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Abstract 

The aftermath of the Fukushima accident raises a set of crucial questions regarding nuclear power 

plant safety. One question, which needs to be addressed, concerns Safety Management approaches 

at nuclear power plants: Are the traditional approaches for Safety Management appropriate, or is 
there a need for new and more dynamic perspectives? 

Traditional Safety Management practices can be said to essentially aim at controlling system 
performance (i.e. human tasks and organizational processes). They are based on models, which can 

be traced back to Scientific Management (Taylorism) and Psychological Behaviourism. Hence, control 
is sought for by regulating system performance in a firm and formal way. It is assumed that tasks and 
processes can be fully specified and described using detailed procedures and general rules, and that 
if they are adhered to, the operation will proceed safely and reliably (Determinism). 

Traditional approaches have proved effective with respect to some aspects of task and process 
performance, but modern research on safety shows that they do have their limitations. Current 
industrial systems are highly complex and tightly coupled socio-technical organizations, and 

unexpected events are bound to happen from time to time. A significant example of this is the 
station black-out event at Forsmark in 2006, another is the containment fire event at Ringhals in 

2010. Handling unexpected situations by strict adherence to procedures and rules may not always 
fully support the desired outcome. Instead, it may often be necessary for the system to adapt to 
current contextual characteristics. Research within the Resilience Engineering framework further 
identifies adaptation needs resulting from variability in system performance, i.e. performance 
variability, and overall emphasises the importance of facilitating performance adaptation within 
complex socio-technical organizations. 

It would seem useful to expand the approach of traditional Safety Management with means that can 
facilitate adaptation to contextual influences, during execution of tasks and processes. To do so 
would likely demand a reconsideration of the models on which the traditional practices are based, in 
the light of modern safety research and recent experiences. 
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Introduction 

Are the traditional approaches for Safety Management appropriate, or is there a need for new and 
more dynamic perspectives? In the paper, we reflect upon this issue in relation to nuclear power 
plant operation. We argue that the models on which traditional Safety Management are based may 

not provide the single nor optimal foundation for ensuring safe and efficient operation in nuclear 
power plants, and that the traditional models should be challenged by modern theories about safety 
in socio-technical systems. In the paper, we raise a set of questions without providing the solutions. 
The paper is a result of continuous dialogues on how to promote Safety Management practices 
within two projects that are financed by the Nordic Nuclear Safety Research (NKS), and the 

viewpoints presented in the paper may be biased towards a ‘Nordic perspective’. The two projects, 
of which the latter still is ongoing, are: Modelling Resilience for Maintenance and Outage (Gotcheva, 
Macchi, Oedewald, Rø Eitrheim, Axelsson, Reiman and Pietikäinen, 2012) and Maximizing Human 

Performance in Maintenance (Oedewald, Skjerve, Axelsson, Viitanen, Pietikäinen and Reiman, 2014). 

The heritage of past Production Management – Scientific Management and 
Taylorism 

The origins of production management can be traced back to the theory of Scientific Management, 
later known as Taylorism after its originator Frederick W. Taylor. The idea of Taylorism was first 
presented in the early 1900’s with the purpose of adding to the efficiency of the growing industry. 
According to Taylor, increased effectiveness could be achieved by the introduction of meticulous 
control and scientific metrics into the management of production processes. His ideas laid the 
ground for automation, for example in the production of automobiles (Fordism, see picture below) 
and in the concept of Methods-Time-Measurement (MTM). In MTM, every single action and its 
duration was broken down in detail, measured and regulated. Collection of ‘Best practises’ was 
another important concept within Scientific Management. They were used as a basis for modelling 
the optimal way of executing a task. Taylor’s principles reflecting the reductionist and determinist 
view became guiding for the way the production industry organized work. Over time, they have been 
developed further, and are now in modified forms integrated into other production management 
theories such as Total Quality Management (TQM) and Lean production (Wennberg, 2007). We 
suggest the ideas of Taylor may also have served as the model on which traditional Safety 
Management approaches in nuclear power plant operation are based. They would invite to practices 
controlled by detailed procedures, where e.g. the importance of procedure adherence for upholding 
plant safety is stressed. 

 

Early assembly line at Ford factory (1913) 

http://upload.wikimedia.org/wikipedia/commons/d/d6/A-line1913.jpg
http://upload.wikimedia.org/wikipedia/commons/d/d6/A-line1913.jpg
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Taylor’s central idea constitutes the essence of Scientific Management (Taylor, 1911, p. 85): 

“The development (by the management, not the workman) of the science of bricklaying, 

with rigid rules for each motion of every man, and the perfection and standardization of 
all implements and working conditions.” 

Scientific Management, thus, held that management was more knowledgeable of how to optimize 

the work processes than the workers. As a result, managers defined the rules, regulations and 
methods for work execution1. In this process, standardization was emphasized: There was believed 
to be one optimal way of performing a task. Adhering to this way would ensure that production 
proceeded safely and efficiently. 

Another key element of Scientific Management was that all work should be pre-planned, as workers 
were merely allocated the role of executing tasks. This ensured that management would maintain 
control over the work processes. Taylor underlined the importance of selection and training of 
workers, as well as the exclusion of workers who did not adapt to the required performance 
standards. The approach implied by Taylorism could be translated into the motto: Follow the rules! 
There is virtually no possibility left for adaptations on the workers level. 

Taylorism has been criticized for alienating workers, for taking the worker for granted and treating 
him or her as merely a cog in the machinery (e.g., Rosen, 1993), for treating workers as mindless, 
emotionless, and easily replicable factors of production (Greiff, 2003). The mandate, initiative and 
creativity of the workers are substituted with oversight control and regulation. This may explain why 
flexibility, manageability and adaptation are so undeveloped in complex systems of today – and 
changing one concept for another one does not help since vertical information transfer (top-down) 
remains prominent over horizontal communication (Wennberg, 2007). This kind of management 
approach can be highly inhibiting for adaptation, flexibility and creativity on the workshop floor. 

The heritage of past Human Performance Management and its means of control  
– Behaviourism 

Psychological Behaviourism is a theory which may also have influenced production management 
methods. In Behaviourism focus is on external observable processes, were internal mental processes 
are discarded. Its origin can be traced back to i.a. Pavlov (1927) and his research on dogs. Skinner 
(1938) further developed the theories of Behaviourism by his research on rats, pigeons and humans. 
A central issue of interest for our topic is Skinner’s concept of positive and negative reinforcement 
for influencing human behaviour: Positive reinforcement is a rewarding stimulus for a desired 
behaviour, where negative reinforcement is the removal of an adverse (unfavourable) stimulus. 
Negative reinforcement has sometimes been interpreted as punishment – a view Skinner warned 
against. However, this view is often the norm for managing – or controlling – human behaviour. 

 

One pigeon, using his beak, tries to bat the ball past his opponent, the winner is rewarded with food after each success  
– notably there is no punishment involved (Skinner, 1950) Image provided courtesy of www.all-about-psychology.com/ 

                                                 
1
 Note that Taylor does emphasize the importance of establishing a close cooperation between managers and workers to support and 

develop workers task performance processes. 

http://www.all-about-psychology.com/
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Taking learning as an example, Behaviourism focuses on learning in the sense of generating a new or 
adjusted external behaviour. In the classroom, the impact of this perspective contributes to promote 
extensive repetition, praise for correct actions, and immediate feedback if actions are incorrect. In 
the Behaviourist view of learning, the teacher is dominant and has complete control. Evaluation of 
learning comes from the teacher, who decides what is right or wrong. The learner is simply told what 
to do. The concept of learning used in this approach has been criticized for being superficial, as the 
focus is on affecting external behaviours, and little interest is shown in the role played by cognition 
and emotion. 

Traces of the Behaviouristic theme may also be seen in the models on which traditional Safety 
Management approaches are based upon, where the focus on safety relies largely upon compliance 
to rigid rules and an extensive standardization (Taylorism). Thus, in those models human behaviour 
and organizational performance are judged as either right or wrong with respect to rules and 
regulations. Generally speaking compliance is prescribed while non-compliance is subject for 
correction – a practice in line with commonly misapplied Psychological Behaviourism. However, this 
way of conduct does not take into account the adjustments that people need to make in order to 
successfully fulfil their core task - adjustments that occasionally also may go wrong. These 
adjustments are actually vital due to the performance variability (Hollnagel, 2012; see also Reiman & 
Oedewald, 2007: change pressure) that naturally takes place within a system. Oedewald and Reiman 
(2003) have studied the actual demands of fulfilling the organizational core task in nuclear power 
plant maintenance, which we will discuss later in this paper. 

The competing perspectives on Safety Management – Determinism versus 
Complexity 

Even today the ideas based on Taylorism and Behaviourism live in the industrial organisations, 
especially when organisation define strategies to improve quality and safety by Determinism and 
thus aim to cope with human errors. This can be exemplified by a belief of traditional Safety 
Management approaches that elements such as ‘Best practice’, formalized and rigid processes, pre-
engineered scenarios, detailed regulated descriptions, hierarchical organizations and top-down 
structures is well enough for ensuring safety. The general assumption is that future states can be 
determined from the present (Determinism). 

Hagen (1980, as referred by Perrow 1984, p. 73) and a NRC-study (Perrow 1984, p. 73), pointed out 
that complexity itself was given insufficient and overly simplified attention in reactor safety analysis. 
For example, components or sub-systems that serve multiple functions, ‘common-mode’ functions’, 
may also cause common-mode failures. The main line of defence is then redundant functions, which 
in turn further may increase complexity. The safety rationale has rested upon “probabilistic risk 
analyses finding that core melt and the like are virtually impossible” while “the main problem is 
complexity itself”, Hagen argues. The result of increased complexity is lesser system transparency 
and the risk for undetected flaws in the system, and hence the risk for unexpected failures. 

A recent example on issues with transparency in complex systems is an event in 2013 during an 
outage periodic test of a reactor safety protection system. The existing 2-sub reactor safety system 
had been upgraded with an additional two redundant sub-systems (sub A/B & C/D): 

Episode 1: The bound interrelationships between the old and the new safety sub-
systems became partly overlooked by Operations and Maintenance during the test 
sequence. This resulted in top-filling the steam generator’s secondary side, thus 

putting an adverse stress to the main steam supply lines (pipe system). 

We suggest that this kind of situations may also apply to attempts to improve performance, or close 
gaps, by an overly detailed and formal regulation of tasks and processes. The result is an increased 
complexity and lesser transparency – and hence a vulnerability in complex socio-technical systems. 
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Modern research (e.g. Resilience Engineering) into human behaviour, organisations, and complex 
systems has questioned the usefulness of the traditional models as a basis for Safety Management in 
today’s socio-technical systems. A key argument is that the traditional models do not take into 
account the need to manage continuous adjustments, which arises due to performance variability 
(Hollnagel, 2012). Moreover, adjustments are needed to innovate and to cope with unexpected 
conditions. Perrow (1984, pp. 89-94) argued that modern production systems2 are highly complex 
and tightly coupled; e.g. common-mode connections, interconnected sub-systems, feedback loops, 
time-dependent processes and invariant sequences - and hence that the numbers of interactions 
that may take place are numerous. This implies that predicting and making procedures for all the 
possible states that may arise in a complex system is practically impossible. In reality such systems 
are composed of an almost indefinite number of elements where interactions cannot be determined 
other than through simplified models and reductive bias, e.g. by assumptions and exclusion. 

The vulnerability of using the traditional models as a single basis for safety management is visible in 
the following episodes from the nuclear industry: 

Episode 2: A short circuit in the main grid power transformer was not correctly 
identified by the operators; The relevant transient operating procedures were too 
extensive to completely run-trough in order to – as a priority without undue delay – 

re-establish preferred power supply (the main grid) to the unit. Therefore, operators’ 

situational understanding at a certain point became the dominant tool. However, 
operators were unaware of the short-circuit due to the alarm presentation system 
ergonomics was subject for multiple trade-off’s and thus did not fully support the 

situational understanding of the disturbance. Also, an erroneous indication misled the 
operators situational analysis, whereas other available transient information were not 
sought for. 

Episode 3: Some of the formal and governing work-packages are less descriptive, less 
information-rich, than others. Still the workforce is implicitly expected to handle on-

the-spot adaptations, regardless of the knowledge and experience levels of 
individuals. This indicates the presence of a belief in a formal regulation, an implicit 

knowledge that this are not always effectively supported, and an implicit trust in 
informal adjustments by people, which consequently are not actively managed, 
supported and utilized. An outermost consequence of this is exemplified by a fire that 
resulted in a substantial production loss and loss of public trust. 

Anecdotal evidence also points to the limitation of solemn adherence to procedures: Vicente (1999, 
as referred by Klein, 2009) reported how a crew of highly skilled nuclear power plant operators in a 
simulator training session had decided to act only based on the specifications in the operating 
procedures. The result was that they came nowhere in the scenario, until the instructors intervened. 
From the perspective of detailed regulations, it is interesting that the crew afterwards was written up 
for malicious procedure compliance. 

Still, procedures are also associated with advantages: For example, they constitute memory aids, 
help safeguard against interruptions, reduce workload, and may contain a large range of experiences 
in compiled form (cf. Klein, 2009). The key disadvantage of procedures is, however, that they often 
are not or only to a limited degree sensitive to contextual factors. Klein states: “Procedures help 
when you need people to reliably follow the same steps. However, that’s different from needing 
reliable outcomes” (Klein, 2009, p. 29). 

                                                 
2
 In Perrow’s view this includes nuclear reactors of older design generations. These are still in operation, however they have upgraded 

safety features (and power outputs) and more to come via stress-tests - although this may also further contribute to complexity. Modern 
reactor designs incorporates more of inherent and passive safety features, hence they potentially may offer more loose couplings. 
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Thus, even though procedures and procedure adherence is regarded as one of the main safety tools 

for achieving safe and efficient performance, modern safety research emphasises that this is not 
enough: People also need to make judgements based on their subjective assessment of safety issues 
in the situation at hand. This is, e.g. reflected in a subset of the Human Performance Tools (HPTs) 

(DOE, 2009) that are commonly applied at nuclear power plants. In a case study performed at a 
Nordic nuclear power plant, the ten HPTs applied at the plant were classified depending on their 
level of performance specification (Skjerve & Axelsson, in press) (see Figure 1); At one the extreme 
end of the scale (top), performance was specified step-by-step with the HPT, Procedures Use and 
Adherence. At the other extreme end (bottom), performance was not specified but personnel were 

encouraged to be sensitive to unexpected states/events, using the HPTs Self-checking – STAR and 
Questioning Attitude to uphold safety. 

 

Figure 1. Ten Human Performance Tools classified based on their level of performance specification. 

The last episode here illustrates a case where a Human Performance Tool with a low ‘level of 

performance specification’, Questioning Attitude, functioned as a safety barrier: 

Episode 4: In preparations of an inspection of the intake sea water channels, an 

incorrect procedure lead to drainage (low-low) of the final heat sink for residual heat 
removal at the fuel ponds. The highly experienced field operator identified and 
understood abnormal response from his activities, stopped and made safe, thus 

hindering an event. 

This type of barrier allows personnel to use their experiences and expertise to sustain safety, but it is 
ad hoc by nature (Skjerve, 2008). An individual’s understanding of the unexpected will be affected by 
a range of different factors; Availability of information, organizational structures, training, 
experience, timing, social interactions, culture, norms, work climate, tacit knowledge and a judicious 
mind. Still, even if this type of low ‘level of performance specification’ barriers can be conceived as 

fragile, it can be argued that they are of key importance in modern organisations for managing the 
inherent system complexity of today. Nevertheless, it seems to us like that the traditional models for 

Safety Management were better adapted to the past, where production systems were less complex. 
Today, these models might not be as adequate. 
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The dynamics of organizational structures, culture and core task demands  
– Resilience put in perspective 

Organizations tend to strive for control (Taylorism) by applying a simplified view (Determinism) on 
Safety Management, but a look into the future suggests that traditional deterministic approaches to 
Safety Management will give way to new approaches. These approaches will incorporate 
uncertainties and performance variability, thus emphasizing the need for continuous performance 
adjustments. This has been suggested by several theories within the safety science domain for the 

latest decade, such as High-Reliability Organizations (HRO) theory (Weick & Sutcliffe, 2001) and 
Resilience Engineering (Hollnagel, Woods & Leveson, 2006; Hollnagel, Pariés, Woods, & Wreathall, 
2011). To recognize the complexity in systems of today has thus become increasingly important. 

HRO theory has identified a set of global characteristics of highly reliable organisations: 

preoccupation with failures, reluctance to simplify, sensitivity to operations, commitment to 
resilience, and deference to expertise (Weick & Sutcliffe, 2001). Resilience Engineering emphasizes 
the ability of a system to adjust its functioning to sustain required operations under both expected 
and unexpected conditions. Hollnagel and Woods suggested that the inherent variability within 
socio-technical systems must be met by three main qualities; Anticipation, Attention, and Response, 

with Time as a fourth, dependent quality, for a resilient system (Hollnagel & Woods, 2006, pp. 349- 
350). Those have been further developed over a period of years, emerging to The Four Essential 
Capabilities of Resilience (Hollnagel, 2011, p. 279), commonly referred to as ‘the Four Cornerstones’; 

Anticipating, Monitoring, Responding, and Learning. 

The dynamic variability associated with task performance in a safety-critical socio-technical system 

has been illustrated by Reiman & Oedewald (2007). In Figure 2, an activity is suggested to be 
influenced by three cultural dimensions; Perceptions of the core task demands (line b), organizing of 

the work (line c) and internal integration (line d). None of the lines are static, the arrows indicate 
change pressures that gradually and constantly affects the system (performance variability). 

 

Figure 2. The dynamics of organizational structures, culture and organizational core task demands,  
set under a constant change pressure as indicated by the arrows (Reiman & Oedewald, 2007, p. 754).  
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A case study was performed in 2002 by Oedewald & Reiman (2003) on maintenance in a nuclear 

plant. It was based on the method Contextual Assessment of Organizational Culture (CAOC) where 
analysis of organizational culture, organizational core task modelling and a qualitative assessment, 
are the key features. The case study found three critical demands; Anticipating, Monitoring & 
Reflecting, and Reacting in order to fulfil the Organizational Core Task (OCT), as illustrated in figure 3. 

 

Figure 3. The model of the demands of the maintenance core task in the case study: critical demands (in  
the corners of the triangle), instrumental demands for the critical demands (between each critical demand)  

and demands for working practises (in italics, outside the triangle), (Oedewald & Reiman, 2003, p. 289) 

The results provide an insight into some actual demands in a specific organization, which is 
considered to constitute a safety-critical socio-technical system of today. It does also mirror ideas 

from modern safety research within the framework of Resilience Engineering. Given the 

abovementioned, traditional Safety Management approaches may be challenged from the 
perspective of modern safety research. This would thus allow us to promote resilience in complex 
systems, by preparing the organisation and the personnel to both foresee evolutions and for 
successful mitigation of unexpected events - which are bound to happen in highly complex systems. 

What would these ways of thinking come to imply? We imagine that they might come to include a 

strong emphasis on proactivity and flexibility, without discarding procedures and regulation of the 
essentials for safety. Rather, organizations might emphasize the use of regulatory governance 
resiliently: to monitor, anticipate and respond in ways, which is adapted to contextual characteristics 

with guidance from procedures and regulation - and to systematically collect and make use of lessons 
learned. Also training might be affected: Training, retraining and ‘on-the-job training’ might come to 

focus increasingly on fundamental competencies (rather than procedures), which promote trainees’ 
ability to understand the profound basis for technical systems and demands of organizational 
processes, as well as the prerequisites, supporting aids and guidance that frame collaboration. This 

type of insights will promote the trainees’ ability to flexibly adapt their performance to the situation 
at hand, in ways that will contribute to maintain or increase plant safety. Moreover, work may be 
organized in new ways, which imply a closer integration of internal teams with external resources 
(expert teams, fleet cooperation, shared technical support centres, vendors and suppliers). 
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Conclusions 

Models and concepts from the past should be viewed in their historical context. They served a need 
of their time much characterized by less complexity, less energy, and maybe not as rapid evolutions 
as of today (e.g. air traffic control, nuclear energy, off-shore drilling, rail roads, and even todays 
information handling on the internet). They still do support organizational efforts targeting at 
efficiency and control, although with a portion of a simplified and rational perspective on safety. 
They should thus not be used blindly as the ultimate key single solutions in today’s complex socio-
technical contexts’, where considerably more dynamic and challenging factors comes into play. 

Perrow (1984, p. 332) discusses the, in his view, bound contradiction for tightly coupled and complex 
systems - where he places nuclear power3 - as follows; ‘Centralization’ is needed to cope with tight 
coupling, while ‘Decentralization’ is needed to cope with unplanned interactions of failures. HRO 
theory has tried to deal with this by suggesting certain characteristics for evidently highly reliable 
organisations. In the perspective of recognizing system complexity, current Resilience Engineering 
theories put their efforts in defining the elements for a systems inherent pro-activity to maintain 
safety, its capability of handling the unexpected, and thus recover to a safe state. 

However, Safety Management is still largely dominated by attempts for formal control (Taylorism) by 
applying a simplified view (Determinism). Based on the examples and arguments given, this approach 
has its limitations. Organizations standardize in the spirit of best practice to define the optimal way 
to perform a task, leaving little room for adjustments. Hence necessary adaptations due to 
performance variability or change pressure, are made on local sub-levels to cope with all actual 
demands needed to fulfil their tasks (e.g. demands of the ‘Organizational Core Task’). These 
adaptations tend to be unsupported, unguided and to some extent regarded as non-compliance, 
which may also be subject for correction (misapplied Behaviourism). More dynamic approaches will 
incorporate uncertainties and performance variability, thus emphasizing the need for continuous 
performance adjustments. However, in organizations characterized by strong and single-sided beliefs 
in Taylorism, Behaviourism and Determinism, a movement towards resilient practises is indeed 
challenging. 

Since performance variability in complex systems is ever present in everyday work, the capability 
amongst people, teams and organizations to foresee and adjust becomes increasingly essential to 
effectively respond to unexpected evolutions. System characteristics would move into a direction of 
strong pro-activity and flexibility with the following requisites: lesser pursue of control of every single 
activity since they cannot be fully encompassed; moving from control mode to vigilance through 
sustainable awareness, attention and alertness; building autonomous functions to make systems less 
complex, more transparent looser couplings and less dependability; allowing for more self-
organization of work and structures thus innovation-friendly, manageable, effective, increased 
ownership and familiarization; establishing a shared and distributed goal-orientated management of 
activities - what to achieve; supporting distributed risk management - how to achieve. 

Successful Safety Management of today will most likely demand a profound reconsideration of old 
paradigms, and the adoption of new ways of thinking. It becomes essential to understand your 
context and culture, and the implications of current management and control models, to be able to 
challenge the basis for existing beliefs and concepts. 
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3
 Note that Perrow in the aftermaths of TMI were quite sceptic to the future of nuclear energy. Since then industry's learning as well as 

modern reactor designs have developed, which may call for a re-consideration of the scale of ‘coupling’ in nuclear power, e.g. modern 
designs have a higher degree of passive safety features and are thus lesser time-dependent in the course of an event. 
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