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ABSTRACT 

Human factors practitioncrs arc oftcn conccrned with dcfining and evaluating expertise in complex 
domains whcre there may be no agreed-upon expertise levels, no single right answers to problems, and where 
the observation and measurement of real-world expert performance is difficult. This paper reports the results 
of an experimcnt in which expertise was assessed in an extrcmely complex and demanding domain-military 
command decision making in tactical warfare. The hypotheses of the experiment were: 1) command decision- 
making expertise can be recognized in practice by domain experts; 2) differences in the command decision- 
making expcrtisc of individuals can be identificd cven undcr conditions that do not fully replicate the real world; 
and 3) observers who are not domain experts can recognize the expert behaviors predicted by a mental-model 
theory about the nature of expertise. In the experiment, the expertise of military officers in developing tactical 
plans was assessed independently by three “super-expert” judges, and these expertise-level ratings were correlated 
with independent theory-based measures used by observers who were not domain experts. The results suggest 
that experts in a domain have a shared underlying concept of expertise in that domain even if they cannot 
articulate that concept, that this expertise can be elicited and measured in situations that do not completely mimic 
the real world, and that expertise measures based on a mental-model theory can be used effectively by observers 
who are not experts in the domain. 

INTRODUCTION 

Human factors practitioners deal with the selection, 
training, and support of experts in a variety of human 
endeavors. An understanding of expertise is needed to 
select individuals with the potential to become experts, to 
train non-experts, and to design and evaluate decision- 
support systems for both experts and non-experts. Each 
of these application areas can benefit from a deeper under- 
standing of the nature of expertise and from improved 
methods for evaluating the expertise of individuals. 

Much previous research on expertise (Chi, Glaser & 
Farr, 1988; Shanteau, 1992) has examined domains where 
there are well-defined levels of expertise (e.g., chess) or 
where there is a relatively linear progression through certain 
types of training and experience that produce expertise 
(e.g., medicine). Expertise is often studied using problems 
that have “right” answers, e.g., physics problems that have 
correct solutions. The application areas of interest for 
human factors practitioners may involve expertise that is 
not so well defined, however. For many complcx domains 
thcre arc no agreed-upon definitions for expertisc levels, 
there are no single right answers to real problcms, and the 
observation and measurement of expert performance in real- 
world situations may be difficult or even dangerous. The 
human factors practitioner may be asked, for example, to 
design a decision support system that “improves pcrfor- 
mance,” whcre thcre IS little agrecmcnt as to who is an 
expert and no criteria for assessing the quality of responses. 

This paper reports the results of an experimcnt in 
which expertise was assessed in an extrcmely complex and 
demanding domain-military command dccision making 
in tactical warfare. This is an arca in which thcre arc no 
accepted criteria for idcntifying the expert and no simple 
right answers for most situations, although some solutions 
may be greatly superior to others. It is also an area in which 
the observation of expert performance in real-world battle- 

field conditions is impossible. The hypotheses of the 
expcriment were: 1) command decision-making expertise 
can be recognized in practice by domain experts, even 
though there is no accepted definition of this expertise; 
2) differences in the command decision-making expertise 
of individuals can be identified even under simplified labo- 
ratory conditions that do not fully replicate the real world; 
and 3) observers who are not themselves domain experts can 
recognize expertise based on certain behaviors of the expert, 
as predicted by a theory about the nature of that expertise. 

METHOD 

Twenty-six military officers served as subjects for the 
study. Based on their rank, all of‘ the officers were expected 
to have some tactical expertise, but the level of that exper- 
tise was expected to vary based on ability and/or experience. 
Subjects were presented with written materials and maps 
that described three tactical situations set in the Persian 
Gulf. Acting as division or brigade commanders, subjects 
were asked to take appropriate action in the situations. 
This included developing a tactical plan, preparing a written 
statement of intent, and preparing written mcssages to be 
scnt to the subordinate and lateral commanders responsiblc 
for carrying out that intent. Subjects were allowed to ask 
qucstions about the situation, and were asked to explain the 
rationale for their courses of action (COAs). All expcriment 
sessions were videotapcd. 

The tactical decision-making expertise shown by 
each subject in each situation was judged independently 
by three “super-experts” in the domain. These judges were 
retircd three- and four-star generals with extensive tactical 
cxpcricncc. Thc judges wcre not supplicd with a definition 
of expertise; instead, we asked them to dcfinc it for them- 
selves and then assess it for each of the subjects. The judges 
rated the written materials produced by the subjects (intent 
statcments and messages) and, independently, rated the 
videotapes in which the subjects asked questions and 
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explained their plans. Finally, each judge was asked to rate 
each subject’s overall level of expertise as manifested in all 
of the situations-a single expertise level for each subject. 
We then computed the correlations between the judges’ 
assessments of a subject’s expertise to determine the extent 
to which the three judges agreed in their concept of expert 
performance as appIied to specific individuals. 

Two observers who were not domain experts also 
rated videotaped behavior using a set of measures based 
on a theory of command decision-making expertise. The 
theory predicted that more-expert subjects would manifest 
certain types of behavior (explained below) as they devel- 
oped their plans. Some of the measures coded by the 
observers were based on the presence or absence of a 
behavior, while others required the observers to rate dcgrce 
or amount, e.g., the amount of detail in a plan. Note that the 
ratings made by the observers did not require them to judge 
the “quality” or correctness of the subjects’ responses and 
plans, and that the observers worked independently of the 
judges and had no access to the judges’ expenise-level 
ratings. Subjects in the experiment also completed ques- 
tionnaires concerning their attitudes and perceptions; these 
questions were suggested by the command-expertise theory. 

pleted, we computed the corrclation of the judges’ expertise 
ratings with the observers’ ratings and the subjects’ 
responses in order to dctermine which of the measures sug- 
gested by the theory were in fact associated with expertise. 
If the theory accurately describes the nature of command 
decision-making expertise, then measures based on that 
theory should be correlated with the expertise level of &each 
subject as it was assessed by the judges. 

RESULTS 

After all observations and ratings had bccn com- 

Reliability of Judges ’ Ratirlgs 

command decision-making expertise’can be identified and 
reliably assessed, even though there is no accepted defini- 
tion of this expertise. If our hypothesis is correct, then the 
three judges’ overall expertise assessments should be highly 
correlated. Table 1 shows the correlation matrix of the three 
judges’ average expertise ratings for each subject (computed 
from each judge’s ratings of the written products and the 
videotapes for the individual situations), and the Coefficient 
alpha (Cronbach, 1970; Nunnally, 1967) derived from the 
correlation matrix. All of the correlations arc significantly 
different from zero (p<.05). The coefficient alpha, a mca- 
sure of internal consistency and an important form of relia- 
bility, is 31. This is high, implying high reliability or con- 
sistency among the judges. Moreover, it has been shown 
(Nunnally, 1967) that the square root of coefficient alpha, 
which in this case is .90, represents the correlation with the 
true scores (expertise) could they be known. 

Table 1. Correlation of Expertise Ratings for Threc Judgcs 

A primary premise of the investigation was that 

Judge 1 Judgc 2 
Judge 1 
Judge 2 
Judge 3 .63 .73 

Measures Based o n a Theory o f Expertise 

The measures used in the experimcnt were based on 
a theory that draws together the cognitive science literature 
on expertise with the results of a series of semi-structured 
interviews with expert commanders (Serfaty, MacMillan, 
and Deckert, 1991). The theory is based on the cognitive- 
science concept of “mental models” as internal represen- 
tations of the external world (Gentner and Stevens, 1983; 
Johnson-Laird, 1983). We suggest that an expert comman- 
der has a mental model of the tactical situation that differs 
in measurable ways from that of a less-expert commander. 

Figure 1 summarizes the major components of tacti- 
cal decision-making expertise suggested by the thcorctical 
framework, lists the measures associated with each compo- 
nent of this theory, and shows which of the measures used 
in the experiment were found to be significantly correlated 
with expertise level as assessed by the judges (correlations 
with a p value of less than 0.10 are highlighted) as well 
as the direction (positive or negative) of the correlation. 
Roughly half of the measures suggested by the theory were 
found to be significantly correlated with expertise level. 

According to the theory, the expert maintains an 
cxtcnsive store of specific experiences in memory, and is 
able to rapidly retrieve an initial schema and a possible plan 
of action when confronted with a new situation. This com- 
ponent of the theory was only partially supported by the 
results. The more-expert subjects generated initial COAs 
that were more detailed than those of the less-expert sub- 
jects, but there was no indication that the experts required 
less time to generate these initial COAs. Also, more-expert 
subjects were no more likely than less-expert subjects to 
report that the new tactical situation was similar to their past 
experiences. 

The hypothesis that the expert is able to focus imme- 
diatcly on critical unknowns and to ask the right questions 
was supported by significant correlations for two measures: 
the number and criticality of the questions asked (combined 
into one weighted measure), and the use of the answers to 
questions in developing the COA. The criticality of ques- 
tions was based on ratings of a list of possible questions by 
the domain-expert judges. 

The hypothesis that the expert builds and uses a 
richer (more complex) mental model was supported by all 
five of the measures used, each of which is an indirect indi- 
cation of the creation and use of mental models. Experts 
were more likely to develop COAs that took account of the 
scquencing and timing of events, indicating that they had a 
bcttcr mental representation of these complcx relationships 
than non-experts. They were also more likely to use the 
map as a visualization tool while planning, indicating that 
they were considering the effects of terrain and distance on 
possible movements, another element of complexity. Based 
on the questionnaire responses, the more-expert subjects 
pcrccived the initial tactical situation as more complex than 
did the less-expcrt subjects, and felt that the time and infor- 
mation provided was less adequate. We conclude that, 
based on the same information, the expert “sees” more 
complexity in the situation than the non-expert. This is 
consistent with thc idea of a richer mental model. 
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Figure 1. Correlation of Measures Based on Theory with Expertise Level (Direction of Correlation is 
Shown for Correlations with pcO.10). 
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The theory suggests that the expert uses the mental 
model to visualize outcomes, and that the mental model 
allows thc expert to act under uncertainty. A number of 
measures support this part of the theory. Experts were more 
likely to mention their concern about possible compromises 
to the overall mission outcome, and, when asked, volun- 
teered more “show stoppers” that they had considered when 
formulating their plans. Interestingly, the more-expert sub- 
jccts were less confident about the outcomes of their COAs 
than the less-expert subjects. Experts seem better able to 
“see” what could go wrong with their plans, which is also 
consistent with the idea of the creation and use of a richer 
mental model to visualize outcomes. 

The expert is able to produce a more robust and 
flexible plan of action because he or she has already visual- 
ized what could go wrong, and has planned for it. This was 
supported in the experiment by two measures: the presence 
of contingencies in the plans developcd by the more-expert 
subjects, and the extent to which changes in the tactical situ- 
ation had already been planned for in the expert’s COA. 

DISCUSSION 

We conclude that there is an underlying quality called 
military command decision-making expertise, that this 
quality is associated with individuals, that this expertise 
can be elicited using written materials and maps to pose a 
tactical problem in a laboratory setting, and that this exper- 
tise can be reliably measured by well-qualified judges. If 
any of these factors were not true, we would be hard pressed 
to explain the high agreement among the judges. While we 
cannot prove that our mental-model theory of expertise is 
correct, there is much correlational evidence to support it. 
Also, the theory was able to suggest process measures of 
expertise that are not dependent on the observer’s domain 
knowledge. Observers who were not domain experts were 
able to detect the presence or absence of expert behaviors 
and to rate the degree to which expert characteristics were 
present. 

The results of the experiment provide encouragement 
for researchers and practitioners working to understand and 
measure expert performance in complex domains. The 
results suggest that experts in a domain may have a shared 
underlying concept of expertise in that domain even if they 

cannot articulate that concept, that this expertise can be 
elicited and measured in situations that do not completely 
mimic the real world, and that certain expert behaviors in 
complex domains can be recognized by observers who need 
not be domain experts. 
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