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Abstract 
Control room operating crews are a crucial component in maintaining the safety of nuclear 

power plants. The primary support to operators during disturbances or emergencies are 

numerous emergency operating procedures. Further support is provided by reoccurring crew 

training in which the crews practice on handling anticipated disturbances in full-scale 

simulators. Due to the complexity of nuclear power plants and the small number of previous 

accidents to learn from, every possible accident scenario cannot be covered by the procedures 

and hence not trained on in the simulator. This raises the question of how operators can be 

prepared and able to cope with unexpected events by other means.  

 

This thesis investigates the possibilities of operating crews to act flexibly in situations where 

stable responses in the form of prescribed actions sequences from procedures cannot be 

applied. The study is based on the safety research paradigm of resilience engineering and the 

four cornerstones of resilience; learning, monitoring, anticipating, and responding (Hollnagel, 

2011). The meaning and applicability of the resilience cornerstones were examined by 

interviewing a domain expert at the time employed by the OECD Halden Reactor Project. 

Subsequently, eight semi-structured interviews with operator training personnel at a Swedish 

nuclear power plant provided the main data of this study. 

 

This study shows that the resilience cornerstones were applicable to the work of nuclear 

power plant crews during emergency operations. In addition, the study provides findings 

regarding which artefacts (e.g. procedures) or crew characteristics (e.g. ways of 

communicating) support the cornerstone functions. The base thesis is that procedures always 

shall be used, but in situations where an operator perceives that no procedure is applicable, 

the crew have an opportunity to discuss the problem to come up with some other solution, i.e. 

act flexibly. Some trainers argued that the room for flexibility is there when needed, but it is 

not as certain how much flexibility and what kind of flexibility the operators are given. 

However, it does not seem like the flexibility, or lack of flexibility, given to operators is in 

itself the most problematic issue in the preparation of crews for unexpected events. Instead, 

this study identified several other problems of training and everyday work that could 

negatively affect crews‟ capability to handle unexpected events. On the other hand, the 

trainers highlighted communication and teamwork to be important when the unexpected 

strikes and that much focus have been shifted towards such issues in training. Hence this can 

be claimed to be an important contribution given by the training today in successfully 

handling unforeseen events.   
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1. Introduction 
Safety in Nuclear Power Plants (NPP) relies to a great extent on physical barriers and 

engineered automatic safety functions on the base principle of defence in depth. These 

safeguards protects the plant personnel, the public and the environment from radioactive 

material should an accident occur. Still though, the plants' control room operators play an 

important role in keeping the operations safe by contributing to the prevention of accidents, 

and mitigating the consequences of accidents if they occur. In aid to the operators there is a 

vast amount of operating procedures, i.e. documentation describing what the operators shall 

look at and do during normal operations and in response to disturbances.  

Efforts to increase safety, both in research and in practice, have for a long time been 

dominated by hindsight (Hollnagel et al., 2006). This means that the investigation of things 

that went wrong, i.e. incidents and accidents, has been the primary approach in the quest to 

improve the safety of a system. Some socio-technical systems – e.g. air traffic management 

and nuclear power plants – can be characterised by tight coupling and high intractability. This 

means that effects spread quickly, there is a limited slack or substitutability of components or 

functions, and that the system is difficult to describe and understand (Nemeth et al., 2009). 

Safety in this class of highly complex systems is a crucial yet not fully developed research 

field. 

Instead of looking at what has happened following an incident or accident, Resilience 

Engineering (RE) argues that to understand how failure sometimes happens one must first 

understand how success is obtained. This means that what is needed is an  understanding on 

how people learn and adapt to create safety in a world fraught with gaps, hazards, trade-offs, 

and multiple goals (Cook et al., 2000). Success belongs to organisations, groups and 

individuals who are resilient in the sense that they recognise, adapt to and absorb variations, 

changes, disturbances, disruptions, and surprises – especially disruptions that fall outside of 

the set of disturbances the system is designed to handle (Hollnagel et al., 2006). Failures 

occur when multiple contributors – each necessary but only jointly sufficient – combine. 

Hollnagel et al. (2006) defines resilience engineering as a paradigm for safety management 

that focuses on how to help people cope with complexity under pressure to achieve success. 

Resilience engineering has been used as a theoretical framework in numerous case studies on 

different levels of organisations and in different domains. Examples of previous studies 

analysing crews in nuclear power plant control rooms from a resilience perspective include 

Hildebrandt et al. (2008) and Furniss et al. (2010).  

For a system to be able to call itself resilient there are four essential abilities (or 

cornerstones); learning, monitoring, anticipating and responding (Hollnagel, 2011). In short, 

this means that a system must be able to know what to do, know what to look for, know what 

to expect, and know what has happened. 

Earlier catastrophic accidents at the nuclear plants in Three Mile Island in 1979 and 

Chernobyl in 1986 (and most recently in Fukushima) have shown that procedures alone were 
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not an absolute and invariable guarantee of safety (Dien, 1998). Procedures are inescapable 

and of paramount importance in emergency situations, but especially since it is impossible to 

cover every possible scenario with a procedure there is a need to further investigate the way 

they are and should be used. Hence, it is also of importance to understand how operators can 

act more flexibly when needed to ensure the safety of nuclear power plants in the face of both 

expected and unexpected adverse events.  

To further increase the safety of nuclear power plants, operating crews are recurrently trained 

both theoretically and practically in simulators on handling anticipated accident scenarios by 

using their emergency operating procedures (EOPs). In the resilience timeline created by 

Hildebrandt et al. (2008), training is an important part of proactive resilience. Since the 

number of serious accidents in NPPs are low (even though the consequences of them have 

been disastrous), an important contribution in providing much needed experience and 

preparation of how to handle emergency scenarios is given to the operators by training.  By 

the same reason, simulator studies are of great importance in providing findings regarding 

how crews are able to cope with complex events and how well the procedural guidance works 

out.  For example, The OECD Halden Reactor Project's HAMMLAB (HAlden huMan-

Machine LABoratory) is a well-known research simulator enabling studies of how actual 

crews work during realistic accident scenarios. Examples of studies conducted in 

HAMMLAB include Lois et al. (2009), Braarud and Johansson (2010) and Bye et al. (2010). 

1.1 Purpose and research questions 
The purpose of this thesis is to examine the way procedures are, and could be, used by 

operator crews in nuclear power plants in response to complex and unfamiliar emergency 

scenarios from a resilience engineering point of view. Using this viewpoint means that the 

analysis will be based on, but not limited to, the resilience cornerstones Learning, 

Monitoring, Anticipating and Responding. Since training is important in preparing NPP 

operators for disturbances, another important topic is how training can prepare operators and 

increase their ability to handle unexpected events. Another item dealt with is when the crews 

need to act in a more flexible manner, and how this flexibility can be acted out. Further on, 

how training, professional expertise and teamwork can support an intelligent use of 

procedures and operator crews‟ ability to cope with unexpected events is scrutinised. 

In more detail, this thesis aims to provide answers to the following questions; 

a) Are the resilience cornerstones; Learning, Monitoring, Anticipating and Responding 

applicable to the work of control room crews in nuclear power plants during emergency 

scenarios?  

b) In which way do the procedures support or hinder Learning, Monitoring, Anticipating and 

Responding during emergency scenarios? What other resources or crew characteristics affect 

this? 

c) How can standard / stable responses provided by emergency procedures be combined with 

flexibility or adaptability? 



 
3 

 

d) How can training enhance operators‟ preparedness and ability to cope with the 

unexpected?  

Hopefully this thesis will contribute with valuable, theoretically as well as practically, 

findings to safety management, resilience engineering, procedure use and crew training in 

NPP control rooms and other safety-critical highly complex socio-technical systems.  

1.2 Methodology 
To be able to investigate the research questions postulated above literature on the topics of 

nuclear power plants, procedure use, safety research and resilience engineering was initially 

read. Additionally, a review of crew stories from a prior HAMMLAB study (Lois et al., 

2009) involving a base and complex Steam Generator Tube Rupture (SGTR) scenario was 

carried out in order to get a glimpse of how operations may unfold and what problematic 

behaviours may occur. In addition to the necessary theoretical understanding, this literature 

review contributed with the basis on which the subsequent data collection relied. The data 

collection initially comprised of an open-ended interview with a domain expert currently 

working for the Norwegian Institute for Energy Technology (OECD – Halden Reactor 

Project) and with many years of domain experience working as a reactor operator, shift 

supervisor and trainer. The aim of the interview was to acquire an expert view on how the 

resilience capabilities are connected to aspects of the work in nuclear power plant control 

rooms and how they take form. Hence, the expert interview provided data in answering 

research question a) and contributed in answering research question b) together with the 

subsequent trainer interviews. This interview also aimed to capture an expert view on the 

other research topics of interest, aiding in the preparation of the trainer interviews. Finally, 

building on the prior findings from the literature and the expert interview, eight semi-

structured interviews with training personnel from a Swedish NPP were carried out aiming to 

answer the research questions b), c) and d) of this thesis. The main data of this study consist 

of the transcribed recordings of these eight interview sessions. 

1.3 Delimitations 
This study is delimitated in certain respects. First of all, no data was gathered from control 

room operators active today but instead only from trainers. Secondly, although the main unit 

of analysis in this study is the operator crews and the resources at their disposal, they are both 

affected by and affect the work of maintenance personnel, regulators, trainers, and the nuclear 

power plant organisation in full. These other actors cannot be completely excluded from the 

analysis since, in resilience terms, there are cross-scale interactions between all levels.  

Thirdly, since resilience has more often been applied on an organisational level this thesis 

could instead be described as an analysis of resilience mainly on a lower-level, towards the 

sharp end. Further on, this thesis do not attempt to assess the resilience of a specific NPP but 

rather scrutinise if resilience is applicable to the control room work and how resilient 

performance during emergency operations might be supported by training. Fourthly, the 

study is mainly based on the resilience engineering framework and is therefore focusing on 

the capabilities of learning, responding, monitoring and anticipating, thus possible excluding 
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other relevant dimensions. Lastly, the empirical data were only collected from trainers at one 

plant. 
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2. Nuclear power plants 
In this chapter a brief historical review of nuclear power generation, a brief description of 

safety systems and emergency control room operation in NPPs. 

2.1 An historical review 
The origins of the nuclear power industry date back to 1954 when the Atomic Energy Act 

(AEA) made the commercial development of nuclear power possible. The 1954 act assigned 

the American Atomic Energy Commission (AEC) three major roles: to continue its weapons 

program, to promote the private use atomic energy for peaceful applications, and to protect 

public health and safety from the hazards of commercial nuclear power. Wary of the costs 

involved and the possible risks of nuclear power, the electric industry did not respond 

enthusiastically to the 1954 Act (Keller& Modarres, 2005). The first civil full-scale site was 

finished in 1957 in Shippingport, Pennsylvania but the commercial breakthrough was delayed 

until the mid 1960's (Pershagen, 1986).  

The early risk and safety assessment practices in nuclear power plants included the creation 

of a hypothetical set of accidents, limited in number and scope, in an effort to envelope all so-

called 'credible' accidents. Design basis accidents were defined in the context of 'maximum 

credible accidents'. A set of natural phenomena was defined and included in the design of the 

nuclear plant. The theory was that if the nuclear power plants were designed for all the 'large' 

credible accidents, then the plants would be able to withstand any credible accident. It was 

also thought that this process would allow designing out the operator from the plant by 

having all the equipment related to the design basis safety functions (safety-related 

equipment) react automatically if a design basis accident was to occur. Consideration of 

accidents in which the reactor core was severely damaged was excluded from the design basis 

of the nuclear plants (Garrick & Christie, 2002). 

In 1972, the US Atomic Energy Commission undertook the Reactor Safety Study (RSS) 

under the direction of the late Professor Norman C. Rasmussen of the Massachusetts Institute 

of Technology. The Reactor Safety Study, also known as WASH-1400, took 3 years to 

complete and was a turning point in the way to think about the safety of nuclear power plants. 

The principal findings of the RSS were that the dominant contributor to risk is not the large 

loss of coolant accident (LOCA) but rather, transients and small loss of coolant accidents. 

WASH-1400 also indicated that human beings at the plant played a major role in the 

evaluation of public health risk and were not designed out of the plant, contrary to the 

expectation of the design basis envelope concept (Garrick & Christie, 2002). 

On the 29th of March 1979 the, by then, most severe accident at the nuclear power plant 

Three Mile Island (TMI) occurred. Loss of feed water caused a transient that through a series 

of unfortunate circumstances resulted in serious damage to the core and the release of big 

amounts of fission products to the reactor containment. Through various leakage routes 

radioactive material reached the power plants surroundings (Pershagen, 1986). Following the 

accident at TMI, nuclear power plants began systematising experience exchange and as soon 



 
6 

 

as 1980 the American power industry took the initiative to an international exchange of 

experiences (Sokolowski, 1999).  

An even more severe accident occurred at the Chernobyl nuclear power plant on the 26th of 

April in 1986. An explosion occurred which resulted in a reactor fire that lasted for 10 days. 

The unprecedented release of radioactive material resulted in adverse consequences for the 

public and environment (IAEA, 2006). 

On the 11th of March, 2011 a 9.0 magnitude earthquake and tsunami caused damage to all 

reactors at the Fukushima nuclear power plant. According to experts this is the second-worst, 

but most complex, nuclear accident ever
1
. 

2.2 Safety systems 
Nuclear power plants are designed on the base principle of defences in depth with multiple 

defences applied to minimize the risk of accidents and dampen their consequence should they 

occur (Braarud & Johansson, 2010). This includes several physical barriers and engineered 

safety functions. A safety function is a function specifically required to keep the plant in a 

safe condition so that public health and safety will not be endangered (NUREG-0899). 

Dekker et al. (2008) cites a paragraph from INSAG-10 describing how defence-in-depth is 

defined in nuclear power generation: 

“... a hierarchical deployment of different levels of equipment and procedures in order to maintain the 

effectiveness of physical barriers placed between radioactive materials and workers, the public or the 

environment, in normal operation, anticipated operational occurrences and, for some barriers, in 

accidents at the plant. Defence in depth is implemented through design and operation to provide a 

graded protection against a wide variety of transients, incidents and accidents, including equipment 

failures and human errors within the plant and events initiated outside the plant.” (INSAG 10, in 

Dekker et al. 2008, p. 53) 

The principle of defence-in-depth provides guidelines for safety design and safe operations 

on three, partly overlapping, levels. The first, preventive, level implies that the reactor should 

be designed and operated for maximum safety during normal operations. The second level 

presuppose that incidents and accidents will occur in spite of the preventive measures and 

hence include systems to protect against accidents by counteracting and preventing abnormal 

events. The third level is based on the fact that accidents can occur in spite of the measures 

taken to prevent and counteract them. Systems for the mitigation of accident consequences 

should thus be provided to minimise releases to the environment and doses to the general 

public (Pershagen, 1989).  

A reactor plant consists of a large number of interrelated systems and components. The very 

complexity of a plant makes it difficult to completely predict all possible combinations of 

faults and events which can jeopardize the safety of the plant. The safety of a reactor plant 

depends on maintenance of a high level of quality of materials, components, and systems 

                                                 

1
 http://in.ibtimes.com/articles/132391/20110409/japan-nuclear-crisis-radiation.htm 

http://in.ibtimes.com/articles/132391/20110409/japan-nuclear-crisis-radiation.htm
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during all stages of design, manufacture, construction, operation, and maintenance. In spite of 

the detailed specifications and control, the likelihood of faults and other abnormal conditions 

that may occur during operations must be taken into consideration. Whereas minor 

disturbances are controlled by the ordinary operating and control systems, special safety 

systems are provided for counteracting major disturbances. The safety systems are engineered 

safeguards prohibiting disturbances from developing into accidents and include protection 

systems, which monitor reactor processes and initiate counter-measures, shutdown systems, 

which rapidly reduce reactor power when necessary (called scram in boiling water reactors 

(BWRs) and reactor trip in pressurised water reactors (PWRs), and emergency core cooling 

systems (Pershagen, 1989). 

Safety systems in nuclear power plants are redundant, which means that the systems are 

multiplied or duplicated, to prevent single component failures from causing total system 

failure. In addition, safety functions are diversified by utilising two or more safety systems 

based on different physical modes of actions to achieve the same effect, thus reducing the 

possibility of systematic failures. 

2.3 Emergency control room operations 
In the control room information of the plant status is presented. The control and protection 

systems operate automatically. The role of the reactor operator is mainly to watch over the 

automatic systems and to put into effect the desired changes of plant states. Operating rules 

are formulated to guide the operator in maintaining plant operation within the limitations 

imposed by the design specifications and safety considerations. Feedback of operating 

experience and recurrent staff training are also important means of maintaining a high level 

of safety (Pershagen, 1989). The operators have procedures to support them in keeping 

operations safe and nuclear power plant accident operation is characterized as a highly 

proceduralised environment (Dougherty, 1993). The operating rules include instructions for 

plant operation during design-based accidents as well as for severe accidents beyond design. 

The first type is traditionally event-oriented. For the latter kind of events, the so called 

emergency operations procedures tend to be symptom-oriented. Operating rules are 

continuously updated to take into account new experience and plant modifications 

(Pershagen, 1989). In addition to procedures there are alarm systems and representations of 

trends aiding the operators during emergency operations. 

The role of control room teams includes contributing to the prevention of incidents and 

accidents as well as mitigating accidents if they occur (Braarud & Johansson, 2010). In 

addition, the team is also responsible for communicating and coordinating accident 

operations with other plant staff. According to O‟Hara et al. (2000) the two roles of control 

room teams are the control role of assuring the application of control steps within an overall 

control logic, and the supervisory control role of supervising the joint control resulting from 

human and automatic control actions. 
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2.3.1 Actors 

Below the different actors of the operator crews are presented. The description of each role is 

based on Lois et al. (2009). This section concerns how the crews are manned at the actual 

Swedish NPP but one should know that the crew setup may differ between different plants. 

At the current plant each crew consist of a shift supervisor (SS), reactor operator (RO), 

assistant reactor operator (ARO), turbine operator (TO) and field operators (FO).  

The shift supervisor overviews the situation and calls for a meeting when needed. He also 

calls the safety engineer and monitors critical safety functions. The safety engineer is a 

technical support on duty that can help during emergency situations. The SS must be 

consulted if a procedure step is omitted and can also help with alarms if asked to. 

The reactor operator(s) reads the emergency procedures and reacts to alarms. 

The assistant reactor operator(s) can be described as the arms and eyes of the RO. The ARO 

does most of the actions in the emergency procedures on order from the RO. 

The turbine reactor operator is responsible for turbine and electrical systems and reacts to 

turbine and electrical alarms. 

The field operators perform local actions on order from the operators and are thus not 

stationed inside the control room. 

2.3.2 Procedures 

Lind (1979) defines a procedure as follows: 

“In general, a procedure is a set of rules (an algorithm) which is used to control operator activity in a 

certain task. Thus, an operating procedure describes how actions on the plant (manipulation of control 

inputs) should be made if a certain system goal should be accomplished. The sequencing of actions, 

i.e. their ordering in time, depends on plant structure and properties, the nature of the control task 

considered (goal), and operating constraints.” (Lind 1979, pp. 5) 

Plant procedures include normal operating procedures, alarm response procedures, off-

normal or emergency operating procedures (EOPs). 

Emergency Operating Procedures are plant procedures that direct operators' actions necessary 

to mitigate the consequences of transients and accidents that have caused plant parameters to 

exceed reactor protection system set points or engineered safety feature set points, or other 

established limits (NUREG-0899). 

Event-oriented EOPs require that the operator diagnose the specific event causing the 

transient or accident in order to mitigate the consequences of that transient or accident 

(NUREG-0899). 

Function-oriented EOPs provide the operator guidance on how to verify the adequacy of 

critical safety functions and how to restore and maintain these functions when they are 

degraded.  Function-oriented emergency operating procedures are written in a way that the 
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operator need not diagnose an event, such as a LOCA, to maintain a plant in a safe condition 

(NUREG-0899). 

Of the emergency procedures at the actual Swedish site, one is worth mentioning a bit more 

in detail. This procedure is called E-0 "Reactor trip or Safety injection" and is the safety 

systems verification and diagnosis procedure that should be applied when the reactor has 

tripped, when safety injection has been initiated, or when there is a need for reactor trip or a 

need for safety injection (Lois et al., 2009). This verification and diagnosis procedure include 

transfer points to other procedures.  

Procedures include amongst other things a coversheet providing a means for the user to verify 

that the procedure is appropriate for the task at hand. In the emergency operating procedures 

there is also a fold-out page which is applicable in the whole procedure. The basic units of 

emergency procedures are the procedure steps. Some of these steps are to be performed when 

encountered, while others have continuous applicability or are to be performed depending on 

the status of process parameters and process systems. In addition, a given procedure step can 

be supported by notes and warnings qualifying the procedure step or informing about 

preconditions or consequences for the procedure step (Braarud & Johansson, 2010). 

An example of how an EOP might be acceptably organised is given in NUREG-0899: 

 A cover page  

 A table of contents  

 A brief statement of scope  

 A set of entry conditions (i.e., the conditions under which the procedure should be 

used)  

 A set of automatic actions (i.e., actions important to safety that will occur 

automatically without operator intervention)  

 A set of immediate operator actions to be taken without reference to any written 

procedures  

 A set of steps to be taken next and to be referred to in the written procedures  

 An attached set of supporting material 

Examples of the form and content of different types of action steps are presented below 

(based on DOE-STD-1029-92): 

 Basic action step 

o [Action verb] [Direct object] [Supportive information]  

 First-level action step with two second-level action steps 

o Prepare compressed gas cylinders as follows: 

 [a] Select compressed gas cylinders with current in-service dated gas 

certification 

 [b] Verify that each cylinder regulator will maintain 35 psig (30-40 

psig) 

 Conditional action step 
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o IF the plug piece is not clean  

THEN wipe the cone base off with an alcohol moistened cotton swab. 

 Two equally acceptable action steps 

o Perform one of the following actions: 

 Set Switch S-7 to "ON" 

 Set Switch S-9 to "ON" 

According to the U.S. Department of Energy the provision of sound procedures, in addition 

to training or day-to-day supervision are needed for safe, deliberate, and controlled 

operations. But to be effective management tools, the procedures must present the best 

knowledge available of how to integrate the policies, principles, rules, parameters, processes, 

controls, products, culture, physical facilities, equipment, material, and people necessary to 

operate a facility safely.  In addition, procedures must be technically and operationally 

accurate, up-to-date, and easy to follow, or workers will lack confidence in them and may not 

use them. Ensuring that facility procedures meet these criteria is a complex job. 

An important notice is made by Dien (1998) who points out that the definition by Lind (1979) 

presented above, as well as other work concerned with the design of procedures, pictures the 

operator as a guided being instead as being helped by the procedure to control a process. The 

designer viewpoint remains but is changing, since designers have begun to understand that to 

use a procedure operators have to rely on considerable competence and even culture (Dien, 

1998). 

One aspect that may differ from one procedure to another is the level of competence required. 

Even though two procedures could aim to achieve the same functional objective, they could 

either provide details of the succession of equipment to be operated (calling for a low level of 

competence) or simply indicate the system to be operated (calling for a high level of 

competence). This, and other aspects, show that operators cannot keep strictly to the letter of 

a procedure at all times, since they have to take independent initiatives in order to; make up 

for its „oversights‟, and compensate for the static aspects of the procedure, operation being 

fundamentally dynamic (Dien, 1998). 

Although the overall philosophy of emergency procedures is of strict adherence, there are 

occasions where active operator interventions are explicitly expected or imposed by the 

situational dynamics. According to the Guidance-Expertise Model there are three classes of 

procedure features that require the operators to use their knowledge and take autonomous 

decisions (Massaiu et al., 2011). These are (1) Interval tests and control actions (e.g. 

evaluation of trends, adjustments and controls), (2) Lack of detail and ambiguous guidance 

(e.g. steps with broad intents that prescribe narrow tests), and (3) Parallel operation (e.g. the 

operator is asked to continuously check parameters in addition to proceed with procedure 

steps). 

According to Grote (2008) it is important to make a distinction between a flexible routine and 

flexible use of a routine. Flexible routines are characterized by decision latitude for the user, 

which for example may be apparent in goal rules as described above. In contrast, flexible use 
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of a routine may imply that a rule is adapted by the user without the rule itself explicitly 

allowing such an adaption (Grote, 2008). 

What is needed for intelligent application of procedures is strict adherence to them as long as 

they are adapted to the situation and use of initiative at times when there is a divergence 

between the actual situation and what is expected by the procedure (Dien, 1998). The design 

of procedures must hence consider the operators when defining tasks to be implemented, by 

emphasizing tasks where human beings have specific skills, like fuzzy decision making or 

adaptability, and by reducing task where humans are limited, like repetitive tasks or rapid 

detection of information appearing in random fashion. In addition, the procedure must be 

adapted to the diversity of operators and of their expectations which depend on e.g. their 

knowledge and level of stress. This calls for the creation of several levels of details for every 

procedure, which in the example of cooling the core can be demonstrated by differing 

between: 

1. cool to X°C/h (objective level); 

2. use the TBS system to achieve cooling (task level); and 

3. open the TBS I valve to X%, then … (action level). 

Procedures are not the only means since they are part of a set of means including individual 

know-how (training), collective know-how (team coordination, cooperation), management 

rules and everyday practices. The existence of this set means that the procedures can be used 

in a flexible way (Dien, 1998). 

2.3.3 Training 

According to NUREG-0899, licensees and applicants should ensure that all operators receive 

training on the use of EOPs prior to their implementation. Other personnel should be 

familiarized with or trained on the EOPs as necessary. During training, operators should be 

encouraged to offer recommendations about how the EOPs might be improved. Training may 

be accomplished in a number of ways, but a combination of classroom lectures, exercises on 

plant-specific simulators (where available), and self-study is likely to optimize training 

outcomes. 

NPP control room operators are trained in simulators on anticipated accident scenarios. Due 

to the complexity of an NPP even the anticipated accidents may occur in a large number of 

variations which is why both operator training and the procedures are focused on prototypical 

versions of the accidents. One source of complexity for control room operation is plant 

deviations not directly covered by the emergency procedures or scenario progressions with 

poor match with the work progression outlined by the emergency procedures. Thus, a 

deviation not matching the emergency procedures will also typically be less similar to the 

simulator training sessions since training  prioritises  accident scenarios where procedures can 

be applied in a straightforward way (in order to learn and train procedure use). In an accident 

that deviates from the trained versions the control room team need to use their expertise in 

assessing the situation and eventually adjust the operation guided by the procedures (Braarud 

& Johansson, 2010).   
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3. Theoretical background 
This chapter aims to cover relevant theoretical background on the topics of traditional safety 

research and management, resilience engineering, and previous studies of relevance to this 

thesis. The review on safety research and different approaches to increase system safety aims 

to give a historical review of earlier attempts which has incentivised the development of 

resilience engineering, to present contributions adopted by resilience engineering, and the 

advantages of utilising this framework. 

3.1 Safety research and management 
Efforts to increase safety, both in research and in practice, have for a long time been 

dominated by hindsight (Hollnagel et al., 2006). This means that the investigation of things 

that went wrong, i.e. incidents and accidents, has been the primary approach in the quest to 

improve the safety of a system. Similarly, a system is often considered safe if the number of 

adverse outcomes is kept acceptably low (Hollnagel, 2011). Defining safety in this manner 

makes it possible to measure a system's level of safety by counting various types of adverse 

outcomes. The question then is how the safety of nuclear power plants can be increased given 

that there are few adverse events to learn from in comparison to other industries. Another 

view on what constitutes a safe system and how safety could be increased is provided by 

resilience engineering, which will be described further on in the thesis. 

Throughout history accident investigations has tended to seek out causes in those parts of the 

system that fail most frequently (Hollnagel, 2004). Until the late 1950s, the causes of 

accidents were primarily attributed to technological or mechanical failures. As the technology 

became more reliable, human action or "human error" got the blame for causing negative 

events. This followed the view of the human mind as an information processing system in 

which, just as in technological systems, components could fail and thereby cause accidents. 

Following the view of humans as unreliable and limited, automation was often prescribed as 

a means to defend the system from the people in it. In the 1980s, aspects of the working 

environment and especially organisational factors started to increase as the attributed causes 

to negative events in accident investigations. 

Another characteristic of research on safety is the use of different accident models. A 

classification of accident models is made by Hollnagel (2004) dividing them into simple 

linear accident models (e.g. Domino model (Heinrich, 1931)), complex linear accident 

models (e.g. Swiss cheese model, (Reason, 1997)), systemic accident models (e.g. STAMP 

(Leveson, 2004)) and finally, functional resonance accident models (e.g. FRAM
2
, (Hollnagel, 

2004)). Although accident models are of great value, it is important to remember that the 

accident model used in an accident investigation has major impact on the findings since it 

affects what to look for, and what you look for is what you find (Lundberg et al., 2009). 

                                                 

2
 FRAM is in a sense a systemic model since it considers systemic interactions. It has anyhow been argued to be 

part of the functional resonance models because its purpose is to model functional resonance. 
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The different kinds of accident models propose disparate views on human actions. In the 

simple linear accident models, actions are seen as either correct or wrong - which is a large 

oversimplification of the variability in human actions. Instead, in the  complex linear accident 

(or epidemiological) models human actions or unsafe acts at the sharp end are not seen as the 

cause of accidents but merely triggers, which combined with latent conditions leads to the 

unfortunate event. Examples of latent conditions by Hollnagel (2002) include incomplete 

procedures, production pressures and inadequate training. This view is a step forward, 

although not completely, in accounting for varied human actions. Systemic models, in 

contrast, view a systems performance (including the behaviour of the people in it) as variable 

or dynamic. It is this performance variability which creates accidents as well as safety and 

thus models of variable human actions are needed. Hollnagel and Woods (2005), building on 

the law of requisite variety in cybernetics by Ashby (1956), claim that the controllers of a 

system must have at least as much variety as the system it aims to control, and thus 

performance variability is necessary if a joint cognitive system is successfully to cope with 

the complexity of the real world. 

Even though humans are no longer seen as the primary cause of accidents, they do play a role 

in how systems fail – as well as in how systems can recover from failure – since they are an 

indispensable part of all complex systems (Hollnagel, 2002). In addition, humans play a role 

both at the sharp end, i.e. in the actual operations, and at the blunt end. Therefore the role of 

humans must be considered at all levels – from initial design to repair and maintenance.  This 

means that decisions on any level may have effects that only manifest themselves further into 

the future, and in indirect ways. 

In addition to looking back at prior accidents, a range of risk analysis/assessment techniques 

may be utilised to increase the safety of complex systems. Well-known examples of these 

include Probabilistic Risk Assessment (PRA) and Failure Modes and Effects Analysis 

(FMEA). Modern probabilistic risk assessment began with the publication of WASH-1400 - 

"The Reactor Safety Study" - in 1975 by Norman Rasmussen. PRA is the discipline of trying 

to quantify, under uncertainty, the risk or safety of an enterprise (Epstein, 2008). Using PRA, 

risks are calculated by quantitatively assessing the severity of possible outcomes and the 

probability of them occurring.  

3.2 Barriers, safety systems and unexpected events 
Following the two approaches of accident and risk analysis, causes to earlier malfunctions or 

possible future malfunctions may be identified. The identification of these threatening 

scenarios is the reason why barriers and safety systems are built into complex systems, like 

emergency cooling loops in nuclear power plants. Possible scenarios identified by these 

approaches, so called Design-Base Accidents, get acknowledged but are often considered 

highly unlikely, with or without justification (Hollnagel, 2004)  

By introducing new barrier functions and defences to avoid future accidents, the system is 

made more complex (Hollnagel & Woods, 2005). Johansson & Lundberg (2010) argue that in 

response to accidents in socio-technical systems, entirely new systems may be designed, 

encapsulating the original system with the purpose of making it safer. They refer to this as the 
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„Matryoschka problem‟, using the metaphor of the Russian dolls, stating that it is impossible 

to build completely fail-safe systems since there always will be a need for yet another safety-

doll maintaining safety of its subordinate dolls. According to this metaphor, failure cannot be 

avoided completely; it may only become very improbable according to our current 

knowledge about it. Hence, one has to accept that any system can fail. 

Westrum (2006) makes a distinction between three different kinds of threats to the safety of a 

system. First, there are regular threats that occur so often that it is both possible and cost-

effective for the system to develop a standard response and to set resources aside for such 

situations. Second, there are irregular threats or one-off events, for which is virtually 

impossible to provide a standard response. The very number of such events also makes the 

cost of doing so prohibitive. Finally, there are unexampled events, which are so unexpected 

that they push the responders outside of their collective experience envelope. For such events 

it is utterly impracticable to consider a prepared response, although their possible existence at 

least should be recognised. 

It is clear that proactive readiness, e.g. introduction of safety barriers, is only feasible for 

regular threats. However, that does not mean that irregular threats and unexampled events can 

be disregarded. They must, however, be dealt with in a different manner (Westrum, 2006).  

Epstein (2008) describes three senses of unexampled events from the PRA point of view. The 

first sense is that of an extraordinary, never thought of before, challenge to the normal, daily 

flow of a system, such as the September 11 attacks. The second is a combination of 

seemingly disparate events, practices, and influences, usually over time, which as if from 

nowhere suddenly create a startling state, as the operators at Three Mile Island discovered in 

1979. The third is one whose probability is so low that it warrants little attention, even if the 

consequences are severe, because even if one can postulate such an event, there is no 

example or evidence of such an event ever occurring 

In discussing the relationship between unexampled events and resilience, Epstein (2008) 

remark that no procedure is made for the unexampled - but if characteristics fortuitously exist 

that can aid in resilient response to critical and sudden exampled events, severe consequences 

may be dampened and perhaps stopped. According to Cook & Nemeth (2006) events that 

provoke resilient performances are unusual but not entirely novel. 

The attention of risk analysis is not on unexampled events and thus the standard operational 

culture is focused on procedures and rules for dealing with known disturbances and standard 

ways to respond. This is a correct approach, since without these aids controllable situations 

can easily escalate out of control - but not on its own. This first culture must be combined 

with a readiness for the unexampled event by playing with the model, question assumptions, 

run scenarios, and understand the uncertainty. The second culture moves away from the 

probable and into the possible following indications that the system may be going astray 

(Epstein, 2008). 
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3.3 Resilience Engineering 
Resilience Engineering (RE) is a modern approach to safety management that focuses on how 

to help people cope with complexity under pressure to achieve success (Hollnagel et al., 

2006). This research paradigm was developed as a reply to earlier system safety approaches 

which mainly strived to increase safety by looking back at the accidents that already 

happened and find the means to try and prevent them from happening again. Instead, 

resilience engineering views safety as the sum of the accidents that do not occur and thus 

claim that safety research should focus on the accidents that did not occur and try to 

understand why. Accidents are not seen as breakdowns or malfunctions of normal system 

functions, but instead represent breakdowns in the adaptations necessary to cope with the real 

world complexity (Dekker et al., 2008). Success is ascribed to the ability of individuals, 

groups, and organisations to anticipate the changing shape of risk before damage occurs - 

while failure is the temporary or permanent absence of that. Dekker (2006) claim that what is 

needed to get smarter at predicting future accidents are models of normal work. Resilience 

engineering is influenced by biological sciences by getting inspiration from how organisms 

adjust when they recognize a shortfall in their adaptive capacity.  

Although resilience engineering is expressed as offering a new approach to system safety, it 

does not mean that traditional methods and techniques developed over several decades must 

be discarded (Hollnagel et al., 2008). Instead, as many as reasonably possible of these 

methods should be retained, given that they are looked at anew and then possibly utilised in 

ways that differ from tradition. 

3.3.1 Definitions of resilience, resilience engineering and resilient systems 

Over the years numerous definitions of what resilience and resilient systems mean have 

emerged.  

In the domain of ecological systems Holling (1973) made an important distinction between 

two properties of such systems, resilience and stability, as: 

"Resilience determines the persistence of relationships within a system and is a measure of the ability 

of these systems to absorb changes of state variables, driving variables, and parameters, and still 

persist. In this definition resilience is the property of the system, and persistence or probability of 

extinction is the result. Stability, on the other hand, is the ability of a system to return to an 

equilibrium state after a temporary disturbance." (Holling, 1973, pp. 17) 

Resilience is in Hollnagel et al. (2006) defined as "the intrinsic ability of an organisation 

(system) to maintain or regain a dynamically stable state, which allows it to continue 

operations after a major mishap and/or in the presence of a continuous stress". 

Later, Hollnagel et al. (2008) defines a resilient system by "its ability effectively to adjust its 

functioning prior to or following changes and disturbances so that it can continue its 

functioning after a disruption or major mishap, and in the presence of continuous stresses". 
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In Nemeth et al. (2009) a small addition to the definition was added
3
 - " 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 disruption or a major 

mishap, and in the presence of continuous stresses".  

The latest definition of resilience to date is: "The intrinsic ability of a system to adjust its 

functioning prior to, during, or following changes and disturbances, so that it can sustain 

required operations under both expected and unexpected conditions" (Hollnagel, 2011). 

Other definitions of resilience or resilient systems that have appeared over the years include; 

Woods (2006) - "how well a system can handle disruptions and variations that fall outside of 

the base mechanisms/model for being adaptive as defined in that system", 

Fujita (2006a) - "systems tuned in such a way that it can utilize its potential abilities, whether 

engineered features or acquired adaptive abilities, to the utmost extent and in a controlled 

manner, both in expected and unexpected situations", 

Leveson et al. (2006) - "the ability of systems to prevent or adapt to changing conditions in 

order to maintain (control over) a system property", 

Cook & Nemeth (2006) - "Resilience is a feature of some systems that allows them to 

respond to sudden, unanticipated demands for performance and then return to their normal 

operating condition quickly and with a minimum decrement in their performance",  

Dekker et al. (2008) - "Resilience is the ability to recognize, absorb, and adapt to disruptions 

that fall outside a system's design base, where the design base incorporates soft and hard 

aspects that went into putting the system together (e.g. equipment, people, training, 

procedures)". 

Westrum (2006) put forward three major meanings of Resilience: 

 Resilience is the ability to prevent something bad from happening, 

 Or the ability to prevent something bad from becoming worse, 

 Or the ability to recover from something bad once it has happened. 

Lengnick-Hall & Beck (2009) define resilience capacity as the organizational ability and 

confidence to act decisively and effectively in response to conditions that are uncertain, 

surprising, and sufficiently disruptive that they have the potential to jeopardize long-term 

survival. 

Resilience is in thesis defined as "the capability of a system to respond in a controlled 

manner, either by means of established resources or by acting flexibly, in the face of both 

expected as well as unexpected events". The capability to respond in a controlled manner 

basically means that the system (in this case the crew) must figure out what to do and how to 

                                                 

3
 Emphasis added. 
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do it, that is to plan and execute actions to counteract the adverse event. Established resources 

include e.g. using procedures or make use of prior experiences in training, while acting 

flexibly means to come up with somewhat novel or innovative countermeasures to be able to 

respond to the adverse event accordingly.  

Hollnagel (2011) states that the working definition of resilience (as presented above) can be 

made more detailed by noticing that it implies four essential system abilities or cornerstones. 

Focusing on the issues that arise from each of these capabilities provides a way to think about 

resilience engineering in a practical manner. These four abilities will be presented in the 

following section. 

3.4 The four cornerstones of resilience 
For a system to be able to call itself resilient there are four essential capabilities; learning, 

monitoring, anticipating, and responding (Hollnagel, 2011). Figure 1 demonstrates what these 

abilities means and how they relate to each other. What follows is a more detailed walk-

through of what each cornerstone consists of, how they can be applied in practice, and how to 

determine the quality of them in the system under scrutiny. It is impossible to describe each 

of the four cornerstones in strict separation from each other and thus at times there will be 

connections between the capability in focus and other ones in the following sections. 

 

Figure 1. The four cornerstones of resilience. Adapted from Hollnagel (2011) 

3.4.1 Learning 

Learning from experience means knowing what has happened, in particular learning the right 

lessons from the right experience - successes as well as failures. This is the ability to address 

the factual (Hollnagel, 2011). 

It is indisputable that future performance only can be improved if something is learned from 

past performance. Indeed, learning is generally defined as 'a change in behaviour as a result 

of experience'. The effectiveness of learning depends on which events or experiences are 

taken into account, as well as on how the events are analysed and understood. According to 
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Dekker et al. (2008), one common bias is to focus on failures and disregard successes on the 

mistaken assumption that the two outcomes represent different underlying "processes". Other 

biases are to only look at accidents, and not incidents or unsafe acts, or to only focus on 

adverse events that happen locally and disregard experiences that could be learned from other 

places. Further, how the events are described largely affects the results, as previously 

elaborated in the review of accident models.  

Learning requires a careful consideration of which data to learn from, when to learn, and how 

the learning should show itself in the organisation - as changes to procedures, changes to 

roles and functions, or changes to the organisation itself (Hollnagel et al., 2008). 

In order for effective learning to take place there must be sufficient opportunity to learn, 

events must have some degree of similarity, and it must be possible to confirm that something 

has been learned (this is why it is difficult to learn from rare events). Learning is a change 

that makes certain outcomes more likely and other outcomes less likely. It must therefore be 

possible to determine whether the learning (the change in behaviour) has the desired effect. 

In learning from experience it is important to separate what is easy to learn from what is 

meaningful to learn. Knowing how many accidents have occurred says nothing about why 

they occurred, nor anything about the many situations when accidents did not occur (Dekker 

et al., 2008). In addition, as Weinberg and Weinberg (1979) argue, the better job a regulator 

does the less information it gets about how to improve. Since the number of things that go 

right is many orders of magnitudes larger than the number of things that go wrong,  it makes 

good sense to try to learn from representative events rather than from failures alone 

(Hollnagel, 2011). Probing questions for the ability to learn by Hollnagel (2011) is presented 

in table 1 below. 

 

Table 1 - Probing questions for the ability to learn. Adapted from Hollnagel (2011) 

  

Analysis item (ability to learn) 

Selection 

criteria 

Is there a clear principle for which events are investigated and which are not 

(severity, value, etc.)? Is the selection made systematically or haphazardly? Does the 

selection depend on the conditions (time, resources)? 

Learning basis Does the organisation try to learn from what is common (successes, things that go 

right) as well as from what is rare (failures, things that go wrong)? 

Data collection Is there any formal training or organisational support for data collection, analysis 

and learning? 

Classification How are the events described? How are data collected and categorised? Does the 

categorisation depend on investigation outcomes? 

Frequency Is learning a continuous or discrete (event-driven) activity? 



 
20 

 

Resources Are adequate resources allocated to investigation/analysis and to dissemination of 

results and learning? Is the allocation stable or is it made on ad hoc basis? 

Delay What is the delay between the reporting the event, analysis, and learning? How fast 

are the outcomes communicated inside and outside of the organisation? 

Learning target On which level does the learning take effect (individual, collective, organisational)? 

Is there someone responsible for compiling the experiences and making them 

'learnable'? 

Implementation How are 'lessons learned' implemented? Through regulations, procedures, norms, 

training, instructions, redesign, reorganisation, etc.? 

Verification/ 

maintenance 

Are there means in place to verify or confirm that the intended learning has taken 

place? Are there means in place to maintain what has been learned? 

3.4.2 Monitoring 

Monitoring means knowing what to look for, that is, how to monitor that which is or can 

become a threat so much in the near term that it will require a response. The monitoring must 

cover both that which happens in the environment and that which happens in the system 

itself, that is, its own performance. This is the ability to address the critical. 

Hollnagel (2011) argue that a resilient system must be able flexibly to monitor its own 

performance as well as changes in the environment. Monitoring enables the system to address 

possible near-term threats and opportunities before they become reality. In order for the 

monitoring to be flexible, its basis must be assessed and revised from time to time. Hollnagel 

(2009) claims that in order to address the critical, in order to know what to look for, the most 

important thing is a set of valid and reliable indicators. The best solution is to base indicators 

on an articulated model of the critical processes of the system. 

Monitoring can be based on 'leading' indicators that are bona fide precursors for changes and 

events that are about to happen. The main difficulty with 'leading' indicators is that the 

interpretation requires an articulated description, or model, of how the system functions. In 

the absence of that, 'leading' indicators are defined by association or spurious correlations. 

Because of this, most systems rely on current and lagging indicators, such as on-line process 

measurements and accident statistics. The dilemma of lagging indicators is that while the 

likelihood of success increases the smaller the lag is (because early interventions are more 

effective than late ones), the validity or certainty of the indicator increases the longer the lag 

(or sampling period) is (Hollnagel, 2011).  

In the nuclear domain, in situations when crucial indicators are missing operator crews must 

rely on their plant knowledge, situational awareness, and problem-solving skills to diagnose 

the problem by other indicators (Furniss et al., 2010). Probing questions for the ability to 

monitor by Hollnagel (2011) is presented in table 2 below. 
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Table 2 - Probing questions for the ability to monitor. Adapted from Hollnagel (2011) 

  

Analysis item (ability to monitor) 

Indicator list How have the indicators been defined? (By analysis, by tradition, by industry 

consensus, by the regulator, by international standards, etc.) 

Relevance When was the list created? How often is it revised? On which basis is it revised? Is 

someone responsible for maintaining the list? 

Indicator type How appropriate is the mixture of 'leading', 'current' and 'lagging indicators'? Do 

indicators refer to single or aggregated measurements? 

Validity For 'leading' indicators, how is their validity established? Are they based on an 

articulated process model? 

Delay For 'lagging' indicators, what is the duration of the lag? 

Measurement 

type 

How appropriate are the measurements? Are they qualitative or quantitative? (if 

quantitative, is a reasonable kind of scaling used?) Are the measurements reliable? 

Measurement 

frequency 

How often are the measurements made? (Continuously, regularly, now and then?) 

Analysis / 

interpretation 

What is the delay between measurement and analysis/interpretation? How many of 

the measurements are directly meaningful and how many require analysis of some 

kind? How are the results communicated and used? 

Stability Are the effects that are measure transient or permanent? How is this determined? 

Organisational 

support 

Is there a regular inspection scheme or schedule? Is it properly resourced? 

3.4.3 Anticipating 

Anticipating means knowing what to expect, that is, how to anticipate developments, threats, 

and opportunities further into the future, such as potential changes, disruptions, pressures, and 

their consequences. This is the ability to address the potential. 

While monitoring makes immediate sense, it may be less obvious that it is useful to look at 

the more distant future as well. The purpose of looking at the potential is to identify possible 

future events, conditions, or state changes that may affect the system's ability to function 

either positively or negatively (Hollnagel, 2011). Looking into the future must be based on 

methods that go beyond cause-effect relations. It is also important to point out that looking at 

the potential in itself requires taking a risk since it may lead to an investment in something 

that is not certain to happen. This is a management (blunt-end) issue as much as an 

operational (sharp-end) issue (Dekker et al., 2008). 

Hollnagel (2009) argues that the time horizons as well as the way it is done differ between 

monitoring and anticipating. In monitoring, a set of pre-defined cues or indicators are 
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checked to see if they change, and if it happens in a way that demands a readiness to respond. 

In looking for the potential, the goal is to identify possible future events, conditions, or state 

changes - internal or external to the system - that should be prevented or avoided. While 

monitoring tries to keep an eye on the regular threats, looking for the potential tries to 

identify the most likely irregular threats. 

In a report concerning 'real time' resilience in aviation, Pariès (2011) claims that anticipation 

is not uniformly distributed throughout a large system. The global system may anticipate 

occurrences that are too rare to be even thought of at local scales, while local operators will 

anticipate situations that are much too detailed to be tackled at a larger scale. This raises the 

issue of the coupling between the different levels of organisation within a system, what 

Woods (2006) calls 'cross-scale interactions'. 

Woods (2011) sums up identified patterns about how resilient systems anticipate including: 

 Resilient systems are able to recognise that adaptive capacity is falling. 

 Resilient systems are able to recognise that buffers or reserves become exhausted. 

 Resilient systems are able to recognise when to shift priorities across goal tradeoffs. 

 Resilient systems are able to make perspective shifts and contrast diverse perspectives 

that go beyond their nominal position. 

 Resilient systems are able to navigate changing interdependencies across roles, 

activities, levels, goals. 

 Resilient systems are able to recognise the need to learn new ways to adapt. 

Adamski & Westrum (2003) claim that the fine art to anticipate what might go wrong means 

taking sufficient time to reflect on the design to identify and acknowledge potential problems. 

This design issue is called 'requisite imagination' and has to be optimised by having available 

domain expertise to be able to anticipate what might go wrong when the task design is placed 

into its operating environment and implemented under all likely conditions. This is important 

both for the designer of technology but also for the operating organisation (Westrum, 2006).  

Requisite imagination depends on expertise, that is, a fundamental understanding of the 

system and how it works. Part of expertise is learning from experience. In a narrow sense, 

experience means seeing what has happened before. But more broadly, experience means 

developing judgment about the kinds of things that are likely to go wrong, what can be 

trusted, and what cannot be trusted. Requisite imagination also depends on the will to think. 

Requisite imagination might also mean the will to think about how to save an apparently 

"hopeless" situation (Westrum, 2009). 

Westrum (2009) bring up the subject of a human envelope of care that exists around every 

socio-technical system. This human envelope includes many different groups: the designers, 

the operators, the managers, technical support, the regulators, and so on. The social 

architecture and management of the human envelope is a key to the success of large socio-

technical systems. To build this human envelope and to make it sound and resilient Westrum 

(2009) mention the preliminary requirement of training. The team that goes into action is 
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shaped by the quality of the training and thus it is absolutely essential that the training be 

intense and realistic. 

The design of the human envelope does not try to envision everything that might happen. 

Rather, it tries to prepare a set of people to handle whatever it is that does happen. This is 

key, because experience has shown that - good as requisite imagination is - it is never perfect 

and one has to be ready to confront the unexpected (Westrum, 2009). Probing questions for 

the ability to anticipate by Hollnagel (2011) is presented in table 3 below. 

Table 3 - Probing questions for the ability to anticipate. Adapted from Hollnagel (2011) 

  

Analysis item (ability to anticipate) 

Expertise Is there expertise available to look into the future? Is it in-house or outsourced? 

Frequency How often are future threats and opportunities assessed? Are assessments (and re-

assessments) regular or irregular? 

Communication How well are the expectations about future events communicated or shared within 

the organisation? 

Assumptions 

about the 

future (model 

of future) 

Does the organisation have a recognisable 'model of the future'? Is this model clearly 

formulated? Are the models or assumptions about the future explicit or implicit? Is 

the model articulated or a 'folk' model (e.g., general common sense)? 

Time horizon How far does the organisation look ahead? Is there a common time horizon for 

different parts of the organisation (e.g. for business and safety)? Does the time 

horizon match the nature of the core business process? 

Acceptability 

of risks 

Is there an explicit recognition of risks as acceptable and unacceptable? Is the basis 

for this distinction clearly expressed? 

Aetiology What is the assumed nature of future threats? (What are they and how do they 

develop?) What is the assumed nature of future opportunities? (What are they and 

how do they develop?) 

Culture To which extent is risk awareness part of the organisational culture? 

 

 3.4.4 Responding 

Responding means knowing what to do, that is, how to respond to regular and irregular 

variability, disruptions, disturbances, and opportunities either by implementing a prepared set 

of responses or by adjusting normal functioning. This is the ability to address the actual. 

At the 'sharp end' of the system, responding to the situation includes assessing the situation, 

knowing what to respond to, finding or deciding what to do, and when to do it. The readiness 

to respond mainly relies on two strategies. The first - and proactive one - is to anticipate the 

potential disruptive situations and predefine ready-for-use-solutions (e.g., abnormal or 
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emergency procedures, specific reaction skills, crisis response plans, and so on). The second - 

and reactive one - is to generate, create, invent, or derive ad hoc solutions. (Pariès, 2011) 

Hollnagel (2011) argue that in order to respond, the system must first detect that something 

has happened, then recognize the event and rate it as being so serious that a response is 

necessary and finally know how and when to respond and be capable of responding. The 

detection depends on what the system looks for in terms of pre-defined categories of critical 

events or threats (Dekker et al., 2008), i.e. that which stems from the monitoring capability. 

If an event is rated as serious, the response can either be to change from a state of normal 

operation to a state of readiness or to take a specific action in the concrete situation. In order 

to take action it is necessary to have prepared responses, which really only makes sense for 

regular threats, and the requisite resources, or to be flexible enough to make the necessary 

resources available when needed. In responding to events it is essential to be able to 

distinguish between what is urgent and what is important. 

Hollnagel (2009) asks the question of how to engineer resilience. In order to address the 

actual, in order to know what to do, a system must have a clearly defined set of events to 

which it is ready to respond. So one step towards resilience is to develop or produce this set 

in a systematic manner. Dekker et al. (2008) adds that it must be clear why events are 

included in the set, both to be able to develop effective responses and in order to judge 

whether the events are still relevant. This is important to prevent the system from wasting 

efforts in being prepared for events that should be of no concern, as well as being unable to 

respond to events that should be. A second issue is how the readiness is established, i.e. how 

effective responses are formulated and how they are verified or ensured. A third issue is how 

the readiness is maintained. 

Johansson and Lundberg (2010) in discussing the difference between stability and resilience, 

highlights that instead of trying to maintain stability in the face of irregular or unexampled 

events, the system needs to respond by adapting itself to the new circumstances. In such a 

case, to improve resilience, the resilience engineer might enhance the ability to adapt prior to 

an event, for instance by training personnel. During the event, the trained personnel might use 

the human abilities of improvisation and innovation, based on their experience from training. 

This is opposed to the stability-enhancing strategy of trying to predict the event in advance, 

and prescribe rules for action. 

Furniss et al. (2010) suggest that resilience responses can be of two kinds. In the first kind 

they are created, in which case a high degree of innovation is used, and in the second 

established resilience responses are reapplied, adapted, and shared within a system. Probing 

questions for the ability to respond by Hollnagel (2011) is presented in table 4 below. 

Table 4 - Probing questions for the ability to respond. Adapted from Hollnagel (2011) 

  

Analysis item (ability to respond) 
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Event list Is there a list of events for which the system has prepared responses? Do the events 

on the list make sense and is the list complete? 

Background Is there a clear basis for selecting the events? Is the list based on tradition, 

regulatory requirements, design basis, experience, expertise, risk assessment, 

industry standard, etc.? 

Relevance Is the list kept up-to-date? Are there rules/guidelines for when it should be revised 

(e.g. regularly or when necessary?) On which basis is it revised (e.g. event statistics, 

accidents)? 

Threshold Are there clear criteria for activating a response? Do the criteria refer to a threshold 

value or a rate of change? Are the criteria absolute or do they depend on 

internal/external factors? Is there a trade-off between safety and productivity? 

Response list How is it determined that the responses are adequate for the situations they refer 

to? (Empirically, or based on analyses or models?) Is it clear how the responses have 

been chosen? 

Speed How soon can an effective response begin? How fast can full response capability be 

established? 

Duration For how long can an effective response be sustained? How quickly can resources be 

replenished? What is the 'refractory' period? 

Resources Are there adequate resources available to respond (people, materials, competence, 

expertise, time, etc.)? How many are kept exclusively for the prepared responses? 

Stop rule Is there a clear criterion for returning to a 'normal' state? 

Verification Is the readiness to respond maintained? How and when is the readiness to respond 

verified? 

 

To measure resilience Hollnagel (2011) proposes that four sets of questions connected to the 

resilience capabilities can be used to develop a Resilience Analysis Grid (RAG), so that the 

answers to these questions can be used to construct a resilience profile. It is emphasised that 

the probing questions presented in the tables above is domain independent and thus should 

not be used without confirming their relevance. Hence, the questions used could either be a 

subset of these, reformulated ones, or completely new ones. Hollnagel (2011) also argue that 

the relative weight or importance of the four capabilities may differ between domains. The 

RAG has been applied to integrated planning in an oil company by Apneseth (2010). 

The procedure for filling out a RAG consists of the following steps: 

 Define and describe the system for which the RAG is to be constructed 

 Select a subset of relevant questions for each of the four capabilities 

 Rate the selected questions for each capability 

 Combine the ratings to a score for each capability, and for the four Capabilities 

combined 
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In the next section several studies concerning procedures use and flexibility and/or 

emergency operations in NPPs are presented. 

3.5 Previous studies of relevance 
In the section below previous studies relevant to and motivating this project is presented. 

These are categorised into two subsections - the first deals with procedure use and flexibility, 

and the second present previous studies of emergency operations in nuclear power plants. 

However, since procedures are an indispensable part of NPP control room work and 

emergency operations, some procedure related findings from NPP studies will also be 

presented in the second subsection.  

3.5.1 Procedure use and flexibility 

Grote et al. (2009) points to an important factor in determining the right balance between 

standardization and flexibility. That is the amount and nature of uncertainties stemming from 

within the organisation and its environment. There are two distinct ways in which to handle 

uncertainty. The first relies on high standardization and programming of work flows. This 

approach thus tries to minimize uncertainty, or the effects of uncertainty, in the organisation 

by using mainly feed-forward control. In this minimising uncertainties approach the operative 

degrees of freedom are reduced through procedures and automation. Disturbances are seen as 

flaws in the system design and are trying to be avoided. The second approach aims to enable 

each member of the organisation to handle uncertainties locally and to allow for feedback 

control. In this coping with uncertainties approach the operative degrees of freedom are 

maximised through complete tasks and lateral cooperation. Here, disturbances are seen as 

opportunities for use and expansion of individual competencies, and for organisational 

innovation and change (Grote et al., 2009). 

In most high-risk organisations there has been a reliance on minimising uncertainties. 

Following accidents and incidents, standardisations in the form of operating procedures has 

been developed with ever increasing detail in order to streamline human action and reduce its 

influence as a risk factor. Generally there is an understanding that rules are a useful guide for 

safe behaviour, but several drawbacks exist - especially in states of abnormal operations 

where the human actors need strong, but also flexible guidance. Firstly they do not allow the 

performing actor to develop an underlying plan of their own. Secondly it may turn into an 

over-reliance, impeding switches to more explicit coordination and to higher levels of 

common action regulation, i.e. switches from skill-based to rule-based or to knowledge-based 

behavior. And thirdly, although standardizations create a common framework for team 

behaviour which is helpful under most conditions, the need for coordination is reduced. The 

expectation of shared goals, plans, perspectives, and knowledge bases created by reference to 

the same set of standard operating procedures does involve the risk of not realizing the need 

for explicit coordination, especially in non-routine situations (Grote et al., 2009). 

Grote et al. (2009) building on previous work by Rasmussen (1997) claims that instead of 

fighting deviations, rules should explicitly clarify boundaries and suggest ways of handling 

system states close to these boundaries. The boundary conditions should be in terms of 

system parameters and behaviours. Also, if rules (or procedures) have exceptions in them, it 
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is important to discuss the level of detail and whether local knowledge should be incorporated 

in the rules or rather be provided by complementary training (Grote et al., 2009). 

Grote et al. (2009) concludes that if rules and routines must be enacted to actually exist in an 

organisation (and not just on paper), and if this enactment process inevitably allow for some 

degree of variation of that rule, the acceptance of this as a fact by the organisations' members 

(especially executives and rule-makers) could improve the organisations' capabilities of 

managing uncertainties. In high-risk organisations there would still be a need for a high 

degree of standardisation, but with this knowledge in mind, the design of better rules - that 

give its users decisions latitude when possible and needed - could be achieved. Fujita (2006b) 

argue that work rules and procedures that are tuned to pre-described scenarios may be too 

specific and rigid, while those that can flexibly absorb fluctuating reality may be too general 

and loose. What matters more though is not the way rules and procedures are specified, but 

the way in which humans actually behave. 

In discussing the system properties of resilience and stability, Johansson and Lundberg 

(2010) argue that what is needed is a balance between resilience and stability. Stability is 

needed to cope with expected disturbances, while resilience is needed in order to survive 

unexpected events. There seems to be a relationship between the different kinds of threats 

described by Westrum (2006) and the properties of resilience and stability. For regular 

events, the focus should be on fine-tuning the system to re-attain stability, rather than 

improve the resilience of the system. The demand for increased system resilience is instead 

vital to be able to respond to irregular threats or unexampled events. 

In connection to this, Nathanael & Marmaras (2008) claims that enhancing organisational 

resilience involves an acknowledgment of the mute dialectic between what is experienced 

and what is prescribed. It is by monitoring and facilitating this dialectic, not by disregarding 

or inhibiting it, that an organisation ultimately gains in ability to absorb diverse threats and 

adapt accordingly. If this dialectic is inhibited by merely trying to enforce compliance with 

what is prescribed, an organisation risks losing its ability to respond and adapt in the face of 

the unexpected, although it may gain in short term predictability of behaviour (Nathanael & 

Marmaras, 2008). 

In reviewing safety management in airlines, Dijkstra (2006) claims that the approach to safety 

management build on the world view that compliance with procedures is always possible, all 

procedures are perfect, that no failures outside of the design occurs, that all performance is 

constant, and that there are no constraints which limit the ability of people to have full 

knowledge certainty and time to do their work. Following this view, accidents are caused by 

deviations from the approved procedures, rules and regulations. A more realistic view instead 

is that the complexity of our world is not so predictable that all rules, regulations and 

procedures are always valid and perfect. This means that people have to improvise when 

conditions do not meet the specifications as stated in the procedure, and trade-offs have to be 

made between competing goals, and that this is normal work (Dijkstra, 2006). 
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In the same vein, Dekker (2001) claims that there is a model about safety and procedures in 

aviation which rest on the following premises: 

 Procedures present the best thought-out, and thus the safest way to carry out a job. 

 Procedure-following is mostly a simple IF-THEN rule-based mental activity: IF this 

situation occurs, THEN this algorithm applies. 

 Safety results from people following procedures. 

 For progress on safety, organisations must invest in people's knowledge of procedures 

and ensure that they are followed carefully. 

Dekker (2001) continues with declaring that operational people must interpret procedures 

with respect to a collection of actions and circumstances that the procedures themselves can 

never fully specify. Therefore, another model about safety and procedure use are proposed 

which rest on these premises: 

 Procedures are resources for actions and do not specify all circumstances to which 

they apply. Procedures cannot dictate their own application. Procedures cannot, in 

themselves, guarantee safety. 

 Applying procedures successfully across situations can be a substantive and skilful 

cognitive activity. 

 Safety results from people being skilful at judging when and how (and when not) to 

adapt procedures to local circumstances. 

 For progress on safety, organisations must monitor and understand the reasons behind 

the gap between procedures and practice. Additionally, organisations must develop 

ways that support people's skill at judging when and how to adapt. 

Cook & Woods (2006) identified significant limitations in procedures and policies in a case 

study on a chemical fire occurring during maintenance in a large, high technology product 

manufacturing plant. For instance, workers had been called on to perform multiple 

procedures at the same time and develop their own task sequencing to manage the 

combination, despite that the checklists contained extensive procedural specifications. In 

addition, although the primary purpose of having one worker observe another to detect 

beginning failures was to increase safety, it was impossible to carry out effectively during 

critical parts of the procedures. Some parts of the procedures were so complex that one 

person had to read the sequence from a computer screen while the other performed the steps. 

It is important to stress though that this company was taking safety seriously and had 

excellent safety records within the industry. 

3.5.2 Emergency operations in nuclear power plants 

Woods (1984) and Woods et al. (1987) studied simulated and actual nuclear power plant 

emergency operations and found that good operations require more than rote rule following 

and that in certain events some degree of adaptability from the local actors was needed. In 

these studies problems occurred either when local actors failed to adapt plans and procedures 

to local conditions, often because they failed to understand that the plans might not fit actual 

circumstances, or when they adapted plans and procedures without considering the larger 
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goals and constraints in the situation. Given the potential for surprise in specific situations, 

local actors must adapt the plans and procedures to the situation based on their understanding 

of the intent and goals of the detailed steps in the plan (Woods & Shattuck, 2000). Therefore, 

the flexibility given to actors in situations in which procedures are inadequate to cope with 

must be determined on an organisational level. 

Hildebrandt et al. (2008) aimed to understand a nuclear industry practitioner‟s view on 

resilience and its relevance for nuclear operations. To support the researchers in interviewing 

the practitioner on the topic of resilience, a resilience timeline was constructed which acted as 

a boundary object between practitioner and researcher. The idea was that this representation 

would make it easier to convey the core ideas of resilience to someone unfamiliar with the 

concept. The resilience timeline represents preventive and reactive resilience around a 

hypothetical initiating event (e.g. accident). The timeline also includes different 

organizational levels, resilience mechanisms, a description of threats to the system and to its 

resilience, and goals and means of resilience engineering. The resilience timeline is depicted 

in figure 2 below. 

 

Figure 2. The resilience timeline. Source: Hildebrandt et al. (2008). 

During the interview the practitioner expressed that beyond design-base scenarios are 

inadequately addressed in existing safety approaches, and that this is reflected in the training 

of nuclear operators. Thus he claimed that this kind of scenarios, and the resilient response 

they require, should be much more emphasised during simulator training. Instead there seem 

to be an emphasis on rehearsing well-known scenarios where success is almost guaranteed by 
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following the procedures. The practitioner believed that both an understanding of the goals of 

the procedure and through work practices in procedure reading are necessary to create 

resilience. Further on, he claimed that operators do not completely step outside the EOPs but 

rather that they will use and adapt resources in new and unforeseen ways. This flexibility to 

interpret procedures and to match them to the operational context is essential for success, 

since it is impossible to include every possible accident scenario by foresight. Resilience 

seemed like a useful concept to capture this essential aspect of nuclear operations. 

The practitioner closely connected resilience with compensation mechanisms. These include 

operators in different roles compensating each other, crews compensating for deficient 

system design, as well as the automatic safety functions, procedures and control room 

instrumentation to some extent compensating for a crew‟s erratic work style. Another topic 

was flexibility of roles, where the practitioner suggested that although some degree of 

flexibility appears useful for managing workload peaks, it is equally important that all roles 

are filled at all times (Hildebrandt et al., 2008). 

Furniss et al. (2010) developed and applied a resilience markers framework to HAMMLAB-

data to identify resilience episodes. These episodes are briefly presented below.  

In the first episode the reactor operator said "we are actually in the wrong procedure" to the 

rest of the crew. This episode was seen as significant because actions by one member of the 

crew increased the likelihood that the crew remained in control. The crew member became 

aware of a threat, raised it with their colleagues for consideration, and without this 

acknowledgment the team would not have had the opportunity for corrective action. This is 

claimed to be an example of taking steps to proactively manage performance variability as 

events unfold.  

In another episode the reactor operator asked the shift supervisor for advice on what to do. 

The shift supervisor reasoned that they had done what they could for the time being and 

continued to gather information and try to work out what was happening. Instead of having 

the RO do nothing, the SS told him to wait and look ahead in the procedures. This episode 

was judged as significant because the crew anticipated demand in the future and took steps 

increase their potential to respond adequately. This was seen as an example of proactively 

investing 'now' so performance variability can be better managed later. 

In a third episode the SS instructed the RO to put a paper clip in the procedures so that they 

could find where it referred to a pressure indicator in the future. This was judged to be 

significant because the operator seemed to be aware of their cognitive limitations and took 

positive steps to mitigate errors and delays in relation to these. The authors claim that this 

strategy enhances performance and is outside design-basis. 

While under a high workload another episode was identified when the RO asked the SS to 

take care of the alarms. This was judged as significant because the team recognised the 

vulnerability of what a high workload can bring and self organised to better manage this 

performance variability. The authors do however point out that sharing work and functioning 
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as a team is encouraged, but the supervisor should keep enough distance to maintain an 

overview of the situation. 

Massaiu et al. (2011) have created a model of crew decision in emergency operations linking 

two different control modes to features of the environment (e.g. procedures) and to crew 

expertise. In this model, called the Guidance-Expertise Model (GEM), emergency operating 

procedures have a prominent role both since they constitute the basis for the control room 

operator‟s work during emergencies and since this type of guidance sets it apart from other 

naturalistic decision settings. The model is represented in figure 3 below. 

 

Figure 3. The Guidance-Expertise Model. Source: Massaiu et al. (2011) 

Control is in this model defined as the way the next action at any given point in time is 

chosen. The two control modes are called Narrowing and Holistic View and differ in aspects 

of subjective time horizon of the operators and the way the situation is interpreted. 

In narrowing, the operator's horizon is limited by what is referenced to in the procedures and 

attention is focused on a single thing in a time. The main resources for acting during this 

mode are the procedures and previous training. The operators get guided by the procedures 

and no other information is actively searched.  

In contrast, during holistic view the operators interpret the procedure steps in relation to 

situational dynamics. This means that information not directly called for by the procedures is 

actively searched in the control room panels and through communication between crew 

members to create an interpretation of the situation in a functional way. This mode is 

analogous to the concepts of situation awareness and sense-making. Holistic view also 

includes metacognition which can manifest itself in several ways (Massaiu et al., 2011). 
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Both control modes can be desirable and even required during emergency responses. 

Narrowing is preferred for reliable procedure following while holistic view is needed when 

operator's initiative is required, e.g. when procedures need interpretation. Changing from one 

control mode to the other during operations can be challenging, especially when changing 

from narrowing to holistic view. When changing from holistic view to narrowing the 

necessary local focus and attention, as well as the right pace might be difficult. In addition 

slips and lapses may result from the challenge in reconstructing an uncompleted course of 

action from the exact point it was left. If the crew is continuing in narrowing mode although 

the required control mode is holistic view, by engaging in problem solving behaviour without 

the realisation of the necessary cognitive functions of holistic view, the global situation 

understanding may be lost. This kind of sustained periods of narrowing is termed persistent 

narrowing. To establish holistic view a consistent mental representation of the situation has 

to be made, regardless of its correctitude (Massaiu et al., 2011). 

Crew expertise or competence affects the ability to establish holistic view after periods of 

narrowing. In the GEM model crew expertise is assessed through the quality of teamwork as 

manifested by specific team behaviours. The teamwork dimensions are presented in table 5 

below. 

Table 5 - Teamwork dimensions. Adapted from Massaiu et al. (2011). 

Teamwork dimension Indicators 

Progress monitoring  - Active attention to process evolution  

- Keeping track of ambiguities 

Communicating 

intents 

-Initiatives to consultations followed up 

-Suggesting actions 

-Leader gives clear directions 

Communicating 

interpretations 

-Exchanging interpretations and detections/update 

-Synthesizing interpretations (includes successful meetings-crew briefings) 

Looking for same cues  -Reacting to reported detections 

Reconciling 

viewpoints 

-Leader takes into account others’ viewpoints 

-Efficient use of crew members’ opinions 

Adaptiveness -Assessing and questioning current mission (opposite to fixation on current plan 

and explaining away) 

-Willingness to reconsider (opposite to leaders over controlling, 

micromanaging and interrupting) 

- Lack of fixation in one hypothesis 
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Back up - Lack of leadership (reversed) 

- Disengagement (reversed) 

- Subordinates take initiative 

-Leader support 

Team monitoring and 

flexibility 

-Supervisor monitors team’s work 

-Evaluating procedure appropriateness 

-Detecting strains in teamwork and make adjustments 

-Reallocating tasks to spread workload 

-Having structured meeting if consultations while working are insufficient 

 

In another study, Braarud & Johansson (2010) investigated team cognition and its‟ 

relationship to performance in a complex but highly procedure guided accident scenario 

(SGTR) conducted in HAMMLAB. Differences between the best and poorest performing 

crews, according to diagnosis time, were evaluated and described from a set of team 

cognition dimensions which describe important aspects of operation for performance 

outcome. What the team cognition dimensions mean and how they differ between the best 

and poorest performing groups will be described next. 

The first dimension is mission analysis which includes two critical parts. One is making the 

mission, the strategy and the basis for the mission explicit within the team and the other is to 

reflect on these mission elements. Of importance here is the metacognitive activity of the 

team, that is, reflection and evaluation of the current mission and the basis for adopting it. 

The best performing teams worked relatively much in a way that can be labelled “beyond and 

in addition the directly procedure guided work” while the poorest performing teams instead 

followed the procedure guidance relatively literally.   

Another dimension is team orientation – taking the views, information and assessments from 

team members into account in the situation assessment and in the response planning. In short 

this means how the team utilises its cognitive resources. A majority of the best performing 

teams consulted while performing the task work. This means they were able to 

simultaneously perform the technical work, exchange detections and interpretations in the 

team and with the input from all the team members efficiently synthesise the information to 

hypothesise for diagnosis. None of the poorest performing teams were performing 

consultations simultaneously with the technical work in a substantial way. In addition, the 

leadership turned out to be more distributed between the Shift Supervisor and Reactor 

Operator in the good performing groups. Although this distributed leadership was related to 

good performance, the central role of the supervisor was identified since an active RO in 

consultation still had to be supported by the SS or there had to be sufficient interaction 

between the SS and the RO. In the best performing teams the SS was quite involved in 
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several simultaneous tasks while the SS of the poor performing teams more were more 

restricted to perform only one or a few tasks at a time. 

The third dimension is progress monitoring which involves the tracking of progress towards 

mission accomplishment. 

Fourth, global situation assessment means keeping overview of the environmental conditions 

e.g. the main systems and the plant process‟ main global parameters. This overlaps to some 

extent with progress monitoring but the scope is broader since global monitoring is about the 

whole system and not just a given objective. 

Further there is team monitoring, meaning the process of monitoring each other activities to 

be able to anticipate the need for back up and to be able to provide efficient support when 

requested. In the best performing groups there were clear indications that the SS followed and 

monitored the technical work. This could not be recognised in the poor performing teams. 

Another dimension is back-up behaviour and support which can occur when team members 

anticipate the need for support of another team member or as a result of requests from a team 

member. 

Finally, there is a dimension named adaptability and robustness. Adaptability includes the 

ability to detect deviations from expected paths and to readjust the operation accordingly. 

This is connected to assessing changes in the environment and thus relates to global situation 

assessment. The robustness of the team includes the ability to perform adequately in the light 

of unforeseen demand such as unfamiliar plant deviations. 

Braarud & Johansson (2010) points to the implications of the results to safety analysis as a 

need to use methods that include specific aspects of the team level, and the importance of 

taking team‟s situation assessment and response planning beyond the procedure guided task 

flow into account. 
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4. Methodological background 
In the following sections theoretical background on using interviews as a qualitative research 

tool and subsequent interview data analysis is presented. 

4.1 Interview research 
Patton (2002) recognises interviews as one of three kinds of qualitative data collection, the 

other two being direct observations and written documents. Miles and Huberman (1994) 

suggest some recurring features of qualitative research including; 

 Qualitative research is conducted through an intense and/or prolonged contact with a 

‟field‟ or life situation. These situations are typically „banal‟ or normal ones, 

reflective of the everyday life of individuals, groups, societies and organisations.  

 The researcher's role is to gain a „holistic‟ overview of the context under study: its 

logic, its arrangements, and its explicit and implicit rules. 

 The researcher attempts to capture data on the perceptions of local actors „from the 

inside‟, through a process of deep attentiveness, of empathetic understanding, and of 

suspending or „bracketing‟ preconceptions about the topics under discussion. 

 Relatively little standardise instrumentation is used at the outset. The researcher is 

essentially the main „measurement device‟ in the study. 

 Most analysis is done with words. The words can be assembled, sub clustered, broken 

into semiotic segments. They can be organised to permit the researcher to contrast, 

compare, analyse and bestow patterns upon them.  

Interviews are a common approach to qualitatively try to investigate and understand 

phenomena by asking people connected to the field of interest to talk about it in their own 

words. Kvale (1997) define a research interview as an interview whose purpose is to obtain 

descriptions of the life world of the interviewee with respect to interpreting the meaning of 

the described phenomena. Holstein & Gubrium (1997) claim that interviewing provides a 

way of generating empirical data about the social world by asking people to talk about their 

lives. Seidman (2006) argues that an interest in understanding the lived experience of other 

people and the meaning they make of that experience is at the root of in-depth interviewing.  

There are different kinds of interviews ranging from completely structured, both in terms of 

what questions and the order in which these are asked, to informal conversations with no 

distinct structure. In between these extremes there are half-structured or semi-structured 

interviews where questions are prepared prior to the actual interview situation but still open 

to new turns and subjects as the interview unfolds. The goal is to have the participant 

reconstruct his or her experience within the topic under study. The interviewer have an initial 

idea of what topics the interview should concern but as the interviewee bring up other 

interesting, maybe even surprising, themes these may be worked upon as well. In semi-

structured interviews the order in which the questions are asked may also change from one 

interview to another depending on how it unfolds. 

Kvale (1997) puts forward some advantages with the semi-structured interview in 

comparison to the structured. One advantage is that it is a useful approach to gain a lot of 
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information about the interviewee's opinion on the topic of interest. In addition, the semi-

structured interview has the potential to create a feeling of trust between the interviewer and 

the interviewee making her or him more willing to answer the questions thoroughly.  Semi-

structured interviews demands the interviewer to be able to make rapid decisions about what 

to ask and how to ask it,  what aspects of the interviewees' answers to follow up or not, and 

which answers to interpret and which not to. In structured interviews the interviewer more or 

less only has to read out loud the pre-determined questions in the interview guide.   

Each interview question may also result in different answers depending on how it is put. An 

open question make for a more detailed description while a closed question may be answered 

simply by yes or no. Responses to open-ended questions permit one to understand the world 

as seen by the respondents, and thus the purpose of gathering responses to these is to 

understand and capture the points of view of other people without predetermining those 

points of view through prior selection of questionnaire categories (Patton, 2002). Open 

questions may begin with 'what...', 'how...', or 'why...' whereas closed questions instead start 

off with 'do you...', 'is it...', 'will you...' (Häger, 2007). How to formulate a question depends 

on what the researcher aims to get out of the answer. For instance, follow up questions to 

confirm something previously stated by the interviewee shall be closed or even formulated by 

reciting a statement made earlier. 

Kvale (1997) presents seven stages of interview research; 

1. Theme. Formulate the purpose of the investigation and describe investigation's topic 

before the interviews are performed.  

2. Plan. Plan all seven steps of the investigation. 

3. Interview. Perform the interviews by an interview guide and with a reflective attitude 

to the sought knowledge and to the interpersonal relation in the interview situation. 

4. Print-out. Prepare the interview material for analysis. 

5. Analyze. Choose a method for data analysis based on the research purpose and the 

nature of the interview material. 

6. Verify. Determine the interview result's generalisation, reliability and validity. 

7. Report. Report the result of the study. 

4.1.1 Validity and reliability of interview research 

According to Pärekylä (1997), the questions of validity and reliability take different forms in 

differing qualitative methods. As Seidman (2006) puts it, the question of whose meaning an 

interview brings forth and the researcher presents is not an easy one. No matter the structure, 

process or practice of interviewing, the interviewers are always a part of the interviewing 

picture since they ask the questions, respond to the participants and in the end select, 

interpret, analyse and describe the material.  In contrast to validity in quantitative research 

where the instrument has to be constructed in such a way to ensure that it measures what it is 
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supposed to measure, in qualitative inquiry the researcher is the instrument. Hence the 

credibility of qualitative methods hinges to a great extent on the skill, competence and rigor 

of the interviewer (Patton, 2002). According to Seidman (2006), in interview studies the 

interviewer is seen as a marvellously smart, adaptable, flexible instrument rather than 

decrying the instrument as affecting the data gathering. Pärekylä (1997) cites Kirk and 

Miller's (1986) definition of reliability as the degree to which the finding is independent of 

accidental circumstances of the research.  The reliability of interview studies is in much 

depending on the interviewer's ability and experience (Kvale, 1997). In the same vein, 

Pärekylä (1997) point out that the method itself does not guarantee reliability.  

4.2 Transcribing 

Transcribing is a way of transforming recorded speech to a more manageable and analysable 

form by writing it down in written form. Linell (1994) describe three levels of detail in which 

transcriptions of speech can be made. What level to use depends on what the purpose of the 

analysis is and how the transcriptions will be used. The most detailed level one reproduces 

spoken forms of language, pauses, some prosody, speech volume, overlapping speech, 

hesitations etc. On the second level many elements are eliminated. The transcription is still 

literal and includes e.g. retakes but conventional spelling is used. The least detailed level 

three follows written grammar forms and include complete sentences. All retakes, hesitations, 

aborted utterances etc. are removed.   

4.3 Data analysis 
Following the data collection it has to be analysed in some way. Miles and Huberman (1994) 

put forward some analytic moves in sequence; 

 Affixing codes to a set of field notes drawn from observations or interviews. 

 Noting reflections or other remarks in the margins. 

 Sorting and sifting through these materials to identify similar phrases, relationships 

between variables, patterns, themes, distinct differences between subgroups, and 

common sequences.  

 Isolating these patterns and processes, commonalities and differences, and taking 

them out to the field in the next wave of data collection. 

 Gradually elaborating a small set of generalisations that cover the consistencies 

discerned in the database. 

 Confronting those generalisations with a formalised body of knowledge in the form of 

constructs or theories. 

Miles and Huberman (1994) define qualitative analysis as consisting of three concurrent 

flows of activity: data reduction, data display, and conclusion drawing and verification. Data 

reduction refers to the process of selecting, focusing, simplifying, abstracting and 

transforming the data that appear in transcriptions. Data reduction occurs continuously 

throughout the life of any qualitatively oriented project. Prior to the actual data collection, 

anticipatory data reduction is occurring as the researcher decides which conceptual 

framework, which cases, which research questions, and which data collection approaches to 
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choose.  As data collection proceeds, further data reduction occur by writing summaries, 

coding, teasing out themes, making clusters, making partitions and writing memos. When 

analysing transcriptions some systematic way of coding utterances is a common approach. 

Coding involves attaching one or more keywords to a text segment in order to permit later 

identification of a statement (Kvale & Brinkmann, 2009, pp.202). The data reduction process 

continues after fieldwork, until a final report is completed.  

Data display is an organised compressed assembly of information that permits conclusion 

drawing and action. The most frequent form of display for qualitative data in the past has 

been extended text. By using only extended text a researcher may find it easy to jump to 

hasty, partial, unfounded conclusions. Humans are not very powerful as processors of large 

amount of information; our cognitive tendency is to reduce complex information into 

selective and simplified gestalts or easily understood configurations. Hence Miles and 

Huberman (1994) argue that better displays are a major avenue to valid qualitative analysis.  

Regarding conclusion drawing and verification, from the start of data collection the 

qualitative analyst is beginning to decide what things mean by noting regularities, patterns, 

explanations, possible configurations, causal flows, and propositions. The competent 

researcher holds these conclusions lightly, maintaining openness and scepticism, but the 

conclusions are still there, inchoate and vague at first, then increasingly explicit and 

grounded. Final conclusions may not appear until data collection is over. Conclusions may be 

verified as brief as a fleeting second thought crossing the analyst's mind during writing, with 

a short excursion back to the field notes, or as thorough and elaborate, with lengthy 

argumentation and review among colleagues to develop intersubjective consensus. The 

meanings emerging from the data have to be tested for their plausibility, their „confirmability‟ 

- that is, their validity (Miles & Huberman, 1994). 

Kvale and Brinkmann (2009) describe another analysis method, bricolage, as something put 

together using whatever tools happen to be available, even if the tools were not designed for 

the task at hand. The bricolage interpreter adapts mixed technical discourses, moving freely 

between different analytic techniques and concepts. This eclectic form of generating meaning 

– through a multiplicity of ad hoc methods and conceptual approaches- is a common mode of 

interview analysis, contrasting with more systematic analytic modes and techniques such as 

categorization and conversation analysis. (Kvale & Brinkmann, 2009) 

Other ways of making sense of interview data is by reading through the interviews and get an 

overall impression, then go back to specific interesting passages, perhaps count statements 

indicating different attitudes to a phenomenon, cast parts of the interview into a narrative, 

work out metaphors to capture key understandings, attempt to visualize findings in flow 

diagrams, and so on. Such tactics of meaning generation may, for interviews lacking an 

overall sense at the first reading, bring out connections and structures significant to a research 

project. (Kvale & Brinkmann, 2009) 
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5. Methodology 
The big methodological steps taken in writing this thesis was an interview with a domain 

expert and interviews with eight Swedish NPP operator trainers. A detailed graphical 

representation of the research progress is depicted in Figure 4 below.

 

Figure 4. Graphical representation of the research progression. 

Initially, literature on the topics of nuclear power plants, procedure use, safety research and 

resilience engineering were read. The literature on nuclear power plants and especially ones 

related to emergency scenarios and control room work provided a much needed insight into 

the domain as well as an understanding of the meaning of domain-specific terms. Hence, this 

acted as a preparation for the expert interview. Reading safety research literature and texts on 

resilience engineering led to deeper awareness of different views on safety and what 

resilience could offer to the NPP domain. 

In addition, a review of crew stories from a prior HAMMLAB study involving a base and 

complex Steam Generator Tube Rupture (SGTR) scenario was carried out in order to get a 

glimpse of how operations may unfold and what problematic behaviours may occur. The 

scenarios represent relatively realistic accident progressions which mean that the scenarios 

unfold from the initiating event according to how the crews handle them (Lois et al., 2009). 

In the complex scenario vital indications (of radiation) are masked which makes it impossible 

to strictly follow the procedures and thus require some form and degree of flexibility from the 

operator crews. To the extent possible, deficiencies supposedly connected to the resilience 

cornerstone functions were identified and questions for the domain expert to answer were 

formulated in order to investigate these.  

5.1 Expert interview 

Thereafter, a domain expert with over five years of experience working as a reactor operator 

and some twenty years working as a shift supervisor at a Swedish site was interviewed. The 

interviewee has also worked as a trainer and was at the time of the interview employed by the 

Norwegian Institute for Energy Technology (OECD – Halden Reactor Project). The expert 

interview was partly close to an open-ended, more or less discussion of the topics of interest, 

and in part closer to a semi-structured interview in e.g. talking about specific events from 

previous HAMMLAB-data. The aim of the interviews was to get an expert opinion on if the 

resilience cornerstones  seemed to cover the important characteristics of control room work, 
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what the cornerstones meant to the expert, and also how these capabilities are supported by 

procedures, other resources, or crew characteristics during emergency operations. The 

interview also aimed to gain insight in and descriptions of the role of training and conduct of 

operations in regard to the resilience capabilities. The interviews were spread over a period of 

two days and ran on for approximately five hours in total.  

The expert interview began with a short introduction to resilience engineering and the 

concept of resilience. Following this, the four cornerstones of resilience were explained both 

separately and how they are connected to each other based on Hollnagel (2011). Thereafter, 

the four cornerstones in separation, a more holistic account of the work of operator crews and 

procedure use during emergency operations, and how the procedures, training, and other 

things have developed during the last 20 years were discussed with the expert. In addition, 

certain events deducted from crew stories in previous HAMMLAB-data were discussed as 

well as an American top-level procedure which gives the shift supervisor the right to take the 

decision to deviate from the procedures in order to compare this with how this issue is dealt 

with at the Swedish site. The expert was also asked some clarifying follow-up questions in 

connection to the subsequent trainer interviews.  

5.1.1 Post-processing and analysis of data 

All
4
 parts of the interview were recorded and later transcribed on a level equivalent with 

Linell‟s (1994) level three. In the margin of the transcriptions short comments, as mentioned 

by Miles & Huberman (1994), were attached by several reasons. First off, this made it easier 

to maintain an overview of the topics and the trainer‟s view on them. Secondly, even though 

the topics discussed at a time were quite clear, interesting or complementary data to a 

previous topic would at times surface later on. Hence, the coding in the marginal made 

subsequent data more manageable to take into account in putting together the findings for 

each issue.  The expert interview data was used to answer research questions a) and b) as well 

as to provide a basis for the interview guide used in the trainer interviews together with the 

literature review. 

5.2 Trainer interviews 
Finally, eight interviews with training personnel at a Swedish nuclear power plant were 

performed. The purpose of the interviews was to gain the trainers' views on the role of 

training in preparing control room operators in successfully handling complex and 

unexpected events. In addition, other topics of interest were the trainers‟ views on crew 

flexibility and different crew styles and their relation to procedure use. The trainers were also 

asked to name characteristics of good versus not so good crews in order to understand what 

they believed to be important aspects of teamwork. Finally, the trainers were asked how 

crews may perform actions connected to each of the cornerstone functions. By taking the 

learning cornerstone as an example, the trainers were asked how crews may figure out what 

                                                 

4
 During the first interview session (which mostly concerned the learning capability), a software problem caused 

the loss of some parts of the recording. This was in part repaired by listening through the intact parts of the 

recording and the following day asking the expert some clarifying follow-up questions. 
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has happened in the event of an emergency. The contribution from training in supporting or 

strengthening the resilience capabilities were also investigated. In contrast to the expert 

interview the trainers were not introduced to the notion of resilience, but instead only 

informed of the purpose of the interviews. All interviews were carried out in Swedish. 

Whenever "the Swedish plant" is being mentioned this is a reference to the Swedish NPP 

where the trainers work and the expert previously have been employed. The Swedish plant 

consists of four units of which three, B and C-D, are pressurised water reactors (PWR) and 

one, A, is a boiling water reactor (BWR). 

The domain expert was also present during the interviews and had the opportunity to 

comment or make remarks at any time. An overview of the interviews and the interviewees‟ 

background and unit affiliation is presented in table 6. 

Table 6 - Overview of the trainer interviewees. 

Interviewee Unit5 Years in NPP (as trainer) 

I1 A-D 26(5) 

I2 C-D 30(11) 

I3 A 33(6) 

I4 A-D 4(4) 

I5 C-D 39(8) 

I6 A 33(7) 

I7 C-D 34(1) 

I8 B 36(7) 

E C-D 33(3) 

 

All interviewees except two have previously worked in the control room in different 

positions. Some remarks have to be made about interviewees I1 and I4 since they do not have 

the traditional background in comparison to the other trainers and that they do not strictly 

work at one unit. Prior to being a trainer, I1 worked with maintenance of instruments at the 

power plant. At the moment I1 is the project manager of the current training cycle. I4 has 

instead studied Human Resource Management and Work Sciences oriented towards 

pedagogy, and has previously been employed by the Swedish Armed Forces educating 

primarily battleship crews. In the nuclear domain I4 have held shift supervisor educations on 

all units in Sweden except unit A at the actual NPP. In the current training I4 is giving a 

theoretical education on shared situation awareness at unit C-D, talks about learning and 

follow this up during debriefings at unit B, and is introducing himself at unit A and provides 

feedback on scenario runs if the crews want. 

                                                 

5
 Nowadays trainers are not divided by units but instead of competences. Although in practice they still 

”belong” to certain units. 
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Prior to the interviews an interview guide was created with pre-determined questions on the 

topics of training, procedure use, flexibility and the four resilience cornerstones. The 

interview guide was created with advices found in Kvale and Brinkmann (2009) and Häger 

(2007) taken into account and is attached as Appendix A. If other interesting topics emerged 

during the interviews these could get followed up on which in the end meant that not all of 

the prepared questions were answered by all interviewees. During the interviews, new 

questions were formulated continuously with recommendations from Häger (2007) in mind. 

Ethical information regarding anonymity and the right to interrupt or discontinue the 

interview at any time were given to every participant. In addition, the permission to record 

the interview session was asked to all trainers before the recording was started. 

The interviews were spread out over a period of two days between which some minor 

changes to the interview guide were made following uncertainties and the occurrence of 

novel topics of interest. 

Later on a short telephone interview with the branch head of the trainer education was held to 

clear up contradicting information and to gain some additional opinions. This interview was 

not recorded and transcribed but notes were taken as it unfolded. 

5.2.1 Post-processing and analysis of data 

Every recorded interview was transcribed on a level equivalent to Linell‟s (1994) level three. 

An initial coding scheme was created building on advices from Miles & Huberman (1994) 

with codes stemming from the research questions and the pre-determined questions in the 

interview guide. This scheme got modified continuously following the occurrence of new 

interesting themes identified in the transcriptions. When the data had been coded the content 

was sorted on the basis of the coding scheme. Yet again the coding scheme got modified by 

adding certain codes together or removing others. Next, the topics of interest were 

summarised and excerpts were selected and discussed at a data seminar with other 

researchers in order to verify the conclusions as proposed by Miles and Huberman (1994).  

Finally, the content of each code underwent further analysis based on the seminar and 

excerpts to be presented were chosen and translated from Swedish to English. 

During the data analysis a few inconsistencies between different interviewees' responses was 

identified and clarified through a brief telephone interview with the branch head of the 

education division as mentioned above. 

In the next section the methodological approach is discussed. 

5.3 Methodological discussion 
The initial reading of literature contributed with the needed insight into the domain and 

provided an understanding of what previous research have focused on and what conclusions 

have been drawn. The domain-specific literature in combination with literature on safety 

research, resilience engineering and procedure use contributed with more than enough 

background data in order to ask relevant questions and to make the study unique. This, in 
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combination with the expert interview also made it clear what issues were of most importance 

to discuss with the trainers.  

For the trainer interviews a semi-structured approach was chosen by several reasons. The 

goal of the interviews was to get an empirically grounded description of the phenomena of 

interest from the trainers‟ point of view. To be able to achieve this, the semi-structured 

interview were judged as most appropriate because an open-ended interview would likely be 

all too broad without providing enough depth on the most interesting issues by all trainers, 

while a structured interview probably would have guided the trainers too much resulting in an 

exclusion of other interesting thoughts. Using semi-structured interviews enabled interesting 

utterances made by the interviewees to be followed up on to get even more information out of 

them. In addition, this approach made it possible both to make new discoveries and to 

examine these further even though they were not anticipated in the creation of the interview 

guide. This flexibility and spontaneity hopefully led to a more natural conversation, that the 

interviewees felt that they were listened to and that the interviewer cared about their opinions.  

At all times when interviews are used as a research tool the question of subjectivity and 

interviewer influence gets raised. What concerns so called leading questions, the prepared 

question as well as other ones raised during the interviews aimed to be as open as possible 

when a new subject were raised. By using this strategy the initial somewhat unguided view of 

the participants was acquired to then enable the use of more  direct questions, either to 

confirm an interpretation of what the interviewee previously stated or to guide the 

interviewee when the previous statement to some extent concerned issues outside of 

questions‟ intention.  

To have an expert present during all interviews was advantageous since he could interpose 

comments from his experience and interesting discussions could be initiated. This also led to 

numerous other exciting topics getting raised throughout the interviews, although some 

outside the boundaries of this thesis. It might also have been an advantage that the expert 

knew most of the trainers, making them more comfortable being in the interview situation. 

Another hopefully positive contribution to the interviewees comfort is that they initially were 

asked to talk about themselves and their background in the NPP domain, warming them up 

and making the interviews more personal. 

There is also a need to discuss the interviewees used. First off, only trainers were interviewed 

and no operators or personnel on a higher level in the plant‟s organisation contributed with 

their view on the questions of interest. Hence, the research questions could only be answered 

on the basis of trainers‟ perspectives on the issues of interest. In the end, this means that the 

conclusions drawn from this study is solely based on what the trainers expressed during the 

interviews. Secondly, there was a skewed distribution of what units the trainers belonged to 

since e.g. only one interviewee solely trained the operators of unit B. Since some differences 

between units could be identified this is a possible drawback of the study. Hopefully though, 

the most relevant findings are general and thus the affinity might not be of upmost 

importance. In any way this could not be helped since the interviews were limited to a 

schedule stretched over two days and all trainers that were available participated. During 
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these two days the training was underway and thus it was hard to affect the selection of 

interviewees. There were four trainers working full time at each unit and in the end two from 

unit A, one from unit B and three from C-D participated in the interview study. 

It is also important to note that in addition to only using trainers as interviewees, they were all 

employed by the same plant. Hence, the data acquired are only useful in talking about how 

trainers from this specific plant views the topics of interest and how the training there is 

carried out. It is therefore possible that the training in this specific Swedish plant differ a lot 

to other ones.  Still though the findings could be of value to a more general public and be 

used in comparison to how things are done at other sites. 

Another consequence of the limited time is that the interviews in general were limited to one 

hour per trainer. If possible it would have been beneficial to interview some trainers for a 

longer time since it at times was strenuous to cover all topics in one hour. One exception was 

interview number four (I4) which lasted for 91 minutes. Generally speaking the interviews 

still could be finished and rounded off within an hour. Another benefit from using semi-

structured interviews in relation to this was that the interviews could get adapted a lot 

depending on for how long a certain topic were covered.      

The choice to record all interview sessions given the permission of the interviewees was 

mainly advantageous. All trainers granted permission to be recorded and did not seem to be 

affected by this. Some factors in support of this is that no trainer had any problem in 

expressing problems apparent in training and several trainers even criticised the organisation 

and people above them by own initiative. These topics are supposedly quite sensitive and 

they could easily have left such issues alone and rather just answered the questions more 

bureaucratically. This indicates that the trainers expressed what they actually felt. Another 

positive contribution of recording the interviews is that the interviewer could be totally 

focused on what the interviewees said and show an interest in it, rather than furiously be 

writing down notes all the time and possibly miss important information to ask further 

questions on. Of course, having the interviews on tape also aided in the subsequent 

transcribing and analysis. Though, there is of course always an indisputable risk that 

interviewees get affected by being recorded in different ways.  

What concerns the post-processing of the recorded interviews, the transcribing using Linell's 

(1994) level three inevitably leaves out speech information such as emphasis of specific 

words and the more general voice tone. There is also a risk that the translated excerpts from 

the transcription might lose the actual message given by the interviewees. On the other hand 

the fact that the interviewers and interviewees all spoke in their native tongue and that the 

excerpts were translated by a person with English as his second language, this hopefully was 

not the case. 

Another important issue in interview studies and the subsequent qualitative data analysis is 

how the analyser codes the data and select excerpts to present. In the current study only one 

person coded and analysed the data and thus there is a risk that he saw what he wanted to see 

and presented what he wanted to present. To reduce this risk a countermeasure in the shape of 



 
45 

 

a two hour long data seminar together with other researchers were held in which excerpts 

were presented and discussed. The focus of this seminar was above all on questions were the 

answers were hard to interpret e.g. by seemingly being diverse. The outcome of the seminar 

was that conclusions could gain support or be challenged and that novel observations could 

be made by letting parts of the data get scrutinised by fresh eyes. Still though, the excerpts 

presented during the data seminar also had to be selected by the same person since it was 

impossible to work through everything in the massive transcriptions in only two hours.  

It could also have been beneficial to use observations of training sessions as an additional 

data gathering method. This would reasonably require good domain knowledge though, but 

using participatory observations having a domain expert as a further support could provide 

valuable observations to compare to what the trainers said during the interviews. It would 

have been interested both to look at the crews running scenarios to see how they work, as 

well as observing how the briefing, scenario runs, and debriefing are carried out. The 

observations could possibly be participatory in the sense that questions could be asked to the 

trainers during the runs and possibly also to both trainers and operators during debriefing. 

The main reason that no observations were carried out was limited time. 

Another possible methodological addition would have been the use of focus groups. The 

primary reason for this is that the opinions diverged on certain questions and thus interesting 

discussions might have been initiated at times. The fact that the training is in much confined 

to the individual units and that experience seems not to be shared that freely between them 

could also bring forth profitable debates. However, this approach turned out to be impossible 

since the data were gathered during training weeks and the trainers needed to attend training 

sessions and thus only one trainer were available at a time. 
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6. Results & analysis - Expert interview 
In this chapter a summary of the findings from the expert interview will be presented. Since 

this interview primarily aimed to answer research question a) and b), and to provide 

preparation for the trainer interviews many details and secondary issues are left out.  

6.1 The resilience cornerstones in NPP control rooms 
In this section the data from the expert interview on what the resilience cornerstones mean in 

the context of NPP control room operations and what supports or potentially hinder them are 

presented. This is presented without excerpts since this mostly serves as a contextual 

background to the subsequent results from the trainer interviews. In addition, the interview 

sessions were quite open-ended, more or less describable as a discussion between the 

interviewer and the expert. Hence, presenting numerous excerpts does not really fit the 

purpose of the interviews since not many questions were asked in a form providing a useful 

"answer" directly. Moreover due to limited time it seemed infeasible to translate numerous 

excerpts from the lengthy transcriptions. 

The expert claimed the cornerstones to make sense and to be applicable to the work of 

operator crews during emergency situations. They were argued to cover everything needed 

and thus the expert did not miss anything. 

6.1.1 Learning - Knowing what has happened 

Learning turned out to be an applicable concept which concerns both knowing what has 

happened on a higher level (or over a larger time horizon), meaning the knowledge of 

previous events at the site or at other sites, and at a lower level (or smaller timer horizon), 

meaning to understand what has happened in an actual situation. 

In the first case, having heard what has happened previously may influence what you 

anticipate or expect in the future. At the actual Swedish site, both events that turned out good 

and less good gets reported. The expert did though point out that events are hard to 

summarise and that they are often judged as improbable to happen there. 

In the latter case, the whole crew must contribute to create a coherent picture of what has 

happened. To do this the crew can call for a quick meeting that shall last for a maximum of 

three minutes. The expert also mentioned that in a previous HAMMLAB study one crew 

spent 16 minutes on a quick meeting which is way too long. During the meeting no one in the 

crew should ever ask a leading question, they shall tell what they see and not what they 

believe. The shift supervisor shall ask all crew members what they have seen and then tell 

what he himself has seen. Then he should ask everyone what they think they should do, 

consider this, and in the end take a decision. In short, communication and meeting techniques 

are vital in order for crews to be able to try and understand what has happened.  

The shift supervisor shall have an overview of the situation, "the big perspective", and 

support the reactor operator if he is on the wrong track and tell him where in the procedures 

he should go instead. This is why the shift supervisor often asks the reactor operator where he 

is at in the procedures to then look it through to asses if it is correct. In Sweden, if you think 
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you are on the wrong path you often call for a quick meeting to try and figure out why you 

are "here" and not "there". It is not certain that the SS is correct, maybe the RO do not get to 

the correct place right away but takes a detour or end up in a loop, but in the end gets to the 

right place. 

What other resources support learning differ a bit based on the complexity of the event. 

During somewhat more base case emergency operations the E-0 procedure is the only thing 

the operators need to be able to understand what has happened. If there is a safety injection or 

reactor trip there are four identifications steps in the E-0 procedure that the operators shall 

know by heart. During complex scenarios the so called tails, which is a site-specific alarm 

table, are important and also to have good process knowledge since it is not enough to know 

the procedures. The expert did also claim the process knowledge of operators to be declining 

today. If there are masked indicators operators may end up in the wrong procedure and later 

on the fault may disappear which makes it hard to keep up with and understand what 

happened.  Operators must also always keep an eye on trends in addition to indicators - even 

when in E-0 - to aid in figuring out what has happened.  The expert expressed that it is 

common that operators miss out on checking the trends during emergency operations. It is 

also hard for an operator if it is a "sneaking" fault or indicators are faulty to find and 

understand what has happened, but this is not something that is required by the operators to 

cope with or understand either. 

6.1.2 Monitoring - Knowing what to look for 

Monitoring is an applicable concept which concerns looking at the correct instruments and 

indicators in the control room including alarms and trends, looking through the procedure to 

make sure that it is complete, monitor the procedure progress and monitor the crews progress 

(e.g. during meetings). 

The expert claimed the procedures to support the monitoring activities and generally not to 

hinder it in anyway. What to look for differ depending on the specific situation, but it is 

always positive to look at redundant indicators since everything is not in the procedures. It is 

clearly stated in the procedures what you should check, but there might be differences 

between different operators. Some operators may believe that if a valve is open then the 

pump is active, but then they have only looked at the valve and not redundant things like if 

there e.g. is pressure or flow. Operators have to look at redundant things to be able to detect 

important aspects of situations in order to solve them, and for this process knowledge is 

important in contributing to the right thing being monitored. The expert claimed that the 

instruments shall be viewed as accurate until you show the opposite. Following a quick event 

e.g. a reactor trip the first thing to do is try to understand why it occurred by looking at the 

Trip Status Light Panel and check that all functions you need are "with you" by looking at the 

Monitoring Light Panel. If an alarm sets off operators need to look at the alarm list and then 

the tails. Before initiating any actions the operator should enter the E-0 procedure. The 

procedure tells the operator why an alarm is active and what they should look at - if this 

alarm in this place is active, then you should consult this procedure. There is always a delay 

on the alarms, the only instant alarm is N-16 but the procedures say that you cannot lean 
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solely on N-16 since it is not safety qualified, so you have to follow what Hollnagel (2011) 

call lagging alarms and indicators. In a scenario where you cannot use the procedures the 

operators have to rely on the alarms and their process knowledge.  

It is also positive to try to look forward, both in the procedures and in the work as a whole to 

be better prepared for potential future events. As mentioned, the shift supervisor shall keep an 

overview on how the work progresses and may also at times ask the reactor operator where 

he is at in the procedures. The reactor operator in turn shall read parts of the procedures out 

loud to update the assistant reactor operator on where they are at. If someone in the crew 

suspects that they are on the wrong track he shall call for a quick meeting. Utilising this 

meeting technique is a way for the crew to monitor its own work.  

6.1.3 Anticipating - Knowing what to expect 

Anticipating is an applicable concept which means what to expect both in the long run and 

what to expect further on in an emergency situation, and to think independently and see 

things from different angles. The main source which supports the ability to know what to 

expect is knowledge of earlier events at different sites. These experiences could be acquired 

by meeting people from other places and read about events that occurred there. Another 

example in how experiences at other places may be used is through listening to reference 

sounds from failures at other sites. The experiences may affect what is anticipated during an 

emergency and be used as a basis for the operations. In addition, what events are being used 

in training influence what the crews expect and if a certain event has been recently 

experienced in training the chances of dealing with it in a good way is increased. It is harder 

to imagine that a fault is in a passive system, operators tend to look at parts that rotates or 

opens and closes since failures in passive systems are more far-fetched. The expert said that 

there is training aiming to get operators to think independently and see things from different 

angles, but that this maybe should be trained to a larger extent. 

There are some connections between procedures and the capability to anticipate. First off, 

there is an explicit purpose of each procedure included in them. Secondly, there is a section 

called notes and warnings expressing e.g. that if the pressure exceeds a specific value at a 

specific place, then this could indicate something else. Also in the emergency operating 

procedures there is a fold-out page which is applicable in the whole procedure and that is 

very important according to the expert. Finally, the expert expressed that if something takes 

e.g. 30 minutes, one shall look further in the procedures as a preparation of what to come 

rather than just twiddling one's thumbs.  

6.1.4 Responding - Knowing what to do 

Responding is an applicable concept which means to know what to do, that is either to follow 

the procedure and act based on it, or to take a decision to perform some other action outside 

of the procedure when it is not applicable. This corresponds well with the distinction between 

the two responding strategies made by Pariès (2011) - that is, using pre-defined emergency 

procedures or generate ad hoc solutions. To be able to respond in a correct way in the face of 

emergency situations the operators need to know the E-0 procedure by heart and the 

redundant instruments at their disposal.  
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Operators are expected to follow the procedures for as long as it is possible, but in situations 

where it is impossible the crew must come to a decision in how to proceed outside of it. 

There are no clear, explicit, rule or conduct of operations concerning how a decision to go 

outside of the procedures should be made as far as the expert knows, but only that the crew 

should stick to the procedures as long as possible. The crew shall have the support of the 

engineer on duty, but he has a settling time of 30 minutes and if he has not turned up within 

this time the shift supervisor can take the decision instead. Generally if a crew end up in a 

situation where they need to step outside the procedures, there is no time to wait for people 

e.g. technical support to come and support them – they need to make that decision in the 

control room and be agreed upon. It is the SS responsibility to approve a deviation from the 

procedure by the RO. The RO is not allowed to deviate without sanctioning it with his SS. 

This approving may be done as a decision with consultation in which the RO must tell that he 

wants to deviate from the procedure because he cannot follow it and by what reasons. If the 

crew agrees on deviating from the procedure they need to write this down with a motivation 

in the log book including what they have done and will do, and why. The expert uttered that 

if it turns out good you become a hero, if not you will get the blame. Again, the SS must have 

a good overview of the situation to be able to determine what the correct thing to do is. Still 

though, the whole crew is important for things to end up well. The leadership style of the SS 

can affect much, in some cases the RO takes over the SS role while in other cases the SS 

takes over the role of the RO. This is officially seen as incorrect. If the SS takes over the RO 

role he might lose overview and the operations turn out very one-way since the SS's view is 

then dominating. Again, the total competence of the crew shall be utilised. The RO is 

responsible for reading procedures and acting with the help of his ARO. The TOs task is to 

make sure they have voltage and keep an eye on other electricity related parameters. Hence, 

the TO plays an important role in the work of the control room crew according to the expert. 

In previous HAMMLAB studies, instances when a crew knew that they should be in a 

specific procedure but did not find a way to get there have been observed. In that case they 

had to take an independent decision to transfer to the procedure, and when they were in it 

make sure that this was the correct one. The expert claimed that even if an operator takes an 

independent decision to transfer to another procedure he will notice if he is on the correct 

way sooner or later, one do not have to be led there by another procedure. 

The official view (also according to Westinghouse
6
) is that emergency situations should be 

solved quickly rather than very thorough with lots of meeting and such. For example 

Westinghouse says that after ten minutes in the occurrence of a steam generator tube rupture 

(SGTR) the crew should know where to go in the procedures. The pace of the work is the 

ROs responsibility and the SS has to step in if he thinks that it takes too long. The trainer, in 

talking about previous HAMMLAB studies claimed it to be possible still that one crew that 

takes 10 minutes to identify the disturbance and another one that takes 20 are "finished" at the 

same time. 

                                                 

6
 Westinghouse provides fuel, services, technology, plant design, and equipment for the commercial nuclear 

electric power industry. This includes reactors and Emergency Operating Procedures (EOPs). 
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The procedure guides the operator during safety critical situations to cool the core and in the 

long run to protect people and the environment from dangers. The expert claimed that the 

procedures aid operators in doing this in 99.9 percent of all cases. But there are also some 

ways in which they might hinder the operator. First off, the procedures do not cover 

everything possible; there are always cases when you cannot use the procedures since it is 

impossible to write a procedure that covers everything. Of course this applies to events but 

also actions, and an example of an action that is not included in the procedures named by the 

expert is when the operators need to start a diesel by hand. Secondly, an operator may be 

misled to a wrong procedure by e.g. a step that only states that you should check if the 

pressure is stable or increasing and not include any guidance regarding time issues, i.e. what 

stable and increasing means and for how long this should be assessed. This may result in that 

the pressure is stable during the time the operator monitors it, and continues in the procedures 

accordingly, but that it is in fact decreasing and another action would have been correct. This 

highlights the need for operators to think twice in certain situations. In addition, the 

procedures tells you to go back if you have been monitoring something too early, since if it 

refers back and then things have happened in the process meanwhile, then the re-monitoring 

may bring something new. Also, there is redundancy everywhere which you can make use of 

if you suspect that something is wrong. Another aspect of procedures which can be hard for 

some operators is to distinguish between OR and AND, when a lot of things are lined up. The 

trainer meant that it maybe could be easier to choose one of many alternatives, or check that 

all things are fulfilled, if it was represented as a fault tree instead of just listed in plain text. 

In general there are also too many procedures, although the expert did not find the amount of 

emergency procedures to be too many. It is too hard to find inside the procedures, and it is 

hard to find procedures because of the vast amount of them and that they are not graded in 

different levels. Lastly, in situations with multiple failures or complex failures it is hard to 

assess how well the procedures work since there are no real cases to refer to - the only place 

to get any answers is in the simulator. 

6.2 Summary of and connections between the resilience cornerstones 
The learning capability includes knowing what has happened in the long run, that is previous 

events, and in the short run, what has happened earlier in an emergency scenario. Reading 

about previous accidents or incidents may influence what operators, as well as people higher 

up in the organisations, anticipate is going to happen in the future. Hence there is a strong 

link between the learning and anticipating cornerstones when taking the long run into 

consideration. In the short run the whole crew must contribute to gain a coherent 

understanding of the situation, i.e. to know what has happened. To do this communication 

and good meting techniques are vital. Following a quick event procedure E-0 is important in 

identifying the fault as well as to look at specific panels. Hence there exists a mutual 

connection between learning and monitoring here, since the operators need to look at the 

correct things to gain a correct understanding of what has happened while at the same time 

the understanding of what has happened affects what the operators look for. 
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The monitoring capability includes looking at the right instruments and indicators in the 

control room including alarms and trends, look through the procedure to make sure that it is 

complete, monitor the procedure progress and monitor the crew‟s progress. To do this the 

operators need to use their procedures and know what redundant indicators are at their 

disposal. Crews can also monitor their own work by letting the shift supervisor have an 

overview of the situation, the reactor operator reading parts of the procedures out loud, and 

by having meetings. In addition to the connection between learning and monitoring 

previously mentioned, there is also a connection between monitoring and anticipating since 

operators should look forward both in the procedures and in the operations as a whole as a 

means to prepare themselves for future events.  

The anticipating capability means what crews expect both in the long run but also what to 

expect further on in an emergency situation. Also independent thinking and to see things 

from different angles is included in the anticipation cornerstone. Previous experiences and 

scenarios encountered in training influence what crews anticipate. Operators tend to look for 

faults in active rather than passive systems. As previously mentioned the learning capability 

affects what to expect and the monitoring and anticipating capabilities mutually influence 

each other.  

The responding capability includes either to follow the procedure and act based on it, or to 

take a decision to perform some other action outside of the procedure when it is not 

applicable. Operators are expected to follow procedures for as long as possible but when not 

possible the crew must come up with something else. If the crew decides to deviate from a 

procedure they have to write this down with a motivation in the log book. The procedures are 

a great support for the operators although they cannot cover all possible scenarios and at 

times may hinder the operators in various ways. All cornerstones indirectly affect responding 

since it is the outcome of these functions. 

One factor that turned out to be of great importance for all four resilience capabilities is the 

process knowledge of the operators, which is argued to be declining today. Training on 

scenarios with connected unusual events has increased more recently but was never included 

in training in the past. The expert does not believe that they have trained at the Swedish plant 

on the kinds of scenarios that are used in the Halden Reactor Project. 

The results and analysis of the subsequent trainer interviews are presented in the next section. 
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7. Results & analysis - Trainer interviews 
In this section the results from the expert interviews are presented beginning with a general 

description of how the training is carried out, followed by the goals and priorities of training 

according to the trainers, what types and difficulty of scenarios are being used, problems and 

supplementary needs of training and how unexpected events are treated in training. 

Thereafter data regarding the four resilience cornerstones learning, monitoring, anticipating 

and responding are presented. Each topic is analysed before moving on to the next, although 

sections 7.1, 7.2, and 7.3 are analysed together in subsection 7.3.1. The main reason for this is 

that sections 7.1 and 7.2 serve as a presentation of background data relevant to 7.3 and later 

sections, and thus do not call for a separate analysis.  

During the interviews several topics emerged more frequently than others despite the semi-

structured interview guide being used. These topics are apparently seen as important to the 

trainers in discussing procedure use, the resilience capabilities and unexpected events and 

though worth looking further into. The most frequent re-occurring subjects were teamwork, 

including communication and the leadership of the shift supervisor, and process knowledge. 

Also, the most frequently named characteristics of good crews was that they are good at 

communicating followed by good plant knowledge and the leadership. Hence, findings 

regarding these topics will be presented to a larger extent in the appropriate subsections.   

For each topic the interviewees‟ answers are summarised and excerpts from the transcribed 

interviews are presented. The selected excerpts were translated from Swedish to English by 

the author and have the format: 

 transcription-rows. interviewee ID: "content" 

Utterances made by the interviewer is denoted with the ID P. Removed content is represented 

as (...) while missed out references to earlier subjects left out in the excerpts are added in [] to 

provide the contextual information needed. Other non-verbal actions are presented as 

((action)).  

Even though the results and analysis on the resilience cornerstones are presented in 

separation, as mentioned in the presentation of the earlier trainer interview it is hard to 

completely deal with the cornerstones in strict separation of each other why there at times are 

overlaps between them. 

First off, an overall description of how the training is carried out will be presented. This is 

primarily based on one of the interviews with the trainer in charge of the current training 

round, I1.  

7.1 General description of the training 
All crews at the Swedish plant are trained two times a year for a period of two weeks. The 

training follows a cycle of six years in which the content of the training in terms of simulator 

scenarios and theoretical lessons is defined. The cycle is followed to the extent possible but 

some flexibility exists if the power plant wishes to include something else in the training. 

Likewise, if deficits are identified, these can get supplemented with more training at the 
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expense of excluding something else. Twenty percent of the scheduled time is open to 

rescheduling if something judged as more important need to be included. The scenarios used 

in training are analysed disturbances imaginable to occur and selected in consultation 

between the training organisation, the power plant and operating education board
7
. The 

selected scenarios may stem from wishes from these actors, e.g. as a response to previous 

events at the actual site, or from ominous events that has occurred somewhere else in the 

world. Normally, crews have the opportunity to request a specific scenario to be practiced 

once more, or ask for a run of another scenario available in the simulator for one half-day. 

Simulator exercises are usually two hours and fifteen minutes long and generally have two 

different setups. In the first type the crews are unaware of what disturbance(s) will occur 

during the scenario. In the second type the scenario is briefed and processed prior to the 

actual simulator exercise. In the simulator runs the crews consist of the shift supervisor, one 

reactor operator, one assistant reactor operator, one turbine operator, and one or two field 

operators. In most cases the trainers interrupt the crew when they are on the wrong track by 

pausing the simulator to initiate a discussion with them. In some cases the crew and the 

trainers agree in advance to let the crew continue to work even if they e.g. end up in the 

wrong procedures. At some units it is more common that the trainers are located in the 

control room during runs to coach the crew while at others the trainers sit in a separate area 

behind the control room.  After each exercise the crew evaluate their own performance by 

discussing the run while the trainers simultaneously discuss with each other in separate. 

Thereafter they all gather for a joint evaluation and debriefing. At times another kind of 

exercise called demonstration runs of scenarios might be utilised. In this type of exercise a 

scenario is presented and the trainers ask the operators questions continuously to make sure 

they are aware of what is happening. 

How the training is scheduled differ between the units with the twin units C-D initially 

spending three days on theory, followed by five days of simulator training and at the end two 

more days of theoretical education. Unit B is instead dividing each training day by going 

through theory in the morning and train in the simulator in the afternoon. Unit A is using 

another disposition by undergoing theoretical lesson for five straight days followed by 

another five days of simulator training. 

7.2 Goals and priorities of training 
Most of the interviewed trainers were asked what they believe are the main goals and 

priorities of the training of which two replies are presented below. 

9-13. I6: "(...) maintain process understanding8, train on 

old and new knowledge. The plant is rebuilding all the time 

so we try to rehearse new reconstructions also for them to 

gain experience of them. And to exercise normal operations, 

disturbed operations, communication between shift members is 

                                                 

7
 Driftutbildningsrådet (Swedish) 

8
 The terms process knowledge and process understanding are in this report used in an exchangeable manner. 
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important, and to be comfortable with their procedures. That 

is what this is actually all about." 

11. I8: "It is to create better operators, safer nuclear 

power and that is the main goal." 

According to several trainers the focus of the training has shifted from more technical to 

more “soft” issues of primarily communication and teamwork.   

123-124. I1: "(...) [three-way communication] is something 

that is exercised from the beginning. Much, much more than 

what we did in the past so there is hope for it." 

172-176. I2: "(...) we are talking about tunnel vision, to 

focus on what you believe is the solution to a problem and 

disregard the rest and that we train on all the time and talk 

to them and nag at them and praise them all the time when 

they do not let anything go, because many times there is a 

solution in that big hay stack we tumble out in front of 

them..."  

32-34. I4: "(...) at unit C-D I am holding a theory training 

where we talk about shared situation awareness which is a new 

concept. So I am trying to plant that concept simply for them 

to be able to work with it and improve it. At unit B we have 

talked about learning..." 

45-50. I8: "(...) as a trainer I adapt a lot to different 

crews and different individuals, for some a lot of soft 

issues, and it is the soft issues that are clearly dominating 

today (...) communication for example oh yes. Cooperation, it 

is not only how you say but rather how you cooperate in 

everything." 

7.3 Types and difficulty of scenarios used in training 
Different kinds of scenarios that the training consist of that was named by the trainers is 

presented in this section. The difficulty or complexity of scenarios is another issue attended 

to in this part. 

Examples of scenarios in the current training that the trainers named include loose-of-coolant 

accident (LOCA), automatic reactor shutdown (by scram), unwarranted safety injection, in-

house operations
9
 and total loss of voltage

10
. 

One trainer was asked in what way the harder scenarios are more complicated replying that 

they are complex and that there is information missing. 

202-207. I1: "They are complex, you get a lot of fussy 

information, you may lose the surveillance on half of the 

station, all instruments, all electrical manoeuvre and so on 

                                                 

9
 Husturbindrift (Swedish) 

10
 Totalt spänningsbortfall (Swedish) 
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just disappear.  So you have no possibility to monitor parts 

of the station so they do not know what the status is at all. 

[P: All information you need is not there?] No exactly. And 

then they shall be able to identify the status of the process 

and from what they have left make a decision on how to 

continue and cool down, because it is always the most 

important thing, to make sure the core stays in the tank." 

Some trainers expressed their view on the difficulty of scenarios and how it can differ 

between them. 

70-73. I2: "(...) we try to achieve that kind of scenarios at 

regular intervals where the procedures are not fully 

applicable. A typical example is very small primary breaks, 

where you end up in a procedure when you should be in 

another..." 

73-75: I3: "(...) it is not something that we train on 

actually, I mean off-design. We train on that which unit A is 

designed to manage. Beyond that we do not actually go." 

272-276: I7: "(...) we have to do the disturbances 

considerably more complex than what they presumably would be 

in reality (...) yes we run both [difficult scenarios and 

ones they are able to handle]..." 

The trainers were asked if they include scenarios where it is impossible to strictly follow the 

procedures. An uncertainty occurred during the interviews because one trainer claimed that 

they use scenarios where it is not possible to strictly use the procedures (70-73, I2), while the 

rest did not agree. This was cleared up in a follow-up telephone interview with the branch 

head. To summarise this, the most complex scenario currently included in training is a total 

loss of voltage for which a procedure called ECA-00 exist. However there are other things 

that can complicate the run, e.g. how they lose the voltage, if the voltage returns, and where 

they are in the procedures when disturbances occur. In some cases it is possible to strictly 

keep to the letter while in others the crew must make independent decisions based on the 

purpose of the procedure and their understanding of it. In general it is not possible to solve 

the problem by only reading the procedure, even if the purpose is clear it depends very much 

on the circumstances. This specific scenario is so complex that the trainers figured that the 

crews would not be able to handle it without doing a briefing before the runs. 

Trainers at units B and C-D talked about them using difficult scenarios where indicators were 

masked or electrical disturbances occurring in combination with other accidents. In 

comparison none of the interviewed trainers from unit A mentioned the use of masked 

indicators but instead only that they at times come up with multiple failures that they might 

do a run on.  

The interviewed trainer from unit B talked about them giving the crews the option to do a 

specific run without procedures and only look inside them if they felt that they needed to. 

According to the trainer this created more process understanding.  
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The trainers at all units agreed on that the more likely an event is, the more often it gets 

trained in the simulator. 

7.3.1 Analysis of training setup, scenario types and scenario difficulty 

The crews have the possibility to adapt the content of the training to some extent which is 

positive since all crews and operators have their strength and weaknesses and thus different 

needs. The question is if a half day out of five is enough to get the specific needs of each 

individual crew sufficient attention. One of the trainers did although point out that he as a 

trainer adapt to the needs of different crews which might be important for these to be 

adequately dealt with. 

The two different strategies of interrupting the crew or letting them continue when they are 

struggling to deal with a disturbance could be argued to have their respective advantages and 

disadvantages.  One trainer claimed that the positive side of interrupting the crew when they 

e.g. end up in the wrong procedure is to avoid the risk that the crews learn to do wrong. This 

might be true, but there are also a number of drawbacks in this strategy. First off, the crews 

might conceive these interruptions where the trainers point out what they do wrong that the 

training is more of a trial than practice. There is also a risk that these breaks might impede 

potential creativity surfacing further on in the scenario since the crew either may find the 

"right" track again soon on their own or by solving the situation in a novel or unforeseen way. 

Another drawback of this strategy is the dissimilarity to how real world events unfold, since 

in real accident scenarios there is no one pausing the event and guiding the crew do to the 

right thing on the basis of a known solution. The use of this strategy is thus contradictory to 

the requirements on training put forward by Westrum (2009), namely that training must be 

realistic and intense. The other strategy subjects the crews to significantly more realistic 

accident progressions and therefore possibly could prepare them better for how real events 

take form. Yet, a disadvantage with letting the operators continue and possibly fail is the risk 

of them losing confidence in their ability to handle complicated events and that they may not 

get that much out of the session. To conclude, there exist positive as well as negative sides of 

both approaches which have to be taken into account in setting up the training and also taking 

the limited time into consideration. 

In relation to this it is also worth to discuss the use of more difficult scenarios and whether 

these get briefed before the runs or not. It seems like the most complex scenarios included in 

training are preceded by a briefing of the run explaining the accident scenario and how to 

handle it, including what procedures to use. This approach is novel in comparison to simply 

letting the crews run a scenario without the knowledge of what is going to happen and how 

they should solve it. One trainer pointed out that this is positive since it is questionable how 

much the crews learn by getting exposed to a difficult scenario which they most likely will 

fail. This is a good point since if the crews have experienced and succeeded in handling a 

specific event in the simulator it could increase the chances of successfully coping with it in 

real life.  But yet again, this might impede potential creativity that could emerge during the 

course of the accident scenario which could be useful in reality. Another disadvantage is that 

the crews in a sense might get quite passive during the scenario, since the trainers have told 



 
58 

 

them the, according to themselves, correct way to handle it and the run could be argued to be 

comprised more of a memory exercise rather than practice of handling an adverse event.  

Though, this briefing is not used every time and one trainer said that many crews express that 

they do not want to know what is going to happen in the simulator.   

Finally the fact that the more probable an event is the more often it is included in training is 

another interesting issue. As will be dealt with further in section 7.5, some trainers saw this as 

something positive while others thought that it could be delimitating. One strong argument in 

favour of this strategy is that since few events happen in reality the crews need to get 

experience of the most likely events somewhere else, i.e. in the simulator. It is though worth 

questioning how much the crews get out of running the same scenarios over and over again, 

and if they get the opportunity to skip scenarios they feel very secure about. As will be 

presented in the next section several trainers claimed that the training should be adapted to 

the individuals, which could be argued to further raise the importance of these questions. The 

strategy to focus on the most probable events for which the knowledge of the procedures are 

high correspond to one of the premises given  by Dekker (2001) on traditional views on 

safety and procedures in aviation, that is, organisations must invest in people's knowledge of 

procedures and ensure that they are followed carefully. Another issue is the analysis of the 

probability of events, since if this is not regularly updated in a good way a significant amount 

of the available time could possibly be spent on rehearsing well-know scenarios which in 

reality are not as probable or critical to prepare for as others. This problem is brought up by 

e.g. Dekker et al. (2008) who argue that looking at the potential is in itself a risk since it may 

lead to an investment in something not certain to happen. Also, Hildebrandt et al. (2008) put 

forward an important part of pro-active resilience being training for difficult / unforeseen 

situations - something that could be argued to be limited using this scenario selection 

strategy. As Johansson and Lundberg (2010) argue, this stability-enhancing strategy must be 

supplemented by a resilience-enhancing strategy. In the end, this focus on stabile responses 

by using well-know events and strict procedure-following could result in a weakening of the 

crews‟ ability to respond in a resilient way.  

7.4 Problems and supplementary needs of training 
All trainers were asked if they feel that there are any problems with the training and if there is 

anything that they should train on more. Perceived problems also arose during the interviews 

even if not explicitly asked for. 

Every trainer had something they perceived as a problem with how the training is carried out, 

with three trainers expressing that a problem is the difference between how disturbances 

unfold in the simulator and how they would do in reality. In more detail, as shown in the 

excerpts below, they are aware of the lack of stress and interruptions in the simulator runs in 

comparison to real life events. 

36-39. I2: "(...) what they learn in the simulator (...) is 

an operation, it is not the managing of a reality, because 

they have to apply the knowledge or the operations that are 

in the procedures to the reality they are exposed to, and 
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reality will not look like the simulator, that is just how it 

is..." 

361-363. I4: "(...) we can never simulate the emotional load 

in here either. And that has been shown over and over that we 

cannot make up enough bloody things in the simulator because 

reality surpasses it anyway..." 

73-79. I7: "(...) our problems when we run in simulators here 

are, so we have a reasonably good simulator which is 

reasonably plant-like but we can never expose the operators 

to the stress they get in reality, we can never expose the 

shift supervisor to all those distractions (...) that 

normally occur in reality. There I believe that we have a 

shortcoming and that I would like that we developed, distract 

the crew much, much more and so..." 

The trainers had no problems in expressing what the training need more of but the subjects 

brought up differed a lot. Two issues were mentioned by more than one trainer, namely that 

the training should be adjusted to the individuals and that the amount of training should 

increase.  

12-17. I2: "Generally, Swedish training amount is lower than 

international training amount, our staff is at around 40 

hours a year in the simulator and internationally it is 60 to 

70 hours..." 

Another problem mentioned by a trainer is that new systems are installed before the work 

tasks are analysed since there are no experts on them. The outcome of this is that something 

has to happen; a fault has to be identified, before it can be included in training.  

7.4.1 Analysis of problems and supplementary needs 

The trainers had no hard time expressing problems that exist in the training today and thus 

seemed aware of their shortcomings. Concerning the lack of external distractions in the 

simulator opens up the question of how well the current training can prepare operators for 

unexpected events. If an unexpected event never encountered before in the simulator would 

happen in real life the operators would supposedly both have to handle the pressure of the 

novelty and complexity of the disturbance itself as well as coping with all other external 

distractions. This is another deficit of the current training related to the requirements put on 

training by Westrum (2009) since it is doubtful if it is realistic in this aspect. As previously 

discussed, since the focus of the training is on known disturbances with estimated 

probabilities and that there are few ominous events in reality, both the issue of unexpected 

events and realistic accident progression may not be given enough preparation by training.  If 

the strategy in which the trainers interrupt the crews when they are on the wrong track is 

used, yet another drawback could be argued to be introduced since it increases the disparities 

between simulator training and reality. 

As presented and discussed in the previous section the crews have the possibility to adapt 

their training to some extent and one trainer claimed to adapt to the different needs of all 
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crews. Since two trainers expressed that training should be adjusted more to the needs of 

individuals it seems like this is not done enough today. The problem with new systems being 

installed prior to analysis of them is a typical example of a safety perspective lacking the 

important resilience engineering concept of creating safety by foresight, and as Dekker 

(2006) argue the need of models of normal work. The other need expressed by more than one 

trainer is that the amount of simulator training in Sweden is low compared to international 

training amount. Since the sheer amount of training is lower in Sweden than internationally, it 

could mean that the crews do not get enough experience of handling the basic disturbances. 

This is hard to evaluate, since few events happen in reality where the preparedness of crews 

and their performance in the face of emergencies are put to the test. On the other hand, it 

could be that they actually are adequately prepared for the base cases while the problem 

rather is that there is too little training on more improbable events. 

7.5 Unexpected events in training 
The trainers were asked what the term unexpected or unforeseen events meant to them, how 

these are attended to in training, and in what way training could provide preparation to this 

kind of events. 

Four trainers mentioned the events at the Fukushima power plant in Japan and the resulting 

loss of voltage as examples of unexpected events. Other re-occurring answers concerned the 

difference between simulator runs and real life events, and that an unexpected event is 

something the operators have not experienced before. 

157-164. I1: "[A] foreseen event is actually something that 

have been analysed that it could happen like a LOCA (...) 

unforeseen events are, well one could take the Japan case now 

then, total loss of voltage and not getting anything back. 

You just cannot suspect what is happening, all of a sudden 

there is just a wave coming in and now this is as I said 

unlikely here that this would happen but, it is an event one 

cannot with the help of the procedures take care of as I see 

it." 

Both trainers from unit A claimed that it is the imagination of the trainers that determines 

how unexpected events may be included in the training. If they come up with an event it 

could be included as a scenario run in the simulator. Other replies concerned the number of 

more unexpected events used in training and in what ways they are more unexpected. 

22-32. I3: "(...) we put disturbances out when we compose 

together some program so at times we think, partly there is 

certain things that is included in the cycle that should be 

trained on but in between one puts in maybe some unexpected 

things of course and think of a scenario that they should run 

with the help of their emergency procedures (...) so it is in 

a bit our imagination to make up something out of the 

ordinary then (...) and it is a bit feedback from the outside 

world (...) we try to get (one or) other such things in 

different runs or at least in one or some runs perhaps." 
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128-135. I5: "(...) the low voltage side that things one 

takes for granted (...) you know your checklists by heart and 

that we have seen when we have run a loss of voltage on one 

grid, there are four grids (...) and then when you do your 

checklists all of a sudden you do not get any information 

(...) and the operator become very so to speak, what the heck 

should I do now, one knows the checklist by heart as I said 

but you become very bewildered. You have to look at other 

redundant equipment but what the heck is it for redundant 

equipment and what should I check up instead and it is not so 

that one so to speak can well, think." 

40-42. I7: "Maybe that we succeed one or two runs per 

training week of the ten runs we do a week. So in some run 

per week we have like that they get fairly surprised one 

could say. And that is also resulting from that we now have 

better simulation models..." 

Some of the trainers expressed that training can provide preparation for unexpected events by 

subjecting the crews to hard scenarios they are not familiar with. Others did instead stress 

crews' way of working and communication as the most important things when the unexpected 

happens.   

189-193. I1: "Yes but is to do tough runs, maybe not every 

time but rather sometime now and then (...) if one believes 

that it is really messed up, one knows that it can get worse. 

And well it is actually just to remind the operators about 

that, now how one does that, that I do not really know but." 

49-51. I7: "I think that it is very much about the crew’s 

communication and ways of working and above all the shift 

supervisor's ability to lead his crew operatively, keep the 

crew together, and so I think that it is the solution we must 

take when the unexpected happens..." 

Other utterances related to the preparation of crews for unexpected events include; 

185-189. I2: "(...) and a situation like that [Fukushima], is 

not even thinkable to being able to manage at all. However 

for a normal accident, that which is within the plant's specs 

I think they are rather well prepared..." 

16-23. I7: "(...) we should possibly be better on training on 

the more unexpected I think. We train pretty much in the 

accustomed tracks, and that we have to do as well, so that 

one learn to handle the, one should not say everyday events 

but scrams and yeah as we had on the C unwarranted safety 

injection and in-house operations and such events that may 

occur once every five years or once every ten years, so it is 

fairly frequent however. And our operators also need to train 

that in which they do not get any help, take the disturbance 

at [the name of another Swedish plant] for example where 

there is no help really and they do not know what to do, then 
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their way of working must be so good that they fix it 

anyway..." 

A difference between the views of two trainers from different units on how the focus on 

somewhat more common disturbances and the fact that the more likely an event is the more 

often it gets trained on may affect the capability to handle more uncommon events could be 

identified. One trainer from unit A claimed it to be in a positive sense while one trainer at 

unit C-D thought it could be delimitating. 

311-315. I6: "It is in a positive sense, they feel that by 

training common disturbances and notice that one can handle 

them in a good way and get credit for a job well done the 

operators often grow and undertake more difficult tasks (...) 

if they feel that they fail in cases of normal operations 

they become inhibited when there are harder cases. So you 

have to succeed in the easier first, that is how it is, that 

is how I feel."  

117-119. I5: "No I think it could delimit, that is why one 

has to do complex runs from time to time, somewhat more 

complex, because it is absolutely delimitating and in reality 

if there is a fire for example then I think we would 

encounter many surprises..." 

Finally, one trainer claimed the operational management to have the wrong competence. At 

times an operations manager might enter the control room and try to control the work which 

according to the trainer never turns out good and that they do not have anything to do in the 

control room.  

7.5.1 Analysis of unexpected events in training 

The fact that the events at the Fukushima nuclear power plant occurred not even a week 

before the interviews surely affected the trainers‟ answers on what unexpected events mean 

to them. In the end though, the biggest factor that distinguished unexpected from expected 

events is the lack of earlier experiences of them according to the trainers. An important notice 

is that to call an event expected does not mean that the trainers claimed these to actually be 

expected to happen, but just that they have been analysed and included in the training cycle. 

Using Westrum's (2006) distinction, the expected events represent regular threats since 

standard responses, i.e. procedures, exist for them and resources, i.e. training, are set aside for 

them. In the end though, there were no major deviations between different trainers' views on 

what the term unexpected / unforeseen events mean which makes it unlike to have affected 

the replies to the follow-up questions of how these are attended to in training and in what way 

the training prepare operators for them in any way.   

It seems clear that the way unexpected events are included in training is by exposing the 

crews to surprising or more complicated scenarios. Consequently numerous trainers also 

claimed this to be the preparation given to the operators in the face of unexpected adverse 

events. Another common reply involved crews' way of working and communication as 

important when the unexpected strikes. Since it came clear during the interviews that the 
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focus has shifted towards soft issues of general teamwork and communication this can be 

claimed to be an important contribution given by the training in handling unforeseen events, 

or to use the term by Westrum (2006) - unexampled events. If a specific accident is unknown 

to the staff it is impossible to practice in the simulator why the crews' teamwork needs to be 

excellent in order to stand a chance of handling it. As Epstein (2008) argues, there are no 

procedures for handling the unexampled - but if characteristics fortuitously exist that can aid 

in resilient response to critical and sudden exampled events, severe consequences may be 

dampened and perhaps stopped. According to Cook & Nemeth (2006) events that provoke 

resilient performances are unusual but not entirely novel which further strengthen this point.  

The trainers at unit A both mentioned their imagination to determine how unexpected events 

might be included in training. This has strong links to the term 'requisite imagination' used by 

Adamski & Westrum (2003) and Westrum (2006; 2009). As Westrum (2009) point out the 

requisite imagination is never perfect which means that one has to be ready to confront the 

unexpected. The trainers argue that this is done by focusing on teamwork and communication 

in training, something that seems like a good road to take. The argument that the operational 

management might have the wrong competence is connected to the issue of external 

disturbances increasing the complexity of accidents, which in the end may impair the crews‟ 

ability to cope with difficult happenings. 

Some interesting differences between units were identified. The trainers at unit A mentioned 

that the capability to handle unexpected events in real life is affected positively by going 

through procedures not used every day, to train on troubleshooting in group, and to focus on 

more common disturbances. In comparison, one of the trainers at C-D claimed that the 

current selection of events in training could act as a delimitation of the crews' capability to 

manage unexpected events. Another trainer at unit C-D uttered that the scenarios in training 

are more difficult than they probably would be in reality. The trainers at unit A also stressed 

procedures more than others in talking about preparation of unexpected events. Epstein 

(2008) argue that it correct to focus on procedures and rules for dealing with known 

disturbances and standard ways to respond, but that this has to be supplemented with a 

readiness for the unexampled events. Hence, it seems like the trainers at unit A might have a 

somewhat limited view on what the training should comprise of. Even though running these 

thought of scenarios by the help of established procedures is, as Epstein (2008) point out, 

important for controllable situations not to escalate out of control - the readiness for the 

unexpected might not be dealt with enough. 

7.6 Resilience cornerstone - Learning 
The trainers were asked how crews can figure out what has happened in response to an 

adverse event and how training can support the capability to know what has happened. This 

kind of "real-time learning" gained more focus during the interviews compared to the more 

distant kind of learning, which is how prior events at the plant or at other plants get 

acknowledged. The reason for this was the limited time available for each interview resulting 

in that a prioritisation had to be made. Some fruitful data concerning this other kind of 

learning from experience is however also presented and analysed. 
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Four trainers emphasised the importance of operators communicating what they see and not 

what they think in order to understand what has happened. This interchange of information is 

often done in meetings, which in turn is another way for crews to figure out what has 

happened according to some trainers. Other replies included established routines, by looking 

at the first-out panel, and other instrumentation.  

291-294. I2: "Yes the most important thing there, then we are 

into communication and that we train on all the time, they 

always have to tell what they see, not their own conclusions. 

And this we train hard on all the time and that is very 

dangerous because if people start to deliver their 

conclusions based on what they see we will soon have a 

situation where we have a lot of false conclusions..." 

Further, regarding communication, one trainer said that the crews have to communicate better 

and that how well crews communicate differ in some extent. The same trainer later pointed 

out that crews need to be open and clear in informing everyone in the control room what is 

happening. The same thing was argued by a trainer at unit B who also said that the use of 

three-way communication has improved a lot. 

Three trainers claimed that it might not be the most important thing to know what has 

happened but rather to act fast in order to handle the problem and later on wonder about what 

could have caused it. One trainer did though add that if it is an event beyond the procedures 

the crew first need to know the cause before they can be able to know what to do. 

747-750. I4: "(...) but sometimes it is only that this is the 

state we have, bang, then we have to do this, then what was 

the cause to it is not relevant now. But sometimes one also 

needs to understand the cause to be able to know what to do, 

particularly when it is outside the procedure..." 

The trainers who were asked how training can support the ability to understand what has 

happened replied based on their beliefs expressed in the previous question except in one case. 

This trainer claimed that this could instead be supported by subjecting crews to scenarios that 

are not covered, or are hard to cover, by the procedures. 

A number of interesting utterances related to the more distant kind of learning from 

experience were made by the trainers. The expert and two trainers mentioned deficit 

experience exchange or experience feedback which is related to this cornerstone.  

423-42811. E: "If one talks about [an event at another Swedish 

NPP](...) we had the same fault here at unit D when I was 

there, we encountered it as well, but I only walked out to 

the electricity room and flipped a breaker and then it was 

fixed. Then we wrote a report about it and rebuilt the 

station a bit, and this was sent to [name of the other plant] 

and [name of another Swedish plant] and everywhere but they 
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said no we are not interested, it can never happen here. Then 

10 years later the precisely same thing we encountered 

happened over there." 

193-196. I6: "(...) historically we have been poor at 

experience feedback. We have been a little, and it has been 

on the contrary as well, that [another Swedish NPP] maybe 

have found some fault and we at [the actual site] thinks that 

it was nothing for us, so one has to be humble to events 

outside in this industry, and I think that one has become a 

bit more, that we may not be the best in the world..." 

169-173. I7: "[name of the actual NPP] always have to solve 

their own problems and we do not believe that throughout the 

world there is those who have better solutions than we have, 

extremely much, and [another Swedish NPP] is even worse on 

this and [yet another NPP] is sort of like us. Some believe 

that we are the best in the world but that we probably have 

had a bit of bad luck, but that is not the case." 

Another issue that were brought up was that personnel, both trainers and operators, seldom 

walk between units to get a glimpse of how it works other units but their own. 

932-934. I4: "The fact is that it is very hard to get people 

to walk between the units. On C-D it gets natural since they 

exchange personnel all the time, but that someone would walk 

over and look at how they do at unit B and God forbid unit A 

and the other way around that ((laugh)) we struggle with it." 

The same trainer also brought up the troubling issue of increased administrative work for the 

operators during normal work, leading to less time talk about how the plant works, how the 

last training went, and to look through experience sheets. 

158-166. I4: "(...) the administrative load is so big now 

during workdays so there is very little talk about technology 

and how the plant works, basically very little talk to build 

mental images and especially joint mental images (...) some 

experience sheet coming in from some other nuclear power 

plant, how would this be for us? No, that one does not have 

time to talk about. And one does not have time to talk about 

what they did during the training and what went good and bad 

and why, I did not understand this, and so on." 

7.6.1 Analysis of the learning cornerstone 

According to the trainers communication and how the operators communicate plays the most 

important role in support of the learning capability. This corresponds well with the opinions 

previously expressed by the expert although the identification by using the E-0 procedure was 

also stressed by him. One trainer did also mention that it is important that everyone 

contributes with their competence to minimise the risks of groupthink. Another trainer 

expressed that it is important that every operator knows when to or not to communicate with 

others, and to do this they need to know each other‟s roles and tasks. Also, the most 
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frequently named characteristic of good crews was that they are good at communicating. 

Since communication gains a lot of attention in training, this cornerstone could be argued to 

get adequate support from training. However, the relative importance of this capability 

proved to be surprisingly small. It seems that it is more important to act fast by more or less 

standard responses known by the operators in the face of adverse events, regardless of the 

specific causes. This makes sense in the case of e.g. a reactor trip or triggered alarm where 

there are established responses well-known to the operators, but this stance gets more tricky 

in the case of e.g. unknown events or  existence of multiple or contradictory indicators. In the 

latter case one could suppose that a severed understanding of what has caused the current 

situation could result in the operators responding to another, wrong, failure and in the end 

impair their ability to cope with the disturbance. In relation to this one of the trainers did say 

that for events beyond the procedures the operators have to understand what has happened 

prior to carrying out any actions. Hollnagel (2011) argue that the relative importance of the 

resilience cornerstones varies between different systems and in this case the learning 

capability seemed to be less significant than other ones.  

Several operators claimed the exchange of experiences to be deficient primarily between 

different sites but also between different units at the actual NPP. Trainers did though mention 

that prior events could be included as a scenario during training. However, it seems like this 

aspect of the learning capability could improve and that the trainers are aware of their 

shortcomings. Dekker et al. (2008) claim that one bias is to only focus on adverse events that 

happens locally and disregard experiences that could be learned from other places - which 

could be argued to be the case at the actual NPP. It is hard to draw any strong conclusions 

since experience from the outside world do get acknowledged in training in several ways, but 

a tendency exists since several trainers claimed this capability to be flawed. The nuclear 

industry is also special since significant events happen quite seldom which obstruct this 

learning, and also puts additional demands on the process of how experiences get utilised, 

since it is of upmost importance to gain as much knowledge as possible from so many events 

as possible. This also includes previous successful events as pointed out by Dekker et al. 

(2008).  Hence the nuclear industry could be argued to be an example of a system affected by 

the fundamental regulator paradox (Weinberg & Weinberg, 1979) since there are few events 

to learn from in reality, at least in comparison to many other industries.  

The administrative load put on operators today and its negative impact on the maintenance of 

process understanding as the trainer suggested, could also affect the learning cornerstone 

negatively. Since the operators have less time to talk about positive or negative experience in 

the last training maybe the learning from it might not be as powerful as it could. At the same 

time the fact that they might not get enough opportunities to discuss reported events from 

other power plants can be argued to be a shortage of the learning capability 

7.7 Resilience cornerstone - Monitoring 
The trainers were asked how operators know what to look for during an emergency situation, 

what may contribute to the wrong versus correct things being observed, and how training can 
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support the capability to know what has happened. The question of how crews can monitor 

their own work did not get investigated in the same extent as the ones just introduced. 

It became clear that the most important elements in the monitoring capability are procedures, 

experience and process knowledge. Other answers include fixed parameters (which the 

operators are aware of being important) and education.  

432. I7: "It is stated in the procedures." 

304-305. I2: “Experience. It is that. When they have worked 

for a number of years they are aware of what parameters are 

important and they know their plant, so they identify the 

emergencies rather quickly." 

Regarding operators' process knowledge, it became clear over the course of the interviews 

that it is degrading. When the plant first started up operators were recruited from ships and 

other heating facilities bringing experience with them that is missing today. In addition to 

this, problems with the plan were more frequent in the beginning and few procedures existed 

giving the operators better opportunity to learn during working. Although the number of 

procedures has increased the trainers stressed the importance of process understanding in the 

interviews. For example if a procedure tells an operator to assess if a parameter is increasing 

or stable, this depend on the process knowledge of the operator since there is no explicit 

guidance in how to do this judgement. 

One of the trainers claimed the procedures to be of less importance in knowing what to look 

for during emergency situations. 

307-319. I2: "No, the identifications, we would like them to 

have control over the situation before they enter the 

procedures (...) in the early identification, in what 

direction the plant is heading, the level of knowledge should 

be and is expected to be so high that they shall not need to 

resort to such aids [checklists]. But it should be like when 

one drives a car, one should not need to think that one needs 

to couple and brake in the right order, it should in some way 

sit in the spinal cord in them." 

Another trainer pointed out that procedures support monitoring on the reactor side while 

process knowledge is also of importance on the turbine and electricity side. 

351-353. I5: "The ones on the reactor side have their 

procedures and so on but if turbine, electricity there it is 

(...) well procedures also in many ways, but then it is the 

process knowledge they have, much is built on that..." 

The only thing mentioned by more than one trainer regarding what affects monitoring 

negatively was faulty instrumentation. Other contributing factors include the procedure, 

alarms and wrong background of the alarm handler, if something is highlighted in the 

interface, stress, faulty priorities made by the operators and the difficulty of getting out of the 

wrong track.  
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One trainer mentioned a new interface component which aids the operators in monitoring. 

362-368. I5: "(...) then it is the interface again because we 

have acquired good images, some images have become very good 

now when they have acquired screen based and one can see that 

there the interface have helped (...) earlier when you had a 

scram, you should check some things directly in connection to 

the scram, but the interface now is that within a small 

square everything is included, you do not have to know them 

by heart, now it is just to check in it from top to bottom  

and you do it in the correct order, and if it deviates it is 

clearly visible. So after changing this it is very seldom or 

generally speaking never that anyone misses anything, so then 

it is the interface that has contributed..." 

On the question of how training can support monitoring, the trainers answered based on what 

they believed this capability relied on, thus giving a variety of different answers. 

The crews monitor their own work in training during and after their simulator runs by giving 

each other feedback on how it went. 

815-817. I4: "(...) they may at times give each other 

feedback during the runs (...) I did not like this or I need 

this information..." 

7.7.1 Analysis of the monitoring cornerstone 

Some inconsistencies concerning how crews know what to look for arose across different 

interviews, especially the importance of procedures. In the previous expert interview the 

procedures and process knowledge of the operators were judged to be of importance. I2 and 

the expert both highlighted that the operators shall know the identification steps (in the E-0 

procedure), and thus know what to look at, by heart. In any case the general interpretation of 

the trainers‟ replies is that the crews have no real problems in knowing what to look for 

making the strength of this cornerstone seem good. Hollnagel (2009) claims that in order to 

know what to look for a set of valid and reliable indicators must exist. This is an interface 

issue that possibly is strengthened by the new interface component mentioned by one trainer.  

The trainers claimed that the knowledge of operators is very important in regard to 

monitoring, which is something that Furniss et al. (2010) claim to be even more important in 

situations when crucial indicators are missing. An issue that could become complicated is if 

operators try to base their monitoring on procedures while their process knowledge at the 

same time is degrading. If an adverse event not covered by any procedures occurs they still 

need to be able to look for the correct information.  

All responsibility in maintaining process understanding is today put on education. The main 

reasons for this is that operators were earlier recruited from the maritime domain, thus having 

basic process knowledge, while faults during everyday work were more common. This leads 

to the question of how training can improve operators‟ process knowledge. One trainer 

pointed out that education traditionally focused on work tasks but now the basic education 

starts off by going through how a nuclear power plant works. Another trainer told that there 
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has been much focus on procedures and documentation in the basic education and that there 

should be a bit more talk about the processes and how the plant is built and why. Lastly, one 

trainer expressed the great importance of maintaining process understanding but could not 

come up with any means in doing this. 

The new interface mentioned by one trainer is of course advantageous when it comes to 

avoiding that anything gets missed, but also comes with the problem of not requiring the 

operators to know what to look for by heart and make use of the redundancy. This could be 

argued to be yet another step in the degradation of the process knowledge of the control room 

operators. The same trainer argued that the interface in general also may affect monitoring 

negatively. This is an important insight since the interface is built upon a model of what 

information is important and how the user functions in a specific situation, which might not 

always correspond with reality. 

What concerns the crews‟ capability to monitor and evaluate their own work this seems to be 

a vital part of the training. By initially letting the crew discuss their work after a scenario run 

before the trainers give their opinions should supposedly make them more aware of their 

strengths and weaknesses and not take the feedback from the trainers as somehow 

threatening. This way of structuring the debriefing could provide good opportunities for each 

crew to become even better and in the end able to solve more complex problems.  

7.8 Resilience cornerstone - Anticipating 
The trainers were asked questions on how crews may anticipate what will happen later on in a 

scenario and how training can support this capability. In addition, questions related to 

independent thinking and if there is anything in training that encourages operators to see 

things from different viewpoints were asked.  

Two trainers meant that operators can anticipate by thinking of the consequences of different 

happenings while another one said there to be operators that mentally prepare themselves for 

the occurrence of more serious events following an alarm. One trainer did instead talk about 

experience, that the operators recognise the scenario and know how to act, and that they 

always have to see all possibilities.  

373-379. I5: "(...) I wish that it would become more and more 

that, it could be that they receive an alarm (...) and then 

they should think what happens if the temperature or 

vibrations continues to increase, what happens henceforth if 

we have perhaps a different operational orientation and so 

on, so they continue this thinking so that one do not only 

look at now I have this alarm, now I should look in 

disturbances alarm or what it is, and then try to fix this 

but to think ahead, what is the consequence if it continues 

to increase..." 

463-467. I7: "(...) I guess that we try to point out the 

importance of thinking in consequences if they for instance 

have lost, we have some runs where we lose two feed water 

pumps on a turbine we only have one pump left. Or no it is 
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enough to lose one feed water pump, we need two on that 

turbine, one thinks through what is the consequence if we 

lose another pump and that could be a way to, they are quite 

good at that I believe..." 

267-269. I6: "(...) Cassandras12 in the crews (...) many are 

like, now this signal came and now something worse will 

probably come, and yes now it came as I said, now I was a bit 

mentally prepared for it and they think further, yes now this 

surely will come as well..." 

319-324. I2: "(...) experience, you must have done this so 

many times that you know in which direction we are underway 

and know how you should drive the plant to get where you 

want. And it is here one can identify the big knowledge gaps 

when they do not know in which direction they should go but 

instead only follows a procedure, and then it is quite easy 

to get them to rethink and learn by asking questions, it is 

simply to ask the questions where are you heading? Where is 

the plant heading and how should you get there? This is the 

daily work." 

392-394. I2: "The operators always have to see all 

possibilities or as many possibilities as possible. Because 

if they do not have all possibilities, all options, then they 

cannot determine what is good and what is bad. If they only 

see one solution to the problem it is not certain that it is 

the best one." 

In talking about independent thinking, a trainer expressed that there is not much encouraging 

this in the control room except if the shift supervisor has such a leadership style. 

448-452. I7: "[If there is anything in training that 

encourages the operators to think more independently and to 

see things from different points of view] Yes it is actually 

our meeting techniques that we have, if it is a good shift 

supervisor then the shift supervisor should encourage 

proposals and problem proposals and action proposals and such 

things. But this is applicable when we do not have procedures 

that cover things, but it is more the shift supervisor's 

leadership style that shall encourage independent thinking. 

But else there is not much encouragement of free thinking in 

the control room..." 

One trainer emphasised that the shift supervisor should not be operative but instead a decision 

maker in the background. Another trainer expressed a similar train of thought by stressing 

that the shift supervisor has a tremendous obligation not to unnecessarily put load on himself 

by work tasks, but should instead take a step back to see the big picture and delegate tasks 

and think forward. Another trainer also talked about the need of the shift supervisor to keep a 

good overview of the situation and to calm the crew down and urge them to communicate. 
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One trainer also pointed out that the shift supervisor is the single most important person in the 

crew. 

Four of the trainers touched upon that operators always have to be prepared that something 

they do not count on may happen. According to one trainer the operators are expected to 

always have a plan B if they would get an additional failure at the same time as they should 

know how to take care of the current situation. Other answers on how this is supported by 

training include that operators that think a bit more further gets rewarded, to use complex 

scenarios, and to train on both rapid decisions with time pressure and deeper decisions when 

there is enough time available.   

364-369. I2: "(...) when we have meetings in situations when 

we are not in emergency operating procedures, if we have an 

faulty object or so, then we drive them to always bring up a 

plan B. They should always have a plan on how to handle the 

current situation, but if we get an additional error and then 

one chooses the worst one can think of in this situation. If 

we have a faulty feed water pump we take another faulty feed 

water pump, how do we handle that situation? And that we 

expect them to do or else they receive critique..." 

Three trainers stated that this is not trained enough on today and one mentioned that this 

possibly could be dealt with by going through scenarios in theory. 

289-290. I6: "[If this ability could improve] Yes it could by 

practicing on it, maybe theoretically bring up scenarios and 

that we might not do today. Yes this could improve." 

7.8.1 Analysis of the anticipating cornerstone 

The capability to anticipate and to see things from different views seemed to be perceived as 

important to the trainers. The fact that several trainers mentioned that his might not be trained 

on enough today could be argued to mean that this is a deficit of the training although one 

which they are aware of. Four trainers talked about the need for operators to be prepared for 

unexpected happenings or developments. According to Woods (2011) one of the patterns 

about how resilient systems anticipate is that they are able to make perspective shifts and 

contrast diverse perspectives that go beyond their nominal position. Also, Massaiu et al. 

(2011) bring up examples of behaviours that are outcomes from high quality teamwork such 

as a lack of fixation in one hypothesis and assessing and questioning current mission. One 

trainer pointed out the importance of the shift supervisor and meeting technique used in 

relation to this.  Hence the trainers seem aware of the importance of these aspects of the 

control room work. One trainer also mentioned that knowledge gaps can be identified when 

an operator only follows a procedure without knowing where they want to get. This has been 

acknowledged by Grote et al. (2009) claiming that procedures do not allow the performing 

actor to develop an underlying plan of their own. Therefore one could argue that this is an 

important aspect that training should include and contribute with, so that operators think 

further and twice when they are executing procedural steps. Also, Dekker et al. (2008) claim 

that safety results from people being skilful at judging when and how, but also when not, to 
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adapt procedures to local circumstances, while Hildebrandt et al. (2008) include that there 

should be opportunities for the operators to adapt their work practices in the resilience 

timeline. One trainer agreed with the expert that previous experiences affect the anticipation 

of future events. As in other questions related to the cornerstones different trainers expressed 

different views on e.g.  to what extent free or independent thinking is promoted in the control 

room. However they all seem to perceive anticipation and independent thinking during 

operations as something positive.  

7.9 Resilience cornerstone - Responding 
Responding includes knowing what to do and how to do it. The two ways of responding is 

either to follow a procedure or to act in a flexible manner when the procedure does not cover 

the situation. By defining responding like this, this section is divided in two covering the 

topics of procedure use and flexibility to deviate from procedures when needed. The analysis 

is located subsequent to the presentation of the results on both topics. 

7.9.1 Procedure use 

The trainers were asked on their views on how the procedures should be used by operators, 

what the operators should do when they (think that) they cannot follow the procedures, what 

different procedure-following styles they have noticed and what procedure-following 

problems they have observed. Another topic covered by the interviews is how the procedures 

have changed over time. 

The trainers agreed on that the procedures are always to be followed for as long as it works. 

At unit A the operators have to sign each step in the procedure after executing an action, 

something that is not a requirement at the other units. If operators perceive that they cannot 

follow the procedure they have to discuss this with the shift supervisor who then takes a 

decision and writes down in the journal if they deviate from a procedure and by what reasons. 

The operator is not allowed to deviate from a procedure on his own. These directives stem 

from the operational management. 

133-135. I2: "The base thesis is that procedures always shall 

be used, period. If one deviates from the procedure a 

decision shall be made by the shift supervisor, and then 

written down in the reactor log or the shift supervisor 

log..." 

Another thing differentiating unit A from the others is that the shift supervisor has an 

additional procedure called the general by which he or she independently check some 

parameters. According to a trainer at unit A the general was introduced as a reaction to the 

growing amount of procedures. 

24-28. I3: "(...) a scenario which they shall run with the 

aid of their disturbance13 procedures, then the shift 

supervisor ends up in something called the general. It is he 

that checks some parameters; level, pressure, and activity, 

                                                 

13
 The disturbance procedures are, in contrast to the EOPs, created at the actual site. 
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and so on and from these end up in different ways to get to 

other procedures or some other way to manage the arisen 

situation..." 

107. I6: "(...) In the more serious procedures, disturbance 

procedures, we at unit A have another procedure, a general 

procedure where we get channelled out to sub-procedures where 

the shift supervisor gets a procedure number he can share 

with his operators, use this procedure in this operational 

condition, so in this way steers and get helped with what 

exists and not, and this is positive. And this procedure, 

this general, has not existed on unit A forever but it has 

existed for 15 years but not from the beginning, so that has 

made one to realise that the flora of procedures have gotten 

so big that one has to have something general" 

This so called general also plays a part in how procedural deviances may be carried out. One 

trainer claimed that it controls which procedures may get used and that there might be a 

reboot in the general to try to find new way to handle the situation. 

101-106. I3: "(...) it is not always maybe that a procedure 

cover all operating cases (...) usually the shift supervisor 

have his general to follow and get thrown into procedures, 

but the times when this do not help then it is to make 

contact with the operational management and engineer on duty, 

so that they then together can make a judgment of what we 

should do (...) so that it become reasoning, troubleshooting 

in group..." 

122-129. I3: "(...) maybe one have ended up wrong from the 

beginning and ended up in a procedure that maybe not is 

applicable, then one needs to back, or I mean then there is a 

discussion between turbine or maybe reactor operator and 

shift supervisor, like this is what the procedure tells me to 

do and then it might be a discussion in between. He sees in 

the general, something maybe has happened along the way, 

there might be a reboot in the general and maybe find a new 

way (...) one does not deviate from a procedure (...) without 

first discussing this with the shift supervisor..." 

One trainer at unit C-D and one at unit A emphasised that when an operator find out that a 

procedure do not work they are allowed to act outside of it. Another trainer at C-D, 

previously doing a statement that he belongs to those trainers seeing all of the procedures as 

something positive, clarified that if someone deviates from a procedure to do something in a 

better way he is in no position to criticise. 

285-286. I2: "(...) you cannot remain in a procedure when it 

does not work anymore, one has to cool the core in all 

situations." 

150-152. I6: "(...) when they notice that it does not work 

[to follow a procedure] they do measures, it is ok to do 
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measures that are, but one does not do things just to try, if 

one says it like that, one does not work like that..." 

186-188. I7: "(...) and then I cannot criticise if they do in 

some cases deliberate deviations to do things better if they 

have understanding of things..." 

The trainers described different styles of using the procedures that they have identified in 

training and mentioned possible causes to these. A distinction was made between operators 

being guided by the procedure and operators guided by the process. In the first case operators 

do not look up and make sure the process is with them, while in the latter the operators look 

for what the process needs and then use procedures to steer the process where they want it. 

Another trainer gave examples of even more different procedure-following styles although 

the main distinction is to what degree operators read the procedures word by word. One 

trainer argue that it is not obvious that the different styles depend on the operators' 

competence while another proposed that it could have to do with knowledge or individual 

differences. 

90-94. I2: "(...) you are either procedure-guided or you are 

process-guided, either you look at the process and see what 

the process needs and then you use the procedures you need to 

steer the process in the direction you want, or you are 

procedure-guided and then you enter into a procedure and you 

read it and you run it and do not look up and look at the 

process to see if you have the process with you..." 

156-159. I2: "(...) I think that it [the distinction] covers 

it pretty well, there are all varieties from those who reads 

it more for knowledge and all the way down to those who are 

very thorough and read every comma, so there is a scale 

there. And it is not easy when you only see them act once to 

say that one who reads it literally has poor competence, it 

is not at all like that..." 

194-202. I5: "(...) styles, there are those who read them by 

the letter, may lack knowledge or be that type of person that 

they follow to the letter, and it works brilliant as long as 

it works out and the procedure works. But if there is a stop 

it is a sudden braking, then it does not match (...) and one 

does not see the possibilities and so on. To those who use 

the procedure and if something does not add up one tries to 

see possibilities or possible ways to continue in the 

intention of the procedure. And then there are those who feel 

that, no this does not work and then do things on their own 

without thinking so to speak. And then there are those who 

raise the question up when they do not know what to do, and 

asks how should I do and so on. So there are some different 

ones." 

At unit B another way of using the procedures was mentioned by one trainer. At this unit the 

reactor operators read the purpose of and main steps in the procedure out loud and the shift 
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supervisor confirms that it is the correct procedure and everyone gets updated on the main 

purpose of the work for some time.  

593-603. I4: "(...) often at unit B the reactor operator, who 

is the one who most often have the procedure (...) reads it 

out loud and the work in the control room stops a bit and 

they read the purpose and main steps out loud and the shift 

supervisor confirms: yes I find this to be the correct 

procedure, and then everyone has heard the main purpose of 

what they should do for some time and one have confirmed what 

shall be done and the work start up again in the procedure. I 

think this is a good finesse. But at the same time there are 

certain procedures where they should know this by heart, it 

should not be anything to question, but when one starts to 

enter the procedure packages we train less frequently, which 

are very improbable, then it is a good way of working..." 

The trainers were asked to talk about what problems they have acknowledged with the 

procedures in general and in how they are used during training sessions. One trainer 

mentioned several limitations of the procedures and what demands these put on the operators. 

The same trainer also claimed there not to be many operators questioning a procedure. 

Several trainers expressed the problem of operators getting tunnel vision and loosing 

overview.    

185-190. I4: "(...) there are so enormously many things you 

do not get with the procedures. You have enormous difficulty 

to prioritise, you have enormous difficulty to set a goal for 

your work and the goals drive the actions (...) and if you 

cannot set up relevant goals depending on that you have a too 

low or too poor understanding of how it works, and you cannot 

do these future projections you need, then it does not help 

that you know the procedures..." 

666-675. I4: "(...) then you have one way of solving a 

problem (...) one does not have a sufficiently well built 

mental model of this process, where one may have a number of 

indicators that has to add up for one to be sure on the event 

and know that if this one falls away these three others are 

good enough to tell that it is a tube rupture. We are not 

there, we do not reach that height, and the procedures trip 

us up then instead (...) and then one shall do this judgment: 

is the procedure an aid or a hindrance for me now. And then 

one need to train on that as well (...) and to question a 

procedure is not anything many do..." 

244-254. I7: "(...) one may get tunnel vision and lose the 

holistic view (...) some look too much at the exact letter 

written there (...) but essentially they [the procedures] are 

damn good. Many at the plant talk about that there are too 

many procedures, maybe we have, but not for this at least. I 

think that it is a great strength with all the procedures we 

have at large..." 
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Two trainers touched the issue of lacking knowledge of the procedures.  

77-84. I2: "(...) it is not really that simple that one can 

teach them to go outside of the procedures, but it is rather 

that they need to know the procedures in such a way that they 

know the content, so they know when the procedure are 

applicable and not applicable, it is only then you can say 

that now I can use some parts in this procedure and then it 

is a matter of a form of mass learning (...) I think we would 

reach much further with a more intense training and a more 

goal-oriented training. Because you have to know the 

procedures better than they do today if they are to apply 

them fully." 

634-643. I4: "(...) and it is not the crews that have 

developed these procedures, but instead it is experts on 

emergencies (...) because in the emergency procedures (...) 

they have made a procedure that should reflect on these 

things and make correct priorities and such. The knowledge of 

the shift supervisors concerning what priorities to make in 

an emergency situation does not exist (...) one is not enough 

knowledgeable and it is not sure that one is enough 

knowledgeable even if one assembles the collective competence 

of the whole unit..." 

Two trainers saw the amount of procedures today as a problem. 

630-634. I4: "(...) one does not have such an overview of 

these more unusual emergency procedures. We train them so 

rarely and one goes through them during basic education (...) 

and one does not work with them very much during everyday 

operations either..." 

91-93. I6: "(...) we have so many procedures that the 

operators start to reach the limit where one does not 

completely know what procedures exist so sometimes you have 

to start look, do we have a procedure for this or not?" 

Regarding the changes of procedures and procedure use over time several trainers said that 

the amount of procedures increased after the events at Three Mile Island, Harrisburg, in 1979. 

238-241. I1: "(...) since Harrisburg happened in 79 the 

number of procedures has just increased. I believe there were 

four emergency operating procedures one had then 1979 and now 

one has somewhere between 50 and 60 I believe. And also 

procedures that are used during normal operations have 

increased distinctly..." 

143-148. I7: "(...) we have a tradition, above all on the 

PWR-side, that we have very strong, good elaborated, 

procedures (...) we are so grown up with and so coined by 

knowing that a procedure always exists. Then they have 

increased over the years which can be a little tricky maybe. 

In the control room we have procedures for everything, I use 
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to sometimes claim that we have procedures for everything, we 

have documents that steers even when you are allowed to visit 

the toilet. It is actually like that..." 

7.9.2 Flexibility 

The trainers were asked in what situations there is a need for flexibility by the operators and 

if they believed that there is enough room for flexibility for the operators.  

229-233. I2: "That is probably completely proportional to the 

complexity of the disturbance. That is, the more complex you 

make a situation, the harder it is to make rational 

decisions. And complexity does not always have to be 

comparable to technological difficulty, it may suffice with 

external sources of interference like telephone calls from 

the press, someone being injured on the crew, someone soon to 

be a father and there is a call from home, there are so many 

components..." 

455-460. I4: "It is excellent with first checks and that we 

at the PWRs order these base procedures which make us create 

a situation awareness, but it does not get everything either. 

When we get to the point that we should continue in other 

procedures, and they do not help us, we must have additional 

ways to work to be able to unearth interventions that we can 

do to find another way forward then..." 

162-165. I6: "It is the unknown, where there are no 

procedures so that one does not get bewildered if one does 

not have a procedure, but instead start a meeting and try to 

come up with a good solution to the problem we have at the 

moment and do the best of it, and not sit down and say that 

we do not have any procedures, we cannot solve this (...)" 

Another trainer mentioned it to be in situations when the procedure does not work while 

another one said it to be in normal operating procedures, electrical disturbance procedures 

and at reactor shutdown. 

One trainer claimed that the room for flexibility is not the problem at the moment and that the 

room you need is taken when operating a nuclear power plant. Another trainer expressed that 

this issue might not have been discussed enough as of yet but that flexibility is allowed when 

needed. 

275-285. I2: "Yes I would like to say that it is not there we 

are lacking, the problem is rather that we train too little, 

the basic knowledge is too low today in comparison to what it 

was in the end of the 90s (...) but the flexibility (...) is 

in some way set by the operational management, and the room 

for flexibility is set by the operational management. And now 

we have an operational management which has been in the 

industry for a long time but there is a generational change 

under way as well, soon there could be some fresh young 

graduate engineers sitting there thinking they know how 
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people function, who may not have any cognitive training but 

maybe a technological training in the bottom, and then it 

could change very quickly. The room as such, when it comes to 

operating a nuclear power plant you simply take the room you 

need." 

275-290. I5: "I don't think we have thought along these lines 

really so it is something that absolutely should be brought 

up, but no, we have probably not thought really about how 

much do we allow, and that discussion would be useful (...) 

[one should make] the procedures so that they are more 

adapted to the possible flexibility (...) so one does not 

have to depart from them as soon as, but that they maybe 

become a bit more general and you get a permission but (...) 

it is hard, but flexibility it is what you shall bring up to 

the crew and take it, and I feel it is allowed when there is 

a need. But it would be good to discuss, because one have 

discussed sometimes to the point of absurdity that you should 

always use procedures and always sign each point and so on, 

so we should have that discussion both with the plant and 

with ourselves like what does one allow..." 

Three trainers talked about the room for flexibility in relation to procedural guidance. 

374-378. I7: "They are very guided by the procedures when 

something happens. The flexibility is pretty much in the 

shift supervisors way of leading his crew during 

disturbances, therein there is pretty much flexibility; what 

decision meeting I take, what planning and quick meetings I 

take, when do I do this and so forth, and that is entirely 

flexible, it is up to themselves how they (...) then once 

they have began their meeting there is a routine telling how 

they should perform this meeting..." 

155-157. I8: "It is so ambiguous because one shall use 

procedures, one shall follow procedures, if you deviate it 

shall be raised and one shall write and sign and such. There 

is (a) procedure for how one uses procedures so it can be 

squarely..."  

72-74. I2: "(...) electrical disturbances are many times so 

that they do not get covered by the procedures, so you need 

to know what you want to do in those procedures..." 

 

7.9.3 Analysis of the responding cornerstone 

There are clear rules for how deviations from procedures should be carried out and although 

the trainers stressed that procedures always shall be used they acknowledged that they do not 

cover all possible situations and that it is then acceptable to act outside of them if a decision 

has been made by the shift supervisor. It became clear that much responsibility is put on the 

shift supervisor keeping a good overview of the situation since he has the role of taking 

decisions. The existence of the general procedure at unit A could reasonably implicate either 
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that additional workload is put on the shift supervisor and thus serve as a limitation to his 

holistic view, or that this actually enhances the shift supervisor‟s grip of the situation. It could 

be argued that the first proposition is more likely in the face of unexpected events not covered 

by the procedures while during accident scenarios for which there are established responses 

in the procedure the latter proposition is true. This approach to increase the safety of a system 

by adding another control layer adds the problem of needing to protect the control layer. This 

phenomenon has been called the Matryoshka Problem by Johansson and Lundberg (2010) 

since it resembles the Russian dolls using larger dolls to encapsulate smaller ones. In any case 

it is not surprising that unit A countered the growing number of procedures by introducing 

yet another one, since tendencies of more strict procedure-following by e.g. the requirement 

on signing executed steps could be deduced.  

Several examples of procedure-following problems were expressed over the interviews and 

the trainers seemed aware of e.g. the tunnel vision problem, equivalent with what Massaiu et 

al.  (2011) calls persistent narrowing. The procedure-following style of trying to find possible 

ways to continue in the intention of the procedure even though local circumstances might be 

out of the ordinary is important according to Woods and Shattuck (2000). This is also 

highlighted by Dijkstra (2006) who claims that people have to improvise when conditions do 

not meet the specifications stated in the procedure. The distinction made between operators 

that are guided by the procedure and by the process show strong resemblance to the two 

different control modes of narrowing and holistic put forward by Massaiu et al. (2011). One 

trainer mentioned the difficulty to set a goal for your work when you use a procedure which 

also has been argued by Grote et al. (2009) who claims that procedures do not allow 

operators to develop an underlying plan of their own. To reflect and evaluate the current 

mission was also showed by Braarud and Johansson (2010) to be an important metacognitive 

activity of crews.  

One trainer pointed out that in case of e.g. electrical disturbances, operators need to know 

what they want to do in those procedures. This is related to the necessities put forward by 

Hildebrandt et al. (2008), namely that operators need both an understanding of the goals of 

the procedure and through work practices in procedure reading in order to create resilience. 

In this case the operators have to create a goal on their own and use the available procedures 

in such a way that this goal can be fulfilled.  

A major, somewhat more general, problem is the lacking knowledge of the procedures 

mentioned by several trainers. Lack of knowledge do here refer both to the unawareness of 

what procedures exists as well as being unfamiliar with the purpose and major steps of more 

seldom trained procedures. The whole thing turns out quite contradictory with one the one 

side giving the directive that procedures should always be used and on the other side an 

inadequate knowledge of what procedures even exist following deficit use experience of 

many of them. Since the more uncommon procedures are almost exclusively encountered 

only during operators' first basic education and thus rarely in latter training or during 

everyday work it seems plausible to claim that when an unexpected adverse event occurs it 
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could worsen even more if the operators have to start looking for an applicable procedure in 

combination with all other additional stressors.  

To briefly summarise the results regarding flexibility, there is a higher need for flexibility in 

more complex situations, situations not covered by the procedures and in unexpected events. 

In addition, certain procedure packages are more open to flexibility than others. 

Regarding the room for flexibility there were no clear consensus between the trainers. Two of 

the trainers claimed that the room for flexibility is there when it is needed although one said 

that this issue has not been discussed much. Another trainer expressed that the flexibility is in 

the shift supervisors way of leading his crew by a degree of freedom in choosing what kinds 

of meetings to execute and when, but that they are very much guided by the procedures and 

meeting routines. Woods & Shattuck (2000) argue that the flexibility given to actors in 

situations in which procedures are inadequate to cope with has to be determined on an 

organisational level - which seemingly is not the case at the actual NPP. Grote et al. (2009) 

do instead state that there is a need for a high degree of standardisation although the design of 

rules has to be better, giving the users decision latitude when possible and needed. Even 

though some trainers claimed that the room for flexibility exist it is still rather unclear how 

much flexibility and what kind of flexibility the operators are given. Hence, this could be 

argued to be a disadvantage of the flexibility following the argument of Dekker (2001) that 

organisations must develop ways to support people's skill at judging when and how to adapt.  

A trainer said that it is important for the crews not to get bewildered following the onset of an 

event not covered by the procedures but instead try to solve the problem through a meeting. 

Continuing the discussion on the topic of flawed knowledge of procedures introduced earlier, 

this raises the question of how the crew in practice may determine if  a procedure actually 

exist for the current, unusual, emergency or not. It seems sound that the crew must come to a 

decision in how to proceed in events not covered by the procedures by e.g. utilising well-

functioning meeting techniques, but how can they actually conclude that there is no 

procedure for it given the huge number of procedures today? At the same time this raises the 

question of how necessary it is for them to spend time on this issue rather than on trying to 

solve the problem by other means. As Nathanael and Marmaras (2008) puts it, if an 

organisation is trying to enforce compliance with what is prescribed, it risk losing its ability 

to respond and adapt in the face of the unexpected. In addition, Braarud and Johansson 

(2010) emphasise that it is important for crews to be able to detect deviations from expected 

paths and to readjust the operation accordingly, and to perform adequately in the light of 

unforeseen demands such as unfamiliar plant deviations. Both of these findings are very 

relevant to the question of how to balance stability provided by procedures and flexibility in 

order to be able to handle as many events as possible. The lack of knowledge of the 

procedures and deteriorating process understanding in combination with operators being 

accustomed to always use a procedure and the tendency of wanting to have one to rely on 

could assumedly lead to crews getting paralysed and in the worst case unable to deal with 

unexpected accidents. It does not seem like the flexibility, or lack of flexibility, given to 

operators is in itself the most problematic issue but rather that a combination of different 
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problems from training and the everyday work could together combine to crews‟ potential 

inability to cope with complex and/or unforeseen events.  
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8. Discussion and conclusions 
In this section the empirical findings are discussed, conclusions are drawn and suggestions 

for further research are given.  

8.1 Results discussion 
There are several aspects of the research questions and the answers presented and analysed in 

the previous chapter worth discussing further to some extent.  

The research questions postulated were possible to answer given the collected interview data, 

although question b) is a bit problematic. Research question b) came to be formulated as "In 

which way do the procedures support or hinder Learning, Monitoring, Anticipating and 

Responding during emergency scenarios? What other resources or crew characteristics affect 

this?”. In more detail, the problem lies in the assumption that the procedures affect every 

resilience cornerstone during emergency operations. The reason the question got formulated 

like this is that in the very beginning of the project, and also prior to the trainer interviews, 

much focus was on the role of procedures while at the same time somehow neglecting the 

importance of other factors. During the interviews the questions regarding the cornerstones 

were open - asking the trainers to talk about what affects the cornerstone functions - without 

explicitly asking for the role of procedures. The main reason for this was not to steer the 

trainers' answers too much initially but instead, based on if the trainers named procedures or 

not, ask a follow-up question on the role of procedures. The trainers were also explicitly 

asked how training, as a resource, supported the cornerstone function. As other factors 

surfaced over the course of the study these came to be seen at times to be more important for 

the cornerstone functions and thus the research question potentially should have been a tad 

more open. Even though the research questions were formulated in collaboration with other, 

more experienced, researchers and were argued to make sense to investigate, the semi-

structured interview approach resulted in the awareness of other more important things. In 

retrospect, what it is that affects the cornerstone functions to the greatest extent and how 

training more explicitly can support or improve this could have been more fruitful questions 

to ask.   

What concerns the results of the study, certain quite surprising issues were uncovered. In 

advance I supposed that the trainers would be more negatively disposed to the idea of a need 

for flexibility in emergency operations since NPP operations is very much based on 

procedural guidance. In general as it turned out, the trainers acknowledged this need and 

agreed that it was important, although how to incorporate this in training was more unsure. 

Anyway it was a positive experience that the interest in these questions was big and hopefully 

they were discussed between trainers afterwards.  In the same vein the trainers seemed to 

perceive anticipation and independent thinking during operations as something positive. Prior 

to the interviews I thought that the training and the trainers' view on it would be very much 

centred on reading and executing procedures. This is positive since it gives a hint of an 

understanding of the need to balance the procedural stability with other types of cognitive and 

cooperative activity. Still though, it became clear that this might not be encouraged that much 
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in the control room and that it is not gaining much focus in training. Hence, this potentially 

means that this is something that opened the eyes of certain trainers and increasing the 

attention given to these aspects in the future. Another surprising finding was the rather big 

differences between views on training and setup between the units at the site. Beforehand I 

had the impression that the site was very united and that the differences between units would 

not be significant. As it turned this was not true, both regarding everyday work, i.e. the 

introduction of a general procedure at unit A, and training since the biggest disparities of the 

trainers' views could be found between unit A and the rest. This issue could be identified due 

to the semi-structured interview research and was not anticipated in the formulation of any 

research questions. Hence, the issue of cultural differences and their effect on procedure use, 

simulator training performance, and preparedness for the unexpected could be examined 

more explicitly in further studies. 

Basing the research on resilience engineering had several benefits. The nuclear domain is 

strongly procedure-guided, characterised by a small number of accidents (although the ones 

that have occurred have been disastrous), and highly complex. Although the procedural 

guidance provides great opportunities for stable responses by the operator crews in the events 

that the procedures cover, applying resilience ideas contributed with an emphasis on the need 

for flexibility, adaptability, or innovation by the operators in the face of events outside of the 

procedures. The small number of serious accidents weakens the ability to learn from 

experience, why resilience is needed to attempt to increase safety or successful coping of 

future adverse events by stressing anticipation and training for unexpected events. The 

complexity makes it hard both to understand what has happened and predict what may 

happen, why again the stability of NPP operators training program must be balanced with 

resilience.  

Using the cornerstones as a theoretical starting-point in analysing resilience in emergency 

operations in NPP was mainly beneficial. The cornerstones made it possible to more 

practically investigate the resilience of a system and as the domain expert claimed they 

covered the important aspects of NPP control room work. There are also few explicit models 

of resilience, and the ones proposed were perceived as incomplete or hard to apply in 

practice, which motivated the use of the cornerstones in applied research. Hence, the 

cornerstones seemed like a sound approach to take in the current study. On the other hand, 

the cornerstones are very general and would seemingly not only be applicable to, but also 

well fulfilled by all imaginable systems. The main reason for this is that they as a part of the 

methodology get modified to some extent since the selected or created probing questions 

must be relevant to the system under scrutiny. Thus, aspects of each cornerstone that are 

more satisfied could be selected rather than others were the system has deficits. The question 

is if using the cornerstones could make resilience a bit too general and that the traditional and 

essential ideas of resilience at the same time might get lost. Still, it is argued for instance that 

learning should occur both following successes and failures, and the anticipating cornerstone 

cover the important notion of foresight - but the foundations upon which resilience is built 

seem to lose attention to some degree. In the end though, this study aimed to incorporate 
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these basic ideas to the extent possible in addition to the cornerstones in the inquiry of the 

research questions.  

An important notice has to be made concerning how the cornerstones have been defined and 

used in this study compared to previous research. The learning capability as used in this 

thesis came to consist of a 'real time' component, that is, to understand what has happened in 

an actual emergency scenario. In comparison, Pariès (2011) seems to include this in the 

capability to respond rather than learning. Hollnagel (2011) does instead claim that in order 

to respond, the system must first detect that something has happened, then recognize the 

event and rate it as being so serious that a response is required. This raised the question if 

these steps are seen as included in the responding capability, or rather that these are 

prerequisites for responding. Since the detection is plausibly connected to the monitoring 

cornerstone the recognition and rating of it could be connected to some other cornerstone as 

well, e.g. learning. On the other hand the learning cornerstone is more or less only described 

as learning from experience on a larger time-scale by Hollnagel (2011).  However, this ability 

to figure out what has happened came to be described as a part of learning during the expert 

interview and thus included in this cornerstone in the coding and sorting of the subsequent 

trainer data. Even if Hollnagel (2011) would claim that the situation assessment is a part of 

responding, it might not be a big drawback of this study since this aspect has been taken into 

account in this study, but instead as part of the learning capability.  

Hopefully this thesis provides important findings for the actual power plant, and NPPs in 

general on the need to base training and other safety-related activities not only on automation 

and written procedures but also on human innovativeness in order to increase the chances of 

handling a broader range of adverse events. The actual site might also benefit on being 

presented differences between units, thus hopefully understanding the pros with sharing 

experiences from training between each other. Another benefit is that diverse thoughts about 

issues seldom discussed between the trainers are presented hopefully leading to further 

discussions and in the end an increased awareness of these issues in future training. 

Hopefully this thesis contribute to that other questions, e.g. preparation for the unexpected 

and making use of human flexibility, gains more attention in training and in the end freshen 

up the tendencies of conducting training only in the accustomed tracks. 

The resilience engineering community could benefit from this thesis in several ways. To 

begin with the cornerstones are a rather new addition to resilience engineering why it is 

profitable to see examples of them applied in practice. Also, the study contributes with a 

review of NPP operator trainers views' on the cornerstone functions which could be useful 

for, and advanced in, future studies. To conclude, this thesis provides an account of how 

operators may get prepared for unexpected events by the means of training and how operator 

trainers view resilience related ideas.  

8.2 Conclusions  
In this final section the conclusions drawn about the research questions and suggestions of 

future research are presented. 
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a) Are the resilience cornerstones; Learning, Monitoring, Anticipating and Responding 

applicable to the work of control room crews in nuclear power plants during emergency 

scenarios?  

According to the interviewed domain expert the cornerstones made sense and are applicable 

to the work of operator crews during emergency situations. They were argued to cover the 

important aspects of control room work and nothing was missed out. 

Learning - to know what has happened - concerns both knowing what has happened over a 

long time horizon, that is the knowledge of and learning from adverse events at the site or at 

other sites that occurred in the past, and over a shorter time horizon, that is to understand 

what has happened previously in an actual emergency situation. 

Monitoring - to know what to look for - concerns looking at the correct instruments and 

indicators in the control room, looking through the procedure to make sure that it is complete, 

monitor the procedure progress and monitor the crews progress (their own work). 

Anticipating - to know what to expect - concerns what to expect both in the long run and 

what to expect further on in an emergency situation, but also to think independently and to 

see things from different angles. 

Responding - to know what to do - concerns either to follow a procedure and act based on it, 

or to take a decision to perform some other action outside of the procedure when it is not 

applicable, i.e. act flexible. 

b) In which way do the procedures support or hinder Learning, Monitoring, Anticipating and 

Responding during emergency scenarios? What other resources or crew characteristics 

affect this? 

Learning - to know what has happened - previously in an actual situation is supported by 

good communication between operators, often during meetings. During base case scenarios 

the disturbances can be identified by using the E-0 procedure.  Learning on a longer time 

horizon is based on experience exchange between different sites and within the actual site.  

Monitoring - to know what to look for - is supported by the procedures, process knowledge 

and expertise. Monitoring of own work may be done during, but primarily after, scenario 

runs. 

Anticipating - to know what to expect - is supported by operators having an attitude to think 

in consequences and be prepared that something not counted on may happen. Previous 

experiences may also affect what is expected. Independent thinking is to a large extent 

determined by the shift supervisors‟ leadership style. 

Responding - to know what to do - is supported by the procedures in most cases.  

As discussed in section 8.1, this research question turned out to highlight the role of 

procedures too much since other things were more important for certain cornerstones. It also 
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came clear that for certain capabilities the procedures in themselves are not what supports or 

hinder them. Rather, more important issues are e.g. how they are used and how often they get 

encountered in training and in everyday work. This study do provide findings regarding what 

resources and characteristics of operators and crews that affect the cornerstone functions but 

also how these get acknowledged in training. 

c) How can standard / stable responses provided by emergency procedures be combined with 

flexibility or adaptability? 

The base thesis is that procedures always shall be used. If operators perceive that they cannot 

follow the procedure they have to discuss this with the shift supervisor who then makes a 

decision and writes down in the journal if they deviate from a procedure and by what reasons. 

This is the way flexible actions can get realised; a single operator is not allowed to deviate 

from a procedure on his own.  

A contradiction can be found between the notion that procedures always shall be used while 

the knowledge of what procedures do actually exist is quite low. This could be argued to put 

extra load on the crews in the case of unexpected events since they both have to determine if 

there is a procedure that covers it while trying to identify and plan a counter measurement to 

it. Insufficient experience of using improbable procedures further complicates this issue. The 

room for flexibility were argued to exist when needed by some trainers, but it is still rather 

unclear how much flexibility and what kind of flexibility the operators are given. 

The lack of knowledge of the procedures and deteriorating process understanding, in 

combination with operators being accustomed to always use a procedure and the tendency of 

wanting to have one to rely on could assumedly lead to crews getting paralysed and in the 

worst case unable to deal with unexpected accidents. It does not seem like the flexibility, or 

lack of flexibility, given to operators is in itself the most problematic issue but rather that a 

combination of different problems from training and the everyday work could together 

combine to crews‟ potential inability to cope with complex and/or unforeseen events.  

d) How can training enhance operators’ preparedness and ability to cope with the 

unexpected? 

Unexpected events are attended to in training by exposing the crews to surprising or more 

complicated scenarios which together with crews' way of working and communicating is 

important in providing preparation for such adverse events. The trainers also viewed the 

leadership and good process knowledge to be important for crews' ability to handle 

unexpected events. The hardest scenario currently in training is not necessarily possible to 

solve by keeping to the letter of the procedure even though a procedure exist for the 

disturbance. What scenarios are thought of depends on the requisite imagination of the 

trainers, and as Westrum (2009) points out this is never perfect, why one has to be ready to 

confront the unexpected. The more likely an event is the more often it is trained on in the 

simulator. This strategy strengthens the stability of the system, while the situations where 

resilience is necessary gets repressed. At the same time the amount of training is lower in 

Sweden in comparison to internationally, reasonably impairing the preparedness for both 
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expected and unexpected events. On the other hand, since the focus of training has shifted 

towards soft issues, such as teamwork and communication, this can be claimed to be an 

important contribution given by the training in handling unforeseen events. 

Westrum (2009) put two demands on training - that it should be realistic and intense. At the 

current plant, the simulator is very similar to the real control room but the training lack 

realism in several aspects. For one, the trainers often interrupt the crews when they are on the 

wrong track. In addition, more complex scenarios are preceded by a briefing of what is going 

to happen and how the crews should solve them. Further, the stress, emotional load and 

external distractions related to real world events is lacking in the simulator. Hence several 

aspects differ between emergencies in the simulator and how they probably would act out in 

reality. 

Differences between units on how the trainers claimed that training can prepare operators for 

unexpected events could be identified. The trainers at unit A mentioned that the capability to 

handle unexpected events in real life is affected positively by going through procedures not 

used every day, to train on troubleshooting in group, and to focus on more common 

disturbances. In comparison, one of the trainers at C-D claimed that the current selection of 

events in training could act as a delimitation of the crews' capability to manage unexpected 

events. Another trainer at unit C-D uttered that the scenarios in training are more difficult 

than they probably would be in reality. Epstein (2008) argues that it is correct to focus on 

procedures and rules for dealing with known disturbances and standard ways to respond, but 

that this has to be supplemented with a readiness for the unexampled events. Even though 

running these thought of scenarios by the help of established procedures is, as Epstein (2008) 

point out, important for controllable situations not to escalate out of control - the readiness for 

the unexpected might not be dealt with enough. 

To sum up, issues that could affect crews' capability to handle unexpected events negatively 

include; deteriorating process knowledge of the operators, lacking knowledge of the 

procedures, several disparities between training and reality, less training amount at the site 

compared to internationally, and that the training focuses on rehearsing high-probability 

scenarios. 

8.3 Further research 
During the course of this research project numerous fascinating subjects, and with them 

alternative research questions, surfaced but had to be excluded from the current study. To 

begin with, it would be interesting to apply the resilience analysis grid in order to assess the 

resilience of the power plant now that the meaning of the cornerstones already has been 

ascertained. This assessment could be made on several levels, from creating a resilience 

profile of the control room all the way up to the operational management. By applying the 

resilience cornerstones to the work of the trainers and/or operational management more 

elaborate findings on how prior experiences are taken care of, how they monitor the safety-

related work of the crews, how they anticipate and thus design the training and improve other 

aspects of system safety. Concerning the learning capability it could be interesting to examine 
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in great detail what kinds of events get acknowledged but also how these are described, 

analysed and what implications they have on the organisation.  

Another approach could be to contrast the findings from this study with the views of 

operators and/or the operational management, or to do a similar study on another NPP. It 

would also be interesting to compare the cultural differences between units in more detail. 

Methodologically it could be beneficial to observe crews when running both base case 

scenarios and more complex or unexpected scenarios in order to obtain a first-hand 

observation of how the crews work and the interaction between crews and trainers. A 

different research question could be to scrutinise how the trainers see crews' possibilities to 

create own, alternative, ways of working and what feedback are given to a crew that works in 

a somewhat protruding way but that still performs very well. In connection to this, 

development of resilience strategies by the crews' could receive a lot of focus. 
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Appendix A - Interview guide 

1. Inledning  

1.1 Presentera syftet och vad intervjuerna kommer att handla om.  

Jag heter Pär Gustavsson och studerar på det kognitionsvetenskapliga masterprogrammet vid 

Linköpings Universitet. Jag är intresserad av säkerhet på arbetsplatser där människor och 

teknik måste fungera väl tillsammans för att kunna upprätthålla en hög säkerhetsnivå. Den 

här intervjun kommer att vara en del av min uppsats som syftar till att undersöka hur 

instruktioner kan och bör användas av kontrollrumspersonal vid komplexa och oförutsedda 

eller ovanliga haverisituationer, samt hur träning kan stödja operatörernas möjlighet att 

hantera sådana.  

I mer detalj är jag intresserad av att undersöka hur stabilitet i form av instruktioner och att 

agera baserat på dessa kan kombineras med flexibilitet / anpassningsförmåga, för att kunna 

hantera så många olika händelser som möjligt. Grundtanken är att instruktioner är ett mycket 

bra stöd för många situationer, men eftersom det är omöjligt att täcka allt med hjälp av dessa 

så kanske det ibland istället krävs att operatörerna tar självständiga beslut. Syftet med 

intervjun är därmed att få din syn i rollen som instruktör på hur du ser på båda dessa 

förmågor och hur de kan upprätthållas och förbättras genom träning. 

1.2 Etisk information: Anonymitet, rätt att avsluta, avbryt gärna, godkänn inspelning.  

1.3 Skulle du kunna berätta om din bakgrund på XXX och tidigare uppdrag inom 

kärnkraften? 

- År som tränare? 

- Vilket block?  

- Tidigare uppdrag / arbetsroller?  

2. Övergripande frågor rörande träning  

2.1  (Jag har fått reda på hur er verksamhet fungerar i en tidigare intervju.) Tycker du 

att det finns något (ex. typer av scenarier) som det borde tränas mer på?  

2.2 Som jag tidigare sade är jag intresserad av att prata om oförutsedda / oväntade 

händelser.  

- Vad innebär oförutsedda händelser för dig? Finns det några sådana? 

-  Exempel? 

- Hur behandlas sådana i träning?  

- På vilket sätt förbereder ni operatörerna för sådana situationer? 



 

- Vad har ni sett för olika sorters sätt att agera (responser) när ni har 

konfronterat en grupp med ett ovanligt scenario? Vilka slags problematiska 

beteenden? 

2.3 Om inte scenarier där det inte går att följa instruktionerna används; hur tror ni att 

det påverkar skiftlagens förmåga att hantera sådana situationer i verkligheten?  

3. Instruktionsanvändning  

3.1 Hur ska instruktionerna användas enligt er (vilken typ av instruktionsföljande 

främjar ni)?  

- Finns det explicita förväntningar på detta?  

- Var kommer dessa ifrån?  

3.2 Vilka olika stilar i hur instruktioner används har ni observerat?  

- Vad tror du är orsaken till de olika stilarna?  

- Vad är konsekvenserna av de olika stilarna?  

- Hur skulle du vilja beskriva en grupp som använder instruktionerna bra? 

- Hur skulle du vilja beskriva en grupp som använder instruktionerna mindre 

bra?  

3.3 Vilka typer av problem med att följa instruktioner har du observerat?  

- Vad tror du är orsakerna till dessa problem? 

- Vad är konsekvenserna av detta?  

3.4  Vad ska operatörerna göra om de hamnar i en situation då de (uppfattar att de) 

inte kan använda instruktionerna? 

- Är det alltid fel att avvika från en instruktion?  

o (Formella och informella regler?) 

o Vilka möjligheter har operatörerna? 

- I vilka situationer är det ok?  

- Vad finns det för vägledning som kan hjälpa operatörerna att skilja mellan 

korrekt och inkorrekt avvikelse från instruktionerna?  (Träning, expertis, 

teamwork) 

- Hur ska beslut om att avvika från instruktionerna gå till? Vad finns det för regler 

kring detta? Hur behandlas detta i träning? 



 

- I vilka situationer behövs flexibilitet från operatörens sida? 

- Finns det nog med utrymme för flexibilitet för operatörerna? (För mycket / lite?)  

- Hur kan man hitta en balans mellan flexibilitet och ”tillförlitlighet” / stabilitet?  

- Finns det en optimal nivå av flexibilitet? (Maximal / minimal nivå?)  

3.5 Hur tror du att förändringarna av instruktioner över tid (10-15 år) har påverkat skiftlagens 

förmåga att hantera svåra situationer?  

4. Frågor relaterade till cornerstonesen 

4.1 Learning 

4.1.1 Hur kan skiftlag gå till väga för att förstå vad som har hänt under ett scenario?  

- Hur kan träning stödja denna förmåga?  

4.2 Monitoring 

4.2.1 Hur vet operatörerna vad de ska titta på, vilken information de ska 

uppmärksamma, under en emergency situation? 

- Vilka faktorer kan bidra till att ”fel” saker uppmärksammas / övervakas av 

operatörerna?  

- Vilka faktorer kan bidra till att ”korrekt” saker uppmärksammas / 

övervakas av operatörerna?   

- Hur kan detta behandlas / stödjas genom träning?  

4.2.2 Finns det någon vägledning i träning om hur trender ska bedömas / övervakas? 

4.2.3 Hur kan operatörerna observera och bedöma sitt eget arbete under ett scenario?   

- Gör de det?  

-  Vem gör det?  

-  Hur kan träning stödja detta?  

4.3 Anticipating 

4.3.1 På vilket sätt kan skiftlag skapa förväntningar över vad som kommer att hända 

senare i ett scenario? Hur kan träning stödja denna förmåga? 

4.3.2 Finns det någonting i träningen som uppmuntrar operatörer att tänka mer 

självständigt och se saker och ting från olika synvinklar? ( I kontrast mot att enbart 

tänka i termer av, och använda, instruktioner) 



 

- Vad innebär det mer konkret?  

- Kan du ge några exempel på vad det innebär och i vilka situationer det behövs?  

- Hur kan denna förmåga förbättras?  

4.4 Responding 

4.4.1 Hur kan operatörer agera när de vet vart de vill men inte hittar vägen dit utifrån 

instruktionerna?  

- Vad har de för alternativ?  

- Hur behandlas den här frågan i träning och vilken rådgivning ger träning för att 

lösa detta?  

5. Uppföljande frågor rörande gruppaspekter  

5.1 Vad karakteriserar skiftlag som arbetar bättre respektive sämre?  

 


