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1. Introduction 

Research on decision making in organisational settings has a long history and has been 

taken up by a wide range of academic disciplines including economics, management and 

cognitive psychology.  Decision making has been widely viewed as a key management 

process and normative theories have led to the development of a range of practical aids and 

training courses on improved decision making.  Many of these use the “classical decision 

method” involving rational analysis of a range of options in order to make an optimal choice. 

 

There is an important group of industrial and infrastructure organisations that operate in an 

environment that makes some decisions especially important.  These are high hazard 

organisations, where the technology or activities involved mean that if things go wrong many 

people could be injured or killed.  Air traffic control, nuclear power generation and processing 

of toxic chemicals are all examples of organisational activities where the intrinsic danger is 

high, even if the risk is low due to the low likelihood that something serious goes wrong.  

These organisations can therefore be termed “high hazard”. 

 

An influential theory of how high hazard organisations manage to operate in a way that is 

generally failure free is High Reliability Theory (HRT). HRT focuses on the organisational 

qualities that are required to achieve “mindfulness”, which is seen as the key to a high level of 

safety performance.  Since 1999, there have been moves on the part of some researchers in 

this field to move HRT to the main stream of organisational research, as a body of knowledge 

that has something to say about how organisations could manage complex goals more 

effectively.  In doing so, part of the original focus has been lost.  This is the issue of dealing 

with the conflicting goals, in particular safety and production.   

 

This literature review is the first stage in a PhD research project focussed on decision making 

at the interface between maintenance and operations.  This is an organisational boundary 

where decisions are frequently required to balance safety and production imperatives. 

 

A number of theoretical perspectives on both safety and decision making are reviewed with 

the sensemaking perspective emerging as the most useful.  Sensemaking emphasises how 

one literally “makes sense” of one’s experience thereby moving from interpretation to action.  

In this perspective there is no conscious “decision” until the decision maker describes their 

actions after the event. 

 

The other perspective that is likely to be important for this question is risk assessment, the 

classical decision method that forms the basis of safety regulation for many high hazard 

industries in Australia and other parts of the world. 
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2. High Reliability Theory 

High Reliability Theory has its origins in analysis of the 1979 Three Mile Island nuclear power 

station incident in the US. The original ideas (La Porte, 1981) were published in a set of 

essays (Sills et al., 1982) that also included Perrow’s original work on Normal Accident 

Theory (see section 6.4.1). Researchers in this field have studied organisations that are 

required to operate at very high levels of safety. La Porte (1991) also acknowledged a second 

operational challenge of the group of organisations defined as HROs: “to maintain the 

capacity for meeting intermittent, somewhat unpredictable, periods of very high peak demand 

and production. (La Porte, 1996, pg 60)”  

 

It is argued by high reliability researchers that organisations such as nuclear power stations 

already operate at extraordinary levels of safety performance (La Porte, 1996).  The aim of 

the research is to identify those facets of organisations that lead to this high reliability ie a 

demonstrated greatly reduced potential for major hazard accidents.  

 

Early work on high reliability organisations (La Porte and Consolini, 1991) focussed on 

decision making as one of three areas where organisations with the potential for catastrophic 

failure were likely to differ from other (lower reliability) organisations.  The other two areas 

were (a) structural responses to hazards and peak loads, and (b) the tightly coupled 

interdependent nature of operations. 

 

LaPorte et al (1991) describe the challenges of decision making for HROs as: 

• Extending the rational decision making process as far as possible within the constraints 

of the data and time available for operational decision making and mandatory adherence 

to formal documented operating procedures. 

• Being sensitive to areas where incremental decision making based on judgement must 

be used. 

• To be alert for small errors or unexpected events that have the potential to escalate into 

catastrophic failures. 

 

This description is essentially a specific case of the mixed scanning model (Etzioni, 1967; 

1986) described below (see section 6.2).  The challenge of identifying those decisions that 

have the potential for catastrophic consequences remains.  These issues were investigated 

by the HRO Project at Berkeley which developed a number of findings about decision making 

in HROs based on field observation and interview (La Porte, 1996), specifically: 

• The organisational structure is typically hierarchical during normal operations, but as the 

tempo of operations increases, structure become more collegial and based on expertise.  

Decision dynamics also become more fluid as tempo rises. 

• Decision making tends to be decentralised to the level where actions must be taken. 

• Once made, decisions are quickly implemented. 
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• HROs “exhibit a quite unusual willingness to reward the discovery and reporting of error” 

(La Porte, 1996, pg 64) and are always looking for ways to improve. 

 

HRO research has been undertaken (primarily in the US) in a wide variety of high hazard 

industries and facilities such as aircraft carriers (Roberts, 1990; La Porte and Consolini, 1991; 

Weick and Roberts, 1993; Roberts et al., 1994), nuclear power stations (Schulman, 1993; 

Carroll, 1998; Carroll et al., 1998; Carroll et al., 2001), chemical plants (Carroll, 1998; Carroll 

et al., 1998) air traffic control systems (La Porte and Consolini, 1991), and offshore platforms 

(Flin, 1996). By 1999, a large body of field research had been produced with the general aim 

of investigating how HROs generally manage their operations to achieve a safe outcome. 

 

The findings of this body of work were synthesised into a single theory (Weick et al., 1999; 

Weick and Sutcliffe, 2001) describing HROs as organisations that exhibit mindfulness, a state 

of organisational learning characterised by the following five qualities: 

• Preoccupation with failure 

• Reluctance to simplify interpretations 

• Sensitivity to operations 

• Commitment to resilience 

• Deference to expertise 

 

Discussion of decision making has largely disappeared from the HRT literature in favour of 

the concept of mindfulness.  HRT suggests that effective decision making in an HRO will be 

undertaken in a mindful way by both the individuals and organisation and hence will exhibit 

the five characteristics described above. “Mindfulness is less about decision making, a 

traditional focus of organizational theory and accident prevention, and more about inquiry and 

interpretation grounded in capabilities for action”.  (Weick et al., 1999) pg 91. 

 

Each of these qualities is described further below.   

 

Preoccupation with failure 
If failure is a precondition to organisational learning (Sitkin, 1992), HROs have limited 

opportunities for learning since failure in a broad sense is to be avoided at all cost.  As Carroll 

(2002) points out, the challenge for HROs is to avoid both the catastrophes associated with 

trial and error learning and the complacency that can arise from learning only by successes.   

 

Effective HROs are preoccupied with failure in that they see thorough analysis of any and all 

small failures as essential for learning (Sitkin, 1992; Weick et al., 1999; Weick and Sutcliffe, 

2001).  Small local failures are seen as indicators of overall system health.  The idea that 

local failures are an indicator of overall system health is the driving factor behind the Reason 

Model (Reason, 1997) described in section 6.4.2. 
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Since an important part of the role of maintenance is to deal with failures (at least those 

related to equipment), maintenance departments in effective HROs have a much more central 

role than in traditional organisations.  The experience of maintenance personnel is valued for 

the breadth of understanding of organisational strengths and weaknesses that it brings 

(Bourrier, 1996).   Incident investigation is valued for the same reason (Carroll et al., 2001). 

 

Reluctance to Simplify Interpretations 
Perrow (1999) pg 9 makes the point that “seeing is not necessarily believing: sometimes, we 

must believe before we can see.”  Effective HROs are aware of this and seek a diversity of 

views on organisational issues. 

 

Schulman (1993) describes what he sees as “conceptual slack” in effective HROs (his 

research was in US nuclear power stations) where an organisation seeks to have a variety of 

analytical perspectives regarding assumptions, theories and models of the technology or 

production processes in use.  Based on his research, he claims that reliability at Diablo 

Canyon nuclear power plant is achieved not by organisational invariance and the strict 

following of fixed and formal rules and procedures, but by actively maintaining multiple views 

(from various departments) over site activities.  This is not to say that the nuclear power plant 

has no procedures – in fact it has 100’s of them – but they are regularly reviewed, updated 

and changed.  In addition, the organisational culture supports and protects the necessary 

organisational ambiguity required to deal with uncertainties in the assumptions that underlie 

the formal systems. 

 

Sensitivity to Operations 
Sensitivity to operations in HROs is the formal, theoretical term for the more practical 

expressions “having the bubble” from the US Navy and “situational awareness” from pilots 

and air traffic controllers.  It means that one or more individuals have an overall 

understanding of the state of the operational system.  They also have sufficient expertise to 

see patterns in small anomalies that arise so that problems can be anticipated before they 

develop. 

 

This is essentially the quality that Perrow (1999) claims is missing in highly complex 

technologies, where unexpected failures and unexpected interrelationships mean that no-one 

within the organisation has a clear understanding of cause and effect in operations.  This 

forms part of the basis for his Normal Accident Theory (see section 6.4.1). 

 

Commitment to Resilience 
In engineering terms, some facets of resilience are covered by the “defence in depth” 

concept. This involves an acknowledgment that the potential for accidents with complex 
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causal chains is addressed most effectively by a suite of defences aimed at elimination (of 

potential causes of hazard), prevention (of incident occurrence), mitigation (of the effect of an 

incident) and recovery (from the effects of an incident). 

 

For HROs, resilience covers not only these anticipatory factors, but also the ability to be able 

to respond in the moment to unexpected events.  (Wildavsky, 1988) defines resilience as the 

ability to bounce back and promotes active resilience, "a deliberate effort to become better at 

coping with surprise". 

 

Deference to Expertise 
In the original overview statements of HRO theory (Weick et al., 1999), this quality was 

described as “Underspecification of Structures”. Weick (1999) found that successful HROs 

typically have a formal hierarchical structure but that organisational processes are flexible and 

allow responsibility for decision making under high pressure situations to move to experts who 

are close to the field of action.  In these situations, the decision dynamic more closely 

resembles the “garbage can” model (Cohen et al., 1972).   

 

Turner (1997) also proposes that the orderliness that organisations seek is a two-edged 

sword.  Whilst order generally makes processes and outcomes more stable, predictable and 

consistent, it can also amplify the small errors that will always occur and disseminate them 

through the system with unpredictable consequences.  The spread of what Turner calls “anti-

tasks” can be greater in organisations that are better organised. Weick (1998) suggests that 

this might be why successful HROs seem to exhibit some of the disorganised characteristics 

of the garbage can model (Cohen et al., 1972).  This model is generally associated with poor 

organisation, but perhaps some degree of randomness prevents the propagation of anti-tasks 

through the system. 

 

Figure 2-1 “A Mindful Infrastructure for High Reliability” (Weick et al., 1999) shows that 

attainment of the five qualities discussed above, will lead to a state of organisational 

mindfulness which in turn fosters the “capability to discover and manage unexpected events”.  

Such a capability will lead to “reliability”.  In HRO theory, reliability is the capacity to 

repeatedly produce a particular and specific outcome (in this case no accidents).  It is thought 

that this is produced not by stable and unvarying activity, but “what seems to happen in HROs 

is that there is variation in activity, but there is stability in the cognitive processes that make 

sense of that activity.” (Weick et al., 1999 p. 87). 
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Preoccupation with Failure 

Reluctance to Simplify 
Interpretations 

Sensitivity to Operations 

Commitment to Resilience 

Mindfulness 
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Manage Unexpected 
Events 

Deference to Expertise 
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Figure 2-1: “A Mindful Infrastructure for High Reliability” (Weick et al., 1999) 
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The five-process model has been tentatively accepted by other high reliability researchers but 

there is some evidence that organisations achieve high reliability by varying methods.  

Nuclear power generation in particular has been found to adopt different techniques in a 

number of areas.  Schulman (1996) found many HROs in industries such as air traffic control, 

chemical plants and fossil fuel electricity utilities where organisational “heroes” were the 

subject of tales told to reinforce and transmit organisational values and goals.  In his research 

at nuclear power plants, he uncovered an attitude that he describes as ”anti-heroic” where 

“bull headed” individuals who are likely to take independent action in the event of an 

emergency are not welcome.  He proposes a two-parameter model to explain this behaviour, 

citing nuclear power as an industry where the level of analysis and the level of action required 

for recovery from abnormal operation are both system-wide and hence require analysis and 

action in an integrated fashion, not by an individual “hero”.  Some HROs (or some types of 

failures in some HROs) require only local analysis and local action to recover from abnormal 

operations. An example is air traffic control where even a system wide failure (such as loss of 

standard voice communications) requires detailed analysis and action by the air traffic 

controllers responsible for traffic in each individual sector ie at a local level.  

 

Bourrier (1996) has also highlighted some differences between the strategies used in nuclear 

power plants in the US and France to achieve high reliability. 

 

Coincident with their formulation of HRO research into a five-process model, Weick (1999) 

also recast the role of HRO research, proposing that, far from being applicable only to a small 

group of exotic organisations, it is a field of research which has lessons for any organisation 

seeking to operate in “trying conditions”. 

 

“HROs warrant closer attention because they embody processes of mindfulness that 

suppress tendencies toward inertia.  The fact that HROs are seldom portrayed this 

way or used more widely as templates for organizational design is due partly to their 

seeming exoticness and partly to uncertainty about how they might generalize to 

organizations that operate under less trying conditions.  We will argue that HROs are 

important because they provide a window on a distinctive set of processes that foster 

effectiveness under trying conditions.”(Weick et al., 1999, pg 82) 

 

In producing a general model of high reliability, Weick et al have emphasised the cognitive 

processes required to meet organisational goals (such as no accidents) in complex 

circumstances.  This model applies equally to production goals as it does to safety, so, for 

example, an organisation will have a more reliable performance in meeting production targets 

or operational goals if it is preoccupied with the possibility of failure to meet those goals.  This 

conceptualisation of HRT, however, is silent on the issue of conflicting goals which was part 

of the original body of high reliability research (see La Porte (1996) quoted above). 
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In addition, a survey of the literature shows that most HRT research has been carried out 

based on the performance of operators – people directly responsible for production - such as 

pilots, air traffic controllers and nuclear power plant operators.  Another key organisational 

function is maintenance.  HRT stresses the role of maintenance in achieving reliability, 

especially in the area of fault and failure reporting and analysis.  For this reason, Weick 

(1999) warns against the practice of outsourcing of maintenance.  But as described in section 

4, maintenance error has been a key causal factor in a large number of accidents.  HRT 

research has not focussed on maintenance error or on the interface between operations and 

maintenance activities.  

 

Recent work on HRT therefore touches only peripherally on two issues that are important in 

safety performance: 

• Balancing production and safety goals 

• Managing activities other than those directly related to production. 

These two issues become central when undertaking decision making at the interface between 

maintenance activities and production activities. 

3. The production/maintenance interface  

In complex technical systems, all organisations use a system of scheduled preventative 

maintenance where critical equipment is subject to regular inspection, re-calibration and 

replacement of minor parts at predetermined intervals.  Equipment is usually deemed to be 

critical if it is continuously required for production and/or part of a safety system.  The 

preventative maintenance scope and schedule is determined based on the required 

equipment reliability and the history of failure. The requirements are fixed by a specialist 

group within the operating organisation or sometimes suggested (or required for warranty 

purposes) by the equipment manufacturer.  

 

In trading off requirements for preventative maintenance and production, there are three 

options: 

• Conduct preventative maintenance according to the schedule and maintain equivalent 

safety level by reducing production and/or providing backup safety systems. 

• Conduct preventative maintenance according to the schedule without reducing 

production and accept that safety levels are degraded. 

• Conduct preventative maintenance as production pressures allow. 

 

Decisions regarding the scope and schedule of the preventative maintenance program itself 

are also potentially balancing safety and production goals. 
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Decisions of this type are typically made by middle and upper management (depending on 

the stakes) and implemented at some later date by field personnel. 

 

Breakdown maintenance essentially poses the same questions although the breakdown itself 

may determine when and how repair is carried out.  In some situations, conducting 

maintenance work in itself may be a (more than normally) hazardous activity. 

 

There have been a number of serious accidents where decision making at the 

production/maintenance interface was one of the key causal factors.  Several of these are 

summarised below: 

 

The Longford Incident 

The natural gas explosion and fire at the Esso Longford Gas Plant on 25 September 1998 

resulted in two fatalities and an interruption to Melbourne’s domestic gas supply for two 

weeks.  The explosion and fire were the result of serious operational difficulties which 

escalated over some hours to result firstly in hydrocarbon leakage and after a further four 

hours to a major vessel rupture, explosion and fire.  As with all accidents of this type, 

causality is complex (for details see (Dawson and Brooks, 1999; Hopkins, 2000)), but one 

factor was the decision made by operating personnel regarding the need to shut down to fix 

the problem or continue to produce whilst troubleshooting in the hope that the plant could be 

brought back under control.  In the meantime, maintenance personnel continued to tighten 

bolts on the leaking equipment in an attempt to minimise the volume of hydrocarbons 

escaping. 

 

The two people who died were the Maintenance Superintendent (who was also the most 

senior person on site since the Plant Manager was absent) and a Maintenance Supervisor 

who were in the problem area at the time.  

 

Alaska Airlines Flight 261 

On January 31,2000, Alaska Airlines Flight 261 crashed into the Pacific Ocean off the coast of 

Los Angeles. The plane was destroyed on impact and 88 passengers and crew were killed. 

The subsequent investigation (NTSB, 2002) found that the immediate cause was the loss of 

vertical control of the aircraft.  This was the result of failure of the horizontal stabiliser system. 

The investigation team found that the jackscrew trim had been completely lacking in grease 

and hence the threads had been stripped.  The maintenance inspection interval on this 

system had been increased from 600 flight hours to 2500 flight hours in order to save money. 

 

Glenbrook Rail Accident 

In December 1999, a Sydney commuter train ran into the back of the trans-continental Indian 

Pacific as a result of a signalling failure and seven people died as a result.  The driver of the 
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commuter train had (incorrectly) been given permission by a signaller to pass through a red 

signal.  The Commission of Inquiry (McInerney, 2001) found that a poor railway safety culture 

was the key to understanding why the accident occurred. Hopkins (2005b) describes four key 

facets of rail culture at the time of the accident, two of which are the organisational “silos” that 

had developed along with the strong culture of on time running.  The “silos” were the result of 

desegregation of the rail system (formerly the State Rail Authority).  Under the new system, 

the State Rail Authority remained the passenger train operator only.  Ownership of rail track 

and other infrastructure was transferred to the Rail Access Corporation and third entity called 

Rail Services Australia acquired the responsibility for maintenance of rail infrastructure.  This 

was a significant factor in the communications problems between signallers and drivers.  

 

Piper Alpha 

In 1988, an oil and gas production platform in the North Sea was destroyed by a fire which 

caused 167 deaths (see (Cullen, 1990) for details).  The initial hydrocarbon leak which 

subsequently ignited and spread throughout the platform was caused by confusion between 

operations and maintenance personnel over the status of a pump.  The pump had been taken 

out of service for preventative maintenance work which was not completed in a single day so 

the pump was to remain in its partly-maintained state overnight allowing the work to be 

completed the following day.  On the night shift, operations personnel put the pump back into 

service (for production reasons) without realising that it was not in a suitable condition.  

 

These brief case histories illustrate the importance of decisions made at the interface 

between maintenance and operations to achieving safe operations. 

4. Maintenance Safety Studies 

Most safety research that takes the form of a case study is either a review of causation of a 

particular accident or a study of production activities under normal operating conditions.  

Since this project aims to study the interface between operations/production and 

maintenance, it seems appropriate to review past maintenance safety studies. 

 

In the mid 1990’s, high reliability theory (see section 2) emphasised the importance of 

maintenance in reliability assurance.  It is possibly conincidental that there appears to be little 

research on safety in maintenance published prior to the late 1990s.   

 

Since the formulation of error taxonomies by Rasmussen (1982) and Reason (1990), several 

studies have used an error management approach to address maintenance safety.  In this 

approach, safety is assumed to be best addressed by a review of the types of errors made by 

field personnel and improvements to safety made by addressing the causes of such errors.  

Causes in this context are sometimes called “error producing conditions” and are seen as 

physical factors associated with the design of the task itself and physical design of equipment. 
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A review of studies of this kind done in nuclear power operations (Reason, 1997) has shown 

that approximately 60% of “hands-on” human performance problems are related to 

maintenance activities.  Reason asserts that this high proportion of incidents in maintenance 

activities (as opposed to normal operations at 16% and emergency operations at 5%) is due 

to three factors: 

• The activities are “hands-on” ie involve direct contact with the system, 

• Maintenance activities, if performed less than adequately, pose a high risk to the safety of 

the system, 

• Maintenance activities are performed frequently. 

He goes on to propose the features of a well-designed maintenance task ie one that is error 

tolerant, rather than error producing.  These ideas are further developed in his later work 

(Reason, 2003). 

 

The significant number of industrially based research studies on maintenance safety is also a 

reflection of the increased interest in this field.  These include work on the relationship 

between human factors and maintenance strategy (HSE, 2004a), safety issues associated 

with use of maintenance management software systems (HSE, 2003b), safety implications of 

various technical maintenance methods (HSE, 2005) and guidance on appropriate elements 

in a maintenance management system (using a Safety Case approach) (HSE, 2004b). 

 

Other more recent maintenance safety studies (Reiman and Oedewald, 2004; Farrington-

Darby et al., 2005) use approaches based on safety culture to identify potential safety 

improvements based on assumed links between values and behaviour.   

 

None of these studies address issues of decision making at the production/maintenance 

interface. 

 

A study by (Carroll et al., 1998) came to the conclusion that the organisations they studied (a 

large US chemical plant and a US nuclear power facility) failed “to give due consideration of 

preventative maintenance in organizational decisions.” 

 

This study uses a “mental models” approach (Senge, 1990).  The mental model of a key 

decision making group at the chemical plant included the assumption that minimising 

maintenance costs would minimise total manufacturing costs.  Whilst they were aware that 

this was not the case in some specific instances (the example cited is that having more 

tradespeople would lead to faster maintenance response and hence shorter down times), the 

overall complexity of interactions between the parts of the system were overwhelming and 

hence ignored.  Carroll summarises five flaws in commonly held mental models about 

preventative maintenance: 
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• Managers tend to think in terms of parts rather than wholes 

• People have difficulty integrating events and relationships over time and hence focus on 

the wrong things 

• Maintenance is seen as not as important as operations – it is a support function and not a 

core activity 

• Solutions to significant problems tend to be driven from the top down and the low status 

of maintenance work means that the views of maintenance personnel are not give due 

weight 

• A culture of individual blame means that systemic causes of maintenance problems are 

not identified or addressed. 

This study makes reference to the work of Argyris and Schon on organisational learning (see 

section 6.6.3), but makes no links to the work of the HRO theorists (perhaps due to the 

publication date). 

 

None of these studies specifically addresses the issues of interest in this project. 

 

5. The Research Question 

The considerations above lead to the research question: 

 

How are safety-critical decisions being made at the maintenance / operations interface in high 

hazard organisations which purport to be HROs? 

 

 

Having established the research question, the next stage is to review other theoretical frames 

that may provide a useful perspective on this question. 

 

A range of decision making and safety theories are discussed in the next sections. 
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6. Perspectives on Safety Decision Making 

6.1 Classical Decision-making 

6.1.1 Rational Choice 
The traditional theoretical approach to decision making as described in much of the 

economics and management literature takes a cognitive approach, dividing all decision 

making into four generic steps as described by Flin (1996): 

1. Identify the problem 

2. Generate a set of choices or possible solutions 

3. Evaluate each option (using a wide range of strategies) 

4. Select and implement the best option. 

 

This model is the cornerstone of decades of decision making research and is generally known 

as rational choice theory.  Decision makers are seen as “rational actors”, individuals who 

make choices based on logical analysis of all available options.  Much of the research has 

focussed on steps three and four of the generic model ie how best to evaluate the available 

options and hence which of these should be defined as “best”.  A common example is to 

identify a set of criteria that represents all the different features of the listed options and to 

develop a weighting for each criterion.  Each option is then rated against each criterion and 

total scores developed based on the cumulative total of rating multiplied by weighting for all 

criteria for each option.  The best option is thus selected.  

 

There is much research to show that in many situations people follow classical decision 

theory in only the most approximate fashion. Researchers in this traditional mode of decision 

making see the four point model described above as normative and that the observed 

variations in behaviour that vary from this model are due to the cognitive complexity of the 

evaluation required.  If there are several options available to the decision maker and each has 

a range of advantages and disadvantages, then the mental assessment required to determine 

the best option using the rational choice method quickly exceeds our capacity.  The idea that 

we have insufficient cognitive capacity to assemble and evaluate all the necessary facts in the 

case of complex decisions is known as “bounded rationality” (Simon, 1956). Research efforts 

have been directed at the identification of rules of thumb that individuals develop to short cut 

the process.  Whilst such rules may be cognitively economical, they are seen as 

approximations that may be biased.  The price of their use is seen as increased potential for 

error.   

 

Two of the most common biases in social psychology are the availability bias and the 

representativeness bias.  The availability bias (Nisbett and Ross, 1980; Fiske and Taylor, 

1984) is our tendency, in making a judgement about the likely frequency of an event, to give 
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increased weight to items that are readily “available” to our thought processes - those things 

that spring readily to mind.  Examples are common in everyday life.  Once we’ve bought a 

new car, suddenly there seem to be so many more of that particular model on the road.  Our 

estimate of how many people regularly give money to charity will (at least initially) be based 

on calling to mind the practices of our friends and family.  Often, our direct experience is a 

fairly accurate estimate of the frequency of an object or event, but if the event or object is rare 

and/or our experience is not representative in some other way, the availability bias can lead to 

significant errors in judgements about frequency. 

 

Judgements made about the “fit” of a particular object or event into a given category are 

subject to the representativeness bias (Nisbett and Ross, 1980; Fiske and Taylor, 1984).  A 

very topical example is the discrimination experienced by members of the Muslim community 

due to an unfortunate “gut reaction” on the part of some people that leads them to assume 

that all Muslims are terrorists.  The representativeness bias leads us to bypass the logical 

analysis and assume that terrorists are representative of all Muslims.  

 

Further research efforts have been directed at training methods to assist individuals to make 

decisions by mental processes that more closely resemble the rational choice method. A well 

known example is the Kepner-Tregoe Matrix (Kepner-Tregoe) which has been in use in 

manufacturing and other management circles since the 1970’s and remains popular in 2006. 

 

Researchers in this field see the advantage of the rational choice model as generating a 

result based solely on logic and analysis.  The aim is to remove the experience, judgement 

and intuition of the decision from the process.  Critics of this model (Turner, 1990; Reed, 

1991; Carroll, 1993; Klein, 1998; 2003) point out, however, that in reality the decision maker is 

required to make many small decisions based on those factors in generating a range of 

options to consider, the list of evaluation criteria, their relative weightings and the scores of 

the individual options.  A single judgement on a large scale has been replaced by many 

judgements on a smaller scale for the same choice to be made. 

 

The studies that resulted in development of rational choice methods are based on 

experimental research with participants observed whilst undertaking (sometimes very 

sophisticated) defined tasks.  The resultant theory of decision making assumes that the 

process takes place in isolation where the researcher and/or decision maker has a high 

degree of control over the situation.  In most organisational contexts, this is not the case and 

decisions are made as part of the overall socio-technical system. Argyris (2004) quotes four 

heresies in the eyes of economists and students of traditional decision making: 

• the importance of allocating attention 

• the omnipresence of conflict, politics and coalition groups 
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• the conception that action involves rules that adapt to experience rather than anticipatory 

choices 

• the importance of ambiguity, preferences, technology, history. 

 

Other authors make similar points. Tetlock (1992, pg 333) says “Many response tendencies 

that look flawed within a narrowly cognitive or microeconomic perspective can be viewed as 

prudent responses to the social world within which people live and work.” 

6.1.2 Risk Management - Rational Choice applied to High Hazard Industry 
The ultimate application of rational choice theory to safety decision making in high hazard 

industries is the use of Quantitative Risk Analysis (QRA) and the associated decision making 

principle “As Low as Reasonably Practicable” or ALARP. 

 

QRA is a mathematical technique that originated in the nuclear industry in the 1970’s.  Since 

that time, its use has spread to other high hazard industries such as offshore oil & gas, 

onshore chemical and petrochemical facilities, transportation of hazardous goods and 

aviation.  The technique attempts to determine a numerical estimate of the frequency of 

fatality (of either workers or the public or both) associated with the facility, operation or activity 

in question.  This is typically done by development of all possible causal chains that could 

lead to fatality and estimation of both the potential consequences (size of fire, extent of 

structural damage etc) and the likely frequency or probability of each step in the causal chain.   

 

When faced with a choice between two or more courses of action, the results of a QRA can 

assist in decision making by providing a numerical ranking of the options based on the 

estimated frequency of fatality (ie risk).  This analysis itself is subject to a range of 

uncertainties in representing complex issues by a single index.  Even once these difficulties 

have been overcome, there are two significant questions that remain unanswered: 

• How is the cost of each option taken into account ie if the lowest risk option is more 

expensive to adopt than other options, which should be chosen? 

• Is the absolute risk acceptable ie does the lowest risk option available still pose an 

estimated frequency of fatality that is too high?  

 

The process used to address these questions is comparison of the calculated risk with fixed 

criteria followed by cost benefit analysis.  Specifically, 

• There is a level of risk to an individual that is deemed to be intolerable.  If the risk is found 

to be above this value, changes must be made in order to reduce risk, regardless of cost. 

• There is a lower (but non-zero) level of risk that is deemed to be broadly acceptable.  At 

this risk level (and below), risk should be monitored to ensure that no significant increase 

occurs, but further expenditure on risk reduction is not justified. 
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• Between these two risk levels in known as the ALARP region.  If risk falls into this region, 

it should be reduced to a level that is as low as reasonably practicable.  Risk reduction 

measures must be identified and evaluated in terms of cost (money, time and effort) and 

possible risk benefit.  Measures should be put in place provided that the cost is 

reasonable when compared to the benefit gained.  

 

The comparison of cost and benefit often takes the form of a numerical cost benefit analysis 

where a notional financial value is assigned to each cost and benefit contributor. 

 

This idea has been widely adopted in safety legislation.  For example, in Australia, following 

the Piper Alpha incident, offshore oil and gas safety regulation (1962) was changed to require 

decisions to be made based on risk.  Whilst not explicitly required by regulation, the 

convention that developed was for QRA and a numerical assessment based on ALARP 

principles described above to be required as part of regulatory submissions for significant 

changes to offshore facilities.  The final step of the risk management process according to the 

published government guidelines (DITR, 2000) is “Apply ALARP Principles.  This final step 

ensures that risk levels are as low as reasonably practicable (ALARP). This is often 

demonstrated by adopting risk reduction measures until their benefit is exceeded by their 

cost.  This is usually done by cost benefit analysis (CBA).” (pg 101). 

 

Similar provisions apply to management of aviation safety in Australia (1995).  Management 

of onshore industrial facilities with sufficient inventory of dangerous goods to be classified as 

Major Hazard Facilities is covered by state based regulation (eg Victoria (2000)).  Whilst there 

are differences in implementation requirements, they are all based on risk management and 

decision making according to ALARP. 

 

The origins of the concept that organisations have an obligation to reduce risk to a level that 

is as low as reasonably practicable are in law, rather than management or engineering.  

There is no simple definition of the legal expression “reasonably practicable” but legal 

interpretations in Australia and the UK can be traced to the definition by Asquith LJ in 

Edwards v National Coal Board (1949) quoted in (Bluff and Johnstone, 2004, pg 8): 

“‘Reasonably practicable’ is a narrower term than ‘physically possible’ and seems to me 

to imply that a computation must be made by the owner, in which the quantum of risk is 

placed on one scale and the sacrifice involved in the measures necessary for averting 

the risk (whether in money, time or trouble) is placed in the other; and if it be shown 

that there is a gross disproportion between them – the risk being insignificant in relation 

to the sacrifice – the defendants discharge the onus on them.  Moreover, this 

compensation falls to be made by the owner at the point of time anterior to the 

accident.” 
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As recently as December 2004, the Australian National Transport Commission has advocated 

the use of QRA followed by numerical cost/benefit analysis as the preferred decision making 

method for transport policy decisions. (Bray, 2004).  The Bureau of Transport and Regional 

Economics has also used numerical cost/benefit analysis as the decision making approach to 

changes to Australia’s airspace architecture (BTRE, 2004).  

 

The use of QRA and a numerical definition of ALARP is subject to the same criticisms as 

those levelled at the rational approach generally and described above. As (Hopkins, 2005b) 

points out, use of techniques such as cost benefit analysis “do not generate a set of rules 

which can be automatically applied to determine whether the risk is as low as reasonably 

practicable and ultimately a judgement must be made in each situation about what a 

reasonable employer would do.” (pg 113).  

 

Not all risk management processes rely on generation of numerical data for judgements about 

ALARP. Processes and procedures for decision making based on qualitative risk 

management processes usually also follow classical decision making concepts where cause 

and effect relationships are assumed to be knowable and available for use as the basis by 

which the best choice can be made even if no numerical calculations are involved.  For an 

example, see the Australian Risk Management Standard and associated guidance notes 

(Standards Australia, 2004b; a)). 

 

From the perspective of safety, risk can be defined as “the possibility of danger” (HSE, 2001).  

Most risk management systems assume that consideration of risk must be based on rational 

analysis of the causes and their effects, but this is not inherent in the definition.  Some 

theorists have expanded the concept of risk to include views of stakeholders in addition to 

(supposedly) objective, formal and causal analysis (see for example (Sandman, 1993)).  

When making large investment decisions, such as justification for a new major project, some 

organisations now consider the rationality of the project as viewed from a range of 

perspectives other than just their own.  This could be seen as acknowledgment of the 

contextual nature of rationality (see section 6.7), but in reality, it is usually undertaken as a 

method of managing secondary risks such as reputation (Power, 2004).  As Power states 

(2004, pg 10), “the risk management of everything is characterised by the growth of risk 

management strategies that displace valuable – but vulnerable – professional judgement in 

favour of defendable process.” 

 

The overall effectiveness of risk based regulation on safety performance remains to be 

determined.  Various studies (HSE, 2003a; VWA, 2004) have indicated that those who are 

being regulated can see both strengths and weaknesses in changes to their day-to-day safety 

performance but theirs is hardly an unbiased view.  Since accidents happen rarely in high 

hazard industry due to the already high level of safety performance, it can be difficult to 
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determine overall statistical trends with any accuracy except over a long period of time. Power 

in The Risk Management of Everything (2004) has expressed serious reservations about the 

overuse of risk assessment.  “…the experts who are being made increasingly accountable for 

what they do are now becoming more preoccupied with managing their own risks.  

Specifically, secondary risks to their reputation are becoming as significant as the primary 

risks for which experts have knowledge and training.  This trend is resulting in a dangerous 

flight from judgement and a culture of defensiveness that create their own risks for 

organisations in preparing for, and responding to, a future they cannot know.” (pg 14) 

 

Classical decision making in the form of risk assessment provides an important regulatory 

and organisational context for the decisions of interest here.  It also provides a rational 

decision making framework for balancing competing goals and for addressing non-operational 

activities. The key missing element of this perspective is that it does not recognise the 

judgement required to convert the results of analysis into action. 

6.2 The Incrementalist Model and the Mixed Scanning Approach 

As early as the 1950’s, (see list of references – note 11 in (La Porte and Consolini, 1991) and 

note 1 in (Etzioni, 1967)) it was recognised by some researchers coming from the social 

sciences sphere that real world decisions often did not fit the normative model favoured by 

the economists and behavioural psychologists.  Apart for the issue of the cognitive effort 

required to evaluate possible strategies in the face of a specific decision, it was 

acknowledged that differences of opinion or simple uncertainty often exists about the actions 

required to achieve a specific goal, or even about the appropriateness of the goal itself.  

 

(Lindblom, 1965) developed a model of decision making that he called “disjointed 

incrementalism”.  He summarised the six primary requirements of the model as: 

1. “Rather than attempting a comprehensive survey and evaluation of all alternatives, the 

decision-maker focuses only on those policies which differ incrementally from existing 

policies. 

2. Only a relatively small number of policy alternatives are considered. 

3. For each policy alternative, only a restricted number of “important” consequences are 

evaluated. 

4. The problem confronting the decision-maker is continually refined: Incrementalism allows 

for countless ends-means and means-ends adjustments which, in effect, make the 

problem more manageable. 

5. Thus, there is no one decision or “right” solution but a “never-ending series of attacks” on 

the issues at hand through serial analyses and evaluation. 

6. As such, incremental decision-making is described as remedial, geared more to the 

alleviation of present, concrete social imperfections than to the promotion of future social 

goals.” 
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Lindblom put forward this model as both an accurate account of how political policy decisions 

were being made in 1960’s America, and also the preferred approach for pluralist democratic 

societies.  The model is designed to be both descriptive and normative.  

 

Critics (eg (Etzioni, 1967)) cite a number of significant problems with the model as a 

normative approach to decision making.  Firstly, this method focuses on the short term with a 

deliberate lack of a long term goal.  This leads to patterns of decisions of a possibly circular 

nature over the medium and longer term or to long term changes that are driven by the 

person or group with the most power rather than by any overt goal or objective.  This method 

could also be seen as anti-innovation given the focus on small steps only and the elimination 

at the beginning of the process of any options that might result in significant change.  

 

The incrementalist model recognises that there is one type of decision that is not 

appropriately described and for which this model is not normative – that is large, 

“fundamental” decisions.  These are defined as decisions that are not reversible.  The 

example given in a public policy sense is going to war, but this could equally apply to safety 

decisions where the outcomes are potentially catastrophic (La Porte and Keller, 1996).  

 

In the safety context, this is reminiscent of work by Vaughan (1996) on the Challenger 

disaster which led to her concept of the normalisation of deviance.   

 

Vaughan has analysed in detail the circumstances surrounding decisions made to launch the 

space shuttle over several years.  She comes to the conclusion that by the time the decision 

was made to launch the space shuttle Challenger on its fatal mission, that the decision itself 

was inevitable.  NASA’s management of safety issues associated with the seals on the solid 

rocket booster system demonstrates incremental decision making in action.  Over several 

years, evidence of damage to seals was assembled and the success of each mission (despite 

the seal damage observed) was seen as evidence that the decision to launch in each case 

(rather than undertake expensive and time consuming redesign) had been correct.  The final 

decision to launch on January 25, 1986 was a fundamental decision in terms of the 

incrementalist model (ie it was not reversible), but the decision makers were unable to see 

that in advance.   

 

Etzioni (1967) is critical of the relegation of fundamental decisions to the category of 

exceptions to the incrementalist model as he sees that “a) most incremental decisions specify 

or anticipate fundamental decisions, and b) the cumulative value of the incremental decisions 

is greatly affected by the related fundamental decisions.”  The Challenger disaster illustrates 

both concerns.  The series of incremental decisions to continue to launch the shuttle despite 

observed damage to seals was taken in anticipation of a range of broader organisational 
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decisions (such as the planned launch schedule and the design decision to use segmented 

boosters that required seals).  The decision to launch on the day of the disaster was an 

incremental decision taken within the scope of the more fundamental decision made that 

there was no evidence that ambient temperature was the cause of seal damage. 

 

In an attempt to address his criticisms of both incremental and traditional decision making 

models, Etzioni put forward a third model that he called “mixed scanning”.  (Etzioni, 1967; 

1986).  This model proposes that fundamental decisions are addressed by a two-stage 

process where firstly a high level review of available options is carried out.  This stage is 

similar to the identification and evaluation of options made in traditional rationalist model, but 

at a very high level.  Once key issues are identified, these are studied in more detail.  

Incremental decision making occurs only within the framework of fundamental decisions 

made using this multi-stage rationalist process. 

 

Incremental decision making and mixed scanning could be descriptive of non-operational 

decisions but they do not address the issue of balancing competing goals.  They are 

consequently of limited use in addressing the research question. 

6.3 Naturalistic Decision Making 

6.3.1 Recognition Primed Decision Model 
Another research direction away from the rational actor model of decision making is the field 

of Naturalistic Decision Making (NDM)  (Klein, 1998; Lipshitz et al., 2001a; Lipshitz et al., 

2001b; Salas and Klein, 2001; Klein, 2003).  The underlying assumption of this work is that 

decision making can best be understood and improved by studying “expert” decision makers 

in naturalistic settings.  

 

Naturalistic decision-making research has shown that experienced people under pressure in 

complex situations do not generally use the classical approach to decision making as 

described in section 6.1.1.  Under these circumstances, people tend to adopt what is termed 

as the recognition-primed decision (RPD) model (Klein, 1998).  This work is based on field 

observations and interviews with fire fighters, neo-natal intensive care nurses, surgeons, 

weather forecasters, military field commanders and pilots. 

 

In this model (see Figure 6-1), decision making is not a once-through process searching for 

the best option, but rather a cyclic process where the aim is to chose an acceptable option 

and then improve upon it based on the observed system performance.  The process starts 

when in a specific situation a decision maker notices particular pieces of information or cues.  

The pattern formed by the cues is then recognised by the decision maker based on 

experience. Also based on experience, the decision maker focuses on a potential solution or 

“action script” and then imagines what might happen if this action were to be implemented.  
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This involves experience again in the form of the decision maker’s mental model of the overall 

operations.  If the imagined outcome is “good enough” then the action is implemented. 

 

Situation

Cues

generates

Patterns

Action Scripts

Mental 
Simulation

Mental 
Models that let you recognise

that activate

Which you 
assess by

using your

 

Figure 6-1: Recognition-Primed Decision Model (Klein, 2003, pg 26) 

 

The process becomes cyclic as the situation changes, either as a result of the action taken or 

due to external influences.  If the situation change is due to the action taken, then the change 

may confirm or challenge aspects of the expert’s mental model.  The process by which an 

expert updates their mental model could be described as sensemaking (see section 6.70 or 

Type II learning (see section 6.6.3). 

 
Mental models pervade RPD in a way that is not reflected by the single box in Figure 6-1. 

This includes recognising patterns of cues, their links to possible actions (“action scripts”) as 

well as the likely effects of the actions.  In a practical sense, the normative value of the RPD 

model is in emphasising the importance of mental models. Improving the breadth and validity 

of mental models then becomes the practical strategy for improvements to decision making.  

 

Whilst Klein emphasises the difference between this model and classical decision theory 

(primarily in that the recognition primed model does not involve comparison of options), there 

are some distinct similarities.  Each model starts with problem recognition and definition and 

moves through selection and implementation of a course of action chosen either consciously 

by analysis or subconsciously based on expertise.  Some decision researchers (eg (Laroche, 

1995)) claim that the idea of decision making in itself is a social construction and that this step 

occurs after the action has taken place to justify and make sense of our organisational 

experience.  This is discussed further in section 6.7. 
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All the field work on which the RPD model is based has been carried out in an environment 

where feedback on the effectiveness of the decision is available in a fairly short (but not too 

short) time frame.  The model assumes that adjustments to the course of action chosen are 

possible based on feedback received.  This means that further information must be available 

to the decision maker in time to adjust the chosen “good enough” course of action and hence 

to improve the overall outcome.  Conversely, if operations are tightly coupled (ie where events 

can escalate rapidly from the initial cues to an irreversible outcome) there may be no 

opportunity to improve upon an initial decision that was judged to be “good enough”.   

 

Another factor in considering application of the model to safety decision making in HRO’s is 

that by definition accidents are rare events and decision makers may not be able to conduct 

an accurate mental simulation if their mental model does not accurately cover rare events in 

complex systems.  It would seem that the RPD model falls down as a strategy for complex, 

tightly coupled systems. 

 

The RPD model does not address balancing of competing goals directly, although this may be 

part of the mental model held by the decision maker.  The biggest issue in applying this 

perspective to the research question is likely to be related to the timing of any feedback on 

decision effectiveness and subsequent adjustments to the chosen course of action that the 

RPD model suggests will occur.  The research question addresses decisions that may be 

removed in time and place from their implementation.  Feedback to the decision maker is 

likely to be slow and incomplete so it is far from certain that the RPD model will be a useful 

descriptor of the research data. 

6.3.2 Problem Detection 
The NDM researchers have also specifically studied the issue of problem detection (Klein et 

al., 1999; Klein, 2003).  They have developed a model of problem detection as shown in 

Figure 6-2.  The model identifies three factors that impact on an individual’s likely capacity for 

problem identification.  The first factor is the type of problem.  Problems are more difficult to 

detect if the onset is gradual, cues are subtle, patterns of cues are subtle or if the margin of 

safety is reduced to a low level so the change required to make operations unsafe is very 

small.  There are also some specific barriers to problem detection based on problem type.  

Problems are more difficult to detect if there are multiple causes, if there is a noisy 

background and if the necessary information that might indicate a problem is not available. 

 

The second factor impacting problem detection is the expertise of the individual.  An expert 

individual knows what is typical and hence has the knowledge to recognise what is atypical.  

The barrier to problem identification is the mindset of an individual to “explain away” 

conflicting information and not recognise an atypical situation for what it is. 
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Stance is the third factor in the problem detection model.  “Stance refers to your attitudes and 

approach in carrying out your work – whether you are actively searching for potential 

difficulties or are focussed on your tasks and oblivious to everything else.”(Klein, 2003, pg 

107).  Barriers to an effective stance include competing priorities, fatigue and interruptions. 

 

In addition to these factors, this model includes organisational barriers to detection of 

problems by an individual.  The three examples given by Klein (2003, pg 112) are production 

pressures, reliance on procedures and inefficient data collection but the broader issue is that 

to support problem detection the organisation should maintain an active stance in the same 

way as the individual. 

 

Problem Type

• Gradual vs. rapid onset

• Subtle cues and patterns

• Reduction in safety margin

Expertise

• Recognising what is typical

• Recognising cues and
patterns

• Richer mental models

Stance

• Your level of alertness to
potential problems

Barriers

• Multiple causes

• Noisy background

• Inadequate data collection

Barriers

• Mindset that creates blinders

Barriers

• Competing priorities

• Fatigue

• Interruptions

Organisational Barriers

• Production pressures

• Reliance on procedures

• Inefficient data collection

Reframing / Problem Detection

 

Figure 6-2: Klein’s model of problem detection (Klein, 2003, pg 102) 

 

There are some significant similarities between this model and HRT. Since mindfulness 

fosters the “capability to discover and manage unexpected events” (Weick et al., 1999), it is 

not surprising that the qualities that lead to mindfulness address the issues raised as barriers 
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to problem detection.  Organisations and individuals that are preoccupied with failure and are 

reluctant to simplify interpretations will have what Klein calls an active stance.  A sensitivity to 

operations will address issues of expertise and some aspects of problem type (eg reduction in 

safety margin).  Commitment to resilience is in part about preventing the blinkers that can 

lead to data being ignored.  Other issues of problem type (subtle cues and patterns and 

inadequate data collection) may also be addressed by the positive HRT quality of 

preoccupation with failure.  Klein’s model does not seem to advocate strongly the HRT 

qualities of and deference to expertise.  Overall, Klein’s model of problem detection based on 

review of incident data generally supports HRT based on normal operations studies.   

 

As a model of problem detection only, this perspective does not provide an overall view of the 

decision making process. Production pressure is highlighted as a factor that may inhibit 

detection of safety-related problems.  This perspective does not apply directly to the research 

question as generally speaking the “problem” of making a decision balancing maintenance 

and production will be explicit.  It may be useful in thinking about how feedback is obtained on 

previous similar decisions – perhaps feedback occurs in the form of a problem that may or 

may not be detected.   

6.4 Theories of Accident Causation. 

Both High Reliability Theory and research on Naturalistic Decision Making are based on 

“normal operations” studies (Bourrier, 2002), rather than studies of case histories of 

accidents.  This shift to observation of everyday activities and the generalisation of the 

principles involved has been an important development in safety theory, acknowledging that 

most of the time things go right.  It seemed possible, if not likely, that we could learn as much 

about safety performance by studying the everyday, as from assuming that the key to safe 

operations was to avoid the causal factors revealed by analysis of past accidents. 

 

There are also a number of influential safety theories that are based on accident causation.  

The three most influential are discussed here along with their implications for decision 

making. 

6.4.1 Normal Accident Theory 
An influential theory on the origins of accidents in high hazard industries is Perrow’s Normal 

Accident Theory (NAT).  Perrow studied the causes of the 1979 Three Mile Island incident in 

the US.  His initial work was published in a 1982 analysis of the human factors associated 

with this specific incident (Sills et al., 1982).  Perrow (1999) later expanded this analysis to a 

general theory which argues that some technologies are both so complex and so tightly 

coupled that accidents are inevitable, to be expected and hence should be seen as “normal” 

in those industries.  Complex technologies lead to unexpected interactions between 

seemingly independent parts of the system and the tight coupling of the system leads to rapid 

escalation before diagnosis and intervention is possible. 
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Perrow’s assessment of which technologies are most vulnerable to normal accidents is 

independent of the skills, experience, management processes or behaviours of the 

organisation managing the technology or of the individuals involved.  The only variable is the 

technology itself.  NAT has been criticised for its fatalistic and ultimately unhelpful input to 

organisations that use complex technologies (Roberts, 1990; Hopkins, 1999; 2001; Dekker, 

2004).  The only conclusion possible from Perrow’s work, and a conclusion that he indeed 

reaches, is that some technologies such as nuclear power generation are simply too 

dangerous for society to use. 

 

Normal Accident Theory provides little guidance for operational decision makers in high 

hazard industries once strategists and policy makers have allowed the industry to exist. 

6.4.2 The Reason Model 
Organisational psychologist James Reason developed the “Swiss Cheese” model of 

organisational accidents (Reason, 1990; 1997) shown in Figure 6-3.  In his theory, the unsafe 

act that is the precursor to an accident is the result of imperfections in the organisational 

and/or local environmental conditions in which a team or individual works.  These 

imperfections are known as latent conditions, indicating that the imperfections may arise well 

before the accident and remain dormant in the system.  An unsafe act results in an accident 

due to imperfections or flaws in the organisational defences.  These flaws may also be the 

result of organisational or local factors and may remain in the system for lengthy periods 

without detection.  An accident occurs when all the holes in the Swiss cheese line up and 

what may be very minor imperfections at all levels coincide. 

 

Organisational and System Factors

UNSAFE

ACTS

Latent Conditions

Active
Failures

Task and Environmental 
Conditions 

Individual and Team Actions 

Limited window/s
of opportunity

Absent or Failed 
Defences

ACCIDENT

 

Figure 6-3: Reason’s Swiss Cheese Model (Reason, 1997) 

 

Rev A 



28 

The Reason model has been used extensively in incident investigation – see for example 

Maurino (1995).  It provides a generalised structure for causal chains that invites investigators 

to find specific task and environmental conditions (such as workload, shift patterns, 

procedures etc) and specific organisational factors (such as company structure, policies, 

culture etc). 

 

Its role in incident prevention has been less influential.  The model suggests that valid 

accident prevention strategies should be focussed on minimising the holes in the Swiss 

cheese, or at least ensuring that the holes are not aligned.  This approach has been 

attempted as a practical safety intervention with aviation and oil industry tools such as tripod 

delta (Reason, 1997).  These tools use an error management approach (see section 6.5).  

Eleven General Failure Types (GFTs) have been identified based on historical incident review 

to cover the range of organisational and local workplace factors that contribute to unsafe acts.  

The vulnerability of the system to each of these GFTs is continually reviewed based on a set 

of checklists.  Thus areas most in need of improvement are identified.   

 

The benefit of this model to practical decision makers is perhaps its emphasis on each person 

as part of the organisation as a whole.  Whereas classical decision theory sees decision 

makers as free agents able to choose any option, the Reason model swings the focus to the 

organisation and the behaviour of individuals is seen as completely dependent on interactions 

with others.  The model also shows that the full consequences of decisions made may have a 

long incubation period and that decision makers may be held accountable long into the future.  

This has recently been emphasised in the legal response to the Gretley coal mine disaster 

(Hopkins, 2005a).  In this case, not only the mine manager at the time of the disaster, but also 

his predecessor, were found guilty of failing to exercise due diligence.   

 

This model sets field maintenance error in an organisational context but does not address the 

types of decisions of interest in this research except to say that the wider organisation will 

influence middle management in making decisions balancing maintenance and production 

issues. Those middle managers will in turn influence the field personnel who implement their 

decisions taking more guidance from management than simply the technical description of the 

required work task. 

6.4.3 Disaster Incubation Theory 
Another theory of accident causation is the disaster incubation theory of Turner (1997) 

originally published in 1978. 

 

In Turner’s view, accidents can best be understood as “cultural disruption”.  “When a disaster 

occurs in a contemporary setting, it is a particularly threatening failure, because it seems to 

indicate that the rational mode of thought or action which we have been relying on to control 
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the world has failed, undercutting one of our central beliefs.” (Turner and Pidgeon, 1997, pg 

5).   

 

Turner’s theory (1997) is similar to Reason’s in that he postulates that there are common 

themes across disasters in the period leading up to the disaster (not just in the response). He 

proposes that disasters are caused by the failure of foresight.  He sees that errors accumulate 

due to a range of communication errors (information known and ignored or distrusted, 

information buried or distributed across the organisation and hence not assembled).  The 

theory is fundamentally optimistic (in a way that NAT is not) as the key to disaster causation 

and hence prevention lies with people and organisations and is not inherent in the technology.  

Similar to work on the Reason model, analysis of past accidents from the perspective of 

disaster incubation theory has led to lists of generic features and factors that are accident 

precursors.  Minimising these is the assumed accident prevention strategy. 

 

Turner’s view of accident causation is essentially an extension of the sensemaking  

perspective (see section 6.7) to this specific case.  Since this research is based on normal 

operations, rather than incident review, sensemaking provides a more useful perspective. 

6.5 Error Management 

The error management approach to safety is based on the assumption that a better 

understanding of the causes of human error will lead to strategies to reduce and contain 

errors which will in turn lead to better safety performance.   

 

Rasmussen (1982) has studied decision making in a control room setting and proposed a 

three-tier model where decisions are characterised as skill-based (almost automatic), rule-

based (following a rule or procedure) or knowledge-based (creative).  This work has been 

extremely useful in identification of the appropriate strategy to address the potential for 

human error in the field in a range of situations.  Equipment design, layout, task design and 

training are all possible error management strategies (Reason, 1990).  The expanding use of 

computer applications has spawned the sub-discipline of useability and Human-Machine 

Interface (HMI) design. 

 

Whilst this body of work has important safety implications, it addresses those cases where the 

task itself is well defined and the outcome of a particular action can be judged to be either 

successful or in error unambiguously and within a short timeframe.  In fact one aspect of error 

management is design of systems for good error detection to ensure that this is the case. 

 

Applying an error management approach to decisions made balancing production and 

maintenance would involve analysis of cases where the decision made was in error.  Such 

cases could then be reviewed to determine if the error was skill-based, rule-based or 
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knowledge-based and the immediate cause(s) could be determined.  Whilst this might give 

some insights to factors that the decision maker took into account this would only be 

determined indirectly.  All “normal operations” cases where no error in the decision was 

immediately apparent would be excluded from the review.  An error management approach 

therefore does not directly address the research question. 

6.6 Organisational context of decision-making 

Whilst there are some important differences between NDM and classical decision making 

models, there is at least one important feature that the two theories have in common.  

Decisions are seen as discrete events that can be studied in isolation.  There is another body 

of research that frames any action of an individual (including decision making) as resulting 

from their organisational context and experience. 

6.6.1 Garbage Can Model 
This view was challenged as early as 1972 in the work of (Cohen et al., 1972) that resulted in 

their garbage can model of organisational choice.   This model describes the decision making 

behaviour of organised anarchies – those organisations or decision making situations in 

which preferences are ill-defined, technology is unclear or participation is fluid.  In the 

garbage can model, choices, problems, solutions and decision makers move independently 

through the system and come together based only on their concurrent presence within the 

system. The model allows for a degree of organisational structure affecting the arrival timing 

of elements into the system and possible linkages.  Using computer simulation, they 

discovered that choices were made and problems resolved (if often not very effectively) 

despite high degrees of goal ambiguity and conflict.  Comparing the results to real (much 

more complex) organisational situations, they concluded that the garbage can model is a valid 

description of some aspects of organised anarchies.  “The great advantage of trying to see 

garbage can phenomena together as a process is the possibility that that process can be 

understood, that organizational design and decision making can take account of its existence 

and that, to some extent, it can be managed.” (Cohen et al., 1972 pg17)  

 

At the time the garbage can model was developed it was seen as a description of the way 

organisations muddle though, rather than behaviour that in some cases could actually be 

desirable.  More recently HRT research has raised the possibility that some degree of 

garbage can behaviour may actually improve organisational decision making in some 

situations (see section 2).  

 

The degree to which decision making resembles a garbage can will form part of the research 

perspective. 
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6.6.2 Leveson’s system theory model 
Leveson (2004) proposes a new accident model founded on basic systems theory concepts.  

In this model, accidents occur when external disturbances, component failures or undesirable 

interactions between components are not sufficiently controlled by the system.  The model 

focuses on constraints (rather than hazards or events) and how the design and operation of 

the system are controlled in order to remain within the constraints. 

 

The main advantage of the model is the focus on process dynamics.  Each level of the socio-

technical structure of a system operates by feedback loops of information and control to keep 

the system as a whole in dynamic equilibrium.  Accidents can then be seen as cases where 

the controls failed to keep the system within the defined constraints. 

 

A key control failure mode in this model is inadequate coordination amongst decision makers. 

Leplat (1987) suggests that accidents are most likely in boundary areas or in overlap areas 

where two or more controllers (in Leveson's model) control the same process.  In such 

situations, there is a large potential for ambiguity and conflict or gaps between independently 

made decisions. 

 

The interface between operations and maintenance presents one such boundary.  Often, the 

two groups are linked by a common manager only at a relatively high level whereas workers 

from the two groups typically interact through the working day.  Faverge (quoted in (Leveson, 

2004)) suggests that the greater the number of management levels separating workers in 

different but interacting departments from a common manager, the more difficult is 

communication and the greater the uncertainty and risk.  A different set of boundaries would 

be identified by network analysis of the informal structure of organisations. Krackhardt (1993) 

defines three types of informal networks in any organisation covering advice (sources of 

technical information), trust (sources of political support) and communications (sources of 

organisational information).   

 

Leveson’s model itself does not specifically address the research question, although this 

perspective highlights aspects of the organisational structure both formal and informal that 

may impact on decision makers. 

6.6.3 Organisational Learning 
Given the emphasis on experience as a key factor in decision making, processes of learning 

from ones’ experience (and the general experience of the organisation) have the potential to 

be useful in thinking about decision making.  Indeed Argyris (1992, pg xii) describes the 

incentive for organisations to take an interest in learning as “the better organisations are at 

learning the more likely it is that they will be able to detect and correct errors, and to see 

when they are unable to detect and correct errors.”  He defines error as "mismatch between 

intended outcomes and actual outcomes". (Argyris, 2004, pg 66). 
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Argyris’s (1996) well known work on organisation learning is based on the concept of theories 

of action.  The general form of a theory in action is: 

“If you intend to produce consequence C in situation S, then do A.”   

In any given organisational situation, there are two theories of action - espoused theory and 

theory-in-use.  The espoused theory is the formal explanation of processes followed and 

organisational cause and effect as contained in company procedures or the formal 

explanation given by an individual.  It is the theory that the individual or organisation claims to 

follow.  Theory-in-use is that which can be inferred from the actions of the organisation or 

individuals. 

 

The effectiveness of organisational learning in any given organisation will be determined by 

the theory-in-use.  Argyris (2004) claims that there are two distinct styles of theory-in-use and 

that most organisations adopt one or the other.  Organisational learning will always be limited 

by defensive behaviours as typified by Model I theory-in-use.  Model I values are: 

• be in unilateral control over others 

• strive to win and minimise losing 

• suppress negative feelings 

• act rationally 

Model I behaviour involves static goals the validity of which cannot be challenged, 

assumptions that may not be acknowledged and certainly cannot be changed and a future 

focus that precludes acknowledgment and analysis of past failures. 

 

The preferred model of learning is “double loop learning” (Carroll et al., 2002; Argyris, 2004) 

as produced by Model II theory-in-use.  Double loop learning challenges the validity and 

appropriateness of goals, assumptions and mental modes that underlie actions and 

expectations.  

 

Given the focus on action selection and outcome, this perspective has relevance for decision 

research.  HROs should be operating largely in double loop learning mode and this can be 

reviewed as part of the data analysis.  This work, however, does not provide any insight on 

the issue of conflicting goals. 

 

Argyris also reminds researchers that their work should be done with Model II thinking where 

goals, assumptions and mental models are constantly challenged and able to be revised.  
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6.7 Sensemaking 

A different view of the process of decision making is offered by the literature on sensemaking 

(Weick, 1995; 2001).  Sensemaking “is about the interplay of action and interpretation rather 

than the influence of evaluation on choice.” (Weick et al., 2005) pg 409.  

 

The process of sensemaking is triggered when an unexpected or incongruous event occurs.  

It is the process by which organisational actors literally make sense of events and hence 

come to a conclusion about appropriate action.  It has much in common with the concept of 

mental models, but focuses on the process by which such models are continually formed and 

refined.  This focus on process, rather than outcome, emphasises the transient nature of 

sensemaking and the fluid nature of our interpretation of events.   A decision maker therefore 

no longer makes a choice, but acts deterministically as a result of the sense that has been 

made of the situation at the instant in time that action is initiated.   

 

Snook (2000) makes this point when he uses sensemaking as one frame for his analysis of 

the accidental shootdown of US Blackhawks over northern Iraq (which resulted in 26 ”friendly 

fire” fatalities). 

“I could have asked, “Why did they decide to shoot?”  However such a framing puts 

us squarely on a path that leads straight back to the individual decision maker, away 

from potentially powerful contextual features and right back into the jaws of the 

fundamental attribution error. “Why did they decide to shoot?” quickly becomes “Why 

did they make the wrong decision?”  Hence, the attribution falls squarely onto the 

shoulders of the decision maker and away from potent situational factors that 

influence action.  Framing the individual-level puzzle as a question of meaning rather 

than deciding shifts the emphasis away from individual decision makers toward a 

point somewhere “out there” where context and individual action overlap.  Individual 

responsibility is not ignored. However, by viewing the fateful actions of TIGERS 01 

and 02 as the behaviours of actors struggling to make sense, rather than rational 

attempts to decide, we level the analytical playing field toward a more complete and 

balanced accounting of all relevant factors, not just individual judgement.” (Snook, 

2000, pgs 206-207) 

 

In this view of organisations, decision making becomes a retrospective process.  Situational 

interpretation leads to action which is then rationalised and described with hindsight as a 

process of decision making. Laroche (1995) takes this view further in suggesting that decision 

making is a social representation developed by managers who wish to take a heroic view of 

their own behaviour.  He suggests that decision research has been limited by its failure to 

recognise the basic assumption that decisions and decision making processes are realities.  

His view is that an “action perspective” is a more valid view of the reality of organisations and 
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that decisions and decision making should be studied as social representations that influence 

behaviour and understanding.   

 

Sensemaking provides a useful conceptual link between the individual and organisational 

processes.  Klein’s work described above focuses on the experience of the individual as the 

key determining factor in action selection.  Other models (such as the Reason model of 

incident causality) portray organisational actors as seemingly helpless victims of their 

organisational circumstances.  The concept of sensemaking allows both aspects to be 

integrated into individual decision making. 

 

This perspective is non-rational in that the decision maker’s actions are not seen as only 

based on logic and analysis, but it provides a framework that accommodates both rational 

and non-rational elements.  Interpretation may be based on the results of any formal analysis, 

seen in the context of experienced judgement and organisational experience. 

 

By combining individual and organisational, rational and non-rational elements into a single 

descriptive framework, the sensemaking perspective provides the most useful guide to 

thinking about safety decision making involving conflicting goals. 

7. Conclusion 

This paper presents the literature review supporting PhD research into safety decisions 

making in high hazard organisations. A review of High Reliability Theory has shown a 

developing gap regarding the issue of the conflicting goals of safety and production.  The 

propensity of high reliability researchers to focus on field operations, rather than management 

decision making in other organisational areas (such as maintenance) has also been 

highlighted. 

 

A review of a range of theoretical perspectives has shown that sensemaking provides the 

most useful framework for a review of how safety critical decisions are being made at the 

maintenance / production interface in high hazard organisations which purport to be high 

reliability organisations. 

 

Classical decision making in the form of risk assessment provides the regulatory environment 

in which all of the research organisations operate and hence may be an important factor in 

decision making of individuals.  Naturalistic decision making, in particular the problem 

detection model developed in that school of research, may provide a useful perspective on 

the role of feedback.  Organisational structural theories and models such as the garbage can 

model and network analysis may also inform this work. 
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