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Abstract

In recent years, the adequacy of classical models to explain expert decision-making in

environments involving time pressure, high stakes, uncertainty and dynamic conditions has

been questioned. An alternative model to describe decision-making in these conditions is the

recognition-primed decision-making (RPD) model (Klein, 1989). This model is descriptive

and suggests that expert decision-makers learn to recognise tlpical situations and solutions

and use these mental shortcuts to fill in gaps in their understanding and infomr their decision-

making. The model has been validated in many domains (Klein, 1999), but to date has not

been applied in the Australian Army. Moreover, the model has been criticised because it

largely ignores the influence of the wider context in dynamic decision-makittg. The aim of

this research is to address these issues.

The setting has been the unit level of operations in the Australian Army. In particular,

the focus is on the Commander, as s/he has the largest impact on the strategic direction of an

operation. The approach combines a number of complementary data collection methods,

drawing on both qualitative and quantitative data. The main methods of data collection

include in-depth, semi-structured interviewing; Q-sort analysis; and observational research in

the freld. These are triangulated to increase validity. Computer simulation is also used to

investigate its adequacy for frrther naturalistic decision-making (NDM) research.

The outcome is firstly a validation of the RPD model in the Australian Army and

revision to include contextual variables perceived to impact on NDM. The effect of these

contextual variables on RPD requires further research using naturalistic techniques. Computer

simulation has been found to be an unsatisfactory technique to employ in this instance.

These are important outcomes as the Australian Army moves towards an era of

Networked Centric Warfare where established structures for team work are being revised.

Establishing a better understanding of contextual factors that inrpact on NDM enables policy

xlv



makers to take this knowledge into account when hypothesising about the effect that structural

changes might have on business processes. Thus, having better defrned models, and research

techniques identified to achieve this, is a benefit-
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CIIAPTER 1. Overall Introduction

1.1 Current Issues Facing the Australian Army

This dissertation is guided by the challenges that the Australian Anny is currently

facing. Two major challenges facing the Army are the changing context of operations; and the

need to incorporate new tools and technology. Thus, advances in technology, combined with

incidents such as the Iraq V/ar and September l1 terrorist attacks, highlight the need for a re-

evaluation of our current understandings of war. The current climate negates many

assumptions inherent in military doctrine. For example, the threat and enemy doctrine are

often unknown, and there is no predetermined order of battle (Worley, 2001). In response to

this current world climate, it has been predicted by specialists that future warfare will be

network centric and asymmetric (Alberts, Garstka & Stein, 2000; Vy'orley, 2001).

Network centric warfa¡e CNCW) is a term developed to describe the way the Anny

will organise and frght in the Information Age. V/ith increased capabilities in network

technology, possibilities have been created for networking sensors, decision-makers, and

shooters to achieve shared awareness, increased speed of command, and a faster tempo of

operations (Alberts, Garstka & Stein, 2000). Essentially, there is better distribution of

awareness and knowledge in the battlespace. This results in a greater potential for

collaboration between different sections throughout the military, and hence the possibility to

develop better shared perceptions of the situation (Alberts, Garstka & Stein, 2000).

Implications from these shifts are that there will be: possibility for increased

knowledge transfer, greater potential for collaboration and shared perception, increased

potential for the enemy to access crucial information, increasing tempo of operations, and

possible demarcation between planning and execution. Overall, it seems that the shift will

benefit the Australian Army. However, it is important to evaluate the impact that it might

have in the context of current military operations.
I



To understand the most appropriate measures required for implementing change, the

way in which the current system fimctions requires clarification. This is imperative for

smooth transitions to newer, more technologicalty supported situations. One such system is

the human decision-maker. To adapt current procedures to fit the new environment

successfully, it is critical to understand the current decision-making process, and identiff

nuances that differ from current models and doctrine about decision-making'

Understanding the human process for decision-making in the Army environment then

becomes crucial. Klein (2001) has written:

" ... However, the technologt can also become a source of problems. That is

why it is so intportant to clarify the needs of leaders and decision-makers in

distributed teams. Only by representing these cognitive requirements can we

workwith designers to support decision-making" (p- 292)'

Therefore, it is our challenge, as scientists and system users, to work together to make the best

possible system. This system should not only take into account the system requirements, but,

more importantly, the environmental requirements and the human in the loop.

1"2 History of Decision-making Research and Thesis context

Part of being human requires us to make decisions. These range from everyday

decisions (such as deciding what to wear) to more specific, important decisions (such as

choosing a partner or a carser path). Despite the fact that our decisions can determine to a

large extent the future state of events, the frequency of poor decision-making (leading to less

than optimal outcomes) is common. Due to this important predictive nature of decision-

making in our daily lives, it has been a widely researched topic in the field of psychology

since the 1950s (e.g. Edwards,7954; Janis & Mann, I977).In particular, psychologists have

been interested in rnodelling the human decision-making process. Two anticipated outcomes

of this research have been development of methods for decision-making enhancement and
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machines that could replicate human decision-making. However, throughout the history of

decision-making research, the cognitive complexity and contextual variability of decision-

making has remained an obstacle for the actualisation of these outcomes. To date, despite the

production of a number of usefirl theories and models, researchers have still not found

adequate explanations for all decision-making events.

Recently organisations such as the Army have become increasingly interested in

understanding decision-making within their organisation. Traditional analytical models as

explanations for decision-making in such environments have been criticised because of their

reliance on assumptions that the human decision-making is govemed by probabilistic

outcomes. Research has forurd that humans do not always behave in this manner. Moreover,

because of the complexity of this environment and the unique requirements placed upon

decision-makers, it has generally been concluded that traditional decision-rnaking models

have not provided an adequate explanation of decision-making (Beach & Lipshitz, 1997).

The unique conditions under which this organisation typically operates incorporate the

following:

. High stakes - The costs associated with poor decision-making are usually

very high and can often be the difference between life and death.

o Time pressure - Decisions must be made quickly as time is critical.

. Dynamicity - This refers to the continual complexity of the environment.

Usually a series of decisions are required, rather than a single moment of

choice as described in traditional decision-making theory (Brehmer, 1990). In

this environment, each decision made affects each consequent decision.

o Uncertainty - The quality of available information about a situation is often

questionable. Moreover, there is often missing or incomplete information.
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o I)istribution of tasks - This is required because of the complexity of the

situation. There is too much information for an individual decision-maker to

cope with, so the decision task is distributed among several contributors.

Environments containing these conditions have been described as naturalistic

environments by Omodei and Wearing (1995). This kind of environment is not unique to the

Army similar environmental demands will be required of many others including firefighters,

workers in emergency medicine, and air traffic controllers.

Recent research has focused on understanding how decision-making differs within this

context (e.g. Klein, Calderwood & Clinton-Cirocco, 1936). Researchers have termed the type

of decision-making occurring in the Army, and other naturalistic environments, naturalistic

decision-making (NDM; Zsambok, 1997). A new model, called the recognition-primed

decision-making model (RPD; Klein, 1989) has been developed as a description of how

expert decision-makers operate in an NDM environment" This model takes into account the

short time frames, uncertainty, multþle goals, and high stakes associated with decision-

making in many real world situations.

To date, the RPD model has been useful for describing decision-making in a number

of naturalistic environments (Klein,1999). However, there have also been some criticisms

made of the model (e.g. Bryant, Webb, & McCann,2003;Hall, 2000; Meso, Troutt &

Rudnicka, 2002). Klein (1999)l himself has acknowledged that firther research is necessary

to consolidate and expand the model. The current thesis adopts the RPD as a baseline

description of decision-making in naturalistic environments, with a vision to begin to fill

some gaps in the RPD model that have been identified (which will be further discussed in

Chapter 2). These include:

4
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. RPD model is not validated in an Australian Army envi¡onment.

. RPD fails to define key features (such as experience).

o Contextual factors impacting on RPD process are not defined'

. Rigour of research on RPD needs to be confrmed and described.

Therefore, to create a more complete model of NDM, to assist in particular with future

planning in the Austalian Army, the above areas must be prnsued.

1.3 Describing Emerging Research Aims

Firstly, to date the RPD model has not been tested in the context of the Australian

Army. The current research will investigate the adequacy of the fit of RPD to this

environment. If decision scenarios in the Australian Army are adequately explained by the

model this wilt enable us to use it confrdently in the development of decision aids and training

protocol and policy formation. This will also validate its usefutness to inform future planning.

Secondly, the current research will attempt to better define expertise in the RPD

model. While NDM is becoming an increasingly popular freld, evidenced by the number of

published books emerging on the area" there is still room for improved definition within the

RpD model (Lipshitz, Klein, Orasanu & Salas, 2004b). One particularly problematic concept

requiring further definition is expertise. Research suggests that experts use particular

cognitive strategies and specialised domain knowledge in order to inform their decision-

making. This gives them an advantage over their novice counterparts. However, research has

failed to provide a clear explanation of what constitutes experience, and what kind of

experience decision-makers tend to draw upon to facilitate their decision-making'

The defrnition of expert within the field of NDM is often problematic' NDM

researchers often use regular decisions made by experts as benchmarks for comparison with
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disasters such as the "Vincennes"2 incident. This benchmarking allows the exploration of

differences. The problem with using experts as points of reference, without having adequate

definitions of expertise, is that they do not provide a standard or reliable measuring stick. It is

known that the quahty of decisions made by experts is variable. Thus, care needs to be taken

to develop and provide better definitions for expertise within NDM.

Thirdly, the thesis will investigate the internal and extemal elements that impact on

the decision-making process. To date there has been a lack of research focusing on what

broader elements impact significantly on the NDM process, and in what ways this influence

occurs (e.g. V/hyte, 2001). Traditionally NDM research has defined the decision-making

process as embedded within a context of high stakes, time pressure, dynamicity and

uncertainty. However, because NDM research is still in its infancy, attention has not yet been

paid to broader external and internal elements that may impact on the process' Recently some

attention has been given to the impact of the context on NDM (Orasanu, Martin, & Davison,

2001). For example, it has been argued that emergency response scenarios can be looked at in

terms of tøsk specfficfactors and situation specificfo.cfors (Dunn, Lewandowsky & Kirsner,

2002). This research investigated whether these contextual elements impacted on

communication behaviour in a naturalistic environment. They defined taskfactors as

"intrinsic characteristics of emergency management that tend to remain relatively stable

across different situations" (p.720)- Examples include: rate at wh.ich new information

becomes available and perceived importance of coordinated activity. Situationfactors were

defined as "characteristics of the cr:rrent situation that are novel, unique or unpredictable'" (p.

720; e.g.timing and nature of critical events, sudden equipment failtres). Results from this

2 The.'Vincennes" incident occu¡red on July 3 1988 when the warship (JS Vincennes fired on han flight 655,

thinking it was an enemy aircraft. Iran flight 655 was actually a commercial airliner and this decision resulted in

the loss of many ìnnocent lives. This tragic decision outcome has attracted a lot of subsequent analysis to

determine where the decision-making processes may have gone wrong. For more infomration see Klein (1999).
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suggested that context does impact on communication in a naturalistic environment. One

could assume that this may also impact on subsequent decision-making. Moreover, Perrin,

Barnett, Walrath and Grossman (2001) found that, depending on the order of the information

that decision-makers are processing, they reach different conclusions. This is called the

information order bias, and sees the marrying of NDM and the bias and heuristic paradigm.

This work supports the notion that external context is an important consideration for NDM.

Moreover, we have seen in traditional decision-making models that internal elements (such as

emotion; Sayegh, Anthony & Perrewe,2004) are beginning to attract more research attention

and their impact onNDM cannot be ignored'

Following Dunn et aI. (2002), Perrin et al. (2001) and Lawrence and Nohira (2002),

this thesis addresses the internal and external elements impacting on NDM, particularly in the

unit headquarters (HQ)3 environment. The influence that context has on a Commander's

(CO,s) decision-making processes is currently unclear. Yet, this understanding is particularly

important if we are to adapt current procedures successfully to fit new environments'

Moreover, to develop appropriate decision aids, the CO's decision-making processes must be

examined in the context within which they occur (e.g. the potential impact of the

environment, the team and the organisation in which s/he works should be explored). with the

introduction ofNC'W, the importance of the individual's decision-making process and the

social and informational network within which this resides become more apparent.

Finally, the use of appropriate rigour through research methodologies will be

addressed in the thesis. NDM methodology has been criticised as soft (e.g. Yates, 2001)'This

criticism is based on the fact that many experiments have been field-based and/or qualitative'

, This is the office of a military commander and his core stafffrom which orders are issued' This organisation

wíll act as the centre of operations and administration at an operational level of the Australian Army (see

Chapter 3 for fiñher descrþtion).
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The reason for the predominance of these types of methodologies has been their suitability for

investigating the phenomenon of NDìlr{ in situ. Although there is a certain stereotype

associated with these kinds of methodologies as being less rigorous and reliable, this

stereotype is misguided. St¿ndards of rigow attainable in a laboratory situation can rarely, if

ever, be met for a field study. However, NDM researchers have been careful to use a number

of appropriate methods available to check the reliability und vatidity of the data collected.

Overall, rigour is about whether the methods used support the conclusions drawn' Thus,

researchers should not measure NDM research according to controlled experimental research

standards. Instead, measuring it against standards that have been set over many years of

qualitative and field research is more sensible.

Care will be taken to structure the research adequately to achieve a good fit between

the research question and methods used. Moreover, the rigour of the research will be ensured

through establishing measures of reliability and validity. Finally, the appropriateness of

research methods such as computer simulation in conducting future research will be explored.

Such methods may provide more cost-effective means for exploration of NDM, but it is

unknown to what extent these research tools are useful in exploring NDM' Addressing this

matter will assist in the structuring of firrther research in the field.

1.4 Summary and Research I)irections

The above research requirements are addressed in the current thesis" The focus is on

NDM within the Australian Army. In particular, research has been conducted at the unita

level, focusing on the decision-making of the Unit Commander (CO) within the context of the

headquarter (HQ) team. Research here will be most useful for new policy formation.

o Unit- a battalion group. A hierarchical formation of approximately 700 soldiers and offtcers (see chapter 3 for

further description).
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In summarY, the research aims to:

¡ provide validation for the RPD model within the context of the Australian

ArmY.

o Better define NDM in terms of expertise as defined by the RPD model.

o Id.entify and describe the wider elements impacting onNDM.

o Develop and use a rigorous and replicable research methodology.

o Determine the extent of usefulness of computer simulation as a research tool

for future exPloration ofNDM'

The outline for this thesis includes literature reviews on decision-making research

(Chapter 2) and also relevant team work literature in relation to the Australian A:rny context

(Chapter 3). Research methods and questions are addressed in detail in Chapter 4. Chapters 5-

7 describe the research studies undertaken as apartof this thesis, with the conclusion in

Chapter g. There will be two outcomes. The frrst will be an enhanced understanding of

decision-making at the unit level of the Australian Army and the elements impacting on this

process. The second will be an enhanced understanding of appropriate research methods for

further exploration of NDM.
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CIIAPTER 2. A Review of Decision-making Research

This chapter sets out the relevant background information required to begin to

understand the field of decision-making research and how naturalistic decision-making

(NDIvÐ has developed from this. Cunent theories of NDM are first described; higblighting the

critical nature of expertise within this field. Finally, criticisms of NDM are presented.

2.1 Theories of Decision-making

Decision-making has been defined by Yates (2001) as the process that leads to a

commitment to an action, the aim of which is to produce satisÛing outcomes' This provides

the basis for the definition adopted in the current research, which will be further discussed in

Chapter 4. Preceding NDM research, there has been a rich tradition of research into

formulation of decision-making models. For the purpose of the current sunìmary, this history

will be described in terms of prescriptive and descriptive models of anal¡ical decision-

making. Following this, an explanation and critique of models within the field of NDM will

be presented"

Edwards (1954) introduced the classical concept of prescriptive, analytical decision-

making to the field of psychology. This theory can be used to investigate everyday decision-

making processes. The theory suggests that people should collect and analyse information,

eventually selecting an optimal solution from a range of alternatives. This should be done by

evaluating the advantages and disadvantages of each possible outcome and then choosing the

one most appropriate to achieve the desired outcome goal. This decision is regarded as

optimal (McDaniel, 1993).

This field of decision-making research essentially investigates the quality of the

decisiol made by comparing it with the outcome predicted by a nonnative statistical model.

In doing so, this theory draws upon such methods as expected utility theory and Bayesian
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analysis. possible decision outcomes can be presented statistically as probability estimates for

expected outcomes. Research in this field has relied on laboratory experiments and, instead of

studying how people actually make decisions, "Classical" decision theory focuses on how the

optimal decision should be reached. This approach has also examined how real life decision-

making outcomes differ from the optimal solution (Brehmer, Jungermann, Loutens & Sevon,

198s).

However, Classical decision theory failed to describe many decision-making events

adequately and, in response, decision research started to become more descrþive. A number

of descriptive decision theories were proposed (Plous, 1993). A commonly cited exarnple of a

descriptive decision model is the rational choice model of decision-making (Janis & Mann,

lg77). This model provides an analytical approach for understanding decision-making, based

on the researchers' observations. The seven process criteria specified by the rational choice

model are:

1. A wide range of objectives is identified.

2. A broad spectrum of altematives is produced.

3. The advantages and disadvantages ofeach alternative are assessed.

4. A search for new information relevant to each altemative is undertaken.

5. New information is incorporated into the analysis of the alternatives.

6. The advantages and disadvantages are revised.

7. Detailed provisions are made when implementing the chosen decision.

Janis and Mann (1977) argued that this model would be the only way that individuals

under pressure could make good decisions. One pressure that was discussed by Janis and

Mann (1g77)was time pressure, which is of particular interest because it is a defining

characteristic of NDM environments. In relation to time pressured situations, Janis and Mann

11



(lg77)discussed how errors could occur due to people being in a "hypervigilanf' states'

Hypervigilance was associated with a heightened level of emotion, and it was suggested that

this high level of emotion may be sustained for minutes and even hours after the decision had

been made. Janis and Mann (Lg77)indicated that people in a "hypervigilant state" become

preoccupied with the losses that may occur due to their decision-making' They also suggested

that in such conditions decision-makers are indiscriminately open to all information available,

being *nable to discriminate relevant from irelevant. Unfortunately, this particular aspect of

Janis and Mann's (1977) discussion is not extensive, and does not consider the role of

expertise as a mediator in such situations. Recent NDM researchers have also found that in

time pressured situations experts are not indiscriminately open to all information, but are

guided in their information search by cognitive schema, built up through their experience

(Lipshitz & shaul, lggl). This indicates that the level of experience possessed by many

people in NDM situations is vital in understanding their decision-making process'

In sum, the rational choice model is useful in a number of ways. Firstly' it provides a

useful description of some decision events. Moreover, the effect of context on decision-

making has been highlighted. In particular, Janis and Mann (1977) have highlighted time

pressgre and emotion as potential influences on decision-making" However' although

probabilistic theories have been successfully tested in the laboratory, they have failed to

describe decision-making behaviour observed in the real world (Fishchoff, 1988; Simon,

1956). These models are based on a set of assumptions that decision-making is mechanistic,

and based on probability; while evidence suggests that humans do not consistently use

probability-based assumptions (Allias &.Hagan,1979;Beach, 1966; DuCharme ' 1970;

Edwards, 1968; Kahneman & Tversþ ,7973; Savage, 1954). More recently, it has been

argued that this approach to decision-making has weaknesses when applied to real-life

' This was described as an aroused psychological state triggered by time pressure (Janis & Mann' 1977)
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decision-making in environments that exhibit high stakes, uncertainty, time pressure and

dynamic conditions (Beach & Lipshitz,1997 Klein, L999; Salas, Bowers & Cannon Bowers,

1995). One obvious problem within the above described environment, that is not catered for

in this model, is that the time frames in real life situations may be very short, and hence

evaluation of pros and cons associated with a variety of options is often not possible' ln fact,

recent research by Klein, Calderwood and Clinton-Cirocco (1986) has forurd that on average

firefighters only focus on one or two options before making decisions. Also, in such

environments the qualtty of inforrnation is usually ambiguous and there may be inadequate

time to search for new information relevant to possible alternatives to incorporate into the

evaluation. Instead it has been suggested that the past experience of the decision-maker and

the ability to interpret inforrration is vital (Klein, 1999).

Another school of decision-making research based on describing biases and heuristics

observed in the laboratory began to emerge in response to criticisms of early analytical

models to describe decision-making (Plous, 1993). These theories attempt to describe the

heuristics that human decision-makers tend to use in order to reduce cognitive load. A

srunmary of some popular theories is provided in Table 1.

Other decision biases and heuristics include: primacy and recency e fects, cognitive

dissonance and the law of numbers. For a srunmary of these theories, see Plous (1993).
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Cannon-Bowers, Salas and Pruitt (1996) argue that the ¡esearch upon which the

heuristic and bias paradigm has been based has been too sterile to generalise to real world

settings. However, a range of evidence suggests that biases might help to explain some

decision-making in real world environments (e.g.naturalistic environments). For example, in

the classic book, onThe Psycholog,t of Military Incompetence, Dixon (1976) discussed how

some of these biases (such as cognitive dissonance) may be used to explain what he described

as failures of the military. In addition, research has found some inconclusive evidence of

biases in naturalistic conditions. For example Entin, Serfaty and Forester (1989) found a

recency bias in judgements of military intelligence analysts of conflicting infonnation

presented over time. However, research by Tolcott, Marvin and Lehner (1989) produced

conflicting findings that military intelligence analysts disptayed a primacy bias and

confçmation bias (subsequent information that confrmed their initial hypothesis was

overemphasised and other contradictory information discounted). To explain these conflicting

results, the effect sizes in these studies have been small and the observed effect might have

been influenced by the less experienced participants in the samples (Perrin, Barnett, Walrath

& Grossman, 2001). To support this statement, Alderman, Tolcott and Bresnick (1993), in a

study of US Army air defence operators, found that biases based on the order in which

information was presented were less pronounced in offrcers (experts) than enlisted men

(novices). However, when a similar study was done using experts doing a more realistic task,

the strength of the effect of i¡formation order (recency bias) was increased substantially'

The problem with this finding was that it could be explained in two ways:

l. Judgement bias can occur in naturalistic settings'

Z. Experts are using a pattern matching technique to make decisions (as described

by NDM researcher Klein, 1999)-
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penin, Bamett, V/alrath and Grossman (2001) drew on these previous studies to

determine which of these two explanations best frt, but results were inconclusive'

Thus, to date there has been no unequivocal evidence that judgement biases explain

decision-making in naturalistic settings. Overall, these biases and heuristic theories have

offered some valuable explanations for observable phenomena, but each has fallen short of

providing an inclusive theory for decision-making applicable to naturalistic situations (where

there are often multiple goals, uncertainty, and time pressure). However, research indicates

that their impact on decision-making in naturalistic environments should be further explored.

In summary, the history of analytical decision-making and biases and heuristics has

been useful in shaping our understanding of the cognitive processes that drive decision-

making in many contexts. The main criticisms thatNDM researchers have aired are:

l. Time pressure- It has been suggested that needing to evaluate such a large

n¿mber of alternatives in a short period of time is impractical in naturalistic

situations (Kaempf & Militello, 1993). In fact, usually only one option is

considered (Klein, Calderwood & McGregor, 1989)'

Z. Dynamic environment- Because of the dynamic environment, continual

evaluation and judgement of the environment is required, in contrast to a single

moment of choice assumed by these models'

3. Context- Contextual elements impacting on decisions have been touched on

by previous researchers, but need fuither clarification (e.g. how does the

context impact on decision-making?)'

4. Expertise- Naturalistic environments usually require expert decision-makers,

whose experience facilitates their decision-making. These facts are not

adequately accounted for in analytical decision theories.
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5. External vatidity- Ebbensen and Konecni (19S0) have argued that the external

validity of decision-making research that relies on laboratory experiments

(such as many of the analytical decision-making models) is minimal. It may be

that biases found in the laboratory are simply caused by participants not

understanding the task (Fischoff, 1988). Conclusive evidence of these biases

occgrring in real world decision-makers, still needs to be achieved.

Thus, in naturalistic circumstances, there are grounds for querying the adequacy of

analytical decision-making models. In particular, these theories still require extension in order

to describe decision-making adequately in a militaty context.

2.2 Emergence of I\DM Theory and Decision Models

In response to the inadequacy of analytical decision-making theories or simple

heuristics and biases to explain decision-making in NDM environments, tesearchers shifted

focus to developing descriptive models catering for the unique aspects of this environment.

Decision-making within these real world naturalistic environments has been described as

,.naturalistic decision-making" (NDM; Cannon-Bowers, Salas & Pruitt, 1996)- Zsambok

(1997) definedNDM as:

...how experienced people, working as individuals or groups in dynanúc,

uncertain, and oftenfast pa.ced environnrcnts, identify and assess their

situation, malæ decísions and talæ actions whose consequences are meaningful

to them and to the larger organisation inwhich they operate (p. 5).

In other words, NDM research investigates how people use experience to make

decisions in naturalistic environments (e.g. under time pressure, shifting conditions, with

unclear goals, degraded information and within team interactions). Consistent with this

definition, research has aimed to identifil appropriate models of decision-making for
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application to this context. Theories that have been put forward include: image theory (Beach

& Mitchell ,1987) and the RPD model (Klein, 1989)'

Image theory is an example of a descriptive model of decision-making that has been

posited as a potentiat NDM theory. It has been applied successfi.rlly in some real world

settings (auditing decisions; Beach & Fredrickson, 1987; cited in Beach & Mitchell, 1987). In

contrast to traditional decision models that tend to isolate information as the only determinant

for decision-making, image theory posits that other elements should be considered. It focuses

on an individual's values and goals in combination with current information. In this model,

the role of previous experience is important in decision-making'

Image theory holds that the decision-maker should possess three "decision-related

images',, which act to constrain the decisions that can be made. These images are described

AS

o Val¡s image - This image contains the decision-maker's principles; his/her

assumptions about how things should be. 'When participating in a group the

decision-maker can participate effectively by using the organisation's values

when making decisions (Beach, Smith, Lundell & Mitchell, 1988).

. Trajectory image - This image contains the goals of the decision-maker or the

larger organisation within which s/he functions (thus all decision-makers are

using the same set of values).

o Strategic image - This image contains the strategies and plans that have been

adopted to accomplish the goals. Each plan is abstract; a sequence of potential

activities to work towards eventual goal attainment. Potential plans tend to

come from Past exPerience.

Along with these images, a decision-maker will have goals that will represent the

desired outcome. A combination of the goals and the values is required for the production of a
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plan. During the decision-making process it is suggested that a compatibility test occurs in the

decision-maker's mind to exa:nine the goodness-of-frt between the potential goals and plans,

and the values. Decision-making therefore requires accepting or rejecting goals and plans

according to suitability and then profitability.

Because goals and plans are linked in memory, it is often the case that once a goal has

been identified, an immediate plan of action can be applied. The link between goal and action

is called a "policy", and the process is referred to as "framing the decision"" It involves

probing memory with hformation from the curent situation. If there is a similar contextual

memory to the current situation, the situation is recognised, and an appropriate course of

action already stored can be modified and executed. A major part of the decision-making

process is monitoring the courses of action that have been decided upon'

It has been suggested by Beach, Smith, Lundell, and Mitchell, (1988) that this theory

could be applied to decision-making in naturalistic environments. A number of studies have

validated parts of this theory. For example, laboratory research has supported the ideas of

compatibility and profitability tests during decision-making (Nicholas-Hoppe & Beach, 1987;

payne, 1976). Also, Dunegan (1995) has shown that when perceptions of a project's current

and target images were more similar, decision-makers tended to continue with that project.

Finally, the model has been applied in real world situations such as organisational decision-

making, decision-making for ma:ried couples and also auditing decisions (Beach &

Fredrickson, 1987, cited in Beach & Mitchell , 1987 ; Beach & Morrison , 7987 ; Mitchell,

Rediker & Beach, 1986). Thus, there has been some support for this theory, but fu¡ther

research is required in order to fully validate the theory and to test empirically its adequacy to

describe decision-making in natu¡alistic environments. Moreover, the model does not describe

the effects that context (e.g. emotion, time pressure) may have on the decision-making

process.
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A more often cited model of decision-making, developed from observations in

naturalistic environments, is the RPD model (Klein et a1., l936)' The model was based on

interviews and observations of fire ground commanders working in diffrcult and challenging

circumstances (Klein et aI.,1986). It was anticipated that, under complex circumstances,

involving time pressures, the Commanders would make limited comparisons between

possible outcomes. However, the early research revealed that they were making no

comparisons at all. In fact, 80% of decisions made in this task were made in less than one

minute. From this, Klein et al. (1986) identifred the following issues:

o The Commanders drew on their previous experience to recognise a typical

action to take.

o They did not have to find an optimal solution, merely a workable one.

o Once they had arrived at a suitable course of action" they would mentally

simulate it first, to check that it would work.

Consequently, Klein (1989) developed the RPD model. The model posits that

experienced decision-makers :

o lJsually consider a workable option and do not need to generate alarge set of

alternatives'

o Generate and evaluate options one at a time, instead of comparing the

advantages and disadvantages ofall options'

o Evaluate an option by imagining the outcome, and by frnding ways to avoid

problems that may arise from its implementation'

o Focus on assessing the situation and looking for familiar cues.

. Emphasise acting quickly and not sustaining analysis'

20



The RpD model describes how experts make decisions without comparing outcomes

(see Figure 1). The decision-maker initially assesses the situation, looking for familiar

patterns or prototypes (phase 1: Developing Situation Awareness). By recosilising similarities

between the current situation and those stored as previous experiences in memory, the

decision-maker is able to know which goals make sense, what relevant cues to expect, and

what action should be appropriate (Phase 2: Recognition). A series of options is then

generated. The first solution may not be optimal, but it will usually be workable (Phase 3:

Option Generation). The adequacy of the option is then determined by mentally simulating

the possible outcomes (phase 4: Mental Simulation). If the simulation is successful, finally a

decision is made (Phase 5: Decision).

There are several similarities with image theory. Firstly, RPD also asserts that options

are assessed sequentially in order to generate a solution. Moreover, options considered are

based on developing an understanding of the environment based on the experience of the

decision-maker. Both models show that action can be taken quickly. This is important in crisis

management (Klein, 1997).

Advantages that the RPD model holds over image theory are that it has been applied

to various NDM seffings and accepted by a number of research groups as providing a viable

description of cognitive processes underlying NDM (Kaempf, Klein, Thordsen, & V/olf,

t996;Mosier, l99l;Pascual & Henderson,1997). The RPD model has been fotrnd to

describe decision-making in domains such as fireground command, wildland fire incident

command teams, US Army armoured division personnel (Klein, 1989), battle planning

(Thordsen, Galushka, Young & Klein, lgï7),critical care nwsing (Crandall & Calderwood,

l9B9), and chess tournament play (Calderwood, Klein & Crandall, 1988)' This theory has also

been applied as widely as multidisciplinary assessment of disabilþ (Bartolo, Dockrell &

Lunt, 2001). Moreover, concepts embedded within the model, such as situation awareness'

have been defined and explored by a number of prominent researchers'
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Figure 1. The basic RPD model (adaptedfrom Klein, 1999)
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time pressure and uncertainty/ ill defined goals. Klein (1999) argues that it is less likely to

occur in situations with highty combinatorial problems or where justification is required.

Since its conception, the RPD model has been built upon to incorporate more

descriptive theory to better define the NDM process. Notably work has been done on

incorporating schema and mental models into the RPD, modelling situation awareness and

describing cognitive-perceptual mechanisms used by expert decision-makers.

Lipshitz and Shaul (lgg7)recommended an extension to the RPD model by arguing

that it oversimplified the processes occu:ring inNDM, and required the inclusion of schema

and mental models. This criticism followed the failure of the model to provide adequate

explanations of their research finding (Lipshitz & shaul, 1997).

The study done by Lipshitz and Shaul (1997) focused on the differences between

experts and novices in decision-making in a sea-combat simulation.

This study found that:

. Experts collect more information on the situation before they make a decision

because they know what questions to ask'

. Experts engage in a more effrcient information search because they know what

information to keeP track of'

o Experts read the situation more accurately because they are able to identiff the

difference between relevant and surplus information'

r Experts make fewer bad decisions related to reading the situation correctly.

. Experts communicated more frequently and elaborately with friendly units.

. Experts are more likely to consider other people's perspectives when making

their decisions.
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Lipshitz and Shaul (1997) found that Klein's (1989) RPD model accounted for most

of tlese observations. However, it could not account for experts collecting more information

than novices on the situation before they make a decision. As described, the RPD model

specifies those conditions under which a decision-maker would collect additional information.

These are: when the decision-maker does not recognise the situation (thus cannot establish

goals); if expectancies are violated; or the expert's mentally simulated course of action fails.

If Lipshiø and Shaul (1997) are correct, however, and experts always collect more

infonnation than novices, it could be inferred that, in comparison with novices, experts

require more information to identiff goals; experts' expectations are more likely to be

violated; and experts engage in mental simulation more often. According to Klein's (1989)

RPD model, the third implication is accurate and empirically supported (Calderwood et a1.,

1987). The first two inferences contradict the idea of experts being efFrcient decision-makers'

In light of this, Lipshitz and Shaul (1997) suggested that, in order for the RPD model

to more adequately explain these findings, it should be modifred to include schema and

mental models. Schema would be incorporated into the situation assessment phase þhase 1)

and mental models would inform the recognition and option generation phase þhase 2 and3)

and mental simulation phase þhase 4). This would account for experts collecting more

information, and conducting more effective searching. Each of the phases will now be

explored in detail.

Phase I of the RPD model is development of situation awareness (SA). Situation

assessment is the process by which a decision-maker gathers information pertaining to the

current decision problem. It often results in recognition of a situation from past experience.

Ktein (1999) argued that in real world situations it is uncommon to be making decisions in a

static environment. Thus, in contrast with the singular moments of choice, as described in

analytical decision-muking models, NDM often requires a series of interdependant decisions.

Therefore, instead of relying on static information, the decision-maker must constantly
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monitor the changing environment to inform his/her decision-making. This will be changing

spontaneously, as well as changing because of each decision made' Thus, NDM requires

continual situation assessment. Continual assessment produces SA.

Endsley's (1995) definition of SA is "the perception of elements in the environment

within a volume of time and space, the comprehension of their meaning and projection of

their status into the near future- (p.g7). This definition is useful because it divides the

concept into three levels:

o Level 1- Perceiving cues in the environment'

o Level2 - Integrating these perceptual cues and comprehending their meaning

and significance'

o Level3- projecting from current events and anticipating future events.

ln order to facilitate rapid judgement, Lipshitz and shaul (1997) proposed that the

expert,s stored schema6 is retrieved from memory. A schema helps determine what we attend

to, what we perceive, what can be filtered out, what we remember and infer, what infomration

is missing and where it can be found (Augoustinos & walker, 1995). This allows experts to

process relevant information mofe quickly, and not to experience cognitive overload' Due to

their ability to filter information, experts are able to take into account more relevant

information than novices (Federico, 1995;Hutton & Klein, 1999). Less expert decision-

makers may experience cognitive overload more rapidly because they attend to all

information and do not filter out irrelevant aspects (Randel, Pugh, & Reed, 1996)' Another

advantage associated with the use of expert schema to guide information search is the ability

to group important information into "meaningful chunks". The classic study by DeGroot

6 A schema is described by vaughan and Hogg (1995, p.31) as "a cognitive structure that represents knowledge

about a concept or type of stimulus, including its attributes and the relations among those attributes'"
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(19651197S), later replicated by Chase and Simon (1973), compared the perfonnance of chess

masters and novices. The researchers were interested in isolating elements that separate an

expert from a novice. They found that experts and novices did not differ significantly on

memory abilities, depth of planning or other similar areas. lnstead, the difference was that the

expert players could look at the entire complex chess display and condense it into

"meaningfirl chunks", whereas the novices tried to understand the whole display (Means,

Salas, Crandall & Jacobs, 1993, p. 310)'

Therefore, the inclusion of schemainadescription of NDM explains why experts may

seek more infonnation, but because their information seeking is guided, actions can still be

taken quickly. This is important in crisis management (Klein, 1997). It may also explain why

decision-making can seem intuitive to the decision-maker.

Situation assessment results in a mental representation of the problem at hand'

Essentially it is a "hypothetical construct, which refers to the operator's ideas about a system

and what it is controlling" (Mogford, 1990, p. 4). Following this, the mental model forms the

lense through which the decision-maker views the problem. It helps to shape future goal

building, and determine expectations formed (Wickens, 1984). It acts as a mental

representation of the perceived situation, and facilitates consequent pattern matching,

judgements and decisions.

Phase 2 of the RPD is recognition of the situation. Continual schema-guided situation

assessment enables the expert to recognise famitiar patterns. Understanding how it is stored in

memory assists to explain how previous experience can be used to trigger recognition of the

situation. A cognitive model, proposed by Noble (1993), represents how previously solved

problems are stored in memory. These are termed "reference problems". Each reference

problem can be broken down into three constituent features (See Table 2).
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This model therefore identifies three levels of abstraction in memory. Using this

model, previously experienced problems can be compared, at conceptually different levels of

memory, with the current problem.

Table 2. A description of the features described in Noble's (1993) model of how experience

is stored in memory.

Question

Answered

Memory X'eatures Description of Feature

What?

How?

Objective

feafures

Äction / abstract

features

Environmental

features

This aspect of the memory charactenzes the

problem and its objectives. It is concerned with

concrete features (specifrc observable events or

objects)"

These identiff the steps that are involved in solving

the problem. These are abstract features that help

generalise the problem type and solution method.

These comprise cues that were present in the past

problem scenario. These are environmental cues that

may indicate a similar or related problem.

Where?

Dwing situation assessment reference problems are selected because the expert is able

to match patterns in the current situation with those stored in memory. It is assumed that

experts will have alarge store of patterns to match. For example, Simon & Gilmartin (1973)

estirnated that chess masters store 10,000-100,000 pattems in their memory. Thus, the

liketihood of a match in this instance would be high. Further evidence for the use of stored

expert knowledge for NDM was presented by Sohn and Doane (2005). They found that
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variation in level of expertise impacts on the type of memory relied upon for the production of

SA. For novices, spatial working memory capacity is most predictive of good SA. In contrast'

for experts, a combination of both long term memory capacity and working memory are most

predictive of good SA (Sohn & Doane,2005)'

The method by which experts are able to draw upon the actiorV abstract level of

previous experience is advantageous (Nobl e,1993).It has been found that experts will

categorise and match stored cases by similar inferences and principles (Level 2-astion I

abstract features), where novices will organise representations around surface features (Level

1-objective features; Chi, Feltovich & Glaser, 1981). An example of experts drawing on

abstract knowledge to inform decision-making was shown by Chi, Hutchinson and Robin

(1988), who studied children who were dinosaur experts and novices" These children were

presented with a series of dinosaur pictures and asked to identiff whether the picture being

viewed was a dinosaur. Novices failed to judge typicality. Klein and Hoffman (1993) also

argued that..expertise is a function of the knowledge base itself, and that as people develop

richer knowledge bases they are able to represent problems in more powerful ways"þ. 208)'

Evidence of pattern matching in real world NDM has been produced by Kaempf,

Klein, Thorsden and Wolf (lgg6),who worked with militåry offrcers and found that, when

establishing SA,87yo of participants used a pattern matching strategy. This is where the

decision-maker sees the situation as familiar, and a:rives at situation awareness through a

series of recognised cues. Moreover, recent research by O'Hare and V/iggins (2004) provides

further evidence about the use of recall of previous cases to build into SA generation in NDM.

This reliance on past cases increases with age. Pattem matching leads to generating a typical

course of action (Klein, 1999)"

phase 3 of the RPD is option generation. Noble (1993) proposed that when previous

reference problems match current mental rnodels, the "problem solutions associated with

those in memoly become candidate actions" (p. 305). This is in accordance withNDM being
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proceduralised; meaning that decision-making is directly linked to action and the conditions

of its applicabitity (Means et a1., |993;Rasmussen, 1983). This cognitive model allows

recognition-based solutions of new problems that resemble but are not necessarily identical to

those previously experienced (Cohen, Freeman, & Wolt 1996)'

A number of studies have suggested that previously stored cases are linked with

generated decision-making options in the RPD. Studies that support these assumptions

include George, Kaempf, Klein, Thorsden and Wolf (7996),who found that military offrcers

who had an awareness of the situation were able to recognise actions appropriate for the

current situation from published procedures, and past experiences. Also, Lipshitz (1989)

found that Israeli army officers seemed to make decisions by matching situations to an

associated action. Means et al. (1993) have also confirmed that the nature of a person's

experience, and consequently the patterns recognised, affects the decisions made'

However, sometimes, a decision-maker is forced to make a decision on the basis of

incomplete information. In such circumstances, the abstract level of memory facilitates

decision-making.Noble (1993) concluded that in such instances cognition may involve the

use of sophisticated information processing on general world knowledge' In support, Kaempf,

Klein, Thorsden and Wolf ( 1996) found that in their study l2Yo of participants used story

generation. Thus, when the environment does not provide enough information to be

recognised as familiar, the decision-maker constructs a story to explain the information and to

arrive at greater SA.

phase 4 of the RPD model is mental simulation of the option to test its adequacy.

Once an option is considered, experts will use their existing mental model to mentally

simulate the anticipated outcome from the chosen option. They explore the option at a deep

level, looking for pitfalls and opportunities. Mental models based on good SA also allow

decision-makers to project the environment's status into the future (Artman, 1998; Brehmer,

1990). Both experts and novices may have this cognitive strategy available, but experts can
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use it more effectively because of their superior knowledge base and perceptual advantage-

They are able to categorise problems, according to their large repertoire of knowledge-based

schem4 and then apply basic problem solving techniques. Mental simulation is depicted in a

model adapted from Endsley (1995) in Figure 2'

directs selection
and revision of
system model

Fígure 2. Relationship of goals and mental models. The role of mental models in processing

curr ent s ituational infonnation (adapt e d fi o m Endsley, I 9 9 5 )'
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Figure 3 represents a revised model incorporating both Endsley's (1995) ideas on SA

and Lipshitzandshaul's (1997) contributions of schema and mental models. The inclusion

of these ideas offers a more detailed explanation of how an expert analyses the situation, and

recognises and evaluates a course ofaction.

Basic RPD Model The Schema and Mental Models in RPI)

Experience the situation in a changing context

Perceivcd as tyPical
(prototype or analogue)

has four ucts

Relevant
cues

Expectancies

Typical
acfion

Plausible
goals

lmplcment course
of action

A typical action rePertoire
is retrieved from memory

according to recop.ition of
mental model

Experience the situation in a changing
context

Schema activated which
guides infonnation

collection

Expectancies formed

(SA)

Cues recoenised

Mental Model

Goals/plans

Decision is made

A course of action is imPlemented

Figure 3. Proposed adaptation of the RPD ntodel
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Thus far the combination of RPD, SA and schema and mental models has provided a

good theoretical description of the processes believed to be employed by naturalistic decision-

makers, but validating this experimentally has proven difficult. Although it is arguable that at

present they ofTer the best available explanation of NDM behaviow, these models still require

further elaboration and validation across contexts.

2.3 The Role of Expertise in Decision-making

A list of common themes of expertise from Glaser and Chi (1988; cited in Hutton &

Klein, 1999) are:

o Expertise is domain specific.

o Experts see patterns'

o Experts are faster and make fewer errors.

o Experts have superior memory in their domain (environmental cues are an aid

to recall)"

. Experts see and represent a problem at a deeper level.

. Experts spend more time trying to understand a problem but have a more

efficient path to solving it.

. Experts have strong self-monitoring skills.

. Experts have refined perceptual abilities"

Experience has been recognised as playing an extremely importarrt role in decision-

making (Bedard & Chi, 1992). For example, in a sunmary of the great military blunders

throughout history, David (1997) noted that a "typical handicap seems to be a lack of

command experience. Naivety tends to promote vacillation and overcaution, resulting in lost

opporturities and ultimately disaster" (p. 1). In this case, David (1997) suggests that the
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application of expert knowledge to NDM is the element determining whether the decision

outcome is successful. In reality the relationship may not be quite as clear. It is likely that

external elements also mediate decision outcomes (Woods, Joha¡nesen, Cook, & Sarter,

1993). However, it has been shown repeatedly that experts tend to have different perceptual

and cognitive mechanisms in comparison with novices, which facilitate their decision-making

(e.g. Klein & Hoffrnan,I993;Randel, Pugh & Reed, 1996; 'ù/iggins, Stevens, Howard,

Henley & O'Hare, 2002)"

There has been debate in the literature over whether experts actually use different,

more refined higher-level skills (such as methods of problem solving), or whether the

experlnovice distinction is based on different ways of seeing the world. Means and Gott

(19S8) suggested that expert and less expert decision-makers apply the same rules but to a

different context. Beach and Lipshitz (1997) extended this idea by stating that decision-

making events require decision-makers to use their existing knowledge of the context to

faciliøte both their situation assessment and subsequent decision-making. According to the

RPD model, it seems that both perceptual and higher order cognitive skills distinguish expert

decision-makers from novices. These skills include: inforrnation representation, attending to

relevant i¡formation, chunking, knowledge base, pattem matching, and cognitive strategies.

Thus, there has been a r¿mge of skills associated with expert decision-making

performance, and these have been successfirlly incorporated into the RPD model" It is

important that further research is done in order to produce an adequate defrnition for expertise

that can be applied in the future development of expert training systems.

2.4 Criticisms of NDM

To date there have been a number of criticisms of NDM. These were sunmarised in

the introductory chapter and are discussed further in this section. These include:
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1. ¡IDM does not adequately define "expert" (e.g. Bazerman,2001; Halvor Teigen,

2001).

Despite experience being central to the RPD model, a consensus has not been reached

regarding the most adequate definition for expertise (Shanteau,1992). Definitions have varied

from study to study (Shanteau, 1992). Many studies use hours of experience as an indicator

(Ktein & Calderwood, 1986; Klein et al., 1936)" A repertoire of 10 years experience is

generally accepted to qualifr a person as an expert (Klein & Calderwood, 1986). However, it

is not only length of experience that is important; quality of experience should also be

considered. For example, Klein et al. (1986) found that, for fuefighters, 10 years on-the-job

experience in an environment with infrequent skill practice was not as valuable for skill

development as one year in a decaying inner cþ with frequent requirement for skill practice.

Shanteau (1992) suggested that in order to define expertise we need to procure the assistance

of those in the field to identifr people who have the necessary skills and abilities to perform at

the highest level within their specialised domain" However, this method is flawed in that it

also does not define specific criteria and is reliant on subjective judgement. Nonetheless, by

collecting consensus among judges this improves the reliabilþ of the judgement.

Because of the diff,rculty in accurately defrning expertise, research has tended to focus

on comparison of experts and novices in decision-making. Thus, an understanding of

expertise is typically mediated by novice performance. A step in the right direction has been

taken by V/eiss and Shanteau (2003) who published a paper explaining a method derived for

the empirical assessment of expertise. This measurement takes into account: ability to

discriminate various stimuli in the domain; and consistent treatment of similar stimuli.

The ratio produced using these two criteria is then compared with ratios derived from

other identified experts within the domain to determine a relative level of expertise. However,

this ratio still relies on a number of untested assumptions and although we can measure the

relative expertise of one person compared to another we still rely on subjective assessment of
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an expert to use as our benchmark. Thus, establishing expertise still requires firrther

extension.

2. The impact of the external context of llDM needs attention (e.g. Whyte' 2001).

To date there has been a lack of research focusing on whether the context of NDM

impacts significantly on the process, and in what ways it might do so. Endsley (1995)

developed a model of SA in dynamic decision-making (see Figure 4). This model can be

viewed as additive to the previously discussed RPD model.

Tas

lndividual
Factors

Figure 4. Model of SA in dynamic decision-ntaking (adaptedfrom Endsley, 1995).

According to this model, SA is distinct from decision-making and performance. 'We

can infer from this that a high level of SA does not guarantee a high quality decision or

performance. An advarrtage of this model is that it represents that all three stages of the

process can be influenced by individual elements such as innate abilities, experience, training,

fatigue, and task elements such as workload, stress, and complexity. To date, researchers are

still establishing how variation in the context may impact on establishing SA.
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To date, there has been limited research identiffing elements impacting onNDM.

Montgomery, Lipshiø and Brehmer (2005) confrm that"itis surprising that not many 'firll

blown, NDM studies have been conducted attempting to grasp the complex web of elements

shaping decision-making in freld settings" (p. 10)'

However, in the broader realm of decision-making research there have been some

elements that have received research attention. Research has shown that good judgement and

rational thought are largely dependant on emotional signalling (Bechar4 2004; Hockey,

Maule, Clough &.Bdzola,2000. Particularly relevant is research by Sayegh, Anthony and

perrewe (2004),who emphasised the importarrt role emotion can play in managerial decision-

making under stress. However, whether this impact is context specific is still largely

speculative and further research is required. Janis and Mann (1977) also touched on the role

of emotion in decision-making. Research in the field of neuropsychology suggests that

emotions may play a profound role in complex decision-making (Bechara, Damasio, Damasio

& Anderso n, 1994;Manes et aI.,2002). It has been suggested that the brain's emotional

centres actually receive signals before they reach the cognitive centres of the brain. The

emotional centres will process input more quickly and tag this with emotional responses"

Following this, the stimuli are transported to the cognitive centre where they will be

processed more logically. Thus, emotion seems to be inextricably tinked with decision-

making.

Recently there have also been suggestions that personality can impact on decision-

making (Larniola & Levin, 2001;Lauriol4 Russo, Lucidi, Violani & Levin, 2004). Finally, it

has been suggested that fatigue can affect the amount of information one takes into

consideration when making a decision, because the brain seeks to minimise cognitive

processing. Consequently, research has linked increased fatigue with increased levels of risk

taking in decisions (Hockey, Maule, Clough &,BdzoIa,2000). Although the influence of these
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elements is beginning to be recognised, they have not yet been discussed in the NDM

literature.

This understanding is particularly important if we are successfully adapting cr¡rrent

procedures to fit new environments. In so doing, the current research should build on existing

models ofNDM and identiff any nuances that may differ from current models and doctrine.

As we have seen in previous decision models, contextual elements (such as emotion) are

beginning to attract more research attention, and their impact on NDM cannot be ignored.

This needs to be addressed.

3. NDM methodolory has been criticised as soft (e.g. Yates,2001).

Similar to arguments presented in Chapter 1, this criticism is based on the fact that

many experiments have been field-based and./or qualitative. It is important for researchers to

design rigorous studies and explore which methods are most appropriate for the frrrther

investigation ofNDM.

4.llDM is not reaþ decision-making (e.g. Clemen,2001; Kerstholt & Ayton' 2001).

Researchers have voiced their concern that the process that NDM researchers explore

is conceptually different from those explored by other decision-making. One criticism has

been that in NDM it has been argued that if the decision-maker already knows what course of

action is appropriate, and is not deciding between alternatives then this is not a decision.

Thus, it is important to understand that both the behavioural decision theorists and researchers

from the judgement and decision-making background (BDT/JDM) are investigating a

different commodity when compared with NDM researchers. There are some similarities and

overlap, but comparing results across theories should be viewed with caution.

These criticisms not withstanding, the RPD model has provided a good theoretical

platfomr for the further exploration of NDM. Because it is in its infancy there are multiple
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opporhlnities still for future research, definition and clarification of the model and its key

contributing elements.

Overall, the topic of NDM is an important concept for researchers concerned with

decision-making in the Australian Army. This chapter has presented the relevant background

information required to begin to understand the field of NDM, how expertise is understood

within this field, and what criticisms of NDM require immediate research and follow up.

Research in the current thesis will be based at the unit level of operations where a CO is

embedded in a HQs team. Therefore, the next chapter will step back from the individual to

look instead at the wider team and organisational context \ñ''ithin which unit level COs are

immersed. A description of the structure and firnction of the Australian Army will also be

provided.
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CHAPTER 3. Positioning the Research

in the Australian ArmY Context

This thesis focuses on the Australian Army and, in doing so, aims to discover useful

information to inform future business pro""ss"r7. This chapter has three sections' The flrst

section describes the structwe and context of the Australian Army. In particular, the structure

and existing business processes at the unit level will be described (the level of analysis in the

current research). Other important contextual information such as differences between

sections of the Australian Army (e.g. regiments), the role of doctrine and the changing climate

within the Army will also be discussed. Understanding this is important to infonn the design

and interpretation of the research. This section also describes teamwork theories relevant to

the current research. This is necessary because the research focus is at the unit level (where

the CO makes decisions within a team HQ). The second section presents a descrþtion of the

overall research methodology and justification of the philosophical stance of the current

research. The final section presents a phase by phase description of the research methods used

in the current thesis"

3"1 An Overview of the Structure and Context of the Australian Army

The Australian Army operates as a hierarchical organisation (see Figure 5). Soldiers

are usually promoted through the ranks as a reward for good performance. Their promotion

also rests on other elements including: the amount of time spent in rank; merit (ie. are they

deserving of the promotion); and whether there are places available to be promoted into"

7 Business processes in the unit HQ are defined as those processes that are commonly used/ repeated across

regiments in the Australian Army in order to achieve goals. Within a unit HQ, an example of a business Process

is the military appreciation process (for planning).
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Generally, higher ranked ofhcers will have had more experience than their subordinates,

although this is not always the case.

There are two streams of Army personnel. Most are General Service Commissions

(GSO). These personnel work their way through the ranks and are able to carry out a broad set

of duties and commands. The second stream of personnel is Special Service Commissions

(SSO). If a civilian enters the Army with tertiary qualifications they will be made an SSO-

This stream limits offrcers to perform only in their specialist area. An SSO may qualifr as a

GSO but completing a number of specialist courses is first required. Therefore, no GSO rank

equivalence is given for existing universþ based qualifications.

The organisational structure of the Australian Army has developed over time to

support the Army,s requirement to be able to operate in extreme circumstances involving high

levels of stress and uncertainty" The structure creates an environment in which both stress and

workload should be shared. For example, a soldier on the ground would not be expected to

have an overall, operational understanding of the cu:rent situation. Instead, each soldier will

operate within his/her area of responsibility by following orders and making lower-level

tactical decisions. Higher level COs have access to the broader situational information and

make strategic or operational decisions.

The current research is set at the unit level. A unit is typically made up of a number of

eompanies, a headquarters (HQ) and support elements (see Figure 5). The unit HQ controls

the operations of the formation and it is here that operational decision-making occurs. Across

regiments the composition of aunit HQ can vary. Howevet, typically unit HQ consists of a

CO and ateam of supporting offrcers. The CO commands all elements ofthe unit, including

attachments. Doctrine dictates that the CO has direct contact and close relationship with

subordinate commanders. Each support off,rcer in unit HQ has a different role within the team'
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These roles are typically organised into the following functional groups: Command Group,

Operations Group, Administrative Group, Other Attachmentss'

All members of the unit HQ are typically in the sa:ne location. The HQ may or may

not be mobile. The main function of the unit HQ team is to provide the CO with the resources

required to run the unit and any supporting arrns or services that may be allocated to it.

There are three reasons why the unit level has been chosen as the focus for the cu:rent

research. Firstly, the unit level is the lowest level that exhibits the type of organisation

described above. Thus, in terms of the numbers of offtcers involved in the HQ it is the

smallest and easiest to observe reliably" Secondly, at a more practical level, access to stafffor

research participation is more tikely because there are a greater number of unit HQs in

Australia compared with Brigade and higher HQs. This improved the researcher's chances of

collecting data.

Thirdly, with the introduction of Network Centric Warfare (NCW) the effects on the

higher headquarters (HO of the Australian Army are predicted to be substantial. At these

higher levels, decision-making is complex (operational or strategic), team embedded and

technology-aided. Thus, there are a number of elements potentially impacting on the decision-

making that could be changed. There have been reeent discussions about changing the nature

of unit HQ to frt with the emergence of NCW. In this regard it has been suggested that the

unit HQ team and the CO do not need to be positioned in the same location. Possibilities arise

for unit HQ to remain in Australia, while a detached HQ element is deployed overseas. This

geographical distribution will dramatically change the context in which the CO is making

I In most cases regiments will operate in combination with other arms. In this case, there will normally be

representatives from the supporting arms located in the unit HQ to provide a point of contact to the CO for thei¡

area ofsupport.
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decisions (for example informal social networks). Currently, research is being caried out by

the Defence Science and Technology Organisation (DSTO) on the effects of a distributed HQ

on performance. This means that the unit HQ team could be split and located in two different

locations. To date, researchers are still uncertain of the total effects of this shift- It seems

important first to establish the elements that are crurently impacting on the process in order to

determine the best way to facilitate the shift.

There are a number of differences across groups within the Australian Army that are

also important to understand when structuring research in this context. These differences

influence some of the business processes undertaken by the offrcers. The divisions that are

important to consider in the current research are those between the regiments and between

regular and reserve Army personnel.

Within the Army there are different regiments established to perform different

firnctions. For example, there is a regiment that operates armoured vehicles, an infantry

regiment and an air defence regiment (among others). A regiment would typically exist as a

unit level organisation. Because of the different functions of the regiments they operate

according to different Standard Operating Procedures (SOPs). Anecdotal evidence suggests

that there are also specific cultures associated with the different regiments. Thus, regimental

affrliation would have an impact on experience, behaviour and attitudes.
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The second signifrcant area of difference across personnel is their status as full-time

or part-time officers. The Australian Army consists both of Regular (full-time) personnel and

also Reserve þart-time) personnel.e In terms of their function and role in an operation, a

Reserve CO would be expected to perform the same firnction as the equivalent Regular CO.

However, the time spent training is often less. Thus, although it is understood that Reserve

and Regular officers should be comparable in terms of function, the varying time commitnent

affects the relative quantity of experience held by the offrcers. Also, anecdotal evidence

suggests there is an assumed stereotype that Reserve soldiers and officers are less skilled'

Both of these differences need to be taken into consideration during structure and

analysis of research. Overall, both the difference between regiments and between Regular and

Reserve Amry personnel impact on the potential for generalisation of any concept derived

through research. Thus, in designing research it is important to sample across these

boundaries. In doing so, similarities and differences can be discovered.

The Australian Anny doctrine provides a level of constraint on decision-making

within the organisation and thus is also important to consider in the current research. Because

the Army operates in a complex environment, where decisions need to be made quickly, it is

important that members have a shared understanding of the mechanics of different types of

tasks. [n order to ensure this, the Australian Army has published a large body of doctrine and

many specific SOPs. Soldiers and officers are expected to operate by these. They automate

many of the procedures that are frequently carried out. Consequently, any discussion about

decision-making in the military must take this element into account, because doctrine

provides a certain constraint on the decision-making process.

e This is similar in other fields, where there are both part-time and full-time experts who function at various

intervals (e.g. the Cou:rtry Fire Service vs tbe fire brigade, army reservists vs full-time army, part-time vs full-

time doctors, and first aid staff).
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Particularly relevant to the crurent research is The Australian Army Planning

Doctrine. As has been described in Chapter 2, decision-making includes the process used to

arive at a decision-point. The Australian Army Planning Doctrine is consistent withNDM

theory, suggesting that planning should also be considered as part of this process and not

separated from decision-making. At a unit level, planning is performed according to doctrine

that has been introduced in the last 10 years. Planning is documented as being CO led and

staffdriven. Overall, the CO has ultimate control but can decide how much or how little input

s/he needs to give to the Planning'

A simple task analysis of the process begins with the unit CO receiving an intent

statement from his/her superior, and making sense of this in terms of his/her mission at a unit

level. The unit CO will then issue his/her own intent to the HQ team. The next stage is to

analyse the mission and develop suitable courses for action. The level of involvement that the

CO has during these stages can vary depending on the operational conditions. During these

stages the mission will be defined by the setting of realistic goals and information is gathered

on the current situation. Next, potential courses of action are developed and analysed

according to their feasibility. The distinction between these stages is often bluned because the

planning process is iterative by nature. The last stage is the actual decision-making" This is

handled by the CO. Typically this will be communicated through brief,rngs with the HQ staff.

Understanding the planning doctrine can help to ascertain to what extent the CO is

operating according to these guidelines. ImportantlY, we can also ascertain how COs may

offer their own experience and interpretation to the planning doctrine.

Another issue important to understand within the current context of the Australian

Army is the changing climate; with changes in available assisting teclurology and personnel

response requirements. The Australian Army is immersed in the technology age and the

organisation must take advantage of cuffing edge technology to maintain a competitive edge.

Thus, soldiers and off,rcers must be able to incorporate the use of technology into their
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worþlaces. Therefore the Arrny currently faces increasing challenges to maintain best

practice business operations whilst adapting to new technology and new types of response

situations.

In addition to the ability to incorporate new technologies, today soldiers and offrcers

must also be flexible and broadly skilled because they are required to be ready and equipped

to respond to a myriad of emergency situations. For example, in recent years we have seen the

Australian Army take part in operations ranging from peacekeeping in Bougainville to

terrorist response in Afghanistan and lraq. Recent events in the USA have demonstrated the

potential role of the Army in disaster management after the destruction caused by Hurricane

Katrina (2005), a role that the Australian Army has frlled on many occasions, such as

assisting to control the devastating Canberra fires (January, 2003).

Chapter 2 outlined NDM theory at the individual level. However, in many naturalistic

environments, such as the unit HQ, the complexþ and multi-dimensional nature of the task

means that asingle person cannot generate effective solutions (Cooke, Salas, Cannon-Bowers

& Stout, 2000)" In such situations a team of decision-makers is required in order to handle

these complex tasks. This may result in superior decisions according to Hall (2000).

In the current research focusing on the unit level CO, we are investigating the

decision-making of an individual who is immersed within a team context. Within the unit HQ

team the CO is ultimately responsible for the decisions made, but doctrine states that the HQ

team functions in a support role for that decision-making process. Thus, before describing the

research design it is important to consider how the effect of being immersed within a team

may impact on the CO's decision-making.

This section will explain some of the theoretical backgrorurd on teamwork,

particularly in application to a unit HQ team. "Team" will be defined and an overview of team

research and theories will be presented. The discussion will then focus on the stages of team
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decision-making: inputs, processes and outputs of decision-making. Finally, important

concepts such as transactive memory will be discussed with reference to unit HQ. Overall,

this section will identiff a number of ways in which the team may exert influence in unit HQ

CO's NDM.

In order to review the literature effectively, one needs first to make sense of the

distinction between the concepts of team and group. Distinguishing between these has

become quite a contentious issue within psychology. Some authors have argued that they

should be separate concepts (e.g. Orasanu & Salas, 1993) and others have argued they should

not (e.g. S¿ndstrom, Meuse & Futrell, 1990). Generally it is thought that to satisÛ the

definition of team, there is the requirement for cooperative action, interaction and

interdependency of team members in achieving a mutual goal (Annett, Cunninghan &'

Mathias-Jones,2000; Morgan, Glickman, Woodard, Blaiwes & Salas, 1986). However, many

definitions of group (e.g. Johnson & Johnson, 198710) have also included these concepts of

interdependency. Thus, these do not offer an adequate distinction between the concepts'

ln order to distinguish between these concepts better, Orasanu and Salas (1993)

suggested that it is necessary to focus on the degree of differentiation of roles and the effect of

this on the degree of interdependence. They reported that teams require highly differentiated

roles. ln comparison, group members are more homogenous and interchangeable. Thus,

because of the differentiation in roles, teams do have a higher degree of interdependence in

comparison with groups. This is reflected in the Australian Army unit HQ teams where each

team member has a set role and responsibility for different areas of operations. In addition,

to Johnson and Johnson (1987) defined a group as " two or more individuals in face-to-face interaction, each

aware of his or her group membership, each aware of the others who belong to the group and each aware of tbeir

positive interdependence as they strive to achieve mutual goals" þ' 8)'
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teams also tend to have a history and a future, where groups will often be formed and

disbanded to achieve a specifrc short-term task'

paris, Salas and Cannon-Bowers (2000) and Klimoski (2003a) have provided well-

researched summaries of characteristics that have been observed in teams. Table 3 provides a

sunmary of the main Points.

Table 3. A summary of some defining properties of teams from Paris, Salas and Cannon-

Bowers (2000) and Klimoski (2003a).

Defining Properties of Teams

More than one member but less than 15

Multiple sources of information

Complex task interdePendencies

Co-ordination amongst members

Common and valued goals

Specialised member roles/responsibilities

Intensive communication

Adaptive strategies to respond to change

Mutual influence

Social identityr I (belonging)

Task relevant knowledge

11 Social identity can be found across different regiments in the Aìlstralian Anny
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The Australian Army unit HQ team satisfies all of the criteria in Table 3. From the

above srünmary it seems fair to conclude that a team is a kind of a group (but the reverse need

not be true). Because the unit HQ team satisfies the criteria to be labelled as a team, it is

useful to draw from both group and team research to understand theories better that might

govem its firnctioning and responses. Based on this understanding we can now explore the

teamwork and group literature and interpret it in context.

S'ndstrom (Igg9) suggested that teams could be categorised into six distinct types.

These are represented in Figure 6. Each type of team operates in unique conditions' and has

different requirements. Army teams have been classified as action/perfonning teams.

Production Teams
- assembly
- manufacturing
- mining

Action/?erforming
- sports
- combat
- cockpit

Service
- flight attendants
- maintenance

Parallel
- advisory council
- selection committee

Management
- executive
- management

Project
- research
- product development
- consulting

Figure 6. Taxononry of teams (Sundstrom, 1999)'

Since the 1950s, team research has regularly evolved. There are eight categories into

which theories of teamwork have developed over the last half-century' These are: social-

psychological approach, socio-technical approach, ecological approach, human resource

approach, technological approach, lifestyle approach, functional (tanonomic) approach, and

the integrative approach (for a sunmary see Paris et al., 2000). It can be argued that decision-

making at a unit level occurs in a complex social environment. For example, the CO operates
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within a team of ofFrcers in a HQ situation (this may be in a tent or similar). The team are

often operating in extreme environments, with time pressr-re and high stakes. There a¡e vast

amounts of information often fed into the HQ via different forms of technology, from varying

sections of the Army. They are also regularly required to interact with other outside

organisations (such as United Nations), and across different cultures. From this brief

description of the environment in which a unit CO operates, it is apparent that there is a level

of social and contextual complexity that needs to be explored in order to understand

adequately the intricacies of the elements impacting on the decision-making process. Because

of the interest in the context of decision-making, a particularly usefirl approach for the current

research is the social psychological approachl2. According to Bannon (2001), the trend for

research in the field of human factors is currently shifting from a traditional cognitivist

approach to a more social view. This provides f,rther support for the direction of the curent

research.

In the study of teams, the focus is usually on team performance" Team performance

can be better understood by reducing team behaviour into three distinct phases: input, process

and ouþut. Researchers are interested in identiffing ways of maximising the usefrrlness of

ouþut. Therefore, attention is paid to identiffing inputs and process factors that affect this.

Input factors can exist even before a team forms and they determine its potential to

succeed (Mathieu, Hefûrer, Goodwin, Salas & Cannon-Bowers,2000). Both intemal and

external elements have been identified as input factors (e.g. Morgeson, Aiman-Smith &

Campion, 1997 lfuppendix I]; Meister, 1985). A summary of the various levels of input

12 Social psychology can be defi¡ed as: "The scientific investigation of how the thoughts, feelings and

behaviou¡s of individuals are influenced by the actual, imagined or implied presence of others" (Vaughan &

Hogg, 1995, p. 2). Social psychological studies pay attention to tbe context and attempt not to leave "ecological

gaps" (ie. Omission of real world factors and the addition of new elements of the testing environment that may

not be present in the real world [Thomas & Kellogg, 1989]).
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factors is shown in Figure 7; individual level factors? group level factors and environmental

factors (from Driskell, Hogan & Salas, 1987; Mathieu et al. 2000).

lndividual level factors contribute to taslcrvork, which refers to the knowledge, skills

and attitudes required to perform individual tasks (Cannon-Bowers, Tannenbaum, Salas &

volpe, I995;Salas & cannon-Bowers,2000). This includes demographic variables such as

sex and personality (Salas, Bowers & Cannon-Bowers, 1995).This refers to the individual's

capability to perform their own role within the team (e'g. CO makes decisions)" There is a

need for research on the impact of taskwork factors on decision-making at the unit level in the

Australian Arrry. The previous chapter identified some variables (such as fatigue) that have

been identified in the literature as impacting at this level

Figure T. A pictorial representqtion of the t arious levels of input factors in teams, based on

Driskell, Hogan and Salas (1987).

In addition to tasht,ork,tnateam situationteantwork skills are also important to

determine a successful outcome (Morgan et a1.,1986). Teantv'ork skills refer to an

Environment
nature oftask
level of
environmental
skess or reward
sfuctwea

a

a

Teamworh
r group skills
. lorowledge
. attitude
. size
. group structure
. groupnonns
¡ cohesiveness

Environmental Level
Factors

Group Level
Factors

Individual
Level Factors

Taskwork
. member skills
¡ knowledge
. personalities
¡ status
¡ cha¡acteristics
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individual's ability to work within a team (e.g. the CO drawing appropriately on the

knowledge and skills of hislher HQ staff). There are a number of findings drawn from

research on gro.rprt3 that describe factors that enhance teamworft skills. For example, some

basic social properties that are found in most groups of people working together over a period

of time are: cohesiveness, social identity and norms (Vaughan & Hogg, 1995; Appendix II).

Transactive memory is an important social property that assists to co-ordinate group

knowledge. This is of utmost importance within the unit HQ where it is expected that

specialised knowledge will be distributed amongst personnel and drar¡m upon appropriately to

inform CO decision-making. The tenn transactive memory relates to atheory developed by

Wegner, Erber and Raymond (1991). This theory seems to be have been inspired by earlier

theories regarding group mind (Durkheim, 1898). The theory of transactive memory suggests

that groups develop a shared system for encoding knowledge, where each individual is only

responsible for part of what the group needs to know" Thus, people are able to supplement

their own memory capacity by using people around them as a repository for knowledge;

dividing the cognitive labour within the group (Cordery, McDonald & Mitchell, 2003). It is

suggested that groups develop certain "patterns" for structuring and processing information

(V/egner, 1987,1995). Each member understands who is responsible for each memory

domain and this mechanism allows for groups to remember more information than the best

individual in that group (Clark & Stephenson, 1989). A graphic representation of the types of

knowledge stored via transactive memory is shown in Table 4. Carley (2003) reported that

transactive memory improves both the speed and accuracy of team performance.

13 As stated, ateamcan be viewed as a type of group and thus some group findings can be generalised.
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Table 4. A representation of the types of knowledge stored via transactive memory (adapted

from Carley,2003).

People Knowledge Tasks

People Relation

Knowledge
Relation

Social knowledge

who lçtows who

Knowledge
network

who lcnows what

Assignment
network

who does what

Needs network

what lcnowledge is
needed to do what

Information
network

what informs what

Task Relation Procedure Network

what tasks must be
done before what

The effectiveness of transactive memory is dependant on the length of tirne that a team

has been working together for. It would be expected that transactive memory would be a

social process used within a HQ team in the Australian Army, but evidence is sparse. Both

taslo,+tork and teamwork are equally important in determining a good perfonnance outcome. A

documented exarnple of tlús has been provided by Orasanu (1990) who found that, when put

nnder pressure, less effective teams tend to maintain tashnorkbut neglect teamwork, whereas

more efficient teams uPhold both.

The third input factor identif,red was the environntent or context. Environmental

factors are those outside of the individuals and team that have a bearing on decision-making

outcomes. Some exarnples include: the organisation, the type of terrain and the weather.

Similarly to individual level decision-making, there has not been adequate research attention

given to the influence of the environment/ context on team decision-making. It is expected
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that taslrwork teamwork and environmental level factors will be identifred in the current

dissertation as impacting on NDM within the r¡nit level HQ.

The second stage of team performance requires process factors to mediate outcomes.

process factors are est¿blished through the interactions between each of the input factors and

team processes. They lead to a performance outcome. A number of team processes occur

simultaneously. For example: team orientation, team leadership, monitoring, feedback,

backup behaviour, coordination and communicationla (Dickson & Mclntyre,7997i Dickson

Mclntyre, Ruggeberg, Yanshefski, Hamill & Vick, 1992), supporting behaviour, decision-

making and assertiveness are all process factors (Prince & Salas, 1993; Smith-Jentsch,

Johnston & Payne, 199S). Arguably one of the most important process factors, that is easily

observable for research purposes, is communication. Communication allows team members to

establish a shared awareness of the current situation (shared mental models; SMM), draw on

the knowledge held by other team members (transactive memory) and to subsequently co-

ordinate their actions. Communication is particularly important during the initial planning and

decision-making phase in unit HQ because it has been found that teams that engage in

effective planning before a mission (task) develop a better shared understanding of the

situation than those that do not (Stout, Cannon-Bowers & Salas, 1990) and perform better

gnder periods of increased workload (Stout, Cannon-Bowers, Salas & Milanovich, 2000).

Good communication can depend on the amount of experience the team has had together,

with teams who have more experience demonstrating more implicit communication (Swaine

& Mills, 2001). In line with this, Stout et al. (2000) found that effective teams tend to provide

information in advance and without prompting. In sum, more effective communication leads

to better outcomes, while poor communication leads to suboptimal outcomes (e.g. Billings &

ra A meta-analysis by Dickinson, Mclntyre, Ruggeberg, Yanshefski, Hamill and Vick (1992) describes these

processes as contributing to a seven factor model of teamwork'
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Reynard, 1981, found that 80% of aviation errors could be attributed to poor team

communication). Communication provides an easily observable and important process

behaviour for investigation within the unit headquarters. It is anticipated that information

transmitted via communication in unit HQ will assist to validate elements identified to impact

on decision-making.

In summary, due to cgrrent challenges facing the Australian Army, focus is placed on

the unit level CO decision-making. This means that the environment for the research is a

naturalistic team environment, but with final decision-making responsibiltty lying with the

individual CO. The actual and theoretical context for this research has been described,

including a review of relevant teamwork theories, whereby generic inputs and processes for

decision-making have been identified. The description of both individual and team decision-

making achieved in Chapter 2 arrd3 was important to infomr the research methodology. This

methodology is detailed in the next section-

3.2 The Research Methodology Overview

This section provides a description of the methodology chosen to investigate NDM at

a unit He level in the Australian Army. The methods have been structured so as to develop a

frameworkts that will extract highty descriptive information spanning various levels of

enquiry with a lúgh level of extemal validþ. The research design is consistent with the

context ofthe project, as described above

The overarching research questions are:

o How does decision-making occur at the unit level in the Australian Army?

o Is the RPD a valid model to describe decision-making for unit HQ?

t5 The fundamental structwe of methods within which interpretation of data is based.
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o What elements impact on NDM in unit HQ?

o What is the relative importance of these elements?

Is a microworld simulation a useful tool to explore NDM for application

to the Australian ArmY?

To answer these questions, the design of the experimental framework reflected the:

paucity of research on the contextual determinants of NDM, the environmental complexity

(Zsambok, lggT)and the constraints on design and data collection within the context of the

Australian Army.

The paucþ of research on the topic meant that preliminary descriptive data would be

important. Although the literature outlined in Chapter 2 has provided some insight into NDM,

most research has been concerned more with the internal cognitive mechanisms by which

decisions are made, rather than the contextual elements impacting on decision-making-

Moreover, while there have been numerous descriptive studies on NDM drawing on the

American military and other organisations, there have been few such studies in Australia.

Thus, an initial exploratory and descriptive approach is entirely appropriate for the curent

research.

The complexity of the environment also impacts on the consideration of the

appropriateness of research methods. Because of this complexity it is diffrcult for researchers

to apply results in practical situations that were formulated under laboratory conditions. Thus,

researchers have generally adopted a more applied approach to the study of how people make

decisions in naturalistic environments. Most studies ofNDM have been either conducted in

the field, or validated in the field. For exarnple, a leading resea¡cher in the field of NDM,

Gary Klein, has approached the topic by using techniques such as interviews and fieldwork.

Lipshitz (2005) agreed that for NDM research "observation is an ideal method insomuch as it

allows resea¡chers to study their subject matter ìn situ" (p. 375). These methods allow
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researchers to gain a more realistic understanding of how decision-making is occuring in the

real world and what the contextual elements are that will affect any model of decision-making

employed in real world conditions. Therefore, similar methods have been incorporated here.

However, despite the advantages of ln sifz research that these methodologies offer'

they are often questioned by researchers who favour experimental methods. Such debates

constitute a substantial proportion of the published literature within NDM. In2004, issue 14

of the Journal of Behavioural Decision-ntaking contained a number of articles that debated

the usefulness of the NDM approach. A concem of some authors was the frequent use "sofit"

science research techniques in the freld of NDM (Caverni ,2004; Klayman, 2004; LeBoeuf &

Shafu, 2004;Mann, 2004;Roelofsm4 2004;'Whye, 2004). Techniques criticised as "soft

science,, techniques included interviewing and freld studies. The concern of experimental

decision researchers was that insuffrcient rigorous control could be achieved using such

techniques. In this issue, Lipshitz, Klein, Orasanu and Salas (2004b) rebutted this view,

stating that we should be focusing on identi$ing the best methods to discover the required

infonnation. At presentNDM is still building aprofile of what NDM decision-making events

actually look like. At this stage, exploratory, in situ experimental methods are useful'

However, attention to scientific rigour \¡/ithin these methods should also be maintained.

The firstNDM volume (Klein, 1993b) was published over a decade ago, and since this

time there has been constant effort to establish NDM research as rigorous and scientific.

perhaps because of this continuing debate between the researchers from the two schools of

decision-making, the rigour associated with many methodologies used within the field of

NDM is of a high standard, compared with some other fields of research that rely

predominantly on qualitativeresearch techniques. For example, checksheets are useful
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inclusions that improve rigourl6. Reliability measurement has been extended beyond inter-

rater reliability (Neuend o.c*,2002) to include consideration of the influence that the researcher

can have on the outcome. Data collection and interpretation need to be transparent and

plausible (Lipshitz, 2005). Researchers like Klein have employed excellent methods of

validity and reliability to their research and these will be drawn upon in the cr¡rent research-

A frnat consideration when designing the current research was the constraints imposed

by the structure and guidelines within the Australian Army. These issues can be grouped into

the following categories:

1. Formal aPProval chains.

2. Lack of control over selection criteria for:

Ð regimental membershiP and

iÐ tYPe and quality of exPerience'

3. Lack ofcontrol over exercise attendance'

Satisffing formal approval chains is a necessary prerequisite to conducting any

research in this area. Due to increasing demands on military offtcers' time, there are

limitations on accessibitity to suitable participants. As might be anticipated within a military

setting, research is generally given secondary importance compared with the hectic and

sometimes gnpredictable day-to-day job demands. V/ithin the Australian Defence Force

(ADF) a procedue has been put in place whereby accessing military participants requires

adherence to formal approval chains within the organisation. These chains ensure the

perceived value of the research to the Army in general and they evaluate research priority

tu Wefüe (1963) supported that the use of checksbeets, which require only a judgement of whether something is

present or absent minimise recorder bias. Mo¡eover, Gellert (1955) emphasised that, the fewer the categories, the

easier to manage and define well'
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within the scope of tasks being undertaken in the ADF. In addition, research generally should

not intrude significantly on the participant's time.

Moreover, it is diffrcult to speciff particular selection criteria for participants- There

are a limited number of unit HQ teams within Australia (approximately 50) and excluding

participants from research conducted within this pool would be difFrcult. However, this means

that research participants will be diverse in regards to their skills (regimental membership)

and experience (type and quality). Some offrcers may have had experience serving in different

overseas operations, both with the Australian Army and possibly other organisations like the

United Nations. Others may never have experienced an operation and have updated their

experience through practical training. Moreover, in recent years the diversity of military

operations has ranged from anti-terrorist securþ operations at the Sydney Olympics, to

peacekeeping in Bosnia and Afghanistan, to war in Iraq. Because the types of experience ¿ìre

so broad, it is not possible to compare or generalise experience between ofhcers. Ultimately,

this means that an understanding of expertise at higher levels of command in the Australian

Army must remain problematical. Instead, as a measure of control, diversity of participants'

roles needs to be taken into account when analyzíng data'

Finally, due to the training system in the Australian Army, there is a distinct lack of

control over timing and location of the research. Research must fit with the Australian Army's

existing training and evaluation agenda. Thus, methods must be flexible. For example,

observational field research has to be organised to fit conveniently with pre-existing military

exercises. Thus, there can be little control over such things as the regiment observed, type of

exercise or length of mission.

These issues were all considered in the design of the curent research and a research

plan has been organised within the four phases outlined in Table 5. This allowed smaller

attainable goals to be set for each phase. This research framework has allowed a detailed

examination of the hierarchically layered research questions described earlier. Overall, the
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methods chosen have provided rich, descriptive data appropriate for NDM, they did not

require large numbers of participants for data collection and they were suffrciently flexible to

align with existing Army programs.

The validity of the research was an important consideration, particularly in light of

recent criticisms of NDM research techniques. Cook and Campbell (1979) defined validity as

the "best available approximation to the truth or falsity of a given iderence, proposition or

conclusion." (p. 33). Types of validity important in research are:

1. Internal Vatidity: Ensuring that independant variables are controlled within a

studY.

2. Face Validity: The practice of confrming that what is being measured

produces results that at face value indicate the research topic. This is especially

important in creating coding categories for data'

3. Content Validity: The extent to which the measures used actually represent

the full scope of the concept being investigated'

4. Construct Validity: The "extent to which a measure is related to other

measgres in a way consistent with hypotheses derived from theory"

(Neuendorf , 2002, P. I 17 ) -

5. External Validity: The extent to which the results can be generalised into the

real world (Campbell & Stanley, 1963). It is often referred to as

"generalisabilitY".
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Table 5. A description of the phases to gUide research in the current project'

Phase Purpose

Exploration &
grounding

Expansion &
confirmation

Validation

Microworld
exploration

Aim Method

To explore the validity of Interviews
the RPD model for
application to unit HQ.

To identi$ and exPlore
elements perceived to
impact on the Process'

To determine relative
importance of these
elements.

Q-sort

To provide field
validation for results
generated during
previous phases.

Field study

I

2

3

4 Microworld
experiment

To determine the
usefulness of microworld
research for aPPlication
to Army unit HQ.

These types of validity, excluding external validity, will be addressed in discussion of

the particular methods chosen in subsequent sections. However, external validþ can be most

effectively addressed within the overall design of the method. Two methods by which this can

be improved are: using multþle methods to collect data on the same phenomenon

(triangulation) and choosing research methods that complement one another' Both of these

measures have been employed in the crurent design'

Firstþ, validity was achieved by using triangulation of research methods'

Triangulation is the practice of increasing the validity of data by checking multiple sources'

The underlying idea is, the more evidence one can compile, the smaller the doubt surrounding
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tlre answer (Patton, 2002). This practice derives from the field of sociology and requires

using at least three empirical indicators to investigate any particular complex theoretical

concept @enzin, Ig70).Initially, the idea was borrowed from the area of navigation, where a

position can be 'fixed' by using different kinds of measures (for example, a compass, sextant,

radio bearings; Porter, 1994).

The curent study integrated different research methods so as to triangulate the data

(see Figure 8). Each method was used to gather data on r¡nit level CO decision-making.

Overlap and agreement within these data sets were accepted as confirming vatidity from any

one particular phase. This use of various methods is also in line with the suggestion made by

NDM researchers Lipshitz, Klein, Orasanu and Salas Q00aQ that different research

approaches should be used to counteract the weaknesses of any one method.

In addition to using multþle methods, overall validþ of the research was improved

by using complementary methods. Hofstede (2001) has discussed research methods as falling

into one of four quadrants (see Table 6). Each quadrant by itself tends to lack suffrcient

validity but, by using methods from different quadrants, validity can be improved. The current

research was planned to span all four quadrants, so that triangulation should provide a well-

rounded approach to the research topic'
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Field Observation

Interviewing

Validity of RPI)

Elements impacting on RPD

Q-sorting

Microworld

Fígure B. Increasing vatìdity of the current research by using triangulated methods'

Table 6. Four strategies for collectin g data (Hofstede, 200 1 )

Provoked Natural

Words Interviews

Questionnaires
Projective Tests

Content analysis of sPeeches

Discussions

Documents

Deeds Laboratory Experiments

Field Experiments

Direct Observation

Use of Available DescriPtive
Statistics

Note. The techniques used in the current investigation have been highlighted in bold.
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The philosophical basis to the current research is important to understand. The

research framework here uses both quantitative and qualitative resea¡ch methods. In the

literature on qualitative research there has been confusion regarding the potential of

qualitative research for the generation of useful theories (Cutcliffe & McKenna, 1999). In

particular, the reliability and validity of qualitative research have been called into question

(Madilt, Jordan & Shirley, 2000). This problem seems to have stemmed from inadequate

definitions of the epistemological stances taken by qualitative researchers when reporting

their studies.

Traditional sgrvey and experimental research in psychology has generally originated

from a realist framework. Thus, stating an epistemological approach in the reporting of results

is generally not required.. However, qualitative research can be conducted under different

philosophical frameworks. These can be broken down into three main approaches: realist

(natural science), contextual constructionist (human science) and radical constructionist

þoststructuralism; Henwood & Pidgeon,1994; Parker, 1994). Thus, because of the inclusion

of qualitative methods, it was deemed important to address the philosophical stance at the

outset of this research.

Each philosophical approach has differing core beliefs and consequent stances on

reliability and validity of data. Hence different methods are generally employed in order to

maintain the credibility of the results. These epistemological approaches are briefly outlined

in Table 7.

The epistemological assumptions adopted by the researcher impact on the measures

used to understand the validity and reliability of the results. Thus, according to Madill et al.

(2000), "...qualitative researchers have a responsibility to make their epistemological position

clear, conduct their research in a manner consistent with that position and present their

frndings in a way that allows them to be evaluated appropriately." (p.17). The current research
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has been approached from a critical realist perspective and throughout, the research measures

appropriate to this standpoint were used to add credibility to the current research.

In sum, the resea¡ch framework described above was adopted to provide rich,

descriptive data in response to the proposed research questions. The methods are not

dependant on large numbers of participants and are suffrciently flexible to frt in with pre-

existing plans of the Australian Army. A high level of validþ was planned as discussed in

terms of triangulation and the choice of complementary methods. By satisfuing all of these

requirements it was anticipated that the research frarnework would provide results with

applicability to the development of new doctrine in response to NC'W, improving command

support systems, and developing new training methodologies in the Australian Army' They

would also be use rl to validate the existence ofNDM within the Australian Army"

The next section describes the methods associated with each phase of the research and

how rigour has been maintained throughout'

3.3 A Phase by Phase Description of the Research Methods

This section describes each phase in the current research, discussing aims, participant

population and research method chosen. Detailed justification for the methods will be given

and other issues associated with data collection highlighted" The requirements for rich

descriptive data, small participant numbers and flexibility have been addressed in the

selection of appropriate research methods.
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Table 7. A description of validlty in qualitative research across epistemologies

Framework Core Belief Stance on ReliabilitY &
Validity

Types of Checks

Realist Narve - the world is largelY
knowable. It is how it
appears.

Scientific - Although
fallible the scientific
method can caPture true
representations of the
world.

Critical - way we Perceive
facts, particulary in the
social world dePends uPon
our beliefs and
expectations (Bunge,
1993). This admits an
inherent subjectivþ in the
production of knowledge.

Contextual A contextualist framework
constructionist implies the assumption that

all knowledge is local,
Provisional and situation
dePendant (Jaeger &
Rosnow, 1988)'

Radical A radical constructionist
constructionist frameworkimpliesthe

assumPtion that meaning is
generated bY individuals
and grouPs, thus there is no
one true realitY (Lincoln &
Guba, 1985)'

Terms for validity are
distinct from those used in
realist paradigm
(credibility, transferabilitY,
confrmability, etc.) Truth
will vary according to
contextual elements. Thus
the depth of research and
description is important.

In the realist framework
ideas of reliability and
validity can be used with
only small adaptations
because we are working
under the assumption that
things will be the same
againand again.

Triangulation
(Denzin, 1970)

Member checking
Auditing the
procedure
(Creswell &
Miller,2000)

Inter-rater
reliabilþ
(Neuendorf,
2002)

Disconfrming
evidence
Prolonged
engagement in the
freld
Thick, rich
description
(Creswell &
Mi1ler,2000)

Validity is questioned, as

there is thought to be no
one true reality. ln order to
have a credible
interpretation the stance of
the researcher must be
adequately identified.

Researcher
reflexivity
Collaboration
Peer debriefing
(Creswell &
Miller,2000)
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3.3.1 Phase 1: Interview method bacþround and justification

The fnst phase explored the concept of NDM within an Australian Army unit

environment. Aims were to search for evidence of RPD in the Australian Army and to

identify elements perceived to impact on unit level Co decision-making. The population of

participants being drawn upon were unit level COs in the Australian Army. Because this pool

is already limited, other strict selection criteria were not enforced (see Chapter 4 for more

information)" Backg¡ound information was collected'

A number of studies in the literature looking at elements impacting on decision-

making processes have begun with an interview approach to generate a list of possible

elements for further testing (Laurence & Elliott, 2004; Verville & Halingten,2002)"

Moreover, interviews have also been a popular method within the freld of NDM. Thus, the

use of semi-structured interviews appeared to provide a particularly usefirl way to begin data

collection.

people are interviewed in order to discover information not directþ observable

(patton, 2002).By intervie*irg, the researcher attempts to extract knowledge about another

person's experiences. The assumption therefore is that the perspective of others is meaningfirl,

knowable and able to be made explicit (Patton, 2002).

The interview has a number of advantages. These include: it can provide information

richness, irformation is extracted in a guided manner (this focus on the topic achieves

efficiency), time taken can be controlled, a small number of participants can create

meaningful data and standardization across participants is possible. Ilrterviews allow

researchers a certain level of control over the situation, while still allowing a more free

exchange of information than that found in most laboratory style studies (Rossman & Rallis,

1993). A fural advantage is that, while offering depth of qualitative analysis, interviewing also

offers the potential for a quantitative analysis'
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However, interviewing, like many other research techniques, also has typical flaws.

These are: the researcher can have an impact on what is said, the context hfluences what

infonnation the participant volunteers, the variability of responses can generate a problem of

inference when reporting results; and the most common criticism is that the verbal account

given may not equate to the actual behaviour.

Like any resea¡ch technique, to obtain the best results possible, certain control

meas'res need to be applied in order to minimise bias. Similar to controlling variables in a

laboratory environment, interview researchers incorporate a number of checks and balances to

ensure that the data obtained is as valid and reliable as possible. objectivity has been achieved

in the interview phase by structuring the research in a particular way. Firstly, care was taken

in structuring the interview questions in order to minimise tlpical biases found in many

interview research designs (e.g. interviewer effects and pre-determined responses)' In the

current design, clear, open-ended, non-dichotomous questions framed in the language of the

participants were used. Also, specific opportunities were presented where participants could

bring up any other points they thought were relevant to the discussion. This allowed the data

extracted to extend beyond the preconceived structure of the interview'

Secondly, the context (including the physical environment in which the interview

occurs, and the relationship established between the interviewer and the participant) may have

an impact on the information elicited (Wengraph, 2001). These two elements were taken into

accognt in the current research. In most cases, each interview was conducted in the

participant's work office. It is suggested that this is an environment in which the participants

would feel comfortable, and also allows for minimal time away from work. The researcher

also airned to develop a good rappof with each of the participants in order to facilitæe

information transfer.

A third criticism of interviews is that they can result in variable data. This has been

addressed in both the structuring of the interview and the interpretations made from the data.

68



A semi-structured interview technique \¡ras chosen, which allows for a level of standardization

across participants, but also the opportunity for further exploration of topics identified as

important by the participant (Patton, 2002).Further, this structure was taken into account in

the analysis and interpretation of the interviews'

Finaly, the most common criticism is that the interview account may not equate to the

actual behaviour. This criticism has been addressed in two ways in the current design. Firstþ,

this was addressed by incorporating triangulationtt *ith observational methods into the

overall design. Validation through observational methods was appropriate because the focus

of the research is not purely on the intemal cognitions of the CO, but also on the system

within which s/he is immersed @eason, 1990). By placing the focus here a more observable

system was created. Thus, behavioural validation of most interview data was possible'

Secondly, the validity of the interview account has been improved by employing

interview methods designed to extract information through the interview process that is as

true to life as possible. Basically the premise is that usually people do not verbalize their

actual behaviour; instead they focus on judgements, comments, generalities or a description of

the circumstances (vermersch,lgg4,cited in Light, 1999). These things are subjective' In

order to create a more objective approach, a participant can be immersed within a situation in

order to construct an understanding ofthat past experience. Several techniques have been

developed based on this premise. Early examples of immersion interviewing techniques are

the critical incident technique (CIT; Flanagan, lg54) and Vermersch's (1994, cited in Light'

lggg)explication interview technique. They draw on a set of procedures used to collect

observations of human behaviour, by immersing a participant in their previous experience

(Norman, Redfern, Tomalin & Oliver, lgg2).4limitation of these techniques is the accuracy

r? Triangulation is the practice of increasing the validity of data by checking multiple sources (Denzin, 1970; see

Chapter 3).
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of human memory (Loftus, 1930). However, when used in combination with other techniques

they provide good sources of data. A more recent example of an interviewing technique that

immerses participants in their past experience, that has been tailored for use in emergency

situations, is the critical decision method (CDM; Klein, Calderwood, & MacGregor, 1989).

CDM is a form of cognitive task analysis that attempts to break down complex cognitive tasks

into simpler constituent parts. It is a retrospective interview strategy that aims to discover the

decision-maker's understanding during the course of a critical incident. Critical incidentsls are

drawn upon because they are a rich fonn of data, often exploring them in terms of successfirl

and unsuccessfirl practices in a particular organisation (Norman et a1., 1992).The unique

contribution of CDM is that cognitive probes used are developed from the RPD model and

used to examine the critical incident carefirlly in more detail (O'Hare, Wiggins, Williams &

'Wong, 1998). This pre-designed set of cognitive probes is applied to actual non-routine

events" The focus on non-routine events is because they are the richest data sowce about the

capabilities of a highly skilled person and by placing the focus here, eff,rciency is achieved.

Klein et al. (1989 , p. 464) suggested that three criteria met by the CDM that emphasise

its utilþ are:

1 It addresses the basis of expert decision-making performance as described by

the RPD model.

2. It is applicable under f,reld conditions.

3. It has applied value (in terms of training, system design, or development).

The basic format of CDM is a sweeping interview process, where the participant is

guided while recounting the selected incident. The procedure used in CDM begins by asking

18 Flanagan's (1954) definition of critical incident is an incident in which the purpose or intent of the act is clear

to the observer and the consequences a¡e definite (cited in Norman, Redfem, Tomalin & Oliver,1992).
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the participant to bring to mind an incident in which hislher expertise made a difference to the

outcome. This incident is then freely recalled in detail. Following this, the researcher aids the

participant to construct a time-line in order to establish the precise sequence of events' The

incident is then considered in more detail by using specialised cognitive probes. The emphasis

is on .perceptually based cues that are diffrcult or unnatural for people to articulate' (Klein et

al. 19g9, p. a1l.These cues are thought to provide a basis for understanding the concept of

pattern matching, which is central to the RPD model'

The final step is to use a series of "what if' questions. These are used to clariff ideas

and to provide points of comparison for analysis. However, because they do not require the

expert to be directly immersed in experience (instead they encourage the projection of a

possible alternative outcome) this section deviates from typical immersion interviewing

techniques. The findings from these questions should be viewed with caution, and drawn back

to the participant's experience as much as possible'

previous studies using the CDM have found that it produces high inter-rater reliability

inthe order of 81-100% (Calderwood, Crandall & Klein, 1987;Taynor, Crandall & Wiggins,

1937). The comparative validity of cDM was examined by (Klein, 1996). Two groups of

highly experienced Fire Commanders were involved in the study' Each Commander was

shown the same simulated scenarios. The f,rrst group were asked to "think aloud" and the

second group were interviewed using principles of cDM' This study found that commander's

vocalizations dwing the CDM condition included far more situation assessments and

evaluations of cues and goals.

From the above research, it was decided that CDM was a suitable method for

extracting more autonomous knowledge. Moreover, recent research by o'Hare and wiggins

(2004)has supported the underlying assumption of cDM, that expert knowledge can be

organised around case-based reasoning and stories' However, as yet, no test has been
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achieved to assess the external validþ of information extracted using the CDM. Therefore, an

important measure is to check frndings derived from the method \Ã/ith field observations.

The CDM technique is appropriate to the current research question because:

o It provides a rich source of data that identifies a critical decision point.

o Theoretically it provides more objective outcomes because it immerses

participants within their experiences and evokes event specific descriptions.

o The context can be probed by establishing a sequence of events surrounding

the decision Point'

o It is appropriate for use with unit COs, because it has been developed

particularly for use in emergency situations, by drawing on understandings

gained from the RPD model.

Content analysis of interview data aimed to identifu the validity of the RPD model and

the elements perceived to be of importance in decision-making. These elements were then

integrated into the next phase to determine their relative importance" A more detailed

discussion of the interviewing approach taken in the current project can be found in Chapter

4"

3.3.2 Phase 2: Q-sort method bacþround and justification

The aim of phase 2 was to confurn and organise in a meaningfirl way the results from

the interviews. In essence, the interviews (phase 1) aimed to extract from the COs a range of

elements perceived to influence their decision-making. A Q-sort (phase 2) then allowed for

these elements to be taken to a larger sample of COs and Operations Offrcers (OPSOstn), ,o

le Operations officers work closely with COs at tbe unit level and hence have a good understa¡ding of the CO

decision-making process. They were included in the population pool to increase potential numbers of

respondents.
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look for variability of responses and confirmation or disconfimration of the importance of the

elements identified. The e-sort also explored similarities and differences in the overall

perception of these elements between individual COs'

The e-sort method can be used to examine, in detail, people's opinions on a particular

matter. It requires participants to arange a mrmber of statements (chosen by the researcher)

along a continuum from strongly agree to sfi ongly disagree. Once the sorting of statements

has been completed, the data are factor analysed to reveal the opinions held within the group

under investigation. Data are analysed by correlating each Q-sort (participant) with the others.

This analysis indicates how similar or different the Q-sorts are. Participants who significantly

correlate on any given factor are assumed to share a coÍìmon view (possibly based on similar

experiences). More generally, correlations between participants detenrrine clusters, which are

a group of e-sorts that resemble each other. A factor analysis of the data then clusters people

who ranked these things in a similar position. The factors extracted from the factor analysis

represent participants' points of view. Finally, the strength of association between a particular

point of view, and any given factor is established by calculating factor scores. These are

essentially weighted z scores of the factor. They represent the "loading" that a statement has

on each particular factor. These scores help to establish the important contributing "points of

view,, to each factor, thereby aiding in factor definition. The Q-sort thus combines both

quantitative and qualitative methods, in order to generate theories (Stephenson, 1953)"

The e-sort technique is not typically a well understood method within psychology and

the following section is necessary to discuss Q-methodology and its outcomes, the advantages

of applying this method to the current research and finally points of misconception and

common criticisms, with reference to the current design'

The steps typically involved in Q-methodology are detailed in Figure 9, which depicts

the main stages i¡volved in the method (Figure 9; adapted from Amin, 2000)' Because of the

use of factor analysis to interpret results in Q-methodology, the results it produces are often
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confüsed with typical factor analytic research. However, a good illustation of the different

results generated by Q-methodology and a typical factor analytic study was illustrated by

Brown (1972,1980). He used the human body as a subject for scrutiny. Twenty-five bodily

objective measurements (arm length, thigh width, foot length, etc.) were collected for a

sample of 20 people. A typical R factor analysis resulted in a segmentation of body parts

across eight factors, with shoulder width, arm length, width of palm and foot length (among

others) significant in one factor, chest and waist width in another factor etc. Factor analysis

(R) breaks whole things into related parts. If this same data matrix was transposed and re-

factored, it creates a single factor accounting for ggYovariance in the results. This reflects that

people are fairly much the same. In sum, R-analysis is based on objective measurements (For

example a person's shoulder width is x centimeters long and this holds true whether

correlating traits or persons).

In order to perform a successful Q-sof, a matrix of subjective data (opinions) must be

generated (Stephenson, 1953). ln this case, the same 20 individuals were asked to assess the

same body parts in terms of their "significance for me." From this, different saliencies relative

to the body parts were revealed in the resulting Q factors. For exarrple, the first factor, placed

emphasis on eyes, head, and mouth, which received the highest factor scores.

For both the objective and subjective data analysis, an artist was asked to draw an

impression based on the data. The result is shown in Figure 10'
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RESEARCH QUESTION

Interviews, media, j ournals

COLLECTION OF OPINIONS, STATEMENTS: CONCOURSE

Refinement, clarifi cati on

DEVELOPMENT OF REPRESENTATIVE STATEMENTS

Condition of instruction

RANK ORDER TIIE STATEMENTS: Q-SORT

FACTOR ANALYSIS

Figure 9. A step-by-step description of Q-methodolog't'

Reconstruction
of data resulting
from a typical
factor analysis
(using actual
measurements)

Reconstruction
of data resulting
from Q-analysis
(using
respondents'
perceptions)

Fìgure 10. A comparison of pictorial representations of data fi"om an analysis of objective

and subjective data (adaptedfi"ont Brown, 1972, 1980)'
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Q-methodology was chosen for this stage for a number of reasons. Firstly, it forces the

comparative ranking of a large number of opinions. This was usefirl in order to gain an

understanding of how the elements identified in the interviews compared with each other in

terms of their importance. It is argued that the resultant arrangement of statements provides

data on participants' internal frames of reference20, which are used to guide decision-making

(Sexton, Snyder, Wadsworth, Jardine & Ernest, 1998).

Secondly, there was a desire to search for similarities in opinion across participants.

Anecdotal evidence suggested that unit level COs are all experts, but because of their unique

previous experience they tended to view things in different ways. Therefore, it was necessary

to find a method that could ascertain whether elements impacting on unit level decision-

making were seen in a similar way by most participants, or whether there were distinct groups

within the sample. The statistical analysis used in Q-methodology allowed for this. Unlike the

analysis of many surveys, Q-methodology does not assume that all individuals tested hold one

homogeneous opinion (Kitzinger, 1999; Mrtek, Tafesse & Wigger, 1996).Instead, it caters for

the assumption that people's opinions may differ and it is important not only to find averages

but the broader spectrum (Brown, 1980; cited in McKeown & Thomas, 1988). It determines

what is statistically difÊerent about the participants' frames of reference and identifies

individuals who may view things in a similar way (Lipgar, 1999; Sexton et aI.,1998).

Thirdly, Q-methodology was appropriate because, to date, there has been scarce

research on describing the a:ray of elements impacting on unit level decision-making. Q-

methodology has been recognised as useful for in-depth exploration of unknown areas for

their identþ, interrelations and functioning (Kerlinger, 1973). The purpose of Q-

20 Internal frames of reference include such things as: experiences, opinions, ideas, beliefs and perspectives

(Kitzinger, 1999).
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methodology is to gain scientific understanding before prediction and control (Lipgar, 1999)'

Although there is no great potential for generalisatior¡ it provides a solid basis to be followed

with other methods 16 snhanco prediction (Amin, 2000)'

Fourthly, e-methodology was appropriate because it allowed the researcher to gain an

understanding of the decision-making task from the vieupoint of the CO and other experts

who work within the unit HQ decision-making team. This was possible because Q-

methodology allows experimental control to be given mainly to the participants- This is done

by aiming to understand the participant's own definitions of a concept rather than giving

him/her a defurition and trying to understand responses in light of that (Kitzinger, 1987).

Thus, in e-methodology, generation of a research hypothesis is not always necessary because

the respondents' viewpoint is being explored and not the research"tt". Thit viewpoint is

obviously important when considering the design of command support systems (CSS)'

because the success of CSS is r¡ndoubtedly linked with their ease of use, and the desire of the

end user (the Commander or other HQ staff) to make use of them.

Fifthly, because Q-methodology relinquishes experimental control to the participants,

rather than conforming to the hypothetico-deductive model, it avoids many flaws inherent in

other research methods. These include: response bias from surveys, missing responses, social

desirabitþ of response and interviewer bias. In Q-methodology, Stainton-Rogers (1991)

points out that "A factor ca¡not emerge unless participants sort items in ways to enable it to

do so.,, O.130). For example, with other techniques (such as interviews) the researcher has to

make some kind of a judgement about which views are most important to the interviewee.

However, in e-methodology, these are given to the researcher directly by the placement of

these items at the extremes of the scale (Kitzinger, 1999)'

2r Stephenson (1953) questioned the prominent hypothetico-deductive paradigm of the time. lnstead, he believed

that researchers still needed to have cwiosity about research material.
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Finally, e-methodology combines both qualitative22 and quantitative techniques' An

advantage of qualitative data is that they permit an in-depth, context bound analysis of data. A

disadvantage is that such data cannot always be amenable to quantification. Data resulting

from a e-sort, however, are amenable to statistical analysis. It is the Q-sorting that initially

prepares the structure of subjectivity (i.e. the factors that emerge are due to the Q-sorting

operations of the participants (Stephenson,1977). Following this, the statistical processes

render the structure apparent through mathematical representation. This allows a description

of the data to be achieved that would be missed without numerical treatment.

There is a common misconception regarding Q+nethodology that must be clarified'

According to Amin (2000) between the conception of the Q-sort method and the year 2000,

4000 articles on the Q-method have appeared in scientific joumals. These appeared

predominantly in the social sciences (Amin, 2000). A survey by Brown (1968) found that Q-

sort is used across disciplines inctuding psychology, education, nursing, sociology, political

science and communication science. Considering the length of its existence this is not alarge

number of publications. However, the author believes that the sparse Q-methodology

literature is related to both lack of knowledge of the technique and misconceptions about the

methodology.

The most common misconception seems to be that Q-methodology has an underlying

post-positivist philosophy. In order to evaluate this claim critically, the researcher has found it

useful to explore the method in its historical context (see Appendix III). In sum Q-sort can be

used within a positivist framework in order to explore COs' internal frames of reference. [n

particular, it will provide a description of the comparative importance of elements perceived

22 St u,r., and Corbin (1998) distinguished between qualitative and quantitative research by offering the

following definition. "By the term qualitative researchwe me¿m any kind of research that produces findings not

arrived at by means of statistical procedures or other means of quantification" (p' 17)'
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to influence decision-making across a group of unit cos. This method typically does not

require alargenumber of participants and it can be administered via email so that participants

can complete the task in their own time. A specific description of this phase of research will

be given in ChaPter 8.

3.3.3 Phase 3: X'ield observation method background and justification

phase 3 of this research aimed to provide extemal validation of results extracted

during previous phases. In essence, this field research involved taking the data generated from

the interviews and e-sort and looking for corroborative evidence in the field. The pool of

participants again was the unit level COs in the Australian Army. Actual participation relied

on acceptance to attend scheduled field exercises'

Observational analysis is a usefirl tool for gaining insight into how the observed group

behave within their natural setting. It reduces the element of artificiality introduced in many

laboratory studies, but maintains objectivity because behaviour is observable and can undergo

reliability testing. In addition, the use of field research does not require large participant

numbers and in this case was flexible enough to fit in with existing exercises scheduled for

training in the Australian Army. Thus, there was minimal disruption of the participants'

patton (2002)argued that there are six main strengths of observational research' These

afe:

1

2.

Observation allows a better r¡nderstanding of the context within which

behaviotu occurs.

Firsthand experience allows researchers to be more inductive in their

observations and analysis, not basing these entirely on prior understandings'

The researcher has the opportunity to see things that might regularly escape the

consciousness of the participants (all social systems involve routines that can

become unconsciouslY acted)-
79
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4. A researcher may learn things participants are unwilling to talk about.

5. observing goes beyond the selective perceptions of others.

6. Observation allows the researcher to achieve personal knowledge and

experience of the situation of interest'

Thus, observational field research offers strengths that do not exist in previous

methods used. It is expected to offer a deeper understanding of previous findings, enriching

and validating interview and Q-sort data'

Observational techniques are used in a variety of established methodologies' Examples

of these are: ethnography, grounded theory, and animal behaviour. All rely on observation as

ameans of data collection and field notes are typically collected across all methodologies'

However, techniques differ in their unit of analysis, the role of the observer and often in their

underlying philo soPhies.

The unit of analysis in ethnography is normally focused on studying cultures" Thus'

group level data are generally collected. Animal behaviour research can be focused on the

individual or group level, depending on the research interest. Grounded theory is not generally

used to study groups or individuals, but instead can be used to develop a theory about any

phenomenon and is most appropriate in the case of the current research. The current Írethod

focuses on the CO in particular, and how s/he interacts with the team in order to make

decisions.

The role of the observer in ethnography involves active participation of the

researcher, whereas grounded theory and animal behaviour tend generally to be unobtrusive

methods. In order to remain as objective as possible, the current research positions the

researcher as an unobtrusive observer. It was deemed important to leam as much as possible

about the "gloup" being observed before commencing observation. This was done through

communication with military personnel and reading existing doctrine'

80



The underlying research philosophies are where the major differences can be found

in different observation methods. Animal behaviour is frmly grounded in a realist framework'

From this point of view the world is largely knowable and, although fallible, the scientific

method can capture true representations of the world (Madill etal-,2000). However, the way

in which we perceive facts can depend upon our beliefs and expectations, and this must be

taken into account in reporting (Bunge, 1993)" Both ethnographic and grounded theory

research have been used across philosophies (i.e. realist, contextualist23 or radical

constructionistz4 frameworks). This impacts on the way in which the data are analysed and

reported. The current research takes a critical realist approach to knowledge, because this is in

line with the view taken across the thesis as a whole.

A number of other factors needed to be decided upon in observational research that

affects the nature of the data collected. These were: whether research methods are triangulated

in the freld setting; the length of observations; the most appropriate sources of data'

Triangulation of methods within the field adds to the depth and objectivity of the

interpretation (e.g. a combination of behaviowal data, and short interview data). However,

short interviews can be intrusive on normal behaviows in an observational study. The

researcher needs to be aware of this, and approach the participants at times convenient to

them. This was considered in the cu:rent study.

The tength of observations is not always under the control of the researcher.

Traditional ethnographic research could involve the researcher in the field for a minimum of

six months. For the current research, the researcher was given access to short training

23 A contextualist framework implies the assumption that all knowledge is local, provisional and situation

dependant (Jaeger & Rosnow, 1988)'

za Aradicalconstructionist framework implies the assumption that meaning is generated by individuals and

groups, thus there is no one true reality (Lincoln & GubE 2000)'
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exercises. Therefore, observation time depended on the length of the exercise. This led to the

necessity to evaluate whether the amount of time allocated was long enough to answer the

research question. As a basis for firrther research, the observations in this study were deemed

suffrcient. However, in order to determine the significance of the results longer observations

would be necessarY.

The most appropriate source of data also needs to be chosen. There is a vast a:ray

of possible sources of data. These include: the program setting; human/social environment;

activities gndertaken; informal interactions; language and communication and observing what

does not happen (e.g. there may be a distinct lack of communication between two people that

one would expect to communicate and this may guide the researcher to question why this

might be). It is important to choose which of these are most appropriate for the research topic,

because it is difticult to collect them all without missing crucial pieces of information from

each.

For the puïpose of the current study the pieces of hformation considered to be most

relevant were the setting, the social environment and the types of communications used. By

observing the setting, an understanding of the environment in which previous research

frndings are embedded is gained by the researcher. Understanding the social environment is

important in order to monitor effectively and interpret communications. Finally,

communication is thought to be a medium by which the "team mind"2s is observable to an

outsider for analysis. Thus, observing these variables provides a good basis for testing the

current study' s hYPotheses.

25 See Klein, G.A. & Thorsden, M.L. (1990). A cogtitive model of team decision-making,l(lern associates,

Yellow Springs: OH.
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Data collection in observational research is generally done in two phases; the mapping

phase and the data collection phase. During the mapping phase preliminary data are collected.

This provides a chance for familiarisation with the environment. Notes can be collected on

physical layout of the environment and the types of activities exhibited (Ratcliff, 2001). This

phase allows for the generation of checksheets listing typical behaviours of interest that can

be used for later data collection. Following this, the main data collection stage begins. For the

research reported here, notes will be taken at this stage. These will include:

o Behavioural frequency counts- based on mapping out observations, and

related to prediction accuracy. These will be made on behavioural frequency

count sheets.

a Notes

a Field Notes--A running account of what happens or transcriptions of

video or aud.iotapes. It is important to be thorough in taking field notes,

particularly at the earliest phases of research' As much as possible, the

observer should try to get the whole picture of what is happening.

Personal Notes--Personal reactions, how the observer was feeling, self-

reflection, memories, and impressions. This is a sirnilar to a diary, so the

observer can later see possible personal influences on the data, and

identiff the effects of personal events on the data collection and analysis'

Methodology Notes--Description of methods used, reasons for using

those methods, ideas for possible changes in methodology. These are

used for keeping track ofchanges and rationale for changes.

Theoretical Notes-- Ernergent trends, hypotheses. This can also include

ggesses and hunches to follow up in later research. Note taking is also

a

a

o
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used to describe changes made to emergent categories and hypotheses,

and the reasons why those changes were made'

In freld research it is important to include practices within the research desigu that

maintain high reliability and validity. Patton (1990) stated that "validity and reliability of the

qualitative data depend to a great extent on the methodological skill, sensitivity' and integrity

of the researcher" (p. 11)" Therefore, the responsibility lies with the researcher to develop a

sound experimental framework and provide strong evidence for their claims' Two main

considerations must be made in order to address this issue.

past criticisms of observational research have hinged on the fact that the researcher is

an active participant in data collection and interpretation. However, scientific results are

ideally independant from the person who produces them (Breuer, Mruck & Roth, 2002)'IrI

field research complete independence is not possible. Hence, researcher bias26 is a potential

problem. This element of subjectivity is controlled by using inter-coder reliability checks.

Secondly, scientific results are ideally generated without influence from the

experimenter. However, in observational research it is necessary for the observer to be close

enough to the participants to make accurate observations. However, by doing this, there is an

added possibilþ that the observer may influence the behaviour of participants. Previous

research has found that if participants know they are being studied, they perform differently

based on this knowledge (Hawthorne Effect; Mayo, 1933). This is another possible limitation

that must be considered. ln an attempt to control for this effect, an unobtrusive stance has

been adopted. The observers were dressed in military attire (similar to the participants so as to

blend in) and were positioned in discreet locations where accurate observations were still

possible. Thus, it was expected that the observers blended with the environment so that the

26 A mrmber of human biases have been suggested as affecting our judgements (Kahneman, Slovic & Tversþ

1982; Plous, 1993).
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participant could act as if the observers \Mere not present' Moreover, it is not unusual in the

Australian Anny for observers (unknown to the exercise participants) to be present during

exercises. This presence can be for a number of reasons and is an accepted part of training

operations.

The observational data and short interviews were analysed using content analysis. A

more specific description of this phase will be given in chapter 6"

3.3.4 Phase 4: Microworld simulation method background and justification

The aim of the final phase of the research was to determine whether microworld

simulation is a usefirl tool to further investigate NDM in the Australian Army (taking results

from previous phases into consideration). Because the final phase of the current research

investigatedNDM on a computer simulation, a population of non-military volunteers were

adequate. It has been suggested that NDM results generated on Networked Fire Chief (NFC)

should be transferable across domains (Omodei etaI.,1998; Omodei, Mclennan, Elliott,

wearing &, c1ancy,2005). Moreover, previous research has found that military experience

offers no advantage on a computer microworld (e'g' Chapman, Nettelbeck' Mills & Welsh'

2006).These volunteers could then be trained. This made participant recruitment more

achievable. The selection criterion was that the participants were computer-literate university

students. The assumption was made that IQ is relatively consistent amongst participants'

Manipulating variables within a controlled environment can produce clear ideas of

relationships between variables and causality. Considerable decision-making research has

been based in the laboratory but, because of the environmental complexity inherent inNDM'

laboratory research has not been commonly used in tlús field. However, with the recent

advent of information technology, embedded testing within computer g¿rnes has become a

viable option. This has been seen by many researchers as an appropriate medium within

which to examine basic cognitive rules or constructs believed to be associated with NDM
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(Ackennan & Kanfer, 1993;Brehmer & Dömer, 1993;Funke, 1991; Omodei & Wearing'

1995;'Weaver, Bowers, Salas & Cannon-Bowers' 1995)'

Existing technology has made a number of different types of simulation possible with

today,s level of technology (see Table 8). Attendance at Army exercises is similar to

.,simulated lstandardized actors" but lacks the associated control. From aptactical viewpoint,

although high frdelity simulation is by defrnition the closest to real life, it is also extremely

expensive and resource intensive to set up. Following this, the most popular form of

simulation used for NDM research has been computer simulation using tools called

microworlds.

A microworld is where "we select the important characteristics of the real system and

create a small and well controlled simulation system with these characteristics" (Granlund,

lggg,p. 91). The advantage of computer simulation research is that it allows researchers to

set a relevant complexity level in a controlled research environment. A microworld generates

an on-screen environment that the user needs to interact with in order to produce a good

outcome (e.g. frght fnes in a forest to save land from buming and people from being killed)'

Microworlds do not attempt to mirror everything that occurs in an equivalent real

world context. Instead, they are tools used to investigate theories (Chapman, Mills, Kardos,

Stothard & Williams,2002). They focus on the essential psychological features of the

decision-making environment (e.g. generating stress, dynamic conditions), but often disregard

surface features (e.g. landscape features). Thus, they incorporate the same sorts of variables

that would be involved in a real world NDM situation, such as uncertainty, complexity, and

feedback loops. These variables that are exhibited in microworlds have been found to be

sirnilar across domains encompassed within the NDM theory; such as oil rigs, emergency

rooms, fire fighting, military operations (Salas & Klein, 2001).
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Table 8. Description of diflerent types of simulation available.

Type of
Simulation

DescriptionTooI Capabilities

Models or
mannequins

Screen based
computer
simulators

Practice simple physical moves
or procedures

Procedural skills (e.g.
cPR)

q)

È
Fl

Computer programs designed to
train/ assess lanowledge and
decision-making.

Knowledge

Decision-making

Simulated/
standardised
actors and
settings

Actors trained to role play in a
realistic but controlled setting

C omputer dr iv en, I ife - s iz e d
virtual realþ scenarios
consfi'ucted to repres ent
scensrios as true to life as
possible.

Procedural skills (some)

Communication skills

Knowledge

Decision-making

Virtual Reality

Although it is a low frdelity simulation, a microworld is cost efficient and can require

no more resources than a computer in a room. Using this medium is an attractive alternative to

field research because there are often limitations in participant accessibility and appropriate

research exercises. However, before turning to simulation as a medium for research, it must

be understood what types of research questions can sensibly be answered in research using

microworlds.

Several NDM-style simulations are available. For example, Lewandowsþ and

Kirsner (2000) used a computer generated bush fire prediction task to investigate the effect of

context on decision-making. Other studies have been conducted by Artman (199811999)that

also used a similar fire fighting simulation to test the effectiveness of different communication
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Procedural skills

Communication skills

Knowledge

Decision-making

Team skills



networks. In Australia, a similar fire fighting simulation called Networked Fire ChiefG{FC)

has been used to investigate such things as management structures, communication styles, and

tool usage (Chapman, 2000;Wearing & Omodei,1998 Omodei, Mclennan, Elliott, Wearing,

&, CIancy,2005)"

Nonetheless, there is some uncertainty about the usefulness of microworlds to provide

meaningful answers for application to the real world environment (e.g. Chapman, Nettelbeck,

Mills & Welsh, 2006). The current phase will therefore investigate whether microworlds can

replicate important variables associated with decision-making in a real-world Australian

Army environment.Dataare captured using behavioural checksheets, questionnaires and

interviews. A fül description of the method will be presented in Chapter 7.

3.4 Overall Strength of the Methodology

In sum, the research was divided into four phases. The research techniques applied to

each phase have been described, with particular attention to the aims, population pools and

standards of rigour including reliability and validity. This methodology is one of the strengths

of the current research because it incorporates good standards throughout. This high standard

is essential to NDM research, where in a recent NDM volume Montgomery, Lipshitz and

Brehmer (2005) assert that "The challenge of demonstrating that NDM methodologies can

produce general testable models, in addition to valuable insights on how decisions are actually

made, looms as large today as it was a decade ago" (p. 10).

In the current methodology the researcher has ensured that all available and reasonable

methods for establishing reliability and validity were employed. The author has addressed

common methodological criticisms that have been voiced in the past in structuring the current

project. Moreover, the method of triangulation was employed. This has meant that no

assumptions were made that any one method can reveal more than it was designed for.
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CHAPTER 4. Using Critical Decision Method

to Explore Unit CO Decision-making

4.1 Introduction

As the Australian Army moves towards Network Centric Warfare (NC\trD, it becomes

increasingly important for us to understand, in detail, how decisions are made at a unit level

and what elements impact on decision-making. This phase of the research aimed to

investigate these issues by generating a description for decision-making at a unit level in the

Australian Army" An interview method was chosen to extract contextually sensitive results.

Interviews attempted to :

l search for evidence of RPD in unit level decision-making.

2. Identiff and describe the elements perceived to impact on unit CO decision-

making.

The anticipated outcome from this phase was to establish a broader understanding of

decision-making in unit HQ than that currently existing2T. Tlús is important because, in order

to make reasonable suggestions about how to facilitate this process, one must have a sound

understanding of how decision-making occurs and what elements may have a significant

impact on the outcome. Existing research has not validated the RPD model in an Australian

unit HQ environment or provided an account of elements perceived to impact on unit level

decision-making in an Australian context.

The c¿rrent chapter first defines the topic of research and then describes the method

employed. A summary of evidence found for RPD in the unit HQ of the Australian Army is

27 See Chapter 2 for descriptions of existing models (such as the RPD model).
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presented. Finally, elements impacting on unit level decision-making are identified, described

and explored.

4.1.1 Searching for evidence of recognition primed decision-making (RPD)

The first aim of this chapter, to search for evidence of the RPD at a unit level in the

Australian Army, was achieved in three main ways. Firstþ, the number of options considered

for each decision was investigated. In previous work Klein, Calderwood and Clinton-Cirocco

(1986) compared a number of decision points2s to ascertain how many options were

considered in the decision-making process. The assumption was that, to support NDM, only

one or two options would be considered, but to support traditional decision models a number

of alternatives should be considered. Klein et al. (1986) research provided the initial impetus

to pursue the development of an altemative model for decision-making (RPD)'Therefore,

similar evidence was sought in the current research. It was hypothesised that in most

decisions described only one or two options would be considered.

The second area explored to support the validity of RPD as a descriptive model for

unit level decision-making was the reliance on experience to feed into the decision-making

process. The RPD model describes a process by which previous experience allows for

recognition of cwrent scenarios and appropriate option generation often occurs automatically

in response to this. Thus, a second check for the suitability of the RPD model in the

Australian Army was to code novelze arrdpreviously experienced3o situations across all

28 A point at which a decision has been made.

2e Novel situations were coded as those situations different from anything experienced before.

30 previously experienced situation were coded as those situations where previous experience could be d¡awn

upon to make a decision.
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decision points. It was hypothesized that in the majority of decisions described, previous

experience will be used to g,ride the decision-making process.

Thirdly, elements identifred in the interviews as impacting on decision-making was

analysed in tenns of their relevance to and support the RPD model. It was hypothesized that

there will be elements identified that support the existence of RPD within the unit HQ

environment.

4.1.2 Identiffing elements impacting on unit decision-making

The second aim of the research was to determine and explore the array of elements

perceived to impact on unit decision-making. This is an exploratory aim as to date there has

been no research to identifi this array of elements impacting on decision-making at a tmit

level in the Australian Army. This is becoming increasingly important as we move towards

NCV/. As we prepare for possible transitions to the distribution and processes within the unit

He we need to determine which elements are currently impacting on decision-making so that

we are able to model how these may be effected by any future changes. Elements identified

will be explored in terms of how they may impact on the Army's transition to NCV/.

4.1.3 Defining key terms in the current research

For the purpose of this research it is important to define what is meant by the words

,,expert,, and "decision-making" within the military context. Previous research has used a

variety of definitions to explain these terms. The defuritions used in the current research are

explained below.
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Despite the frequency with which the temr decision-making has been used in the

literature3l, there has been no consistent definition. In particular, determining where the

decision-making event begins and finishes has been contentious.

yates (2001) defined decision-making as "the process of solving a particular type of

problem, and a:riving at a good decision" (p. 17). ln this sense, Yates (2001) referred to a

decision as "the commitment to an action whose aim is producing satisffing outcomes" (p.

l7). This defurition is usefirl because it includes both the process and the event. Klein (1999,

2001) has argued that, in order to attempt to improve decision-making effectiveness in the

military, it is the process leading to decision that is most important for researchers to

understand and not only the "moment of choice". Klein's (1989) RPD model makes explicit

the process of NDM as requiring cognitive functions such as: sense-making, situation

awareness (SA), problem detection, planning, replanning and mental simulation. Thus, to

investigate the adequacy of this model the focus must be on the process. Moreover, elements

that impact on the outcome are likely to impact at different points throughout the process.

Deriving a specific defrnition for the beginning and the end of the decision-making

process is also necessary. It could be argued that decision-making begins when the decision-

maker becomes aware that a decision needs to be made. It follows that the end of the

decision-making process would be when a decision has been made, typically reflected by an

action being implemented. This is how decision events are defined in the current chapter.

One limitation of Yates (2001) defirútion is its reference to "arriving at a good

decision,,(p. l7). It should be noted that decision-making does not always result in a decision

that would be deemed as "good", as evidenced many times in militåry history (David, 1997)-

If the eventual aim is to improve decision-making, we need to understand why some decisions

3r A search on 2.10.06 in Psychlnfo trnderthe keyword "decision-making" revealed atotal of 27,304 publisbed

works.
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result in good outcomes and some in poor outcomes (Edwards, Kiss, Majone, & Toda" 1984).

Therefore, the curent research explores both decisions with good outcomes and those with

poor outcomes. A decision with a good outcome is defured as one where the outcome

matched the decision-maþer's previous expectations. A decision with a poor outcome is

defined as one where the outcome did not match the decision-maker's previous expectations.

It is suggested that, by comparing these decision scenarios, a better understanding can be

achieved about the effect that various elements may have on the quahty of the decision.

A frrther clarification that needs to be made when conducting research with the

Australian Ar:ny is the level of decision-making being investigated. Because the current

research is specific to the unit level, decision-making needs to be defrned in terms of the level

of planning detail involved in the process. Overall, Arrny decisions tend to be viewed as

operational ,tactical,or strategic. Under which of these categories the decision falls, depends

on the objectives for that decision. It can also usually be predicted by the location in the

hierarchical organisation at which the decision is located. Generally these decisions would

also differ in the time frames available. Thus, the type of decision-making needs to be defined

according to these levels, in order to make reasonable comparisons between decisions. The

current research will focus on operational32 decision-making occurring at a unit level in the

Australian Anny.

Moreover, Krulak (1999) proposed that two qualitatively different types of decision-

making occur within operational settings. Planning decisions are pre-emptive in nature and

typically occgr when the enemy has not been engaged. Warfrghting decisions in contrast are

where the enemy has been engaged and are therefore responsive in nature. The time frames

32 The operational level of war is concerned with the planning and conduct of campaigns. It is at this level that

military stategy is implemented, by assigning missions, tasks and resources to tactical operations.
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associated with each type of decision are generally different; planning typically requires

longer time frames.

Despite qualitative differences, it can be argued that there are many similar conditions

associated with both types of decision-making. Both planning and warfighting decisions are

often made with uncertain information, high stakes and in a team environment. Moreover,

although planning decisions would typically require longer periods of time and are usually

more complex, both types cannot be delayed. It is a well-documented observation that, during

both planning and warfrghting, the longer a decision is delayed the more opportunities may be

missed (e.g" Sun Tnt,1994 ftrans]; Krulak, 1999). This has been demonstrated throughout

lústory where battles have been lost, not only as a result of poor decisions, but also due to a

leader,s failure to make a timely decision (David, 1997). Therefore, it must be noted that,

despite some differences between planning and warfighting decisions, both occur under time-

pressured conditions. Thus, although it is possible to distinguish between these different

decision-making events, both occur in similar naturalistic environments with similar

constraints. It is therefore sensible to assume that many simila¡ elements will impact both

types of decisions; and the current research has drawn on both types of decision-making'

ln sum, decision-making is here defined as the pfocess by which unit COs make

decisions. This process begins at the point where the CO is conscious that a decision must be

made and continues until a plan has been inrplemented. Both planning and warfighting

decisions have been examined because it is likely that these are influenced by a similar range

of elements. However, the type of decision-making described has been documented and taken

into consideration i1the analysis of the data. The criteria set for defrning the decision-making

process in the current study are consistent with NDM theory in terms of the environment

(Omodei & Wearing ,Igg5) and focus on process rather than event (Klein, 1999, Klein, 2001)'

The second term requiring def,rnition is expertise. NDM researchers accept that experts

are useful for the investigation of decision-making because they will typically have a large
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repertoire of good decisions and poor decisions upon which to draw for analysis' However,

agreeing on a suitable defrnition of an expert has proved problematic for researchers

(Shanteau, lgg2). The debate here centres on the issue of the quality and quantity of

experience required.

euantity of experience was used by Klein, Calderwood and Clinton-Cirocco (1986) to

define expertise. In this case, a repertoire of 10 years experience was chosen as the minimum

requirement. However, Klein et al. (1986) suggested that relying solely on quantity of

experience as a definitive element left a large margin for variability. In fact, they found that

amongst fgefighters, one year stationed in a decaying inner cþ, where the fuefighter was

required to use their "expert skills" frequently, was more valuable for skill development than

l0 years in a less busy area. This frnding therefore illustrated that the issue of the qualþ of

expertise is also important. Quality refers to the frequency at which the experts have the

opporhrnity to put their skills into practice, engaging in further experiential learning. In most

NDM domains, experts (e.g. firefrghters, military personnel, paramedics and other emergency

workers) are not constantly required to use their skills and the frequency with which they use

their skills varies. In addition, flffiy of these professions also have both full-time and part-

time workers. Therefore, the variable frequency of skill use between professions and within

professions is an issue. Among these professions it is tikely that military personnel use their

,,expert skills,, least frequentþ and with more variability. Thus, applying a standard definition

to the quahty of expertise is important, in order to maintain confol of variability within the

sample. A definition for 'quality' could be a measure of the frequency of experience over a

given time f¡ame. However, this still neglects the inclusion of the type of experience. For

example, questions arise such as; was the experience novel? Did the experience result in

learning? Deriving answers to these questions is problematic. In most cases this information

will comprise self-report daâand hence is subject to bias. 'Weiss and Shanteau (2003) have

recently suggested that expertise should be viewed as a skill that takes into account both
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discrimination (good evaluative judgement) and consistency. They have suggested a simple

equation using both of these criteria to calculate a relative score of expertise on a particular

task.33 Based on this score they have proposed that relative ratings of expertise can be

calculated, by comparing this score with that of other experts performing the same task.

Although promising, this method of assessing expertise still has flaws. Firstly, domain

knowledge is not taken into account and this means that, although a candidate may show high

consistency of discrimination, this may be based on incorrect knowledge and assumptions'

Moreover, the index is relative to others' performance on the task. No baseline norms for

expertise exist and thus we can still only judge experts as scoring significantly better than

other candidates on the same task. Thus, we still need a better definition of expertise on which

to base the interpretation of the scale.

Consideration of these issues has led to the development of specific criteria for the

selection of experts in the current study. Firstly, as suggested by Klein, et aI. (1986), one

selection criterion was that the participants had 10 years or more experience in the military" In

regard to the qualrty of their experience, further control was considered to be too limiting.

This is because the potential participant pool was already limited, due to the specialised nature

of the work (ie. unit Commanders) and also because the inclusion of both full-time and part-

time military experts was intended. Instead, as a measure of control, descriptive hformation

on participants' experience \¡/as collected and this was considered as a possible predictive

variable. For example, locations, organisations and types of participants' previous experience

v/ere recorded. It was anticipated that this definition would be sufficiently broad not to limit

the availability of suitable participants, while also allowing for exploration of the potential

influence of differences in qualrty of experience'

To recapitulate, the aims of the current study were to:

33 The cochran-weiss-Shanteau Index: Discrimination/ In consistency
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Further explore validity of RPD in the Australian Army context.

Identiff and explore elements perceived to impact on unit level decision-

making"

4.2 Method

4"2.1 ParticiPants

Purposeful sampling was employed (Patton, 1990). The researcher sought experieneed

unit COs who were available to participate. Thus, typical cases were selected and then studied

in depth. The request for participants was put through the required channels at the Defence

Science and Technology Organisation (DSTO) and an appropriate sample was obtained'

The 12 participants were key decision-makers in the Australian Army; unit level

Commanders and Brigade Majors (six reserve officers, six full-time offrcers). Due to the in-

depth nature of the interviews, this sample was deemed adequate for exploration and

discussion.

participants were from a cross section of regiments in the Australian Army' All

participants were male3a" Ages ranged from 35-48 years, with a mean age of 39 years' A

description of participants' experience and other relevant demographic information is

presented in Table 9 and Table 10. The selection criterion for participants was that they had a

minimum of 10 years experience in the Australian Anny'

3a This is typical of the majorþ of unit Cos. NDM theory would not predict that responses from female unit

COs would differ significantly from the current sample'

a
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Table 9. Demographic information from participants in the interview phase'

Mean SD Minimum Maximum

AII Officers (N=12)

Age (years)

Years of experience inthe ArmY

Number of postings

39"42 3.40 35.00

19.17 1.95 15.00

5.42 3.65 1.00

48.00

22.00

11.00

X'ull-time Officers (N=6)

Age

Years of experience inthe Ar:rtY

Number of postings

37"50 1"76

18.33 2"34

7 "33 3.t4

35.00

15.00

4.00

40.00

21.00

11.00

Part-time Officers (N=6)

Age

Years of experience in the ArmY

Number of postings

4t.33 3.67 37.00

13.50 1.50 19.00

3.50 3.27 1.00

48.00

22.00

9.00
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4.2.2 Materials

The participant inforrnation sheet detailed the background for the curent research and

informed COs of their role and time commitrnent (see Appendix IV). It also outlined ethical

considerations and provided contact numbers for the responsible investigator if further

i¡formation was required. A consent form was attached (see Appendix V).

The demographic questionnaire required participants to answer nine questions

regarding their age, rank and other elements, to build a description of their experience (see

Appendix Vf. The researcher used the interview script during the interviews to maintain a

standardised open-ended structure (see Appendix VII). This scrþ was based on the principles

of CDM and separated the interview into the four main sections35, tisting appropriæe

questions for each section. Interview prompting sheets (cue cards) were also used for each

participant. These were supplementary to the interview script and helped to define concepts

and focus the participants on the questions (see Appendix VIID. Participants were also

supplied with a sketchpad and pen to assist with illustrating concepts. A Sony mini disk

recorder (MZ-R90) was used to record the interviews for later transcription.

4.2.3 Procedure

Participants were initially phoned to arrange an appropriate time for the interview and

the information sheet and demographic questionnaire were sent to them via email. In an

attached letter the participants were instructed to consider, from their experience at unit level,

a decision event that resulted in a good outcome36 and one that resulted in a poor outcome3T.

lnterviews were scheduled at a time convenient for the participants. Because participants were

tt The four parts of CDM are incident recall, time-lining, progressive deepeningandwhat rp questions' These

are described in ChaPter 3.

36 A good outcome was defined as one where their expectations matched up with the decision outcome'

,t A poor outcome was defi:red as one where their expectations did not match up witb the decision outcome.
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located around the country, holding the interviews in a common location was impossible.

Thus, interviews were typically held in the participant's office. Upon a:rival, introductions

were made and the completed demographic questionnaire was collected. Following this, each

interview began with a standard introduction from the interviewer (see Appendix VII)' This

introduction reaffrmed the purpose of the research and defined the structure of the interview.

Any questions the participant had were answered at this point.

Following this, the formal interview process began. As described in Chapter 3, the

basic format of CDM is a sweeping interview process, where the participant was guided in

recounting the selected incident. There were four information sweeps: incident selection and

recall, time line identification, progïessive deepening and what ifl This process was done with

each participant for both a decision with a good outcome and a decision with a poor outcome.

At the end of the interview alt participants were asked if they had any firrther comments'

Throughout the interviews participants were encouraged to draw timelines on a sketchpad

provided. This was then used to facilitate further exploration of the decision scenario

throughout the interview. All interviews were recorded, lasted approximately 3 horns and

were later transcribed for analysis.

4"2.4 Method of analysis

Choosing an appropriate coding method and ensuring a valid interpretation of

meaning are both issues in qualitative research. This resea¡ch used a method of inductive

analysis; drawing upon ideas from grounded theory and content analysis. The process used to

code the data began in an exploratory way. Data were initially broken down into discreet parts

and substantive codes. Codes were then grouped into descriptive categories. The method for

producing codes involved constant comparative analysis, adapted from grounded theory' As a

result of these further comparisons between categories, they were fuither collapsed into higher

order categories. Cornparisons of similarities and differences between codes were made

continuously throughout this process. An effort was made not to allow preconceived
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categories to limit the story that the data presented (Ihde, 1977). This allowed for depth,

openness and detail in the analysis. This method of coding was considered the most

appropriate in the cu:rent research as it revealed, from the perspective of military decision-

makers, the elements impacting on unit level decision-making'

All coding was done using the QSR computer program NVivo version 2@. As the final

coding hierarchy was established, a code book listing definitions for all codes was also

created. This book was modified as codes were developed or dropped (See Appendix D()'

From the final higher order categories identified through the comparative coding process, a

quantitative content analysis3s was performed.

In order to reduce bias the researcher attempted to adopt a neutral stance, to

gnderstand the data as these were presented and not how she anticipated them to be. This

required that final interpretation was postponed until all data were collected (Ihde, 1977).

Inter-rater reliability checks were used in the current research, acknowledging that if

something is true, then more than one person should observe it. A reliability check calculated

the degree of agreement between two observers about interview coding (the researcher and a

trained associate)" The extent to which the two observers agreed indicated the reliability of the

interpretation of the data.

38 Content analysis is defiled as "... a summarising, quantitative analysis of messages that relies on the

scientific method (including attention to objectivìty, intersubjectivity, a priori design, reliability, validþ,

generalisability, replicability and hypothesis testing) and is not limited to the types of variables that may be

measured or the context in which the messages are created or presented." (Neuendorf, 2002, p' l0).

102



4.3 Results and Discussion

4.3.1 Presentation of results

The results will be presented in three sections: reliability analysis, evidence for RPD

in unit HQ and identifrcation and exploration of elements perceived to be impacting on

decision-making. In the final section, as well as a quantitative presentation of dat4 the

meaning of categories is illustrated by the use of direct quotations. Direct quotations assist to

illustrate the meaning behind the coding. Patton (1990) argued, "...direct quotations are a

basic source of raw data in qualitative inquiry, revealing respondent's depth of emotion, the

ways they have organised their world, their thoughts about what is happening, their

experiences and their basic perceptions"þ. 24).

4.3.2 Reliability and validitY

It has been generally accepted that high reliability falls between 0.75 to 0'8 (Elliss,

lgg4), and 0.70 is a good cut off score for reliabilþ analysis Q'[euendorf,2002; Riffe, Lacy

& Fico, 1993). Anything falling below this mark should be questioned. For the current

analysis a reliability check was performed using l0% of the data (S/immer & Dominick,

IggT).Percent agreement (PA) was calculated for the high and medium level coding

categories. Codes were then excluded if a high inter-rater reliability was not achieved or they

were mentioned in fewer than three interviews.

Overall, five codes were excluded. Sfress, Morals and Age were excluded because

they appeared in too few interviews. Comradery and Politics were excluded because they

received low inter-rater reliability (where R<0.70). The final overall inter-rater reliabilþ was

calculated as 0.93. This was considered a high level for reliability analysis (Neuendorf,2002;

Riffe, Lacy &Fico, 1998; for a surnmary of reliability calculated for each code see Appendix

x).
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4.3.3 Evidence of RPD in the Australian Army

The first aim of this chapter was to look for evidence of RPD in the Australian Army

unit HQ. To achieve this, the accuracy of two basic assumptions was tested. The fnst

assgmption was that only one or two options are usually considered in RPD. The second

assumption was that experience would be fed into the majority of decisions to facilitate

recognition and problem solution (as this is an integral part of the RPD). The third way in

which evidence for RpD was sought was through an analysis of the elements identified as

impacting on decision-making in unit level HQ" During this analysis further support for the

RPD was sought.

The outcome of the exploration of the number of decision options considered

supported the RPD model. The current interview research yielded 24 decision points (12

deemed as having a good outcome, 12 deemed as having a poor outcome). Table 11 shows

how many options were considered at each of these identifred decision points. As can been

seen from Table 1l in almostS0% of the decisions made only one or two options were

considered. From those where three options were considered it is unclear whether this was

done only as a matter of procedure (e.g. doctrine dictated that they should).

Table ll. Comparing the number of options considered during decision-making.

Number of options considered 1 1 .J missing

Number of decision points

Percent of all decision Points

9 l0 J

37"50Yo 41.67% 12.50% 8.33%

2
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A number of the transcripts indicated that, although the decision-makers considered up

to three options, they had already known that one of those options would be best- For

example, one CO said:

We did three, because- I remember it because the book søid you should at least

do three so - we said well we actually lcnow what course of action we're gong

to do because the Brigadier has given us foirly firm guidance on that.(P5-poor,

Section 0, l.l)

Although this conclusion has been based on only 24 decision points, the finding that

the substantial majority of decision points indicated that the solution was clear on the basis of

evaluating I or 2 options, strongly supports RPD in the Australian Army unit HQ.

The second area explored to support the validity of RPD was the reliance on

experience in decision-making. This was achieved by coding novel3e and previously

experienceda0 situations across the24 decision points. This task was diffrcult because, despite

certain novelties \¡,'ithin some situations (mainly current situational information), participants

always drew on some form of previous experience in order to make a decision. Thus, 100% of

instances were considered to be conducive to experience-based decision-making. In further

support of the reliance on previous experience, one of the elements identified as impacting on

decision-making was experience. This was the most commonly discussed element within the

interviews and will be described further in section 4.3.4-

3e Novel situations were coded as those situations different from anything experienced before.

ao previously experienced situation were coded as those situations where previous experience could be drawn

upon to make a decision.
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Finally, a number of the elements identified supported the idea of RPD in unit HQ. A

surnmary is shown in Table l2.T\eway in which each of these elements specifically

supported the existence of the RPD in unit HQ will be discussed in section 4.3.4.
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.4 Detailed discussion of elements identifred

The second aim of this chapter was to identiff and describe the elements perceived to

pact on decision-making. Outcomes are presented in this section. Firstly, the number of

erviews that included coding for each of the elements was documented. This provided a

antitative measure of the number of participants who suggested that this element had

pacted on their decision-making. Following this codes frequently discussed (appearing in

er 51Yoof transcripts) were qualitatively analysed. This resulted in a description of their

:aning illustrated with direct quotations. Those codes identified as supporting the RPD

rdel are also discussed to describe why they indicate RPD is occurring in unit HQ. In

dition, codes that were seen to be directly relevant to changes arising due to NCV/ are also

ghlighted.

The analysis of interviews focused on elements perceived to influence unit level CO

,cision-making. From this analysis 33 elements were identified as perceived influences.

reir relative frequencies of expression throughout the interviews are shown in Figure 11"

¡finitions for each element can be found in the interview code book (see Appendix D().

rese 33 elements identified fell into four broad categories: Personal, Team, Organisational

d Situational.
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Table 13. Definitions of the four broad categories for¡nd in the current analysis.

Category Defining Statement

Any influence within the organisational structure* of the Army exterior to

the unit HQ team.

*Organisational sfucture - a stucture though which individuals cooPerate systematically to conduct business.

u)Lq)
È

Any influence on decision-making done, made, performed or originating

from within a person. This can be a situationally mediated characteristic, or

a stable personal characteristic.

Any influence within or created by the immediate unit HQ team'

0¡3

Any influence external to the Army organisation, arising from the current

situation*.

+The combination of circumstances at a given moment; a state of affairs

Definitions for each of these categories are described in Table 13. When these 33

elements were grouped into higher-level categories, we see that all categories were mentioned

with high frequency in the majority of transcripts (see Figure l2). Personal, Situational and

Team categories were referred to in the largest number of transcripts. Elements within the

Organisational calegory were mentioned in fewer transcripts. However, to compare at a

different level, if we examine the percentage of the total coded text that each of the categories

accounts for, the differences in frequency of expression are clearer. This analysis

differentiates more clearly the differing amounts of discussion centring around each of the

categories. Viewing the datain this way, the most frequently referred to category, Personal,
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accognts for almost half of the coded text, with lower frequency of expression for the

remaining categories; Situational, Team and Or gani s ationaL

41-00

100.00 95.83 95.83
100.00

80"00
si, 60"00
og 40.00oÈ

20.00

0.00

s % of documents

r % of text

^Á J
ø.\¡

Figure 12" The percentage of n"anscripts shotuing each of the high level categoríes identified

as influencing unit decision-ntaking.

Each of the high level categories is cornprised of a number of lower level elements. In

the following sections they will be explored in detail to determine what the COs were

referring to under each of these broad categories. A particular value of this research lies in this

deeper level of description and discussion of how these elements are relevant in the current

context of the Australian ArmY.

4.3.5 Analysis of elements across good and poor decision scenarios

As mentioned in the method section, both good and poor decision scenarios were

explored in the interviews. This was done with the intention of exploring whether the impact

of certain elements tended to predict either good or poor outcomes. This was not generally
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fognd. Most often the same elements would be coded as impacting on decisions deemed to

have had good and poor outcomes. An example of this is shown by comparing the coding for

Fatigue across transcripts describing both good and poor decision scenarios (see Table 14).

Fatigue was mentioned as an influence by only six of the 12 COs. The table shows that

fatigue was mentioned as an element perceived to influence decision-making in both good and

poor decision scenarios.

Table 14. Fatigue as an example of an element loading across COs and across good and poor

decision scenarios.

CO
Transcript
il)#

Fatigue Mentioned as an Influence?

Good decision
scenario

Poor decision
scenario

F1

F2

F3

F4

P2

P5

Futl-time YES

Full-time

Full-time YES

Full-time YES

Part-time \aES

Part-time

YES

YES

YES

YES

It could be that elements aflect decision-makiog outcomes differently depending on

the CO involved. However, according to two of the participants, fatigue had been an

influential element in both good and poor decision scenarios. Altematively, it could be that

the interactions between different elements predict good or poor decision outcomes. Further

research would be required to explore the accuracy of these suppositions'
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In some cases an element did seem to be associated predominantly with one particular

type of outcome (either poor or good). In these cases this will be discussed within the

description of that element.

4.3.6 Personal elements

A¡ of the interviews contained coding for the Personal category. Sub-codes

positioned gnder this category areas shown in Figure 13. These elements can be considered in

terms of:

1. those relatively stable elements that would not tend to change during an

operation (e.g. flexibility, personality, experience etc); and

2. those elements that tend to be mediated by the environment (e'g. fatigue,

persPective, emotion etc').

The second group of elements could therefore change substantially during the course

of an operation (see Figure 14). Within the Personal category support for the RPD model is

discussed in terms of the use of experience in decision-making, flexibility and also

perspective. Other elements identified neither confi.rm nor disconfrm the RPD model. lnstead

they provide us with a better understanding of the current decision process for future planning

and training for NC'W"

Within the Personal category, Experience was the most frequently mentioned element

(g5.g3%).In fact, this was the most frequently mentioned element out of all of the categories.

This is co'sistent with the RpD model, which is dependant on the experience of the decision-

maker to feed into the decision-making process"
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Figure 13. Modelling Personal elements.
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Experience was seen as operating in three main ways, as can be seen in Table 15 ' The

RpD model supports the notion of experience being used as atemplate for current decision-

making, enabling assumptions, suitable option generation and thus automation. These

mechanisms are in tine with the RPD model which holds that one draws on experience in

order to make time-effective, appropriate decisions'

Another interview theme that arose was that a lack of experience resulted in poor

decisions. This is illustrated below:

And sometimes tlrcse decisions are really bqd because they are lacking

experience as well. And a lack of ... base lcnowledge. You lmow that point

about base lcnowledge. Yeah they've got nothing. Therefore they make the

decision and you go "where did that come front? " (F3-Poor, Passage 7 of 9,

Section 1.1, Para 269).
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Table 15. Themes coded in Experience

Theme Example Quotes from TranscriPts

Experience automates
decision-making (instinct)

Experience enables
assumptions

Experience provides a
template match for decision-
making

I think the overuiding reasonwas that it was an activity that
hød beenþreseen. It was anticipated andwe had practiced
for it and people just fell into their positions to do it. (F6-
Good, Passage 5 of 5, Section Ll, Para 234)

How do you make an assumption? Umm I think in many
ways it's experiential. Ummfromwhat you have gone
through. (F\-Good, Passage 5 of 7, Section 1.1, Para 481)

Yeah, in many ways I think [experience is like a mental
shortcutJ it is yeah. (.) We lmow that whenever this happens,
this happens. You get your old soldier stories coming- "Look
sir, it doesn't matter whøt the book says v'e Imow this
happens because it goes this way every single time. And ah
(.) so (.) Youtendto get abit of that stuffasv'ell" (P4-Good,
Passage I3 of 18, Section 0, Para 364)

Again, this is in line with assumptions about the experience feeding into decision-

making, as suggested in the RPD model. Without an adequate experience base, recognition

cannot occur and thus decision-making becomes much more analytic as described in earlier

decision-making models. To date, research has failed to defure what type of experience is

being drawn upon most commonly. Thematic analysis of the current transcripts revealed a

number of different types of experience that were drawn upon when making decisions'

Experience was talked about as originating from the following sources:

o Actual operational experience (as a CO);

¡ Actual operational experience (as soldier or lower rank);

o Experience derived frorn training;

o Experience outside the military (everyday learning / knowledge);
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. ExPerience drawn from others stories etc';

o Experience derived from books (drawing on history, etc)'

As would be expected, not all experience draws upon personal practical experience.

For example, one participant commented about how he decided to use a particular course of

action:

So using the Mr Milosovich model out of the former Yugoslaviq where he

essentially led them ø merry dance by hiding tanks in haystaclcs and mixing

military vehicles in with ,uh, you know, farmers convoys and the lilce" (F2-

Good, Passage I of 8, Section 1.1, Para 21)'

Similarly, not all experience drawn upon was derived from the military" One CO

commented about a solution to a problem as described below:

People say "Oh this radio doesn't work". well they say "If you piss on the

ground and the antenna of the anchor you'll get another 100 kilometres range

out of ìt." [Why? Cause that gives you. Its not wrìtten in the book anyv'here.

They just lcnow by camping experience that provides the conductance to the

Earth to extend the range. (P2-Good, Passage 3 of 3, Sectiott I'2, Para 590)

Another CO commented that one's previous cultural and ethical experience is also

relevant to decision-making:

I ntean the other thing about experience is that it comes from your cultural and

ethical base and, you hrcw try. Apply your cultural and ethical base to all the

problents in East Timor, all the problems in Afghanistan and Iraq and lran and

its justfutile (F3-Good, Passage 5 of 5, Section 1'1, Para 410)

In order to better infonn training strategies, researchers need to determine to what

extent these diflerent types of experience contribute to unit level decision-making'
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Understanding how experience through military training, combined with life experience,

impacts on the quality of CO decision-making, will assist to inform both policy and training'

The other element in the Personal category that was mentioned in over half of the

interviews was Emotion (62.5%). In atl cases, quotes from the interviews suggested that

decision-making was skewed by emotion. For example:

Emotional issues, you lcnow personal faults, fickle faults, moral faults hhh will

affect, youløtow, of course they affect decision-making' (F3-Bad, Passage 2 of

3, Section 1.1, Para 151)

Emotion took over. umm (4) It had to be done quickly- I mean she wøs dying

And I think that's where you make the biggest mistakes. (FL-Bad, Passage 6 of

8, Section 1"1, Para 63)

There were interactions between Emotion and Fatigue in the coding. Fatigue was

mentioned o_45.g3%of the interviews. Føtigue was often associated with emotion-based

decision-making. Thus, when fatigued, rather than being able to control emotional responsos'

they would often occur unchecked. Some quotes that illustrate this point are:

yep. Absolutely. Ohh I think that's-that's-from nxy comnxand point that's very

much the case.. Ahh I hrcw my decision-making will be affected by urn the

amount of sleep I've had. Ahh and then my ahh general feelings about how

things were running. Sofrusfi'ationwill negatively affect nry decision-making

process" (P3-Good, Passage I of 2, Section 0, Para 596)'

So those sort of physical things I guess start to have an ffict onyour

enrctions. (Jnmt lack of sleep, you're doing extended sort of hours, untm then

again everybody goes through it whether you're out patrolling around the

scrub or you're driving trucks or you're a doctor working excessive hours

trying to deal with all the battle casualties, all the surgery that goes on. All
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that sort of stuff, so there's a whole bunch of dffirent things that might happen

there too, and are potentially risþ as u'ell' (P4-Poor, Passage 4 of 4, Section

I, Para 236).

The influence of emotion on decision-making is of particulal concem in light of the

fact that recent research shows that fatigue impacts on decision-making (Hockey, Maule,

Clough &.Bdzola,2000). However, it is promising to note that planning to minimise fatigue

was also mentioned by the participants as being a element that should be considered'

you also need to think about rest. You lvtow how do youfind a place for your

guys to cool off, and sleep, so thøt they can continue for week after week after

week doing this stuffi (P4-Good, Passage l, section 0, Para 218).

This awareness will be necessary to keep emotional decision responses made by

fatigued Cos under check. Emotion and fatigue have not to date been specifically discussed in

terms of their impact on the RpD model, or their potential interaction with other elements.

Flexibility (45"83%)was discussed in terms of the importance of ensuring plans are

flexible and contingencies are available' For example:

So you never høve contplete inþrntation, so all you can do is say, well (1) ok

(I) tooking at the nature of operations and what your expectation is, this is

what I recommend you take err andwe'll play it by ear from there to see how

we go, and ifwe need to supplement it or do sotnething else, thenwe'll do thøt

later on (P4-Good, Passage 2 of 3, Section 0, Pøra 548)'

The idea of flexibility is consistent with RPD because decision options are evaluated

sequentially and if they are not adequate other options are considered. It is interesting that this

was coded in less than half of the interviews because it is an important part of the current

training and is a documented requirement of the MAP. Analysis found that flexibility was

more often mentioned in decisions with good outcomes (7 transcripts) compared with those
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with poor outcomes (4 transcripts). This indicates that flexibility may predict good decision-

making.

personølity (45.53%)was discussed in terms of either the process or outcome of

decision-making varying across personalþ types :

Umm depending onwhat their roles are I suppose. I suppose it's a strategl,

but I think it's a personality trait- that øffects the sort of strategt you

approach. (P6-Good, Passage 3 of 4, Section l'1, Para 370)

The impact of an individual's personality has not been explored to date in relation to

the RpD. However, an increased awareness of how this interaction actually works would be

usefrrl to better structure teams so that differing personalities complement each other and

cover each other's biases. In particular, if a HQ was distributed in NCW, a knowledge of

appropriate grouping of personalities would be usefirl'

4.3.7 Team elements

The interviews contained95.83Yo coding for the Team category. The six elements

listed under the Team category can be categorised into three groups: Team Status, Teant

Mechanisnrs and Teant Relationshzps (as shown in Figure 15). Sub-codes positioned under

this category are shown in Figure 16.

Team elements are not addressed \¡rithin a particular part of the RPD model because it

has been used predominantly at an individual level. However, some of the elements identified

within this category provide evidence of the COs development of SA originating from the

team in which he/ she is immersed. This development of SA supports the notion of RPD in

unit HQ.
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Figure 15. Modellíng Team elements'
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From all of the sub-codes incorporated into the Team category, Difñ¡se responsibility

within the team and Communication were mentioned substantially more frequentþ than the

other codes. Both codes confirm the importance of the team contributing to both SA and

actual decision-making. The other elements that fell under this category were mentioned far

less frequently.

Dffise responsibility/Team (83.33%) contains coding that indicates the team members

influence each others' perceptions and that individuals are responsible for different parts of

the decision-making process. Three specific areas identified in the interviews were: drawing

on the knowledge of other team members, filtering inforrration through others and working to

another's agendal risk level. Thus, decision-making is decentralised, supporting the concept

that the members of the team play a critical role in CO decision-making (see Table 16).

Within the fnst theme, drawing on each others knowledge, two common topics were

discussed. These were Plan evaluation and Important judgemenfs. tnportant judgements most

often described determination of important information" This is dependant on the knowledge

of the decision-maker. As identified in the interviews, judgements and evaluations of the plan

were often discussed at a team level.

Um through umm..this [determinìng the exact bits of informationJ was all done

by ah Lo's and- and fficers under nxy conxnxand.... (FI-Good,Passage 1 of 5,

Section l.I, Para I6I, 426 chars)-

His plan (the Commander) would be rigorously checked by the stafr and dumb

pløns would be eliminøted. You'd go back and say "sir hey, hang on" (F2-

Bad, Passage I of3, Section 1-1, Para 79, 739 chars)'

I've got 4 Captains but only I Senior, so tlrc experiential. So in nry

headquarters I should have experienced captains and understand deeply what

the units do. [So. Th.ey can do their own problem solving. If you don't htotu
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what a tankregiment does how canyou make decisions about them Um that's

a problem across Army at the moment, um (2) We can't act on all the things

weneedto ahhdecide qndact on. There'sjustnot enoughresources and

assets.J (F3-bad, Passage 3 of 4, Section l.l, Para 143, 449 chars).

Coding for team Communication (83.33%) was strongly related to Dffise

responsibility.Itwasgrouped into the following themes: asking for i¡formation, knowledge

and opinion; receiving infonnation, knowledge and opinion and giving orders and other

general comments. Information, knowledge and opinion correspond to the three levels of SA

as identified by Endsley (1995). These are: Perception (Level l; information) which is the

perception of raw situational elements, Comprehension (Level2; knowledge) which is

integrating information sensibly and Projection: (Level 3; opinion) which is the extrapolation

of future status and actions based on current elements. The furding that the team seem to be

contributing to all levels of SA provides support for the RPD model, but also highlighted the

importance of the team feeding into this SA development process in the unit HQ. An example

of this is illustrated in the quote below:

We could say" looþ what exactþ can these engineer resources do for me in

terms of crossing a river or in terms of umm umm laying mine fields or putting

in place obstacles or the like", so it was good to be able to (.) umm ask people

who had that speciJic to core experience (PI-Good, Passage 4 of 4, Section 0,

Para 168, 715 clmrs.)
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Table 16. Themes coded n Dffise Responsibility

Theme Example Quotes from TranscriPts

Drawing on each
other's
knowledge

Filtered
i¡formation
through others

Working to
another's
agenda/risk level

And in this case here um the kind of areas where I wasn't

there as well, and people feed into you as well for things that you
just simply overlook, whenyoufocus on the casualties.l (P6-

Good, Passage I of 1, Section I'1, Para 330)

In ve exPerienced caPtains that
un ts do. [So. TheY can do their own
problent solving. If you don't lcrtow what a tankregiment does
-how 

can you malce decisions about them (F3-Bad, Passage I of 2,

Section 1.1, Para 143)

Their job [the teamJ is to present facts as they are and to ahh give

as much informatiort to that commander as possible."'..(Fl-Good,
Passage 3 of 4, Section LI, Para 319)

I make the plan, I ameliorate the risþs, and I explain the risþs'
And the commanding fficer made the decision to go" I mean in
that job. (Ft-Good, Passage 3 of 4, Section 1.1, Para 319)

All evidence indicates that the CO is also drawing on the team's experience to assist in

decision-making. Therefore, whilst the hnal decision event is centralised with the CO, the

decision-making process (as described in the RPD model) is decentralised and occurs across

the HQ team"

Other themes that were highlighted within this element were:

l. Intelligence officer received a substantial amount of communication.

2. Problems associated with team rnembers "ttot telling it as it is".

3. Importance of voice communication.
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The fural sub-code under tkre Team category that was mentioned in more than half of

the interviews was Trust (54.17%). Themes emerging within this code are shown in Table l7-

Table 17. Themes coded inTrust-

Theme Example Quotes from TranscriPts

Selecting those you
trust to implement
plans

Accepting information
and advice only from
those you trust

And also the experience .hhh. Ifwe were dealingwith
exceptionally well-trained units that had been in the fieldfor
months andmonths and months andwere really hot umm
((tsk)) ¡ Their
àxperie So the safetY

factors (F3-Bad,
Passage 4 of 7, Section 1.1, Para 79)

Umm (2) but whøt I'll do a lot is sit downwith someone I
trust umm who's iudgement I trust, and sqt "lookwe're
doing thís. Can you see any problems? "- And they'll tell you
v¡hat's going on. (F3-Good, Passage 5 of 6, Section l'1,
Para 426).

High levels of trust tended to be associated with better decision outcomes. The

important role of trust in the unit HQ team has important implications if with the introduction

of NCW, unit HQ became distributed. The question would arise as to whether the lack of

face-to-face contact would impact on these levels of trust'

4.3.8 Situationalelements

Interviews contained coding for 95.83%othe Situational category. The nine elements

listed under the Situational category were organised into three groups: Immediate

Envirorunent, Temporal Influences andWider Environntent (as shown in Figure 17). V/ithin

the Situational category there are a number of elements that were mentioned in over half of

the interviews. Sub-codes positioned under this category were as shown in Figure 21.

Situational elements are not described specifically within the RPD model. However, in
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general Situational elements were discussed in terms of assisting to build up an appropriate

SA and this notion supports RPD within the unit HQ. To better understand and predict

decision-making outcomes (at least in the Australian Army) a specific description of the array

of Situational elements impacting on the process needs to be generated

Figare 17. Modelling Situational elements.
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Figure 18. Description of tlrc codingfrequencies of sub-codes positionedunder tlrc

Situational categorY"

The importance of the environment was the most frequently mentioned element in this

category (79.17%).Typically, the cos emphasised that sA of the environment is important

for decision-making. For example, one participant said:

I knov, that without that kind of information on enenxy locatiotts, you are never

goi,g to nmke good decisions. You really need to have a clear understanding

of what is going on around you. I thinkyou bffins call it situation qwareness

(P1-Bad, Passage 5 of 5, Sectiott 1'1, Para 110)'

This is in line with the importance of SA in the RPD model. COs also talked about

how the environment can best be used in their decision-making. For example one participant

said:
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And you might say to yourself based onyour lcnowledge- yep this is an ideal

areafor a company sized position. Or this is øn ideal area to put anti armour

resources, because that's the sort of threat that you're anticipating (PI-Good'

Passage 3 of 3, Section 0, Para 201)'

Timingwas also mentioned frequently (70.83%). This was discussed interms of

needing to know when the decision has to be made. One of the defrning characteristics of

NDM environments is time pressure, meaning that decision-making cannot often be delayed'

Because COs are operating in a dynamic environment and typically maneuvering against an

enemy, the decision-making must not only be suitable for the environment and context of

operations but must also be suitably located in time. The actual timing of the decision and

also the timing allocated to the execution are both integral in decision-making (see Table 18)'

Table 18. Themes coded tnTiming.

Theme Example Quotes from TranscriPts

Timing of the
decision

Timing allocated
to the execution

The first decision is- I make is how much time have I got prior
to niaking the decision. And that then drives nry decision-making
process.lF3-Good, Passage 3 of 4, Section 1'1, Para 370)

And in terms of gettingyour timing right it's not just your
decision, because you are a part of some bigger pløn' (P4-Poor,

Passage 6 of 6, Section 1, Para 131)

Outside organisational influences weÍe also frequentþ talked about in the interviews

(66.67%).The influences identified were: the LlN, the Australian govemment, the aid

comnlrnity, the media and other Defence organisations (e.g. Nur.y, Airforce)' An example

from the interviews is:
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Yeah, because the UN has a very dfficult set of agendas (4). And I'm not

thinking about the military side of the house so much. It could be the local UN

refugee organisation it could be just that W political organisation v'hich is ìn

country with you, and umm I'm thinking Cambodia, or Bosnia, Rwanda

probably, (2) where they are therefor a specific thing, which is to manage

through the transition sayfrom umm dictatorship to democracy or somethingl

[Thereþre, they have the agendawhich probably doesn't want to see the

military interfering so much, and don't recognise that the military has

something to offer. And so you have to lçtow that your military operations are

going to be inhibíted by them, you lcnow. I thinkthat's another sort of thing' I

think- I don't lcnow whether you'd call that cultural per se, but it's just

organisational stuff, That you need to build into your- into your (decision?)

(P4-Good, Passage I of 3, Section 0, Para 428)'

Culturewas mentioned in 62.5% of the interviews. COs were interacting with people

from a different culture in three different ways: culture in war, culture in peacekeeping and

cultural mix withinteams (see Table l9).

The predominant themes in each of these different types of cultural relationships were:

'When dealing with a different culture, it is important to understand and

consider cultural ruances in decision-making'

a

cultural differences can lead to misunderstandings if they are not adequately

understood.

In essence, these themes indicate the importance of understanding other cultures in

military operations. This understanding is importarrt both in terms of the wider situation but

also in terrns of the team within which the COs are working.
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4.3.9 Organisational elements

Interviews contained 97.67% of coding for the Organisational category. Sub-codes

positioned under this category axe shown in Figure l9 (compared with previous topics there is

a much more even spread across the elements identified; see Figure 20).

Organisational communicationwas mentioned most frequently (S3.33%) under this

category. This is similar to the Team category where Team communicationwas mentioned

most frequently. Interestingly, the number of transcripts that highlighted organisational

commlnication (83.3 3Yo) as impacting on decision-making was the same as the number that

highlighted team communication (83.33%). However, the concept of trust, which was

mentioned r¡nder the Team category, was not mentioned in the organisational context' This

could imply that different relationships/ understandings lie between people at an

organisational level, as compiled with those possessed within a team (who are usually in

close proximity and engaging in face-to-face communication).

Organisational elements are not specifically mentioned within the RPD model.

However, it is likely that they would be considered in decision-making as a part of an

offrcer's knowledge and experience and used to guide suitable option generation.
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Table 19. Themes coded in Culture.

Theme Example Quotes from TranscriPts

Culture inwar

Culture in
peacekeeping

Culture mix within
a team

14, Section 1.1, Para 79)

They were there to keep the peace, but they were just upselting
the Somalians because theyihey lacked that vital piece of
cultural informatìon. That's the- that's the one example I draw
to wheneier we're doing cultural training around here. We need

to understønd all the nuances, because that fficts what size

ha ell
be ,s
(4). t.t,

Para 188)
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Figure 19. Modelling Organisational elements
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Organisational communication was talked about in the following ways:

o Receiving information from subordinates/ other regiments/ RAAF;

o Receiving advícelopinion given by superior (higher HQ);

¡ Giving orders;

o Giving information to higher headquarters'

Thus, similar to Team Communication,the CO is both receiving and giving

information and orders. Figure 21 shows the relative number of transcripts that mentioned

Organisational Communicationacross different groups within the organisation. The

distribution is quite equal across these groups.

Also, two themes that were found in the analysis were

o Emotion of other sections transmitted via verbal communication.

o Coordination is achieved via conrmunication'

Organisational constraints werementioned :-rr_54.17% of the interviews- There \ryere a

number of constraints that were mentioned in the interviews and these are shown in Table 20.

Resources were mentioned :rr_50%of the interviews. There were a nurnber of ways in

which resources were considered. These are shown in Table 21.
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Table 20. Themes coded in Organisational Constraints

Theme Example Quotes from TranscriPts

Complying with
orders/ intent

Other priorities
taking precedence

Honour/ respect
from others

Army doctrine

Drills and
procedures

Good, Passage I of 2, Section 0, Para 181)

... in the Brigade here, prior to us going on the exercise we

were in the middle of an Army wide establishment revievt. That

is, a teant was coming around to decide how many people we

would have, how many tanlcs we have, how many everything,
right down to individual rifles, night vision goggles' 77rc whole
nine yards" .hhh. Now, in terms of importance, that was far
more important thøn this exercise. Because ultimately we were

talking about the shape of how our units would be inyears to
conxe".... (F2-Good, Passage I of 3, Sectiott 1.1, Para 69)

Ah of the

thi and- and
its 's of thß
unit before we went on exercise saying you lçrtot',' "X this is
important. If you screw this up you're toast'" (F2-Good,
Passage 2 of j, Section 1.1, Para 163)

To
bo that's
qn the

last sort of 3 months. (P3-Poor, Passage 2 of 2, Section 0, Para
r5)

The Chief says we shouldrun on drills andprocedures' I've got
a bit of afundatnental disagreement with that øt our level,

because I don't think many tintes we'll be in standard situations'
(F3-Poor, Passage 2 of 2, Sectiott 1.1, Para 172)
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Table 21. Themes coded in Resources.

Theme Example Quotes from TranscriPts

The resources
available
determine the
decision
possibilities

The way in which
the resources can
be used determines
decision
possibilities

We can't act on all the things we need to ahh decide and act on'

There's just not enough resources and assets'J @3-Bad,
Passage 1 of 3, Section LI, Para 143)

The information I needed was: whøt time would the aircraft be

available to start moving people outfrom Shoal water Bay back
to Townsvìlle? How longwould it take the Brigade elements to
drive to the airfield, and assemble at the airfield? (F4-Good,
Passage I of 1, Section 1.1, Para 145)

Best way to
incorporate
multiple resources

Who do you allocate to the job- do I talæ the blokes that are way
over there and haul them across there, while lceeping afirm
base there? Or do I pack their bits and pieces out - throw them

over there and then gradually work them back. (P4-Good,
Passage 1 of 14, Section 0, Para 22)

The way in which resources were discussed had a large degree of overlap with

Organisational constraints. COshad to make their decisions to be effective given the limited

available reso¿rces. Examples of evidence from the interviews where this happened were:

Because they get to this step and they're struggling because they haven't got

tlrc assets, and they come up with huge risþ plans, and you come up with

holes everywhere. (Fl-good,Passage 4 of 4, Section l.l, Para 373, 168 chars)'

We can't act on all the things we need to ahh decide and act on. There's iust

not enough resources and assets.J (F3-poor,Passage I of 3, Section I.l, Para

143, lIl chars).

Oh.lth one of the key thingsfor bad decisions actually. Arnry is a classic at

this is .hh lack of resources to implement a decisions, you lcnow, this some
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stupid management matrix about decision execution about, .hh you htow,

conceptualisation, resourcing, planning something like that and I can't

remember ... .... Everyone knows what they want to do got their bloody

planned but haven't got their resources to bloody do it so .hh you løtow. I just

see some of the rubbish that comes out of our higher headquarters and "we're

gonna do this!" "Yeah right so you want me to do that as well as everything

else I'm doing at the moment "Yeah, yeah it will be gfeat "So why don't you

give me another person" (F3-Poor, Passage 2 of 3,Section l.l, Para 176,

1037 chars).

In light of this it is suggested that it is sensible to view resources as a type of

organisational constraint. However, based on the large portion of coding identiffing the

impact of resowces, they should be regarded as a particularly important organisational

constraint.

Dffise responsibility / organisatìonal was mentioned in 45.83% of the interviews.

There were a number of themes that were mentioned in the interviews and these are shown in

Table 22. Sintlar to the discussion on the comparisons between organisational and team

communication, Dffise responsibility/ Organisation corrosponds with Dffise responsibility-

Teant, but was not mentioned as frequently. This infers a higher level of team collaboration

and decision sharing, rather than at an organisational level.

Army culture was mentioned in 45.83% of the interviews. There were a number of

themes that were mentioned in the interviews and these are shown in Table 23. lnterestingly,

in line with management psychology literature, an r¡nderstanding of the organisational culture

within which one is immersed is important in structuring one's behaviow and responses

appropriately.
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Table 22. Themes coded n Dffise Responsibility / Organisation.

Theme Example Quotes from TranscriPts

Rely on
information from
subordinates

Higher levels in
organisation have
responsibility for
decision-making
(risk set here)

Providing opinion
and knowledge to
higher HQ

Sharing task
responsibility
across regiments

Commander gives
intent

But the geographic picture that I'd established in my own mind
was built up to me by umm subordinate fficers who I trusted,
and they'd come back and I'd ask them bits of information, and
thøt would build my mind picture of the place. I rely as a
commander- me thøt is- on my picture of it, and building that,
and I try and build it, and if I could I guess fyou could get my
mind to sort of project it, I guess that I could create afairly
good geographic model of how it was going to go on andwhere
things were going to be andwhere threats were and everything
like thqt. (FL-Good, Passage I of 3, Section I.I, Para 303)

But you can go on providedyou've articulated the rislcs that
you're not taking them- your Senior Commander is- And I guess

as you get higher, that's John Howard- While he's prepared to
talce it in the butt you go onto the next step. Happy in the
knowledge that someone else is wearing this can' That's what
the process is about, and you kttow, it is a good process, we use

it. (FI-Good, Passage 2 of 3, Section I.l, Para 373)

That said, not all of this is my doing. Umm so in terms of
decision-making I guess in a Brigade like this there are dffirent

.hh ah so I guess
oche where uh
ds to accept risk.

(F2-Good, Passage I of 2, Section I ' I, Para 49)

So any player within the area of operations is going to have an

impact on thefinal plan. I thinkwe're vety confident in the
military now that we can't make plans exclusive of other people
that are going to be there. I thinkYte're getting better at being
more inclusive, with all the key players. (P3 Good, Passage 3 of
3, Section 0, Paras 523)

Generally If I'm gettìng inþrnmtion throughvarious sources, I
guess what I'm getting through here is filtered stufi csuse its all
contingfi'ont higher and higher and lügher headquarters again,
2 or 3 levels further on. (P4-Good, Passage 5 of 12, Section 0,

Para 298).
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Table 21. Themes coded nDffise Responsibility / organisation (continued)

Theme Example Quotes from TranscriPts

Generate intent for
subordinates

Feedback of
knowledge/
opinion above

Give direct orders
below

Level in terms of decisions where- decìsions you make, what you

don't want to be doing is making a decisionfor a subordinate'
(P3-Good, Passage I of 3, Section 0, Para 239)

Oh yeah, yeah. (3) Again because Generals have a habit of
orkt g*"il, rhot about this? What about that? Ifyou haven't

thou{ht it through properly then potentially you've made a

mistáke and jusl really you haven't done the work that the

general expects ofyou, cause his plans might change too, and if
"you'r, 

aËo thought through a couple of other ways of doing
-business, 

tf he does change his mind then he might also have

somethin[ that you can latch onto at a later stage, cquse you've

thought tlrough some other ways of doing business. (P4-Good,

Passage l2 of 12, Section 0, Para 584)

Section 1.1, Para 166)
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Table 23. Themes coded inArmy Culture'

Theme Example Quotes from TranscriPts

The way things
tend to happen/
Underþing
assumption

Nah I don't think so. Goshyou've got more internal cultural
problems thøn you've got external cultural problems. Like the
-culture 

of the tnfantry battalionwhich is lookforward, go, ønd

kilt type thing and I'm not interested in where the þrce (is

"omingfrom) 
as long as they're here'[You (') For a logistician

that'sTbryfrustrating, but you've got to k,ow that's the way it
is so- so I guess that's an example where culture ìs pretty
important.... (P4-Good, Passage 2 of 2, Section 0, Para 404)

Attitude

4.3.10 Conclusion

To sumrnarise, this chapter had two aims' They were:

1. Search for evidence of RPD in unit level decision-making.

Z. Identiff and describe the elements perceived to impact on cornmand decision-

making

In response to the first aim, the RPD model is supported as a valid explanation for

decision-making in the Australian Army unit HQ environment. The finding that almost 80%

of the time only one or two options were considered in decision-making, along with the

frnding that out of 24 decision points, none was approached without reference to previous

experience, provides strong support for this. Moteover, a nunrber of elements identified in the

interviews supported various parts of the RPD model (see Table 12). Firstþ, the process of

establishing SA was supported by a number of elements identified in the interviews'
140

You lcnow the initial plans eøsy, anyone can make the initial
plan, but afier the enemy got there beþre youwhat are you
-going 

to io about it? How do you respond, and they and they've

áutomated the process so they can review it, so they can play it
back "hh um now we- we hate been slow to adopt that
methodolog,t and I think there's cultural reasons cause we- vie

don't want tofail. (F2-Bad,Passage I of 2, Section 1'1, Para

r 11)



Establishing SA was supported by the existence and descriptions of the Situational category.

Also withinthe Team and Organisational categories communication coding showed that the

team and the wider organisation were actually contributing information, knowledge and

opinion into SA. This equates to contributions at all three levels of SA as described by

Endsley (1995). In addition, perspective was also discussed as a potential impact on

gnderstanding of the current situation (SA). Secondly, the role of experience in decision

automation, as described in the RPD, was supported. In fact, experience was the most

frequently discussed element overall. It was described to facilitate recognition of situations

and automate option generation and decision-making. This is exactly the role of experience in

the RPD. Finally, the role of mental simulation, as discussed in the RPD, received some

support in discussions of flexibility in decision-making.

In response to the second aim, a number of elements perceived to impact on decision-

making were identified and described. At a macro level, four broad categories of elements

that were perceived to influence decision-making were extracted. These categories were:

Personal, Situational, Team and Organisational. These match the levels of elements

identihed as contributing to team processes discussed by Driskell, Hogan and Salas (1987).

These were taslcr¡¡ork, teamwork and environmental factors. The current research adds the

Organisational category to this model. Thus, the elements impacting on decision-making at

unit HQ need to be considered across each of these four categories.

A number of personal elements were identified as impacting on decision-making.

Many have not been explored before in relation to decision-making in the Australian Anny.

Of importance to assist to better defrne experience in the RPD model were the descriptions of

the various Rpes of experience that were being drawn upon in the decisions analysed here. To

date there has been no published research describing what types of experience feed into the

RPD model. However, it appears that the types of experience used in these instances may

subtly differ from one CO to another. Current results raise the questions of how COs adapt
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and apply their experience in various situations and whether the scenario can be used to

predict what types of experience are most useful.

The critical importance of the roles of both the team and the organisation in decision-

making has been confinned. Overall, communication at both levels was mentioned frequently'

Commr¡nication at a team level showed input at all levels of the COs SA (Endsley, 1995).

Interestingly, the concept of trust was not mentioned at an organisational level, suggesting

that communication from the team level may be more salient compared with that impacting at

the organisational level. The ability to engage in face-to-face communication at a team level

may also contribute to this establishment of trust. This would have implications for NCW

because members of the HQ team may be separated from each other. It is rurcertain to date

whether this would impact significantty on the levels of trust held between team members, or

on the level of importance placed on team communication and diffi¡se decision-making

responsibility. However it is clear is that omitting either team or organisational elements from

a model of decision-making in unit HQ would provide a less than adequate account of

decision-making.

A number of situational elements were also raised by interviewees that are not

specifically described in the RPD model" This provides a srunmary of important elements that

impact on SA formation at this level in the Australian Army. One particularly under explored

area is the effect of culture, within the team or across the operation. Sparse literature exists on

many of these identified situational topics and they need to be explored filther in terms of

their impact on decision-making, because they could have substantial effects on the decision

outcome.

The importance of further exploring how individual COs' perceptions of elements that

influence decision-making may subtly difler was highlighted. This need stems from the

spread of coding for individual elements across COs and also across good and poor decision

points. This will be further researched in Chapter 5.
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There are a number of possible limitations in the current research. Firstly, the sample

size was small and the method typically not generalisable. The small sample size reflects the

small number of unit level COs available within Australia the intensive nature of the method

chosen. Therefore, this was unavoidable. However, validþ of results will be investigated

using triangulation in Chapters 5 and 6. Secondly, the way in which novel situations were

here defined may have been problematic, because it is diffrcult to achieve a situation that is

truly novel. Most Army offrcers require 15 years or more experience in the Anny to achieve

the level of r¡nit CO. This was certainly so for the 12 participants in the current study, for

whom the average length of experience in the Army was 19.17 years' After such a long time it

would be expected that the Officers would have accumulated very substantial experience, so

that it is unlikely that any could be confronted by an entirely novel situation. Future research

may therefore need to consider instead the degree of novelty associated with specific

situations. This could be recorded using specific criteria set by the researcher, or a selÈreport

score. Situation noveþ could then be compared with types of experience drawn upon, in

order to generate laws governing this type of behaviour'

This chapter provided validation for the RPD in unit HQ of the Australian Army. It

has also identified and described the array of elements that are perceived to impact on unit

level CO decision-making. However, the relative importance of each of these elements has

not been identified. Using the frequency of expression of elements within interviews is not an

adequate method to identiff their relative importance. An analysis forcing comparisons

between these important concepts will be reported in the next chapter'

Finally, it will be important to also consider the external validity of the outcomes from

this stage of the research. Behaviours need to be observed in a real world environment before

the validity of interview data can be accepted. This issue will be fuither addressed in Chapter

6.
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CHAPTER 5. Analysing the Relative Importance of

Elements Perceived to Impact on Decision-making:

A Q-sort Study

5.1 Introduction

This chapter reports the Q-sort phase of the current research. This phase aimed to

organise perceptions reported by the unit CO about elements impacting on their decision-

making, ranked according to element importance. This was done using a Q-sort which

requires participants to rank a number of statements along a continuum. This method

permitted elements previously identified in the interviews to be defined and prioritised by the

participants.

5.2 Method

5.2.1 Participants

Twenty six participants completed the Q-sort task" This number fell short of

McKeown and Thomas' (1988) suggested sample size of 30-50 individuals, but was

considered reasonable, especially because there were only 60 potential participants available

in Australia (ie. a 430lo response rate was achieved). Participants were not randomly selected

but chosen according to their position. Participants in the current phase were unit COs (n:16)

and unit Operation Ofhcers (OPSO; n:10).Accounts by OPSOs' about unit level decision-

making were included because there are only a few unit level COs in Australia. oPSOs were

deemed suitable for participation because their role requires similarly high levels of

knowledge relevant to unit-level decision-making compared with what is required of a unit

level CO. An OPSO is in charge of monitoring and maintaining information about current

operations for the Co. An opso therefore works closely with the co and would usually have
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one of the most complete levels of situation awareness (SA) in the unit HQ team. In addition,

OPSOs are usually intimately involved in the decision-making process. Thus, their role is

complementary in many respects with that of the CO. Alt participants were maleal. Ages

ranged from 26-51 years, with a meari age of 37.3lyears (SD:6.55). This is similar to the

group interviewed in the previous chapter where the mean age was 39.42 years (SD:3.40).

Participants were from 9 Brigade, 7 Bngade,l Brigade and 3 Brigade. Sixteen participants

were part-time offrcers and l0 worked full-time. A description of participants' experience and

other relevant demographic information is presented in Table 24 andTable25.

5"2.2 The current concourse and selection of Q-sort items

The Q-sort focusing on 'elements perceived to impact on unit level Command

decision-making' was developed from coding the24 interview transcripts discussed in

Chapter 4. Structu¡ed sampling was used to identiff key elements for inclusion in the Q-sort.

Sixty Q-sort statements \ilere developed in totala2. These statements encapsulated the most

frequently mentioned elements perceived to influence unit level CO decision-making. In line

with the analysis presented in Chapter 4, elements were drawn equally from each of the four

main categories discussed: Personal, Team, Situational and Organisational (see Table 26).

ot This is typical of the majority of unit COs. NDM theory would not predict that responses from female unit

COs would differ significantly from the current sample.

o2 It has been suggested that at least 60 statements must be used to ensure statistical stability and reliability

(Kerlinger, 1973).

r45



Ta
bl

e 
2[

.D
em

og
ra

ph
ic

 in
fo

rm
at

io
n 

an
d 

ex
pe

rie
nc

e 
of

 p
ar

tic
ip

an
ts

 i
n 

Q
-s

or
t 

st
ud

y.

A
ll 

O
ffi

ce
rs

 (
N

:2
6)

Fu
ll-

Ti
m

e 
O

ffi
ce

rs
 (

N
=1

0)
P

ar
t-T

im
e 

O
ffi

ce
rs

 (
N

=1
6)

M
ea

n 
S

D
 

M
in

 
M

ax
 

M
ea

n 
S

D
 

M
in

 
M

ax
 

M
ea

n 
S

D
 

M
in

 
M

ax

A
ge

Y
ea

rs
 o

f e
xp

er
ie

nc
e 

in
 th

e 
A

rm
y

N
um

be
r o

f p
os

tin
gs

37
.3

 
6.

52
 

26
.0

0 
51

.0
0 

34
.8

 
6.

00
 

26
.0

0 
41

.0
0 

38
.8

7 
6.

51
 

27
.0

0 
51

.0
0

17
.6

1 
7.

22
 

2.
00

 
33

.0
0 

17
.5

 
5.

42
 

9.
00

 
24

.0
0 

17
.6

9 
8.

31
 

2.
00

 
33

.0
0

7.
42

 
4.

29
 

1.
00

 
15

.0
0 

8.
29

 
4.

23
 

4.
00

 
13

.0
0 

6.
92

 4
.4

2 
1.

00
 

15
.0

0

Þ O
r



Ta
bl

e 
25

. D
es

cr
ip

tio
n 

of
 p

ar
tic

ip
an

ts
' N

D
M

 e
xp

er
ie

nc
e 

in
 Q

-s
or

t 
st

ud
y.

Fr
eq

ue
nc

y 
of

 J
ob

 R
el

at
ed

 T
ra

in
in

g

Fr
eq

ue
nc

y 
of

 C
om

ba
t T

ra
in

in
g

O
pe

ra
tio

na
l E

xp
er

ie
nc

e 
(a

ny
)

In
vo

lv
ed

 in
 O

th
er

N
D

M
 O

rg
an

is
at

io
n 

N
o

Y
es

E
ve

ry
 d

ay

W
ee

kl
y

M
on

th
ly

E
ve

ry
 6

 M
on

th
s

Y
ea

rly

V
/e

ek
ly

M
on

th
ly

E
ve

ry
 6

 M
on

th
s

Y
ea

rly

A
ll 

O
ffi

ce
rs

 (
N

= 
26

)
Fu

lt-
Ti

m
e 

O
ffi

ce
rs

 (
N

= 
10

) 
P

ar
t-T

im
e 

O
ffi

ce
rs

 (
N

= 
16

)

Fr
eq

ue
nc

y 
P

er
ce

nt
 

Fr
eq

ue
nc

y 
P

er
ce

nt
 

Fr
eq

ue
nc

y 
P

er
ce

nt

5.
00

19
.2

3%
2.

00
20

.0
0o

/o
3.

00
18

.8
0%

3.
00

ll.
54

Y
o

2.
00

20
.0

0%
1.

00
6.

25
%

8.
00

30
.8

0%
4.

00
40

.0
0%

4.
00

25
.0

0%

6.
00

23
.1

0%
0.

00
0.

00
%

6.
00

37
.s

0%

4.
00

15
.4

0%
2.

00
20

.0
0%

2.
00

12
.5

0%

5.
00

t9
.2

3%
;o

2.
00

20
.0

0%
3.

00
18

.7
5%

13
.0

0
s0

.0
0%

7.
00

70
.0

0Y
o

6.
00

37
.5

0%

6.
00

23
.1

0%
1.

00
10

.0
0%

s.
00

31
.2

5%

2.
00

7.
70

%
0.

00
0.

00
%

2.
00

12
.5

0%

19
.0

0
73

.0
8%

8.
00

80
.0

0%
11

.0
0

68
.7

5%

21
.0

0
80

.8
0%

7.
00

70
.0

0%
14

.0
0

87
.5

0%

5.
00

19
.2

3%
3.

00
30

.0
0%

2.
00

12
.5

0%

è \ì



Table 26. Asünmary of topics covered by statements in the Q-sort.

Category Element (from interview coding) Quote Topic (for Q-sort)

Personal

Team

Experience

Emotion

Fatigue

Personality

Perspective

Trust

Dffis e responsibility/ communication

Experience

Emotion

Føtigue

Personality

Perspective

Trust

Inþrmation

Judgement s (vtowl edge)

P I an ev aluation (opinion)

Decis ion r e sponsibility

Env ir onme nt al infl uenc e s

Decision aids

Outside org influences

Culture

Tinùng

Higher manqgenxent

Subordinates

Intelligence

Or gani s a.t i onal c on s tr aint s

Army culture

Situational Environmental influences

Decision aids

Outside org influences

Culture

Timing

Organisational Dffise responsibilíty/ communicatìon

Or gønis ati onal c ons tr aint s/ Re s our c e s

Army culture

Generally statements have been based on the most frequently mentioned elernents

identified under each of the four categories that were determined from the analysis of

interviews. However, there are two occasions where this rule was not followed. One element

that has been discussed frequently in interviews, but was not included in the Q-design, was
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Resources (Organisational). As mentioned in the previous chapter it was decided that, for the

Q-sort process, resources would be grouped with other organisational constraints. This was

reasonable because of the overlap between the elements within the interviews. In addition,

under the element of Dffise Responsibility / Communication the four topics that were chosen

to incorporate into the Q-sort were Information, Important judgements PIan evaluation and

Decision responsibilify. These were included beeause they contributed to a large proportion of

interview coding"

Therefore, for clarity in explanation in Table 26, athird column has been added that

describes the topics that are being discussed under each element extracted from the previous

interview chapter. These topics have then been the basis for the development of the Q-sort

statements. In most cases these are the same as the elements identified in the interviews. Only

in the cases where it was deemed important to explore different topics within the element

have the topics been broken down further. Therefore, in the analysis section of the current

chapter reference will be made to the topics which describe the content of the statements in

the Q-sort.

5.2.3 Defining the purpose and structure of the Q-statements

Interview frndings suggested that a number of elements were perceived to impact on

decision-making. However, no clear priority of elements was revealed. Conversion of these

elements into representative Q-statements allows them to be comparatively ranked. The way

in which participants affange the statements along a pre-defined scale delineates elements

perceived to have a gleater impact on decision-making. Q-sort also determines whether this

perception varies between different groups of COs. Given the interview data, it was expected

that elements under the Personal category would generally be ranked as being more

influential, followed by elements under the categories of Team, Situational and finally

Organisational.This ordering is based on how frequently each of the categories were

discussed during the interviews.
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Beyond the ranking of the elements, the Q-sort study also aimed to derive a better

understanding of where these elements impacted on the decision process. Thus, the Q-sort

also gave opportunity for participants to decide whether they perceived the various elements

to impact directly on the CO or the wider tea:n. Participants were also given the option that

elements did not impact at all on decision-making. This final option was added as a measure

of control, to create a balanced design (i.e. avoiding the assumption that the larger group of

COs sampled in the e-sort study perceived all elements identified in the interviews to impact

on decision-making)" Therefore, 60 statements were created. Each statement focused on one

of the topics (influencing elements) shown in Table 26 andone of the points of influence

illustrated in the top row of Table27.

Table 27. Representation of Fisherian balanced experimental sampling used in the current

study

Commander Team (Diffuse) None

Organisational

(5 elements)

A
(5 statements)

B

(5 statements)

C

(5 statements)

Personal

(5 elements)

D

(5 statements)

E

(5 statements)

F

(5 statements)

Team

(5 elements)

G

(5 statements)

H
(5 statements)

I
(5 statements)

Situational

(5 elements)

J

(5 statements)

K
(5 statements)

L
(5 statements)

5.2.4 Constructing the statements

Each of the statements included in the Q-sort was constructed to represent the way in

which the elements identified in the interviews were commonly talked about. To do this, all Q
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statements were based on a number of direct quotations from the interview transcripts' For

example, the impact of higher management on the decision-making process was a topic for Q-

sort statements. This was developed, based on a number of direct quotes extracted from the

interviews. For examPle:

"And umm it's reality that external pressures interfere with your decision-

making process. This is because higher headquarters demand to lcnow things"

(Document F3-Good, Passage I section I'23' Para 301)'

,, ...obviously someone sitting at the top ofyour organisation hierørchy has

delivered orders to their subordinates. They're then brolæn down and

amplified changed and explained.. I thinkwe're sitting at ø level below that"

(Document P2-Poor, Passage I of 3' section 1'2' Para 223)'

,,V[/e,refunctioning as part of the bigger organisation and other parts of the

organisation are feeding informøtion in and that gets fed to you at your level'

but it also gets fed down to youfrom people above as well" (Document P2-

Poor, Passage 2 of 3, section 1'3, Para 551)'

"I had Brigadier X above me who just wouldn't leqve nte alone' I think in the

end I told him the plan 20 or 30 times, but he- at the end of the døy you sort of

thinkwhy did he want to do that? well, cause he's the national conunander of

this country. If it goes wrong he's going to get it yeah" (FI-Poor, Passage 1 of

l, Section, I'1, Para 402)'

Thetopic(highermanagement)wasthendescribedinthreeQ-sortstatements'Each

statement describing one of the three different points of influence' The Q-staternents read as

follows:

I feel that the restrictions set by higher management influence me greatly

throughout decision-making. (A)

1
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making

example:

50. I feel that the restrictions set by higher management influence the command

team greatly throughout decision-making. (B)

39. Restrictions set by higher management do not greatly influence decision-

making. (C)

Other examples are the statements that focus on the impact of Experience on decision-

16. It is important to feed my experience into the decisions made. (D)

5. It is important to feed the collective experience of my command team into the

decisions made. (E)

54. Experience is not important for decision-making. (F)

These statements were also based on direct quotes extracted from the interviews. For

"I think the reason- I think the overriding reason was that it was an activity

that had beenforeseen. It was anticipated andwe had practicedþr it ønd

people just fell into their positions " (F6-Good, Passage 5 of 5, Section I -23,

Para 2j4)"

"How do you make an øssumption? Unm I think in many ways it's

experiential. Ummfrom what you hove gone through" (F|-Good, Passage 5 of

7, Section l.l, Para 481).

"I- I don't have some journal I've maintaíned over the years, so if I'nt

confronted with a decision I don't go back and 'Oh yeah. I can recall on this,'

you hrcw 'exercise or operation, where we had this and had these

consequences'. It tends to be a much more reactive process. So being

confronted with q decisiott, thqt's normally ø sfficient prontpt to recall if

t52



you've been in a similar or related situation previously". (P2-Bad, Passage 2

of 2, Section I.I, Para 304).

"Yeah, in many ways I think [experience is like a mental shortcutJ. It is yeah.

(.) We lcnow that whenever this høppens, this happens. You get your old soldier

stories coming- 'Look sir, it doesn't matter what the book says we htow this

happens because it goes this way every single tinxe' " (P4-Good, Passage I3 of

18, Section 0, Para 364).

The statements were designed to read easily and unambiguously" Moreover, as much

as possible, they were based on the style of language used by the COs during interviews. They

were also constructed to be sufhciently general to cover the range of different interview

excepts from which they were originally derived. This was because the aim of the Q-sort was

to demonstrate the perceived relative importance of the elements identifred in previous

interviews. Thus, because the elements were broad, it was important to develop generalised

statements. In the end, two sets of corresponding statements were created. One set was

phrased appropriately for COs and the other was phrased appropriately for OPSOs (see

Appendices XI and XII).

5.2.5 Design and administration of the Q-sort

Because participants were spread around Australia, it was difficult to administer the

Q-sort face-to-face, as would be done in an ideal situation. However, the availability of

suitable computer software ailowed for the construction of a simple computer-based program

that could be used to complete the Q-sort. This program was designed to exhibit the same

cognitive requirements as a traditional paper-based Q-sort (organisation of statements along a

scale and ability to review and rearrange statements in order to generate the most accurate

pattem of opinions). The computer program satisfied ethical requirements, such as infonned

consent and freedom to withdraw at any point. The program was developed so that it could be
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emailed to the available participants around Australia. A standard email text was designed to

be sent with the progr¿Im (see Appendix XIII).

The program consisted of a number of steps (screens). These were: (1) Study

information, (2) Consent form, (3) Demographic questionnaire, (4) Q-sort instructions and (5)

e-sort program. participants could move between each of the steps by using the computer

mouse to click on buttons labelled "forward" or "backwald"'

The fnst screen explained the nature and purpose of the research as well as ethical

rights and responsibilities (see Appendix XIV). The second screen displayed the consent form

(see Appendix XV). At this screen participants also had the option of terminating their

participation by clicking on the "I decline" button. If participants wished to continue with the

study they were asked to highlight the "I accept' button, before proceeding. By clicking on

the "I accept" button, participants proceeded to a Screen displaying a demographic

information questionnaire (see Appendix xvl). once completed, participants could click on

the .,finished" button, which automatically saved the demographic data and presented the

fourth screen. The fourth screen displayed instructions on how to complete the Q-sort (see

Appendix XV11). To enable participants to print the instructions for reference during the Q-

sort task, a print option was provided. The final page contained the Q-sort task (see Appendix

XVIID. The statements to be sorted were available for perusal by the participant at the bottom

of the screen 'tn a scroll down list. At the top of the screen were several columns marked with

numbers ranging from -5 to +5. Statements from the scroll down list could be dragged into

each of these columns indicating a participant's comparative level of agreement with that

statement. The number of statements able to be dropped into each column was pre-

progï¿unmed into the computer and if a participant tried to allocate more than this number a

message would appear on the screen informing thern that:

"That list can only contain a ntaximum of n statentents!"
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participants could also move statements out of columns if they changed their minds'

Once participants were satisfied with the arrangement of the statements, they clicked on the

.,finish/send,, button. The completed Q-sort was saved by the computer and automatically sent

electronically to the researcher for analysis'

5.2.6 Procedure

After potential participants had been identified they were sent an email explaining the

purpose and nature of the study and requesting participation. The executable frle containing

the e-sort program described in section 5.2.5 was attached to this email and could be opened

by the participant if s/he was interested. Once the executable frle was opened it proceeded

through (1) study informatiofr, (2) consent form, (3) Demographic questionnaire, (4) Q-sort

instructions and (5) e-sort program. When the researcher received results these were entered

into a spreadsheet for analYsis.

A number of mechanisms were put in place to ensure the best response rate possible

(Porter, 2004)" These were drawn from the literature reporting on non-response to surveys"

Following Dillman (2000), multiple contacts were made with each of the potential

participants who were sent the Q-sort task; including multiple emails and also telephone

follow opo,. Oth", aspects considered in the design were: minimising task length, describing

the salience of the task to the audience, ensuring confidentiality, framing the research as a

request for help, mentioning sponsorship of the research by DSTO and the University of

Adelaide and setting deadlines for responses. These mechanisms have all been suggested to

improve respoRse rates (Porte4 2004)'

a3 Reminder notes have been found to increase response rates by 3.5-8% (DilLnan, Clark & Sinclair, 1995; Fox,

Crask & Kim, 1988).
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5.3 Results

5.3.1 Overall analysis

PQ Method 21144 was used to analyse the data (Schmolck & Atkinson, 2002). The

analysis began by correlating each participant's Q-sort with every other participant's Q-sort.

Thus, a26x26 conelatíon matrix was created (see Appendix )O([). Correlations indicated

the extent to which pairs of Q-sorts resembled or were different from each other (Kitzinger,

re87).

Factor analysis þrincipal components) was then used to search for groups of Q-sorts

that had resulted in similar pattems of organisation. Analysis resulted in one main factor,

which was rotated to provide a clear account of factors perceived to impact on unit level

decision-making. Two other divisions between the remaining sorts also emerged. A second

group of three similar sorts all submitted by OPSOs emerged. This group was not recognised

as a factor because in Q-method factors need to be well-defined (meaning that at least four or

five sorts need to be substantially loaded on a factor; Reid, 1999). The final sort was an outlier

that was dissimilar to both Factor I and Group 2.

The small number of sorts contributing to both Group 2 arñ the outlier indicates that

they were minority opinions and less reliable than the emerging factor. Despite this, we know

that they represent an opinion held by at least some members of the Australian Army and thus

wa:rant a brief discussion. Further work would need to be done to understand the extent to

which these opinions feature across the Australian Army.

LL** 
PqM"ütod *as adapted, revised and is maintained by Peter Schmolck. The Fortran code, on which it is based, wæ originally wriften for

the mainframe by John Atkinson r¡¡lder the guidance of Steven Brown at Kent State University.
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Factor loadings for each participant are shown in Table 28. Factor ÍIrrays for the

acconnts of factors impacting on unit level decision-making are given in Table 29-De'tailed

discussions of the main Factor 1, Group 2 arñthe outlier are presented in the discussion

section.

Table 2g. Factor loadings for the accounts of elements impacting on unit level decision-

making.

Q-sorter No. ID Factor I GrouP 2 Outlier 3

1

2

J

4

5

6

7

8

9

10

l1
12

t3
l4
l5
l6
l7
18

t9
20

2l
22

23

24

25

26

0.6314

0.6255

0.6564

0.0990

RCO 6

RCO 7

RCO 8

RCO 9
RCO 12

RCO 16

RCO 17

RCO 19

RCO 22

co1
co2
co3
co4
co5
co 16

ROP 2

ROP 3
ROP 5

ROP 9

ROP IO

oP 17

ROP 4

ROP 6
ROP 7
oP6
co7

-0.0804

0.0063

0.0138

-0.0'723

-0.0485

-0.0455

-0.2026

-0.2338

-0.2042

-0.2041

-0.1062

0.0001

-0.1062

-0.0750

-0.0948

-0.t235

0.09s2

0.0121

0.0984

-0.1208

-0.0414

-0.1427

o.7470

0.7541

0.7203

-0.3767

-0.0882

0.1043

0.1111

0.1545

-0.0265

0.0270

-0.0716

-0.t721

-0.0590

-0.0645

-0.0214

-0.0042

-0.0214

0.1669

-0.1024

-0.2303

0.2988

-0.0514

0.2791

-0.0'721

-0.1224

-0.2250

0.0399

0.0103

0.0468

0.7453

0.8520

0.7536

0.8629

0.8748

0.8484

0.8561

0.8999

0.6'77r

0.8982

0.8894

0.7781

0.8570

0.7781

0.8810

0.8701

0.7024

0.7081

0.7622

0.7066

0.7651

0.8099

0.6862

Note: Boxed loadings indicate those sofis loading on each factor/ group'
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Table 29. Factor ¿uïays for the account of elements impacting on unit level decision-making'

Q-sort
item

F'actor I Group 2 Outlier 3 Factor I Group 2 Outlier 3Q-sort
item

I
2

3

4

5

6

7

8

9

l0
l1

t2
l3
t4
t5

16

t7
l8
t9
20

2t
22

23

24

25

26

27

28

29

30

+3

+4

-5

+5

+4

-J

-5

+5

-5

+z

+l
_)

+4

+3

-l
+5

+3

-5

+4

+3

-5

+2

+l
-.,

+3

0

-4

+2

0

-4

+3

-5

+l
+4

-J

-l
+4

+5

+2

+l
4

+2

+5

+l
+l
+2

0

+4

+2

-4

-l
-l
0

_')

+l
-2

+l
0

-5

-J

+5

+1

+4

+4

_)

+5

+3

0

4
0

-3

+5

-5

-1

+5

+4

+2

-4

-l
0

-4

+2

+l
-5

0

-J

+5

+3

+1

3l

JJ

34

35

36

37

38

39

40

4t
42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

-l
+l
-J

0

+l
-J

-1

-1

-2

-l
)2
-4

+2

+1

-J

+1

0

-l
0

+1

-2

+2

0

-J
.l

-1

-4

0

0
_')

-J

+3

-)
0

+l
-1

-J

+2
I

-4

+2

+3

-l
+5

-5

_)

-l
_')

-1

+3

4
+4

0

-5

-.,

0

0

+5

0

-J

+3 ô

-2

0

0

_)

-l
+3

-3

-2

0

-1

-5

+1

-l
+2

-l
+3

+2

0

+4

+l
-4
1

-2

-l
+3

-J

-J

+1

+2

5.3.2 Factor 1

As indicated in Table 28,22 participants defined this factor. All sorts that loaded

lúghly in Group 2 also loaded substantially high on Factor l, reflecting the similarity between

Factor 1 and Group 2. OveruII,Factor I represented how the majority of those swveyed
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understood NDM in unit He. The way in which each of the elements were rated by those who

loaded strongly on this factor will be discussed for Personal, Team, Organisational aJûid

Situ at i onal categories'

Overall, topics under the Personal category were regarded as comparatively most

important when making decisions. Four of the five topics received an extreme rating (either

greaterthan +4 or less than -4). All of the statements falling under this Factor are shown in

Table 30 and will be discussed individually'

Similar to the emphasis given to Experietrce inthe interviews, this was also

highlighted as an important topic in the Q-sort. Participants did not agree that experience had

no influence G3). Both the CO's experience (+5) and the experience of the HQ team (+4)

were rated highly. This frnding supports the NDM assumption that experience drives

decision-making. The almost equal importance placed on the CO's experience and the

experience of the team rehforces the importance of drawing of the team's knowledge and

experience during decision-making.

The second topic under the Personal category, which also loaded highty in the Q-

sorts, was personality. participants did not agree that personality had no effect on decision-

making (-a). The personality of the CO (+5) was seen as being substantially more influential

on decision-making when compared with the personalities of the team (0)" This implies that

personality is much more influential in parts of the process controlled by the CO (i.e. setting

the intent and making the final decision).To date, there has not been conclusive research

tinking personality to NDM. Thus, for personality to be weighted with such high importance

in comparison with the other factors presents a gap in our understanding of unit level

decision-making. The inclusion of this factor in the theory should produce a model with better

predictability than currently exists.
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The third topic underthe Personal category that was ranked positively was Fatigue"

Participants did not agreethat fatigue had no impact on decision-making (-4). According to

the Q-sort structure tmder Factor l, both the fatigue of the CO (+2) and the team (+2) were

seen to be of equal importance in decision-making. Fatigue has also attracted only sparse

resea¡ch in the Australian Anrry (Hochwald, 2001). However, world-wide it is often

incorporated into military models of decision-making and it has been suggested that cognitive

fatigue impacts on decision performance (Luscombe & Mitchard,2003). Research outside the

military has li¡ked increased fatigue with increased levels of risk taking in decisions (Hockey,

Maule, Clough &.Bdzola,2000). Moreover, in the healthcare field research suggests that

lower levels of fatigue improves alerhress, mood and performance (Howard et al', 2003)'

The fourth topic unde r the Personal category wasPerspective.Pafücipants indicated

by their sorts that they strongly disagreed that perspective had no effect on decision-making

(-5). However, the actual level of importance was rated lower than that of the previous topics

under the Personal category. The importance of the perspective of the team (-l) was ranked

slightly lower than the importance of the perspective of the co (0). Thus, it was diffrcult to

decide whether the perspective of the co or the team was deemed to be more influential on

decision-making. The impact of perspective fits withNDM theory, beeause perspective would

be associated with development of sA. Thus, it would affect a critical component of the RPD

process. To date the impact of perspective on SA formation has not been explored and this

issue warrants frrrther research.

The final topic unde r the Personal category was Emotion. This did not rate as strongly

as a potential influence on decision-making. Although none of the Q-statements on emotion

were rated on extreme ends of the scale, there was substantial variation between the rankings

of the three possible statements. Participants did not agree that emotion did not impact on

decision-rnaking (-3). The CO was ranked to be less influenced by emotion (+2) when

compared with the team (+3). Although only a srnall difference in ranking, this may have
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occut:red for two reasons. Firstþ, during the information gathering process the CO should be

able to distance himselfl herself from the problem, leaving it the hands of the team. The CO is

then presented with the facts to make the final decision, which should be objective, impartial

and gnemotional. Secondly, usually the CO has acquired more decision-making experience

than a team member and thus s/he has leanrt to be more impartial in decision-making. As

mentioned in Chapter 2, recent research indicates that emotion does play apart in decision-

making (e.g. Sayegh, Anthon & Perrewe,2004). However, the influence may be either

unconscious or ignored by the decision-maker.

Overall, the Team category was also regarded by raters as comparatively important

when making decisions. Four of the five topics within the Team category scored an extreme

rating (either greater than +4 or less than -4). All of the statements falling under this Factor

are shown in Table 31 and will be discussed together.

As identifred in the interviews, at both HQ team level, information, knowledge and

opinions were regarded as highly influential. These three types of communication contribute

to the tbree levels of SA, as defined by Endsley (1995). Level l, the lowest level of SA,

involves perceiving cues from the environment (infonnation). Participants did not agree that

information did not impact on decision-making (4). Information was investigated in terms of

information being transmitted to the team (+5) and information being transmitted to the CO

(+4). Both were considered very important, with information for the team given a slightly

higher priority. This may be because, in order for the team to deliver the most useful

information to the COs, they must first be appropriately directed by the CO. Otherwise

information search would be inefficient. The impofance of the COs transmission of clear

intent is also reflected in doctrine.

Level 2 of SA involves integrating perceptual cues and comprehending their meaning

and significance (knowledge). Knowledge was described in the Q-sort in terms ofjudgements

made on information. Raters strongly disagreed with statements proposing that judgements
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did not impact on decision-making (-5).Both CO judgements (+1) and team judgements (+2)

were given similar importance in decision-making, with team rating slightly higher' This

outcome indicates that the team is important in the decision-making process. This is indicative

of the role of the team, whereby team members make judgements on information relevance'

even before presenting this to the CO.

Level 3 of SA involves projecting from current events and anticipating future events

(opinion). Opinion was described in the Q-sort in terms of evaluating a plan' Raters shongly

rejected the proposition that evaluating a plan was not important for decision-making (-5)'

Evaluating a plan in combination with the wider team was perceived as important (+3), rather

than relying on CO to do it without team assistance (+1). However, the comparative rating for

the CO doing it alone was still relatively high. All three types of Dffise responsibility/

communicationfeedinto SA and were atl ranked as quite important in the decision-making

process. Information \ilas the only type of communication where transmission from the Co to

the team is most important. In the case ofjudgements and evaluations transmission from the

team and CO were more imPortant.

Two other topics in the Teant category included in the Q-sort wete Trust and Decision

responsibility (seeTable 31). These statements also aimed to learn more about the diffr¡se

nature of decision-making. Because Trust was talked about predominantly at the team level

during the interviews, the e-statements described trust at a team level' Participants disagreed

that trust is not important in decision-making (-3). overall the rankings indicated that the Co

trusts his team mates to supply information they deem to be inrportant (+1) and does not rely

only on him/herself (2). AlthoughTrust seems to be important in decision-making, evidenced

by previous research and interview findings, in comparison with other Q-sort concepts it

ranked as less important. It could be argued that Trust is linked with other factors associated

with diffuse decision-making, such as sharing information and knowledge. For example, one

would infer from the fact that the co is drawing upon information, knowledge and opinion of
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his team that he trusts team member's knowledge and judgement at acertain level. It may be

that trust is so common in the Army that it is not often r¡navailable during decision-making.

This would then result in a lower rating because it is generally not an important influence to

consider because it is not variable.

The final team topic explored the location of Decision responsibility. Participants did

not agree that knowing the location of decision responsibility is not important (-3). Despite

the above emphasis on the importance of diffuse ûlssþanisms for decision-making, in the end

the responsibility still lies predominantly with the CO (+5). The idea that responsibilþ was

shared with the team was generally not accepted Cl). Thus, it is important to understand that

the final point where a decision is made rests with the CO, but the processes leading to this

point are shared with the team, as evidenced by the topics described.

Overall, topics under the Organisational category \ilere regarded as comparatively less

important when making decisions. As shown in Table 32, only three topics in this category

scored extreme scores (either greater than +4 or less than -4). At an organisational level,

communication from subordinates and Intelligence were investigated. Participants did not

agree that feedback from subordinates does not influence decision-making (-2). Feedback

from subordinates to both the team (+4) and the CO (+4) was indicated as equally important.

Participants also strongly disagreed that information gathered by Intelligence was not

important for decision-making (-5).The ranking indicated that COs and OPSOs believe that

the COs own interpretation (+3) of the information is more important than the team's

interpretation (-1). In addition participants did not agree that information from lntelligence

does not influence decision-making (5). The interpretation of the information from

Intelligence was ranked by participants to be more valuable from the CO (+3) compared with

the interpretation by Intelligence (-l). Thus, the communication input from the wider

organisation was perceived as important, but interpretation of that information is perceived

most valuable if it comes from the CO.
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Two other topics discussed under the organisøtional category were organisational

culture and Organisational constraints (see Table 32). These topics also indicated a diffuse

decision-making process. Participants strongly disagreed ttra|" Organisational culture was not

important for decision-making (-5). Results also indicated that it is the CO (0) rather than the

team (-4) who must consider the organisational culture when making a decision. It is likely

that organisational culture is something that is not consciously considered when making a

decision but rather is an unconscious influence. This assumption is in line with theory

suggesting that workers are not often explicitþ aware of organisational culture; but this

culture still informs the way things are done in the organisation (Buchanan & Hubzynco,

2000).In other words, organisational culture likely effects decision-making by military COs,

but at a subconscious level.

Organisational constraints werediscussed frequently in the interviews. Things such

as resources, drills, procedures and doctrine would fall under this element. In comparison with

other elements participants only slightly disagreed that organisational constraints have no

influence on decision-making Ç1). This was not as expected in light of interview coding,

because Organisational constraints werethe second most frequently mentioned element' It

may be that these constraints are so engrained in the Australian Army's way of functioning

that they come automatically to mind during decision-making and do not require conscious

consideration. All of the statements under t]rre Teønt and Organisational categories indicate

that decision-making at the unit level HQ is a diffuse process' communication and

information sharing (both at the team and organisational levels) tended to be allocated a high

importance by participants loading on Factor 1. These emphasised both the importance of

communicating with the team/ organisation and hearing from the tearnl organisation'

Moreover, topics such as team trust and organisational culture indicated other ways in which

the team and organisation can impact on the decision-making process.
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Topics under fhe Situational category \¡rere regffded as being less important than those

topics already discussed. Despite these topics being frequently mentioned during the

interviews, Q-sorts loading under Factor I tended to rank them more centrally on the

distribution. For all of the topics under the Situøtional category most of the ratings were no

more extreme than +2to -2 (see Table 33). The only rating tending towards the edge of the

scale was for environmental influences" Participants did not agree that environmental context

did not impact on decision-making (-3). Out of all topics under the Situational category,

environmental context was also the most frequently mentioned element in the interviews. It

should be noted that the extemal environment is central to SA, but here was ranked as

comparatively less important when compared with topics of a Personal, Team or

Organisational rrat'xe. The above finding suggests a general perception that, although these

topics under the Situational category have been discussed as important during the interviews,

they were less important in comparison with the other topics that have been identifred. The

other topics under the Situational category were outside organisational influences, culture,

time pressure and decision aids. ln all cases (except decision aids) participants did not agree

that these topics did not impact on decision-making" In addition, in the case of environmental

context and culture, the location of influence was ranked the same across both team and CO.

For decision aids, both CO and team ranked lower than no influence.
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5.3.3 Group two

Three of the remaining sorts, not loading on Factor 1, could be grouped together in

terms of similar rankings. These have been labelled as Group 2 andwill be briefly discussed,

with focus on how they differed from Factor 1. Group 2 opinions were similar to Factor 1,

except for weightings given to a few statements. The main difference lay in the increased

emphasis on the importance of the HQ team and larger organisation in decision-making

apparent in Group 2 (see Table 34)" In particular, high rankings were given to trusting the HQ

tea:t to deem what information is important (+5) and relying on the interpretation of

information given by Intelligence (+5). However, there was still a belief about the importance

of some CO contributions þarticularly in information handling; see Table 35).

All of these rankings need to be viewed in the context of who the sorts belonged to

that loaded on Group 2" Allsorts loading on this group were done by Operations Officers

(OpSO M:37.00, SD:12-49 years), who were a similar age to those loading on Factor I

M:37.27,SD:6.00 years). However, compared with those on Factor I (M:16.5, SD:7.89

years) these officers had slightly more experience on average (M:18'00, SD:8'66 years). It

would follow that because of their greater experience, the COs with whom they were working

may have been willing to place a higher level of trust in them, as compaÍed with a less

experienced OPSO. This would lead to the perception that decision-making is more team

driven.

An unexpected ranking arising from this group was:

o Evaluating aplanisnotimportant. 5 (Factor l: -5)

A perception that evaluation of a plan is not important is not expected, because

doctrine dictates that any decision about a course of action should be evaluated by wargaming

in order to determine its feasibility. A possible explanation could be that, although plan

evaluation was done, the evaluation does not often change the decision because it has been

176



based on the extensive experience of the COs good decisions are mostly made. This is in line

with research by Klein, Wolf, Militello and Zsa:nbok (1995) who found that skilled decision-

makers usually come up with a good course of action on their first attempt

5.3.4 Describing the outlier Q-sort

The final Q-sort did not load signif,rcantly on Factor I or Group 2.The sort was done

by a LTCOL, with 20 years flrll-time experience. The main difference between this sort and

the others was the high importance given to the impact of emotion on decision-making (see

Table 36).

Table 36. Differences in ranking found in the outlier emphasising the impact of emotion on

decision-making.

No Statement Influence Outlier
Rank

X'actor 1
Rank

Emotion

t7

2528

J

I sometimes find myself being influenced
by my emotion when making-decisions.

My command team's emotions can
infl uence decision-making

(co)

(Diffuse) 4

'We know that the participant whose sort became the outlier had had very recent

operational experience (in contrast to many other participants). It could be suggested that this

COs recent operational experience may have elicited more emotional responses, compared

with recent training experienced by other COs.
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The other unexpected topic that differed dramatically from Factor 1 and Group 2 was:

o kr the end all responsibility lies with me for the decisions made. -5

(Factor I : 5)

This is an gnusual outcome because doctrinally responsibility lies with the CO.

Therefore, a high positive ranking (e.g. +5) would have been expected. Because this particular

frame of reference was only given by one participant it should not be taken as a typical frame

of reference in the Australian Army. This participant is likely to have had particular

experiences that led him to hold the above unique attitudes (e.g. recent operational

experience).

5.4 Summary and Conclusions

From the21participants who took part in the Q-sort, one main Factor (Factor 1) was

identified (upon which 22 of the sorts loaded). One other group (Group 2) was identified on

which three sorts loaded. This left the final sort as an outlier. Group 2 andthe outlier have

both been explored as case studies, but will not be taken as typical views held in the

Australian Army. The fact that85%o of the sorts loaded on Factor I suggests the conclusion

that this Factor very tikely represents a typical way in which the elements identified in the

interviews are perceived to impact on decision-making at a unit command level in the

Australian Army. Factor I allows us to understand how the topics included in the sort were

perceived in relation to each other, as well as where these topics exerted influences (e'g. CO,

team or not at all).

5.4.1 Validity of interviews

Within Factor l, in all cases, participants ranked those statements that described the

topics as influencing decision-making, higher than the statements that described the topic as

having no influence at all. This result supports the conclusion that these topics extracted from
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the interviews were perceived by the larger group of COs as having an impact on NDM in

unit HQ

5.4.2 Layering of imPortance

Given the frequency of the various topics within the interview data, tt would be

expected that topics under the Personal category would generally be ranked higher, followed

by topics under the Team, Situøtional and finally Organisational categories' However, this

order of importance was not held during the Q-sort analysis'

From the comparative ranking in Factor 1, it is obvious that overall, topics under the

personal category (such as experience and personality) were regarded as being most

important in decision-making. Similar to previous interview findings, those participants who

ranked high on Factor I put forward the importance of: Fatigue, Experience, Perspective, and

personality. The only topic in the Personal category that did not rate as extremely important

was Emotion. Asdiscussed, this may have been due to the lack of actual or recent operational

experience possessed by a mrmber of the participants. All of those who identified this element

in the interviews described it as being based in an operational experience. Secondly,

emotional responses and decision-making would not be encouraged in the military.

Following the Personøl category, the importance of topics under the Teant and

Organisational categories were next most highly ranked. These topics both described the

diffrrse mechanisms present in the Army environment. These statements mainly focused on

the,,Army's way of doing things". This is most likely due to the structure of the organisation,

which has come about in response to operational requirements. Such a structure relies on

transmission of information, knowledge and opinion to assist in the task of highly complex

decision-making. Moreover, as an artefact of this structure and purpose, elements such as trust

and organisational culture are created often to facilitate decision-making.
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Finally, topics gnder ttre Situational category, while identif,red as important in the

interviews, have been placed as comparatively less important when compared with elements

intemal to the Army framework. This layering of importance is illustrated in Figure 22'

Figure 22. Illusfi'ative concept of layers of importance in decision-making'

It is noted that the most important elements according to this interpretation were those

closest to .,self'(e.g. personality) and the least important elements were those furthest away

frorn ..self, (extemal environment). This identified layering is in accordance with the theories

described in Chapter 2 thatsuggested that the elements impacting on teamwork were

individual level, group level and finally environmental factors (see Driskell et al', 1987;

Mathieu eta1.,2000).

5.4.3 DiffuseorCommander-centreddecision-making

Overall, the accognt of elements impacting on decision-making presented in Factor I

has emphasised that although the ultimate responsibility for decision-making rests with the

Co, communication both at a team level and an organisational level is perceived to be highly

Wider Situation

Team lOrganisation

Personal
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important. The contribution of the team is apparent, in terms of their sharing of information,

knowledge and opinion. Moreover, across all topics (n:20) 55% of the time the influence of

the topic on the team was perceived as equal to or greater than that on the CO. This strongly

supports the importance of the role of the team within unit HQ decision-making.

5.4.4 Inplications for NDM

In the most part, the way in which items were ranked was compatible with our

understanding of NDM theory. For example, the findings that (i) experience was held as an

extremely important element and (ii) the implied importance of SA for decision-making, are

congruent withNDM theory. Building SA was indirectly supported through communication

of information, knowledge and opinion and also environmental context. However, the

a:rangement of some statements have presented immediate challenges to the completeness of

the theory. Thus, for example, the importance attributed to topics under the Personal categoty

(such as Personality) andthe diffuse nature of the decision-making process are curently not

incorporated into NDM theory.

5.4.5 Limitations

A limitation in this research was the low response rate in the Q-sort task. Despite this

the response rate was considered reasonable, given the nature of the participants' job, which

includes overseas missions and intensive training that could influence willingness and

availability to fitl in surveys. A1l practical measures of increasing likelihood of response rate

were employed. Moreover, the outcome, where 85% of the respondents ranked the items in a

similar way, indicates strong support that this is a commonly held view within the Australian

Army.

5.4.6 Conclusion

Thus, the results from this research present implications for NDM theory that require

additions to the existing models. However, due to the subjective nature of these results, before
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attempting to incorporate these frndings into NDM theory, triangulation of results will be

completed. An observational freld study will be used to validate the existence of observable

elements within the unit level HQ. Some elements will not be directþ observable (such as

personalþ and emotion). However, the crux of the argument for diffrrse level decision-

making at a team and organisational level, which is that the CO is not only drawing level 1

SA from the team and organisation within which he works, but s/he is also drawing level 2

and level 3, can be observed by monitoring unit HQ communication. This will be reported in

the next chapter.
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CHAPTER 6. Using Field Research to Investigate

External Validity

6.1 Introduction

This chapter expands on research reported in previous chapters that identified and

prioritized a number of contextual elements perceived to influence unit level decision-making.

One important element identifred was the perceived impact of the unit HQ team on the COs

decision-making. In order to provide field validation to this frnding, the current chapter

focuses on the social context within which the CO operates during unit level decision-making'

In doing so, it investigates whether the HQ team is substantially impacting on the CO's

decision-making. This was done by investigating the quantities of information transmitted by

the unit HQ team to the CO, at each of the three levels of situation awareness (SA; as

explained by EndsleY, 7995).

Operationalising the theory behind the current research is first described, followed by

a description of the method. Results are discussed in comparison with those generated from

previous interview and Q-sort data. Requirements for further research will be presented"

6.1.1 The current studY

Interview and Q-sort data have indicated that decision-making is not an isolated

process. In the cu:rent study, field observation was used to examine the general hypothesis

that the CO does relyas on his/her HQ team to make decisions. This was investigated by using

behavioural frequency data, observational notes and interviews.

45 In this case the word "rely''has been used to imply being dependant for support, help, or supply
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In order to operationalise the hypothesis, an understanding of the fundamentals of the

decision process is required (for a more detailed discussion of this see Chapter 2). In short, the

decision process is dependant on situation awareness (SA). According to Endsley (1995) SA

is comprised of three levels.

. Perception: Perception of raw situational elements (Level 1).

. Comprehension: Information integration (Level 2).

o Projection: Extrapolation of future status and actions based on current

elements (Level3).

To conclude that the HQ team is critically impacting on the decision process it would

require evidence that the HQ team is contributing to each of these levels of the CO's SA. It

has been suggested in the previous chapter from Q-sort outcomes that the infonnation,

knowledge and opinion communicated by the team were all impacting on CO decision-

making. However, the phase of the research reported here provides extemal validation to this

finding. These three levels are captured in the current observational databy identiffing

communication of cgrrent situational information (Level 1), knowledge (Level2) and opinion

(Level 3). Thus, the specific hypotheses tested \¡rere:

o The HQ team's contributions of i¡formation for decision-making will be

higher than zero"

o The HQ team's contributions of knowledge for decision-making will be higher

thanzero.

o The HQ team's contributions of opinions for decision-making will be higher

than zero.
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It is also important to determine whether the CO is actively seeking from the HQ team

contributions relevant to his/her SA, or whether staffare free1y volunteering information. This

will determine where the control for SA forrration lies. The hypotheses tested were:

o The HQ team's contributions of information for decision-making will be

higher than the CO's requests for information.

. The HQ team's contributions of knowledge for decision-making'will be higher

than the CO's requests for knowledge.

o The HQ team's contributions of opinions for decision-making will be higher

than the CO's requests for opinions'

Other behaviours, such as the team identiffing problems and the CO checking his

reasoning with a team member, would also indicate mechanisms present within the team that

also potentially impact on the eventual decision outcome. These types of communication were

also monitored.

To establish the wider effects of the organisation on decision-making, it is also

necessary to understand the nature of the CO's interaction with subordinates (sub-unit level).

The effects of any decision made at a urit level are filtered through the various levels and

"value" is added by subordinates, usually before an outcome is achieved. Thus, the

subordinates' knowledge and opinions would most likely be added to the details of the plan

formation occurring within Company HQ. In regards to current situational information, it

would be expected that this would be passed from subordinate HQ. Therefore, their input into

the CO's decision-making at this level of SA (perception) would also be predicted to impact

on the decision made. Thus, communication between the subordinates and the CO was

monitored to provide a better descriptive understanding of the wider impact of the

organisation.
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6.2 Method

6.2.1 Exercisesattended

purposeful sampling was employed in the curent resea¡ch. This method selects

..information rich cases" and studies them in depth @atton, 1990). The researcher requested

attendance to Command post Exercises (CPX) involving participants who had taken part in

the previous interview and Q-sort study. Requests to attend the exercises were put through the

appropriate networks at the DSTO and permission was given to attend the following exercises

(see Table 37).

Table 37. Descrþtion of unit HQ exercises attended drning field research.

LOCATION EXERCISE TITLE PURPOSE WHEN

Adelaide Forem Express Exploratory Feb2002

Dar\rrin I AR CPX Data Collection li4ay 2002

Townsville Exercise Silicon Brolga (IRAR) Data Collection August 2002

Each of the exercises provided a unique set of circumstances. The first exercise was

used to create suitable behavioural coding categories. The following two were used for data

collection. Forum Express was a Reserve officer exercise. Both IAR CPX and Exercise

Silicon Brolga were Regular personnel exercises. At these exercises, typically, data would be

recorded over a period of 3-5 days. Excluding initial observations at each exercise to achieve

familiarity with the key players and communications, a total of 17 hours of behavioural data
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(across exercises) contributed to the final analysis. Remaining time in the field was spent

conducting short interviews, or writing field notes.

6"2.2 Nature of the exercise

In recent years, we have wiûressed operations ranging from peacekeeping in Timor, to

war in lraq. Thus, there is obvious diversity in modern military requirements" Despite the

obvious dif[erences between Timor and Iraq, both situations also exhibit common features;

for example, time pressure, high stakes, dynamic conditions and uncertainty. Both exercises

included these same conditions and thus were typical representations of a naturalistic

environment. The two exercises differed in the type of mission being practised. Exercise

Silicon Brolga (Townsville) was based on a rescue of foreign nationals from a fictional

country, whereas lAR CPX (Darwin) was a war-frghting scenario. Thus, the tempo of

operations observed in Exercise Silicon Brolga was slower. Moreover, this exercise was

seripted whereas lAR CPX had an offrcer controlling the responses of the enemy force

(unscripted). This should not have affected the reactions of the unit HQ team because, during

both exercises, the unit HQ was receiving information and guidance from the Brigade.

It was concluded that both exercises represented different scenarios in which our

Arrny may find itself in the future and both were therefore usefif for analysis. By sampling

both types of exercises, the analysis of results was expected to produce a better overall

description of the laws of communication in unit HQ, rather than a more limited account that

held for only a specific context of operations within the Australian Army (which would be

limited in application due to the increasing diversity of military operations)'

It was concluded that despite surface difFerences, the two exercises observed bore

enough similarity to be classed as typical modem mititary exercises. However, data from each

exercise were analysed separately, to explore variation due to the type of exercise.
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6.2.3 Exercise set-up

The setups for the HQ in both of the Exercises observed were substantially different.

The researcher noted that the HQ used in I AR CPX (Darwin) was decentralised and

comparbnentalised in nature (see Figure 23). The I AR CPX HQ consisted of a tent set up

between five vehicles. Each vehicle provided a space for a specific cell within the HQ team to

work. On the other hand, the set up at Exercise Silicon Brolga (Townsville) was in a fixed

room. Tables were ¿rïanged in a circular fashion and maps and other visual aids were located

around the room (see Figure 24). This allowed all team members to see all other team

members. Maps were easily accessible and it was noted by the researcher that staffwould

browse over these regularly, possibly in order to build their SA. All team members were also

facing computer supPort sYstems.

6.2.4 Materials

An information sheet was designed to explain the nature of the research to those

being observed" It informed the participants of their role and time commitment. It also

outlined other ethical considerations, such as freedom to withdraw at any time' The

researcher's contact details were also provided in case participants required firther

information (see Appendix )Oil).
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Check sheets were used to record the frequency of certain behaviours exhibited in the

HQ. Communicative behaviour was isolated as the variable for analysis, because this had

been identifred in previous chapters as being an influential element in CO decision-making. In

addition, previous research has indicated this to be appropriate. Firstly, it is important because

of its critical quality in the command decision-making process. For example, Billings and

Reynard (1931) found thatT}Yo of aviation accidents involve communication problems. This

suggests that communication is central to team performance in time-pressured situations.

Moreover, Rouse and Morris (1986) have suggested that communication is the key to creating

shared mental models (SMM) of the situation amongst a team. Finally, communication is also

quite easily observable without the researcher becoming obtrusive'

Check sheets were used to capture quantitative behavioural data" These were initially

based onprevious understandings of HQ communicative behaviour (Mills, 2000; Chapman,

Mills, Kardos, Stothard & Witliams,2002). The check sheets were then modified based on

preliminary observations made during Forum Express 0246. Further consolidation of the check

sheets occurred in the initial stages of I AR CPX. The fmal check sheet, used for data

collection, is included in Appendix )Oil. All communications included on the check sheet

were aimed at describing the social nature of the information, knowledge and opinion transfer

within and around unit level HQ. The communicative behaviours found on the checklist can

be divided into three main types:

1. Communication from the CO to the HQ team;

2. Communication from the HQ team to the CO;

3. Communication from the CO to the Subordinate Commander (Sub-unit).

ou Forem Express 02 was an experiment run by DSTO that set up a synthetic Army unit HQ (with volunteers

from 9 Brigade) and provided an eveut script in order to test a number ofresearch questions.
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Definitions for the categories incorporated in the check sheet are given in Appendix

)oflI"

Choosing an appropriate observation period on which to base check sheets is diffrcult

because of the volatile tempo of operations. During one campaign, members of a HQ team

may frnd themselves experiencing different moments of urgency and relative calm' In this

study, observations were organised according to S-minute coding windows. Observational

periods were relatively short due to the fast tempo of operations (at times) and the exercise

duration.

The occurrence of a behaviour was sampled in phrases (i.e. a behaviour was coded

each time it occurred in entirety within the S-minute coding window). Each behaviour

observed within each five minute coding window was recorded in the appropriate box on the

checksheet. Thus, frequency of communicative behaviour within 5-minute time blocks was

recorded for analysis and behaviour across time was also recorded.

Short interview scripts were created to supplement the behavioural frequency data.

These scripts focused on important information, contextual influences, the use of previous

experience, drawing on other team members' previous experience, typicality of the situation,

and trust (see Appendix )OilI). An A5 notebook was used to record field notes and field

interviews were recorded on a Sony mini disk recorder (MZ-R90).

6"2.5 Procedure

The first part ofthis research required that the researcher develop and pilot appropriate

behavioural analysis checksheets. This was accomplished during Forum Express. The

resea¡cher was positioned in a separate room and was able to observe the BattleGroup HQ via

a video link. The investigator made a variety of notes throughout the exercise. These focused

on the types of behaviours exhibited, communicative behaviours commonly observed in the
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He that could then be operationalised in order to test the previously stated hypotheses. This

check sheet was then piloted for the remainder of the exercise to ensure its adequacy.

Research data collection occurred during I AR CPX and Exercise Silicon Brolga.

Before the exercises commenced, information sheets and consent forms were sent to the

Fomration Hes for distribution to the potential participants to be observed. The researcher

travelled to these training exercises and in both cases was introduced into the unit level HQ

environment by an Army Liaison Offrcer. An appropriate seating position was also suggested.

In both situations, the researcher attempted to be as unobtrusive as possible. A second

observer also attended both exercises, so that multþle observations wero available for

checking reliability"

Throughout the duration of the exercise observations were recorded on check sheets,

and notes were taken on unexpected events or those potentially associated with team decision-

making events, relationships and other observations. Towards the end of the exercises the

researcher engaged some of the key HQ staffin short interviews to clariff certain points from

the exercise. Data were typically collected over 3-5 days depending on the duration of the

exercise. The researcher would take breaks in order to collate notes, consolidate

understanding, and rest.

6.3 Overall Presentation of Results

The results will be presented in two sections. First, the qualitative results based on

interviews and freld notes will be presented. The qualitative results serve two purposes:

l. To provide frrrther description of the context of the cu:rent research (to

facilitate interpretation and generalisibility of results). Cronbach (1975) noted

that the context of the research should always be considered. The researcher

should always accurately describe and interpret the elements unique to that

locale and anY events.
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2. To describe further insights extracted from observational notes and interviews

across the two exercises that relate to the social nature of decision-making in

unit level HQ.

The qualitative results are largely descriptive and should be viewed as supplementary

to the results reported in the quantitative section.

Secondly, the quantitative results based on the behavioural and reliability coding are

presented collected. Following this a number of descriptive statistics and comparative

statistics are presented to show differences between the exercises observed and between the

different kinds of communication recorded.

6"4 Qualitative Results and Discussion

6"4.1 Similarities across exercises

As was noted, similar types of communications were observed at both exercises but

their frequencies differed. This is probably partially due to the time frames associated with

decision-making in different environments. In a peacekeeping operation, the time frarne

available in which to make decisions is usually longer than that available in a war-fighting

scenario, so that the frequency of communication during peacekeeping would generally be

higher.

An important similarity noted across both exercises was that, when asked to identiff

the most influential element on their decision-making, both COs indicated that the Brigadier's

intent was most crucial. This response was probably due to the emphasis given to COs' intent

statements in training and doctrine, which normally include satisfying their superior, due to

the authority gradient.

These observations support the fact that both exercises represented different scenarios

in which our Army may find itself in the future and are thus both useful for analysis.
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6.4.2 Typicality of the exercises

As already emphasised, one purpose of field observation was to increase the external

validity of results reported in previous chapters. However, there is clearly a difference

between military training exercises and military operations; and how comparable the exercise

was with an operational problem is therefore important. In order to generalise inferences, it

was important that the observed exercises provided typical examples of operations. One key

interview question probed this point. From responses to this question all participants believed

that this condition was satisfied. For exa:nple, one CO commented:

"The environment was quite realistic. We received the type of inþrmationwe

would get if it was real"

Thus, the typicality of the exercises was supported.

6.4.3 Comments on the settings

Freedom of conrmunication between team members varied between exercises' It is

likely that this was partly due to the differing designs of unit HQ observed across the two

exercises (see Method). The different situations appeared to influence the nature of

communication between HQ staff. As noted, the compartmentalised nature of the IAR CPX

HQ setup made it impossible for staffto communicate freely with one another. It was

commented by staff that this set up was experimental and not ideal for carrying out their

normal business processes. This made it more necessary for HQ staff to move between areas

and communicate with other staff, and generally talk more loudly" On the other hand, the

open nature of the Exercise Silicon Brolga setup seemed to create an environment where

although there was the potential for free communication, HQ staffdid not communicate as

frequently. This was most likely due to the nature of the exercise (being an extraction exercise

rather than warfighting). However, the researcher suggests that it may also reflect the layout

of the HQ and the use of computer-based decision support tools at Exercise Silicon Brolga.
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The tea¡n members were able to observe each other's planning maps etc., which would have

negated the need to ask as many questions.

There is a need for firrther research to investigate empirically the effect that a face-to-

face set up in unit HQ has on the type of infonnation transferred between tea:n members,

decision timeliness, the production of SMM, as well as subsequent performance.

6.4.4 Input from the Commander

From observations at both exercises, it was noted that each CO spent differing

amounts of time within the unit HQ. At IAR CPX, the CO was in the HQ more frequently.

During this time he was actively engaged in communication with his staff, or positioned so

that communications could be overheard. The CO said:

I demand they talk to each other. Heøring them is a way of battle tracking. You

heard me tell the Ops fficer 'we don't need to talk to them on the radio, just

listen'. If it's not what we need to hear then we need to call them. You've got to

build it in training. It is not always exactþ what you want. As long as it's

mostly whøt youwant, you've got to live with it" Often the bits that qre not

what youwant are better because they're there and you're not.

Observations also suggested that the relationships between CO and HQ staff differed

across exercises. The 1 AR HQ team seemed to interact more with the CO directly, compared

with the He staff observed during Exercise Silicon Brolga. It seemed that there were different

implicit rules of relationship operating at the two exercises. This could be due to the different

underlying culture of the work group, or the nature of the operation.

6.4.5 Personal experience vs shared experience

Numerous observations were recorded in the freld notes and interviews where the CO

used his own experience to deal with situations, or had drawn on the experience of his team.

This confrrmed the taxonomy of experience described in Chapter 4.
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Several different types of knowledge presented in this taxonomy were drawn upon in

the exercises attended. The COs referred to their practical soldier knowledge as influencing

their ability to understand what is happening on the ground. For exa:nple, one CO commented

that,

"Ifyou can't visualize what someone is saying ...you can't øddvalue to

that .... A whole r ange of exp erienc e s add v alue " 
"

This experience then facilitates the co-ordination of events, because the CO has an

implicit knowledge of the broader circumstances associated with events reported up to the

unit HQ.

The researcher also noted that the CO would ask his HQ team questions in order to fill

in the gaps in his own knowledge. For example, one CO said:

I don't lclow awhole lot about combat engineering. I don't lmow alot about

offensive support. I don't lcnow thefire orders that go to an artillery HQ- to ø

gun line to make things happen, but I do htow whøt questions I need to ask of

those guys...lt/hat are reasonable demands to make of thent in a certain

context.

"..their job is to provide qdvice. I'll go you lcnow "how long will it take to do

this. How longwill it take to cover?" ....hewill give answers.""

In these c¿ùses, the CO has not been able to draw on his own practical or theoretical

soldier experience, but instead has relied on his experience as a CO to, fustþ to recognise

where the gaps lie in his own knowledge and, secondly, to know which questions to ask in

order to fill these knowledge gaps. Thus, he has been able to draw on knowledge of practical

soldiering within his team to frll these gaps. Observations also confinned that the CO uses his

team,s practical soldiering knowledge to guide his planning and decision-making during a

rehearsal. During this event, a plan can be talked through. This kind of exercise allows HQ
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team members with different expertise to determine whether there are any flaws in a current

plan. This qualitative frnding supports the hypotheses investigated in the curent chapter

concerning the critical contribution of the HQ team to the CO's decision-making process.

Finally, the complexity of the environment and tasks also present a requirement for

team work. One CO noted that,

"YoLt can't command something as complex as this yourself' My span of

command about 5-7 things..... 14 tanks you simply can't do that."

These frndings are in line with the current doctrine, wlúch states that, decision-making

at a nnit level should be CO led and staffdriven (Australian Army, 2004). Unit level planning

and decision-making is a team process and everyone's knowledge feeds into the eventual

decision. As far as possible, a theory is supported by knowledge from one or more team

members.

6"4.6 Social identitY and trust

Trust was an issue that emerged from the previous CDM interviews and the field

observations suggested that trust has the potential to affect the level of knowledge sharing

between He staffand the CO. In particular, the CO was observed to share knowledge more

freely with certain menrbers of the HQ team within the exercises.

Lewis and Weigert (1985) and Robinson (1996) defined trust in terms of expectations

that another's actions will not be detrimental to one's interests. This defrnition therefore

frames trust as a cognitive function. There have also been suggestions that trust may be

characterised as affective or cognitive (Klimoski, 2003b). In a military context, both cognitive

and affective trust might be important. It could be that cognitive trust might become the more

common determinant of the level of knowledge transfer between the CO and the HQ team as

the apparent consequences for failure become more serious (Klimoski, 2003b).
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During observations, the length of time that team mates had known each other

appeared to impact on the trust shared between them. One CO mentioned the familiarity he

had with his staff; the shared experiences, training environments and worþlaces' Therefore'

there was established trust. This was identified as integral to command decision-making.

Research on trust development has shown that individuals' perceptions of others'

trustworthiness, and their willingness to engage in trusting behaviour when interacting with

them, are largely history-dependant processes (Boon & Holrnes, 1991;Deutsch' 1958;

Lindskold, lgTg;pilisuk & skolnick, 196g). According to such models, trust between two or

more interdependant actors thickens or thins as a fi¡nction of their cumulative interactions'

Interactional histories provide decision-makers with inforrnation that is usef,rl in assessing

others, dispositions, intentions and motives. This information, in turn, provides a basis for

drawing inferences regarding their trustworthiness and for making predictions about their

future

Also, it was observed that membership of the same regiment seemed to impact on the

understanding and trust shared between two team members. At the lAR CPX, most unit HQ

staffhad worked together before. However, some of the HQ staff were called from outside the

unit team for this particular exercise. It was observed that there was poorer communication

between these staff and the rest of the team. These "neu¡" staffhad to actively present their

irformation and directly enquire of others, to keep updated on other inforrnation" Also'

misunderstanding seemed to arise between these staff and the regular staff, possibly due to

different understandings of correct business processes'

We know from organisational psychology that work teams tend to develop their own

specialised culture and to understand each other's ways of working in these terms (Anthony,

I9g4).This unique culture can lead to an "in-group" bias that can result in people tending to

be less confident in the abilities of people outside of their own group (Allport, 1954).

Elements such as trust and communication are facilitated by the extent that individuals define
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themselves as members of the in-group (Haslam, Eggins & Reynolds,2003). These elements

may have impacted on the HQ process at this exercise'

6.5 QuantitativeResults

6.5.1 Retiability check

Reliability analysis was ca¡ried out for each of the below codes. For the current

analysis, a reliability check was performed using 2.6 hours of data collected during lAR

CpX. Overall, 17 hours of behavioural frequency datawere collected. This constitutes

approximately l5o/o of the kotaI datacollected'

Both percent agreement and covariation \¡/ere calculated between coders. The

calculation of percent agfeement was done by comparing the two coders' frequency

calculations across 32 x 5-minute time segments. Agreement was defined as both coders

recording exactþ the same frequency for each variable in a given 5 minute time slot. It has

been generally accepted that high reliabilþ falls between 0.75 to 0.8 (Elliss, 1994) and that

0.70 is a good cut off score for reliability analysis (Neuendorf,2002; Riffe, Lacy & Fico,

199g). Anything falling below this mark should be questioned. For the current analysis,

variables were expected to have high amounts of shared variance (R2 >0.70) and high levels

of percent agreement (PA>0.70). Calculated reliability scores are shown in Table 38.
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All variables achieving high-shared variance and high percent agreement were

considered acceptable to use in current reporting and analysis. Variables labelled with

..cautious acceptance" in Table 38 were further explored to determine the value of including

them in analysis. It must be noted that it was difFrcult to achieve a high percent agreement in

the current coding task because frequeney of behaviour is a ratio level measure and was

measured in a complex environment with high noise levels and multiple communications. To

allow for the diffrcult conditions, it was decided that cautious acceptance would be given to

variables satisfuing one criterion above 0.70 and that were very close (within 0.05) of

satisfuing the other. Variables that were cautiously accepted were: Commander with Team' a)

supply information (R2:0.82, PA:0.69), b) acknowledge problem raised by the team (R2:

0.65, pA: 0.g7),c) Order/command (R2:0.75, PA:0.66). Variables that did not achieve

acceptable shared variance and percent agreement were excluded from the analysis.

6.5.2 A time series description of the communication frequency during the exercises

As described in the method section, both exercises attended varied in terms of the type

of operation, and analysis for each exercise was therefore separate. Figure 26 shows that

Exercise Silicon Brolga (Townsville) had a more constant communication workload across

the period of observation. It was also generally a lower intensity, compared with I AR CPX

(Darwin), where workload increased in intensity as time progressed and was most frequently

higher.

Figure 26 shows an overall description of the varying workload during 1 AR CPX and

compares the frequency of communications originating frorn the CO (blue) and the team

(red). Generally, as would be expected, the CO is speaking more frequently and the higher

periods of workload show upward shifts in both the CO's and the team's communications.

Figure 27 shows an overall description of the varying workload dwing Exercise

Silicon Brolga. As can be seen, overall this is rnuch lower intensity than in Figure 26.
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Moreover, the distinct pattern of higher levels of communication for the CO in Figure 26 are

not found in Figure 27 where the team and CO communication is more evenly balanced.

The researcher also noted the variable nature of communication in the HQ. In periods

of high workload, the staff were more frequently contributing all types of information coded

and in periods of lower workload there was much less communication. Fufure research should

monitor the use of these types of communicative behaviours in relation to the situation and

concurrent workload. Overall, the researcher concluded that the contributions of the team,

although not constant, did occur at critical times.
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6.5.3 Correlationsbetweenvariables

Correlations were found between some communicative behaviours. These are shown

in Table 3g. Those statistically significant correlations are highlighted in bold. of particular

relevance to the current research, highly significant correlations þ< 0.01) were found

between:

o The CO supplying infonnation to the HQ team and the CO asking the team for

information (r 0.32, P<0'01)'

o The CO asking the HQ team for information and the HQ team supplying

information to the CO (r: 0'65, p<0'01)'

o The co asking the HQ teart for knowledge and the HQ team supplying

knowledge to the CO (r:0'20, p<0'01)'

6.5.4 Comparing overall communication across exercises

Overall the frequency of communication varied across exercises. A Mann-Whitney U

testaT revealed that overall the communication at lAR CPX was significantly more frequent

than at Exercise Silicon Brolga (r -2.75,p<0.01). Predominantly this difference seemed to

lie in the communication originating from the CO which was significantly more frequent at

IAR CpX (Darwin; r-3.73,p<0.01). No significant diflerence was found in the frequency of

communication originating from the team compared across both exercises (z:-0'54, p>0'05)'

o, Because assumptions of parametric tests were violated in the crurent data, non-parametric tests were used' All

assumptions for non-parametric tests were met (i.e. random samFling, similar shape, variabilþ across

distribution and indePendence).
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The way in which the CO interacted with the team is shown in Figure 28. This figure

compares the frequency of each type of communicative behaviour across the two exercises

observed. Two behaviours were excluded from the current bar graph because they were only

recorded at lAR CPX. These were: Run plan by confidant; and Ask team member to generate

COA.

Although differences in frequency of communication existed between the two exercise

sites, overall the most coÍtmon types of communication were:

¡ The CO asking a team member for information;

o The CO supplying informationto the HQ team;

o The CO giving an order or guidance to a team member.

Across both exercises requesting infonnation and supplying information was the most

frequent form of communication. As discussed previously the comparisons between the

information, knowledge and opinions requested by the CO were a focus of the analysis.

Hypotheses that information, knowledge and opinion would be requested by the CO at a

frequency greater thartzero were supported (see Table 40).

Information was required most frequently at lAR CPX, compared with a much lower

frequency at Exercise Silicon Brolga. Despite an overall lower frequency of communication

across most areas, during Exercise Silicon Brolga (Townsville) the CO was recorded as asking

the team for knowledge comparatively more frequently. The frequency at which the CO asked for

a HQ team mate's opinion was similar across exercises. Thus, comparatively knowledge and

opinions were sought more frequently during Exercise Silicon Brolga.
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Figure 28. Average frequency of communication between the HQ team with the CO for each

acercße.

Table 40. One sample t-test results for CO requesting information, knowledge and opinion (a

comparison across exercises).

Test Value: 0

t df Sig. (2-tailed)

CO asking HQ team for Information

CO asking HQ team for Knowledge

CO asking HQ team for OPinion

7.98

5.70

3.83

159

1s9

159

000

000

000
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The fact that on average about once an hour the CO drew on opinions of team members is

a powerfirl argument for the importance of the team not only in SA formation but also informing

decision-making. In fact, taking other communicative behaviours into account (knowledge and

opinion) we can conclude that, on average,the CO drew on the unique experiences of the team

almost six (5.74) times per hour. The CO requesting the team to input their unique experience

into decision-making constitutes 13.5% of the total recorded communicative behaviour.

Other communicative behaviours observed that also implied a reliance on the HQ team to

input their unique experience into unit decision-making were:

o Ask a team member to generate a course of action (COA);

o Acknowledge a problem raised by the team;

o Run aplanl idea past a confidant.

6.5.5 Interaction between the headquarter staff and the Commander

The second set of communications recorded centred on how the HQ staffinteracted with

the CO. These behaviours are illustrated as a comparison of frequencies between the two

exercises in Darwin (1 AR CPX) and Townsville (Exercise Silicon Brolga; see Figure 29)'

The most frequent form of communication observed was the HQ team supplying

information to the CO. Supply of knowledge and opinions were also observed. A series of one-

sarnple t-tests confirmed that the HQ team were supplying information, knowledge and opinions

to the CO at a frequency significantly greater than zero (see Table 4l). Thus, the hypotheses were

supported. Interestingly, knowledge was asked for far less frequently by the CO in I AR CPX but

was given more frequently by HQ team mernbers. This indicates that knowledge has been offered

by the HQ tearn unprompted.
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Fígure 29. Average frequency of communication between the HQ team with the CO for each

Table 41. One sample t-test results for HQ teaÍl's supply of informatiorU knowledge and

opinion

t df

HQ team supply CO with Information

HQ team supply CO with Knowledge

HQ team supply CO with Opinion

I
1

I



6.5.6 Comparing request with supply

Comparisons were made between the CO's requests for information, knowledge and

opinion and the HQ team's contribution of these variables (see Figure 30 and Figure 31).

Figure 30. A comparison of request and supply of information, lcrtowledge and opinion in IAR

CPX.

1 AR CPX
(Darwin)

Knowledge

60.00

E 50.00
o
(t-: 4o.oo
=útE=
E Ê so.oo()tr¡
oo
ð9 zo.oo
Eo
=EE 10.00
ll-

0.00

uAsk HQ team

r Supply CO

Opinionlnbrmation

9.67
Eè1
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Figure 31. A comparison of request and supply of information, lmowledge and opinion in

Exercise Silicon Brolga.

Across both exercises, the rate of request and supply of information (Level I SA) was

higher than knowledge (Level2) or opinion (Level 3). During 1 AR CPX, the rate of supply of

information, knowledge and opinion was higher than the corresponding rate of request. A Mann-

Whitney U testas was used to determine whether there were siguificarrt differences between the

frequency at which information, knowledge and opinions were requested and supplied at this

exercise 1 AR CPX.

ot Because assumptions of parametric tests were violated in the current data, non-parametric tests were used. All

assumptions for non-parametric tests were met (i.e. random sampling, similar shape, variability across distribution

and independence).
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Table 42. Comparing means for the frequency of the CO's request and the team's supply of

information, knowledge and opinion (lAR CPÐ.

Communicative Behaviour z-score Significance

Information -0.856

Knowledge -2.099 p<0.05

Opinion -4.201 p<0.05

At 1 AR CPX signifrcant differences were found between the request and supply of

knowledge and opinion (see Figure 30 and Table 42). No significance existed between request

and supply of information.

A Mann-Whitney U test was also used to determine whether there were significant

differences between the frequency at which information, knowledge and opinions were requested

and supplied at Exercise Silicon Brolga"

Table 43. Comparing means for the frequency of the CO's request and the team's supply of

information, knowledge and opinion (Exercise Silicon Brolga).

Communicative Behaviour z-score Significance

p>0.05

Information

Knowledge

-s.754

-3.s08

p< 0.01

p< 0.01

Opinion -1.022 p> 0.05
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Significant differences were found between request and supply of information and

knowledge (see Table 43). In respect to knowledge the significant difference was found in the

opposite direction to that expected, indicating that the CO requested knowledge signifrcantly

more frequentþ than the HQ team supplied knowledge. No significant difference was found

between request and supply of opinion.

6.5.7 Interaction with subordinate Commanders

The third set of communication recorded centred on how the CO was interacting with

Subordinate Commanders. Figure 32 shows the behaviours noted at the lAR CPX. This

communication could not be monitored at Exercise Silicon Brolga because most communication

between HQ and Subordinate Commanders was done via the computer support system'
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Figure 32. Description of communicøtion with sabordínates øt I AR CPX'
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From Figure 32, it ís apparent that the coÍrmon types of communication observed

between the HQ staff and the CO differed from those between the CO and Subordinate

Commander. The most frequent form of communication was the CO reporting plans or guidance

to the Subordinate Commander. In line with the initial hypothesis, ttre next most frequently

occurring communicative behaviour was the Subordinate Commander supplying information' As

predicted, the Subordinate Commander was not noted as supplying knowledge or opinions to the

Unit CO. In forming the plan at sub-unit level, subordinates may have been actively drawing on

their unique experience, but in this exercise it was not while in collaboration with the Unit CO' In

contrast, the unit HQ staff would nonnally be involved in the planning at unit level and hence

their opinions and k¡owledge are valuable to the CO at that level. Two unexpected observations

\trere: the frequency at which Subordinate Commanders would question the plan being

transmitted to them and the consequent frequency at which a plan was adapted, due to a

Subordinate Commander's suggestion. This suggests that the Subordinate Commander's

contributions are, at times, having a substantial impact on the decision-makittg.

6.6 Discussion

The aim of this study was to explore how the HQ team contributes to the CO's decision-

making process. This has been done by looking at: qualitative data on the interaction between the

CO and the HQ team and quantitative dataconcerning frequency of different types of

communication between the HQ team and the CO and the Subordinate team.

6.6.1 InterpretingqualÍtative results

To summarise, the qualitative exploration was able to provide us with a description of the

exercises attended, which confrrmed the realistic nature of the exercises (and hence the

usefulness of the observations) and the differences inherent in the two exercises. This reinforces
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the decision to separate out the data analysis across the two exercises. The two main descriptive

findings that have supported and elaborated on previous elements identified to impact on

decision-making were the further exploration of experience and trust. Further support was

provided for the different types of experience drawn upon in decision-making, identified in

Chapter 4. In addition, support has been established through field notes and short interviews, for

the important role of trust in unit level HQ'

6.6.2 Summary of the impact of the HQ team on decision-making

Data showed that the HQ team were feeding into the CO's SA at all three levels identifred

by Endsley (1995), at a frequency significantly greater than zero. Typically, information was

requested and given most frequently. To explain the diflering frequency of communication of

information, knowledge and opinion, we need to be aware that these are qualitatively different

elements of communication. Situational specific information is generally going to be transmitted

at a greater rate, because it is largely "urknown" at the beginning of an exercise/ mission and

constantly changing as the exercise/ mission progresses. Information is needed to build up a

picture of the current situation. During the establishment of an understanding of the cu:rent

situation, knowledge is required to discern the meaning and importance of various pieces of

information. Opinions are then used to contribute to option generation, mental simulation and

decision-making. Following this, the CO would generally want to draw mostly upon information

and knowledge from the team. From this the CO could draw on personal experience and / or the

experience of the team to formulate opinions. Moreover, data showed that the HQ team are likely

to be actively contributing to the CO's mental model needed for decision-making atthe

perceptual level (Level 1), the comprehension level (Level 2) andthe projection level (Level 3)

of SA (ie. information knowledge and opinion are supplied to the CO at a greater frequency than

they are requested).
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Significant differences were found between request and supply of knowledge at both

exercise sites. However, surprisingly the signifrcant difference occurred in different directions. At

Exercise Silicon Brolga the CO actually requested knowledge significantly more frequently than

it was supplied by the team to him. One explanation for this could be that the CO at this exercise

did not have a clear understanding of his team's existing bank of knowledge. Another

explanation might be that, due to the existence of the on-line communication option at this

exercise, knowledge may have been transmitted back to the CO in this way and thus was unable

to be monitored. It would require further research to seek and confirm the most reasonable

explanation for this.

Differences between request and supply of information and opinion only achieved

significance for each variable at one exercise. This could be due to a number of reasons but it is

this researcher's considered opinion that this was most likely due to the relationship between the

CO and the team; and how long they had worked together. One would anticipate that, for those

teams who had worked together for a longer period of time, they would have a more realistic

understanding of what each other would know and hence be able to communicate more

effectively and effrciently because of this. This is in line with the theory of transactive memory,

which holds that in groups certain knowledge is held by certain people. When this knowledge is

required, group members know who to approach for retrieval.

At this stage, firrther research needs to be done to establish under which conditions this

contribution of information, knowledge and opinion is occurring signifrcantly more frequently

than it is being requested (as current results were mixed).

6.6.3 Summary of CO communication with subordinates

Finally, the subordinates' communicative behaviour at 1 AR CPX was also recorded. In

support of the hypothesis it was found that subordinates did communicate information to the CO.
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Out of all communication occurring between subordinates and unit HQ, supplying information

was the second most common. This occurred on average 5.81 times per hour. No instances were

recorded in which the CO directly requested this information. Thus, the contribution of

information seems to be an active process. As hypothesised, there was no transmission of

knowledge or opinions from subordinates to the CO observed. The most likely explanation for

this is that the CO issues his intent to the subordinates and then they are responsible for forming a

plan to satisff this intent. Dwing the plan formation process that is occurring in the subordinate

HQ, subordinates are they are actively drawing on their unique experiences, but not while in

collaboration with the unit level CO. The unit level CO is not directly involved in the sub-unit

level planning and therefore will not necessarily need to draw on knowledge and opinion, but will

only need to be updated on information as this affects the overall situational picture.

Alternatively, but less likely, it could also relate to the authority gradient between the CO and

subordinates and hence the subordinates' unease at actively expressing knowledge or opinions.

Although not actively offering knowledge or opinion to the CO to inform planning, the

sub-unit team is offering opinions about the suitabitity of the plans or intent as transmitted to

them by the CO. Moreover, it is worth noting the frequency at which the plan was adjusted based

on the subordinates' feedback. This implies input from subordinates at level 3 of SA. Therefore,

subordinates were found to impact on decision-making at both pre-decision and post-decision

points.

6.6.4 Overall summary and conclusions

In combination, these findings support the working hypothesis that the CO relies on

his/her team to make decisions. The theory of transactive memory could be applied to explain the

observations of the HQ team process by which knowledge and even opinions are often retrieved

from the team to inform decision-making. This would explain the sharing of unique previous
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experience between HQ staffand the CO. Thus, there is a division of cognitive laborn within the

group. This presents a basis for future research in the Australian Army on the structure of

transactive memory and how this knowledge might be used to improve command support

systems and training.

In light of current shifts to Networked Centric Tü/arfare (NCW) these results present

implications. A challenge for future design is to not hinder the active contribution that the HQ

team make to the CO's three levels of SA. These results highlight the importance of including the

team's contributions into any model of unit decision-making in the Australian Army.

Four limitations were identified in this phase of the research. One limitation of the current

research is that it is difñcult to make definite generalisations from such research (Cronbach,

lg75). Full consideration needs to be given to this context in influencing the outcome, and then

any generalisation is a "working hypothesis, not a conclusion" (Cronbach,1975,p.2a-125). This

stance has been taken with the crurent research. Despite investigation across two different

regiments, the observations must be much more widely applied in order to generate results with

good generalisabilþ.

Already in the current research, there have been many differences noted between

regiments. As was noted, factors that differed between regiments were:

o The physical set-up of unit level HQ;

. The methods of communication (e.g. computer based decision-support tool, radio,

telephone, verbal);

. Type of mission being exercised;

o The interaction between the CO and the team;

o Underlying group culture.
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It is expected that such differences would be consistently found throughout the Australian

Army. It should be noted that, despite the differences between these regiments, similar

communicative behaviours were still observed occurring at different frequencies, likely due to the

nature of the exercises and teams. Thus, the categories of communication coded were thought to

be general enough not to limit their application to one particular context. It would be expected

that these categories would be applicable to communicative behaviour across regiments, but may

be observed at varying frequencies and complemented with a different range of other

communications.

A second limitation has been the lack of comparison with a Reserve exercise. Original

coding categories were developed from observing a Reserve exercise, so it is clea¡ that the same

types of communications would be applicable at such an exercise; but their frequencies and

proportion are unclear. Due to organisational difficulties it has not been possible for the

researcher to attend a Reserve exercise in order to compare the results generated. This

comparison was included in the earlier CDM interviews. Ideally, this should be done in the

future. A thfud limitation was the diffrculty of tracking all communications because of a lack of

access to computer based communications. Both exercises used computers as decision support

tools. Therefore, communication was also sent electronically through this system. However,

access to event logs was not permitted. Also, at Exercise Silicon Brolga, there were no audible

radio communications. All transmissions were via the computer or a phone line. This meant that

interaction with subordinates was impossible for the researcher to monitor. Because data were

also transferred over the computer, a substantial portion of communication was lost by only

recording voice. In the future, if access could be granted to the computer logs, more thorough

analysis could be caried out.
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A final limitation was in the method of behavioural data recording. As described in the

Method section, the occurrence of a behaviour was sampled in phrases (i.e. a behaviour was

coded each time it occurred in entirety within the 5-minute coding window). Each behaviour

observed within each 5-minute coding window was recorded in the appropriate box on the

checksheet. However, certain communicative behaviours may have taken comparatively more

time. This is not reflected in the current coding method. Future research should therefore consider

the length of each coding frame in relation to the exercise. It is also recommended that a method

be devised to monitor the request and supply of information, knowledge and opinions, because

this could not be directly tinked in the current data recording method.

In sum, the current field studies have indicated that the unit HQ team feed information to

the CO at eachof the levels of SA (as identifred by Endsley, 1995). Results have shown that the

team most likely actively feeds information into all levels of SA. However, this may depend on

the conditions of the exercise/ mission and further research is required. These results, in

combination with the qualitative data, indicate that the CO is reliant on his/her HQ team dwing

the decision-making process. Thus, the results support the previous interview frndings. The

results also support the theory of transactive memory to explain information exchange within the

context of the Australian Army. The inclusion of this social aspect of decision-making seems

integral in any descriptive model.

Future research should plan to gather a broader base of observations, in order to more

adequately understand the signifrcance and generalisibility of these data. Observations should be

across regiments and involve both Reserve and Regular officers. The method used for recording

observations should also be considered in future research, so as to monitor correlational

relationships more accurately.
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It also seems that the subordinates are impacting on the decision-making process to a

certain extent, particularly at the fust level of SA (perception). Further research should elaborate

on this i¡formation and also investigate the types of contributions being made by Brigade HQ

(higher HQ) on the unit level CO's decision-making process.

Other areas that should be pursued in further research include: the role of trust in

information sharing and the impact that high risk situations may have on this; and the extent to

which non-verbal communication may impact onNDM.

In essence, these findings have added validity to previous Q-sort and interview findings

that have identifred the perceived impact of the HQ team onNDM at a unit level in the Australian

Anny. Notably, this research has also confirmed the existence of a number of different types of

experience that can be drawn upon to influence NDM. ln conclusion, the inclusion of the team in

the model of decision-making for unit CO decision-making is integral. By increasing the

awareness of the elements impacting onNDM, we are better able to understand what implications

changes in the current unit level HQ set up may have. These things will be incorporated into a

revised model for unit level NDM in Chapter 8.

To this point, research in this thesis has been mostly qualitative in nature, with limited

experimental control possible. It has also been labour intensive and diffrcult to organise because

it has meant taking up valuable resources (time and space during planned training exercises,

Army Personnel time etc.). A recent idea has been that to understand NDM more thoroughly, it

may be possible to simulate NDM style situations using computer technology. In essence,

designing a computer simulation that requires operator intervention to controV manage an NDM

type situation has been suggested. Some research has been done in this area and current NDM

simulations are available. These simulations have been found to be usefirl tools in a number of

cases.

221



However, in light of this new information about the breadth of the elements that are

actively contributing to CO decision-making in the field, it is important to understand the extent

of the value associated with microworld research. The question now arises as to whether these

same elements can be accounted for/ investigated using a computer simulated microworld. This

would be a more cost-efficient and controlled research environment and thus would bring a

number of advantages. However, the suitability of this type of environment for exploring certain

NDM questions is to date unknown. This will be explored in the next chapter.
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CHÄPTER 7. Investigating NDM in a Simulated Microworld:

What Questions Should We Ask?

7.1 lntroduction

Naturalistic Decision-making CNDM) theory explains how experts make decisions under

time pressure, in dynamic situations characteized by uncertainty and high stakes (Zsambok,

lggT). The decision process relies on the automatic availabitity of situation awareness (SA). In

establishing SA, experts draw on previous experience when recognising typical cues that are

automatically linked to potential courses of action (Klein, 1999). Once generated, decision

options are evaluated sequentially. Examples of real life environments where NDM has been

observed are military operations, firefrghting scenarios and in emergency operating rooms.

Because of the extreme complexity associated with these environments, where the

mastery of expertise in decision making can take l0 or more years to achieve, research

environments and opportunities for investigating these processes have been extremely limited.

Currently, the most cofiìmon methods used by NDM researchers have been field observation and

interview techniques. However, recent technological advances have resulted in the availability of

more complex simulations with varying levels of fidelity, designed to replicate the real time

pressure, dynamicity, complexity and high stakes associated with anNDM environment (e'g.

Omodei & Wearing, 1995). The quality of such resources can vary enormouslYl and, although

high fidelity simulation can produce circumstances that appeil close to real life, this is also

extremely expensive and resource intensive to establish. A popular form of simulation used for

NDM research has therefore been low frdelity computer-based simulation using tools called

"microworlds" (Brehmer & Dörne4 1993).
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A microworld generates an on-screen environment with which the user must interact in

order to produce a good outcome (e.g. fight fires in a forest to save land from buming and people

from being killed (Artman, 1999; Granlund, 199S). There are several potential advantages

associated with such simulations. A microworld is much more cost efficient than field research,

typicatty requiring no more resources than a computer in a room. Moreover, this medium is an

attractive altemative to field research because there are often limitations to participant

accessibility and the availability of appropriate research exercises. Another advantage over field

research is increased experimental control. It is not surprising then that interest in the potential of

this þpe of research has increased in recent times (Rigas, Carling & Brehmer,2002;Weaver,

Bowers, Salas & Cannon-Bowers, 1995). However, before accepting microworld simulation as a

medium for research, it is important to consider what types of research questions can sensibly be

answered using microworlds.

NDM research questions can be broken down into three broad topics: the development of

expertise; the perceptual-cognitive skills associated with expert decision-m#tg; and the broader

context of influence impacting on expert decision-making that may lead to situation-specific

content knowledge and skills. Thus, to ascertain which research questions are appropriate for

exploration with a microworld, the current resea¡ch sought evidence for each of the three

questions that follow.

1. Do microworlds provide conditions under which the development of expertise can

be observed?

A well-cited model of expertise developrnent proposed by Dreyfus (1972) suggested that

expertise requires transition through five stages. This progression begins with variable awkward

performance and continues to a point where decisions become intuitive and responses more

immediate and logical to the decision-maker. Later research by Rassmussen (1983) and Anderson

224



(1991) reduced these five stages to three substantively different stages. When expertise has been

acquired, often cognitive processing is not conscious; and "intuition" has been used in recent

literature to describe this type of fluid information processing and decision-making (see Klein,

lggg,2003). Similarly, microworld users, although bringing some of their own understandings

to the task (like for example, how fires should spread according to the direction of the wind)

would be expected to build up a larger repertoire of experiences as they become more practised in

using the tool. ln this regard, the cognitive complexity of decision-making in a microworld has

been questioned (Chapman, Nettelbeck, Mills & Welsh, 2006). To handle the complexity and

noveþ associated with decision-making in a real-world NDM situation, a broad bank of well-

established experience is required which can be drawn upon for decision-making. Chapman and

Mills (2003) have highlighted several types of experience beyond domain specific experience

that feed into decision-making; and have questioned whether a comparable range of experience is

necessary to perform expertly on a microworld simulation. If the microworld is an appropriate

testing context for development of expertise we would expect it to produce the stages of cognitive

development representative of NDM expertise. Moreover, as suggested by Chapman and Mills

(2003), a range of experience would be necessary for expert perfonnance.

2. Does a microworld provide an environment that promotes perceptual-cognitive

processing in NDM contexts?

Lane and Alluisi (1992) suggested that NDM skills eould be considered in terms of

general perceptual-cognitive principles and situationally embedded skills" It would be expected

that general principles could be demonstrated with research using microworlds, because it has

already been established that these are similar across domains of expertise (Glaser, 1987). It is

suggested that, in order for experts to make decisions, a continual SA is required (Klein, 1989;

Hutton & Klein, 1999). Both novice and expert decision-makers build a certain level of SA to
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inform decision-making. As decision-makers become more skilled, however, they also develop

better SA, knowing which information is important and which information can be filtered out

(Hutton & Klein, 1999). This developed SA leads to four perceptual-cognitive indicators of

expertise. These are accuracy of prediction, completeness of action and speed of response

(Glaser, 1976;Klein & Peio, 1989). Subsequently Klein has also emphasised the importance of

planning behaviour in complex environments (as observed in the military; see Schmitt & Klein,

1999). We would expect therefore that behaviours associated with high performance scores on

NFC could be coded into these categories.

However, it is unclear whether a microworld structure can be sufhciently "real world" to

require the complex, situationally embedded skills that experts rely on. Research has generally

found that experts in their chosen domain ouþerform other decision-makers (Shanteau, 1992)

because of expert content knowledge which is context specific and which defines the bour"rdaries

of the application of an individual's expertise. Such knowledge has commonly been researched

by cognitive task analysis or other tests of declarative knowledge that focus on how people see

relationships between concepts (Militetlo, 2001). Moreover, context-specific knowledge required

within a microworld will not necessarily transfer across other forms of expertise. For example,

military experts without previous experience using a firefighting microworld did not perform at a

signifrcantly different level compared with civilian novices on the same task (Chapman et al.,

2006).It was therefore important then to control for any previous relevant NDM experience in

the study, wherein we have explored whether a microworld is a suitable research tool for drawing

conclusions about general perceptual-cognitive principles associated with NDM.

3. What elements are taken into account in decision-making in a microworld?

Serfaty, MacMillan, Entin and Entin (1997) have emphasised that laboratory-based

decision-making tasks are frequently a¡tificial, although what impact, if any, this has on the
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external validity of results remains uncertain. Typically the decision-maker collects information

from a computer simulation, using only vision and/or audition, whereas decision-making in the

real world can draw upon several senses. Moreover, the physical complexþ of the microworld

environment is more simple than the real world equivalent. The curent research therefore

investigated the extent to which personal and situational elements, found to be important in the

real world, are also important for decision-making in the microworld (Chapman & Mills, 2003).

7"1.1 The current study

The testing tool was a computer simulation called Networked Fire Chief (NFC, Omodei,

Taranto & Wearing, 1998), a microworld that has been used previously to research the principles

of NDM. The task emulates a fire-fighting scenario and the operator is required to make

decisions under continually changing conditions. Nf'C generates cognitive task simulations that a

person would encor¡nter in a realJife system involving uncertainty, complexity and feedback

loops. Another reason for selecting this software was its availability for public use.

In Figure 33, the land types are represented by different colours on the screen. Purple

represents residences, dark pink/brown represents pastures (with cattle), dark green is national

park, and light green is grassland. Helicopters are represented by yellow squares and red squares

represent fire trucks. Fires are small red hollow squares. Once landscape is burnt it tums black,

and cannot be bumt again. Performance data is recorded in files on the computer for each

scena.rlo run.

The study aimed to investigate the development of expertise, the perceptual-cognitive

skills demonstrated and the broader situational and personal elements associated with decision-

making in NFC. These results have been compared with findings from previous research

(Chapman & Mills, 2003).
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Figure 33. An example of a typical NFC scenario.

Predictions were

2.

A clear process for development of performance expeftise, according to

developmental milestones described in the literature, will be apparent on NFC.

The NDM perceptual-cognitive performance characteristics of speed, accuracy,

efficiency and planning will be observed.

3. A complex range of situational and personal elements will be perceived to impact

on NDM.
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7.2 Method

7.2.1 Participants

Participants were l0 male and 10 female unpaid volunteers aged from 19-24yeas

(mean: 20.4) who were either studying towards or already held a tertiary degree. All were

friends or associates of the author and norrnal ethical requirements were observed.

7.2.2 Apparatus

The NFC simulation was run on a computer in an isolated room. The situationNFC

creates is that of fighting fires that spontaneously break out on a map. Participants use fire

fighting appliances to extinguish fres. Appliances have been created with some of the same

limitations (water capaclty, travelling speed, crew rest requirements) as their real-world

equivalents. Variations in weather, fre fighting appliance limitations and land priority must all be

considered when allocating resources to frght the fires. Performance scores are obtained from the

percentage of landscape left after a designated period of time has elapsed, taking into

consideration land priority"

All participants were given an information sheet outlining the nature and purpose of the

study (Appendix )OilV). If they were willing to participate they were also asked to sign a

consent form before beginning (Appendix )OCV). Trials ran according to a schedule (Appendix

)ONÐ. Before beginning the trial participants were trained to interact with the NFC program via

a short training protocol that introduced them to important issues such as the aim of the exercise,

the colour coding of the various land types/ resources, the screen's features, and how to operate

the interface (Appendix )O(WI). Following this a questionnaire was administered to ensure that

participants understood the program to a standard requirement (Appendix )OWm). A

standardized minimum level of mouse control skills in the NFC environment was first established

229



by administering a short computer mouse skills test (V/elsh, 2000) that incorporated the

completion of all mouse skills required for use of NFC (Appendix )O(D(). Successful completion

of this task within an appropriate specified time limit of 2 minutes \Mas a pre-requisite for all

participants.

Twenty equivalent NFC scenarios were developed from five prototype scenarios that were

flipped horizontally, vertically, and then horizontally agatn. These were established beforehand

by pilot testing to be near-identical in level of difficulty, despite differences in appearance

(Appendix )OO().

A behavioural check sheet developed from a preliminary task analysis of an expert on

NFC (see Chapman et al., 2006,p.44) coded participants' behaviours on NFC within four

categories linked to perceptual-cognitive skills associated with NDM (Appendix )OOil). These

were frequency for accuracy, completeness of action (ie. effrciency), speed and planning as

observed on,^/FC (Glaser, 1976; Klein & Peio, 1989; Schmitt & Klein, 1999). These

observations were represented as frequency counts. Defuritions for observations are found in

Appendix )OOil. Interview questions, based on the principles of critical decision method (CDM,

Klein, Calderwood & McGregor, 1989), and initially piloted with inexperienced NFC users, were

targeted towards attaining infonnation on skill development and also the changing

understandings of the NFC environment, decision skills of the participants and contextual

elements. Questions focussed on the participant's recognition of a situation, scanning behaviows,

critical cues, use of information, expectations or conclusions drawn from given information, and

elements impacting on decision-making (Appendix )OOüID. Definitions for interview coding are

found in Appendix )OOOV" Post-trial questionnaires accompanied the interview (Appendix

)OOW). These encouraged firther written reflection on the replay, and demographic
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information. The participant's opinioas about useful information for decision-making inNFC

were also collected together with any information about previous real-world NDM experience.

7.2.3 Procedure

Participants completed a session on Nf'C that lasted approximately three hours. This

investigated the effect of practice on the participant's understanding of NFC concepts and also

provided a large data set to investigate the relationship between performance and behaviour. The

NFC program was introduced according to the training protocol. Following training, the

participant completed a short quiz,to test acquired knowledge about the content of the training

protocol. Any questions not answered were re-explained. This quiz checked that the participant

understood the program to a level sufFrcient to eliminate performance impediments caused by

poor knowledge of the simulation interface.

The participant then completed the short mouse skills test (V/elsh, 2000), to establish

basic mouse skills before completing the 20 equivalent NF'C scenarios (each lasting 5 minutes)"

Between scenarios the frrst author retumed to the room to open the next scenario, while atthe

same time encouraging the participant to improve their score in the following scenario (Cannon-

Bowers, Salas & Pruitt, 1996: Hurlock & Montague, 1982). To minimise fatigue, a short break

was taken after trial 10.

Short interviews were conducted with the participant after the first and last trials. To

begin the interview a pre-designated section of the scenario was replayed. This short replay

involved a critical decision point ae(such as a land priority decision). After reviewing this,

ae A critical decision point was defined as a critical point where a decision must be made in order for events to

proceed favourably.
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questions began. Interviews were taped on video and audio recorders. Following this short

interview post-trial questionnaires were administered.

7"3 Results

7"3.1 Reliability of coding

Inter-rater comparisons assessed validity for both the content analysis of interviews and

the behavioural analysis of ,^/FC replay frles. The data were coded by the first author and a

trained associate independantþ and a reliabilþ coefFrcient was calculated (Neuendoff,2002).

The mean inter-rater reliability for the behavioural data was 0.81. The mean inter-rater reliability

for the content analysis data was 0.84 (Appendix )OO(VI). These were considered adequate,

given thatT}Yointer-coder agreement is considered acceptable (Miles & Huberman, 1984).

7.3.2 Development of expertise

Development of expertise was investigated by reviewing the performance scores

generated by NFC (percentage of landscape unburned), and the behaviours exhibited"

Performance scores ranged from 8l.l7Yoto 95.87% of landscape not bumed. From the

performance scores generated by each scenario, expertise development scores were created to

detennine the extent to which practice on Nf'C resulted in improved performance" Expertise

development was defined as

B_A

10

where A: the average score obtained in the first 10 scenarios and B: the average score

obtained in the last l0 scenarios. This formula controlled for slight variations in scenario

constructron.
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Across all participants, an average improvement of l-56Yo was found between the average

performance score from the frst 10 scenarios compared with the average performance score from

the last 10 scenarios.

Development of expertise was also investigated in tenns of behaviours exhibited in early

trials (Trials I and 6 which were mirror versions) in comparison with the frnal trials (Trial 14 and

19 which again were mirror versions). Table 44 shows changes in the behaviour coded in the

subcategories relating to speed, accuracy, effrciency and proactive planning. All behaviours

associated with speed, efficiency and proactive planning improved with practice but the only

accuracy behaviours that showed signifrcant improvement were the consideration of land priority

and wind direction when placing appliances around a fire'

Whether content knowledge developed and could be related to improving speed, accuracy

and efficiency of decision-making was investigated in terms of the information taken into account

when making decisions (extracted through the post-trial questionnaire and the short interviews)"

A function of the post-trial questionnaire was to identifr the importance that participants placed

upon eight pieces of information related to NDM (see Table 45) and how these varied with

practice. Table 45 describes the agrced ranks obtained by ranking aYerage outcomes provided by

the participants following triat I and trial20. Discrepancy scores added across the eight pieces of

information for trials 1 and 20 indicated the extent of agreement between a1l participants'

rankings. Agreement among participants was first calculated by subtracting each average ranking

for each piece of information from the overall ranking into which that piece of information had

been placed after averaging the participants ranking (see Table 45).
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Table 45. Description of participants' changing attitudes towards eight pieces of important

information.

Accuracy/
allocation

Speed of
applianoes

Accuracy/
Placement Efficiency
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Average Trial 1 2.75 3.4 3.5 5.2 5.2 6.1 6.2

Rankins Trial 1 I 3 4 t 5 6 7 8

Discrepancy Trial 1 1.75 0.4 0.5 1.2 0.2 0.8 0.9 1.8 7.5s

Average Tnal20 1.6 2.9 3.15 3.65 5.8s 5.7 6 7.15

Rankins Trial 20 I ., 3 4 5 6 7 I
Discrepancy Trial 20 0.6 0.9 0.ls 0.35 0.85 0.3 1 0.85 5.00

From Table 45, it canbe seen that the average overall ranking of each of the critical

pieces of information was relatively constant from trial I to trial 20, although, the agreement

between participants about these rankings was more similar after trial 20. Nonetheless' relative

discrepancy was low from the outset because many participants had accurately identified the

important content knowledge after only the first trial.

7.3.3 Perceptual-cognitive skills observed in the NFC microworld

It was hypothesised that high performance on i/FC would be associated with behaviours

linked to accuracy, efficiency, speed and proactive planning measures' Using replay files from

NFIT,behavioural observations were made during scenarios 1,6,14 and l9 (ie. mirror versions

s0 Each scenario completed by the participant was recorded by the computer system and stored as a replay file'
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derived from the fust and fourth scenarios). Scenarios 15 and 20, as later versions for analysis,

were not used because ttrere were missing replay files. PerfoÍnance scores were corelated with

the varying frequency of behaviours exhibited, to identifu significant relationships (see Table 46).

All behaviours associated with speed of fne extinguishing correlated with high performance

scores. These behaviours included: the average time taken to place an appliance at afire (reaction

time), the average time taken for the appliance allocated to that fire to reach its destination

(response time), and the frequency with which the closest vehicle was used as a fust response

unit. In terms of accuracy, the only signifrcant correlation was between performance and

placement of the appliance in an optimal position, according to the direction of the wind. In terrns

of effrciency, the duration of time that vehicles spent idle when they could have been fighting

fires correlated negatively with performance. The number of commands made and the number of

times vehicles were refilled during the scenario correlated positively with performance. Finally,

in terms of proactive planning measures, both the number of firebreaks made and the ateathat

these covered correlated positively with performance on.À/FC.
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Table 46. Correlations between speed, accuracy, efficiency and proactive planning measures with

performance

Speed r p

Average time between fire outbreak and appliance allocation

Average time for first responder unit to reach fire

Percent of times helicopter sent first

Percent of times closest appliance sent first

Average time taken to extinguish fire

-0.54 <0.01

-0.49 <0.01

0.28 >0.05

0.36 <0.05

0.50 <0.01

Accwacy

Average distance of appliance from optimal position (wind direction) -0'56 <0'01

Average ratio of appliances to fire size

Spread of appliances around fire

Average distance of appliance from optimal position (land priority)

0.13 >0.05

0.16 >0.05

0.38 >0.05

Efficiency

Number of refrlling breaks taken

Average time spent refrlling

Average time spent idle

Land covered by fire (end of simulation)

Number of commands made

0.58 <0.01

0.02 >0.05

-0.58 <0.01

0.18 >0.05

052 <0.01

Proactive Planning Measures

Number of firebreaks 0.75 <0.01

(Area covered by firebreaks end of simulation) 0.68 <0.01
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7.3.4 Elements impacting on decision-making in the NFC microworld

A content analysis was ca:ried out on the data extracted from post-trial interviews using

eSRNUD.IST@ (Non-numerical Unstructured Data Indexing Searching and Theorizing computer

software version 6). The data were subdivided into single line text units, because this is the smallest

unit of analysis that can be coded and retrieved by QSRNUD.IST@. The coding was inductive and

revealed that a number of elements were identified in relation to decision-making on NFC . The

relative contribution of these topics to the discussions after trial I and trial 20 arc shown in Figure

34.

Figure 34. Relativefrequencies of major constructs identified in NFC post-trial interviews

The relative proportions of discourse relating to the coding categories varied between trials'

Overall, situation awareness was often discussed in terms of continually monitoring the screen for
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new flres as well as monitoring for progress of fires already attended (to ensure no idle appliances),

This decreased in the interview following trial20. Performance skills were the second coding

category that dominated the majority of responses across trials. These were defined as when the

participant mentioned other skills that they used that impacted on their performance (e.g.

monitoring appliances, computer mouse control skills). Performance skills were discussed more

frequently in the interview following trtal20. Planning, tools, and specialised knowledge also

contributed substantially to responses following trial 1 but were taken up less frequently after trial

20. Planning was discussed in terms of pre-distribution of appliances near crucial areas, and also

the production of fire breaks. Tools referred to how participants described the ways in which

helicopters and fue trucks were used. Specialised knowledge referred to the knowledge required to

best respond to the NJIC situation (e.g. influence of wind, burn rates of land).

7.4 Discussion

7.4"1 Development of expertise

It is obvious from these results that improvement in performance scores across 20 trials was

small and largely timited to the first few trials. The average difference between the first scenario

and the last scenario was only an additional 1.56% of landscape protected from burning. It is

concluded, therefore, that the NFC task was not suffrciently complex to permit significant

improvement as participants developed expertise. Nonetheless, despite little improvement in

performance, the way in which participants dealt with the scenarios clearly changed. Speed of

responding improved as participants gained more practice on NFC. They located problems (in this

case the fires) more quickly and developed mechanisms to increase speed of reaction, like choosing

the appliance capable of the quickest response, and actually extinguishing a fire. Accuracy and

efficiency also improved as participants gained practice on NFC. In particular, the amount of time
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appliances spent idle while tasked to be fighting fires was approximately halved. These

improvements clearly reflected heightened awareness of the environment in which participants

were operating. It could be concluded, therefore that, as participants became more familiar with

their environment, they were better able to utilise environmental information appropriately. Such

improvement requires increased expert context knowledge, which infonns situationally mediated

skills as described by Lane and Alluisi (1992)" In addition, increased context knowledge allowed

better SA development to inform decisions relating to speed, accuracy, efficiency and planning.

Questionnaire results supported the importance of these cognitive skills, as demonstrated by

the priority placed on a number of variables as participants gained experience on NFC.

Questionnaire responses confirmed that participants' attitudes were more similar after completion

of the set trials (showed by the decreasing discrepancy scores) as participants acquired a more

refrned content knowledge of information critical to decision-making on NFC" Overall, participants

rated the information in the following order of importance (from most important to least

important): land priority (accuracyl allocation), bum rates (accuracyl allocation), speed of

appliance (response speed), distance of appliance to fire (response speed), wind (accuracy/

plaeement), water left in appliance (effrciency of response), distance of appliance from water

(efFrciency of response), water capacíty of appliance (effrciency of response)" As indicated, each of

these variables is related to higherlevel NDM perceptual-cognitive behaviour. Thus, from these

rankings, the order of priority placed by participants on NDM performance skills was: accuracy/

allocation, speed, acuxacylplacement and effrciency. From this, a decision hierarchy for the

participants on NFC has been constructed (see Figure 35). The fact that pieces of inforrnation

relating to accuracy were considered at different points can be explained in terms of a decision

lúerarchy. Fires would break out as participants were monitoring the NFC screen. If multiple fires

were burning the first decision required was to allocate priority of response. Secondly, the speed of

240



response was decided (appliance choice). As the appliance was moving towards the fire the third

decision made concerned the position of placement around the perimeter of the fire. This separation

of the two levels of accuracy allowed the appliance to first be allocated and response time thus

decreased before the second level accuracy decision needed to be made'

This hierarchy is in line with Klein and Peio's (1939) and Glaser (1976) theories. This

finding therefore supports the idea that, ata general level, the types of psychological skills

associated with expertise are exhibited on the NFC microworld (Omodei & Wearing,1995)'

Despite this, however, the,À/FC program was limited in its capacþ to create an environment for

developing expertise, because of its small number of situation variables. In effect, the complexity

of the microworld is probably not sufficient to require a lengthy period of skill acquisition. The

amor¡nt of information required for mastery of decision-making on the NFC microworld is not

comparable with that which would be present in a real world environment. In arealworld situation,

NDM experts must learn how to cope with alarge number of constraining variables. Therefore,

although the investigation of some elements of NDM seems practical using NFC, the development

of expertise may not be.

7.4.2 Perceptual-cognitive skills observed in the NFC microworld

performance on NFC correlated with a mrmber of behavioural measures. It correlated with

most measures of speed, but not the percentage of times a helicopter was used as an initial response

unit. This could be because fue trucks were located closer to fires in many cases and hence

provided a quicker response, consistent with the observation that the closest appliance to a fire was

used as an initial response unit on a high percentage of occasions.
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Figure 35. Concept map depicting relationships between NFC decisions.
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Consideration of wind direction, which influenced accuracy when placing the appliance in

the optimal position, also correlated with performance. However, other accuracy measures did not

significantly correlate with performance, indicating that they were not as crucial in determining

performance scores.

Two effrciency measures that significantly correlated with performance were: the number of

times appliances were refilled, and the time spent idle by appliances (tasked to be frghting fnes).

Unexpectedly, the more moves made on NFC (number of commands), the better the performance

outcome. However, this could be explained because, as participants became quicker, and more

skilled in NFC, their monitoring of the crurent scenario was better, they wasted less wasted time

(e.g. time spent idle) and they became more efftcient in moving and allocating resources.

Proactive planning measures (use of firebreaks) also correlated significantly with

performance. It is likely that the better the participants were performing, the more time they had to

engage in proactive measures. This supposition is also supported by interview data that indicated

that the participants' main reason for not using firebreaks was a lack of time.

Overall, perceptual-cognitive skills observed were in line with expert type processing (as

discussed by Glaser, 1976; Klein & Peio, 1989; Schmitt & Klein, 1999). Moreover, general skills

as discussed by Lane and Alluisi (1992) were recorded, as well as some situation specific skills

(e.g. improvement in skills due to increased knowledge of important environmental information).

Thus, at a basic level the NFC microworld was found to require the use of both general expert skills

and situationally mediated skills associated with expert content knowledge'

7.4.3 Elements impacting on decision-making in the NFC microworld

Content knowledge was collected through both interviews and the post-trial questionnaire.

Responses confrrmed that speed, accuracy, efhciency and proactive planning measures were all
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perceived as important determinants of performance. Thus, it seems tbat, at a higher conceptual

level, NFC requires similar types of skills in terms of the development of expertise as those

proposed by Klein and Peio (1989), Glaser (1976) and Schmitt and Klein (1999)'

Content analysis of interviews found that, as participants gained practice, they discussed

their situation awareness less frequently. This could be explained because there were limited pieces

of situational information contributing to SA. After the first trial the discussion of specialised

knowledge and spatial awareness was also more frequent than after trial 20.It is suggested that

after the fust trial the participants were most likely trying to understand important situational

elements and patterns in the environment. This would enable them to better predict future events.

As they developed expertise, their discussions of situational considerations most likely decreased,

because they had developed sufficient specialised knowledge about these things to enable them to

i¡form recognitional decision-making. After the initial trial participants also discussed planning

more frequently, compared with the end of their experience. This outcome is consistent with theory

suggesting that decision-making becomes more intuitive as practice is gained. In support of this,

actual outcomes of planning were observed more frequently in later trials, despite the fact that

outcomes were discussed less frequently.

performance skills likely increased because participants learnt that there were certain moves

that could be made to decrease response times (e.g. while deciding what front on which to fight a

frre, an appliance could start moving in that direction to save time). Similarly, monitoring and using

tools was referred to more frequently as experience was gained, consistent with theory that

opportunity for the effrcient use of tools increases with practice. Other observations supporting

improvement were that self-correction was discussed marginally more frequently; and mistakes

were made less frequently after the final interview. A more substantial increase in self-monitoring
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from the first to the last trials would have been expected, given that theory suggests that experts are

more skilled in this areathan novices (Hutton & Klein, 1999).

Thus, from the post-trial interviews and the questionnaires, the elements impacting on

decision-making supported the existence of development of perceptual-cognitive skills in expertise

inNDM. However, the specialised knowledge required and elements considered were limited to a

relatively restricted range of personal and situational considerations, compared with previous

research in real-life environments (Chapman & Mills ,2003). Chapman and Mills (2003) found that

personal elements were considered to be the most important elements impacting on decision-

making, and these included fatigue, emotion, perspective and personality. It is questioned whether

NFC could be suffrciently complex to evoke these variables and the resulting interactions. Thus,

the hgman element which has been identified as a most important component ofNDM in the field

is largely nússing from NFC.

Situational elements that have been previously identified do somewhat reflect those

incorporatedffiNFc.However, the complexity and number of situational variables associated with

the microworld are extremely limited compared with the number of influences in the real world.

This limited list of situational elements associated with NDM would likely explain the extremely

rapid development of expertise across trials.

7.4.4 A concept map of decision-making on NlnC

Considering the behavioural data in combination with the questionnaire responses, a more

detailed concept map has been provided to illustrate the relationships between the various

behaviows observed (see Figure 35). Overall, from the behavioural and questionnaire data it is

clear that participants were concerned with five different levels of decision. Following initial

awareness that aparticular f,re has broken out a decision is made about allocation priorities. These

priorities then require decisions regarding allocation of appliances (accuracy/ allocation). For,À/FC
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sending the closest appliance first was most benef,tcial to the performance outcome (r- 0.36,

p<0.01). This decision was essentially associated with maximising speed of response. Following

this, a third level decision about where to place appliances around the fire was necessary. This

decision related to accuracy/ placement, which also impacted performance outcomes (r: -0.56,

p<0.01 respectively). Once engaged in frghting the fire, monitoring the situation was essential

(efficiency), because time spent idle frequentþ decreased performance scores (r -0.58, p<0.01). A

fifttr level of decision involved proactive planning strategies for managing the scenario (e.9.

firebreaks). The use of firebreaks correlated significantly with performance in terms of percentage

of landscape protected from buming(r- 0"75,p<0.01), with interview data indicating that

participants used firebreaks only if they had time to do so. Moreover, another planning strategy

discussed was placing appliances strategically around the screen to decrease response times. In

short, only experienced players reach this decision level.

To conclude, the environment that was created was dynamic and required a series of inter-

dependant decisions, as is indicative of an NDM environment" The concept map in Figure 35

reduces decision points into accuracy/ allocation, speed, acøxacylplacement, effrciency and

planning. In terms of reducing NDM to simple concepts, this is useful, but it has been argued in

much of the literature that insflz NDM is more complex than can be captured in these terms

(Lipshitz, Klein, Orasanu & Salas, 2004b). These authors have also emphasised the importance of

considering the complex aray of situational, team and organisational elements that impact NDM in

the real world. In addition, the experience required by real world NDM experts is not comparable

with that of an NFC user. Finally, personal elements identified by Chapman & Mills (2003) were

not generated by the NFC microworld. These findings therefore suggest that, although useful for

generating many of the basic perceptual-cognitive skills associated with NDM, NFC is limited in
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its scope to model an environment that requires an affay of specialised knowledge, experience, and

an abilþ to break down complex information

7.4.5 Limitations

The current sample size was small because of the labow intensive nature of the post-trial

behavioural analysis, which included extensive qualitative interview data. Each participant

completed 20 trials, four from which were used to record behavioural data. The 80 data points

achieved were suffrcient for statistical analysis but, given broader time constraints, a larger study

would be useful. Interviews were conducted after the fust and last trials, but it would have been

useful also to collect some qualitative understanding of the varying perceptions of decision-making

half way through the task. This should be considered in future research.

The structure of the NFC scenarios \¡/as designed by the researcher. The author was mindful

in structuring the scenarios to incorporate challenging decision points in each. However, from the

beginning of the trials participants were scoring quite highty. The concern may be that the

scenarios were set at a basic level and development beyond that observed was not possible.

However, in contradiction to this concern, free burn scores (scores generated if there was no

intervention with the scenario) indicated that if participants had intervened poorly with the

scenarios, the range of scores would have been much lower. It could be that the training received

beforehand was comprehensive enough to ensure participants were skilled beyond a novice level,

and took minimal time to reach expertise. This supports the argument that the.ð/FC environment is

not complex enough to wa:rant long periods for skill acquisition. It is the author's considered

opinion that the major issue is that by reducing an NDM environment into a controllable

núcroworld, while still achieving psychological fidelity, the complex interactions between personal

and situational elements are not able to be reproduced. Therefore, this limits the scope of research

possible on the platform. To support this hypothesis it would be useful to replicate this research
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using scenarios set at a more diffrcult level (with a grcafer number of fues and lower free bum

scores). The length of the scenarios could be modified to check for differences in performance if

scenarios ran for longer. Also, for simplicity in the curent research, team and organisational

constraints also identified by Chapman and Mills (2003) were not included. Therefore, it is unclear

how accurately NFC models these constraints. The inclusion of these elements in future research

would also assist to produce a more complex environment. In addition, the effect of the training

protocol should also be resea¡ched to ascertain the diflerence in performance skill of those who

have received training and those who have not.

Finally, because of missing replay files, behavioural data were collected in trials 74 anð 19,

rather than 15 and21.It is the authors considered opinion that this would not have altered

outcomes substantially. However, it would have been a more accurate measure of final skills if

analysis of trials 15 and 20had been possible.

7.4.6 Conclusions about the usefulness of NFC for investigating expert performance

The curent research has demonstrated that NFC requires similar high level perceptual-

cognitive skills (e.g. accuracylallocation, speed, accwacylplacement, efficiency and proactive

planning measures) to those found in real world NDM situations. This is in line with previous

research on skills associated with expert performance (Glaser, 1976; Klein & Peio, 1989; Schmitt

& Klein, Iggg). Thus, this particular microworld has successfully produced the high level

perceptual-cognitive skills associated with decision-making in an NDM environment. However' the

current research has also found that the time taken, and the knowledge and experience required for

development of expertise, are reduced substantially in the l/FC context. Although accomplished

within the first few 5-minute trials on NFC, the processes whereby expertise is developed can

require a very substantial period of time in real-world circumstances. one would expect, therefore,

that improving skill acquisition could be demonstrated within a simulated microworld across all
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trials available. That this was not so suggests that the task was not sufficiently challenging and,

consequentl y, NFC is not recoÍtmended as an ideal context to explore the development of

expertise. Moreover, the lack of personal elements identified to impact on decision-making in the

NFC environment also presents limitations on the scope of research suitable for the microworld

platform. This presents an argument for the necessity of field-based research to establish reliable

conclusions

Lane and Altuisi (lgg2)have discussed what is required to understand expertise in terms of

basic skills (the mastery of a system/ individual) and warf,rghting skills (the mastery of a system

within a military environmenl co-ordination). To date, the relative influence of domain-specific

elements and higher-level perceptual-cognitive elements on decision-making performance is

largely unknown. Although it seems that the NFC microworld creates an environment achieving

psychological frdelþ, its ability to provide an environment to explore NDM more deeply is

questionable. overall therefore, we recommend that, despite the convenience of microworlds, their

use should be regulated by an understanding of the limitations of their applicability. To do this, a

good understanding of the importance of the situational and personal elements in detennining

decision-making is required, and firther research is necessary to achieve this.
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CHAPTER 8. Lessons Learnt Regarding CO Decision-making

in the Australian Army

The broad aim of this thesis has been to explore CO decision-making in the Australian army

environment. NDM theory has provided the theoretical platform, and within the context of the

Australian Army the research has tested and expanded on Klein's (1989) RPD model. More

specifically, the thesis has had four aims, as follows:

o To provide validation for the RPD model within the context of the Australian Arrny;

o To better define NDM in terms of expertise as defined by the RPD model;

o The identifrcation and description of the wider elements impacting on NDM;

o To develop and apply a rigorous and replicable research methodology;

o To determine the extent of usefulness of computer simulation as a research tool for

future exploration of NDM.

To address these aims, the author undertook four related studies that have addressed the

following areas.

Study 1. Critical decision method was used to interview unit level COs about their

decision-making experiences. From theses data, the validity of the RPD model in the Australian

Army context was explored. In addition, the array of elements impacting on decision-making in

this context were identified and explored.

Study 2. A Q-sort was used to analyse the responses of both unit level COs and OPSOs, to

determine the relative importance of the elements identified in interviews to impact onNDM. A

second aim here was to explore whether sinúlar opinions were held across the participants

regarding the relative importance of the elements.
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Study 3. Two field exercises were observed and additional data were collected to explore

the external validity of the previous results. ln particular, the critical nature of the contributions of

the HQ team to decision-making was further explored.

Study 4. NFC,a computer-simulated microworld was used to investigate whether, in light

of results ûom the previous research, this was a useful tool to investigate NDM for application of

results to the Australian A:rnY'

The cgrrent chapter will draw upon the findings from these four studies to discuss how each

of the initial aims has been achieved. Following this the other main learning points from the thesis

will be summarised and discussed. Limitations will be explored, and suggestions will be presented

for future research, including discussion of implications for current Army development, training

and structure.

8.1 Addressing the Aims

8.1.1 The validity of the RPD in the Australian Army context

The RPD model has become a widely cited model capable of application to decision-

making \¡rithin military style environments, where there is time pressure, high stakes and uncertain

information. Despite its potential, to the author's knowledge, the model had not been trialled in the

context of the Australian Arrny. The first aim of the thesis was to seek validation for the RPD

model as relevant to understand decision-making in the Australian Army. This was achieved within

studies 1,2 and3. Study 1, using CDM interviews, showed that the majority of decision points

involved the generation of only one or two options. This indicated a sequential method of decision-

making such as that described in the RPD model. Secondly, all decisions that were discussed in the

interviews depended on the use of previous experience. Tlús reliance on experience to trigger

suitable courses of action is a central tenet of the RPD model. Moreover, a number of the elements
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impacting on decision-making that were identified during interviews supported the RPD. For

example, the use of previous experience to recognise solutions was discussed by all participants.

Moreover, SA was identified indirectly during discussion about the importance of corimunication

of information, knowledge and opinion from within the team.

Study 2 (Q-sort) fi¡ther supported the RPD model appropriate for decision-making in the

Australian Army because many concepts that were ranked highly by participants supported

assumptions of the RpD model. For example, experience was held as an extremely important

element and the importance of the three levels of SA was supported by the high ratings given to

communication of information, knowledge and opinion and also environmental context"

The influence of the three different levels of SA was demonstrated in the results from study

3 (freldworþ" These observations clearly showed the three different levels of SA feeding into HQ

CO decision-making.

Based on these findings, it is concluded that evidence indicates that decision-making in the

Australian Army unit HQ requires the development of SA, draws on experience to recognise

appropriate courses of action and results most often in the generation of only one or two decision

options. All of these observations support the existence of RPD in the Australian Army unit HQ-

A limitation identifred in addressing this aim was that RPD was supported on the basis of

the existence of SA, generation of one or two options and the presence of recognition through

experience. Other evidence for the existence of the RPD could have also been sought in terms of

mental simulation or story building. Another limitation was that these results are all based directly

on the interpretations of the researchers, without having been checked against the opinions of the

participants. In future research it would be useful to take the RPD rnodel to the participants and to

seek feedback from them as to its appropriateness.
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8.1.2 Better deflrning NDM concepts

The RPD model emphasises the importance of experience for decision-making. But to use

this knowledge to enhance our training/ decision-making, we need to be clearer about what type of

experience feeds into decision-making. This question was explored in studies I and 3. Interviews

conducted in study I identified a number of different types of experience that fed into decision-

making by COs at the unit level of the Australian Army. This included experience gained within

the Army, but also experience gained extemal to the Army. Experience gained within the Army

could be broken down into soldier-level experience and CO-level experience. Field notes from

study 3 supported interview data on the various forms of experience being drawn upon by the CO.

Each individual within the team, including the CO, had their own set of unique experiences

(both internal and external to the Army). Therefore, depending on the make-up of experience the

CO had, he would fill in the gaps in his cu:rent understanding of the situation, by drawing on the

experience of those around him. This was evidenced in the interviews. Therefore, by drawing on

the experiences of his team, the CO had access to an extremely large pool of experience, to draw on

when decision-making. This observation is in line with the theory of transactive memory'

Drawing from the theory of transactive memory, not all team members have all knowledge

held by a team. Instead, teams develop a shared system for storing knowledge, whereby each

individual is only responsible for a portion of what the whole team knows. An implication of this

dispersed knowledge storage system is that each team member should have an understanding of

who holds what knowledge within the team (Wegner, Erber & Raymond, 1991). This allows for

efficiency of information storage and retrieval (Cordery, McDonald & Mitchell, 2003).

To apply this model in unit HQ, the CO would require a good overview of the knowledge

and experience of his HQ team. However, this may be problematic in a military environment where

the core He team is relatively stable for a period of time, but different peripheral team members
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may join a unit HQ depending on the goals and skills mix required for the specific operation.

Therefore, the CO may be aware of the types of knowledge and experience his core team would

have access to, but may be less aware of the knowledge and experience of peripheral members' It is

suggested here that an adaptive mechanism may develop to cope with this diffrculty, such that the

He team will volunteer information, knowledge and opinions to the CO without having been asked

for these things. In a situation where critical time constraints apply, this process would help to

expediate the decision-cycle, which is crucial in such NDM situations. This argument is supported

by results from the freld study that indicated that members of the team often actively contribute

information, knowledge and opinion (without the CO having to know where to seek these).

A limitation within the interpretation of the results from the field studies was an assumption

that all information, knowledge and opinions transferred by the HQ team was actually received and

considered by the CO. This assumption was based on the interview analysis that suggested that the

CO does draw on his He team for these things. However, these things may only be considered a

portion of the available time. A follow up study would therefore be beneficial, to see what

percentage of the information, knowledge and opinion actively offered by the team is actually taken

into account by the CO when decision-making'

Other questions that arose but were unable to be explored with the current set of data were:

for what proportion of the time are each of these different types of experience being drawn upon?

in what kind of situations are they most likely triggered? and within each of these categories are

there common essential experiences that are often drawn upon? These questions would provide

future avenues for exploration by further research. With increased knowledge on how experience

infonns decision-making, the design of training and command support tools would be informed'
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8.1.3 Identifying and describing the wider elements impacting on NDM

It has been noted that an improved understanding of the elements impacting on NDM in the

Australian Army context was required. This was explored in studies 1, 2 and 3. Because of a lack

of previous research, study I used qualitative interviews to collect data. It was envisaged that an

array of influential elements (as perceived by the CO) could be best extracted using this method. In

addition, the interview phase allowed for deeper exploration of how these elements should be

defined. Data revealed that there were a number of elements perceived to impact on decision-

making. These were grouped into four categories: personal elements, team elements, situational

elements, and organisational elements. These categories are listed in order of how frequently they

were discussed within the interviews. However, it was recognised that another study was required

to more accurately prioritise these elements in terms of their actual perceived importance in the

decision-making process. This was achieved in study 2 using the Q-sort method-

The second study was designed in such a way as to force comparisons between the elements

identified in the first study. It was also structured to identiff whether the relative importance

assigned to the elements was similar across COs/ OPSOs or whether there were distinct groups of

opinion" The e-sort study found that the actual importance of the elements (as ranked in the Q-sort

task) was slightly different to the frequency of expression discovered in the interview. Overall, the

order of importance derived from the Q-sort was: personal elements, team & organisational

elements, and situational elements. Thus, the importance of organisational elements was held at a

similar level to the team elements. This ordering indicates that elements closer to "self'were

regarded as more important in the decision-making procsss, and those furthest away were

comparatively less important. The second finding was that the way in which the elements were

ranked was relatively comparable across the majority of the Cos and oPSos who participated in
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the study (i.e. most respondents had a similar frame of reference). This indicates that the result will

have most likely have good generalisability'

Personal elements (e.g. experience and personality) are regarded as being most important in

decision-making and included references to: emotion, personality, fatigue, experience and

perspective. Despite the inclusion of the concept of experience, the RPD model does not

incorporate other personal elements. Neither have they been researched specifically within NDM,

with the single exception of experience, which is discussed as part of the RPD model' The only

personal element that did not rate as extremely important was emotion.

Some of these elements have just begun to receive research attention in relation to decision-

making behaviour, but are yet to attractinterest in the NDM literature. For example, emotion

(Bechara, 2004;Hockey, Maule, Clough &,BdzoIa,2000; Sayegh, Anthony, Perrewe, 2004),

personality (Lauriola & Levin, 2001;Lawiola, Russo, tucidi, Violani & Levin, 2004), and fatigue

(Drillings & Mullen, 2005;Hockey, Maule, Clough &.BdzoIU2000) have been recently

investigated in terms of their impact on decision-making. This research has typically not, however,

been in the context of the Australian Army. Thus, although the influence of these elements is

beginning to be recognised, they have not yet been discussed in the NDM literature and this

presents a lead for future research.

Team and organisational elements were ranked as the next most important in decision-

making. Under the category of team elements, the team were often discussed in terms of their

influence on decision-making. Sub-elements investigated were: decision responsibility, tnrst,

communication (by team) of information, knowledge and opinions. In fact, the CO would often

draw on his team's experiences in areas where his own experience may have been limited. Most of

the sub-elements that were grouped under team elements implied shared responsibility for parts of

the decision-making process. In addition, organisational elements included such sub-elements as:
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army cglture, organisational constraints (resources), communication with higher management,

intelligence and subordinates. In essence, the sub-elements in this category included being aware of

oneself as being part of a larger organisation and making decisions that would be congruent with

that membership. Based on the importance allocated to both the team and the organisation as

influential elements on decision-making, this finding confirmed that decision-making in unit HQ is

a diffrrse process.

Because of the complexity of the decision-making and the broad range of experience

required for informed decision-making, the CO's surrounding structure (e.g. team and

organisational knowledge and support) \ruas seen as integral for decision-making. The Q-sort

confçmed that, overall, although the ultimate responsibility for decision-making rests with the CO'

communication both at afeartlevel and an organisational level was perceived to be highly

important as an activity feeding into decision-making. The contributions of information,

knowledge and opinion by the team were all ranked as highly important. The importance given to

these forms of communication fits with a structured and supportive organisational network,

established to facilitate diffrcult decision-making. In essence, the COs and OPSOs were aware that

the decision needed to be embedded within the rules and experience of the team and broader

organisation. This is a concept that lies at the heart of the diffuse decision-making argument, and

presents implications for structuring HQ teams'

The main strength of the freld study was that it provided external validation to the interview

and Q-sort results, indicating that the CO was dependant on the SA provided by the team and

organisation for decision-making. The communication that was monitored between the CO and the

HQ team and the CO and the wider team revealed:

o Unit HQ team members were feeding information to the CO at each of the levels of

SA (as identified by Endsley,1995).
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o Results indicated that the team was most likely actively feeding information into all

three levels of situation awareness.

These results, in combination with the qualitative dat4 support the hypothesis that the CO is

reliant on his HQ team during the decision-making process.

Although monitoring the organisational level of communication was more diffrcult due to the

set up ofthe exercises, this study also revealed that:

o The subordinates were contributing information to the CO's three levels of SA.

. The subordinates are contributing to the eventual outcome both before and after the

CO's decision"

These data validate the Q-sort frndings that the team (and to a smaller extent the

organisational team) have an important influence on decision-making. Not only are team members

perceived to be important influences by the CO, but behavioural data confirmed that they actively

contribute to the CO's three levels of SA. This implies dependence.

Finally, situational elements, while identifred as important in the interviews, have been

placed as comparatively less important when compared with elements internal to the Army

framework. Situational elements are typically included in the RPD model as playing an essential

role in developing SA. However, interviews have highlighted a group of these that specifically

impact on decision-making. Most of these a.re under-researched in a military context. The broad

sub-element "enviïonmental elements" was not surprising because these have been discussed

frequently as part of SA formation. However, some of the other elements such as"outside

organisation influence, ", anÌd "culture" have not to date received much attention in research or

discussion within the field. The lower level of importance placed here could be explained because,

although personal, team and organisational elements are likely to remain relatively stable,

situational elements are much more prone to extreme variation. For example, while one's
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personality will likely ¡epain constant, the type of enemy one is facing is more variable. As

mentioned before, the layering of importance tends to view everything internal to the Amy as most

important to decision-making, and the situation extemal to the Army as less influential. This

presents a situation where individuals empower themselves and the Army to have the greatest

impact on outcome in the decision-making event. Because they are more likely able to influence

and control aspects within themselves or their team, and less likely able to impact external

situation, it makes sense to focus a large amount of cognitive resource here. This indicates an

intemal locus of control (Rotter, lg66).In other words, control of the situation is perceived to

reside within oneself and within the Army. It is likely that having a well firnctioning person, team

and organisation assists the CO to handle more difFrcult combinations of situational events that are

presented. This is likely to be an adaptive coping mechanism in such emergency situations.

Some elements identified were validated in study 3 (field worþ, others were supported

through previous resea¡ch but not necessarily within the Australian Army context (e.g. personal

elements/ emotion) as impacting on decision-making, and others require further research to

validate. Table 47 (below) illustrates how each element has been corroborated or validated. Many

of the team and organisational elements (especially in terms of communication), not yet validated

in an Australian Army context, were able to be observed in the field study. Onty apartial validation

has been noted for some of the variables because not all of the elements were able to be

quantitatively measured using check sheets and some were recorded through the use of behavioural

field notes. Therefore, although there is support that this element could be validated, future research

is required to do this. Unfortunately all of the elements that were extracted in interviews and ranked

in the e-sort were not able to be observed in the field. This was because the researcher could not

have ultimate control in setting up an Army exercise to validate all of the elements (e.g. invoking

emotion, controlling for personality types or generating fatigue). Despite this, as discussed above,
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many of the personal elements and situational elements have been corroborated in other fonns of

research, and now just require validation \Ãrithin an Army context'

Table 47. yalidation of elements identified to influence unit level CO decision-making in the

Austalian ArmY.

Element Validated How Validated/ Corroborated

Team
Decision responsibilþ
Communication iDiffrrse responsibility

PARTIAL
YES
PARTIAL

Field Notes
Field observation
Field NotesTrust

Organisational
Diffirse responsibilitY /communication YES Field observation

(organisational)
Organisational constraints
Resources

PARTIAL
YES

Field notes
(Omodei, Mclennan, Elliott,
Wearing & Clancy,2005)
Field notesArmy culture PARTIAL

Situational
Cultu¡e PARTIAL (Lieven, 2001; Mills & Smith,

2004)
(Klein, 1999)
(Endsley, 1997;Klein, 1999)

Tirning/ time pressure
Environment
Outside organisations
Decision aids

YES
YES
NO
NO

Personal
Emotion

Personalþ
Perspective
Experience
Fatigue

YES (Lauriola & Levin, 200I; Lauriola"
Russoo Lucidi, Violani & Levin,
2004)

NO
NO
YES
YES

(Klein, 1989)
(Hockey, Maule, Clough &
F,dzola,2000)

Finally, the elements identified need to be modelled to improve understanding of decision-

making within He. Figure 36 below represents how these elements may be impacting on decision-

making, based on findings here.
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Elements likely to ¡fTect whole process:
Fatigue

Decision responsibilitY
PersonalitY

Trust of team
Emotion

Organisational culture
Time pressure

D-
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E.
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E
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i
ü
ti
Ë
l:
R

Co¡nmunication
Te¡m

finfnrmrfionì

Communication
Team (knowledge)

Communic¡tion
Team (opinion)

Diagnose
(tr'eature natching)

(Story building)

Perceived as typical
(Protob.pe or analogue)

Clarify

Anomaly
Expectancies

Typical
Action

Evaluate Action
(Mental

simulation)
ModiS

Will it work?

ßxpcricnr.:e the silualion itr a clranging oontcxt

fì.ccognition has lbur

Relevant
Cucs

l)l ausiblc
Coals

lnplenrcnt Course
of'aotion

Figure 36. Theoretìcal representatìon of how elements identified nxay influence the decision

1

process.
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In sum, overall a number of elements have been identified to impact on CO decision-

making. Some of these have already been discussed in the NDM literature, while others present

opportunities for future research. A limitation therefore was that not all elements identified were

able to be validated in the current research. Some received partial validation through field notes, or

research from a different field. Future research will need to test whether these elements do actually

impact on decision-making. Also, future research should investigate possible interactions between

these elements.

8.1.4 Developing and using a rigorous and replicable research methodology

Research in the freld of NDM has typically used interviews or observations as research

methods (often containing qualitative elements). In response to this, there has been criticism of

NDM researchers for using soft techniques (e.g. Yates, 2001). This thesis has therefore sought to

develop and implement sound methods that are reliable and valid. The research methods used have

a number of strengths, drawing on principles of triangulation in order to increase external validity

through observing the same results across three different research methodologies. The types of

methods used tend to offer higher levels of external validþ because they are field based and thus

in situ,and direct application of results to the field is therefore appropriate. Both quantitative and

qualitative data have been collected allowing both depth of exploration as well as breadth and

definition. The data have achieved high levels of reliability amongst coders. Therefore, this would

suggest that the tools used were reliable and that the results should be replicable. The methods used

were all approved for use by the Australian Army and were not deemed to be overly demanding or

time consuming for the participants. This was an extremely important requirement, because without

approval of the method, data collection would not have been able to commence. A new tool was

developed to administer the Q-sort, to suit the distributed, security restricted environment. This tool

was time eff,rcient, because it enabled respondents to complete the Q-sort at a time convenient to
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them and results generated from the sort were automatically recorded by the computer and sent

directly back to the researcher. This was a cost-effective method for distribution, because it did not

require the researcher to travel nationally for distribution and to be present for sorting. The

response rate using this tool was deemed acceptable, taking the unusual environment into

consideration.

However, several weaknesses of the methodology were also identified' Firstly, sampling

could not be randomised because of the structure of the formal research networks within the

Australian Army, whereby the researcher cannot have direct previous contact with potential

participants. Instead, science officers within the various brigades must first seek available

participants on behalf of the researcher and then provide the details of willing participants only to

the researcher. The researcher therefore has little control over this process and must select all

volunteers as particiPants.

Another weakness was the time consuming nature of the data collection and analysis.

Despite reliance on small sample sizes, and the relatively small total population for investigation,

the time associated with data collection and analysis was significant. Even if available, larger

samples would be extremely difficult to accommodate within the cr¡rrent methodology. In

particular, the reliabilþ checks perfonned on the majority of data required training of associates

and a substantial amognt of analysis time offered by these associates to confirm accuracy of data.

In a corporate sense, this extensive time commitment would translate into high costs for this

research methodology.

Finally, generalisibility of the findings is questionable because of the small sample sizes'

Nonetheless, although resource intensive, this methodology is recommended as a useful addition to

the methodological tool kit currently employed withinNDM. In addition, the researcher would
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commend the efforts of NDM researchers tackling the diffrculties associated with field based,

qualitative research, because the value of these methods is high, despite the associated difficulties.

8.1.5 Determining the extent of usefulness of computer simulation as a research tool for

future exploration of NDM

Following the support provided by studies 1,2 and 3 for the complexity of CO decision-

making in Australian Army unit HQ, the question arose as to what extent simulated microworlds

might be used to investigate principles ofNDM for application in this environment. Study 4

addressed this question by analysing how expertise is acquired, and what kinds of perceptual-

cognitive skills and behaviours were required for expert decision-making in a simulated

microworld (specifically NFq- In addition, the extent to which personal and situational elements

contributed to perfonnance within this simulated context was also explored'

Results from this study suggested that, although mastering.À/FC was associated with the

development of high level perceptual-cognitive skills (e.g. speed, accurasy, efficiency and

proactive planning measures) in a similar way to the development of expertise in real world NDM

situations (Glaser, L976;Klein & Peio, 1989; Schmitt & Klein, 7999),NFC lacked the complexity

associated with real world NDM environments. This was apparent in the limited amount of

improvement observed between the beginning and end of trials. In addition, the elements impacting

on decision-making were particularly limited. In particular, microworlds may not be complex

enough to evoke personal elements such as emotion, perspective and personality impact on the

decision-making process. Therefore, although microworlds achieve psychological fidelity, the

author suggests that in the freld of NDM we are still unsure about the nature of complex

interactions between many of the elements and what impact these elements may have on decision-

makers. Therefore, it would be wise to postpone dependence on a reductionist approach to the field

gntil we are better able to understand what impact the array of elements may have on NDM.
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This suggestion presents an argument for the necessity of continued field-based research-

Further research should be aimed at better understanding the importance of personal, team,

organisational and situational elements in determining decision-making outcomes. This will

eventually lead to a better gnderstanding of the extent of applicability of microworlds. In light of

these considerations, the appropriateness of methods such as the use of microworlds for future

NDM research should, for now, be questioned until we are better able to clariff which problems

may be tested in such an environment.

8.2 Other Important Lessons Learnt

It is acknowledged that there are a variety of conditions under which decision-making

ocours. Many researchers now suggest that trying to fit one model of decision-making to the

myriad of different decision scenarios faced in the real world is not sensible. Vy'e need to

acknowledge that there are a number of variable pressures associated with decision-making. Some

examples of these pressures that have been drawn upon to define an NDM environment are: the

time frames associated with the decision, varying levels of risk, the clarity and availability of

necessary information and the importance of the outcome. These are all often variable inNDM

scenarios. It is suggested that depending on the nature and combination of these variables, different

models may be required to describe decision-making'

NDM has been suggested as a paradigm focussing on the extreme ends of each of these

variables (e.g. high levels of time pressure, high stakes, high risk and low levels of certainty; Klein,

1999). Klein (19g9), a pioneer of NDM, studied decisions made in the US Militâry. He noticed that

in such a dynamic environment with high stakes, time pressure and uncertainty, traditional models

of decision-making were not adequate. Klein (1999) reported that decision-making in such an

environment was dependant on SA and expertise. Moreover, various options were not considered

and compared together, but instead analysed sequentially. Moreover, the decision did not have to
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be optimal, but instead was made in a timely manner, and was workable. The difference in

processing was explained as an adaptive method to cope with the high-pressure context' It has been

suggested that decision-making in other environments such as emergency service type

organisations also follow a similar process.

Research has shown that earlier decision models, such as the classical decision-making

model, although not useful in NDM type scenarios, may be useful as prescriptive models where the

situational variables are different. The classical decision-making models emerged from the freld of

cognitive psychology. Based on laboratory experiments it was suggested that a decision-maker

would use all of the available information to weigh up the pros and cons of any given course of

action before making an optimal decision. Although this process is not suitable for situations with

high stakes where time presswes apply, it may suit situations where there is low time pressure and

information is clearly defined'

Figure 37 draws upon understandings derived from the current research and other literature

to begin to map when different decision-making models may be appropriate for explanation of

decision-making. This frgure categorises decisions according to the different extremes of time

pressure, associated stakes and availability and clarity of information. According to the different

combinations of variables, an environment is created that may be more or less amenable to certain

decision-making models.
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Some of these contexts have been specifically discussed in the decision-making

literature. For example, Redinger (2004) researched the habit of supermarket shoppers and

found that a similar process to RPD is used to choose products in the supermarket. Other

contexts will require fu¡ther research in order to ascertain which model fits as a best

explanation. According to the flow chart in Figure 37,the critical variable to detennine

whether NDM or CDM will be used may be the level of time pressure associated with the

decision.

It may also be that in situations such as an Army HQ, where the tempo of operations is

continually changing, different models will frt into the same environment depending on the

goal and combination of situational variables at the time (Bryant, Webb & McCann,2003).

For example, Killion (2000) writes inMilitary Review:

"the situational understanding now available at higher echelons and the

commensîtrate abitity to visualize the battlespace allow recognitional decision

ntaking to a degree not feasible in the past. Conversely, real-time or faster-

than-real-time decision-aiding technologies allow COA analyses at the tactical

level to a degree not possible previously, enabling more ffictive analytic

planning and replanning. As a result of these elements, these two

complementary modes of decision makingwill likely become increasingly

interwoven and interdependant. Selecting the dominant mode of operations

will depend on both situational elements, such as time constraints and size/

ntakeup of staff, and personal ones, including decision-ntaking style, level of

expertise and managenrcnt style." (p-67)

This model provides a number of hypotheses requiring further research.

8.3 Apptications of the Current Research

The findings from the current study should be used in the following ways:
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o To assist in the design of decision support tools;

o To guide the delivery of Army training;

o To inform futu¡e efforts to restructure the Australian Army.

Because of increasing evidence for NDM, it is important to consider how acceptance

of this model will impact on decision-support tools. Killion (2000) n Military Review stated

"The emergence of this new model of decision making has direct implications

for issues such as trainingfor command, evaluøting the expertise of

commanders and designing decision-support systems' The model suggests

marlædly dffirent decision-support systems, focusing on accurate situation

qssessment and case-based reasoning (recalling similar cases) as opposed to

the feature-based comparison of options inherent in systems such as JOPES- "

(p.67)

A particular value of this research lies in the fact that it improves our understanding of

what elements are perceived by COs and OPSOs as impacting on decision-making. Thus,

decision support tools can be constructed accordingly to accommodate these elements and

present them in a way that reflects their importance as described in the Q-sort.

There are three main points from the curent dissertation that have relevance to the

future of training in the Australian Army.

o Different types of activities producing experience (e.g. story telling, practical

soldier-experience) should feed into training protocol.

. Cultural awareness training needs to be incorporated into Army programs'

o Diffuse decision-making needs to be considered in the construction of training

(team/ organisational level training).
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Understanding more fully what is involved when experience contributes to the RPD

process can only improve training standards. We are now aware that there are a number of

different types of experience that are drawn upon in NDM. As reported in Chapter 4 these are:

o Actual operational experience (as a CO);

¡ Actual operational experience (as soldier or lower rank);

. ExPerience derived from training;

o Experience outside the military (everyday learning / knowledge);

. Experience drawn from others stories etc-;

. Experience derived from books (drawing on history, etc)'

Thus, although practical experience is important, it should not be the only focus to

improve decision-making. It will be important in the future to also investigate what types of

experience tend to contribute most to the decision process'

The emerging theme of culture presents some challenges for the Australian Army.

COs and teams may need to be exposed to more rigorous, formalised cultural training before

being required to interact with other cultures. Recently some work has been done in the

Australian Arrry context on cultural awareness training by Mills and Smith (2004). This work

successfully piloted a methodology that can be used to produce a set of generalisable cultural

sensitivity skills. As far as the current research findings go, introduction of sueh a method

would be a step in the right direction. Moreover, more research needs to explore how teams

consisting of members with different cultural backgrounds may operate most effectively in

NDM environments. This need was also highlighted by Klein (2004).

Another area in which results from this thesis should inform practice is in regards to

the observation of diffuse decision-making. Clearly diffuse decision-making is occurrin%,let

current doctrine does not clearly recognise this. Training needs to be sensitive to the fact that
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members of a team are required to contribute information not only in its raw form, but also

after processing it and adding their own experience and judgments. In addition, the active

contribution to information by the team relies on a common understanding of what the CO

needs to know and when s/he needs to know it. This presents implications for the set up of a

He. Ideally a broad variety of experiences should be held by staffwithin a HQ. However, we

also know that teams who have shared common experiences develop better SMM and are

most often more effective. An understanding about how this mix is best achieved is a worthy

aim for future research.

There have also been lessons learnt for future structure of the unit HQ in the

Australian Army" This research has improved our understanding of the elements that are

c'rrently impacting on the decision-making of unit level COs. This understanding is crucial if

we are to critically analyse what elements would most likely be affected by restructuring unit

He, and empirically test this effect. For example, we can speculate that the split HQ team

would affect elements as indicated below in Table 48. From this, we can empirically test what

effect the split has on these elements þositive or negative) and also how this may be taken

into consideration in future structuring of the Army unit level HQ.

Table 48. A s1¡nmary of elements expected to be impacted on by HQ distribution.

Elements that would most likelY be Elements that would most likely not be
affected by HQ splitaffected by HQ split

Team communication
Organisational communication

Perspective

Trust (tea:n)

Morale

Personality
Fatigue

Emotion
Experience

Organisational culture

Environmental elements

Culture
Time pressure

Decision responsibility
lnfluence of outside organisations
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8,4 Limitations of the Research

Overall, limitations of the research, as related to each of the four initial aims have been

highlighted in the above sections. ln summary these were:

o RPD was supported on the basis of the existence of SA, generation of one or

two options and the presence of recognition through experience. Other

evidence for the existence of the RPD (such evidence of mental simulation or

story building) was not sought.

¡ Results were based on the interpretations of the researchers, and have not been

checked against the participants' understandings'

o An assumption that all information, knowledge and opinions transferred by the

HQ team were actually received and considered by the CO'

o Not all elements identified were able to be validated in the current research'

. Sampling could not be randomized.

o The qualitative methods used and the small sample sizes involved limits the

generalisibility of the findings within the Australian Army.

Overall, a final limitation identified by the author may be the applicability of these

results across NDM fields. It is the author's considered opinion that the results from this

research are useful at a number of levels. However, it is worth noting that all research has

been carried out in the context of the Australian Army. Most NDM scenarios might be

assumed to involve at a broad level personal, team, organisational and situational elements

that would necessarily be considered in the decision-making process. However, whether the

sub-elements associated with each of these categories would vary across organisations. should

be investigated. Thus, it would be necessary to run similar research across a number of

different NDM situations to ascertain the generalisibilþ of these results. One example of

where differences might arise would be the difference between NDM environments that are

typically dealing with people (e.g. emergency medicine, Army), as opposed to those that are
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typically dealing with natural disasters (e.g. fire service, emergency response services). ln

addition, it would be expected that, whether the NDM job deals with the individual, or

whether with a Broup, salient elements associated with decision-making will most likely vary,

Ideally a similar methodology could be used across NDM environments where

decisions and actions were associated with an individual (e.g. critical care nursing), a group

(e.g. a military engagement), and one where the object of decision-making was an ongoing

environmental disaster (e.g. frefighting). This approach would permit comparison of

outcomes, to identifi common elements across ¿smains but, equally importantþ, unique

elements to specific domains. Results from such research should also assist to understand the

extent of applicability of results generated across domains'

8.5 Lessons Learnt for Future Research

Overall, areas for future research, as related to each of the four initial aims, have been

highlighted in the above sections. In summary, future research should:

o Take the RPD model to the participants and also seek feedback from them as

to its aPProPriateness"

o Investigate to what extent the infonnation, knowledge and opinion actively

offered by the team is actually taken into account by the CO when decision-

making.

. Explore the proportions of the time for which each of the different types of

experience are being drawn upon, in what kind of situations they are most

likely triggered; and, within each of these categories, whether there are

coÍtmon essential experiences that are often drawn upon.

o Validate whether all the elements identified do actually impact on decision-

making.

o Investigate possible interactions between the identif,red elements.
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o Further research the appropriateness of the use of microworlds for future NDM

research.

o Investigate whether, in situations where the tempo of operations is continually

changing, different decision-making models provide the most appropriate

explanations.

Now that the personal, team, organisational and situational elements perceived to

impact on decision-making in the Australian Amry have been identified, it is important to

isolate the various elements and run more focused studies, in order confrrm the nature and

direction of relationships with decision-making. For example:

o What kinds of experience ¿re most salienV influential on decision-making?

(e.g. actual vs anecdotal)?

o How does personality affect the decision process?

. 'What aspects associated with interacting with a different culture impact on

decision-making?

In terms of the diffuse nature of decision-making, further research should focus on:

o The role of trust in information sharing, and the impact that high risk situations

may have on this.

o The extent to which non-verbal communication can influence the production of

shared mental models.

Future research should also plan to gather a broader base ofobservations, across a

number of emergency services, to understand more adequately the significance and

generalisability of these results. Observations should be across regiments and involve both

Reserve and Regular officers. It is anticipated that, although the unit level Australian Amty

HQ team is a relatively unique organisational unit, the influential elements extracted should

be broad enough to bear relevance to other emergency-type organisations also. Studies should

be structured to confrrm this hypothesis.
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8.6 Conclusion

As described, this research has been exploratory. It has drawn together a number of

different theories and research to better understand decision-making at unit level HQ in the

Australian Army. The five aims of the thesis were achieved. Firstly, a valuable result has been

the validation of the RpD at unit level in the Australian Anny. Secondly, this research has

continued in the work to better define expertise within RPD. Thirdly, it has explored other

elements that impact on decision-making and a number of these elements have been validated

through field research. Research directed to these elements has already begun to appear in the

literature, but there is considerable scope for further research in realJife contexts. Fourthly, a

strong methodology \ilas structured and implemented, to achieve the initial aims of the

research. Finally, evidence has indicated that the use of microworlds for research on NDM

should be mediated by an understanding of their limitations. Two learning points have been

the confirmation of the diffuse nature of unit level decision-making in the Australian Army.

Also, the contextual boundaries for NDM have been proposed for further discussion within

the freld.

In conclusion, RPD is a useful model for investigating decision-making in the

Australian Arrny. It will become increasingly important, as the Army continues to progress

towards the age of NCW, to understand the complex web of elements impacting on the

process. Moreover, irnproved definition of each of these elements is essential. The current

research has built upon the RPD to propose a hypothetical model for decision-making at the

level of unit HQ in the Australian Army, and incorporated a number of the identified

elements. From this point it will be important for further research to detennine the validity

and generalisability of this model. Limitations in the current program of research have been

identified and these should be addressed in future studies, and balanced against time and

resource constraints.
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Appendixl:SummaryListofFactorsAffectingTeamwork

(Adapted from Morgeson, Aiman-Smith and Campion, 1997)'

X'actor(s) Description Examples

Contextual
X'actors

Variables that Pertain to the
environment in which the team
activity is embedded

Culture
Climate
TrainingÆducation sYstems
Reward systems
Information systems

Structural
X'actors

Variables impinging PrimarilY
from sources external to the
team, but may include some
internal to the team (e.g. Team
organisation)

Physical environment
Organisational arrangements
Technological systems

Team
Design
Factors

Variables inherent to the team
itself

Work design
Task interdependence
Team sizelcomposition
Leadership

Process
Factors

Variables inherent to the waY in
which the team fimctions

Boundary management
Task cohesion
Performance noÍns
Communication
Team interactions
Potency/self efficacY
Team spirit

Contingency
factors

Variables impinging from
sources intemal and external to
the team

Team application/mission
Resource availabilitY
Procedural requirements
Rules on operation, managing,
or decision-making.
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Appendix II: Definitions for Group Biases

(from Vaughan &' Hogg, 1 995)

Evaluation apprehension - The physicat presence of members of the same species causes

drive because people have leamed to be apprehensive about being evaluated'

socialising - Dynamic relationship between the group and its members that describes the

passage of members through a grcup interms of commitment and changing roles'

conformity pressures - The pressure to conform to group noÍns in order to identiff with

and be accepted bY that group'

Social loafrng - A reduction in individual effort when working on a collective task (in which

ones outputs are pooled with those of other group members) compared to when working

either alone or coactivelY"

Domination due to status imbalance - Different group members have a different perceived

status in the group. Status usually depends on their consensual prestige and their tendency to

initiate ideas and activities that are adopted by the group' High status members tend to

dominate idea formation in groups.

Free riding - When a group member is avoiding costþ obligations and group membership

and allowing other members to incur the costs'

Group think - A mode of thinking in highly cohesive groups in which the desire to reach

unanimous agreement overrides the motivation to adopt proper rational decision-making

procedures.
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Appendix III: Q-sort Method Bacþround and Justification

As mentioned, e-methodology was first suggested by British physicisV psychologist

William Stephenson (1902-1989¡51. Q-methodology critically draws on ideas from

behaviourism (Watson, 1913) but these ideas are viewed according to more naturalistic

framework presented by Kantor (1933). These were the two theories that bore most influence

on Stephenson's (1953) design.

In the 1950s and 60s behaviourism was the dominant theory in the field of

psychology. Behavourists explained phenomena þarticularly learning) without referring to

underlying mental processes. The focus was on observable behaviour and how an organism

adapts to the environment. At this time methods such as introspection had recently been

dismissed as unscientific" Because of the association between introspection and the study of

intemal factors, things that could not be observed were dismissed by behaviourists. Thus,

because mentalistic processes were not considered objective or observable, they were ignored"

Stephenson (1953) agreed with the importance of the study of behaviour. Howevet, he

suggested that there was no basis upon which to separate observable behaviours (e.g' physical

behaviours), from inner behaviours (e.g. thoughts). He suggested that the internal factors that

introspection had attempted to investigate and the intemal frames of reference inherent in

people (that Stephenson termed subjective behaviour) were two different things (Stephenson,

1953). He emphasised that these intemal frames of reference were just as important to study

as observable behaviour, because they could assist to provide explanations for many of our

rt Stephenson was a student of Spearman's, and hence had a strong gfouuding in statistical anaþsis. During his

time behaviourism was the most prominent theoretical stance in psychology and R-analysis was a favoured form

of statistical analysis.
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actions. Also, by understanding a person's subiective behøviour,this could facilitate the

interpretation of objective dafa (Murray, 1992)'

Therefore, Stephenson (1953) suggested that objectives2 and subjectives3 behaviours

were both valuable to study and could be done so with an empirical basis. Defining

subjectivity is important at this stage. Stephenson (1981) noted that the dictionary gives two

definitions for the term subjectivþ. They were:

1. Particular to a given person; personal'

2. proceeding from or taking place in a person's mind rather than the external

world

Stephenson (1931) rejected the fust of these definitions as categorical. The second was

acceptable for his pury)oses, so long as mind was taken to mean nothing more thanf om one's

own standpoint.Tltus,stephenson (1931) retrieved that which was empirical but which

behaviorism had discarded along with the non-empirical. In this sense the boundaries of

research at this time were redefined (Brown, 1999)'

In developing the altemative methodology, Stephenson (1981) still adhered to many

behaviowal principles. The analysis of behaviour in the Q-methodology is similar to

Skinner's approach to scientific psychology. It differs in that the dependant variable is not

observable physical behaviour but internal behaviour. However, in both cases scientists are

interested in the changes in response to different stimulus conditions. Essentially,

participants' operant behaviour is analyzed, not for the purpose of testing hypotheses about

different effects of the stimuli, but rather for the purpose of discovering constancies in

behavioural response Patterns.

s2 Objective-testable operations and reliable events/ observed by others.

53Subjective-innerexperience/canbeobservedbythepersonthemselves(Stephenson,1981).
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The second prominent theory that Stephenson (1953) drew upon in the conception of

e-methodology was Kantor's (1938) theory of interbehaviour. Kantor agreed with many

posits of behaviogrism, but did not support the behaviourist view of de-contextualizing

research. Instead, he suggested that in order to adequately understand any psychological

event, one must understand the contributing parts. Kantor (1978) suggested that in order to

accorurt for behavior, researchers needed to engage in more thorough observation of the

behavior of specific individuals in relation to concrete objects and events. He argued that

beginning with a presumed mental event as a basis for predicting extemal action was too

limiting. Based on this reasoning Stephenson (1953) wanted to base science on "con.frontable

events and field conditions" (p" l2);thus making it more externally valid. Consequently, he

drew on this more contextualized approach to scientific inquþ in the construction of Q-

methodology.

Thus Q-methodology arose based on realist ideas. Essentially it was in response to the

need to: gain an understanding of inner behaviour (as well as observable behaviour) and

include context in data collection techniques. Neither of these things infers that Stephenson

intended Q-methodology to be post-positivist nor post-behaviourist. Instead, he was trying to

show that at that point in history positivism had gone awry due to lack of method' Upon the

conception of e-methodology Stephenson adhered to many positivist principles such as ideas

of experimental design and sampling theory (Brown, 1995). Thus, while it has been employed

in post-positivist research, there are no underlying post-positivist philosophies that would

exclude it from being used within a positivist framework.

Some critical assumptions must be made, however, to allow the placement of Q-

methodolo gy inapositivist framework. Because Q-methodology generally uses a series of

statements as independant variables, the main assumptions held by Q-methodologists relate to

the nature of human communication. It is assurned that: opinions are subjective; subjective

points of view are communicable; communications are self-referent, based on an individual's
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past and present experiences. With these tlree assumptions met, it can be assumed that

subjective communication can be analysed objectively. Thus, it is argued that Q-methodology

can be applied within a positivist framework'

As with all methodologies, Q-methodology has received criticisms. These have

stemmed from both qualitative and quantitative researchers. The author has addressed these

criticisms in terms of the philosophy, aims, construction and analysis of the current study. The

main criticisms drawn from the literature that will be addressed are shown in Table 49.

Table 49. Asrrrnmary of criticisms of Q-methodology

Criticisms of Q-methodolory

1. The items are pre-selected and hence timiting on finding the truth (Kitzinger, 1999).

2. A restricted response format is used which does not allow for views falling outside that

format (Kitzinger, 1999).

j. The use of complex statistical procedures can force the results to say things that they are

not really saying (Kitzinger, 1999).

4. The production of categories means the slotting of a1l participants into these groups

(Kitzinger, 1999).

5. The problem with all the variables being sorted into piles is that the weightings given to

eaclr-of those items is considered to be identical when really it could be that they are not

all weighted equallY (Carr,1992)"

6" Does not include alarge enough number of randomly selected participants (Kitzinger,

1999; Sexton et al., 1998).

7. Fails to establish the content validity of Q-structures (Kitzinge41999)'

g. Seeks to interpret factors with insuffrcient numbers of defining Q-sorts (Kitzinger, 1999).

Answering Criticism 1: The criticism that the items are pre-selected and hence

limiting to finding the truth misses the aim of Q-methodology. In order to facilitate direct

comparison between individual Q-sorts it is necessary to provide a standard sample of
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statements. The aim of e-methodology is not to discover all items of relevance to a certain

topicsa. Instead, it uses a relevant sample of items and allows the investigation of their

comparative importance. Similarities and differences in the way these items are viewed

between participants are also explored. Hence the issue is not that the pre-selected sample is

too limiting, but that it is representative and relevant. This is ensured by pre-selecting items

according to Fisher's experimental principles, and in accordance with the research question

being investigated. Thus, control over the representativeness and relevance of the sample is

maintained.

Answering Criticism 2: It is a true statement tbat arestricted response format is used,

which does not allow for views falling outside that format. However, restricted response

format is maintained in order to enable a clear statistical analysis. This is in line with Adolphe

euetelet,s theory that the variability of most phenomena could be represented by a normal

distribution. This forced distribution also makes people consider the relative importance of

things rather than the individual importance. This is useful in achieving a better understanding

of the phenomenol of interest because the individual variables (statements) do not occur in

isolation but must be organised in terms of their importance in a Cos decision-making. Thus,

the results generated are more extemally valid'

Answering Criticism 3: The use of complex statistical procedures cannot force the

results to say things that they are not really saying (as has been suggested by [1987])' The

statistical procedures are entirely reliant on the way in which the participants have structured

their e-sorts. Thus, it is considered by the researcher that the interpretation of the result is

participant guided and not statistically manufactured'

,n In tbe current research the factors perceived to be the most important influences on unit-level decision-making

will have already been determined during the interview stage'
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Answering Criticism 4: It is true that the production of categories means categorising

all participants here but this is necessary to produce interpretable data. The resultant

production of categories oflers us a platform on which we can establish a theory. It must be

remembered that the results are not a definitive answer and should not be viewed as such'

Answering Criticism 5: In terms of the criticism that the weightings given to each of

those items sorted in the same pile is considered to be identical when really it could be that

they are not, needs to be responded to in terms of the purpose of the study. Instead of looking

at exact weightings of statements the researcher is interested in comparative ratings, and

similarities across individuals. Thus, the actual value of the item is not so important as its

comparative weighting in the context of the Q-sort'

Answering Criticism 6: It is true that Q-methodology does not include a large

number of randornly selected participants. The requirement for only a small sample size is in

line with the purpose of the Q-methodology, which is to study intensively the opinions of

selected individuals. This intensive study allows the generation of laws that may be governing

human behaviour. Moreover, in the case of the current study, the actual potential population is

already limited. Thus, a method not requiring large numbers of participants is appropriate'

Answering Criticism 7: ln terms of the criticism of the content validity of Q-

structures, it seems nonsensical to establish the content validity of an opinion. However, it is

sensible to determine whether opinions that are revealed using the Q-sort translate into real

world behaviour. This can be discovered through triangulation and was done in the current

research (phase 3: observational field study). The reliability of Q-methodology studies has

also been questioned in the literature. Calculating a test-retest reliabilþ (and Cronbach's

alphÐ is considered to be an adequate measure for reliability (Stephenson, 1985). Q-

methodology has been found to have a test- retest reliability score of 79o/o (Tatano Beck,

lggg),wlúch is adequate for use in the current study'
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Answering Criticism 8: A fair criticism of some users of Q-methodology is that they

have sought to interpret factors with insufEcient numbers of defining Q-sorts. Some Q-sort

studies have presented factors with only one person loaded onto that factor. Suggestions have

been made to increase the objectivity of the interpretation of factors. Both Dennis (1986) and

Reid (1999) suggested that there should be a minimum number of participants loading on

each factor in order to establish its importance. They calculated that this number would vary

between 4 anð 5. The current study adhered to this guideline'
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Appendix fv: study 1- cDM Interview Participant Information sheet

The Influence of Context on ExPert

Naturalistic Decision-makins :

A Comparison of Part-time and Full-time Experts

P ørticip ant Informøtion S heel

My name is Taryn Chapman, and I am an employee of the Defence Science and Technology

Organisation (DSTO) Land Operations Division and a PhD candidate at Adelaide Universþ. My PhD

topic is concerned with comparing full-time and part-time experts in naturalistic decision-making

(NIDM). NDM is the process by which experienced people, make decisions in dynamic, uncertain, and

often fast paced environments. I am interested in studying how context influences decision quality.

This work feeds directly into the BCSS evaluation task and should help to support future releases'

The initial stages of this work involve gathering some information from subject matter experts

on previously experienced emergency situations. This information will be gathered using interviews,

based on principles of cognitive task analysis (CTA). This interview process is a retrospective

interview strategy that will focuses on non-routine events (critical incidents where decisions have been

made). It will endevour to construct a broader understa¡ding the contextual factors that surround

military decision-making. Participants will also be asked for their insights into factors that may

contribute to expert error. The interview process will furally evolve into a discussion of BCSS and

how it supports this decision-making process. This interview process will take about 2 % hours, and

will be recorded for later analysis. Demographic information will also be collected. This data will be

used to plan future laboratory studies.

All names and personal information pertaining to you, will be kept confidential in the analysis

and reporting of the data collected. You are free to withdraw from the interview at ay time. If you are

interested in reading a copy of the final report this will be avaliable to you upon request.

Thank you for your cooperation. Please feel free to contact me (0410318356) or my

supervisors Dr Vanessa Mills (82597914) or Associate Professor Ted Nettelbeck (83035738) for any

fuither information.

'føryn Qftøpmøn
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Appendix V: Study 1- CDM Consent Form

UNTVERSITY OF ADELAIDE
DEPARTMENT OF PSYCHOLOGY

The Influence of Context on ExPert
Naturalistic I)ecision-making :

A Compørison of ParÍ'time and Full-time Experts

CONSENT FORM

Participants Name:... " " "

Project Title: The Influence of Context on Expert Naturalistic Decision-making:
A Comparison of Part-time and Full-time Experts

Name of Supervisors: Associate Professor Ted Nettelbeck and Dr Vanessa Mills.

Name of PhD student: TarYn ChaPman.

I consent to participate in the above project. The nature of the project, including
questionnaires or procedures, has been explained to me, and is summarised on an

information sheet I have been given.

I authorise the Supervisor or PhD student named above to use these questionnaires or
procedures with me.

I r¡nderstand that:
a) I am free to withdraw at anY time.
b) The project is for the pu{pose of research or teaching, and is not for treatment.
c) The confidentiality of the information I provide will be safeguarded.
d) There are no known adverse effects of these questionnaires or procedures.

Signed:.
(Participant)

Date:

E-mail address

I

2.

J
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Appendix VI: Study 1- CDM l)emographic Questionnaire Date

Demo hic Information

Participant number:

Sex (please circle): Male Female

Age: years.

Rank:

please read the following questions carefully and circle the appropriate response.

How many years experience have you had as a military officer?

2. During this time how long have you been working:

Full-time

Part-time

3. Have you worked in different locations during this time?

Yes No (Please go straight to Q. 4)

If so, could you please list these here, and speciff whether they are country or suburban

locations.

4. How often have you been involved in job related training? (Please circle appropriate
answer.)

every day weekly monthly every six months yearly

5. About how frequentþ over your experience have you been involved in practical combat

training? (Please circle appropriate answer-)

every day weekly monthly every six months yearly
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6. When was the last time you were involved in combat training?
Please write number in appropriate time span'

Hours aeo.

w âso.
Months ago'

âso

7. About how frequentþ over your experience have you been involved in military operations

(peacekeeping or war time)? (Please explain).

g. When was the last time you were involved in military operations þeacekeeping or war

time)? Please write number in appropriate time span'

Hows aso.

w aso
s â.so_

Other

9" Are you or have you ever been involved in another organisation that requires you to make

"-"rg"rr"y 
decisions? (For example: cFS, hospital emergency room, military). (Please circle

appropriate answer.)

Yes

Questionnaire is completed' Thankyoufor your effort

No
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Appendix VII: Study 1- CDM Interview Scrþt

Critical Decision Method Outline

you,ve had a chance to read the information sheet I have emailed you, describing what we're going to

go tbrough today. Basically this information should firstly increase our knowledge of context and

decision-making, which will feed into the BCSS evaluation task at the DSTO. Secondly, it will help

me out with my PhD.

So we,re interested in naturalistic decision-making, and how context influences expert decision-

making. The reason I've asked you here today is to draw upon your expertise in the military' Have you

got any questions so far?

(Respond to any questions presented)

During the interview I will be asking you about a good decision that you remember making, and

secondly we will contrast this with a poor decision" For the purpose of this interview we will define a

decision point as

,,A critical point where a decision must be made in orderfor events to proceed'"

(Demonstrate this with húerview cue card #1)

I am interested in critical decisions in particular, so those verging on a state of crisis or emergency

This interview is confidential, and any names that you may mention will be changed in the

transcription of the interview'
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Good Situation

t. Incident Selection and Recall

I want you to try and remember a time when you were faced with a critical decision, where you

believe the eventual decision outcome was good (for example you saved someone's life, avoided

confrontation etc). The example should be an instance where the decision outcome matched up with

your expectations.

I,d like you to try and talk me through the event....If you could paint me a picture of the context in

which it happened fnstly, and then describe the problem, and the decisions and actions taken.

(Demonstrate this with interview cue card #2)

(Iake notes on the decision description as participant explains)

OK...Let me read that back to you and if there are any parts that you would like to add to or change,

please feel free to Point them out'

(Summarise participant's description and allowfor anyfeedback, correction or clmification that may

be needed)

2. Time Line ldentiiìcation

I,d like to try to construct a timeline of the events you've just recalled.

(Demonstrate this with intervievl cue card #3)

I'd like to particularly focus on the context surrounding any major decision points, and any other

information that you believe was critical to your eventual decision outcome

(Give participant sketchpod and pen to dravt aflow chart)
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3. Progressive DeePening

I,d like to now expand on your description of the even! and particularly focus on the context

surrounding any major decision points, and any other information that you believe was critical to your

eventual decision outcome

We can use this table to organise some of the details.

(Demonstrate this with interview cue card lM)

û

Drøwnfrom
incident recall

Describe the
erwironment -
pþsicø|,
psychological,
relationøL.

lïhøt was your
assessment of
the situation-
future
prediction?

What cues/
strategies did
you rely upon?

How would this
høve been dfficult
for anovice?

Decision Point Contextual
Information

Situation
Assessment

Cues and
Strategies

Why was this
Decision
Diffrcult?
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These are to be added to the progressive deepening as appropriate.

Probe Type Probe Content

Cues What could you see, hear, smell, taste, feel? What cues were most
influential? What information did you disregard? Why?

Knowledge What sort of inforrnation did you feel was most influential in your decision-
making?

Did you feel you had enough infonnation to make a good decision?

What if (a cue in the environment) had not been present?

Standard scenario Does this example fit with a standard scena¡io? were you trained to deal
with it? If it does not, how does it differ? Does this make it more/less
difficult? Why?

Analogues Were you reminded of previous experience?

what was it that reminded you; the environment or the problem dynamics?

Did you draw upon this previous experience?

Goals What were your specific goals at this time?

Options What other courses of action were available to you?

Mental Simulation Did you imagine the possible consequences of this decision? How did reality
differ from your prediction? Did the changing context influence the decision
outcome in an unexpected waY?

Basis How did you choose this option and disregard others/ what rule was being
followed?
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How do you believe that someone who didn't have your experience would
have reacted differently in the situation outlined? Would the context have

influenced their decision-making? How?

Experience

How much time pressure was associated with this decision? How long did it
actually take to make it? V/as this within the time frame?

Time f'rames

Do you believe the mood/ morale surrounding your decision influenced your
decision-making?

Mood/lVlorale

were there decision tools, or other computer systems that may have

influenced your decision-making? How? How could you have been

supported better?

Computer Systems

what if you were in a different environment on this occasion? Do you
believe this would have influenced your decision-making? How and why?

How did other people in the environment influence the decision you made?

Hypotheticals

Is there anything else that you feel is important that you'd like to add?Other

4. Whøt iß

To be applied as necessary

OK thank you for your help on that -...

BREÄK.
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Poor Situation

7. Incident Selection ønd Recall

Next I,d like you to try and remember a time when you were faced with a critical decision, where you

believe the eventual decision outcome was poor, where events could have been handled better in

hindsigbt. Think of an examFle where the decision outcome did not match up with your expectations'

(Dßplay interview cue card #1)

I'd like you to try and talk me through the event....If you could paint me a picture of the context in

which it happened firrtly, and then describe the problem, and the decisions and actions taken.

(Demonstrote this with intemiew cue card #2)

(Take notes on the decision description as pørticipant explains)

OK...Let me read that back to you and if there are any parts that you would like to add to or change,

please feel free to Point them out.

(Summarise pørticipant's description and allowfor anyfeedback, cotection or clarification that may

be needed)

2. Time Line ldentifi.cøtion

I'd like to try to construct a timeline of the events you've just recalled.

(Demonstrate this with intemiew cue card #3)
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I'd like to particularly focus on the context surrounding any major decision points, and any other

information that you believe was critical to your eventual decision outcome

(Give participont sketchpad and pen to draw aflow chørt)

3. Progressive DeePening

I,d like to now expand on your description of the even! and particularly focus on the context

surrounding any major decision points, and any other information that you believe was critical to your

eventual decision outcome

We can use this table to organise some of the details'

(Demonstrate this with interview cue card ll4)

Decision Point Contextual
Information

Situation
Assessment

Cues and
Strategies

Whywas this
Decision
Diflicult?

Drøwnfrom
incident recall

Describe the
environment -
plqtsical,
psychological,
relationql.

Whøtwas your
assessment of
the situation-
futwe
prediction?

Whøt cues/
strøtegies did
you rely upon?

How would this
høve been dfficult
for a novice?
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These are to be added to the progressive deepening as appropriate.

Probe ContentProbe Type

What could you see, hear, smell, taste, feel? What cues were most

influential? What information did you disregard? Why?
Cues

What sort of infornation did you feel was most influential in your decision-

making?

Did you feel you had enough information to make a good decision?

What if (a cue in the environment) had not been present?

Knowledge

Does this example fit with a standa¡d scenario? Were you trained to deal

with it? If it does not, how does it differ? Does this make it more/less

difficult? Why?

Standard scenario

Were you reminded of previous experience?

What was itthat reminded you; the environment or the problem dynamics?

Did you draw upon this previous experience?

Analogues

What were your specific goals at this time?Goals

What other courses of action were available to you?Options

Did you imagine the possible consequences of this decision? How did reality
diffá from yãur predìction? Did the changing context influence the decision

outcome in an unexPected waY?

Mental Simulation

How did you choose this option and disregard others/ What rule was being
followed?

Basis
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How do you believe that someone who didn't have your experience would
have reaóted differently in the situation outlined? Would the context have

influenced their decision-making? How?

Experience

How much time pressure was associated with this decision? How long did it
actually take to make it? Was this within the time frame?

Time X'rames

Do you believe the mood/ morale surrounding your decision influenced your
decision-making?

Mood/lVIorale

Were there decision tools, or otber computer systems that may have

influenced your decision-making? How? How could you have been

supported better?

Computer Systens

what if you were in a different environment on this occasion? Do you
believe this would have influenced your decision-making? How and why?

How did other people in the environment influence the decision you made?

Hypotheticals

Is there anything else that you feel is important that you'd like to add?Other

4" What iJ?

To be applied as necessary

OK thank you for your help on that. Your time has been appreciated. I feel that some really useful

things have come out of what you've said. I will email an analysis of your interview to you, if you are

interested" Thank you again for your time.
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Appendix IX: Study 1- CDM Content Analysis Code Book

Code Book

Yersion 1

Using Critical Decision Method to Explore

Elements Affecting Expert Decision-making

Taryn Chapmøn

Q003t2004)
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Element Defining Statement Sub categories

cË

o
cÉ(t,

Þ0tr

Any influence within the
organisational structure* of the Army
exterior to the Headquarters team.
* Organisational structure- A structure
through which individuals cooperate
systematically to conduct business.

Organisational
constraints
Army culture
Higher
management

Intelligence
Subordinates
Other
regiments

d
o
u)L
O

-

Any influence on decision-making
done, made, or performed or
originating from within a person. Can
be situationally triggered by the
situation, or a stable personal
characteristic.

Experience
Age
Desire to please
others
Intelligence
(ra)
Reputation
Respect

Fatigue
Motivation
Perspective
Emotion
Physical stress
Instinclflair
Personality
elements
Morals

()
F

Any influence within the immediate
battalion headquarters team.

Communication
Morale

Comradery
Trust
Support

o
+r

(t)

Any influence external to the ArmY
organisation, arising from the current
situation*.

t The combination of circumstances
at a given moment; a state of affairs.

Outside
organisational
influences
Cultural
dealings
Environmental
influences
Resources
availability/use

Time of Day
Lead up
activities
Timing
Decision aids
Physical
presence
Culture

Overall Sesresation of Categories

**Initial fiee coding arrived at the following set of categories and definitiotts.
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Coding Scheme - Revised

**Once the codes had been regrouped the following coding scheme and definitions were

established.

Situøtional Elements

Or g øn is atio n øl E leme nts

Immediate environment Visual support (Computer or other)

Spatial position

Wider environment Culture

Outside organisational influence

Environmental influence

Context of operations

Temporal influences Time of day

Timing

Lead up activities

Organisational Mechanisms Organi sational conrmunication:

Higher management

Intelligence

Subordinates

Other regiments

Diffrrse responsibilþ

Organisational Status Politics

Organisational constraints :

Resources

Army Culture
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Teøm Elements

Personøl Elements

Team mechanisms Diffrrse task/responsibility

Communication

Team status Team personalities

Team emotion

Team morale

Team relationships Comradery

Trust

Situationally mediated characteristics Fatigue

Perspective

Emotion

Stress

Relatively stable characteristics Flexibility/contingency

Personalþ

Moral

Experience

Age

IQ

lnstinct

Reputation
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Coding Scheme Definitions

Situøtionøl Elements

Use of computer or other visual display to gather,

organise and/ or search for information to facilitate
decision-making.

Visuøl support
(computer or
other)

Mention of the actual, physical position of the
Commander drning the decision-making process (i'e'
Are they detached from the actual situation)

Spatìal posítion

Immediate
environment

Any reference to interactions with people of another
culture (infers the requirement for cultural knowledge)
Interaction may be in terms of:

Peacekeeping operations, Coalition operations or
Wartime.

Culture

Any reference to a non-military organisation that may

have been taken into consideration in the decision-
making process. Examples are: I-IN, Government, Aid
organisations, Media þublic perception).

Outside
organísøtíonal
influence

Any reference to the wider physical (not within HQ)
environment of operations as being considered in
decision-making.

Environmental
influence

Any reference to the type of operation (e.g.
peacekeeping, warfi ghting).

Context of
Operations

Wider
environment

Any reference to the time of day being considered in the
decision-making (e.g. the decision needs to be made

before nightfall).

Time of dayTemporal
influences

Reference to the actual timing of the decision being
important in decision-making (e"g" the decision must be

made in the next hour).

Tímìng

Any mention of the decision being dependant on
specific lead up activities (e'g' the decision is necessary

because x and Y haPPened).

Lead up
øctivíties

338



Or g ønis ati o n øl E lements

Any reference to on
(Army) included
be in the fonn of
sharing etc.

Hígher manøgemezl -Reference to some one from
higher management influencing the decision process

(usually a Brigadier).

Intelligenc¿- Reference to intelligence influencing the
decision process (usually via information presentation)'

Subordínøfes- Reference to subordinates (external to
unit HQ influencing the decision process.

Other regiments- Reference to other regiments or other
parts of the Defence force influencing the decision
process.

Orgønisatíonal
Communication

Reference to responsibility being shared across levels of
the Organisation (ArmY).

Diffuse
responsibilily

Reference to organisational politics influencing the
decision.

Politics

Reference to doctrine or other Australian Army
guidelines as constraining decision-making'

Orgønisøtíonøl
constraints

Reference to the state of or the availability of resources

as impacting on the decision process'
Resources

Reference to the culture of a particular portion of the
Army as bearing an impact on the decision made'

Army Culture

General
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Teøm Elements

Team
mechanisms

Diffuse
tasldresponsibilÍlY

Reference to responsibility being shared across
levels of the team (unit HQ).

Communication Any reference to communication within the HQ team
(included in the decision-making process). Some
examples include supply of information, knowledge
or opinion etc.

Team status Team personalitíes Any reference to the personality of team members
influencing the decision-making process.

Team emotion Any reference to the emotional state of team
members infl uencing the decision-making process'

Teøm morøle Any reference to the morale of team members
influencing the decision-making process"

Team
relationships

Comrødery Any reference to the level of comradery between
team members influencing the decision-making
process.

Trust Any reference to the level of trust between team
rnembers influencing the decision-making process
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Personøl Elements

Any reference to the fatigue influencing
decision-making.

Fatþue

Any reference to the position of the
interviewee or individual make-up
influencing the way s/he saw the situation
during decision-making.

Perspectìve

Any reference to the emotional state of the
interviewee influencing decision-making'

Emotion

Any reference to the stress levels of the
interviewee influencing decision-making.

.Slr¿ss

Situationalþ
mediated
characteristics

Any reference to the habit of maintaining
plan flexibility by mentally simulating
COA and generating contingencies.

F lexìb ility /c o ntin g en cY

Any reference to the personality of the
interviewee influencing decision-making.

PersonøIit1t

Any reference to the morals of the
interviewee influencing decision-making.

Moral

Any reference to the experience of the
interviewee influencing decision-making.

Experience

Any reference to the age of the
interviewee influencing decision-making.

Age

Any reference to the IQ of the interviewee
infl uencing decision-making.

IQ

Any reference to interviewee's instinct
informing decision-makiog.

Instinct

Any reference to the reputation of the
interviewee influencing decision-making.

Reputation

Relatively stable
characteristics

341



Appendix X: study 1- cDM Coding fnter-rater Reliability Table

Overall
Ll L2 L3 I)isagree PÄ.

Personal Elements 3635354 0.90

S ìt uøtio n ally M e dinted E lements

Fatigue

Perspective

Emotion
Shess

Relatívely Stable Chsrøcterßtics

Flexibility/ContingencY
Personality

Moral
Experience

Age

IQ
Instinct
Reputation

6

2

I
J

0

30
4

6

0

t7
0

1

I
I

6

2

I
J

0

I
0

0

I
0

4

I
I
0

2

0

0

0

0

6

2

1

J

0

29

7

0.86

1.00

1.00

0.75

29

7

4

5

0

1

0

I
I
1

4

5

0

1

0

1

1

I

0.88

0.80

0.83

0.89

1.00

1.00

1.00

Situational Elements 57 55 55 6 0.90

Immediate Envíronment

Computer or Other Visual SuPPort

Spatial Position

Wider Envìronment
Culture

Outside Organisational Infl uence

Environmental Influence

Context of Operations

Temporal Influences

Time of Day

Timing
Lead Up Activities

I
5

J

34
t6
6

t0
2

16
1

t2
J

7

5
âJ

34
l6
6

l0
2

15

I
11

J

7

5

J

34
t6
6

10

2

15

I
11

5
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1.00
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0.83
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I
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I
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I
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I
0
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Organisational Elements 74

L3
73

L2L1
73

53

15

15

18

I
4

2

20

7

5

2

6

44

26

12

10

10
4

1

5

12

1

l1

4

I
5

14
J

1l

Overall
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I
4

2
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8

5

2

6
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26
t2
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10
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0.91
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0.93

Disagree

J

General

Organisational Communication

Resources

Diffr¡se Responsibility

Politics
Organisational Constraints

Anny Culture

Structure
Higher management

Intelligence

Subordinates

Other Regiments

Team Elements

Teømmechanìsms

Diffrrse Task/ResponsibilitY

Cornmunication

Team Støtus

Team Personalities

Team Emotion
Team Morale

Team Reløtì.onships

Comradery

Trust

OVERALL RELIABILITY
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I
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7

5
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I
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I
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Appendix XIII: Study 2- Q-sort E'mail Text

Email Text

Hello,

My name is Taryn Chapman, and I am a PhD candidate at Adelaide University. My PhD topic

is concemed with expert decision-making in military Headquarters (tIQ) environments. The

Defence Science and Technology Organisation (DSTO) Land Operations Division are

supporting this research.

I have been given your email address by <insert name of science officeÈ, and would

appreciate your help with my current research.

This research is an extension from interviews conducted last year falling under the BCSS

Human Factors Evaluation Task. The interviews identified a range of factors impacting on

battalion decision-making. The curent research is aimed at organising these factors along a

continuum from "most strongly agree" to "most strongly disagree". This is done by

completing a computerized constrained choice ranking task. This takes about 30 minutes, and

results will then be recorded in the following frles.

C :\WIND OV/S\ i1\- 5 .txt

C:\WINDOWS\i1\-4.txt

C:\WINDOWS\i1l3.txt

C:\WINDOWS\i1\-2.txt

C:\WINDOV/S\il\-l.txt

C:\WINDOWSYiI\O.fxt

C :\WIND OV/S\j il\ 1 .txt

C:\WINDOWS\il\z.txt
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C:\\I/INDOWS\il\3.kt

C:\WINDOWSViI\4.txt

C:\WINDOWS\jil\5.txt

C :\WINDO\I/S\ il\Questionaire.txt

I would really appreciate it if you could email these back to me at:

<taryn. chapman@dsto. defenc e' gov' au)

The Australian Defence Human Research Ethics Committee (ADHREC) has approved the

protocol.

please read the participant information sheet below for a more detailed description of the task,

and its relevance. Attached to this email are the ADHREC guidelines for volunteers. Please

read through these and address any concems to ADHREC (details included listed on the

information sheet). Also attached is an executable file containing the ranking task. If you have

time, I would appreciate your assistance in this matter ideally before the 13ft October.

If you choose to participate, to ensure confidentiality of the results your assigned participant

number is <insert participant numbeÈ.

Thank you again for your time.

Regards,

Taryn Chapman
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Appendix)ilV:Study2.Q-sortlnformationSheet(SCRE'EN1)

Perceptions of Command Decision-making

P ørticip ant Informøtion S heet

MynameisTarynChapman,andlamaPhDcandidateatAdelaideUniversþ.My
pbD topic is concerned with expert decision-making in military Headquarters (HQ)

environments. The Defence Science and Technology organisation (DSTO) Land Operations

Division are supporting this research'

Brief DescriPtion of the StudY

To date research has been conducted using interviews and freld observation to identiÛ

factors impacting on battallion decision-rnaking, not previously elaborated in curtent models'

The current phase of the study is concemed with identiffing the perceived relative impact of

these factors on the battallion decision-making process. This work feeds directly into the

BCSS evaluation task and should help to support future releases.

The method I have chosen to use is called a Q-sort. This technique requires you to sort

a range of statements along a continuum according to your level of agreement with them' The

continuum will range from "more strongly disagree" to "more strongly agfee"' This technique

is appropriate because it allows the researcher to gain an understanding of the internal frames

of reference being drawn upon during decision-making' This viewpoint is obviously

important when considering the design of command support systems, as their success is

undoubtedly tinked with thefu ease of use and the desire of the end user to make use of them'

Also, being part of a larger research project, a more holistic view of the process will be

developed. Thus, benefits of the study for the Australian Defence Force will be the increased

knowledge of the factors affecting the battallion decision-making process as perceived by

Commanders and Operations offrcers. This could inform future development of training

procedures, and command support systems'
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Your Part in the Study

Participation in the study is entirely voluntary; there is no obligation to take part in the

study, if you choose not to participate there will be no detriment to your career. You are also

free to withdraw from the study at any time with no detriment to your career.

The Research Task

The research task should take no longer than 30 minutes to complete.

After reading through this information, you will be required to open the attached frle'

This will present you with an explanation of ethical issues relating to this research. Please

read through these. If you accept these conditions then your consent to participate in the

current study will be noted by your selection of the box "I accept" before moving to the next

screen.

Upon opening the next page you will firstly open a short demographic questionnaire

on the screen. Please frll this out as it provides a necessary participant profile to pair with your

completed Q-sort. Once you have finished this you will be asked to click on the button

marked "finished".

A new window will then appear on the scroen. This is the Q-sort program. Simple

instructions on how to use the program will also be available on the screen at this time. The

Q-sort task basically requires you to arange a number of statements along a continuum (ie.

"more strongly agtee" to "more strongly disagree"). This is done by positioning a set of

statements in a pre-determined distribution found in the attached program. You may find that

some of the statements seem strange. It is possible that these were included to create a

balanced experimental desigu, to aid in statistical calculations. Once you are satisfied with

your anangement of the statements you will click on the "finish/send" button. The

a:rangement will be saved by the computer and can then be sent back, via the secure network,

to the researcher for analysis. If you are interested in reading a copy of the final report this

will be available to you upon request.

Risks of Participating

There are no known risks involved in the current study. You will be required to

operate a computer which is considered to be a normal activity.
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On Duty

While completing this task you will be considered to be 'on duty'.

Statement of Privacy

All personal information, will be kept confidential in the analysis and reporting of the

data collected. Data will be stored on the researcher's password protected computer; thus only

the researcher will accoss this information. The collected data will be used for this study and

no other, without permission from the participant.

Name of Investigators

Thank you for your cooperation. Please feel free to contact me (0412318356) or my

supervisors Dr Vanessa Mills (82597914) or Professor Ted Nettelbeck (83035738) for any

further information.

Should you have any complaints or concerns about the manner in which this project is

conducted, please do not hesitate to contact the researchers in person, or you may prefer to

contact the Australian Defence Human Research Ethics Committee at the following address:

Executive Secretary

Australian Defence Human Research Ethics Committee

cP2-7-66

Department of Defence

Canberra ACT 2600

Telephone: (02) 6266 3837

Fax: (02) 6266 4982

E-mail : ADHREC@,defence. sov.au

Or you can contact the convenor of the Human Research Ethics Sub-committee in the

Psychology Department at the University of Adelaide, Dr. Paul Delfabbro (83035744).

Íaryn Çfrøpmnn
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Appendix XV: Study 2- Q-sort Consent Form (SCREEN 2)

Perceptions of Command Decision-makins

Consent Form

(date)

Participant Number: <field>

Proj ect Title: Investigating Perceptions of Command Decision-making

Name of Responsible Investigator: Taryn Chapman

l. I consent to take part in the above research project

2. I acknowledge that I have read the information supplied in the body of the email entitled

" Investi gating P erceptions of Command Decision-making"

3. I have had the project, so far as it affects me, fully explained to my satisfaction. My
consent is given freelY.

4. I authorise the responsible investigator to use the techniques and questionnaires described

with me.

5. I understand that:
a. I am free to withdraw from the project at any time'
b. The project is for the purpose of research and not for treatment.
c. The õonfidentialþ of information I provide will be safeguarded'

Save information to:

"I accept"

"I do not accept"

<held>
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Appendix XVI: Study 2- Q-sort Demographic Information (scREEN 3)

Information

Sex (please circle): Male Female

Age: ye¿ìrs.

Rank:

Please read the following questions carefully and fill them in accordingly

How many years experience have you had as a military officer?

2. During this time how long have you been working:

Full-time

Part-time

3. Have you worked in different locations during this time?

Yes No

If so, could you please list these here.

4. How often have you been involved in job related training?

every day weekly monthly every six months yearly
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5. About how frequently over your experience have you been involved in practical combat

training?

every day weekly monthly every six months yearly

6" When was the last time you were involved in combat training?

Please write number in appropriate time span.

Hours aso.

aso

Y âso.

7. About how frequently over your experience have you been involved in military operations

(military operations other than waf, or war time)? Please explain.

g. When was the last time you were involved in military operations (military operations other

than war, or war time)?
âgo_

aso-

a.so-

ago

9. Are you or have you ever been involved in another organisation that requires you to make

.-".grrr"y decisions? (For example: CFS, hospital emergency room' military)'

Yes No

Thank you for completing the demo gr aphic que s ti onnair e'
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Appendix XVII: Study 2- Q-sort Instructions (SCREEN 4)

Perceptions of Connmand Decision-making

Instructions

Before you begin the Q-sorting task please read through the following instructions' They

describe the task requirements. It may be beneficial for you to print out the current page to use

as a guide while completing the Q-sort. As you are completing the Q-sort you can refer back

to this page by clicking on "Back". If you have any questions please call the responsible

researcher (Taryn Chapman- 04123 1835 6).

Once you have read these instructions you will be presented with a sample of 60 statements

relating to command decision-making. I am interested in knowing how strongly you agree or

disagree with these statements. There may also be some statements that you feel neutral

about.

you are being asked to sort statements in accordance with your degree of concurrence/

agreement with the statements. Where +5 is high agreement and -5 is high disagreement and

the scales between -5 and *5 reflect shades/levels of agreement. Please note that you may not

be indifferent about the statements placed into the neutral column. They may be statements

that you may slightly agree or slightly disagree with.

You will find the statements in a master list at the bottom of the Q-sort screen' To place a

statement in a column, click and drag the staternent to the appropriate column. To view

statements once they have been placed in the columns simply click on the statement and it

will be displayed in the text bar below. You can remove a statement from a column by

dragging it back to the master list or to any other column in the Q-sort. The largest number of

staternents will be placed in the centre and the least amount of statements at each extreme

point (as illustrated below).
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More

Strongly

Disagree

More

Strongly

Agree

5-4-3 -2-1 0+l+2+3+4+5

item item item item item item item item item item item

item item item item item item item item item item item

item item item item item item item item item item item

item item item item item item itern item item item item

(4) (4) item item item item item item item (4) (4)

(5) item item item item item (5)

(6) item item item (6)

(7) item (7)

please follow the steps listed below when a.rranging the statements on the grid'

1. Read and familiarise yourself with the statements'

2. Eachstatement will receive a score equivalent to the marker under which you place it. The

specific vertical order in which the statement is placed is inconsequential. Arangement

should be done by moving between the statements on the right side of the distribution and

the left side of the distribution. This enables you to ¿urange them by comparison with

others. This should be repeated until all statements have been aranged'

3. Upon completion the final distribution should be reviewed in order to check that

statements have been arranged correctþ according to yow own understanding of their

importance.

After this stage the e-sort is completed. Please click on the "Finish" button on the bottom

right hand corner of the screen. Instructions will then be given on how to send the results back

to the researcher via secure email for analysis.
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Appendix XIX: Study 2- Q-sort Correlation Matrix

RCO 6 RCO 7 RCO 8 RCO 9 RCO 12 RCO 16

RCO I r 0.74 0.63

D 0.00 0.00

RCO 9 r 0.60 0.50 0.7'7

p 0.00 0.00 0.00

RCO 12 r 0.73 0.64 0.69 0.69

p 0.00 0.00 0.00 0.00

RCO 16 r 0.74 0.71 0.72 0.67 0.75

p 0.00 0.00 0.00 0.00 0.00

RCO 17 r 0.65 0.68 0.72 0.69 0.69 0.75

p 0.00 0.00 0.00 0.00 0.00 0.00

RCO 19 r 0.61 0.56 0.60 0.58 0.64 0.s0

p 0.00 0.00 0.00 0.00 0.00 0.00

RCO 22 r 0.78 0.67 0.72 0.68 0.80 0.80

Þ 0.00 0.00 0.00 0.00 0.00 0.00

co3 r 0.69 0.66 0.75 0.68 0.65 0.73

p 0.00 0.00 0.00 0.00 0.00 0.00

co5 r 0.68 0.6s 0.78 0.86 0.76 0.80

D 0.00 0.00 0.00 0.00 0.00 0.00

co7 r 0.57 0.60 0.s3 0.41 0.60 0.59

p 0.00 0.00 0.00 0.00 0.00 0.00

co 16 r 0.74 0.60 0.73 0.71 0.71 0.7s

p 0.00 0.00 0.00 0.00 0.00 0.00

2CO I r 0.61 0.4s 0.53 0.56 0.55 0.63

p 0.00 0.00 0.00 0.00 0.00 0.00

co2 r 0.62 0.52 0.61 0.60 o.52 0.60

p 0.00 0.00 0.00 0.00 0.00 0.00

co 10 r 0.58 0.51 0.68 0.68 0.47 0.61

p 0.00 0.00 0.00 0.00 0.00 0.00

ROP 2 r 0.57 0.47 0.56 0.50 0.47 0.52

p 0.00 0.00 0.00 0.00 0.00 0.00

ROP 3 r 0-57 0.40 0.71 0.66 0.63 0.46

p 0.00 0.00 0.00 0.00 0.00 0.00

ROP 4 r 0.54 0.44 0.s6 0.51 0.44 0.51

p 0.00 0.00 0.00 0.00 0.00 0.00

ROP 5 r 0.67 0.46 0.63 0.65 0.63 0.63

p 0.00 0.00 0.00 0.00 0.00 0.00

ROP 6 T 0.47 0.51 0.53 0.50 0.48 0.53

p 0.00 0.00 0.00 0.00 0.00 0.00

ROP 7 r 0.47 0.s2 0.51 0.55 0.50 0.64

p 0.00 0.00 0.00 0.00 0.00 0.00

R.OP 9 r 0.57 0.40 0.72 0.65 0.64 0.44

p 0.00 0.00 0.00 0.00 0.00 0.00

ROP 10 f 0.74 0.s7 0.63 0.51 0.67 0.63

p 0.00 0.00 0.00 0.00 0.00 0.00

oP6 r 0.49 0.53 0.53 0.51 0.49 0.53

p 0.00 0.00 0.00 0.00 0.00 0.00

oP 17 r 0.66 0.60 0.74 0.69 0.77 0.12

p 0.00 0.00 0.00 0.00 0.00 0.00
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RCO 17 RCO 19 RCO 22 co3 co5 co7
RCO 19 r 0.47

p 0.00

RCO 22 r 0.70 0.62
p 0.00 0.00

co3 r 0.68 0.s6 0.73

p 0.00 0.00 0.00

co5 R 0.73 0.59 0.74 0;72

p 0.00 0.00 0.00 0.00

co7 r 0.46 0.53 0.58 0.56 0.51

D 0.00 0.00 0.00 0.00 0.00

co 16 T 0.63 0.56 0.85 0.77 0.74 0.56

p 0.00 0.00 0.00 0.00 0.00 0.00

zCO I r 0.53 0.40 0.55 0.55 0.59 0.39

p 0.00 0.00 0.00 0.00 0.00 0.00

co2 r 0.55 0.54 0.65 0.65 0.62 0.37

Þ 0.00 0.00 0.00 0.00 0.00 0.00

co 10 r 0.57 0.s0 0.53 0.50 0.67 0.36

p 0.00 0.00 0.00 0.00 0.00 0.01

ROP 2 r 0.44 0.48 o.54 0.61 0.60 0.38

p 0.00 0.00 0.00 0.00 0.00 0.00

ROP 3 r 0.53 0.40 0.56 0.60 0.63 0.30

p 0.00 0.00 0.00 0.00 0.00 0.02

ROP 4 r 0.43 0.47 0.53 0.61 0.61 0.36

p 0.00 0.00 0.00 0.00 0.00 0.01

ROP 5 r 0.48 0.44 0.59 0.68 0.67 0.3 8

p 0.00 0.00 0.00 0.00 0.00 0.00

ROP 6 r 0.41 0.27 0.45 0.s3 0.s0 0.39

p 0.00 0.03 0.00 0.00 0.00 0.00

ROP 7 r 0.s0 0.32 0.49 0.51 0.55 0.42

p 0.00 0.01 0.00 0.00 0.00 0.00

ROP 9 r 0.51 0.41 0.55 0.60 0.63 0.32

p 0.00 0.00 0.00 0.00 0.00 0.01

ROP 10 r 0.66 0.54 0.68 0.64 0.65 0.44

p 0.00 0.00 0.00 0.00 0.00 0.00

oP6 r 0.43 0.29 0.47 0.55 0.52 0.38

p 0.00 0.02 0.00 0.00 0.00 0.00

oP 17 r 0.67 0.57 0.76 0.7s 0.70 0.46

p 0.00 0.00 0.00 0.00 0.00 0.00
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co 16 cor co2 co 10 ROP 2 ROP 3
2CO 1 r 0.55

p 0.00

co2 r 0.s4 0.58

D 0.00 0.00

co l0 r 0.s9 0.49 0.54
p 0.00 0.00 0.00

ROP 2 r 0.60 0.47 0.58 0.38

p 0.00 0.00 0.00 0.00

ROP 3 T 0.63 0.42 0.40 0.41 0.47

p 0.00 0.00 0.00 0.00 0.00

ROP 4 r 0.60 0.46 0.58 0.37 0.99 0.46

p 0.00 0.00 0.00 0.00 0.00 0.00

ROP 5 r 0.66 0.56 0.60 0.46 0.66 0.56

p 0.00 0.00 0.00 0.00 0.00 0.00

ROP 6 r 0.46 0.35 0.41 0.36 0.36 0.43

D 0.00 0.01 0.00 0.00 0.00 0.00

ROP 7 r 0.58 0.3s 0.32 0.41 0.38 0.44

p 0.00 0.01 0.01 0.00 0.00 0.00

ROP 9 f 0.63 0.40 0.39 0.39 0.48 0.99

p 0.00 0.00 0.00 0.00 0.00 0.00

ROP 10 r 0.69 0.M 0.55 0.50 0.51 0.54

p 0.00 0.00 0.00 0.00 0.00 0.00

oP6 r 0.49 0.37 0.44 0.39 0.38 0.46

p 0.00 0.00 0.00 0.00 0.00 0.00

oP 17 r 0.75 0.61 0.s9 0.51 0.s2 0.53

p 0.00 0.00 0.00 0.00 0.00 0.00
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ROP 4 ROP-5a ROP 6 ROP 7 ROP 9 ROP 10 oP6
ROP 5 0.62

0.00

ROP 6 0.33 0.46
0.01 0.00

ROP 7 r 0.38 0.39 0.53

p 0.00 0.00 0.00

ROP 9 r 0.47 0.56 0.43 0.44

p 0.00 0.00 0.00 0.00

ROP 10 r 0.50 0.49 0.38 0.49 0.54

D 0.00 0.00 0.00 0.00 0.00

oP6 r 0.35 0.49 0.99 0.53 0.46 0.41

p 0.01 0.00 0.00 0.00 0.00 0.00

oP 17 r 0.49 0.64 0.48 0.50 0.53 0.57 0.50

p 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Appendix XX: Study 3- Field Research Information Sheet and Consent Form

A Field Study of

Naturalistic D ecision-m aking Experts

P articip ant Informø,tio n S heet

It is beyond a doubt that all our lmowledge begins with experience

-Immanuel Kant, The Critique of Pure Reason

My name is Taryn Chapman, and I am a PhD candidate at Adelaide University, and a part-

time employee of the Defence Science and Technology Organisation (DSTO). The topic I am

currently researching is concerned with how Batalion Comanders make decisions, and what contextual

factors may influence this. I have collected data on this through some interviews, and am interested in

validating some of this data by observing your CPX between the dates of <insert dateÈ.

The proposed observational study is based on principles of ethnographic research. This is an

unobtrusive metlrod, which means that I will try to appear nonexistent as I observe the scene around

me. I will be collecting data on the environment, expert behaviour, communication, the influence of

context, and professional relationships. Short interviews (5-10 minutes) may be requested to clariff

information obtained through observation. These will be at a time convenient, so as not to intemrpt

your exercise. Demographic information will also be collected" This data will be used to develop an

unde¡standidng of how you and other experts in your organisation operate in a simulated real world

environment. Future laboratory studies will be structured on this information.

All names and personal information pertaining to you, will be kept confidential in the analysis

and reporting of the data collected. You are free to withdraw from the research at ay time. If you are

interested in reading a copy of the final report this will be avaliable to you upon request.

Thankyou for your cooperation. Please feel free to contact me (0472318356) for any further

information.

Íøryn Çfiøpmøn

e-mail : chapman@adam. com. au
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THE UNTVERSITY OF ADELAIDE HUMAN RESEARCH ETHICS COMMITTEE

CONSENT FORM

Participant's Name:

(please print name)

Name of Responsible Investigator: Taryn Chapman

ATitleProject

2

IJ

1. I consent to take pa.rt in the above research project'

I acknowledge that I have read the attached lnformation Sheet entitled: "A Field
Comparisonãf putt-ti-e and Full-time Naturalistic decision-making Experts -
P articipant Infornation Sheet".

I have had the project, so far as it affects me, fully explained to my satisfaction by the

research worker. My consent is given freely.

4

5

I authorize the responsible investigator to use the techniques and questionnaires

described with me.

I understand that:

a) I am free to withdraw from the project at any time'

b) The project is for the purpose of research and not for treatment.

c) The confidentiality of information I provide will be safeguarded.

d) There ¿re no known adverse effects of these questionnaires or procedures.

(signature) (date)
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Appendix XXII: Study 3-Fietd Study Behavioural Definitions

HQ Team

Supply situational information HQ team member supplies information (e.g.
gathered through recon) to increase situation
awareness.

Supply knowledge HQ team member supplies specialist
knowledge (e.g. In these conditions how
long would it take for a tank to travel that
distance?).

Make opinion/ judgement HQ team member supplies a judgement or
opinion based on their own experience. This
is in response to a COA, and is COA
specific (e.g. Based on the situation I think
it would be wise not to move until we
receive confinnation about enemy position)

Make suggestion HQ team member applies specialist
knowledge or situation awareness to add to
the COA, without prompting from the
Commander (e.g. How about notifuing the
local authorities about this?)

Generate COA The Commander asks a HQ team member to
generate a./some COA for the current
problem.

Ask question HQ team member asks question to clariff
their understanding of the situation/COA.
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Commander with HQ Team

Supply situational information Commander supplies information (e. g.
gathered through recon/ reports) to increase
situation awareness.

Supply knowledge Commander supplies specialist knowledge
(e.g. In these conditions how long would it
take for a tank to travel that distance?).

Ask team member for information The Commander asks a HQ team member
for information (e.g.gathered through recon)
to increase his situation awareness.

Ask team member for knowledge The Commander asks a HQ team member
for specialist knowledge (e.g. In these
conditions how long would it take for a tank
to travel that distance?).

Ask team member for opinion The Commander asks a HQ team member
for a judgement or opinion based on their
own experience. This is in response to a
COA, and is COA specific (e.g. Based on
the situation I think it would be wise not to
move until we receive confirmation about
enemy position).

Ask team member to generate COA The Commander asks a HQ team member to
generate a/some COA for the cu:rent
problem.

Acknowledge problem raised by the
team

The Commander acknowledges the
usefulness of a problem in the SA/
judgemenl COA brouglrt up by a HQ team
member.

Run plan by a confident Before ofhcially running the plan by the
team, the Commander runs it by a confident
(note who this is here).

Order or guidance given Commander gives a specific order, or
outlines his intent and allows his
subordinate scope to intricately plan his/her
own actions.
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Interaction with Subordinates

Subordinate supply info to HQ Subordinate supply updated info to HQ
(situational)

Report plans below COA is reported belowi Orders given/Intent
given

Plan accepted Subordinates accept the plan / intent

Subordinate questions HQ Subordinate questions HQ about their
awareness of the overall situation. This may
include reporting both information (situation)
and knowledge (experiential interpretation).
Subordinates question the plan / intent.

Plans adjusted c/o subordinate Plans adjusted in HQ on subordinate
suggestion.

Ask subordinate question (situation) Subordinate is questioned about the situation
on the ground. This may include reporting
both infomration (situation) and knowledge
(experiential interpretation).

Interaction with Brigadier

Report plan to Brigadier The Commander reports the chosen COA to
the Brigadier.

Plan changed by Brigadier The plan is changed/ or not accepted by the
Brigadier.

Plan Accepted by Brigadier The plan is changed/ or not accepted by the
Brigadier.
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Qualitative Notes

'Technical Problems Just notes on how this happens will be sufficient

Technical Problems Problems that are technical in nature (to do with
radio communications, BCSS etc) are discussed.

Shared Responsibility Just notes on how this happens will be sufficient.

Acceptable Risk Just notes on how this happens vtill be sfficient

Risk mentioned The acceptable level of risk is outlined by the CO

Directþ mentioned The word "risk" is actually contained within the
discourse.

Indirectly ímplied The word "risk" is not actually contained within
the discourse, but its relationship to the topic is
obvious.

Risk questioned The risk involved in the plan is questioned as

being acceptable by a HQ team member, a
superior, or a subordinate.

Interaction with Outside Organisations Just notes on how this happens
will be sfficient

Information supplied by and outside
Organisation

Outside Organisation supplies information to
increase situation awareness.

Previous experience with an outside
organisation discussed

Previous Experience with an outside organisation
discussed (including how a decision might cause
repercussions/ their possible involvement in a
COA etc)
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Contextual Variables Identifred
(To lookfor in the Exercise):

1. Environmental Variables
¡ Night time (Poor visual)
. Physical environ (extreme)

2. Operational Stresses (Stress/ Organisational and Social Presswes)

Lack of or incomplete cultural understanding.
Emotion
Sleep deprivation
Lose objectivity
Severe Time presswe
Poorly defined roles in an operation
Incompl ete information

3. Organisational Limitations (Organisational and Social Pressures)
Poorþ defined roles in an operation
Organisational "yes" culture
Changing rules for different situations
Inadequate resources
Too many SOPs

4. Individual Differences
o Military ego
o Inability to control biases
o Political agendas/ self promotion
o Command perspectivelposition

5. Communication Issues (Ambiguity)
o Poor communication
o Trust of team
. Bad coordination between parties

6. Risk (Dynamic Risk)
. Unclear risk
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Appendix XXIII: Study 3-Field Exercise Short Interview Scrþts

Probe Type Probe Content

Cues What could you see, hear, smell, taste, feel? What cues were most
influential? What information did you disregard? Why?

Knowledge What sort of information did you feel was most influential in your decision-
making?
Did you feel you had enough information to make a good decision?
What if (a cue in the environment) had not been present?

Standard scenario Does this example frt with a standard scenario? Were you trained to deal
with it? If it does not, how does it differ? Does this make it more/less
diffrcult? Why?

Analogues Were you reminded of previous experience?

What was it that reminded you; the environment or the problem dynamics?

Did you draw upon this previous experience?

Goals 'What were your specific goals at this time?

Options What other courses of action were available to you?

Mental Simulation Did you imagine the possible consequences of this decision? How did reality
differ from your prediction? Did the changing context influence the decision
outcome in an unexpected way?

Basis How did you choose this option and disregard others/ What rule was being
followed?

Experience How do you believe that someone who didn't have your experience would
have reacted differently in the situation outlined? Would the context have
infl uenced their decision-rnaking? How?

Time Frames How much time pressure was associated with this decision? How long did it
actually take to make it? Was this within the specified time frame?

Mood/11{orale Do you believe the mood/ morale surrounding your decision influenced your
decision-making?

Computer Systems Were there decision tools, or other computer systems that may have
influenced your decision-making? How? How could you have been
supported better?

Hypotheticals What if you were in a different environment on this occasion? Do you
believe this would have influenced your decision-making? How and Why?
How did other people in the environment influence the decision you made?

Other Is there anything else that you feel is important that you'd like to add?
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Appendix XXIV: Study 4'NFC Information Sheet

UNTVERSITY OF ADELAIDE

DEPARTMENT OF PSYCHOLOGY

Networked Fire Chief (NFC) Pilot Study:

The Development of ExPertise-

INFORMATION STIEET

My name is Taryn Chapman, and I am currently in my first year of PhD candidature in

psychology at the University of Adelaide. I am looking for people interested in participating

in a pilot study that will look at the development and decay of expertise using a computer

simulation called Networked Fire Chief (NFC).

The NFC program simulates fires, and requires you, the player, to systematically extinguish

them. It incorporates variables such as time pressure, uncertainty, and high stakes, all of

which are present in real life naturalistic environments (for example the militåry, a medical

operating room).

The Naturalistic decision-making theory is concerned with decision-making in environments

with variables present such as time pressure, high stakes, and uncertainty. In these

environments it is a common frnding that "experts" produce better performance outcomes.

Within this study, my interest is in how the participants reach expertise, and how their mental

models develop throughout the process.

As decision-makers become "experts" theory holds that they build up a repertoire of

knowledge and experience based schema to aid in their decision-muking. This will be tracked

throughout the trials.
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Your participation may aid in developing directions for future research in this area. You will

be required for a three hour session. This includes a training session in the use of NFC, 20

practice scenarios to develop you to the level of expert, as well as interviews. All data

produced will remain confidential.

Quarrtitative datawill be collected, post hoc, using the programs replay function, to look at

the development of yow expertise. On top of this qualitative data from interviews will also be

collected.

The study will be conducted in the psychology department (Room 111). Scheduling

anangements can be made to suit you. Day times, evenings, and weekends are fine. The

testing period starts on 26th of May and will continue until the end of July.

If you are interested in the results, I would be more than happy to share my analysis with you

after the event. I would greatly appreciate your support.

You can contact me via email:

<chapman@adam.com.au> oR <taryn.chapman@dsto.defence.gov.au>

Or on the phone Monday, Tuesday, Friday: 0410318356

Wednesday, Thursday:8 259 7663

After 5:30pm and weekends: 8 336 8673.

Alternatively you are welcome to contact my supervisors Associate Professor Ted Nettelbeck

on 83035738 or Dr Vanessa Mills 0413594143.
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Appendix )O(VII: Study 4'NFC Consent X'orm

LTNTVERSITY OF ADELAIDE

DEPARTMENT OF PSYCHOLOGY

Networked Fire Chief (NF'C) Pilot Study:
The Development of Expertise.

CONSENT FORM

Participants Name:...

Project Title: The Development of Expertise using Networlæd Fire Chief.

Name of Supervisors: Associate Professor Ted Nettelbeck and Dr Vanessa Mills.

Name of PhD student: Taryn ChaPman.

l. I consent to participate in the above project" The nature of the project, including

questionnaires or procedures, has been explained to me, and is summarised on an

information sheet I have been given.

2. I authorise the Supervisor or PhD student named above to use these questionnaires or

procedures with me.
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3" I understand that:

a) I am free to withdraw at any time.

b) The project is for the purpose of research or teaching, and is not for treaûnent.

c) The confidentiality of the information I provide will be safeguarded.

d) There are no known adverse ef;lects of these questionnaires or procedures.

Signed:

(Particìpant)

E-mail address:
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Appendix XXVI: Study 4'NFC Schedule for Participants

Schedule for ParticiPant Number-

l5mins

5mins

5 mins

(2Smins)

5mins Trial 1

lOmins Interview

(1Smins)

4Omins Trial2-10

(40mins)

Short break

60 mins Trial 11-20

lOmins Interview

(lhr l}mins)

Learning howto :use Networked Fire Chief'

Short comprehension quiz

Short mouse skill test

Thønk you for your ParticiPation.
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Appendix XXVII: Study 4' NFC Training Protocol

Firechief Tutorial

1. Landscape and APPliances

The map window occupies the largest part of the Fire chief screen. V/ithin the map are4

different colours represent different objects.

The four different types of landscape are

1. Clearing: The lighter green colour (occupying most of the map in this case).

2. Forest: the dark green colotr

3. Pasture: the brown/maroon colour

4. Buildings: The PurPlish colour

Buildings are considered the most valuable, and therefore your first priority. Following on

from those the order of priority is the pasture (cows) the forest and frnally the clearing. As

these burn, points will be deducted from your performance score, depending on the values of

the land burning. As being worth more or less the different land types also burn at different

rates. The pasture bums the fastest, followed by the buildings and the forest, which bum at the

same rate, and the grassland burns the slowest. This will be demonstrated later in the tutorial'

In addition to the landscape elements there is also a single resource element:

l. Water: the blue colour surrounding the example areas of landscape.

This is a resource elernent, rather than a landscape element because you need it

to fight the hres. The appliances used to fight the fires will run out of water,

and need to be refilled at awater square. Each water sqw¡re has a limited

amount of water, and will evenfually run out. A fire truck can refill at the same

square 3-4 times before emptying it. Water squares do not bum and therefore

act as firebreaks'

Finally near the right bottom comer of the map window are the fire fighting appliances:

l. Fire truck: the red squares are fire trucks. These can be used to either fight

fires or to burn off areas and create frebreaks. In the former case water is used
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and a fire truck can extinguish 15 squares before needing to be refilled.

Buming offdoes not use water.

Ilelicopter: the yellow squares are helicopters. These move twice as fast as

fuetrucks but can only be used to frght fires, not to bum off. They are also less

effrcient: using more water each time they refill but only extinguishing 9

squares before needing to be refilled.

A little later we wil look at the appliances in motion and how they are used to fight fnes, but

for now we are going to continue our familia¡isation with the various features of the screen.

2. Screen Features

Looking at the screenyou can see that it is divided ìnto a number of distinct areas. Down the

lefi side of the screen are a nuntber of small areas with differingfunctions. Starting at the top

2.

these are.

1.

2.

Time: This shows how long the scenario has been running for.

Current wind: A pictorial representation of the strength and direction of the

wind.

Forecast: Shows the expected time of any forecast wind changes

Forecast wind: A pictorial representation of the expected strength and

direction of the wind following the change.

Map Navigator: You will not use this in the current scenario. Normally it

shows what part of the map is visible in the main map window'

Score: This shows a weighted average of the amount of saveable landscape

left unburnt.

IJ.

4.

5

6

To the right of the score box are 2 rnlabelled boxes, which together run the length of the

screen. These are:

1. Co-ordinates: the small box immediately to the right of the score shows the

current location in the map window of the cursor.

2. Message box: Running from the co-ordinate box, completely across the screen

is the message box, where information updates are displayed. lnformation

about the status of appliances is sent by the computer or can be accessed by

holding the cursor over all appliance during the scenario'
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Below this there are several areas indicating the status of the system and network-which you

need not worry about.

3. Wind and fire
Now we are going to hqve a look øt the programwhile it is running, in order to have a look at

somefeatures you cannot see unless it's running.

Looking at the top left side of the screen you can see that the time has started counting.

Immediately below is the wind icon, consisting of a blue outer circle, indicating current wind

strength, and a red line indicating the direction the wind is blowing. Fires will spread faster in

the direction of the wind.

Below the current wind is a forecast. This gives the time at which the wind is expected to

change. Below this is the forecast wind icon- a shadowed version of the cu:rent wind

forecast. It shows the expected strength and direction after the forecast change. If there is no

change expected both boxes will be empty. However wind changes are not always forecast,

and may be unpredicted.

If you look at the landscape areas you will see a small fire has started in each of them. The

fire is represented by the small red squares overlaying the landscape being burnt- Once a

square of landscape has been destroyed it turns black. Watch the fnes burn for a while. Note

how the advance at different rates in the direction the wind is blowing.

4. Fighting fires

( D e mons tr at e w hil e exPl aíning)

Beþre starting to fight the fires, you need to see how appliances react to contmands. Both

types of appliance are controlled in the same way- using the mouse to click and drag. Youwill

see that as the cursor is placed over an appliance the cursor becotnes a hand, and the

appliances details appear in the message box"
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Basic Commands

Left-clicking while over an appliance activates it (which means it will scan for fires around

its perimeter, and start frghting any that are detected). If you left click and release it is

aetivated without being moved. If no fnes are detected it will switch itself offagain'

Generally you will want to left-ctick and drag the appliance to where you want it to frght

fires. Before releasing the button. This creates a destination marker (a purple squa.re outline)

that you want to place where you want the appliance to go. Again, upon arriving, the

appliance will scan for fires. When placing an appliance neat a fue you should endeavour to

place it either on top of a fire square, or directly adjacent to one- otherwise it will deactivate

and even if a fir subsequently approaches it will not activate until instructed. If an appliance is

moved to or activated near a burning square it will automatically start to frght the fire until it

is extinguished. It will then scan for more fire in its immediate vicinity and respond

accordingly. While frghting, both appliances flash blue around the edges- if an appliance isn't

flashing it isn't working.

As appliances fight they use water- as can be seen, if you hold the cursor over a working

appliance. Its o/o of water is reduced each time it extinguishes a square. When this reaches 0%o,

the appliance can no longer frght and needs to be refilled. At this point a message will be

(briefly) flashed in the message box giving the appliance number, type and location and

saying it is out of water.

Reflrlling an appliance is as easy as left-clicking and dragging it to a water square. The

appliance will automatically refrll and return to its prior position (not it's initial location)

Right-clicking on an appliance retums it to its initial position- i.e. Where it was at the

beginning of the scenario.

Sofar the commands have appli.ed to both types of øppliances. However, the burn-off

commands only apply to thefire trucks-

Burning off a square prevents fire from passing through there. A series of such squares

therefore constitutes a fire break. Only clearing can be burnt off to make firebreaks.
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Attempting to do so in any other landscape will ignite a new fire. To burn offhold down the

control (Ctrl) key and left click'

Ctrl+ left click causes the fire truck to bum the square it is on, turning it a grey colour to

indicate that it has been so treated.

Ctrl+ left click and drag creates a destination marker which can be moved from anywhere

on the screen. The fire truck will then bum offevery squ¿re, starting from the one it is on, in a

straight 1ine to the destination marker. While a fire truck is burning offit flashes white around

the edges to indicate it is working.

Redirectins Appliances

If you need to redirect an appliance that is in transit, all you need to do is left click on the

destination marker and drag it to the desired location. If you are redirecting a fue truck that

is buming offyou will need to hold down Ctrl while redirecting the appliance.

Stoppins Appliances

To stop a moving appliance, simply left click on its destination marker. It should stop

where it is. If it does not you may not have deactivated the destination marker. This is the case

if the destination marker is still visible, in which case try left-clicking on it again, until it

disappears.

The same applies to stopping a fire truck that is burning off. Just hold down Ctrl and left-

click on it's destination marker.

Stopping an appliance that is frghting a fire is very similar. Simply left click on the

appliance itself. It will then frnish the square it is currently fighting before deactivating. This

can take several seconds. Holding the cursor over the appliance itself will tell you whether it

has been deactivated or not.

If it is in automatic mode then it will continue fighting'

If it is in manual mode then it will stop after the current square.

Do you have any questions?
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-ileigtMqif'r¡Ì l

Familiarisation

Will you please try to do the following actions:

tr Activate an appliance

tr Move an appliance to fight a fire

tr Build a fire break

tr Redirect a moving appliance

tr Redirect the fire break

tr Deactivate an appliance the is frghting the hre

tr Refill the appliance

tr Return the appliances to their initial positions.

-J.El¡i
0dû!

¡nr ¡n¡
,ls!å4!gøCBX8ÉNG.å ¿sn

Note: This is a representation of the screen on which the participants practiced the skills leamt

during the NFC training session.

Note: After completing the NFC training session move onto

1. NF'Cpost-tutorialquiz

2. Mouse tutorial
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Appendix XXVIII: Study 4'NFC Post Tutorial Quiz

l. Na6e the four landscape types (and their corresponding colours) in order of

priority/value.

1

2.

2. What colour are the squares representing fne trucks and helicopters respectively?

Fire

IJoli

5.

6. The time display indicates which of the following?

(a) How long the scenario has been running.

(b) How long the scenario has left to run.

J

4

3. Which appliance is more effrcient at fighting fires?

4. How many times can an appliance refill at a single water square before emptying it?

Which appliance can be used to create frrebreaks?
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7. The red line in the wind icon indicates which of the following?

(a) The direction the wind is blowing from.

(b) The direction the wind is blowing to'

8. What does the inner blue circle of the wind icon represent?

9. Are wind forecasts always accurate?

10. When does the message box display information about appliance status?

11. In which direction does the fire spread the fastest?

(a) In the direction the wind is blowing.

(b) At right angles to the direction the wind is blowing'

(c) In the opposite direction to which the wind is blowing'

12. Wlúch landscape elements bum...

13. To activate an appliance in place you should.. '.

(a) Right-click it.

(b) Left-click it.

(c) Hold control and left-click it.

(d) Hold control and right-click it.
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14. If an appliance is left clicked and dragged to an area that is on fire, it will...

(a) Move to the destination and then stop awaiting firther orders.

(b) Move to the destination and then start to fight the fre'

(c) Burn off the area between its start point and destination'

15. 'When an appliance is left clicked and dragged to a water square, it will'

(a) Move there and await further orders'

(b) Move there refill and then stop in place.

(c) Move there, refrll and then retum to its former position'

16. Right-cticking on an appliance'..

(a) Turns it on to fight hres where it is.

(b) Retums it to its starting position'

(c) Bums off the square it is currently on.

To redirect a moving appliance, you need to...

(a) Left-click on the appliance and drag it to its new location.

(b) Left click on the appliance's destination marker and drag that to a new destination'

(c) Right-click on the appliance and drag it to a new location'

(d) Right click on the appliance's destination marker and drag that to a new destination.

17.

18. How do you stop a moving appliance in place?

lg. If the appliance were making a fi.rebreak what would you do?
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20.

21.

If an appliance has been redirected, it will...

(a) Move to where the destination marker was and from there to the new destination

marker.

(b) Move from wherever it currently is to the new destination marker.

If you left-click on an appliance that is frghting a fire it will..

(a) Continue fighting the fire

(b) Stop immediatelY.

(c) Stop after extinguishing the square it is currently frghting.

How can you tell whether an appliance is active?

(a) Active appliances flash around the edges or are moving'

(b) By holding the cursor over it and reading the message displayed in the message box.

(c) Both (a) and (b).

23. If an appliance is in manual mode have you successfirlly deactivated it?

24. Which landscape elemenls rnay be burnt off to create firebreaks?

))
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Appendix XXIX: Study 4- NFC Mouse Tutorial

JE¡¡J

0!1015û Ðg¡0€Ð7!t

^.zz

You must:

l) Extinguish the fire

2) Make 2 firebreaks through the pastures (without setting the pastures on fire)

In a time limit of 2 minutes.
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Appendix XXX: Study 4- Equivalency of scenarios constructed for use on NFC

Note: Scores generatedby an expertNFCuser'

Expert Performance Score

AverageSecond AttemptFirst AttemptScenario Number

95.9096.795.71

96.1095.796.s2

96.5596.296.9J

95.9596.795.84

96.6096.896.45
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Appendix XXXII: Study 4- Defining Observable Skills on NFC

Defining Observable Skills:

1. Speed Meøsutes

Time talrpn to recognise frre- The time between the fire breaking out and the participant

allocating an appliance anywhere around that fire (ie. The destination marker appears within

two squares of the perimeter of the fre).

Time taken to beginfighting afire - The time between allocation of an appliance and

extinguishing of a fire. This measure helps to indicate the spread of appliances around the

screen., and the proximity of appliances to fire locations'

Helicopter sentfirst - If one is available and not involved or becoming involved in frghting a

higher priority fre, and it is the quickest response unit to that fire, it is sent first to a new fire.

Closest appliance sent first - This is a measure of wheflrer the participant uses the closest

appliance

This is measured as the number of squares the appliance must move to reach the fne divided

by the speed of the appliance. This takes into account that helicopters move 2 times as fast as

fire trucks.

Time talccn to extinguish thefire - A measure of the time from when the fust appliance arrives

at the fire until the fire is extinguished.
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2. Accurøcy Measures

Wind direction consideredwhen initially allocating appliance- The appliance is positioned on

the front of the fne. The number of squares away from ideal placement are counted and act as

a measure of accuracy of placement. The smaller the number the more accurate the

placement.

Ratio of appliances tofire - This is measured by looking at number of appliances compared

with squares of fire as a ratio. This is measured at initial placement of appliances to a fire and

when any extra appliances are added to the fire frghting team. A reasonable estimation is five

fire squares to I appliance.

Delay between change inwind direction and correctÌng appliances positions-The time taken

to reposition appliances on the appropriate front after a wind change. This only applies when

there is a fire present, spreading in the direction of the new wind direction

Spread offires into crucial land considered-In the case that one side of the fire is within one

square of the boundary of more critical land (i.e. A clearing fire on the boundary of pastures)

appliance/s should be placed to prevent fire spreading into the critical land. If an appliance is

placed on the side of the fire closest to high priority land (whether the wind is blowing in that

direction or not) a frequency count of this behaviour is taken.

3" Monítoring Behaviours

Land priority considered -Inthe case of fires this means that the fire involving higher priority

land will be attended to more quickly. This is a frequency count and results in a percentage

score for each fire responded to

Appliance refilted - Number of times appliances are refilled with water during the scenario.
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Appliance refilled nearby- Appliance is refilled within the nearest ten squares of water

available.

(if retuming to its same position)

4. Proactive Measures

(Ise offire brealcs- The number of fire breaks made'

Size offire breaks-the number of landscape sqr¡ares firebreaks cover burnt to make

firebreaks

Resources kept in proximity of inryortant land - Resources not currently involved in fighting

fires are spread over the map, near high priority land. This is measured after the fnes have

been extinguished, or when there are idle standby appliances.
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Appendix X)OilII: Study 4- NFC Semi-structured Interview Questions

Note: Replay critical decision point from scenario

Questions to ask:

1. Can you describe this situation to me?

2. What was the decision that you made?

3. What were the elements that you took into account when making this decision?

4. Did the decision feel intuitive?

5. Do you feel that you \ilere able to draw on any of your experience in order to assist in

your decision?

6. Did you think about using firebreaks? Why/ why not?

7. How did you decide to position your vehicles?

L Do you have any regrets?
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Appendix XXXrV: Study 4- Definitions for NFC Interview coding

Factor Category Label

Speed

Accuracy

Other

Efftciency

Proøctive Meøsures Planning

Tool usage

Spatial awarensss

Specialised knowledge
(environmental)

Situation assessment

Other Performance skills

Self correction

Problem/mistake

Any time the participant talks about
consideration oftool usage as a
factor of decision-making

Any time the participant talks about
where things are on the NFC screen
in relation to each other as a factor
built into decision-making.

Any time the participant talks about
using their knowledge of the NFC
environment (its constants and
rules)

Any time the participant talks about
surveying the scene to better
understand the current situation

Any time the participant talks about
planning for the future (e.g. build
firebreak or po sition/refrll
appliance)

Any time the participant talks about
any other skill that they used that
impacted on their performance

Any time the participant talks about
how they changed what theY were
doing (or would change) because
recognising that it was not optimal.

Any time the participant talks about
something they did that theY
regretted.
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Appendix X)O(V: Study 4'NFC Post Trial Questionnaire

Networked Fire Chief

Expertise Interview

@

Demographic Information

Participant No:

Age:

Occupation

Gender:

Trial:

Cognitive Modelting (done in coniunctìon with repløyfunction)

Situatíon wìth land priorily decísion.

1. Can you help to fill in a model of the cognitive events surrounding this decision? (Refer

to the example provided)

Do you feel that you made this decision without having adequate information?

Yes No (Please circle appropriate response)

If so, what more information would have been desirable?

2
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Information Criticality

1 Thinking back to the trial you have just completed, I want you to rank the following list

of information from most important (l) to least important (8)'

Water levels left in the aPPliance

Water capacify of aPPliance

Distance of appliance from fire

Distance of fne from a water source

Speed of the appliance

V/ind direction

Land priority

Burn rates of the various land types

Why did you rank them in this order?
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1

Decision Evaluation

Thinking back again to the trial, do you remember making a decision that you regretted

in hindsight?

Yes No (Please circle appropriate response)

If so, what was it?

Do you consider the decision was critical in that the wrong choice resulted in a situation

that was difhcult to manage?

Yes No (Please circle appropriate response)

Can you describe the cues that led you to make this decision?
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What was the outcome?

I

Pro-active Measures

Did you use firebreaks in the current scenario?

Yes No @lease circle appropriate response)

How often did you use them?

1234

never occasionally half of the time frequently always

If so, what was it that led you to use them?

5
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Do you feel that they were effective?

Yes No (Please circle appropriate response)

Did you strategically position your vehicles not actively involved in fire frghting?

Yes No (Please circle appropriate response)

How often did you do this?

1234

never occasionally half of the time frequently always

Do you believe that you positioned them well?

Yes No (Please circle appropriate response)

5

Thankyouforfilling in the questionnaire above
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Appendix XXXVI: Study 4- Reliability Calculations for NFC Behavioural and

Interview Coding

Interview Codins Total Coded Asree I)isagree PA

Spatial awareness
Planning
Tools
Situation awareness
Performance skills
Self correction
Problem/mistake

1 1.0000
0 l.0000
1 0.8750
1 0.7500
2 0.5000
0 1.0000
I 0.7500
1 0.8333

I1 I
9
8
4
4
4
4
6

1

9
7
3
2
4
J
5Specialised knowledse

0.8385
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