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“SEEING” AND “SEEING BEYOND”

Novices see only what is there; experts can see what is not there. With experi-
ence, a person gains the ability to visualize how a situation developed and to
imagine how it is going to tum out. In this chapter we examine how experts can
use their knowledge to visualize tasks. Our emphasis is not on nles, or strat-
egies, or size of knowledge base per se, but on the perceptual and cognitive
qualities of experience—experts do not seem to perceive the same world that
other people do.

Novices see only what is thcre As long as people have a general sense of what
is going on, they are alert to ‘what is happening in front of them. Chi, Feltovich,
and Glaser (1981) found that both expert and novice physics students could

identify the critical cues in a physics problem; the advantage that experts had was.

in perceiving the interactions among the cues. Brezovic, Klein, and Thordsen
(1987) studied the decision making of tank platoon leaders and found that during
field exercises novices who had just been introduced into the tanks could list as
many different cues as the tank instructors. The novices were not overwhelmed
with information, and they were reasonably aware of important items of informa-

_tion. Cue acquisition did not appear to be a critical component of expertise.

Elstein, Shulman, and Sprafka (1978) found that accuracy of medical diagnoses
was minimally related to thoroughness of cue acquisition. For most tasks, higher
levels of performance do not necessarily depend on more powerful strategies for
acquiring information that is directly perceivable.

Experts can see what is not there. Their experience lets them notice when
something is missing. Consider the following example. A new employee in an
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organization made the observation that projects were usually left for the Jast
moment. She drew this conclusion from watching how several technical reports
were completed. with considerable-strain just before their deadlines. When she

. shared her observation, however, it was botly dlsputed In fact, the orgamzanon'
-had just completed 10 proposals ‘within' the. past 6 weeks with such little effort
- that she had not even.known abouf. them In prevxous years proposal writing had

been 2 major. burden: and so. extra ‘care had been taken to. prepare in advance.

- - People who had been in the orgamzatlon for several years could see the differ- o
.ence. The new: employee had no way to detect the absence of frantic activities.

She could notice the times when the system broke down, but not the times when

it worked. .

What nonobservable events can an expert detect? Only with expenence can
you visualize how a course of everits is likely to unfold, so that you can see the
expected outcomes even in the begmmng Only with experience can you form
expectancies. Only with experience can you notice when the expectancies are
violated, when something that was supposed to happen did not. And only with
experience can you acquire the pérceptual skills to make fine discriminations.

In the sections of this chapter, we:first describe what we mean by ‘expert-
performance.” Next, we consider traditional theories of expertise that focus on
higher order strategies and on the development of a larger knowledge base.
Following that is a discussion.of perceptual-cognitive aspects of expertise,
which leads to a concluding discussion of training issues. :

THE DEVELOPMENT OF EXPERTISE

In this chapter we are interested in perceptual—cogmtlve phenomena For exam-
ple, ifa fireground commander is able to judge that a fire is hotter than would be
expected, implying the presence of potentially toxic' chemicals, we cannot
clearly articulate what is being noticed, but we can assert that the color of the fire
and the apparent pressure driving the smoke are the perceptual dimensions being
used to make the judgment. We want to examine the ability of experts to perceive
things that novices and- -journeymen cannot detect, in order to determine how
these “perceptual” abilities can be used to assess proficiency level and to drive
training requirements.

We can distinguish among experts, journeymen, and novices. In thxs chapter,
our focus is on the achievement of high levels of proficiency. Swets and Bjork
(1990) have asserted that the training of expertise represents a national need.
Because of factors such as turnover and technology change, it is essential that we
learn how to “bring people up to speed” as rapidly as possible—not just to the
level of adequate performance, but to high levels of proficiency. Accordingly,
our prime focus is on the difference between competent performers ( journeymen)
and experts. We are less interested in the transition from novice to journeyman,
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because the majon'ty. of existing training programs are déSigned to help people‘

achieve: mediocre levels of performance: There has been little work in moving
_people from competent levels of performance to expert performance

‘Before gomg on, .we need to be.a bitclearer about what we mean by expertise. .

+ -The achievement of experttse requires a large amount of experience, but simple

’lf_,‘accumulanon of ‘practice is-not sufficient. If you endlessly. repeat the same . R
- -exercises, - you will:not develop very far. In research on ﬁreﬁghters (Klem

. Calderwood & Clinton-Cirocco, 1986) we observed that. 10 years with a rural
volur'teer fire department were not as valuable for skill development as 1 year in
S a decaymg inner city. Although some minimum amount of time is necessary it
_must be accompamed by a chance’ to accumulate a varied set of experiences.
When a pérson attains a high level of proficiency, we expect to see certain
charactensucs of performance. We expect the person to be able to make judg-

~ ments and discriminations that are difficult for most other people—the expert’s

. judgments are significantly more accurate and reliable than those of a journey-

“~-man. The expert must be able to apply the experience base. to a wide range of |
tasks encountered in the domain, including nonroutine cases that would stymie
people who were merely competent. The best experts will set the standards of o

- ideal performance for a domain.

Glaser (1976) has suggested that when people develop expemse the f0110W1ng

changes occur:

. Vanable awkward performance becomes con51stent accurate, complete and
" relatively fast: :
‘Individual acts and judgments are integrated into overall strategies.

*

e Perceptual learning occurs so that a focus on isolated variables shifts to percep-

. tion of :complex patterns.

RS There is ‘increased self-reliance and ab1l1ty to form new strateg1es when re—"

qulred

Itis mtngumg to speculate about the ‘way a person develops expemse Al-.

though there are several accounts of this phenomenon (e.g., Glaser, 1976),

currently the most widely cited account was provided by Dreyfus and Dreyfus :

" (Dreyfus’1972; 1986).

Dreyfus and Dreyfus have argued that the achlevement of expemse follows a,
~ reliable progression of five levels of expertise, ranging from the beginner to the' T
- master Perceptual skills, rather than analyucal skills, -are assigned a central:role ':_ _
‘in the progressmn Table 9.1 presents a descnpt:on :of-these five levels of exper—f- Tl

tlse adapted from Benner (1984). -

- .The-five levels of expertise described in Table 9. 1 are sometimes. hard to{* |
A‘japply, for a number of reasons. People rarely perform ‘at the same levél or-all .
tasks in- 4 domain. Presumably, someone . who is proficient may behave at'the" > .

level of expert for a few tasks, would perform atithe level of proficiency formany = -




TABLE 8.1
- Levels of Expertise

Novice

Béginners have: had little experience of the situation in which they are.expected to

perform: Their initial learning about the situation is in terms of objective attributes—
those that are measurable. These are features of the task world that can be recognized” -

- without situational experiences. Novices are limited in their understanding 16 context-’

free rules that guide action—this means th_eir_behavidr is limited and-inflexible.

Advanced Beginner

They have coped with enough real situations to note {or have pointed but to them)

recurring, meaningful situational components. At this level, understanding of aspects

of the situation is limited to global characteristics that reflect prior experiénce in actual
situations. Advanced beginners need help setting priorities, because they operate on

general guidelines and are only beginning to:perceive recurrent, meaningful patterns.

Competent

Performers at a jourrieyman’s level can see their-actions in terms of long-range goais -

or plans. They are consciously aware of formulating, evaluating, and modifying goals-
plans. The competent performer is able to generate plans in terms of current and
contemplated future aspects that are ‘most important, and those that are not. The
competent performer lacks the speed and flexibility that emerges at higher levels of
expertise but has a.sense of mastery and the ability to cope with and manage a variety

of types of situations.

Profic/‘ént

Proficient performers perceive situations as wholes, rather than.in terms of situational
components, Their performance is guided by *maxims.” Perception'is key. The per-
spective is NOT thought out but “presents itself” based upon experience. The profi-
__cient performer has learned what typical events to expect in a given situation and how

plans need to be modified in accord with these events. This also means that she or he

can recognize when the expected typical picture does not materialize and can modify

plans and goals accordingly. Situatfonal aspects stand out as more or jess.important in '

this situation.

e

Expert.

Expert performers no longer rely on analytic-prihciple's {rules; g_uide’ijnes, maxims} to

connect their understanding of the situatioh:tq_an_.a_ppropriat'e action.

zeros in on the accurate region of the problem:without wasteful consideration.of &
large range of unfruitful, alternative'diagno_s_:jes».ar]d'»soluti_ons., The performer is no
jonger aware of features and rules, and his or her performarice becomes fluid and
flexible and highly proficient. oo T T S

208

‘ ‘ The éxpert, with "~
an enormous background of experience, ha:s:,éﬁ,'__intuiti,vé.grasp of each situation and -
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tasks, and. would perform at the level of competence for some tasks that were
relatively- unfamiliar. So it might be a mistake to label a person as experr and
expect consistent performance at that level. Rather, an expert simply is capable
“of handlmg a wider range of tasks nonanalytically, compared to people with less
experience. Usually an expert will be proficient at all or most tasks in a domain, '
but we would not expect equivalent levels-of mastery for all subtasks. |
A dlfferent .approach 1is to model skill development on the cognitive matura
tion concepts of Piaget, because these are’ designed to accept -variability and"
fiuctuations in performance. The research of Campbell, Brown, and DiBello
(1991) on the development of expertlse in computer programiners relied heavily
on structured interviews with experts and trainees. The subjects were asked.
“meta—level” questlons such as: How do you. plan projects? How do you recog-
nize problcms_” Can you compare how you do. things now with how you did '
- thmgs when you. were a beginner? Can you tell from a program how expert the
programmer was? How did your knowledge of languages help when you learned
a new one? The researchers also conducted a longitudinal study, using au-’

dlotaped dxanes of programmers who were learning Smalltalk, an object- onented L

language. The. research showed the limitations of trying to dlstmgulsh experts, -
from novices without considering intermediate stages of skill development. =~ ~-
Campbell et ‘al: identified a number of developmental milestones in the learn-
ing of different program languages. With regard to Smalltalk, the researchers
were able to specify seven distinct developmental levels. At each level, perfor--
mance was-distinguishable in’ operational terms (e.g., specific tasks the person
could or could not perform well). This sets the developmental approach of |
Campbell et al. apart from others- (e.g., Dreyfus & Dreyfus, 1986), which
distinguish stages solely at a conceptual level, unanchored to empirical markers.
The Campbell &t al. approach may be a useful strategy for 1dent1fy1ng milestones -
1r1 skill developrnent and for allowing more useful assessment procedures.
 These characteristics help us to tell that a person has acquired expertise, but
how are chanaes brought about? That is the topic of the next three secuons

EXPERTISE AS THE DEVELOPMENT OF HIGHER |
ORDER STRATEGIES

4 Many resedrchers have hoped to find process dlﬂ'erences between ‘cXp:erts'a'n‘d-l_' S

" novices;:that is, we would like to show that people j jump t0 new levels of ability’-

L " because they use different processes, | d1ﬁerent strategies in solvmg problems. It ..

. would be- ‘nice to demonstrate that, novices use,simple mles Joumeymen use o
" more complex rules, and experts use even higher order rules. If we could show". -
that experts .use better strategies, then it would be possible, to. develop tests for. - 1.
such strafegies. It might also enable us to teach these strategies. Even better, it . -
might be p0551ble to show that some strategies generahze across domams in .
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which case we could design generic evaluation and training methods. Because of
the high. potential payoff for finding strategy differences, a great deal of research
- has been devoted to this attempt. Muich of this work has been done with children,

to explain why children are not as competent as adults. Researchers attempted to,

- show that adults were able to call on effective problem-solvmg strategies that
B ’clnldren lacked'(e.g.; Flavell, 1971; Kail & Hagen 1977; Omstein, 1978).. .

» oIt seemed reasonable.to search for’ strategy differences. because the . - - -
e mforrnanon-processmg tradition “in ‘cognitive. psychology is a framework for.

- understanding thinking in terms of acqumng, and perforrmng operanons on, .

" - information. It is obvious that experts acquire a more éxtensive knowledge base, -

- but it also seemed possible that experts have learned dlﬂ'erent and more powerful
operators, better ways of manipulating mformanon

Chi et al. (1981) studied expert and novice physmrsts and found that the -
knowledge bases, rather than the reasoning strategy, accounted for performance -

' differences. Both experts (graduate students—we would call them journeymen)

-and novices (postmtroductory level physics underg-raduates) utilizéd top-down
and bottom-up, processing. They differed primarily in- their “knowledge sche- .
mata.” Experts possessed-a large number of schemata that enabled them to -
categorize problems according. to underlying ‘concepts and laws and then apply
- well-known basic approaches for.solving problems of a g1ven type. In other

words, the knowledge base determined the reasoning strategy. There is no ev1-
dence that the experts had learned higher order strategies. '

-We agree with this conclusion that experts do not necessarily use dszerent o
strategies than novices. We cannot envision training people to become experts by - - )

‘ showing them the 1mportance “of top-down processing and analysis of deep

... structure. Hoffman, Burton, Shanteau, and Shadbolt (1991) have also concluded L
" . that both experts and novices rely . to some extent on top-down and bottom-up- .
* reasoning. Both utilize a divide and- conquer strategy, and a cycle of forming and * -~

. testing mental models. Both -experts and nowces rely on analogies -and meta-

- phors. All the various general st:rateg1es appear to some extent m almost all forms
of reasonmg

EXPERT!SE AS A FUNCTION OF KNOWLEDGE BASE o

} ThlS tradmonal approach asserts that expemse i ar functxon of the knowledge .;
. base itself, and that as people develop richer knowledge bases they"are able to .
 represent problems- in moré powerful ways)) and to-take more advantage of

; stronger reasoning strategies. For example, Ch1 et al (1981) and: Larkin; McDer

_ mott,” Simon, and Simon (1980) have shown. that expert physicists represent"
. problerns in a different way-from novices. The experts’ representations-are con-" "’
ceptually, richer and more organized than those of the novices. Novices use™

hastily formed, concrete, superficial problern representatlons whereas experts
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use abstract representations that rely on {fg_ieepf’ knowledge-—imaginal and con-
ceptual understanding of functional relations and physical principles that relate
concepts (e.g., conservation of energy, laws of mechanics, etc.). Furthermore,

" experts-are: better able to gauge the importance of different kinds of information,

: and the difficulty of problems. They are also more likely to-know the conditions

that. require the- use of particular knowledge, and procedures (e.g., if there is
acceleration, use Newton’s second_ law; Chi, Glaser, & Rees; 1982). Gentnér
(1988) ,h-as'_alsq'found;‘ that experts encpde_‘problems using‘deep structure,
whereas novices use surface features. ' ' - S

It is not terribly clear how to operationalize top-down and bottom-up reéason-

-v ing. ‘What, specifically, counts as an instance of each? Beyond that, we cannot
Jook solely at the nature of the processing (top-down or bottom-up) to directly

infer level of expertise. We must consider the knowledge base that is available to
the novice, journeyman, and expert. It is often the knowledge base that drives (or .

ot what is likely to happen. Sometimes, journeymen” will find it safe to use®

. they Jaék.a strategy for using perceptual—cognitive skills. Rather,- they have the;." .-
mctacogi_litiVe_ability to sense when their experience base is not reliable. In.. .
" most cases,- we feel novices, journeymen, and ‘experts: each afternpt to use-:

limits)_the_type of processing that is available for use, rather than an individual’s IR

choice of processing strategy. Novices may rely more on bottom-up strategies
because: they lack the knowledge to make a top-down approach ‘work, not be-.
cause they have not learned the more effective top-down strategy! _ _

The accumulation of information focuses on the knowledge base itself. We
have no quarrel with this account—our . intent is to try to suppiement it by
examiging the effect of an expanded knowledge base on the percepmal—cognitive
aspects of experience. We .suggest that the knowledge base and accurnulated
experiences may change the way people view their worlds. ' '

© EXPERTISE AS PERCEPTUAL-COGNITIVE.
- DIFFERENCES |

Expe:ts can see, things dﬂler people cé:_lnot."ln this section we examin€’ three = - '
-aspects of -expert perception: the ability to see typicality; the ability to see disQ_ o

tinctions,and the ability to see antecedents and consequents. We are not assert-

"ing that experts use different strategies than journeymen. Cleaily, journeymen-

atempt to judge typicality, to make fine distinctions, and to be sensitive 10 ...

antecedents and consequents. The problem is that without an' adeguate Knowl- " |
edge-base it is difficult to rely on these sources of power’ Gaps in the knowl-1
edge basé-can result in a misleading idea of what i§ typical, or what-is distinct.

more .analytical strategies rather than, trust their expetience base. It'is not that

'-perceptual—cognitive skills. They differ in their success, as 2 function of their

experience base.
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: The Abthty to See Typlcahty

: A common example of the abxhty to Judge typlcahty is the Secretary problem A _\
. ©. niew office manager, faced with the need to. hire a secretary, may have to-conduct -
- many interviews in order to learn the shape of the skill distribution curve,.and to

tell which-job applxcants are superior and which are inferior. In contrast, an

. lexpenenced office manager will already have a sense of the typicality and vari--. .
" ability of ‘secretarial skills so that, if an outstandmg applicant shows up as the . -

first one interviewed, a job offer can’ be made 1mmed1ate1y without having to

-+ conduct addltxonal 1nterv1ews

There is no way fora nov1ce to Judge what 1 is normal and what is an excepnon

g Con51der a study by Chi, 'Hutchinson, and Robin (1988), in which descriptions of.

novel dinosaurs were presented to children _who were “dinosaur expert” or
novices.’ These novel dinosaurs were designed to be either typical or atyp1cal

_The experts, of course, realized 1mmed1ate1y ‘that a dinosaur was typical of a = "

.. class of dinosaurs and were then able to attribute all the relevant features from the S '
" family to which the novel “typical” dinosaur belonged The experts were equa]ly

* proficient at determining that a novel dinosaur that was not typical did not belong -
to any of the familiar families. Novices Iacked this ablhty to judge typicality and " ‘

" to use it to infer other characteristics. A journeymian is likely to-have a general . . -

sense of typicality, but we feel that there is a clear difference between the :

journeyman and the expert in ability to rapidly *‘size up” a situation.

Klein et-al. (1986) found that expert firefighters could rapidly size up a -
situation by 1dent1fy1ng it as typical, and that this judgment of typicality evoked .

several important types of knowledge: recognizing plausible goals, recognizing

- relevant’ cues, recognizing events that are expected, and recognizing feasible

courses of action. These observations were supported by subsequent studies with

‘.. tank platoon. instructors and design engmeers (see Klein, 1989, for a summa.ry L C .
" ‘description of these projects). : R
" Here is another example of how a. proﬁc1ent ﬁreﬁghter used hlS ablhty to.size .

up a situation rapidly. He arrived at the scene of a fire in an apartment building

-and found that the nearby hydrants were not functional, and that the tanker trucks . .*°
contairied the only-water. available.to him. He did not know the exact source of "

' the fire, but he judged that if he did not act 1mmed1ate1y the apartment buﬂdm° T
woild be beyond saving. So he ordered his crews to direct all ‘the water onthe -~

_basement site that appeared to be the most likely source of the ﬁre He was

successful in extinguishing the fire; 1f lie had ‘been wrong, he would have had to” - L
~ watch helplessly while the building bumed down ~His rapxd mtuatxon assessmenta,"'

: prov1ded him with a: aoal (hit the ﬁre 1mmed1ately) a sense of crmcal mforrna-f 1
tion (Iumted resources, and a likely candldate as the sue of the fire), expectancxes i )
(waiting “would just riiake the fire unconuollable) and a reasonable course of " T
action (dxrect the water at the basement where ‘the smoke was thickest and -

darkest).




_ cies. are vxolated (e.g., when expected events did not occur). Recently, Praser - .
" Smith, and Smlth (1990) reviewed the literature on heunstxcs and deczsxon e

. rors. ‘One’ of the topics they addressed was the negativity bias—the drﬁiculty“'

" ‘péople have in using missing information, or.events that were' supposed o’ oSt

" but did not. They found some evidence for such a tendency, in studies of i inexpe-
_.,‘H',pnenced subjects (although there were still no.compelling reasons mterpretmg
. “them as errors) But a study by Chnstensen—SzaIanskr and Bushyhead (1981) oL
.. found that’ expenenced decision makers——physxcrans—used the absence of

- * Symptoms- as eﬁ'rcrently as their presence. This supports our thesrs that expemse
o peumts the eﬁectwe use of invisible cues. .. - .

e evrdence for'such-ability-under time pressure., Calderwood Klein, and: Crandall
Q‘f(1988) compared chess masters with Class B players (,Journeymen) Games were -
: "played under regulation time' (approximately, 150 seconds per move) and blitz

‘ condmons (approx1mately 6 seconds per move). For complex moves, the masters '
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' The ablhty to Judge typicality enables experts to perform more effectively and
efficiently than journeymen. By qurckly seeing which goals are feasible, experts.. ‘
can direct their actions and not waste any effort. By recogmzmg which cues-are

N :relevant experts can avoid mformatlon overload By anticipating’ what: events to "
: expect experts can rapldlv notice if they have mlspercewed the situation: And by' R
.’ Tecognizing a. typxcal course of action, experts can respond rapidly. This type of.r_" i
‘recognmonal dec131on making enables experts to handle complex cases under- o -
" .' time-compressed conditions’ where analytical ‘methods would not be possible..

_The-ability.of experts-to_size-up-situations is.also seen in the classic research, -

o program conducted by de Groot (1946/1965), who showed chess players difficult -
. chess problems Grandmasters were able to recognize ‘the best move, often as the

first one they considered. Moderately skilled players rarely even considered the
best move. De Groot carefully reviewed this think-aloud protocol and concluded-

" that grandmasters were able to recognize threats as deviations from a norm, Such . - .-

recognition ‘was. usually part of the initial evaluation, the first perception of 2~

B problem. In coritrast, players at lower skill levels had to carefully look for the_-. .

threats. De Groot identified “antrcxpatlon of urgency,” “antlcrpanon of "solv-

. ability,” and. “intuitive faith in a-possibility” as aspects.of how a grandmaster o

could size up' situations qurckly and accurately, whereas players at Iower sklll‘ .

‘levels had to search to analyze the dynamiics of a position._

Moreover, according to de Groot, the sense of typrcahty carries wrth 1t a basrs IR
for formmg expectauons—for judging the level of outcome that is possible i ina .

. situation. In this way, a strong chess player can consxder a move and Judge it as’’

favorable or d1sappomtmg in terms of what it yields. In contract, a journeyman

. cannot sense the level of outcome:that should be possible and is forced . to )

conmder many moves in order to form a yardstick for: evaluatmg any md1v1dua1 e

move .
The abrhty to Judge typlcahty should enable people to detectwhen expectan— T

- If experts -are able to size up.situations, quickly,. we would expect to ‘see
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showed httle perforrnance degradatton with time pressure whereas the move
quality decreased sharply for the Class B. players. These data suggest that the
- journeymen could not rapxdly size up-a situation the way experts could, and that -
-this ability of experts made them less vulnerable to time compression. Is the .

. ability'to play blitz chess well a imique-skill, unrelated to general chess ability? *
* No, it seems that blitz chess calls on many of the same skills as regulation chess.

. Charness ( 1981) has repoxted data showing that performance under regulation
" time s hlghly correlated (r =-.85) with performance under-blitz conditions,

" further suggesting ‘that expertise depends on rapid perception—action links.

_____The use of typicality judgments is .important for problem solving as well as

decision making. Elstein et al. (1978) studied the way physicians made diag-
noses and fourid that the physicians rarely iised a purely inductive method of
letting, the 'data drive . the. inferences. Even though the physicians were trained’
to reserve judgment rather . than contaminate the process, they still could not
resist forming early .impressions. Elstein et al. referred to this strategy as a -
-hypothetico-deductive method; because the early judgments were hypotheses
that helped to direct the subsequent information gathering. Without early hypoth-.°
" .eses, -the mformatron gathering would have been inefficient and: interminable.

. Weitzenfeld, Klein, Ried], Freeman, and Musa (1991) observed.-the same phe- ..
" nomenon in a study’ of expertise in software troubleshooting. Experts were able

to formulate initial hypotheses, or stories of how the problem might have arisen,
and could use these hypotheses to direct the search for more evxdence Where do .
these hypotheses come from? Presumably, they involve the same mechamsm of
situation asSessment as was dxscussed earller—-usmg experience to judge typ-

icality.
How does thls ab111ty to Judge typlcahty develop" In time, the knowledge base

develops, and a person may be able to recognize situations that are similar.to .- "
previous experiences. It is. tempting to infer that’ experts retrieve .specific.in- .. -

stances and usethese to .guide their behavmr Currently, the field of analogical -
problem solving is receiving a great deal of attention, and it is likely that this. -

e research will generate usefual” ﬁndlngs However ‘Klein et al.. (1986) tried to- .

identify specific analogues that' helped ﬁreﬁghters make difficult.decisions. We

obtained little evidence for the use. of analogical reasoning in. this.domain, .- -’

Doubtless there are task conditiofis-in- Wthh analogmal retrieval plays an impor- .

* tant role—Ilow time pressure and relattvely low experience level&—wl'uch make ... .
individual incidents more irformative: (see Klem & Calderwood, 1988). And. . .
. when our experts.(average amount-of- experience ‘was 23 years) did- use ana- , : -
. logues, the analogues were Judged to be: very helpful Nevertheless we suspect e
that-analogues are more prevalent for journeymen than for novices. -When people ;v .- T
-are able to -gain-a great deal of eXpenence pamcularly direct, experience, we . ..
. hypothesize that individual 1ncrdents become less vivid and blend -together.in |

: - memory, enabling the expert to- rnake addrttonal types of Judgments——detectmg
: typrcahty and variability. \




"+ .. variety of ﬁelds Most of Shanteau’s early work focused on an expert’s “hit rate y

el whereas
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- Another, possible explanation for the -anilify to judge typicality, besides ana-
: i" logreal reasoning,. is pattern matching. The. hypothesrs is that experts are better at

+ pattern matching. Chasg and Simon (1973) ¢ demonstrated that expert chess play- e .

- ers used content knowledge to recognize patterns, rather than their possessing
) .supenor factual memory. And-Simon and.Gilmartin (1973) estimated that chess
- masters. store a large repertoire of between 10 000 to 100,000 -patterns. '

_- .= But-the story:is not so-simple.. If expertise were just a matter of pattern .
L rnatchmsz why would experts also be better at handling nonroutine events.and .
‘complex variations? De Groot (1990, personal commumcatlon), Holding (1985)

- and Elstein et al. (1978) have all been very critical of the idea that experts srmply '
possess d 1arge repert01re of specific patterns, enabhng them to rapidly match-
events to prior experiences. We entirely agree with their criticisms. Experts must -
+.. be recognizing-complex invariants nested ‘within complex and often irrelevant. -

" dafta. Pattérn miatching is perhaps a component of judging typicality (dependlng

on the task), but it is not sufficient—something must provide a basis for:-in- -
ferences. In simple situations pattern matching might be enough, but for cornplex
cases itis dlfficult to see how pattern matching would allow the expert to derive a -

. ", serise of the situation (“I should be able to get out of this ‘with only the loss of a+ .i’f

- pawn”) and’ of promising courses of action (“How can I take advantage of my
wel]-placed knight?”). :
. At present there is no sansfactory explanatzon of how experts can quxckly size -
" up situations and judge typicality. This ability sets experts apart from novices and
- from j Journeymen and represents one way that experts can use their expenence to -
see subtle and crmcal aspects of a situation. - Co e L

B "The Ablhty to See Dlstlnctlons

Experts are . pa.mcularly better than novices and _)ourneymen in makmg ﬁne
: '.‘percepmal dlscmmnatlons The effécts of perceptual learning can be 'séen in .
*¢-common: expenence Consider televised broadcasts of Olympics events such'as.

, gymnastlcs and-diving, where expert analysts notice aspects of performance that

',f"we novicgs can’detect only-when-shown the slow-motion replay. Lesgold, Rubm- x
son, Feltovich, Klopfer, and Glaser (1985) have shown the importance of percep-
. “tual skills for radiology diagnosis. And Shanteau (1985) has demonstrated ‘PEIL=

3 ceptual sk111 differences for experts vérsus novices-and Joumeymen in'a wide .

- within the framework of research on Judvment and decision making: Shanteau ’

T found that éxpert judgment can- appear unrehable in’dornains such as psychlatnc

d1agnos1s‘(where there are no correct answers S0 feedback is ‘problematic),

S _i‘dornams such as soil 4nd livestock judging; experts- cdn-be - very

‘f_:j'rehable (Phelps & Shanteau, 1978). The reader who is interested: in’ additional
of perceptual learning and expertise should consult Chi, Glasét; and

d Hoffman, Burton, Shanteau, and Shadboit (1991). - .- '
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The Ability to See Antec;éde‘nts and Consequents

- Experts-can visualize how a situation developed into its current state, and they

cari visualize how it will continue- to develop. Kahneman and Tve;§ky_( 19,82:).

* . have described a simulation heuristic that people use to arrive at. judgmc:_ntg, and .
. Klein(1989) has discussed the importance .of this heuristic for decision making '
. and problem solving. - - o : -

Mental simulation is an important source of pbwcr. I enab'l'es.peqplé to judge
how a situation may have developed. Pennington and Hastie (in-press) have

" responses are variable; awkward, _a:ncl"ﬁxifﬁtegfatedl' '

_ shown that jurors rely on mental simulations. to determine :.whethqr a given
argument appears plausible.' Mental simulation also enables decision makers to
_evaluate a course of action without comparing it to others. By imagining how the

course of action will be carried forward; the decision maker can respond to .
the quality of the end states that are anticipated. De Groot (1946/1965) has used -

the term progressive deepening to describe how chess players follow a sequence -

of moves. Holding (1985) has reviewed a wide range of studies on chess exper- .
tise and notes that experts are able to “look deeper” into a line of play as well-as . .

_recognize a better set of moves- to"consider in the first place. In other words,-

experts start out with an advantage. They can consider a better set of options, but ,
they also use their understanding of the domain to trace these options to a greater . .

" depth, searching for pitfalls and for ‘opportunities. Nonexperts perform the same.

functions, but without the benefit of a large experience base. ‘
* We feel that skill at mental simitlation sets experts apart from journeymen and .
novices. In the study of tank- platoon.leaders discussed earlier (Brezovic et al., .

* 10987), whereas the novices attended to the same range of k:ues as the experts, the

experts were also visualizing where the adversary’s tanks were moving, on the .

 other side of hills and behind ridges. The experts were also visualizing the loca-

tion and progress of sister platoons. The novices showed minimal awareness of
any event that was not physically present. co ) : '

.We assert that experts have an important advantage over journeymen.in being
able to visualize how situations have developed, and how they.are going .fo

_evolve. This is-especially salient in'the skills 'of expert aerial photo interpreters
who, from a single photo, can perceive the long processes that led to the forma- . . .

tion of the given terrain (Hoffman;’ 1984). Novices and joumeymen, have .
difficulty in seeing anything other than the current state of a situation; and for this
reason they are often ‘unclear aboiitthe dynamics of a situation. Novices and
journeymen.also have difficulty inkeeping up with situations, because they lack .

- a’basis for anticipating changes and generating expectancies. To.use an aviation

term, they are usuallyflying behind the dirplane. It is no wonder that their

[




‘ IMPLICATIONS AND APPLICATIONS OF A
. .- PERCEPTUAL-COGNITIVE VIEW OF EXPERTISE

" Theory and ‘,aéplication,both’beneﬁt when they are linked. Without an applied
. focus, it is easy for theory to lose focus, and to address easy problems rather than
. hard, problems that demand greater complexity. Application without theory ¢an: . -

. alsolose shape and become a disorganized collection of practices. If our perspec-'- " -
- _tive on-expertise.is to, develop, it must.have value in shaping practice. o

Some. lmp'__lica‘tionsl for Training .

" .How.long does it take.to become an exﬁertff Sitnon and Gilmartin (1973) esti= . *

" "accurate judgments about the nature of the situations they are:in. "

;. perceptual-cognitive skills: personal experiences, directéd ‘expériences, ‘man

mated.that chess expertise.depends on acquiring the knowledge base that allows
one to.distinguish among approximately 10,000 to 100,000 patterns, and they
estimated that this might take up to.10-years. Medical expertise also seems'to -
~* -take about"10 years; .and the interpretation 'o'f' aerial photographs has been esti-i -

- mated 16 require about 5. years minimum for expertise. In our own work -with’

* .. expert-nurses, .pilots, and. fireground: commanders, moderate proficiency i(the-.”

_ achievement ‘of journeyman status). seems to take at least 2 years to develop, :
" given continual practice. Many more years are necessary ‘before the persﬂ,oin is"

. considered-an expert. S IR

~ There is little reason to believe that we can help people achieve expertise by
training them to use the same reasoning strategies as experts. Means, ‘Salas,
Crandé;ll,f‘q.r(d; Jacobs (in press) have reviewed the literature on attempts to teach - -
people generic strategies for decision making and for cognitive developmenit and

. found no evidence for the effectiveness of such attempts. Meéans et al.: did pot i
" find any inambiguous success stories but were able to find: many instances of .
minimal success or outright failure, with one exception: It does seem possible to: 7
. train people {o.improve metacognition. Otherwise, it seems fairly clear that there . !
‘is usually:little value in attempting to.teach generic reasoning skills.. "

. Sohow should we approach the job of training people to become experts? If.
expertise is.so dependent on learning to. perceive the-world differently, then we*
should look at ways to sharpen perceptual skills, rather than ways to’‘simply add-

‘to the experience base. This would enable people to ma’ke]mpre rapid-and:

reasing the dévélopmefiﬁ'..of?

]

: We.‘.c'ir‘i{.'iaéntify at least four strategies for inc

- ufacturediexperiences, and vicariouis experiences. '

‘Experiences. - , R
n of personal experiences is straightforward, ﬁlit'_iﬁgﬁlciér_xt.ilt'-_
o gain.10 years of experience——devote 10 yedrs to'it. Biit time-on-

t the key. Rather, the op’po'rtunit_y: to be cor'ltingally‘_dhél_le'_n‘g;d's‘éems;'» T

?"g1 5
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There is a difference between performing a job automatically and being sensi--
tive to changes in context. There is a difference between performing a job by

'usmg standard- operating procedures and developing a feel for the situation:

Dreyfus and Dreyfus (1986)-have argued that an expert learns to give up analyt-

ical strategies, "including the standard operating procedures that are taught to . ..

beginners. In some domains, such as terrain analysxs all cues are always system-

atically analyzed. (Hoffman, 1984). In other domains, the process of explicit .. ..
-analysis can interfere with necessary perceptual learning. Gallwey (1984) has o
~~suggested forsuctrdomains-that-someone who insists on analyzing each incident

will make less progress and may even be interfering with progress, compared to.
someone who.is learning to rely on perceptual capabilities. i

So, the stralghtforward way to achieve expertise is through direct: expenence S
but this involves more than time-on-the-job. It involves the number, range, and
difficulty of challenges faced, and it. involves. the way a person is able to learn
from each incident, along with factors such as degree of engagement w1th the

task.

Dlrected Experlences

Surveys indicate that over 70% of orgamzatrons in. the United States.use some
form of one-on-one mstructmn to train employees (Lee, 1991). On-the-Job Train- -
ing (OJT) frequently depends on tutoring from co-workers and supervisors; yet - -
there. has been little research on the skills necessary for effective tutoring. Re-- .-
cently, Crandall, Kyne, Militello, and:Klein (1991) performed -a knowledge -
elicitation study of master tutors in two domams—crmcal care nursing - and.

musical instruction.. Whereas these domain§ had different requirements, a list of - .

common skills was compiled: observation of performance, assessment, modell-- - - . ™

" ing, guiding motivation and attitudes, rehevmg anx1ety, evelop1n<7 a professron-
al identity.

There appears to bea clear value for orgamzatxons to carefully examine thexr

reliance on tutoring, and to adopt measures.for more carefully selecting @nd . .-~
training tutors. Typically, tutors in the' workplace are given no training, and the: . |
result may be to reduce the valug of OJT. It is the- perceptua.l—cogm’nve skills of *. .~
- the tutor that the trainee needs to. acquire, and these are precisely the skills that .
are most difficult to commumcate A perceptual-—cogmtwe approach to defining: .- -

tutor skills and helpmg ‘tators leam ways"to pass these skills along to tramees ‘

could have great value. -, , .- -
_1t'is worth noting that many sk.1lls of master tutors are difficult or 1mposs1blez' :

- to incorporate into Intelhgent Tutonng Systems (ITSs), thereby sertmg bounds on -’
'.the effectiveness of an ITS.within a workplace setting. o -

.Here is an example of tutoring, expernse usmg an incident studied by Cra.ndall B

et al. (1991):
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A music tutor described how she assessed a young woman ‘whowas becoming
proficient on the viola. The tutor was surprised to find that the student’s tone was
. off. Upon probing,. we found that it was not simply that the student was not hitting - -
" the notes, since’ most viola players are off a bit: Rather, what struck the tutor was ...’
 that the student was not adjusting her fingering. Even for long notes, the student _ -~ .
- “was not sliding ‘her fingers to make corrections. So the critical cue wasn’t what the, ..
*"hitor heard, but what she didn’t hear.:Her expertise enabled her to have a clear . .
expectancy of how a student at this;level should be adjusting. The expectancy was ™~ -
so clear that-the tutor-could immediately. notiq: that the playing was flawed. '

S '_"ThiS‘i.ncid_ent-~demenstrates-th’e.l-xse—_of.gxpertise to 'fomil.and use expectancies, and -
-to-focus on what was not happening as a cue to improving performance. e

‘Manufactured Experiences. ‘
It may be inefficient or impractical to rely.on personal experiences, and in such- .
cases it may be useful to present simulations. Computef technology is increasing- '
ly.able to: provide: low-cost and high-fidelity simulations that, if used-properly,. . -~ B
can speed the-acquisition of expertise. I o

', One great advantage of training simulations is that they allow one fo sharpen T
‘ dis‘c;inlinatioxis.Byfacingstimulusconﬁgurationsthataresimilar; thetraineehasto, - %+
Jearn how to make finer distinctions. Also, a person can practice with alargerand, "
- .more varied set of configurations. So, simulations can allow a person to develop
‘simation assessment skills, and to quickly size up a situation (Lintern, 1991).
Such training need not be extremely expensive. To increase the ability to "+
" 'rapidly size up a situation, simple visual displays could be used for presenting i
task and cue configurations. This would give practice in determining the different ‘
- aspects of situation assessment—plausible goals, critical cues, expectancies, and
" courses of action that are likely to succeed. " . o R

- For instaiice, if expertise depends on experience with tough cases,. we coul

' increase ‘the rate-at which tough cases are encountered: -Rothkopf (1982) pro-

vided an' flustrative anecdote: Mechanical looms ‘break down:in 2 number of-
o - ways, some of which are rare. It used to take 5'to 7 years to become-an expert -
1.+ ~loom operator because some loom breakdowns occurred only once every 5 to7
..+ “years. To' expedite matters, a training loom 'was constructed that "could ‘be
.. deliberately-made to show each breakdown .type. The "ti/rnc:"r;eedédjto.‘aChiev'

“ expertise:was_dramatically reduced. AP o

. Vicarious Experiences _

A third"approach is to use vicarious experiences. For example, storjes are' a
{counts '0f ‘the &xperiences of others and are. often sufficiently, vivid: to serve as

additions-to the experience base. Conelly -and Clandinin (1990), “Howard'

(199.1),'§.nc__1,4Schank (1990) are only a few _rese‘arch‘ers who have recently exam-i . :
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“ined storytellm and Wilensky (1983) has provxded a carefully worked-out
presentation of i issues concerning story. grammars. : ‘

Klein (1989) has. described-a strategy that can be used for tralmng——thef
'.Cntlcal Decision method. Experts are -asked to-recount unusual and particularly

_challenging episodes, or stories; and the interviewer then uses probe questions to -

- investigate: what the-expert. was trying to do, what mistakes would have been.
. . made by someone. with less ability, and so on. (The initial story account usually:
‘glosses over many important details’ about the role of expertise in the incident.)-

These accounts are documented in writing and made. available as training mate-

' f»»nals~sometxmes~a~vxdeotape -of the interview itself serves as.training material.
‘Essentially, the critical inicidents function as stories, and every. attempt is.
- made to maintain the account in the respondent’s own words. But the respondent - -
may be confused about sequence, so a second sweep is used to pin events to a -

timeline. Because people often take aspects of expertlse for granted it'is neces-

" sary to take a third.. sweep through the incident account, using probes to find out
‘bow the situation was perceived, what goals ‘were judged as feasible, and so on..: . .
Usually, there will also be a fourth sweep through the account, attempting to -

identify possible mistakes. These data are appended to the story account. Some-
times it is possible to incorporate these detdils into the narrative account itself.
And sometimes the incident account i§ dzagrammed and the probe responses are

represented as branches from the main theme. Here is an example cited by.- :

Crandal] and Gambhan (1991), who collected and formatted stories to be used in

" training nurses working in a neonatal intensive care unit (NICU). The incident

was presented by an expenenced nurse workmg in the NICU:

RecentlyIhada pnmary baby, a 28-weeker, who had been bom athome. The type of .
birth meant the baby was open to infection, buthe had had an antibiotic series and had

. stabilized nicely. This was about two weeks after we admitted him: I came on duty
and the first thing I thought was—nhis color s ; different. It wasn't any dramanc change .
oranything, not the gross gray-green they get later ‘Morelike a shadow 2 across him. It '

- .was really subtle.. I checked his chart—blood count Iooking okay, and no change -

otherwise. Monitors looked okay. He was sleeping so I went ahead with care for the
other baby I had that mght and got back to him around midnight. '
_ I had found in caring for him that 1f I spoke quxetly as I opened the isolette and
_then touched him gently that he would rouse, open his eyes and.turn his head a bit. I .
"often held his foot, rubbing the sole as he was waking, and he would curl his toes

*_around my finger. This night he had much mox:e trouble rousing. He didn’t respond - -

" to my touching his feet, and he couldn’t seemto oet his eyes fﬁlly open..He seemed
floppy, with less muscle tone than I was. used to.

" .. When [ went to wexgh hxm, T rea]ly began to worry Many kldS hate bemg}

) ,wexghed ‘but he liked it. Typlcally, he would really come (o an alert state, opening

*. his- eyes ‘wide, moving:his legs and feet, and’ tummg his head toward 'me. T would- . *. -

ralk to him, it was a.time for interacting w1th this baby that I looked forward to. _
“This night as I put him on the bedside scale"hefs:hee‘zeda couple of times, turned his-
head away, and then his whole body went, flaccid. It struck me that he was really

" taxed, and was shutting out. I put him in his isolétte and he immediately went intoa - - *




- ‘who w'_é,rc,’hfe'\k"' on the neonatal intensive care unit, and who needed to come up:|

.- benefit fromi:examples because they were monitering their understanding of the

9. PERCEPTUAL-COGNITIVE ASPECTS 219

" soiirid slee;':i: I charted all this, and made a mental note to really keep an eye ofi him. -
[ didi’t yet think he was septic, just that something was going on. His O, was, ... .
' stable, nof ificreasinig, and I had not seen any dramatic color changes. I thought, - - -
. -maybe he's- womm out after the evening visit with his folks—I'll see if he recovers; -
. We drew blood at 4:00.-Although he was usually very reactive to the heel prick, S
- this.time he roused, fussed briefly, and then went right back to sleep. His blood
- gasses were not as good, but not remarkably differerit. He still seemed very lethar- .
.. gie, Towards'early morning, he began having some apnea and bradycardia. Agaih,.' '
nothing severe, but a change from earlier in the shift. By the time'the day nurse:
_came on, he was looking blue around the mouth. I was relieved ‘that the nurse who ‘
took over for me had taken care of him before. She knew him, and I.also knew she .
_would relay my concerns to the doctors during rounds. I'told her I was Teally
_worried about hixﬁ','thatl thought he was getting sick. She-took a look at him and: -
said, “Gee, he really does look different.”.It turned out that he had a massive - ©
infe_étion.‘Hc-Wés really sick. I think if we.had waited even one or two days longer .
 he would héve been in 2 badly deferiorated state, and might not have made it. Asit.”
was, he pulled through. Lt e
What Can'Go Wrong? : L , o o
* One of the difficulties of spotting sepsis very early is that the signs may be
* extremely subtle. A nurse, even a highly experienced one, may misread the cues or..:
be misled when some cues are present but others are lacking. Sometimes a nurse:
may think a baby is becoming septic when that’s not the case. And sometimes, she
may miss those early, subtle cues. Wha follows are incident accounts that illustrate -
thesé situations, along with some ideas about what iay have lead the nurse to an . -
erroneous ‘conclusion. We offer them in the spirit in ' which.they were shared with™. .~ -
. us—that we leam from mistakes, and that even the most skilled, vigilant; and - - 0 S
' caring nurée misses occasionally. (pp. 10-11) ' L

Thxs is}lé.'s:toxjy about perceptual learning and éxpeﬁence—ﬁeing able to s1ze B
. up a situation. -C‘randall and Gamblian (1991) found-that ‘storiessuch as these
‘were eVahigit_éd jg_s'very helpful for expanding the expertise of experienced nUIses:

" ypeed quickly. They also found that cues embedded within such stories showed
. high rates, of Tetention weeks after being presented to nursing students. .. ..
© . Chi, Bassok, Lewis, Reimann, and Glaser (1989) studied the use of examples

by good andipoar college students who had not taken a course in college physics;
the task "vya;s?i-.‘td §olve problems in mechanics. The good students were able 10",

were actively trying to expand their comprehension of general
.contrast, the poor students did not try 1o -generate. miore global
. ,c;om]:;Jr'ehé:nS on of examples and did not monitor their own understandihg;" they -
- reliéd heavily, on examples but were -apt to misapply these examplés.In-othef -

- words, poor students may prefer to learn from analogues, but analogical learning’

'j¢ risky because students often do not know- what lessons- to extract: from-the
analogues - SRR : PR

The us

‘of vicarious experiences treats expertise as a resource. Klein (1'992)
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‘. has suggested that we think about a general dlsc1p1me of knowledge engmeenng,‘ .

akm to petroleum engineering. , If knowledge is a resource, we can develop . -

techmques for locating critical knowledge in an orgamzatlon——xdentlfymg the. .
. experts. Wecan develop techniques. for éliciting the knowledge, and for. pro--

.cessing .or. codifying. it. Finally, we candevelop strategies for applying:the -

knowledge,. as in training. Knowledge' engineering has been discussed in the-

context of expert systems; and indeed expert systems are a prime example-of how

“to engineer knowledge. But the‘re'is no.reason why it is necessary to use only
~..-expert_systems. for_knowledge engmeermg The Critical Decision method iIs a
o low-technology strategy that does not depend on computers-at all.
© Thus far, we have used the Critical Decision method as a knowledge engineer- = -

mg strategy in‘several different domains. -Crandall and Gamblian (1991) used the

method to capture and communicate subtle perceptual skills needed by nurses
working in a neonatal intensive care unit. Weitzenfeld et al. (1991) used the

* method to capture important aspects of the expertise of highly skilled computer

‘programmers working for AT&T and developed a trammg course for improving -

the troubleshooting and debugging skills of journeyman programmers, Crandall - -

and Klein (1989) used the method to explicate the skills of expert scientists and -

. program managers working at Wright-Patterson Air Force Base, in order to train .

entry-level scientists and engineers. Projects such as these illustrate how the
study of experuse can Jead directly to applxcanons for training, particularly to'
bridge the gap between journeyman and. expert levels of performance.

Before turning to.d discussion of assessment, we should note that we have not .. .
considered those ideas about the training of expertise that can be derived from

“traditional psycholog1cal research on leamning (e.g., leammg is enhanced by
. motivation, or by informational feedback; learning is ‘enhanced by an appropriate -

' mlx of “part” and “whole” training. or massed and distributed pracnce temporary .

. memory should not be overloaded, and so-on). Our reason for not exploring these

ideas is that we find them to be underspecxﬁc and therefore of little use when.

.. actually applied to a “feal-world” domain.-For: example to encourage perceptual
- learning and pattern recognition, one rmght want to deliberately ovetload tempo- -
-+ Tary memory, to force the trairiee out.of an ‘analytical mode. For discussions of

training issues from a “traditional learnmg—human factors perspective, ‘se¢ Dun- .

"+ can (1974), Hagman and Rosé (1983), and Holdmg (1987). Also, see Schnelder.,; _
-(1985) for a skepﬂcal apprmsal of convegt_lonal 'w1sdom in this ﬁeld . R

THE ASSESSME" ' oF EXPERTISE

- One d1men51on for assessmg expernse iny ‘lves reasomng strateg1es If expemse o

depended on advanced forms of reasonmg,' it would be clear how to perform .

-assessments. We would ask people to‘desctibe the strategy they used i in solvxng a -, o
- problem, eithér an actual problem they femernbered or a problem with which
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they were presented. If there was evidence for the use of more ‘sophisticated

strategies, and evidence that these strategies were used skillfully, we couldinfer - B

.. . that the person shqwgd'sign,s of expertise. s e
. Howiever, as we have argued earlier, there is little evidence that experts use "
. “different, let. alone more, powerful,’ reasoning  Strategies than novices, 'or than

 journeymen.. Experts can draw upon a larger experience base, and this may
enable them to use. particular strategies, but.the strategies themselves -do not
. confer expertise.. Nevertheless, it may be possible to examine the strategies
" people use ‘to. take advantage of their- declarative knowledge, ‘perceptual—
 cognitive knowledge, and other aspects of their experience base. .
‘We generally know who the experts are. They notice the subtle but critical -
cues that others miés. They can reliably. make discriminations that are opaqué to ..
~ others. They have clear judgments of the appropriate ways to act in a situation. .
- They can anticipate what is supposed to happen next, and their expectancies are - - -
' :s0 clear that:they qui kly notice when they are wrong, so they can rethink their.
.., interpretation’ of what is going on. I e e
. We can stiggest several ways to distinguish experts from novices and journey- T
men: performance, content knowledge, and developmental milestones.. '

' 'Performance ¢ a _ . L _
B There are clear ways to distinguish expert.and journeyman performange."Tuming B
to the suggestions of Glaser (1976), we should be able to distinguish expert. -

 performance in terms of variability—consistency, accuracy, completeness,’and. . . .
. - speed. We-would expect expert performarice to be smoother, whereas journey- - C

* ~men should exhibit discontinuities in shifting and lurch from one subtask to the = N
" "next..Even these differences will not always emerge—experts may take longer -
. :v. thanjouméymen in sizing up a task, and impulsive novices may be very-fast. But: -
* " holding accuracy constant, experts will generally be able to perform more quickly: "’
" - A primie“example of a performance, assessment method is.the use of chess -
ratings, which reliably differentiate between players of different strengths and:
©-w.. can be calibrated-to predict the proportion of games that will be won by players: - -

" ~of tinéqal strengths. Although this is close to an ideal strategy, in most domiaifis "

“itis ndt‘j-_féééible to achieve such precision.
We ha

‘speculated that experts are better able to anticipate ‘future events, :

b . comparedtd’journeymen. Klein and Peio (1989) employed a prediction paradigm
! ‘ idi/ thiis. The application domain was-chess. It was-argued that'strong chess
: those rated as Class A or as‘éxperts) should be-able to anticipate the
i© 77 movesifiaigame played between two experts, whereas mediocre. players-(rating
lr T of 1300.90 :
E

|

_ below) should have much less success in predicting the moves in the "
"'same - games;. The study demonstrated -that +it was possible to significantly

 discriminaté-between experts and novices in terms. of their prediction accuracy. "\ -
.- This prédiction paradigm should be applicable to. a variety of domains. - - .-
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Content Knowledge
There ‘are also ways to distinguish experts and journeymen in terms of their::
content knowledge. The focus here is on what experts know, rather than on their

performarice.. . T Ll o s :
Expertise .can- be: assessed in terms of content knowledge;, as in tests of :

declarative knowledge: Expertise can also be studied in terms-of the way people -~~~ -

- see relationships betweer concepts, especially causal relationships. The work of *
Schvaneveldt (1991) shows how. a simple approach called a conceptual graphcan * *
"*be—useful—té}i-lluSirate;how-semeone-.-ﬁhderstax_ids ‘a domain. Multidimensional -
scaling techniques. were used to generate graphic representations of knowledge ~
structures., This representational format may support methods for distinguishing
expert from journeyman conceptual relationships. Multidimensional scaling.
techniques usually require a great deal of effort to apply, and instructional
designers have learned that much of the same benefit can be obtained from
informal use of semantic nets (e.g., the concept miaps described by McFarren,
1987, and McNeese et al., 1990). ~ . ' : -
" In performing and intefpreting research studies, it is important to'be sensitive -
© to the dependent variable. being.used. Even if the design is rigorous, an abstract - -
and tangential measure can mislead us about the phenomenon being studied. For
example, Bateson, Alexander, and Murphy (1987) studied expert and novice
computer programmers and found that program recall was not as good a test of
knowledge as more naturalistic tasks like writing programs or explaining pro-
grams. Feltovich, Spiro, and Coulson (1989) said: “Memory for material that has
been taught is not the same as learning from instruction” (p. 118). '
- In this context, we should also mention a project recently completed that used
the Critical Decision method for defining the cues used by commercial aviation
checkpilots, as they evaluated pilots for certification to fly different aircraft
. (Kaempf & Klinger; 1992); the goal was to define- the ‘cités -and to help to- * -
. standardize the assessment procedures in a way that was sensitive tothe percep-
tual cues relied on by expert evaluators. of pilot performance.” '

,Dev_.eloprhenta[ Milestones - _
‘Another way to ‘assess expertise is to use progress along skill dgévglépméﬁt'

- milestones. The ‘model presented by Dreyfus and Dreyfus (19:86) providés a -
. "potential basis for assessing skill. The:Piagetian model of Campbell, Brown, and~ ©

" DiBello (1991) may. be an even miore useful framework for deférmining 2 per-

" son’s progress in ‘mastering a dofmain: " T T SRR
 Our conclusion is that the assessmerit f expeftise can focus on performance,

* content acquisition, or developriental ‘milestonés. Each of ‘these has its ‘otwn

' limitations. We have identified a umber-of dimensions that could be used for -

assessment and provided some examples of assessments that have been carried
out. ‘ -




* * simulation to represent antecedents and consequents.

" becausethey lack the experience base to.make.such strategies work.

© o thergfowth of expertise. We have shown how models of expertise can-forin-the!

CONCLUSIONS

This chapter has examined a view of expertise centered around the idea that
experts can see aspects of a situation that are not accessible to people at lower.
skill levels. Traditional accounts of expertise have tended to emphasize. the
strategies that experts use, and the knowledge base that experts have compiled. -
One attractive hypothesis is that expertise is a function of learning more powerful
- generic strategies and higher order rules (e.g., Flavell, 1971; Kail & Hagen,

* 1977)..Such a view is attractive, because .wé.should be able to identify these. o R

. strategies -and train people to use them. It. is usually -a.good idea to search for .
. generic strategies, because.these can be leveraged across many different situa-
" tions. Unfortunately, this hypothesis has not been a very.: successful explanation.
--lIt—‘dée,'smnot—appearﬁthat_eXperienéa,_Ae'n_aﬁb_‘lc__s _people to learn more powerful ©
problem-$olving strategies. . R P
" A second view of expertise is that the larger knowledge base of ‘experts.

permits the use of powerful strategies that are also known to-journeymen and to . R o

_ novices (Chi et al., 1981). Clearly, experts have acquired more knowledge, so it - -
makes good sense to posit-a différence in knowledge base between expefts and -
“nonexperts. We have no great quarrel with this approach, but we find it to be
* somewhat -disappointing in terms of what it tells us about the functions of the
. - ‘knowledge base, and in terms of applications to training and to assessment, It N
. "¢mi3hasi2:s knowledge rather than the way knowledge is put into action. For: :
- these reasons, we feel it may be useful to examine a somewhat different perspec- i v
" tive, one-that centers around the way that experts perceive tasks and situations:. -

"1, There are several ways that experts can see things ‘that others cannot: -
- Experts can use their knowledge base to recognize typicality, experts canuse”
. -perceptudl learning to make. fine discriminations, and experts can usé mental:

F 3 :"_qu‘)"erts' can also-use their knowledge base to apply higher fevel 'rulé‘v such. - -
_ as top-down processing. Such rules are also in the repertoire of novices and - -
" ‘journeymen. People at lower skill levels infréquently use higher l_eve'l_-sﬁtat'égiesﬁ-' EaE -

3. Théiefor¢, trying to ﬁ-ai;p_‘gcriergl’_s;;atégieé for thinking _lii(é'zéxpel_, RES

.. notbe worthwhile. Attempts to teach such strategies are not useful in de‘v.éiop' g

: ' expertise, and research does not demonstrate the effectiveness of such attern
.4 Training can address methods for sharpening perceptual skills and, ¢hi
i gtheway situations are experiericed.’ There ate ways- of providing personal
. eXperiérices, manufactured experiences, and vicarious’experiences 10 accelerate

) "‘Abési.'s. of ‘knowledge epgineering programs: for training specialists in" areas, as
“-diverse as: nursing, computer programring, and research management..
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5 It may be useful to develop a dlscxplme of knowledge engmeenng, to
«dlrect us m e1101txng and applymg expert knowledge .
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