrees on this point. Furthermore, Reason 

(1997) states that external pressures can make the management in an organization aim towards the 

goal of safety instead of productivity.  

 

4.3 Comparison between the 22 SF and the factors in the safety culture 
theory 

In this section, a comparison between the basic assumptions relating to the concept of safety culture 

and the 22 SF will be presented.  

Moreover, this comparison has the same structure as in the subchapter Comparison between the 22 

SF and the factors in the resilience engineering theory. First, an overview over this comparison will be 

illustrated in a table. After that, short explanations of the similarities between the SF and the safety 

culture literature will be provided.  

The safety culture terms, namely the basic assumptions, consists of six different safety categories 

created by the author.  These are:  

 BA 1: Reality and truth  

 BA 2: Time 

 BA 3: Space  

 BA 4: Human nature  

 BA 5: Human activity  

 BA 6: Human relationships 

 

4.3.1 An overview of the comparison between the safety culture factors (the basic 

assumptions) and the 22 SF 

Below, an overview of the comparison between the safety culture factors (the basic assumptions) 

and the SF will be illustrated.  

 

Safety culture factors 

(basic assumptions) (BA): 

All the different Safety Fundamentals (SF): 

BA 1. Reality and truth:  SF 1 Basic principles of safety regulation: 

 SF 1.1 Regulatory principles for independent oversight 

 SF 1.2 Structural needs – Legal mandate and the ability to 

ensure a safe standard 
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 SF 1.3 Implementation needs for responsibility concerning 

safety  

 SF 1.4 Needs for new regulations 

 

SF 2 Safety management: 

 SF 2.1 Understanding and openness in the safety policy 

 SF 2.2 Completeness and freedom from bias in safety 

planning 

 

 SF 2.3 Responsibility and practicability in the planning of 

safety achievement 

 SF 2.4 Delectability and feedback in the planning of safety 

assurance 

 SF 2.5 Responsiveness and learning in the planning of 

safety promotion 

 

SF 3 Operational safety aspects: 

 SF 3.1 Procedures 

 SF 3.2 Competence 

 SF 3.3 Human-machine interaction 

 SF 3.4 Operating environment  

 SF 3.5 Organization 

 SF 3.6 Communication  

 SF 3.7 Reliability 

 

SF 4 Safety architecture and technology: 

 SF 4.1 Transparency 

 SF 4.2 Redundancy  

 SF 4.3 Interdependence 

 SF 4.4 Functionality 

 SF 4.5 Integrity 

 SF 4.6 Maintainability 

 

BA 2. Time:  

 

SF 2 Safety management: 

 SF 2.5 Responsiveness and learning in the planning of 

safety promotion  

 

SF 3 Operational safety aspects: 

 SF 3.7 Reliability 
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BA 3. Space:  

 

SF 2 Safety management: 

 SF 2.5 Responsiveness and learning in the planning of 

safety promotion  

 

SF 3 Operational safety aspects: 

 SF 3.2 Competence  

 

BA 4. Human nature:  SF 1 Basic principles of safety regulation: 

 SF 1.1 Regulatory principles for independent oversight 

 SF 1.2 Structural needs – Legal mandate and the ability to 

ensure a safe standard 

 SF 1.3 Implementation needs for responsibility concerning 

safety  

 SF 1.4 Needs for new regulations 

 

SF 2 Safety management: 

 SF 2.1 Understanding and openness in the safety policy 

 SF 2.2 Completeness and freedom from bias in safety 

planning 

 SF 2.3 Responsibility and practicability in the planning of 

safety achievement 

 SF 2.4 Delectability and feedback in the planning of safety 

assurance 

 SF 2.5 Responsiveness and learning in the planning of 

safety promotion 

 

SF 3 Operational safety aspects: 

 SF 3.1 Procedures 

 SF 3.2 Competence 

 SF 3.3 Human-machine interaction 

 SF 3.4 Operating environment  

 SF 3.5 Organization 

 SF 3.6 Communication  

 SF 3.7 Reliability 

 

SF 4 Safety architecture and technology: 

 SF 4.1 Transparency 

 SF 4.2 Redundancy  

 SF 4.3 Interdependence 

 SF 4.4 Functionality 

 SF 4.5 Integrity 

 SF 4.6 Maintainability 
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BA 5. Human activity:  

 

SF 2 Safety management: 

 SF 2.3 Responsibility and practicability in the planning of 

safety achievement 

 SF 2.5 Responsiveness and learning in the planning of 

safety promotion  

 

SF 3 Operational safety aspects: 

 SF 3.1 Procedures 

 

BA 6. Human relationships: 

 

SF 1 Basic principles of safety regulation: 

 SF 1.1 Regulatory principles for independent oversight 

 

SF 2 Safety management: 

 SF 2.1 Understanding and openness in the safety policy  

 SF 2.5 Responsiveness and learning in the planning of 

safety promotion  

 

 
 

Table 4: Comparison between the safety culture factors (the basic assumptions) and the 22 SF. 

 

Next, the comparison below will illustrate the similarities between the basic assumptions and the 

different SF in six safety categories.  

 

4.3.1.1 BA 1: Reality and truth  

The first dimension concerns the definition of what is real and what is not; more specifically, what is 

safe and what is not. Schein (1992) cited in Guldenmund (2000) 

Comparison: Basic assumption 1 and the SF 

Below the short descriptions of different SF will give examples what is safe and what is not safe 

regarding a system.  

SF 1.1 Regulatory principles for independent oversight 

It is better for safety to let an independent organization monitor and approve the achievement of 

safety standards (Sträter & Korteweg, 2009). 

SF 1.2 Structural needs – Legal mandate and the ability to ensure a safe standard  

It is important that all designers, producers, and service providers fulfil their duty to ensure that their 

products or services are safe (Sträter & Korteweg, 2009).  

 SF 1.3 Implementation needs for responsibility concerning safety 

It is important to have a clear responsibility allocation between all parties responsible for the overall 

safety in an organization, in order to know the status of the safety performance (Sträter & Korteweg, 

2009).  
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SF 1.4 Needs for new regulations 

In order to keep a system safe, it is essential to update the safety regulations regularly (Sträter and 

Korteweg, 2009).  

SF 2.1 Understanding and openness in the safety policy  

It is vital to take all thoughts and opinions into account when setting up the commitments to safety 

and also when creating the aims in the safety policy (Sträter & Korteweg, 2009). 

SF 2.2 Completeness and Freedom from bias in safety planning 

In order to find the most optimal safety solutions in an organization, it is crucial to be unbiased 

(Sträter & Korteweg, 2009).   

SF 2.3 Responsibility and practicability in the planning of safety achievement 

It is important for safety that the requirements for a safety plan have to be practically possible and 

also that a clear responsibility allocation exists within and between organizations (Sträter & 

Korteweg, 2009).   

SF 2.4 Detectability and feedback in the planning of safety assurance 

Monitoring of the safety performance by accident investigations is crucial, in order to ensure safety 

(Sträter & Korteweg, 2009). 

SF 2.5 Responsiveness and learning in the planning of safety promotion  

It is essential that a system constantly has the ability to give the correct actions in right time, due to 

changing demands. Furthermore, it is necessary to spread out lessons learned in an organization 

(Sträter & Korteweg, 2009). 

SF 3.1 Procedures 

An unbalanced number of procedures (too many as well as too few) can lead to safety issues (Sträter 

& Korteweg, 2009).  

SF 3.2 Competence  

It is important for safety that the staff has the right competence when operating a certain system 

(Sträter & Korteweg, 2009). 

SF 3.3 Human-machine interaction 

It is important for safety that the interaction between humans and technology works adequately 

concerning usability, the design of the workplace, and workstation ergonomics, for example (Sträter 

& Korteweg, 2009). 

SF 3.4 Operating environment 

The weather conditions in the operating environment can affect the human performance and hence 

safety negatively (Sträter & Korteweg, 2009). 

SF 3.5 Organization 

An essential aspect for safety is the availability of staff (Sträter & Korteweg, 2009).  

SF 3.6 Communication 

A proper communication is vital for safe operations (Sträter & Korteweg, 2009). 

SF 3.7 Reliability 

The potential of recovering from unwanted events by detecting failures and recovering from them in 

time is important for safety (Sträter & Korteweg, 2009). 
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SF 4.1 Transparency 

Transparency is important for safety so that a system can perform in a constant way as specified. In 

addition, decisions made about the system design in an organization need to be traceable (Sträter & 

Korteweg, 2009).  

SF 4.2 Redundancy 

To include redundancy in a system is essential, so that the system can deal with failures without a 

total break down (Sträter & Korteweg, 2009). 

SF 4.3 Interdependence 

It is important to manage the safety in the overall system despite of the existing interdependencies 

in the system (Sträter & Korteweg, 2009). 

SF 4.4 Functionality 

A system needs to function in both anticipated but also anticipated situations (Sträter & Korteweg, 

2009). 

SF 4.5 Integrity 

It is vital that the output of a system with correct input is free from errors (Sträter & Korteweg, 

2009). 

SF 4.6 Maintainability 

To maintain a system throughout its whole life cycle is mandatory for safety (Sträter & Korteweg, 

2009).  

 

4.3.1.2 BA 2: Time  

The second dimension deals with the importance of time in an organization and how it is used in 

relation to safety. It can reveal the assumptions of hazards and housekeeping in work places and also 

the preparation for work and the work itself. Schein (1992) cited in Guldenmund (2000) 

Comparison: Basic assumption 2 and the SF 

In the two following paragraphs, two SF will be presented shortly. They concern the importance of 

time in relation to safety.  

SF 2.5 Responsiveness and learning in the planning of safety promotion  

It is essential that an organization has the ability to give the correct actions in right time, due to 

changing demands (Sträter & Korteweg, 2009).  

SF 3.7 Reliability 

For safety reasons it is important that an organization has the ability to detect failures and recover 

from them in time before an unwanted event occurs (Sträter & Korteweg, 2009). 

 

4.3.1.3 BA 3: Space  

The third dimension involves how space is filled and used in an affiliation with safety in an 

organization. The third dimension can as well as the second dimension expose the assumptions 

concerning housekeeping and hazards in a working place, and also work preparation as well as the 

work itself. Schein (1992) cited in Guldenmund (2000) 
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Comparison: Basic assumption 3 and the SF 

The two SF below are partly dealing with the importance of safety aspects regarding preparation for 

work.  

SF 2.5 Responsiveness and learning in the planning of safety promotion  

An organization must have the ability to spread out lessons learned, in order to be prepared for 

safety critical events (Sträter & Korteweg, 2009).  

SF 3.2 Competence  

A safe system performance requires that the staff has the right competence (the right training, for 

example) when operating a certain system (Sträter & Korteweg, 2009).  

 

4.3.1.4 BA 4: Human nature  

The fourth dimension applies to the assumptions of human’s inherent nature and what can be done 

about it, for example, if some people are likely to engage in risky behaviour or accident prone. Schein 

(1992) cited in Guldenmund (2000) 

Comparison: Basic assumption 4 and the SF  

Please see all the SF described in the previous section Comparison: Basic assumption 1 and the SF. 

The SF there describe different safety aspects which can also be connected to the Basic assumption 

4. Human nature, because they all relate to abilities that are important regarding safety in a system. 

When not having these abilities in an organization or deciding to exclude them, this can result in a 

higher risk of unwanted events.  

 

4.3.1.5 BA 5: Human activity  

The fifth dimension involves the definition of work and what is the right thing for people to do in 

relation to their environment, meaning to which extent they should wait for instructions or take the 

initiative. Schein (1992) cited in Guldenmund (2000) 

Comparison: Basic assumption 5 and the SF  

The different SF described below involve some important safety aspects regarding work procedures 

and response to changing demands.  

SF 2.5 Responsiveness and learning in the planning of safety promotion  

It is essential that a system constantly has the ability to give the correct actions in right time, due to 

changing demands. Furthermore, lessons learned need to be spread out in an organization (Sträter & 

Korteweg, 2009). 

SF 3.1 Procedures 

Clear and workable procedures are vital, so that a human operator knows what he has to do, in order 

to complete different work tasks (Sträter & Korteweg, 2009). 

 

4.3.1.6 BA 6: Human relationships 

The last dimension refers to the relation of people to each other, for example, co-operation, 

individualism, competition, authority of individuals. In addition, it involves the question whether it is 
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acceptable to correct each other if someone engages in an unsafe behaviour. Schein (1992) cited in 

Guldenmund (2000) 

Comparison: Basic assumption 6 and the SF  

This SF concerns cooperation which also the Basic assumption 6. Human relationships does.  

SF 1.1 Regulatory principles for independent oversight 

It is better for safety to let an independent organization monitor and approve the achievement of 

safety standards (Sträter & Korteweg, 2009).  

SF 2.1 Understanding and openness in the safety policy  

All thoughts and opinions need to be taken into account when setting up the commitments to safety 

and also when creating the aims in the safety policy. Thus, crucial information will be available when 

needed in safety critical situations (Sträter & Korteweg, 2009).  

SF 2.5 Responsiveness and learning in the planning of safety promotion  

It is essential to spread out lessons learned in an organization (Sträter & Korteweg, 2009).  

 

4.4 Conclusion of the comparisons between all the SF and the research 
literature 

According to Everdij and Balk (2008), Arenius et al. (2010), Sträter et al. (2010) and Sträter and 

Korteweg (2009), the SF are descriptions of factors important for accident prevention. Furthermore, 

Choudhry, Fang and Mohamed (2007) state that many worldwide organizations consider the concept 

of safety culture an important mean for reducing accidents. As claimed by Sheridan (2008) resilience 

engineering is an area important for safety in respect to accident prevention that has evolved during 

the latest years (Sheridan, 2008). Therefore, it can be concluded that accident prevention is the main 

connection between the SF descriptions and the literature of resilience engineering and safety 

culture.    

Furthermore, When viewing Table 3: Comparison between the resilience engineering factors and the 

SF and Table 4: Comparison between the safety culture factors (the basic assumptions) and the SF it 

can be concluded that all the SF were found in both the resilience engineering literature, with origin 

from the more specific aspect of safety, and also the more general aspect of safety, namely the basic 

assumptions of safety culture in the framework proposed by Schein (1992) cited by Guldenmund 

(2000).  

One remark that can be made about the theory from the resilience engineering and also the safety 

culture is that none of the sources reviewed for this study mentions the aspect of the law. Leveson 

(2002) states that accident analysis should be expanded applying more examining factors like the 

law, for instance, instead of just focusing on human errors and system failures. The SF have their 

origin in the area of the law.  
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4.5 The SPSS analysis 

In the second main part of this chapter, the results from the program SPSS will be provided. These 

results will be presented in the following order: SST-session 1 (PBNR): Safety culture factors, SST-

session 1 (PBNR):  Resilience engineering factors, SST-session 2(CCAMS): Safety culture factors, SST-

session 2(CCAMS):  Resilience engineering factors. These will be presented in tables from SPSS. Finally 

the results from the open questions in Part 4: Evaluation of the Safety Scanning Tool (SST) will be 

displayed  

All the samples were first tested with the Kolmogorov-Smirnov test and Shapiro-Wilk test for normal 

distribution. However, these tests showed mixed significance in the samples. Therefore, the non-

parametric Wilcoxon Signed Ranks test was conducted.  

Moreover, in the SPSS analysis of SST-session 2 (CCAMS): Safety culture factors, one participant had 

to be removed totally, because this person had not answered any of the questions. Therefore, the 

total number of participants was 15 instead of 16. Furthermore, this also occurred with one 

participant in the part SST-session 1 (PBNR):  Resilience engineering factors. Thus, the total number of 

participants was five instead of six.  

Missing values were excluded from the SPSS analysis. For example, if a participant answered 

question 1 in Survey 1 but the related question in Survey 2, his answer to question 1 was totally 

excluded from the analysis.  

 

4.5.1 Interpreting the SPSS tables 

Furthermore, the z-score in the table of the Willcoxon Signed Rank test is based on the direction of 

the difference of two samples. This difference can be positive, negative or unchanged in a pre-post 

test. When the z-score in SPSS is based on negative ranks, it indicates that the majority of the ranks 

were positive. In contrast, when the z-score is based on positive ranks, it can be assumed that the 

majority of the ranks were negative. (Field, 2009) 

Moreover, the SPSS analysis only displays the significance value for two-tailed tests. In order to 

obtain the significant value for one-tailed tests, the two-tailed value has to be divided by 2 (Field, 

2001). Therefore, this will be performed on the significant results in this chapter.  

 

4.5.2 SST-session 1 (PBNR): Safety culture factors 

Conducting the Wilcoxon Signed Ranks test, the difference between the experts’ ranks per question 

after the SST and before the SST is calculated. Significant increases of the ranks after the SST are 

marked with a pink colour in the tables below.  
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Table 5: Wilcoxon signed-ranks test: SST-session 1 (PBN): Safety culture factors. 

a. Based on negative ranks 

b. Based on positive ranks  

c. The sum of negative ranks equals the sum of positive ranks 

 

Significant increases of the scores after SST-session 1 (PBNR): Safety culture factors 

 

BA Human nature: Question 2 
 

Please note down to what extent you agree with the following statements:  

- For me, risky behavior while performing work tasks is unacceptable 
 

Wilcoxon Signed Ranks test - Assymp. Sig. (two-tailed): 
 

z = -1.66, p > .05  

Calculating - Assymp. Sig. (one-tailed): 
 

.098/2 = .049 

Wilcoxon Signed Ranks test - Assymp. Sig. (one-tailed): z = -1.66, p < .05 

Table 6: Significant increase: BA Human nature: Question 2 on one-tailed test. 

 
 

BA Reality and truth: Question 11 
 

Please note down to what extent you agree with the following statements:  

- It does not matter how safe a system is, it is always vulnerable for accidents 
 

Wilcoxon Signed Ranks test - Assymp. Sig. (two-tailed): 
 

z = -1.73, p > .05  

Calculating - Assymp. Sig. (one-tailed): 
 

.083/2 = .004 

Wilcoxon Signed Ranks test - Assymp. Sig. (one-tailed): z = -1.73, p < .05 

Table 7: Significant increase: BA Reality and truth: Question 11 on one-tailed test. 

 

Safety 
category: 

BA Human 
nature: 

Question 1 

BA Human 
nature: 

Question 2 

BA Human 
nature: 

Question: 3 
 

BA Human 
nature: 

Question 4 

BA Human 
relationships: 

Question 6 

BA Human 
activity: 

Question 7 

Z -1,342
a
 -1,656

a
 -1,000

b
 -1,000

b
 ,000

c
 -1,000

a
 

Asymp. 
Sig. 
(2-tailed) 

,180 ,098 ,317 ,317 1,000 ,317 

   
 

  

Safety 
category: 

BA Human 
activity: 

Question 8 

BA Human 
activity: 

Question 9 

BA Reality 
and truth: 

Question 10 

BA Reality 
and truth: 

Question 11 

BA The nature 
of time and 

space: 
Question 12 

Z -1,511
a
 -1,190

a
 -,577

b
 -1,732

a
 -1,414

b
 

Asymp. 
Sig.  
(2-tailed) 

,131 ,234 ,564 ,083 ,157 



Result  65 

  

The Wilcoxon Signed Ranks test is significant for two samples in SST-session 1 (PBNR): Safety culture 

factors, question 2 and 11. Moreover, the z-score is based on negative ranks which indicate that 

there was a significant increase of the scores after the SST for the majority of the experts.  

 

4.5.3 SST-session 1 (PBNR): Resilience engineering factors 

Conducting the Wilcoxon Signed Ranks test, the difference between the experts’ ranks per question 

after the SST and before the SST is calculated. Significant decreases of the ranks after the SST are 

coloured purple in the table below.  

 

Safety 

category: 

RE Accident 

prevention 

strategies: 

Question 1 

RE Risks: 

Question2 

RE The 

availability of 

resources: 

Question 3 

RE The 

communication 

quality: 

Question 4 

RE Working 

experience: 

Question 5 

Z -1,000
a
 -1,000

b
 -,577

b
 -,557

b
 -1,000

b
 

Asymp. 

Sig.  

(2-tailed) 

,317 ,317 ,564 ,577 ,317 

      

 Safety 

category: 

RE Safety  

training: 

Question 6 

RE Frequency of 

safety training: 

Question 7 

RE Design: 

Question 8 

RE Work 

conditions: 

Question 9 

RE Team work 

quality: 

Question 10 

Z -1,732
a
 -,378

b
 -,966

b
 -1,134

b
 -1,089

b
 

Asymp. 

Sig.  

(2-tailed) 

,083 ,705 ,334 ,257 ,276 

     
 

Safety 

category:  

RE The 
accessibility of 
procedures and 

plans: 
Question 11 

RE The time 
availability: 
Question 12 

RE The support 
and quality of 

the organization: 
Question 13 

RE Complexity: 
Question 14 

RE Lessons 
learned: 

Question 15 

Z -1,000
b
 -1,633

a
 -,577

b
 -,378

b
 -,577

b
 

Asymp. 

Sig.  

(2-tailed) 

,317 ,102 ,564 ,705 ,564 

     
 

Safety 

category:  

RE Predicting 
safety-relevant 
future events: 
Question 16 

RE The 
maintenance 

quality: 
Question 17 

RE Responding 
to any possible 

threat: 
Question 18 

RE Bias: 
Question 19 

RE External 
supervision of 

safety 
standards: 

Question 20 

Z -,447
b
 -,816

b
 -,577

b
 -,378

b
 -1,134

b
 

Asymp. 

Sig.  

(2-tailed) 

,655 ,414 ,564 ,705 ,257 
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Safety 

category:  

RE The support 
and quality of 

the 
organization: 
Question 21 

    

Z -1,134
a
     

Asymp. 

Sig.  

(2-tailed) 

-,257     

Table 8: Wilcoxon signed-ranks test SST-session 1 (PBN):  Resilience engineering factors. 

a. Based on positive ranks. 

b. Based on negative ranks.  

 

Significant decreases of the scores after SST-session 1 (PBNR): Resilience engineering factors 

 

RE Safety training: Question 6 

- Are you confident of being aware of the most important issues regarding the ‘safety 
training’ a person has received before working with the SUBJECT for the first time?  
 

(The ‘safety training’ refers to the content and the method of the training, for 
example lectures, video clips, simulation, role play and field training.) 

 

Wilcoxon Signed Ranks test - Assymp. Sig. (two-tailed): 
 

z = -1.73, p > .05  

Calculating - Assymp. Sig. (one-tailed): 
 

.083/2 = .042 

Wilcoxon Signed Ranks test - Assymp. Sig. (one-tailed): z = -1.73, p < .05 

Table 9: Significant decrease: RE Safety training: Question 6 on one-tailed test. 

 

The Wilcoxon Signed Ranks test is significant for question 6 in SST-session 1 (PBNR):  Resilience 

engineering factors. However, since this result is based on positive ranks, it can be assumed that the 

scores were significantly lower after the SST for the majority of the experts.  

 

4.5.4 SST-session 2 (CCAMS): Safety culture factors 

Conducting the Wilcoxon Signed Ranks test, the difference between the experts’ ranks per question 

after the SST and before the SST is calculated. Decreases which are significant have a green colour 

and significant increases are marked with a pink colour.   

 

 

 

 

 

a. Based on positive ranks. 

b. Based on positive ranks. 

d. Wilcoxon Signed Ranks Test 
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Safety 
category: 

 

BA Human 
nature: 

Question 1 

BA Human 
nature: 

Question 2 

BA Human 
nature: 

Question 3 
 

BA Human 
nature: 

Question 4 

BA Human 
relationships: 

Question 6 

BA Human 
activity: 

Question 7 

Z -1,414
a
 -1,802

b
 -2,121

b
 -,184

b
 -1,580

b
 -2,058

b
 

Asymp. 
Sig. 
(2-tailed) 

,157 ,072 ,034 ,854 ,114 ,040 

       

Safety 
category: 

  

BA Human 
activity: 

Question 8 

BA Human 
activity: 

Question 9 

BA Reality 
and truth: 
Question 

10 

BA Reality 
and truth: 

Question 11 

BA The nature 
of time and 

space: 
Question 12 

 Z -1,100
b
 ,000

c
 -1,118

b
 -2,251

a
 -,632

a
 

 Asymp. 
Sig.  
(2-tailed) 

,271 1,000 ,263 ,024 ,527 

 Table 10: SST-session 2 (CCAMS): Safety culture factors. 

a. Based on negative ranks 

b. Based on positive ranks  

c. The sum of negative ranks equals the sum of positive ranks 

 

Significant decreases of the scores after SST-session 2 (CCAMS): Safety culture factors 

 

BA Human nature: Question 2 

Please note down to what extent you agree with the following statements:  

- For me, risky behavior while performing work tasks is unacceptable 
 

Wilcoxon Signed Ranks test - Assymp. Sig. (two-tailed): 
 

z = -1.80, p > .05  

Calculating - Assymp. Sig. (one-tailed): 
 

.072/2 = .36 

Wilcoxon Signed Ranks test - Assymp. Sig. (one-tailed): z = -1.80, p < .05 

Table 11: Significant decrease: BA Human nature: Question 2 on one-tailed test.  

 

BA Human nature: Question 3 

Please note down to what extent you agree with the following statements:  

- The main cause of accidents and errors are humans 
 

Wilcoxon Signed Ranks test - Assymp. Sig. (two-tailed): 
 

z = -2.12, p > .05  

Calculating - Assymp. Sig. (one-tailed): 
 

.034/2 = .017 

Wilcoxon Signed Ranks test - Assymp. Sig. (one-tailed): z = -2.12, p < .05 

Table 12: Significant decrease: BA Human nature: Question 3 on one-tailed test.  
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BA Human activity: Question 7 

Please note down to what extent you agree with the following statements:  

- Employees who violate safety rules also put their colleagues at risk, even if no damage 

is caused by their behavior 
 

Wilcoxon Signed Ranks test - Assymp. Sig. (two-tailed): 
 

z = -2.06, p > .05  

Calculating - Assymp. Sig. (one-tailed): 
 

.04/2 = .02 

Wilcoxon Signed Ranks test - Assymp. Sig. (one-tailed): z = -2.06, p < .05 

Table 13: Significant decrease: BA Human activity: Question 7 on one-tailed test.  

 

Significant increases of the scores after SST-session 2 (CCAMS): Safety culture factors 

 

BA Reality and truth: Question 11 

Please note down to what extent you agree with the following statements:  

-  It does not matter how safe a system is, it is always vulnerable for accidents 
 

Wilcoxon Signed Ranks test - Assymp. Sig. (two-tailed): 
 

z = -2.25, p > .05  

Calculating - Assymp. Sig. (one-tailed): 
 

.024/2 = ,012 

Wilcoxon Signed Ranks test - Assymp. Sig. (one-tailed): z = -2.25, p < .05 

Table 14: Significant increase: BA Reality and truth: Question 11 on one-tailed test. 

 

The Wilcoxon Signed Ranks test showed significant result for question 2, 3 and 7  in SST-session 2 

(CCAMS): Safety culture factors.  These results are based on positive ranks. With other words, it can 

be concluded that the scores were significantly lower after the SST for the majority of the experts.   

Furthermore, the Wilcoxon Signed Ranks test showed a significant increase of the scores after the 

SST regarding question 11. This was based on negative ranks. Therefore, it can be assumed that the 

scores were significantly higher for most of the experts after the SST.  

 

4.5.5 SST-session 2 (CCAMS): Resilience engineering factors 

Conducting the Wilcoxon Signed Ranks test, the difference between the experts’ ranks per question 

after the SST and before the SST is calculated. In the table below, significant increases are marked 

with a blue colour.  
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 Safety 
category: 

RE Accident 

prevention 

strategies: 

Question 1 

RE Risks: 

Question 2 

RE The 

availability of 

resources: 

Question 3 

RE The 

communicatio

n quality: 

Question 4 

RE Working 

experience: 

Question 5 

Z -,882
a
 -1,428

a
 -,586

a
 -,190

b
 -,544

a
 

Asymp.  
Sig.  
(2-tailed) 

,378 ,153 ,558 ,850 ,587 

 
 

   
 

 Safety 
category: 

RE Safety 

training: 

Question 6 

RE Frequency 

of safety 

training: 

Question 7 

RE Design: 

Question 8 

RE Work 

conditions: 

Question 9 

RE Team work 

quality: 

Question 10 

Z -1,245
a
 -,836

a
 -1,725

a
 -2,431

a
 -,906

a
 

Asymp.  
Sig.  
(2-tailed) 

,213 ,403 ,084 ,015 ,365 

 
 

   
 

Safety 
category:  

RE The 
accessibility of 

procedures 
and plans: 

Question 11 

RE The time 
availability: 
Question 12 

RE The support 
and quality of 

the 
organization: 
Question 13 

RE 

Complexity: 
Question 14 

RE Lessons 
learned: 

Question 15 

Z -2,354
a
 -1,872

a
 -1,190

a
 -,054

a
 -,086

a
 

Asymp.  
Sig.  
(2-tailed) 

,019 ,061 ,234 ,957 ,931 

 
 

   
 

 Safety 
category: 

RE Predicting 
safety-relevant 
future events: 
Question 16 

RE The 
maintenance 

quality: 
Question 17 

RE Responding 
to any possible 

threat: 
Question 18 

RE Bias: 
Question 19 

RE External 
supervision of 

safety 
standards: 

Question 20 

Z -,093
a
 ,000

c
 -,584

b
 -,036

b
 -,966

b
 

Asymp.  
Sig.  
(2-tailed) 

,926 1,000 ,559 ,971 ,334 

 
 

   
 

 Safety 
category: 

RE The support 
and quality of 

the 
organization: 
Question 21 

    

Z -,471b     

Asymp.  
Sig.  
(2-tailed) 

,638     

Table 15: SST-session 2 (CCAMS): Resilience engineering factors. 

a. Based on negative ranks. 
b. Based on positive ranks. 
c. The sum of negative ranks equals the sum of positive ranks. 
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Significant increases of the scores after SST-session 2 (CCAMS): Resilience engineering factors 

 

RE Design: Question 8 

- Are you confident of being aware of the most important issues regarding the design 
of the SUBJECT? 

 

Wilcoxon Signed Ranks test - Assymp. Sig. (two-tailed): 
 

z = -1.73, p > .05  

Calculating - Assymp. Sig. (one-tailed): 
 

.084/2 = .042 

Wilcoxon Signed Ranks test - Assymp. Sig. (one-tailed): z = -1.73, p < .05 

Table 16: Significant increase: RE Design: Question 8 on one-tailed test. 

 

RE Work conditions: Question 9 

- Are you confident of being aware of the most important issues regarding the 
SUBJECTs potential effect on the ‘work conditions’ for the staff?  
 

(The ‘work conditions’ refer to noise, temperature, vibration, etc.) 
 

Wilcoxon Signed Ranks test - Assymp. Sig. (two-tailed): 
 

z = -2.43, p < .05  

Calculating - Assymp. Sig. (one-tailed): 
 

.015/2 = .008 

Wilcoxon Signed Ranks test - Assymp. Sig. (one-tailed): z = -2.43, p < .05 

Table 17: Significant increase: RE Work conditions: Question 9 on one-tailed test. 

 

RE The accessibility of procedures and plans: Question 11  

- Are you confident of being aware of the most important issues regarding the 
SUBJECT’s impact on the availability of ‘plans and procedures’?  
 

 (‘Plans and procedures’ refer to all operational and emergency manuals and 
checklists.) 

 

Wilcoxon Signed Ranks test - Assymp. Sig. (two-tailed): 
 

z = -2.35, p < .05  

Calculating - Assymp. Sig. (one-tailed): 
 

.019/2 = .008 

Wilcoxon Signed Ranks test - Assymp. Sig. (one-tailed): z = -2.35, p < .05 

Table 18: Significant increase: RE The accessibility of procedures and plans: Question 11 on one-tailed test.  
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RE The time availability: Question 12 

- Are you confident of being aware of the most important issues regarding the 
SUBJECT’s impact on the available time needed for performing the main tasks in the 
overall system?   

 

Wilcoxon Signed Ranks test - Assymp. Sig. (two-tailed): 
 

z = -1.87, p > .05  

Calculating - Assymp. Sig. (one-tailed): 
 

.061/2 = .008 

Wilcoxon Signed Ranks test - Assymp. Sig. (one-tailed): z = -1.87, p < .05 

Table 19: Significant increase: RE The time availability: Question 12 on one-tailed test. 

 

Furthermore, the Wilcoxon Signed Ranks test showed a significant increase of the safety 

understanding concerning the question 8, 9, 11 and 12 in SST-session 2 (CCAMS): Resilience 

engineering factors, since they were all based on negative ranks.  Therefore, it can be assumed that 

there was an increase of the scores after the SST for the majority of the experts.  

 

4.6 SST-session 1 (PBNR): Evaluation of the SST 

This part presents the results of the evaluation questions regarding usability and possible 

improvements of the SST. Blank answers have been removed and the answers given from the 

participants were assigned random numbers.  

 

Participants: Please describe shortly at least three positive aspects, which are in your 

opinion featured by the use of the SST: 

1 # Discussion with experts is valuable  

# Final brainstorm on the subject 

# New expert views into the subject 

 

2 # Discussion between experts of different organizations => outcome better  

# More overall knowledge of the subject due to discussions between experts 

 

3 # The SST makes you think about the different aspects regarding a change  

# SST in my opinion is better suited for more detalied changes 

 

4 # Topic not suitable for SST. It adresses processes and not safety. Questions have 

to be transferred to an application (APV BARV- vor AV e.g)  

 

5 # Peer review of your idea's is good, prevents tunnel vision 

 

6 # Obligation to think into different elements of the subject 

#Sitting together with different experts is a brainstorm session 

 

Table 20: Question 1. SST-session 1 (PBN): Evaluation of the SST. 
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Participants: What can be improved in the SST? 

1 # Clarify the questions 

 

2 # Sometimes the questions are difficult understand in relation to the Roadmap 

 

3 # The applicaiton of SST strongly depends on the subject. In this case the subject 

was realtively "high-level". It is quite easy to start discussing details 

 

4 # Questions very general 

# Too many 

 # Too complicated, amibiguous  

 

5 # Questions more specific to the subject 

 

6 # Long session. Difficult to stay alert all the time 

# Subject is difficult. Ours is a plan, not an implementable peace of work 

Table 21: Question 2. SST-session 1 (PBN): Evaluation of the SST. 

 
 

Participants: Do you think that the SST can be used efficiently in your company? 

1 #Yes 

But the subject and scope must be very clear.  

 

2 #Yes 

See question 1 

 

3 #Yes 

probalby. This depends on the maturity of the subject 

 

4 #Yes  

Only when subject is concrete ( = operational concept)  

 

5 #Yes  

But depends on how the results are presented and who partipates in the session.  

Table 22: Question 3. SST-session 1 (PBN): Evaluation of the SST. 

 

Participants: Do you have any other opinions concerning the SST? 

4 # It is a project tool instead of safety. It identifies actions to be taken. What is 

the result? 

6 # Difficulty with the specific subject. Questions sometimes difficult to "translate" 

into the Roadmap plan and not the implementation of the outcome of it.  

Table 23: Question 4. SST-session 1 (PBN): Evaluation of the SST. 
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4.7 SST-session 2 (CCMAS): Evaluation of the SST 

 

Participants: Please describe shortly at least three positive aspects, which are in your 

opinion featured by the use of the SST: 

1 # Clarity of the process 

# Uniformity 

# Quick and straightforward generation of reports 

 

2 # Clear and well structured  

# Through 

# Inclusive encourages discussion 

 

3 # Easy collect information from different experts 

# Ability to visualise weekness points about the subject 

# Get quick report after session 

 

4 # Easy 

 # Understandable 

 

5 # Could become a standard way to think about safety 

# It looks at many aspects of safety 

# Shows where additional work could be needed 

 

6 # Userfriendly 

# Comprehensive 

# Structured 

 

7 # Concerns all areas, a useful guideline for assessments  

 

8 # Capturing risks 

# Sharing risk awareness 

 

9 # Potentially useful in areas where safety is not being considered by persons 

working on the SUBJECT 

 

10 # Compare set of questions regarding the subject 

 

11 # Intutive 

# Concise 

# Ability to compare information 

 

12 # Comprehensive approach to system safety  

# Captures feedback in real time 

# Report generation 
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14 # Easy to make input direct in the tool 

#The way the overall result was presented 

 

15 # Share different views 

# Sharing knowledge 

# Sharing experience 

# More difficult to miss some safety aspects 

 

Table 24: Question 1. SST-session 2(CCAMS): Evaluation of the SST. 

 

Participants: What can be improved in the SST? 

1 ?  

 

2 # A function that does not allow you to leave a functional area until it has been 

fully completed 

 

5 #Questions are sometimes unclear/difficult to understand 

#The link between weakness and what to work on is to be improved. E.G. 

Redundancy question lead to poor score, but accepted => that is not visible in 

the score 

 

6 # Formating options 

# Interpretation of results - how to fix difficiencies / come to another result 

 

8 # Maybe include something more, to help with software safety awareness 

 

12 # HMI is adequate could be better 

 

Table 25: Question 2. SST-session 2(CCAMS): Evaluation of the SST. 

 

Participants: Do you think that the SST can be used efficiently in your company? 

 
A. No, please explain your opinion 

9 # No 

Takes a lot of time and effort without providing benefits (to this specific 

project)  

 

13 # No 

The safety mangement system we have in place already exceeds this.  
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Participants: B. Yes, please explain your opinion 

1 # Yes 

Easy to use 

Enables objective benchmarking 

 

3 # Yes 

I am not safety expert, but I think is very useful tool  

4 # Yes 

It is no time-consuming method. It's understandable in appropriate manner  

5 # Yes 

But I think improvements are needed to obtain something easier to use 

6 # Yes 

A good tool, easy to be used by more experts 

 

7 # Yes 

We usually think of assessment in our area of expertise. Here we have a tool 

that help us think of other areas impacted by the project 

 

9 # Yes 

Maybe in other areas  

 

10 # Maybe 

The company already has a dedicated safety managment system but SST might 

be used also  

 

11 # Yes 

Can be used in safety functions, Hazards assessments 

 

12 # Yes 

Excellent method to capture all the safety issues 

 

15 # Yes 

Helps to share experience in a formal manner. Supports complete review of 

different safety aspects. Can be used as a supporting tool for safety case 

 

Table 26: Question 3. SST-session 1 (PBN): Evaluation of the SST. 
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5 Discussion and Analysis 

In this chapter, the data presented in the subchapter The SPSS analysis will be discussed and 

analysed.  

The aim of this thesis was to investigate whether the ‘The Safety Scanning Tool’ (SST) can improve 

the safety understanding of experts from the domain aviation. The term ‘safety understanding’ in 

this thesis referred to the understanding of central scientific concepts underlying safety. The first 

concept was operationalized into the first dimension basic assumptions in Schein’s (1992) framework 

cited by Guldemund (2000) for studying an organization's safety culture and climate. This level 

relates to the area of accident prevention in a more general way. 

The second concept was operationalized into the estimated confidence of being aware of 21 

different issues in relation to the two conceptual changes, the PBNR and the CCAMS that the SST was 

applied on. These issues also have a relation to the area of accident prevention and they originate 

from the resilience engineering literature. Four research questions were used as starting point for 

this thesis: 

1.  Will the safety understanding that is operationalized into the basic assumptions be improved 

for all the experts in SST-session 1 (PBNR)?  

2. Will the safety understanding that is operationalized into the basic assumptions be improved 

for all the experts in SST-session 2 (CCAMS)?  

3. Will the safety understanding regarding the estimated confidence of being aware about 21 

different safety issues be improved for all the experts in SST-session 1 (PBNR)?  

4. Will the safety understanding regarding the estimated confidence of being aware about 21 

different safety issues be improved for all the experts in SST-session 2 (CCAMS)?  

 

5.1 General discussion - the safety understanding analysis  
First, a general discussion regarding interpretation of the SPSS results, significant increases and 

decreases in the safety understanding, non-significant results as well as other general considerations 

will be presented. Then, the four research questions will be answered in order (view the subchapter 

The safety understanding analysis).  

 

5.1.1 Interpreting the possible improvements of the safety understanding after 

the SPSS analysis 

Guldenmund (2000) states that the basic assumptions can be used with the purpose of explaining 

safety attitudes but that no numerical counterpart exists. An ideal safety attitude can contribute to 

improving safety, which means that an operator performs work as safe as possible. Thus, this lowers 

the occurrence of accidents and near misses. However, since a safety attitude is a general concept, it 

can be hard to determine what the real safety attitude is that contributes to safety as stated by 

Rundmo and Hale (2003). Therefore, in the present thesis the discussion regarding possible 

improvements of the safety understanding on the general abstraction level, the basic assumptions 

relating to safety culture, was based on sources in the literature as well as other aspects that will be 

taken into account when analyzing the results. The aspects concern the safety area that the different 

questions are related to. Another aspect refers to the particular situation which the experts might 
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have thought of when answering the questions. With other words, how the experts would reason in 

a normal work situation and also in a critical situation. The above mentioned aspects for analyzing 

possible improvements of the safety understanding were also applied on the analysis of the results 

regarding the second level of abstraction. In addition, the life cycle of the conceptual change was 

taken into consideration.  

 

5.1.2 General considerations regarding the results 

An interesting aspect regarding the results relating to the basic assumptions is the argument of De 

Cock et al. (1986) cited by Guldenmund (2000), that it can take up to five years to change the basic 

assumptions in an organization. In contrast, the results in this thesis indicate an improvement of the 

safety understanding regarding several questions relating to the basic assumptions already after one 

SST-session. Therefore, it can be dependent on the instrument how fast the basic assumptions in an 

organization can be changed. A SST-session is a form of a group discussion where people from 

different organizations or departments meet in order to discuss different safety aspects (Sträter & 

Korteweg, 2009; Everdij & Balk, 2008). Based on the positive results regarding the safety 

understanding in this study, it can be assumed that communication and disagreeing opinions 

regarding different safety aspects are means to change the basic assumptions in a quite fast way. 

However, it also seems to be necessary that the SST-session is conducted in regular intervals during 

the entire life cycle of a change in order to see if the changes in thinking, as induced by the SST-tool, 

will persist.   

 

5.1.3 Increases in the safety understanding 

During the SST-session, all the experts dealt with many aspects important for safety and they 

discussed different questions related to these aspects. Forsyth (2006) claims that when individuals sit 

in a group discussing a problem together, this group process can enhance the knowledge and skills of 

each individual. The SST-session is a form of a group process where experts can exchange thoughts, 

knowledge, and experience with each other. In addition, they can get new insights regarding safety 

areas in relation to the conceptual change. One aspect which confirms this are the data from the 

parts SST-session 1 (PBNR): Evaluation of the SST and SST-session 2 (CCMAS): Evaluation of the SST. 

These were open questions relating to the SST. Here, several of the experts stated that some of the 

advantages of the SST are that it allows people to share risk awareness, knowledge, and experiences 

as well as to compare information and to reveal unconsidered safety areas in relation to the 

conceptual change, for example.  

 

5.1.4 Decreases and non-significant results regarding the safety understanding 

The SPSS analysis did not show many significant results (see subchapter The SPSS analysis in Result). 

Furthermore, a question could be interpreted as both an increase and a decrease of the safety 

understanding (view the following subchapter The safety understanding analysis).  

An explanation for the non-significant results and the significant decrease might be related to the 

conceptual changes, namely PBNR and CCAMS. They are both large changes involving multiple actors 

and, at present, parts of them are in the early stages of the life cycle. According to Sträter et al. 

(2010), a change in stages V0-V2 is still under design and, as a result, the safety management 
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principles like safety tasks and responsibilities are not yet fully developed. Further, in stages V3-V5 of 

the life cycle the design of the change is finished and ready for implementation. Moreover, according 

to J. Nollet (personal communication, November 25, 2010), some parts of the PBNR can be 

categorized between V1-3. Parts of the CCAMS lie between the stages V2-3 (H. Korteweg, personal 

communication, November 24, 2010). Since the conceptual changes are in these early life cycle 

stages, there might be safety aspects that have not yet been considered by the experts. For example, 

several experts from SST-session 1 (PBNR) stated in SST-session 1 (PBNR): Evaluation of the SST, that 

they experienced difficulties to answer the questions in the SST, because it was hard to apply them to 

the PBNR because of the project being in a more general development stage at present. Additionally, 

one of the questions in this part concerned whether they think that the SST can be used efficiently in 

their company. Here, some experts answered that this is dependent on the maturity of the 

conceptual change.  

Furthermore, a factor which makes it hard to detect significant results is the low number of 

participating experts. In the first group, there were six and in the other 16 people. However, 

reviewing the answers in SST-session 1 (PBNR): Evaluation of the SST and SST-session 2 (CCMAS): 

Evaluation of the SST the experts gave in general very positive comments regarding the SST. 

Therefore, they seem to have experienced a positive change with respect to thinking about safety.  

Moreover, there was an significant increase of the safety understanding for the majority of the 

experts on question 11 relating to the basic assumptions in both SST-session 1 (PBNR) and SST-

session 2 (CCAMS). This question concerned whether a system is always vulnerable for accidents. It is 

possible that the experts started to think in the terms of that there might be more aspects 

concerning safety that were not discussed during the SST-session. As a result, it could be assumed 

that some of the experts gave more conservative answers in Survey 2 after the SST compared to 

Survey 1. This could be an explanation why some scores where significantly lower in Survey 2 (see 

subchapter The SPSS analysis in Result).  

 

5.2 The safety understanding analysis 
In this subchapter, the results of the SPSS analysis will be analysed and discussed. First, a summary of 

the conclusions made from this analysis will be presented. Then, this analysis will be presented more 

in detail. Furthermore, the research questions will be answered in order.  

 

5.2.1 Summary of the discussion and analysis regarding the safety understanding 

Based on the discussion and analysis of the results in this subchapter, it can be concluded that the 

there were both increases and one possible decrease of the aviation experts’ safety understanding. 

This concerned the following questions:  

Research question 1: Will the safety understanding that is operationalized into the basic 
assumptions be improved for all the experts in SST-session 1 (PBNR)?  

Increases of the safety understanding concerning two basic assumption questions were observed for 

the majority of the experts in SST-session 1 (PBNR). 

Increases in the safety understanding (SST-session 1 (PBNR): Safety culture factors):  

 BA Human nature: Question 2  

 BA Reality and truth: Question 11 
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Research question 2: Will the safety understanding that is operationalized into the basic 
assumptions be improved for all the experts in SST-session 2 (CCAMS)?  

There were several increases of the safety understanding for the majority of the experts in SST-

session 2 (CCAMS).  

Increases in the safety understanding (SST-session 2 (CCAMS): Safety culture factors)  

 BA Human nature: Question 2 

 BA Human activity: Question 7 

 BA Reality and truth: Question 11 

 

However, one result can be interpreted as an increase or as a decrease of the safety understanding 

(further details will follow in this subchapter)  

Increase/decrease in the safety understanding (SST-session 2 (CCAMS): Safety culture factors): 

 BA Human nature: Question 3 

 

Research question 3: Will the safety understanding regarding the estimated confidence of being 
aware about 21 different safety issues be improved for all the experts in SST-session 1 (PBNR)?  

There was an increase of the safety understanding regarding one question for the majority of the 

experts in SST-session 1 (PBNR).  

Increases in the safety understanding (SST-session 1 (PBNR): Resilience engineering factors): 

 RE Safety training: Question 6 

 

Research question 4: Will the safety understanding regarding the estimated confidence of being 
aware about 21 different safety issues be improved for all the experts in SST-session 2 (CCAMS)?  

The safety understanding increased on several questions for the majority of the experts participating 

in SST-session 2 (CCAMS). 

Increases in the safety understanding (SST- session 2 (CCAMS):  Resilience engineering factors): 

 RE Design: Question 8 

 RE Work conditions: Question 9  

 RE The accessibility of procedures and plans: Question 11 

 RE The time availability: Question 12 

 

5.2.2 Research question 1: Will the safety understanding that is operationalized 

into the basic assumptions be improved for all the experts in SST-session 1 

(PBNR)?  

The SPSS showed an increase of the scores for the majority of the experts after the SST-session on 

two questions relating to the basic assumptions: Question 2 and 11 (see, SST-session 1 (PBNR): Safety 

culture factor in Result). This result indicates that the majority of the experts agreed with the 

following questions formulated as statements.  
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BA Human nature: Question 2 

Please note down to what extent you agree with the following statements:  

- For me, risky behavior while performing work tasks is unacceptable 

The basic assumption ‘human nature’ involves human’s inherent nature, for example, if some people 

have a tendency to engage in risky behaviour or are accident prone according to Schein (1992) as 

cited by Guldenmund (2000). Since the experts underwent the SST, it can be assumed that they 

became more aware of many important safety aspects which exist in a complex system. As Hollnagel 

(2004) states, it is likely that a search for accident causes from the sharp end towards the blunt end 

will result in a complex network of multiple causes. Therefore, it is possible, that the experts 

afterwards drew the conclusion that many factors exist in a system that they might not have thought 

of from the beginning. The mentioned factors can contribute to an unwanted event like an accident. 

Maybe, the experts thought that these factors might collaborate in some way and, thus, lead to an 

accident, as described by Reason’s (1997) Swiss Cheese Model, for example. When different layers of 

defences, safe guards, and barriers are breached, a trajectory can pass through them and the 

outcome will be an accident. These holes arise as a result from a combination of active and latent 

conditions (Reason, 1997). When thinking in these terms, the experts might have come to the 

conclusion that it is dangerous to engage in risky behaviour when performing tasks because the 

occurrence of accidents is more likely.  

BA Reality and truth: Question 11 

Please note down to what extent you agree with the following statements:  

- It does not matter how safe a system is, it is always vulnerable for accidents 

This basic assumption partly concerns the definition of what is real and what is not according to 

Schein (1992) as cited by Guldenmund (2000). Furthermore, the SST consists of 22 different SF 

(Arenius et al., 2010; Sträter & Korteweg, 2009). For this reason, the SST perhaps revealed safety 

areas to the experts which they had not been aware of beforehand. Thereby, they might have 

considered the possible existence of more issues that were not discussed during the SST-session. As 

the data in SST-session 1 (PBNR): Evaluation of the SST show, several experts claimed, for instance, 

that they got more knowledge in different safety areas regarding the subject during the SST-session.  

Furthermore, Sträter and Korteweg (2009) argue that in the domain of aviation the air traffic is 

expected to grow on an international level. This will mean more changes concerning operational 

improvements with multiple actors in air transport, for example, and it can also involve more 

complex interactions. Since the experts know about this prediction, this could also have been a 

reason for the increase in the safety understanding on this question. Uncountable hidden complex 

interactions can exist in a large system like the air traffic control, for instance (Perrow, 1999). 

Additionally, Hollnagel and Woods (2005) state that an increase in the complexity of a task results in 

a higher possibility for errors. Therefore, more unforeseen safety issues in several areas, which are 

part of the overall system, might be discovered later. The experts might have had this in mind and, 

therefore, concluded that it can be vital to try to predict these safety problems and do something 

about them before they become more severe. This is one crucial issue that the area of resilience 

underlines. It is important to look into the future, in order to try to anticipate potential issues which 

can have a negative impact on the system (Nemeth, 2008).  

This can also mean that the experts got more aware of the importance to perform regular safety 

checkups of a system, in order to identify threats before they get the chance to lead to unwanted 
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events like accidents or incidents. Reason (2008) claims that proactive measures try to identify 

conditions that can cause holes in the resistance in the future and it is important to perform check-

ups regularly. The experts will perhaps consider using the SST again as a mean in order to trying to 

discover potential safety issues regarding the PBNR, but also other conceptual changes. In SST-

session 1 (PBNR): Evaluation of the SST, many experts answered that they can consider using the SST 

in their company.  

Based on the discussion above, it can be concluded that there was an increase of the safety 

understanding regarding the questions BA Human nature: Question 2 and BA Reality and truth: 

Question 11.  

 

5.2.3 Research question 2: Will the safety understanding that is operationalized 

into the basic assumptions be improved for all the experts in SST-session 2 

(CCAMS)?  

The SPSS analysis showed a significant decrease of the scores after the SST-session for the majority of 

the experts on question 2, 7 which are relating to the basic assumptions. Thus, it can be assumed 

that the majority of the experts disagree with the following questions formulated as statements (see, 

SST-session 2 (CCAMS): Safety culture factors in Result).  

Moreover, question 3 was one of the questions whose scale was reversed, in order to be able to 

perform the SPSS analysis. It can be assumed that the majority of the experts agree with the 

statement in this question.  

Furthermore, there was a significant increase on question 11. Because of this result, it can be 

considered that the majority of the experts agree with the statement in this question.  

BA Human nature: Question 2 

Please note down to what extent you agree with the following statements:  

- For me, risky behavior while performing work tasks is unacceptable 

In SST-session 1 (PBNR), the SPSS analysis showed a significant increase of the scores for the majority 

of experts on question 2, after the SST. The result in SST-session 2 (CCAMS) shows a decrease 

instead. One explanation for this result can be related to the fact that two different conceptual 

changes were addressed in the SST-session. Therefore, the experts might have thought about 

different situations when answering this question. For example, the experts in SST-session 1 (PBNR) 

might have reasoned that it is bad to engage in risky behaviour when performing tasks in a normal 

situation. On the contrary, the experts in the SST-session 2 (CCAMS) might have reasoned in a 

different way regarding this question, because in a critical situation when an accident is about to 

happen, it might be necessary to take at least some risk, in order to prevent the consequences from 

an unwanted event to increase. A related example is an incident that took place in 2005. According 

to Eisen and Savel (2009), shortly after the US Airways Flight 1549 had taken off from New York City 

it hit geese. Since both engines lost power, the crew decided that the best solution was to make an 

emergency landing in the Hudson River. As a result, the 115 people aboard survived. In addition, 

Hollnagel (2004) claims that, in order to face different threats, it is important to have the ability to 

respond quickly to different disturbances, and also to regular and irregular threats. Thus, the experts 

could have reasoned this way regarding this question. As Rundmo and Hale (2003) claim, an ideal 

safety attitude can contribute to improving safety, like engaging in safe behaviour that lowers the 
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occurrence of accidents and near-accidents, for example. However, it might be difficult to decide 

what the ideal attitude is contributing to safety.  

BA Human nature: Question 3 

Please note down to what extent you agree with the following statements:  

- The main cause of accidents and errors are humans 

The focus of the search for accident causes changed in the 1980s from human error towards the 

working environment and the organization. The reason for this development was that not so much 

could be done, in order to prevent the same accident from happening again. The only thing that 

could be done was to punish the person who committed the act. The causes contributing to an 

accident can be quite many. Therefore, it is necessary to look beyond the sharp end where the active 

failures occur, in order to see what went wrong. Hollnagel (2004) However, this view of human error 

still seems to be left in many organizations because several recent accidents have been blamed on 

human operators (Leveson, 2002). When taking these sources into account, the result implies that 

there was a decrease of the safety understanding. In contrast, this result could also mean an increase 

in the safety understanding.  

Since the majority of the experts agree with this question, a possible explanation of this result could 

be related to the SST-session. During the discussions, the experts might have compared the present 

system and the new system CCAMS for assigning SSR codes. The CCAMS will assign different SSR 

codes by calculating the most fitting code at the time (EUROCONTROL, 2009). Therefore, in the 

discussions the experts might have come to the conclusion that the likelihood for errors to occur is 

higher when more people are involved in the process of assigning SSR codes. As mentioned before, 

operational experts participated in this session. They might have provided examples of situations 

where they concluded that the humans are the main cause of errors and accidents, and excluded 

other important causes. Therefore, this result can be considered as a decrease of the safety 

understanding. This discussion during this SST-session could have influenced the others to think in 

the same way. This is an issue that a facilitator can consider in the future. If a discussion like this 

occurs in other SST-sessions, the facilitator could ask the experts to explain further why and how 

they draw the conclusion that human error is the main cause of accidents. Thus, experts who 

consider that human errors are the main causes to accidents and errors could also get to know other 

theories about accident causes.  

On the other hand when looking at this result, it can be considered as an increase of the safety 

understanding. The reason for this is that the experts might have become more aware that it is 

important to support the human operators in a system when they carry out their work tasks, in order 

to prevent and reduce human error.  The experts might have concluded in the discussion that the 

CCAMS will help to ease the work load for human operators. Another important aspect that can be 

taken into consideration is the importance of safety training. This can be a mean to support the 

human operator when performing work tasks. The experts might have discussed situations where it 

is important that the operators have the right knowledge in order handle a hazardous situation. Alli 

(2001) states that providing safety training to operators is a very important element for safety. It can 

help operators to identify hazards and make the right countermeasures with preventing purposes. 

Therefore, this could be a mean to help the operators when they carry out their work tasks and also 

reduce human error. The experts might have discussed situations with each other during the SST-

session where certain safety training was needed in order to solve it. After the SST-session the 
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experts might return to their organization and talk with their colleagues about the advantages with 

this safety training. As a result, it could also be argued that the experts from different organisations 

that meet on a SST-session learn from each other regarding safety issues.  

BA Human activity: Question 7 

Please note down to what extent you agree with the following statements:  

- Employees who violate safety rules also put their colleagues at risk, even if no 

damage is caused by their behavior 

Humans have to be flexible and they need to be able to adapt due to changing demands of their 

working environment, in order to cope with complexity in a system (Hollnagel, 2004). The experts 

perhaps thought practically about this question, since new situations might occur where it is 

necessary to violate safety rules, so that an operator maintains control over the task. It is also 

possible that one or several of the experts influenced the others regarding this question by sharing a 

work experience where it was necessary to violate safety rules, in order to prevent a more severe 

consequence from happening. In addition, Hollnagel (2004) states that people in the blunt end can 

affect safety by their impact on resources and constraints through decision-making concerning safety 

procedures, for instance.  Hence, this can influence the operators in the sharp end. Moreover, 

Reason (1997) claims that procedures which are unworkable can contribute to active failures. For 

example, if safety rules for handling a certain threat are out of date, it can mean that these safety 

rules are not the most optimal way for handling this particular threat. Additionally, it is possible that 

the experts shared examples of situations like this.  

BA Reality and truth: Question 11 

Please note down to what extent you agree with the following statements:  

- It does not matter how safe a system is, it is always vulnerable for accidents 

This question showed significant results in SST-session 1 (PBNR). Therefore it can be assumed that 

the SST has the ability to enhance its users’ safety understanding with respect to the reasoning that a 

complex system will always be vulnerable for accidents (Perrow, 1999).  Furthermore, some of the 

experts in SST-session 2 (CCMAS): Evaluation of the SST  wrote down that advantages of the SST are 

that it is easy to share information, knowledge, experience, and risk awareness during the SST-

session, that the SST looks at many aspects regarding safety, that it captures risks and that it is less 

likely to miss safety aspects.  

Based on the discussion above relating to research question 3, it can be concluded that there was an 

increase of the safety understanding for the majority of the experts on the questions BA Human 

nature: Question 2, BA Human activity: Question 7 and BA Reality and truth: Question 11.  

Furthermore, it can be concluded that question BA Human nature: Question 3 can be interpreted as 

both an increase and a decrease of the safety understanding. 

 

5.2.4 Research question 3: Will the safety understanding regarding the estimated 

confidence of being aware about 21 different safety issues be improved for 

all the experts in SST-session 1 (PBNR)?  

There was only one significant result related to this area. The SPSS analysis displayed a significant 

decrease of the scores after the SST-session, for the majority of the experts on question 6 (see SST-

session 1 (PBNR): Resilience engineering factors in Result). This indicates statistically that the 
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majority of the experts were less confident regarding the awareness of safety issues relating to this 

question.  

RE Safety training: Question 6 

Are you confident of being aware of the most important issues regarding the ‘safety training’ a 

person has received before working with the SUBJECT for the first time? 

(The ‘safety training’ refers to the content and the method of the training, for example lectures, video 

clips, simulation, role play and field training.) 

Alli (2001) points out that safety training is crucial, because it affects the reduction of the number of 

accidents and diseases. Therefore, it is important that safety and health information is presented in 

an easy way, so that the staff can understand it better. However, some parts of the PBNR are in an 

early design state, namely V1-V3 of the life cycle according to J. Nollet (personal communication, 

November 25, 2010). Thus, this question regarding safety training has perhaps not been considered 

by all of the experts yet before the SST-session. However, this could indicate that during the SST-

session, the experts got aware that safety training is one important safety issue that needs to be 

developed further in respect to the conceptual change. Therefore, this can be considered as an 

increase of the safety understanding. Furthermore, one explanation for the lower scores in Survey 2 

can be that the experts developed a conservative thinking during the SST-session. The experts might 

have considered that there can be more issues regarding safety training that have not been discussed 

during the SST-session.  

Additionally, one expert stated in SST-session 1 (PBNR): Evaluation that the SST is better suited for 

more detailed changes and another thought that the questions in the SST are better fitted for an 

application. Nevertheless, a positive aspect is that the experts can take advantage of the knowledge 

they received regarding all the safety areas that were covered during the SST if they themselves 

participate in planning a safety training regarding the PBNR. 

In addition, it is possible that there will be more SST-sessions when the PBNR is in a later stage of the 

life cycle and that the same experts will participate again. Then, it is possible that the experts can 

share more knowledge regarding this safety area with each other, because this matter will be more 

developed. In the part SST-session 1 (PBNR): Evaluation of the SST, one of the experts wrote that one 

advantage of the SST is that it is an opportunity for getting more knowledge regarding the subjects 

due to the discussion between experts. This needs to be revealed by future SST-sessions.  

Based on the reasoning above, it can be concluded that there was an increase in the safety 

understanding regarding question RE Safety training: Question 6 for the majority of the experts.  

 

5.2.5 Research question 4: Will the safety understanding regarding the estimated 

confidence of being aware about 21 different safety issues be improved for 

all the experts in SST-session 2 (CCAMS)?  

The SPSS analysis revealed an increase of the scores for the majority of the experts after the SST-

session which concerned questions 8, 9, 11 and 12. This indicates that the majority got an improved 

confidence regarding being aware of safety issues relating to these areas (see SST-session 1 (CCAMS): 

Resilience engineering factors in Result). 
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RE Design: Question 8 

Are you confident of being aware of the most important issues regarding the design of the SUBJECT? 

Hollnagel (2004), Reason (1997) and Helander (2005) claim that the design of an object can have a 

big impact on safety. Reason (1997) states that the design of an object can contribute to active 

failures if it is not transparent in regard to its inner workings or not providing feedback to the users. 

In addition, Helander (2005) points out that the usability of controls can affect safety. Since there 

were technical and operational experts participating in this session, they might have enhanced each 

other’s knowledge concerning the design of the CCAMS. Moreover, they might also have got aware 

of more safety issues when discussing the questions together. By means of the SST, the design is 

considered before implementation which can mean less cost in correcting errors and also avoidance 

of associated risks. 

RE Work conditions: Question 9  

Are you confident of being aware of the most important issues regarding the SUBJECTs potential 

effect on the ‘work conditions’ for the staff?  

(The ‘work conditions’ refer to noise, temperature, vibration, etc.) 

According to Hollnagel (2004), work conditions like ambient light, glare on a screen, interruptions 

from the task, the temperature, noise, can have a negative impact on the performance variability. 

Moreover, the experts perhaps discussed more detailed how the CCAMS affects the staffs work 

conditions. It is likely that some of the experts had already had knowledge concerning this aspect. 

During the SST-session, all the experts gained this knowledge as well. It is possible that they 

discussed advantages and disadvantages regarding the CCAMS impact on this safety area. As 

participants from the sharp end were present, important work-bound problems could have been 

identified and integrated into the design in an early state and in a cost-efficient way.  

RE The accessibility of procedures and plans: Question 11 

Are you confident of being aware of the most important issues regarding the SUBJECT’s impact on the 

availability of ‘plans and procedures’?  

 (‘Plans and procedures’ refer to all operational and emergency manuals and checklists.) 

Reason (1997) and Hollnagel (2004) state that unavailability or inaccuracy of procedures and plans 

can affect safety in a negative way. This is an aspect that some of the experts might already have had 

an insight in. Therefore, they might have shared their knowledge with the others. Moreover, the 

CCAMS itself is ready for the implementation stage V4. Thus, it can be assumed that the CCAMS’s 

potential impact on the availability of the present procedures has already been considered by some 

of the experts involved. 

RE The time availability: Question 12 

Are you confident of being aware of the most important issues regarding the SUBJECT’s impact on the 

available time needed for performing the main tasks in the overall system?   

Flin et al. (2008) state that the time availability can have a big impact on safety. It can be assumed 

that the experts discussed the CCAMS impact on the available time more detailed (e.g during peak 

and work load periods) during the SST-session and also how the CCAMS will affect safety during the 

expected future air traffic growth.  
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Based on the discussions above, it can be concluded that there was an improvement of the safety 

understanding concerning the questions RE Design: Question 8, RE Work conditions: Question 9, RE 

The accessibility of procedures and plans: Question 11 and RE The time availability: Question 12 for 

the majority of the experts.  
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6 Conclusions and suggestions for further research 

The final chapter presents the conclusions drawn from this study and also aspects worth taking into 

consideration regarding further research.  

 

6.1 Conclusions 

The purpose of this study was to explore, whether accident prevention method ‘The Safety Scanning 

Tool (SST)’ has the ability to enhance the safety understanding of experts from the domain aviation.  

Based on the results from this study, it can be concluded that the usage of the SST caused 

improvements of the aviation experts’ safety understanding. However, the result of one question is 

not obvious. It can be interpreted as a decrease or as an increase of the safety understanding. 

Improvements of the safety understanding were found on both abstraction levels  

The first abstraction level concerned the basic assumptions for studying an organization’s safety 

culture relating to Schein’s (1992) framework cited by Guldenmund (2000). This relates to the area of 

accident prevention in a more general way. Two groups of experts used the SST. The first group 

consisted of six experts and the second of 16. In the first SST-session relating to the basic 

assumptions, the experts’ safety understanding increased on two questions. In the second SST-

session, the safety understanding improved on three questions. Moreover, the results also showed in 

this SST-session that a question can be considered as both an increase and a decrease regarding the 

safety understanding.   

Moreover, the second abstraction level regarded 21 factors important for accident prevention in 

relation to the two conceptual changes the SST was applied on. These originated from the area of 

resilience engineering. In the first SST-session, there was one increase of the safety understanding of 

the experts on one question. Furthermore, in the second SST-session, the experts’ safety 

understanding improved on four questions.  

The results from this study indicate not only that the SST has the ability to detect safety issues in an 

early state before they can develop to the outcome of an accident, but that it has also the ability to 

enhance its users’ understanding for safety relating to factors important for accident prevention. 

Nevertheless, more research is needed, in order to investigate how the SST influences its users.  

 

6.2 Further research 
When considering further research, there are several aspects which are worth to be taken into 

account. This thesis aimed at investigating whether the ‘The Safety Scanning Tool’ (SST) could 

improve the safety understanding of experts from the domain aviation. The study was applied to two 

groups of experts with two conceptual changes.  

First, it is recommendable to change the surveys concerning the discovered problems mentioned 

earlier (view Methodology discussion). When these issues are fixed, it would be interesting to apply 

the study to more domains like maritime, nuclear, rail, chemical, health care, etc., in order to 

evaluate if the SST is able to increase the safety understanding there as well, because the SF are of 

generic nature, independent from software and hardware in the system (Sträter & Korteweg, 2009). 

For example, it would be possible to apply the SST in the domain of railway as Petrek (2009) 

concluded in his study.  
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Moreover, it is possible to study the performance of the SST concerning conceptual changes in 

different life cycle stages. Thereby, it can be explored if the increase in safety understanding is 

dependent on the state of development of the change. When applying this study to conceptual 

changes that are in a later state regarding the life cycle, it would be interesting to expand the survey 

with a part relating to the layer ‘artefacts’ from the safety culture theory.  

In this thesis, a within-group design was used. However, it would be interesting to use a between-

group design. Applying this study to two groups of experts that undergo the SST separately and using 

the same conceptual change in both sessions. Studying the results from the four surveys, it can be 

seen if the results match or not, which is also an indicator for the influence of group dynamics. Thus, 

this could also help to increase the reliability level of this study.  

Finally, the basic assumptions have no numerical scale according to Guldenmund (2000). Therefore, 

it would be interesting to see if other instruments will be developed, in order to measure them. One 

possibility could be to construct an instrument which combines the three layers ‘basic assumptions’, 

‘espoused values’ and ‘artefacts’ in Guldenmund’s (2000) purposed safety culture framework.  
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Instructions 
 

First of all, we want to thank you for participating in this study! 

 

When you answer the questions please do not use abbreviations, but instead try to explain things as plainly as 

possible.  

 

The first part of this survey will concern your educational background and working experience.  

 

The first part contains questions where you will be asked to answer yes or no. Please place a clear X in the 

answering box. When you answer yes, please also answer the follow up question as well.   

 

This is an example of one yes or no question: 

______________________________________ 

 

 

Do you have experience from: 

 

 

 

 

______________________________________ 

 

The second part contains a section where you will be asked general questions relating to safety.  

 

The third part of the survey is related to your company’s chosen conceptual change or organisational innovation 

which will be referred to as the SUBJECT.  

 

Please answer the questions in this survey, in a spontaneously and direct way, and remember that there are no 

right or wrong answers. We are only interested in your personal opinions and estimations.  

 

Your answers in this survey will be treated anonymously and you have the right to abort at any time.  

 

More instructions in how to answer certain questions will follow. 

 

 
 

  

 

 

 No Yes If yes: How many years/months? 

Working as accident investigator?    _________ 
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Part 1: Background information 

Education 
 [1.] A. Can you please state your educational degree or degrees level? 
 

 

 

 

 

 

B. Can you please state your topic of studies? 

 

 

 

Safety experience 

[2.] What is your present job position in your company?  

 
 

 

[3.] For how many years have you been working in your present job position?   

 

[4.] Do you have experience from: 

 

 

[5.] Have you ever received any type of safety training during your working career and/or educational phase? 

 

No Yes If yes:  Which type of safety training did you receive? 

(e.g lectures, video clips, simulation, role play, field 

training etc) 

If yes:  Please describe shortly what was learned in this 

training: (e.g decision-making in emergency work 

situations, error prevention, error detection, hazardous 

materials, training in safety managements systems, 

human error, human reliability etc)  

          1.  

   

2. 

 

 

  3. 

 

 

 
 

    High school          Bachelor    Master    Doctorate  

 
   Other:      

 No Yes If yes: How many years/months? 

A. Working as an accident investigator?     

B. Working as an instructor for safety training?     

C. Working as safety auditor?    

D. Working as safety inspector?    

E. Working as operational expert?     

F. Working with safety management?    

G. Working with safety assessment methods?    
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Instructions 
In Part 2: General statements about safety, different statements will be given to you. Please write a clear X in 

the boxes to indicate your answer.  

 

 

 

Example: 

 

 

 

 

Part 2 
 

 

Please note down to what extent you agree with the following statements: ���� ���� ���� ���� ���� ���� ���� 
Safety is important 

       

Please note down to what extent you agree with the following statements: ���� ���� ���� ���� ���� ���� ���� 
[1.] The most important work goal for me is to work safely 

       
[2.] For me, risky behavior while performing work tasks is unacceptable  

       
[3.] The main cause of accidents and errors are humans 

       
[4.] Mistakes are made only by incompetent people 

       
[5.] It is important that colleagues always deal with safety issues together  

       
[6.] It is not appropriate to correct other colleagues 

       
[7.] Employees who violate safety rules also put their colleagues at risk, even if no damage is 

caused by their behavior        
[8.] It is important to be able to act independently in critical situations 

       
[9.]  My colleagues and me know how to react in order to ensure the safety in our field of 

operation area irrespective from the current work situation        
[10.] It is difficult to combine safety with other organizational goals  

       
[11.] It does not matter how safe a system is, it is always vulnerable for accidents 

       
[12.] Investing money and time in order to increase safety is important 

       

I 

totally 

disagree 

I 

totally 

agree 

 

 
Neutral 

I 

totally 

disagree 

I 

totally 

agree 

 
Neutral 
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Instructions 
In the next section, Part 3: Safety questions, the questions will relate to your chosen conceptual change, which 

will be referred to as the SUBJECT. To give your answers please write a clear X in the boxes.  

Example: 

  

 

 

Part 3 
 

 

Are you confident of being aware of the most important issues regarding: ���� ���� ���� ���� ���� ���� ���� 
Factors for accident prevention strategies regarding the SUBJECT?  

        

Are you confident of being aware of the most important issues regarding: 
 ���� ���� ���� ���� ���� ���� ���� 
[1.] Factors for accident prevention strategies regarding the SUBJECT?  

        

[2.] Risks associated with the SUBJECT?  

       

[3.] The possible shortage of ‘resources’ which are necessary for the SUBJECT?  

(‘Resources’ refer to manpower, money and equipment, for example.) 

 

 

       

[4.] The SUBJECT’s potential influence on the ‘communication quality’?  

(The ‘communication quality’ refers to the human-human and human-technology 

communication.) 

 

       

[5.] The ‘amount of experience’ necessary for operating the SUBJECT?  

(The ‘amount of experience’ concerns the number of hours a person has spent performing 

work tasks providing skills and knowledge which is useful for the work with the SUBJECT.) 
       

[6.] The ‘safety training’ a person has received before working with the SUBJECT for the first 

time?  

(The ‘safety training’ refers to the content and the method of the training, for example lectures, 

video clips, simulation, role play and field training.) 

       

[7.] The ‘amount of safety training’ received by a person that works with the SUBJECT?  

(The ‘amount of safety training’ refers to how often a person receives safety training.)        

[8.] The design of the SUBJECT? 

       

Very 

Confident 

 

Neutral Very 

Unconfident 

Very 

Unconfident 
 

Neutral Very 

Confident 
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Part 3 (continued) 
 

Thank you for participating in this study! 

Are you confident of being aware of the most important issues regarding: 
 ���� ���� ���� ���� ���� ���� ���� 
[9.] The SUBJECTs potential effect on the ‘work conditions’ for the staff?  

(The ‘work conditions’ refer to noise, temperature, vibration, etc.) 

 
       

[10.] The SUBJECT’s influence on the ‘team work quality’?  

(The ‘team work quality’ refers to the cooperation between the staff working in teams.)        

[11.] The SUBJECT’s impact on the availability of ‘plans and procedures’?  

(‘Plans and procedures’ refer to all operational and emergency manuals and checklists.)        

[12.] The SUBJECT’s impact on the available time needed for performing the main tasks in the 

overall system?   

 

 

       

[13.] The ‘clearness of responsibility’ distributed between the staff working with the SUBJECT?  

(‘Clear responsibilities’ refer to which tasks a person is responsible for regarding the SUBJECT.)  

 
       

[14.] The SUBJECT’s potential impact on the ‘complexity’ of the overall system?   

(In this case ‘complexity’ refers to all the possible ways the components, both technical and 

human, is connected and interacts with each other.) 
       

[15.] The ability to use the knowledge of an ‘unwanted event’ associated with the SUBJECT?  

(An ‘unwanted event’ refers to potentially critical situations, e.g. critical system states, incidents 

or accidents.)   

 

       

[16.] The SUBJECT’s possible influence on the ability to predict safety-relevant ‘future events’?  

(‘Future events’ refer to incidents or accidents, for example.) 

 
       

[17.] The ‘maintenance quality’ of the SUBJECT?  

(The ‘maintenance quality’ refers to how often the SUBJECT will get updates changing: design, 

hardware, maintenance procedures, communication, rules for procedures, etc.) 
       

[18.] The SUBJECT’s potential impact on the ability of responding efficiently to ‘threat’s’?  

(A ‘threat’ refers to anything that can result in the outcome of an incident or accident.)  

 
       

[19.] Bias towards a special organizational or technical safety solution associated with the 

SUBJECT? 

 (Bias refers to a certain preoccupation with only one design solution, and/or a selective focus on 

this design neglecting other plausible design possibilities and aspects.) 

 

       

[20.] If the SUBJECT’s safety standards are monitored and authorized by an external organization 

independent of the people responsible for producing, planning, designing, implementing and 

operating service and products?  

  

       

[21.] The responsibility of all service providers and designers/producers involved with the 

SUBJECT to ensure that it follows the safety standards set out by national legislation and European 

regulation? 
       

Very 

Unconfident 
 

Neutral Very 

Confident 
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Instructions 
 
Welcome to the final survey in this study! 

 

To make the evaluation easier, please do not use abbreviations, instead try to explain things as simple as 

possible.  

 

Part one concerns general questions relating to safety.  

 

The second and third part of the survey is related to your company’s chosen conceptual change or organisational 

innovation which will be referred to as the SUBJECT. 

 

The last part involves an evaluation of the Safety Scanning Tool (SST).  

 

Please answer the questions in this survey, in a spontaneously and direct way, and remember that there are no 

right or wrong answers. We are only interested in your personal opinions and estimations. 

 

Your answers in this survey will be treated anonymously and you have the right to abort at any time.  

 

More instructions in how to answer certain questions will follow. 
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Instructions 
In Part 1: General statements about safety, different statements will be given to you. Please write a clear X in 

the boxes to indicate your answer.  

 

 

Example: 

 

 

 

 

Part 1 
 

 

Please note down to what extent you agree with the following statements: 

 ���� ���� ���� ���� ���� ���� ���� 
Safety is important 

       

Please note down to what extent you agree with the following statements: ���� ���� ���� ���� ���� ���� ���� 
[1.] The most important work goal for me is to work safely 

       
[2.] For me, risky behavior while performing work tasks is unacceptable  

       
[3.] The main cause of accidents and errors are humans 

       
[4.] Mistakes are made only by incompetent people 

       
[5.] It is important that colleagues always deal with safety issues together  

       
[6.] It is not appropriate to correct other colleagues 

       
[7.] Employees who violate safety rules also put their colleagues at risk, even if no damage is 

caused by their behavior        
[8.] It is important to be able to act independently in critical situations 

       
[9.]  My colleagues and me know how to react in order to ensure the safety in our field of 

operation area irrespective from the current work situation        
[10.] It is difficult to combine safety with other organizational goals  

       
[11.] It does not matter how safe a system is, it is always vulnerable for accidents 

       
[12.] Investing money and time in order to increase safety is important 

       

I 

totally 

disagree 

I 

totally 

agree 

 
Neutral 

I 

totally 

disagree 

I 

totally 

agree 

 
Neutral 
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Instructions 
In the next section, Part 2: Safety questions, the questions will relate to your chosen conceptual change, which 

will be referred to as the SUBJECT. To give your answers please write a clear X in the boxes.  

Example: 

  

 

 

Part 2 
 

 

Are you confident of being aware of the most important issues regarding: ���� ���� ���� ���� ���� ���� ���� 
Factors for accident prevention strategies regarding the SUBJECT?  

        

Are you confident of being aware of the most important issues regarding: ���� ���� ���� ���� ���� ���� ���� 
[1.] Factors for accident prevention strategies regarding the SUBJECT?  

        

[2.] Risks associated with the SUBJECT?  

       

[3.] The possible shortage of ‘resources’ which are necessary for the SUBJECT?  

(‘Resources’ refer to manpower, money and equipment, for example.) 

 

 

       

[4.] The SUBJECT’s potential influence on the ‘communication quality’?  

(The ‘communication quality’ refers to the human-human and human-technology 

communication.) 

 

       

[5.] The ‘amount of experience’ necessary for operating the SUBJECT?  

(The ‘amount of experience’ concerns the number of hours a person has spent performing work 

tasks providing skills and knowledge which is useful for the work with the SUBJECT.) 

 

       

[6.] The ‘safety training’ a person has received before working with the SUBJECT for the first 

time?  

(The ‘safety training’ refers to the content and the method of the training, for example lectures, 

video clips, simulation, role play and field training.) 

       

[7.] The ‘amount of safety training’ received by a person that works with the SUBJECT?  

(The ‘amount of safety training’ refers to how often a person receives safety training.)        

[8.] The design of the SUBJECT? 

       

Very 

Confident 
 

Neutral Very 

Unconfident 

Very 

Unconfident 
 

Neutral Very 

Confident 
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Part 2 (continued) 
 

 

 

Are you confident of being aware of the most important issues regarding: ���� ���� ���� ���� ���� ���� ���� 
[9.] The SUBJECTs potential effect on the ‘work conditions’ for the staff?  

(The ‘work conditions’ refer to noise, temperature, vibration, etc.) 

 
       

[10.] The SUBJECT’s influence on the ‘team work quality’?  

(The ‘team work quality’ refers to the cooperation between the staff working in teams.)        

[11.] The SUBJECT’s impact on the availability of ‘plans and procedures’?  

(‘Plans and procedures’ refer to all operational and emergency manuals and checklists.)        

[12.] The SUBJECT’s impact on the available time needed for performing the main tasks in the 

overall system?   

 

 

       

[13.] The ‘clearness of responsibility’ distributed between the staff working with the SUBJECT?  

(‘Clear responsibilities’ refer to which tasks a person is responsible for regarding the 

SUBJECT.)  

 

       

[14.] The SUBJECT’s potential impact on the ‘complexity’ of the overall system?   

(In this case ‘complexity’ refers to all the possible ways the components, both technical and 

human, is connected and interacts with each other.) 
       

[15.] The ability to use the knowledge of an ‘unwanted event’ associated with the SUBJECT?  

(An ‘unwanted event’ refers to potentially critical situations, e.g. critical system states, incidents 

or accidents.)   

 

       

[16.] The SUBJECT’s possible influence on the ability to predict safety-relevant ‘future events’?  

(‘Future events’ refer to incidents or accidents, for example.) 

 
       

[17.] The ‘maintenance quality’ of the SUBJECT?  

(The ‘maintenance quality’ refers to how often the SUBJECT will get updates changing: 

design, hardware, maintenance procedures, communication, rules for procedures, etc.) 
       

[18.] The SUBJECT’s potential impact on the ability of responding efficiently to ‘threat’s’?  

(A ‘threat’ refers to anything that can result in the outcome of an incident or accident.)  

 
       

[19.] Bias towards a special organizational or technical safety solution associated with the 

SUBJECT? 

 (Bias refers to a certain preoccupation with only one design solution, and/or a selective focus 

on this design neglecting other plausible design possibilities and aspects.) 

       

[20.] If the SUBJECT’s safety standards are monitored and authorized by an external organization 

independent of the people responsible for producing, planning, designing, implementing and 

operating service and products?  

  

       

[21.] The responsibility of all service providers and designers/producers involved with the 

SUBJECT to ensure that it follows the safety standards set out by national legislation and 

European regulation? 
       

Very 

Confident 
 

Neutral Very 

Unconfident 
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Instructions 
In the next section, Part 3: Safety understanding, the questions relates to your company’s chosen conceptual 

change, which will be referred to as the SUBJECT. To give your answers please write a clear X in the boxes.  

 

  

Example: 

 

 

 

 

 

Part 3  
 

During the Safety Scanning Tool-session, how much has your understanding  

improved concerning: ���� ���� ���� ���� ���� ���� ���� 
Factors for accident prevention strategies regarding the SUBJECT? 

        

During the Safety Scanning Tool-session, how much has your understanding 

improved concerning: 

 

���� ���� ���� ���� ���� ���� ���� 
[1.] Factors for accident prevention strategies regarding the SUBJECT? 

        

[2.] Risks associated with the SUBJECT?  

       

[3.] The possible shortage of ‘resources’ which are necessary for the SUBECJT?  

(‘Resources’ refer to manpower, money and equipment, for example.) 

 

 

       

[4.] The SUBJECT’s potential influence on the ‘communication quality’?  

(The ‘communication quality’ refers to the human-human and human-technology 

communication.) 

 

       

[5.] The ‘amount of experience’ necessary for operating the SUBJECT?  

(The ‘amount of experience’ concerns the number of hours a person has spent performing work 

tasks providing skills and knowledge which is useful for the work with the SUBJECT.) 

 

       

[6.] The ‘safety training’ a person has received before working with the SUBJECT for the first 

time?  

(The ‘safety training’ refers to the content and the method of the training, for example lectures, 

video clips, simulation, role play and field training.) 

       

[7.] The ‘amount of safety training’ received by a person that works with the SUBJECT?  

(The ‘amount of safety training’ refers to how often a person receives safety training.)  

 
       

[8.] The design of the SUBJECT? 

       

Very 

Much 

 
 

Neutral Not at 

All 

Not at 

All 

 
 

Neutral Very 

Much 
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Part 3 (continued) 
 

 

During the Safety Scanning Tool-session, how much has your understanding 

improved concerning: ���� ���� ���� ���� ���� ���� ���� 
[9.] The SUBJECTs potential effect on the ‘work conditions’ for the staff? 

(The ‘work conditions’ refer to noise, temperature, vibration, etc.) 

 
       

[10.] The SUBJECT’s potential influence on the ‘team work quality’?  

(The ‘team work quality’ refers to the cooperation between the staff working in teams.)        

[11.] The SUBJECT’s potential impact on the availability of ‘plans and procedures’?  

(‘Plans and procedures’ refer to all operational and emergency manuals and checklists.)        

[12.] The SUBJECT’s potential impact on the time available needed for performing the main tasks 

in the overall system? 

 

 

       

[13.] The ‘clearness of responsibility’ distribution between the staff working with the SUBJECT? 

(‘Clear responsibilities’ refer to which tasks a person is responsible for regarding the 

SUBJECT.)  

 

       

[14.] The SUBJECT’s potential impact on the ‘complexity’ of the overall system?  

(In this case ‘complexity’ refers to all the possible ways the components, both technical and 

human, is connected and interacts with each other.) 
       

[15.] The ability to use the knowledge of a potential ‘unwanted event’ associated with the 

SUBJECT?  

(An ‘unwanted event’ refers to potentially critical situations, e.g. critical system states, incidents 

or accidents.)   

 

       

[16.] The SUBJECT’s potential influence on the ability to predict safety-relevant ‘future events’?  

(‘Future events’ refer to incidents or accidents, for example.) 

 
       

[17.] The ‘maintenance quality’ of the SUBJECT?  

(The ‘maintenance quality’ refers to how often the SUBJECT will get updates changing: design, 

hardware, maintenance procedures, communication, rules for procedures, etc.) 
       

[18.] The SUBJECT’s potential impact on the ability of responding efficiently to any possible 

‘threat?   

(A ‘threat’ refers to anything that can result in the outcome of an incident or accident.)  

 

       

[19.] Bias towards a special organizational or technical safety solution associated with the 

SUBJECT? 
 (Bias refers to a certain preoccupation with only one design solution, and/or a selective focus 

on this design neglecting other plausible design possibilities and aspects.)  

       

[20.] The monitoring and authorization of the SUBJECT’s safety standards by an external 

organization independent of the people responsible for producing, planning, designing, 

implementing and operating service and products? 

 

       

[21.] The responsibility of all service providers and designers/producers involved with the 

SUBJECT to ensure that it follows the safety standards set out by national legislation and 

European regulation? 
       

Not at 

All 

 
 

Neutral Very 

Much 
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Part 4: Evaluation of the Safety Scanning Tool (SST) 
[1.] Please describe shortly at least three positive aspects, which are in your opinion featured by the use of the 

SST:  

 

 

 

 

 

[2.] What can be improved in the SST?  

 

 

 

 

 

[3.] Do you think that the SST can be used efficiently in your company?  

 

A. No  

Please explain your opinion: 

 

 

 

 

 

B. Yes  

Please explain your opinion: 

 

 

 

 

 

[4.] Do you have any other opinions concerning the SST?  

 

 

 

 

 

Thank you for participating in this study! 


