
Naturalistic decision making (NDM) theory explains 
how experts make decisions under time pressure, in dy-
namic situations characterized by uncertainty and high 
stakes (Zsambok, 1997). The decision process relies on the 
automatic availability of situation awareness (SA). In es-
tablishing SA, experts draw on previous experience when 
recognizing 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, firefighting scenarios and in emer-
gency operating rooms.

Because of the extreme complexity associated with 
these environments, where the mastery of expertise in 
decision making can take 10 or more years to achieve, 
research environments and opportunities for investigating 
these processes have been extremely limited. Currently, 
the most common methods used by NDM researchers have 
been field observation and interview techniques. However, 
recent technological advances have resulted in the avail-
ability of more complex simulations with varying levels 
of fidelity, designed to replicate the real time pressure, 
dynamicity, complexity and high stakes associated with 
an NDM environment (e.g., Omodei & Wearing, 1995). 

The quality of such resources can vary enormously; and, 
although high-fidelity simulation can produce circum-
stances that appear 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 fidelity computer-based simulation using tools 
called microworlds (Brehmer & Dörner, 1993).

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 
burning and people from being killed (Artman, 1999; 
Granlund, 1998). There are several potential advantages 
associated with such simulations. A microworld is much 
more cost efficient than field research, typically requiring 
no more resources than a computer in a room. Moreover, 
this medium is an attractive alternative to field research 
because there are often limitations to participant acces-
sibility and the availability of appropriate research exer-
cises. Another advantage over field research is increased 
experimental control. It is not surprising then that interest 
in the potential of this type of research has increased in 
recent times (Rigas, Carling, & Brehmer, 2002; Weaver, 
Bowers, Salas, & Cannon-Bowers, 1995). However, be-
fore accepting microworld simulation as a medium for re-
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search, 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 making; 
and the broader context of influence impacting on ex-
pert 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 research sought evidence for each 
of the three questions that follow.

Do Microworlds Provide Conditions  
Under Which the Development of Expertise  
Can Be Observed?

It has been argued that skill development can be use-
fully looked at by breaking the process down into a num-
ber of identifiable stages (Fitts, 1964), A well-cited model 
of expertise development 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 be-
come intuitive and responses more immediate and logical 
to the decision maker. Later research by Rasmussen (1983) 
and Anderson (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, 1999, 2003). Similarly, microworld 
users, although bringing some of their own understand-
ings to the task (e.g., 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 
practiced in using the tool. In this regard, the cognitive 
complexity of decision making in a microworld has been 
questioned (Chapman, Nettelbeck, Welsh, & Mills, 2006). 
To handle the complexity and novelty associated with de-
cision 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 be-
yond domain specific experience that feed into decision 
making; and have questioned whether a comparable range 
of experience is necessary to perform expertly on a micro-
world simulation. If the microworld is an appropriate test-
ing context for development of expertise we would expect 
it to produce the stages of cognitive development repre-
sentative of NDM expertise. Moreover, as suggested by 
Chapman and Mills (2003), a range of experience would 
be necessary for expert performance.

Does a Microworld Provide an Environment 
That Promotes Perceptual–Cognitive Processing 
in NDM Contexts?

Lane and Alluisi (1992) suggested that NDM skills 
could be considered in terms of general perceptual– 
cognitive principles and situationally embedded skills. It 
would be expected that general principles could be dem-
onstrated 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 (Hutton & Klein, 1999; Klein, 1989). Both nov-
ice and expert decision makers build a certain level of SA 
to inform decision making. As decision makers become 
more skilled, however, they also develop better SA, know-
ing which information is important and which informa-
tion can be filtered out (Hutton & Klein, 1999). This de-
veloped SA leads to four perceptual–cognitive indicators 
of expertise. These are accuracy of prediction, complete-
ness of action and speed of response (Glaser, 1976; Klein 
& Peio, 1989). Subsequently Klein has also emphasized 
the importance of planning behavior in complex environ-
ments (as observed in the military; see Schmitt & Klein, 
1999). We would expect therefore that behaviors associ-
ated with high performance scores on NFC could be coded 
into these categories.

However, it is unclear whether a microworld structure 
can be sufficiently “real world” to require the complex, sit-
uationally embedded skills that experts rely on. Research 
has generally found that experts in their chosen domain 
outperform other decision makers (Shanteau, 1992) be-
cause of expert content knowledge, which is context spe-
cific and which defines the boundaries of the application 
of an individual’s expertise. Such knowledge has com-
monly been researched by cognitive task analysis or other 
tests of declarative knowledge that focus on how people 
see relationships between concepts (Millitello, 2001). 
Moreover, context-specific knowledge required within a 
microworld will not necessarily transfer across other forms 
of expertise. For example, military experts without previ-
ous experience using a firefighting microworld did not 
perform at a significantly different level compared with 
civilian novices on the same task (Chapman et al., 2006). 
It was therefore important then to control for any previ-
ous 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.

What Factors Are Taken Into Account in 
Decision Making in a Microworld?

Serfaty, MacMillan, Entin, and Entin (1997) have em-
phasized that laboratory-based decision making tasks are 
frequently artificial, although what impact, if any, this 
has on the 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 complexity of the 
microworld environment is more simple than the real-world 
equivalent. The current research therefore investigated the 
extent to which personal and situational factors, found to be 
important in the real world, are also important for decision 
making in the microworld (Chapman & Mills, 2003).

The Present Study
The testing tool was a computer simulation called 

Networked Fire Chief (NFC; Omodei, Taranto, & Wear-
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ing, 1999), 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. NFC 
generates cognitive task simulations that a person would 
encounter in a real-life system involving uncertainty, com-
plexity and feedback loops. Another reason for selecting 
this software was its availability for public use.

The study aimed to investigate the development of ex-
pertise, the perceptual–cognitive skills demonstrated and 
the broader situational and personal factors associated 
with decision making in NFC. These results have been 
compared with findings from previous research (Chap-
man & Mills, 2003).

Predictions were that (1) a clear process for development 
of performance expertise, according to developmental mile-
stones described in the literature, would be apparent on NFC; 
(2) the NDM perceptual–cognitive performance character-
istics of speed, accuracy, efficiency, and planning would be 
observed; and (3) a complex range of situational and per-
sonal factors would be perceived to impact on NDM.

METHOD

Participants
Participants were 10 male and 10 female unpaid volunteers 

19–24 years of age (M  20.4) who were either studying toward or 
already held a tertiary degree. All were friends or associates of the 
first two authors, and normal ethical requirements were observed.

Apparatus
The NFC simulation was run on a computer in an isolated room. 

The situation NFC creates is that of fighting fires that spontane-
ously break out on a map. Participants use fire-fighting appliances 
to extinguish fires. Appliances have been created with some of the 
same limitations (water capacity, traveling speed, crew rest require-
ments) as their real-world equivalents. Variations in weather, fire 
fighting appliance limitations and land priority must all be consid-
ered when allocating resources to fight 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.

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 color 
coding of the various land types/resources, the screen’s features, 
and how to operate the interface. Following this a questionnaire was 
administered to ensure that participants understood the program to a 
standard requirement. A standardized minimum level of mouse con-
trol skills in the NFC environment was first established by adminis-
tering a short computer mouse skills test (Welsh, 2000) that incor-
porated the completion of all mouse skills required for use of NFC. 
Successful completion of this task within an appropriate specified 
time limit of 2 min was a prerequisite for all participants.

Twenty equivalent NFC scenarios were developed from five pro-
totype scenarios that were flipped horizontally, vertically, and then 
horizontally reversed. These were established beforehand by pilot 
testing to be near-identical in level of difficulty (average expert 
 performance scores ranged from 95.9% to 96.6%), despite differ-
ences in appearance.

A behavioral check sheet developed from a preliminary task anal-
ysis of an expert on NFC (see Chapman et al., 2006, p. 44) coded 
participants’ behaviors on NFC within four categories linked to 
 perceptual–cognitive skills associated with NDM. These were accu-
racy, completeness of action (i.e., efficiency), speed and planning as 
observed on NFC (Glaser, 1976; Klein & Peio, 1989; Schmitt & Klein, 

1999). These observations were represented as frequency counts. In-
terview questions, based on the principles of critical decision method 
(Klein, Calderwood, & McGregor, 1989), and initially piloted with 
inexperienced NFC users, were targeted toward attaining informa-
tion on skill development and also the changing understandings of the 
NFC environment, decision skills of the participants and personal and 
situational factors perceived to impact on NDM. Questions focused on 
the participant’s recognition of a situation, scanning behaviors, criti-
cal cues, use of information, expectations or conclusions drawn from 
given information, and factors perceived as impacting on decision 
making. Posttrial questionnaires accompanied the interviews. These 
encouraged further written reflection on the replay, and demographic 
information. The participant’s opinions about useful information for 
decision making in NFC were also collected, together with any infor-
mation about previous real-world NDM experience.

Procedure
Participants completed a session on NFC that lasted approximately 

3 h. This investigated the effect of practice on the participant’s under-
standing of NFC concepts and also provided a large data set to inves-
tigate the relationship between performance and behavior. The NFC 
program was introduced according to the training protocol. Follow-
ing training, the participant completed a short quiz, to test acquired 
knowledge about the content of the training protocol. Any questions 
not answered were reexplained. This quiz checked that the participant 
understood the program to a level sufficient to eliminate performance 
impediments caused by poor knowledge of the simulation interface.

The participant then completed the short mouse skills test (Welsh, 
2000), to establish basic mouse skills before completing the 20 
equivalent NFC scenarios (each lasting 5 min). These scenarios were 
presented in the same order for each participant. Between scenarios 
the first author returned to the room to open the next scenario, while 
at the same time encouraging the participant to improve their score 
in the following scenario (Cannon-Bowers, Salas, & Pruitt, 1996; 
Hurlock & Montague, 1982). To minimize 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 predesignated section of the 
scenario was replayed. This short replay involved a critical decision 
point (such as a land priority decision).1 After reviewing this, questions 
began. Interviews were taped on video and audio recorders. Following 
this short interview posttrial questionnaires were administered.

RESULTS

Reliability of Coding
Interrater comparisons assessed validity for both the 

content analysis of interviews and the behavioral analysis 
of NFC replay files. The data were coded by the first au-
thor and a trained associate independently and a reliability 
coefficient was calculated (Neuendorf, 2002). The mean 
interrater reliability for the behavioral data was .71. The 
mean interrater reliability for the content analysis data 
was .84. These were considered adequate, given that 70% 
intercoder agreement is considered acceptable (Miles & 
Huberman, 1984).

Development of Expertise
Development of expertise was investigated by review-

ing the performance scores generated by NFC (percent-
age of landscape unburned), and the behaviors exhibited. 
Performance scores ranged from 81.17% to 95.87% of 
landscape not burned. Improvements in average perfor-
mance were explored by grouping the 20 scenarios into 
four sets of five scenarios (e.g., Set 1 contained Scenar-
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ios 1–5, Set 2 contained Scenarios 6–10, Set 3 contained 
Scenarios 11–15, and Set 4 contained Scenarios 16–20). 
According to these scenario sets, each participant had four 
average performance scores and standard deviations of 
performance calculated. Based on these average scores, 
only small improvements in average performance was ob-
served as participants gained experience on NFC (average 
scores were 94.65 [SD, 0.97] for Set 1, 94.63 [SD, 0.69] 
for Set 2, 95.03 [SD, 0.55] for Set 3, and 95.29 [SD, 0.28] 
for Set 4). Significant differences in performance were 
observed between Scenario Set 1 and Set 4 (t  0.63, p 
.05) and Set 2 and Set 4 (t  0.65, p .05). As partici-
pants became more experienced in NFC, the variability of 
their scores within each set reduced (average performance 
variability was 0.98 [SD, 1.30] for Set 1, 1.32 [SD, 0.88] 
for Set 2, 0.53 [SD, 0.45] for Set 3, and 0.28 [SD, 0.36] for 
Set 4). Significant differences in performance variability 
were observed between Sets 2 and 3 (t  0.79, p .05), 
and between Set 2 and Set 4 (t  0.77, p .05).

Development of expertise was also investigated in 
terms of behaviors exhibited in early trials (Trials 1 and 6, 
which were mirror versions) in comparison with the final 
trials (Trials 14 and 19, which again were mirror ver-
sions). Table 1 shows changes in the behavior coded in the 
subcategories relating to speed, accuracy, efficiency, and 
proactive planning. All behaviors associated with speed, 
efficiency, and proactive planning improved with practice, 
but the only accuracy behaviors that showed significant 
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 informa-
tion taken into account when making decisions (extracted 
through the posttrial questionnaire and the short inter-
views). A function of the posttrial questionnaire was to 

identify the importance that participants placed upon eight 
pieces of information related to NDM (see Table 2) and 
how these varied with practice. Table 2 describes the agreed 
ranks obtained by ranking average outcomes provided by 
the participants following Trial 1 and Trial 20. Discrepancy 
scores added across the eight pieces of information for Tri-
als 1 and 20 indicated the extent of agreement between 
all 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 av-
eraging the participants ranking (see Table 2).

From Table 2, it can be seen that the average overall 
ranking of each of the critical pieces of information was 
relatively constant from Trial 1 to Trial 20, although, the 
agreement between participants about these rankings was 
more similar after Trial 20. Nonetheless, relative discrep-
ancy was low from the outset because many participants 
had accurately identified the important content knowl-
edge after only the first trial.

Perceptual–Cognitive Skills Observed 
in the NFC Microworld

It was hypothesized that high performance on NFC 
would be associated with behaviors linked to accuracy, 
efficiency, speed and proactive planning measures. Using 
replay files from NFC,2 behavioral observations were 
made during Scenarios 1, 6, 14, and 19 (i.e., mirror ver-
sions derived from the first and fourth scenarios). Sce-
narios 15 and 20, as later versions for analysis, were not 
used because there were missing replay files. Performance 
scores were correlated with the varying frequency of be-
haviors exhibited, to identify significant relationships (see 
Table 3). All behaviors associated with speed of fire extin-
guishing correlated with high performance scores. These 
behaviors included the average time taken to place an ap-

Table 1 
A Comparative Description of the Frequency of Mean Behaviors Relating to Speed,  

Accuracy, Efficiency, and Proactive Planning Measures Within the NFC Trial

Trials

First Last Significance

Measure  M  SD  M  SD  t  p

Speed
 Time taken to allocate appliances (sec)  19.15   6.58  14.44a   1.21 4.44 .01
 Time taken for appliance to reach fire (sec)  21.15  10.05  11.44a   1.60 6.04 .01
 Helicopter sent first if available (% of time)  62.08  43.20  86.25b  10.13 3.45 .01
 Closest appliance used to fight fire (% of time)  67.92  42.93  95.63b   7.24 4.03 .01
Accuracy
 Wind direction considered (grid squares from optimal)   2.55   1.15   1.01c   0.34 8.15 .01
 Appliance allocation ratio (appliances:fire size)   0.26   0.13   0.25d   0.08 0.60 .05
 Spread of fire into crucial land considered (% of time)  85.00  28.19  88.75b  11.60 0.78 .05
 Land priority considered (% of time)  54.97  44.36 100.00b   0.00 6.42 .01
Efficiency
 Refilling is done (no. of times)   4.55   2.59   5.70b   1.92 2.25 .05
 Refilling is done nearby (% of times)  83.99  16.27  91.13b  14.13 2.10 .05
 Idle while fighting fire (sec) 264.85 155.05 119.25e 109.75 4.85 .01
Proactive Planning
 Use of firebreak   0.00  0.00   0.50b   0.51 6.25 .01
 Area burned off using firebreaks   0.00  0.00   2.10f   2.19 6.06 .01
 Resources kept in proximity of crucial land   0.00  0.00   5.86b   0.43 86.71 .01
aFaster. bMore frequent. cCloser. dSlightly lower. eLess time. fMore area.
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pliance at a fire (reaction time), the average time taken 
for the appliance allocated to that fire to reach its destina-
tion (response time), and the frequency with which the 
closest vehicle was used as a first response unit. In terms 
of accuracy, the only significant correlation was between 
performance and placement of the appliance in an optimal 
position, according to the direction of the wind. In terms 
of efficiency, the duration of time that vehicles spent idle 
when they could have been fighting fires correlated nega-
tively 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 area that these covered cor-
related positively with performance on NFC.

Factors Impacting on Decision Making 
in the NFC Microworld

A content analysis was carried out on the data extracted 
from posttrial interviews using QSR’s NUD.IST software 
(Nonnumerical Unstructured Data Indexing Searching 
and Theorizing, 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 QSR NUD.IST. 
The coding was inductive and revealed that a number of 
factors were identified in relation to decision making on 

NFC. The relative contribution of these topics to the dis-
cussions after Trial 1 and Trial 20 are shown in Figure 1.

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 new fires as well as monitor-
ing for progress of fires already attended (to ensure no 
idle appliances). This decreased in the interview following 
Trial 20. Performance skills was the second coding cat-
egory that dominated the majority of responses across tri-
als. These were defined as when the participant mentioned 
other skills that they used that impacted on their perfor-
mance (e.g., monitoring appliances, computer mouse 
control skills). Performance skills were discussed more 
frequently in the interview following Trial 20. Planning, 
tools, and specialized knowledge also contributed sub-
stantially to responses following Trial 1 but were taken up 
less frequently after Trial 20. Planning was discussed in 
terms of predistribution of appliances near crucial areas, 
and also the production of fire breaks. Tools referred to 
how participants described the ways in which helicopters 
and fire trucks were used. Specialized knowledge referred 
to the knowledge required to best respond to the NFC situ-
ation (e.g., influence of wind, burn rates of land).

DISCUSSION

Development of Expertise
It is obvious from these results that improvement in 

performance scores across 20 trials was small and largely 
limited to the first few trials. It is concluded, therefore, 
that the NFC task was not sufficiently complex to per-
mit significant improvement as participants developed 
expertise. Nonetheless, despite little improvement in per-
formance, the way in which participants dealt with the 
scenarios clearly changed. Speed of responding improved 
as participants gained more practice on NFC. They lo-
cated 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 

Table 2 
Description of Participants’ Changing Attitudes Toward  

Eight Pieces of Important Information

Trial 1 Trial 20

Information  Average  Ranking  Discrepancy  Average  Ranking  Discrepancy

Accuracy/Allocation
 Land priority 2.75 1 1.75 1.60 1 0.60
 Burn rates 3.40 3 0.40 2.90 2 0.90
Appliance
 Speed 3.50 4 0.50 3.15 3 0.15
 Distance from fire 3.20 2 1.20 3.65 4 0.35
Accuracy/Placement
 Wind 5.20 5 0.20 5.85 5 0.85
 Water left in appliance 5.20 6 0.80 5.70 6 0.30
Efficiency of Appliance
 Distance from water 6.10 7 0.90 6.00 7 1.00
 Water capacity 6.20 8 1.80 7.15 8 0.85
Discrepancy Score      7.55      5.00

Figure 1. Relative frequencies of major constructs identified in 
NFC posttrial interviews.
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particular, the amount of time appliances spent idle while 
tasked to be fighting fires was approximately halved. 
These improvements clearly reflected heightened aware-
ness of the environment in which participants were operat-
ing. It could be concluded, therefore, that, as participants 
became more familiar with their environment, they were 
better able to utilize environmental information appropri-
ately. Such improvement requires increased expert context 
knowledge, which informs situationally mediated skills 
as described by Lane and Alluisi (1992). In addition, in-
creased context knowledge allowed better SA develop-
ment to inform decisions relating to speed, accuracy, ef-
ficiency, 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 partici-
pants’ attitudes were more similar after completion of the 
set trials (shown by the decreasing discrepancy scores) as 
participants acquired a more refined 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 (accuracy/allocation), burn rates (accuracy/allo-
cation), speed of appliance (response speed), distance of 
appliance to fire (response speed), wind (accuracy/place-
ment), water left in appliance (efficiency of response), 
distance of appliance from water (efficiency of response), 
and water capacity of appliance (efficiency of response). 
As indicated, each of these variables is related to higher 
level NDM perceptual–cognitive behavior. Thus, from 
these rankings, the order of priority placed by participants 
on NDM performance skills was accuracy/allocation, 
speed, accuracy/placement, and efficiency. From this, a 
decision hierarchy for the participants on NFC has been 
constructed (see Figure 2). The fact that pieces of infor-
mation relating to accuracy were considered at different 

points can be explained in terms of a decision hierarchy. 
Fires would break out as participants were monitoring the 
NFC screen. If multiple fires were burning, the first deci-
sion required was to allocate priority of response. Second, 
the speed of response was decided (appliance choice). As 
the appliance was moving toward the fire the third deci-
sion 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 ac-
curacy decision needed to be made.

This hierarchy is in line with Klein and Peio’s (1989) 
and Glaser (1976) theories. This finding therefore supports 
the idea that, at a general level, the types of psychological 
skills associated with expertise are exhibited on the NFC 
microworld (Omodei & Wearing, 1994). Despite this, how-
ever, the NFC program was limited in its capacity to create 
an environment for developing expertise, because of its 
small number of situation variables. In effect, the complex-
ity of the microworld is probably not sufficient to require a 
lengthy period of skill acquisition. The amount of informa-
tion 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 a real-world situ-
ation, NDM experts must learn how to cope with a large 
number of constraining variables. Therefore, although the 
investigation of some elements of NDM seems practical 
using NFC, the development of expertise may not be.

Perceptual–Cognitive Skills Observed  
in the NFC Microworld

Performance on NFC correlated with a number of be-
havioral 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 
fire trucks were located closer to fires in many cases and 
hence provided a quicker response, consistent with the 

Table 3 
Correlations Between Speed, Accuracy, Efficiency,  

and Proactive Planning Measures With Performance

Measure   r  p

Speed
 Average time between fire outbreak and appliance allocation .54 .01
 Average time for first responder unit to reach fire .49 .01
 Percentage of times helicopter sent first .28 .05
 Percentage of times closest appliance sent first .36 .05
 Average time taken to extinguish fire .50 .01
Accuracy
 Average distance of appliance from optimal position (wind direction) .56 .01
 Average ratio of appliances to fire size .13 .05
 Spread of appliances around fire .16 .05
 Average distance of appliance from optimal position (land priority) .38 .05
Efficiency
 Number of refilling breaks taken .58 .01
 Average time spent refilling .02 .05
 Average time spent idle .58 .01
 Land covered by fire (end of simulation) .18 .05
 Number of commands made .52 .01
Proactive Planning
 Number of firebreaks .75 .01
 Area covered by firebreaks (end of simulation)  .68  .01
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observation that the closest appliance to a fire was used 
as an initial response unit on a high percentage of occa-
sions). Consideration of wind direction, which influenced 
accuracy when placing the appliance in the optimal posi-
tion, 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 efficiency measures that significantly correlated 
with performance were the number of times appliances 
were refilled and the time spent idle by appliances (tasked 
to be fighting fires). Unexpectedly, the more moves made 
on NFC (number of commands), the better the performance 
outcome. However, this could be explained because, as par-
ticipants became quicker, and more skilled in NFC, their 
monitoring of the current scenario was better, they wasted 

less wasted time (e.g., time spent idle) and they became 
more efficient 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 supposi-
tion 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 Gla-
ser, 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 knowl-
edge of important environmental information). Thus, at a 

Figure 2. Concept map depicting relationships between NFC decisions.
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basic level the NFC microworld was found to require the 
use of both general expert skills and situationally medi-
ated skills associated with expert content knowledge.

Factors Impacting Decision Making  
in the NFC Microworld

Content knowledge was collected through both inter-
views and the posttrial questionnaire. Responses con-
firmed that speed, accuracy, efficiency, and proactive 
planning measures were all perceived as important deter-
minants of performance. Thus, it seems that, at a higher 
conceptual level, NFC requires similar types of skills in 
terms of the development of expertise as those proposed 
by Glaser (1976), Klein and Peio (1989), and Schmitt and 
Klein (1999).

Content analysis of interviews found that, as partici-
pants gained practice, they discussed their situation aware-
ness less frequently. This could be explained because there 
were limited pieces of situational information contribut-
ing to SA. After the first trial the discussion of specialized 
knowledge and spatial awareness was also more frequent 
than after Trial 20. It is suggested that after the first trial 
the participants were most likely trying to understand 
important situational factors and patterns in the environ-
ment. 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 specialized knowledge 
about these things to enable them to inform 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 
learned that there were certain moves that could be made 
to decrease response times (e.g., while deciding what front 
on which to fight a fire, 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 
efficient use of tools increases with practice. Other obser-
vations 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 from the first to 
the last trials would have been expected, given that theory 
suggests that experts are more skilled in this area than 
novices (Hutton & Klein, 1999).

Thus, from the posttrial interviews and the question-
naires, the factors impacting on decision making sup-
ported the existence of development of cognitive/percep-
tual skills in expertise in NDM. However, the specialized 
knowledge required and factors 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 found that personal elements were considered 
to be the most important factors impacting on decision 
making, and these included fatigue, emotion, perspective, 
and personality. It is questioned whether NFC could be 
sufficiently complex to evoke these variables and the re-
sulting interactions. Thus, the human element which has 
been identified as a most important component of NDM 
in the field is largely missing from NFC.

Situational factors that have been previously identified 
do somewhat reflect those incorporated in NFC. However, 
the complexity and number of situational variables associ-
ated with the microworld are extremely limited compared 
with the number of influences in the real world. This lim-
ited list of situational factors associated with NDM would 
likely explain the extremely rapid development of exper-
tise across trials.

A Concept Map of Decision Making on NFC
Considering the behavioral data in combination with 

the questionnaire responses, a more detailed concept map 
has been provided to illustrate the relationships between 
the various behaviors observed (see Figure 2). Overall, 
from the behavioral and questionnaire data it is clear that 
participants were concerned with five different levels of 
decision. Following initial awareness that a particular fire 
has broken out, a decision is made about allocation pri-
orities. These priorities then require decisions regarding 
allocation of appliances (accuracy/allocation). For NFC, 
sending the closest appliance first was most beneficial to 
the performance outcome (r  .36, p .01). This decision 
was essentially associated with maximizing speed of re-
sponse. Following this, a third level decision about where 
to place appliances around the fire was necessary. This 
decision related to accuracy/placement, which also im-
pacted performance outcomes (r  .56, p .01). Once 
engaged in fighting the fire, monitoring the situation was 
essential (efficiency), because time spent idle frequently 
decreased performance scores (r  .58, p .01). A fifth 
level of decision involved proactive planning strategies 
for managing the scenario (e.g., firebreaks). The use of 
firebreaks correlated significantly with performance in 
terms of percentage of landscape protected from burn-
ing (r  .75, p .01), with interview data indicating that 
participants used firebreaks only if they had time to do so. 
Moreover, another planning strategy discussed was plac-
ing 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 dy-
namic and required a series of interdependent decisions, as 
is indicative of an NDM environment. The concept map in 
Figure 2 reduces decision points into accuracy/allocation, 
speed, accuracy/placement, efficiency, and planning. In 
terms of reducing NDM to simple concepts, this is useful, 
but it has been argued in much of the literature that in situ 
NDM is more complex than can be captured in these terms 
(Lipshitz, Klein, Orasanu, & Salas, 2001). These authors 
have also emphasized the importance of considering the 
complex array of situational, team and organizational fac-
tors that impact NDM in the real world. In addition, the 
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experience required by real-world NDM experts is not 
comparable with that of an NFC user. Finally, personal 
factors identified by Chapman and Mills (2003) were not 
generated by the NFC microworld. These findings there-
fore suggest that, although useful for generating many of 
the basic perceptual cognitive skills associated with NDM, 
NFC is limited in its scope to model an environment that 
requires an array of specialized knowledge, experience, 
and an ability to break down complex information.

Limitations
The current sample size was small because of the labor-

intensive nature of the posttrial behavioral analysis, which 
included extensive qualitative interview data. Each partici-
pant completed 20 trials, 4 of which were used to record be-
havioral data. The 80 data points achieved were sufficient 
for statistical analysis but, given broader time constraints, 
a larger study would be useful. Interviews were conducted 
after the first and last trials, but it would have been useful 
also to collect some qualitative understanding of the vary-
ing perceptions of decision making halfway through the 
task. This should be considered in future research.

The structure of the NFC scenarios was designed by 
the researcher. The authors were mindful in structuring 
the scenarios to incorporate challenging decision points 
in each. However, from the beginning of the trials partici-
pants were scoring quite high. 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 sup-
ports the argument that the NFC environment is not com-
plex enough to warrant long periods for skill acquisition. 
It is the authors’ considered opinion that the major issue is 
that by reducing an NDM environment into a controllable 
microworld, 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 using scenarios set at a more difficult level (with 
a greater number of fires and lower free burn 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 current research, team and or-
ganizational constraints also identified by Chapman and 
Mills (2003) were not included. Therefore, it is unclear 
how accurately NFC models these constraints. The inclu-
sion 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 researched to 
ascertain the difference in performance skill of those who 
have received training and those who have not.

Finally, because of missing replay files, behavioral data 
were collected in Trials 14 and 19, rather than in Trials 

15 and 20. 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 20 had been possible.

Conclusions About the Usefulness of NFC for 
Investigating Expert Performance

The present research has demonstrated that NFC re-
quires similar high level perceptual–cognitive skills (e.g., 
accuracy/allocation, speed, accuracy/placement, effi-
ciency, and proactive planning measures) to those found in 
real-world NDM situations. This is in line with previous re-
search on skills associated with expert performance (Gla-
ser, 1976; Klein & Peio, 1989; Schmitt & Klein, 1999). 
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 NFC context. 
Although accomplished within the first few 5-min trials 
on NFC, the processes whereby expertise is developed can 
require a very substantial period of time in real-world cir-
cumstances. One would expect, therefore, that improving 
skill acquisition could be demonstrated within a simulated 
microworld across all trials available. That this was not so 
suggests that the task was not sufficiently challenging and, 
consequently, NFC is not recommended as an ideal context 
to explore the development of expertise. Moreover, the lack 
of personal factors identified to impact on decision mak-
ing 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 Alluisi (1992) discussed what is required to 
understand expertise in terms of basic skills (the mastery 
of a system/individual) and war-fighting skills (the mas-
tery of a system within a military environment/coordina-
tion). To date, the relative influence of domain-specific 
factors and higher-level perceptual–cognitive factors on 
decision making performance is largely unknown. Al-
though it seems that the NFC microworld creates an en-
vironment achieving psychological fidelity, its ability to 
provide an environment to explore NDM more deeply is 
questionable. Overall therefore, we recommend that, de-
spite 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 im-
portance of the situational and personal factors in deter-
mining decision making is required, and further research 
is necessary to achieve this.

AUTHOR NOTE

Correspondence concerning this article should be addressed to T. El-
liott, School of Psychology, University of Adelaide, South Australia, 
5005 Australia (e-mail: taryn.elliott@adelaide.edu.au).
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