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Introduction



"Trust one who has gone through it"
(Virgil).

"No lesson seems to be so deeply incul-
cated by the experience of life as that
you never should trust experts" (Lord
Salisbury).

"There are not competent people enough
in the world to go round." (George Ber-
nard Shaw).

These quotes illustrate two facts: First,
the topic of experts and expertise is of
interest to many writers, both in litera-
ture and in science. Second, these writers
disagree about the value of advice from
experts. The goal of this paper is to ex-
plore the issue of expertise from a psy-
chological perspective and to use that
perspective to provide insights into the
differing views of experts.

The paper is organized into five sections.
The first section describes the prevailing
view of experts in judgment and decision
making research. The second outlines
the view on experts in cognitive science
research. The next describes a "third
view" based, in part, on my studies of
experts. The fourth contains some obser-
vations about common psychological
characteristics and strategies of experts.
The final section considers implications
of these observations for expert systems.

Experts as Viewed in Decision-
Making Research

The first known analysis of experts was
by Hughes in 1917 for agricultural
judges. He found that grain rated highest
by corn judges did not always produce
the highest crop yields (a result largely
supported in a later reanalysis by Wal-
lace, 1923). More recently, Trumbo, Ad-
ams, Milner, and Schipper (1962) stud-

ied the validity (accuracy) and reliability
(repeatability) of wheat judges. Nearly
one-third of the samples were misgraded
and more than one-third of the samples
were graded differently when judged a
second time. Finally, more experienced
judges were more confident but not nec-
essarily any more accurate.

Comparable findings were reported in
studies of soil judges by Shanteau and
Gaeth (1981; also see Foss, Wright, &
Coles, 1975; Gaeth & Shanteau, 1979).
Slightly less than half the assessments
agreed with laboratory results (where
chance is roughly 8%). Reliability of re-
peated judgments was 50%.

Such validity and reliability results are
not unique to agricultural judgments.
Psychological analyses of medical diag-
nosticians (Einhorn, 1974), clinical psy-
chologists (Oskamp, 1962), parole offi-
cers (Carroll & Payne, 1976), and court
judges (Ebbesen & Konecni, 1975) show
that experts are often inaccurate and un-
reliable. Moreover, the experience of
judges is not related to their judging abil-
ity (Meehl, 1954).

The conclusion from this research is that
experts are inadequate decision makers.
That has been reinforced in recent stud-
ies (e.g., Chan, 1982) which have re-
ported deficiencies in calibration (sub-
jective-objective comparability) and co-
herence (internal consistency) of prob-
ability judgments. Furthermore, experts
are apparently unaware of these various
shortcomings.

Another approach to characterizing ex-
pert judgment has been to look at the
amount of information used in making
decisions. Presumably, experts should
use all relevant information. Many stud-
ies, however, have reported that expert
judgments are based on surprisingly little




information. Court judges, for instance,
have been observed to use only one to
three factors in sentencing defendants
(Ebbesen & Konecni, 1975); medical
pathologists have been reported to be
equally limited (Einhorn, 1974).

One reason for the limited use of rele-
vant information is that experts are often
influenced by irrelevant information.
Soil judges, for example, have been ob-
served to be influenced by irrelevant ma-
terials in soils (Gaeth & Shanteau,
1984). Similar findings have been re-
ported in studies of nurses (Shanteau,
Grier, Johnson, & Berner, 1981) and
personnel selection (Nagy, 1981). This
implies that decisions are made without
an adequate differentiation between what
is relevant and what is irrelevant. If so, it
should not be surprising that expert deci-
sions are often inaccurate, unreliable,
and biased.

One frequent explanation for this low
level of performance is that experts re-
portedly rely on heuristics (mental rules
of thumb) in making judgments. These
heuristics often lead to biases or judg-
mental errors. Similar biases have been
observed for both novice and expert de-
cision makers (Kahneman, Slovic, &
Tversky, 1982). "Numerous studies
show that people — including experts —
have great difficulty judging probabili-
ties, making predictions, and otherwise
attempting to cope with uncertainty. Fre-
quently these difficulties can be traced to
the use of judgmental heuristics" (Slovic,
Fischhoff, & Lichtenstein, 1985).

Altogether, previous decision making
research has painted a bleak picture of
the abilities of experts. It is difficult to
find studies cited in the literature that
have anything positive to say about ex-
perts (Christensen-Szalanski & Beach,
1984).

Experts as Viewed in Cognitive
Science Research

A quite different view of experts has
emerged from research in cognitive psy-
chology (Anderson, 1981). Studies
within this tradition have revealed nov-
ice-expert differences in nearly every
aspect of cognitive functioning, from
memory and learning to problem solving
and reasoning. Chess masters, for in-
stance, have been found to perceive pat-
terns of play more effectively (deGroot,
1965) and to have superior memory for
chess positions (Chase & Simon, 1973).
Analyses of experts in mathematics,
physics, and computer programming
produced similar demonstrations of ex-
pert skill (Mayer, 1983).

Three general themes have emerged
from this body of research. First, exper-
tise is domain specific. Any special skills
of an expert are lost outside his/her area
of expertise. An expert's cognitive proc-
esses are tailored to the unique character-
istics of a particular problem area. For
instance, novices have been found to
reason backwards from the unknowns to
the givens. Experts, in contrast, reason
forwards using stored "functional units"
from the givens to the goal (Larkin,
1979). This forward reasoning ability
only develops in specific domains. Thus,
the thinking of experts becomes "domain
adapted" (Slatter, 1987).

Second, the thinking of experts relies
more on automated processes (Shiffrin &
Schneider, 1977). Automated processes
are often parallel and function independ-
ently, somewhat like visual perception or
pattern recognition. Controlled proc-
esses, on the other hand, are linear and
sequential, more like deductive reason-
ing. With practice, some control proc-
esses may become automatized over




time (Larkin, McDermott, Simon, &
Simon, 1980). As they gain experience,
experts come to rely less on deductive
thinking and more on pattern-recognition
like thinking.

Third, expert thinking is reflected by and
can be studied through verbal protocols.
By asking experts to think aloud, qualita-
tively rich accounts of an expert's
reasoning becomes available (Ericsson &
Simon, 1980). Protocol analysis is com-
monly used to provide raw data for the
construction of expert systems. A verbal
protocol of an expert, for example, can
be used to infer (1) factual relationships
and (2) production rules. In expert sys-
tems, these corresponds to (1) the
knowledge base and (2) the inference
engine (Slatter, 1987).

In total, the cognitive science view is
that experts within their domains are
skilled, competent, and think in qualita-
tively different ways from novices
(Anderson, 1981; Chi, Glaser, & Farr,
1988). This skill provides a sufficient
basis for building expert systems
(Coombs, 1984).

A Third View of Experts

My research on expert decision makers
began in the mid-1970's with analyses of
livestock judges (Phelps & Shanteau,
1978; Shanteau & Phelps, 1977). Based
on previous decision research, my expec-
tation was that these judges would be as
limited as other experts had been re-
ported to be. Indeed, this research
showed that the decisions of livestock
judges were sometimes unreliable and
did not always match up to standards.

Nonetheless, livestock judges were care-
ful, skilled, and knowledgeable decision
makers. Despite the evidence of cogni-
tive limitations, these experts seemed
able to make effective judgments. Since

then, my emphasis has been on exploring
the factors that lead to competent per-
formance in experts. The research ques-
tion has been: Under what conditions do
experts do well and under what condi-
tions do they do poorly?

My research on this question has exam-
ined a variety of experts: auditors, per-
sonnel selectors, registered nurses, soil
judges, and business managers. Al-
though this research has led to many in-
sights about experts (e.g., Ettenson,
Shanteau, & Krogstad, 1987; Krogstad,
Ettenson, & Shanteau, 1984), it is not the
goal here to review specific research
findings. Rather, the present paper re-
flects observations and insights gained
about experts while conducting these
studies.

My view is that experts are neither as
deficient as suggested in the decision
making literature nor as special as im-
plied by the cognitive science perspec-
tive. Instead, the skills and abilities that
emerge (or don't emerge) in experts de-
pend on the situation in which they
work. Experts sometimes perform com-
petently and make difficult decisions
well, as is true for weather forecasters
(Murphy & Winkler, 1977). Other ex-
perts seem incapable of performing
much above the level of novices, as is
reportedly the case for clinical psycholo-
gists (Oskamp, 1962).

The relationship between topic area and
decision performance is illustrated in
Table 1. The left side of the table lists
judgment domains in which good per-
formance has been observed. The right
side lists domains in which poor or defi-
cient performance has been reported.
Except for physicians (shown on both
sides), the literature in each field is clear
about the level of competence. The ques-



tion then is: What is in common about
the tasks listed on each side?

My original answer (Shanteau, 1987)
was that domains where good perform-
ance has been observed involve deci-
sions about objects or things. Thus, the
experts are being asked to evaluate and
make decisions about something that is
relatively constant. Where poor perform-
ance is observed, the decisions involve
human behavior. Thus, experts are being
asked to evaluate and decide about what
is, in effect, a moving target.

Other insights have been offered about
this table. Dawes (1987), for instance,
observed that predictability is different
for the two sides: human behavior is in-
herently less predictable than physical
stimuli. Dawes also noted that the level
of competence expected by clients (or
the public) varies for the two sides.
Clinical psychologists, for example, are
expected to always be correct, whereas
weather forecasters are allowed to make
an occasional mistake. Paradoxically, in
the less predictable behavior domains,
experts often are held to a higher stan-
dard of performance.

One final distinction involves opportu-
nity to improve based on feedback. With
left-side domains, there are more
chances to learn from past decisions.
Based on previous successes and fail-
ures, an expert can better his/her deci-
sions. With right-side domains, in con-
trast, there appear to be fewer chances to
learn. Thus, opportunity to improve is
less.

In summary, my alternative third view
holds that the performance of experts is
not uniformly good or bad. Rather, the
level of performance depends on the
problem type and the task constraints.

Any conclusions about the skills of ex-
perts must take domain into account.

Psychological Characteristics
of Experts

From studying and interacting with ex-
perts, my students and I observed that
experts in various domains often display
similar psychological characteristics.
These appear to reflect what Goffman
(1959) described as "self presentation" —
the creation and maintenance of a public
image. Beyond that, these characteristics
are part of a decision style common to
many experts. This section contains a
description of several of these psycho-
logical traits (also, see Shanteau, 1984,
1987, 1989).

Without exception, every expert we have
studied has an extensive and up-to-date
content knowledge. They know a lot and
pride themselves in staying up with the
latest developments in their field. One
recently retired agronomy expert com-
mented that he felt unqualified to help
on a research project because he had not
kept up in the past few months (Gaeth,
1980). This was despite his having been
a leading expert for nearly 40 years!

The two prevailing views of experts of-
fer differing perspectives on knowledge.
In decision making, role of knowledge is
seldom mentioned in discussions of
processing limitations of experts. The
cognitive science literature, in contrast,
focuses almost exclusively on expert
knowledge in various forms. My alterna-
tive view is that knowledge is a neces-
sary, but not sufficient condition for ex-
pertise. The rest of this section examines
nine other characteristics of experts.

First, experts have highly developed per-
ceptual/attention abilities. They can ex-
tract information that non-experts either
overlook or are unable to extract. When




Phelps (1977) presented already detailed
information to novice livestock judges,
they made decisions that were nearly as
good as experts. The difference was that
expert livestock judges could see pat-
terns of information that novices could
not.

Second, experts have a sense of what is
irrelevant when making decisions. The
assessment of relevance can be quite dif-
ficult and experts have been observed to
use irrelevant information to their detri-
ment. Nonetheless, expert soil judges are
better than novices in distinguishing
relevant from irrelevant materials
(Shanteau & Gaeth, 1981). When trained
to make explicit distinctions between
relevant and irrelevant, the decisions of
novice soil judges were found to im-
prove (Gaeth & Shanteau, 1984).

Third, experts have an ability to simplify
complex problems. As one medical spe-
cialists commented, "an expert is some-
one who can make sense out of chaos."
In part, this is related to the superior pat-
tern recognition abilities reported for
game-playing experts, such as chess
masters (deGroot, 1965). There is more
involved, however. Professional person-
nel selectors, for example, have an en-
hanced ability to get at the crux of an
issue (Shanteau & Nagy, 1984). This al-
lows experts to deal more effectively
with the cognitive limitations experi-
enced by all humans.

Fourth, experts can communicate their
expertise to others. An expert' s credibi
ity depends on the ability to convince
others of that expertise. As one manager
put it, "an expert is anyone who can per-
suade someone else that he (she) is an
expert" (Dino & Shanteau, 1984). In
fact, experts who are unable to commu-
nicate their expertise are viewed as infe-
rior. This can be self-fulfilling because

poor communicators are not given the
opportunity to make decisions and to
show their skills.

Fifth, experts handle adversity better
than non-experts. Even when things are
not going well, experts continue to make
effective decisions. Novices have yet to
learn the saying of professional musi-
cians: "If you are going to make a mis-
take, make a good one and get on with
it." That is, there is no point in worrying
about past errors; you have to keep func-
tioning (Shanteau, 1987). This may ac-
count for the superior ability of experts
to work under stressful conditions (Dino,
Shanteau, Binkley, & Spenser, 1984).

Sixth, both experts and novices can fol-
low established strategies when the deci-
sion problems are straightforward. Ex-
perts, however, are better at identifying
and adapting to exceptions. Shanteau &
Phelps (1977) found that expert live-
stock judges were likelier to have single-
case deviations in their decision patterns.
When exceptions are encountered, ex-
perts could generate meaningful special-
situation strategies. In contrast, novices
often persist in following well-
established rules, even when inappropri-
ate.

Seven, almost all experts show strong
self-confidence in their decision making.
One widely-respected agricultural judge
when confronted with an inconsistent
decision about which of two animals was
best-of-show said: "There must have
been two grand champions." That is, the
source of any inconsistency resides
elsewhere besides the expert (Shanteau
& Phelps, 1977). Although this might be
viewed as arrogance, it comes across
more as a highly-developed faith in one' s
own abilities. Experts really do believe
in themselves and their capacity to make
good decisions.




Eight, experts know how and when to
adapt their decision strategies to chang-
ing task conditions. A well-regarded ag-
ricultural judge noted that one of the
biggest difficulties in teaching students
is "their persistence in using inflexible
and outdated standards" (Phelps, 1977).
Expert decision makers, in contrast, rec-
ognize that conditions change and that
they may need to adapt their strategies
accordingly. Of course, changing strate-
gies prematurely can be just as bad as
being resistant to change. The key is to
know when to adapt and when not to.

Finally, experts have a strong sense of
responsibility and a willingness to stand
behind their recommendations. Experts
make it clear to others — "this is what |
have decided." Of course, experts must
live at times with decisions that are
shown later to be incorrect. However,
the sense of responsibility helps expert
nurses, for instance, avoid letting bad
outcomes disrupt later decisions. Novice
nurses, in contrast, often have difficulty
continuing after a decision turns out
poorly.

Psychological Strategies of Ex-
perts

In our studies of experts, we have ob-
served the use of various formal and in-
formal decision strategies. Although
many of these strategies are domain or
problem specific, several have been
found in common use. These strategies
have the effect of helping experts over-
come cognitive limitations. Five such
strategies are described here.

First, experts are willing to make con-
tinuous adjustments in initial decisions.
They use feedback in dynamic environ-
ments to avoid adherence to rigid deci-
sion strategies (also see Hogarth, 1981).

Blind commitment to initial choices is
characteristic of non-experts. The best
decision makers have learned that mak-
ing improvements is more important
than being consistent.

Second, experts get help from others to
make better decisions. They seldom
work in isolation, but either operate in a
group or seek out feedback from others.
This leads to consultation with col-
leagues and subordinates to gain added
insights, especially for tough cases.
Group interaction has been reported by
Sniezek and Henry (1987) to increase
judgmental accuracy and confidence.
Experts seem aware that isolation from
associates can lead to inferior decisions.

Third, experts often make use of formal
or informal decision aids. These aids
help avoid the biasing effects associated
with judgment heuristics. Livestock
judges, for instance keep written records
of prior decisions (Shanteau & Phelps,
1977); this has the effect of reducing
hindsight biases resulting from memory
errors (Fischhoff, 1975). Edwards and
von Winterfeldt (1986) argue that ex-
perts, of necessity, will adopt whatever
aids are needed to assist their decision
making. The "unaided expert" may be an
oXymoron.

Fourth, although experts may make
small errors, they try to avoid making
large mistakes. They operate as though
coming close is generally good enough.
The focus is not on being exactly right,
but on avoiding making bad decisions.
Experts often use a dual strategy of first
making a "ball park" estimate, and then
conducting a more careful analysis. By
concentrating on getting close, experts
avoid making sizable errors. The loss
function for experts apparently is flat
around the maximum, but falls off rap-



idly for larger deviations (Shanteau,
1989).

Finally, experts follow some sort of di-
vide-and-conquer strategy. They break
large problems into simpler parts, work
on the parts, and then put the pieces back
together. The specifics depend on the
domain, but all the types of experts we
have studied have developed ways of
separating complex decisions into man-
ageable parts. Interesting, although this
approach is prescribed in decision analy-
sis (e.g., Gardiner & Edwards, 1975),
experts appear to have developed this
strategy on their own.

Implications for Expert Systems

Using techniques from artificial intelli-
gence, expert systems are increasingly
being proposed to aid or even replace
skilled decision makers. According to
Kolodner (1984), the goal is to build sys-
tems which "contain all or most of the
compiled knowledge an expert has."
Some argue that eventually expert sys-
tems will provide "replacements for hu-
mans" (Cebrzynski, 1987).

However, getting experts to interact with
these systems has proved difficult (Mi-
chie, 1982). There are several potentially
valuable expert systems, such as
MYCIN, which are either unused or
misused by the very people the systems
were designed to help (Ham, 1984).
Other examples involve extended efforts
to develop expert systems that had to be
abandoned, in part because of questions
about the cooperativeness of experts
(Rose, 1988).

At the same time, there has been debate
about whether computer systems can
mimic  experts successfully (e.g.,
Graubard, 1988). Most investigators see
great potential for expert systems (Bar-

rett & Beerel, 1988: Slatter, 1987), al-
though others question whether that po-
tential can ever be realized (Dreyfus &
Dreyfus, 1986; Haugeland, 1985).

The analyses of experts here may con-
tribute to a greater understanding of
when and where expert systems are
likely to be useful. Domain knowledge
and experience are clearly necessary for
expertise; having the facts and relevant
experience are essential for any expert
(Naylor, 1987). Nonetheless, knowledge
is not sufficient for expertise. By
concentrating on knowledge and
production rules, other aspects of
expertise might be overlooked by
cognitive scientists and builders of

expert systems.
There is something more to experts,

something the writer Tom Wolfe (1979)
described as the "Right Stuff." Accord-
ing to Wolfe' s account of test pilots, "the
idea was to prove...that you might be
able to join the special few at the very
top, that elite who had the capacity to
bring tears to men' s eyes, the very Brdt-
erhood of the Right Stuff itself."

What is the "Right Stuff?" Chuck
Yeager (1985) answers as follows: "The
question annoys me because it implies
that a guy who has ' the right stuff was
born that way.... All I know is I worked
my tail off to learn how to fly, and
worked at it all the way." Beyond these
descriptions, both Wolfe and Yeager
leave the question of defining "Right
Stuff" unanswered.

I believe the psychological characteris-
tics and strategies described here are ma-
jor components of the right stuff. With-
out these, an expert could not function
and would not be recognized as an ex-
pert. Others have come to similar con-
clusions from different perspectives
(Benner, 1984).



Can an expert system be built that incor-
porates these characteristics?  Not
enough is known yet to answer this ques-
tion. But the following, at least, would
seem necessary to build such a system.
First, expertise must be looked at from
the perspective of experts, not as some-
thing to be defined within the constraints
of available hardware and software. Sec-
ond, experts cannot be expected to ex-
plain everything they do; verbal proto-
cols are inefficient (Hoffman, 1987) and
may be misleading when capturing ex-
pertise. Third, more emphasis should be
placed on the psychology of experts
when building expert systems; character-
istics such as confidence and communi-
cation must be incorporated into these
systems, not removed from them. Lastly,
as suggested by Table 1, different types
of expert system may be needed to re-
flect object expertise (left side) and be-
havior expertise (right side). The tradi-
tional knowledge engineering methods
may be well suited for the former, while
linear decision models may be better
suited for the latter.

Concluding Comments

In his insightful book, Golde (1970)
states that "we seem to expect too much
and the wrong things of our experts." We
expect that experts will "know just
what' s wrong and exactly what to do
about it," i.e., that experts can find the
right answers. The power of profession-
als, according to Golde, is "much less
than we believe.... Miracles are rare and
difficult problems cannot be made sim-
ply to disappear." Although "an expert
does sometimes make decisions, his role
is usually much more that of an advisor."
A more realistic view of what an expert
can do is the following:

He' 11 attempt to uncover the real
problem, which is probably differ-
ent and more complex than I imag-
ined. He ought to develop some al-
ternative courses of action and out-
line their relative merits or risks. He
won' t be able to do everthing him-
self, but he' 11 let me know the kinds
of decisions or actions I must take.
(Golde, 1970).

This view of experts describes what they
do and how they perceive themselves.
For the most part, such a view has yet to
be reflected in the scientific literature on
experts.
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Table 1.

Domains in which good decision performance have been observed and in which poor per-

formance has been observed.

Domains With
Good Performance

Poor Performance

Weather Forecasters
Livestock Judges
Soil Judges
Auditors

Chess Masters
Physicists
Mathematicians
Accountants
Insurance Analysts

Physicians

Clinical Psychologists
Psychiatrists

Court Judges

Student Admissions
Behavioral Researchers
Counselors

Personnel Selectors
Parole Officers

Stock Brokers

Physicians




