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Impact of intuitive theories on feature recruitment
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Expertise in object domains involves both the perceptual learning of the differentiating and higher
order features that are indicative of concepts and the elaboration of intuitive theories. Triad-similarity
judgments, feature-salience ratings, and verbal protocols were used to investigate the effects of the
ories on the recruitment of features across different categorization contexts, as well as the degree
to which expert categorization skills transferred to less familiar domains. Whereas novices consid
ered features that indicated overall similarity to be more perceptually salient than were modified
parts that indicated taxonomic relations, experts found them equally salient. Experts' theories were
instrumental in directing feature recruitment in contexts involving identification, image generation,
and similarity decisions. Experts' theories also supported the transfer of categorization skills to re
lated, less familiar domains. The relation of mutual dependence between perceptual learning and
theory development throughout the continuum of expertise is considered.

One of the most striking aspects of expertise in cate
gorical domains is the expert's ability to detect features of
which novices are unaware. These features may serve either
to differentiate lmong coordinate subordinate-level cate
gories or to indicate higher order categories. The discovery
ofdifferentiating features generally occurs in the course of
perceptual learning as one is exposed to increasingly pre
cise names for things within the domain (E. 1. Gibson,
1969). Although most novices would probably judge un
named walleyes and saugers to be the same kind of fish,
proficient anglers are able to quickly differentiate them on
the basis of the degree of speckling present on the dorsal
and caudal fins. Features that are indicative ofhigher order
categories generally are learned through the recognition of
invariants that are shared by intermediate-level categories
within the domain, as when birders come to notice that all
songbirds possess a distinctive "three-pIus-one" toe pat
tern. Experts' increased sensitivity to both differentiating
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and higher order features has implications for many as
pects of cognition that depend on conceptual knowledge.
For example, recognition ofhigher order features provides
bases for similarity decisions in situations that involve
conceptual grouping. Awareness ofdifferentiating features
may promote more efficient identification routines and
richer mental images involving domain exemplars. It is
likely that knowledge of which kinds of features tend to
vary among subordinate categories has implications for
the induction of novel properties learned in reference to
specific domain exemplars.

Although most models of categorization have been
based largely on data from tasks involving carefully se
lected artificial stimuli, the theory-based approach to con
cepts has focused researchers' attention on complex, real
world categories (Medin, 1989; Murphy & Medin, 1985).
A natural consequence of this approach is an interest in
the impact that expertise has on various aspects of con
ceptual structure and categorization, given that experts
presumably have developed maximally elaborated theories.
The purpose of the present research was to consider the ef
fects of intermediate and advanced experts' theories on the
recruitment ofboth differentiatingand higher order features
acquired through perceptual learning. Triad-similarity
judgments, ratings of feature salience, and verbal proto
cols were collected in order to examine differences through
out the continuum of expertise in the features used to re
late, identify, and form images of songbird exemplars. A
second goal of this research was to consider evidence for
the transfer of expert skill in feature detection to related
but less familiar domains. We first consider how percep
tuallearning and domain-specific theories might interact
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to determine experts' use of features across different cat
egorization contexts. We then consider the literature per
taining to the domain specificity ofexpertise and speculate
about how experts' theories might promote the transfer of
skill in categorization to related but less familiar domains.

Interaction of Perceptual Learning and Intuitive
Theories at Varying Levels of Knowledge

The perceptual-learning literature is replete with exam
ples of how experience within a domain gives rise to in
creased discriminatory capabilities (E. J. Gibson, 1969;
J. J. Gibson & E. J. Gibson, 1955; Proctor & Dutta, 1995).
Upon first exposure, perceptually complex sights, smells,
tastes, and sounds generally are perceived holistically. Re
peated experiences with sensory information promotes
the detection of invariants associated with increasingly
subtle differentiating features through selective attention.
Discrimination may be further enhanced by the presence
oflinguistic information concerning names and/or differ
entiating features. Thus, chick sexers become increasingly
proficient at differentiating chicks on the basis of cloacal
features that generally are not detected by novices (Bie
derman & Shiffrar, 1987), and wine tasters learn the fea
tures that distinguish clarets from burgundies. Although
the acquisition of hierarchically related object categories
typically has not been considered from the perspective of
perceptual learning, there are obvious implications re
garding the development of expertise. To a novice, the
basic level of categorization is most salient, simply be
cause objects are readily processed holistically at the basic
level-that is, on the basis ofoverall shape (Neisser, 1987;
Rosch, Mervis, Gray, Johnson, & Boyes-Braem, 1976).
The detection of increasingly subtle differentiating fea
tures promotes the acquisition ofcategories at subordinate
and, sometimes, even at sub-subordinate levels (Johnson
& Mervis, 1997). Within domains that are integral to one's
culture, all individuals may acquire rich domains of sub
basic categories, beginning to do so even during the pre
school years (Berlin, 1992; Stross, 1973). For less cultur
ally relevant domains, extensive subordinate-category
learning typically is relegated to subgroups of experts.
Heightened interest is likely to promote discrimination
among kinds throughout the continuum ofexpertise, from
preschool dinosaur experts to advanced collectors ofrocks
and minerals.

We argue that perceptual learning is necessary for the
acquisition ofexpertise in object domains, but it is not suf
ficient. Also necessary are experts' understanding of why
features indicative ofparticular subordinate categories tend
to co-occur and their conceptual understanding ofthe bases
for more abstract categories that share invariant features.
These aspects ofconceptual knowledge are the hallmarks
of the theory-based approach to concepts (Medin, 1989).
Perceptual learning provides the data on which experts'
theories can operate, but it is their domain-relevant theo
ries that drive the understanding ofwhich kinds offeatures
tend to be shared among domain-specific concepts (Mur
phy & Wright, 1984) and which tend to be more distinc-

tive. Theories also may promote experts' understanding
that it may be more important to attend to certain features
rather than to others in particular categorization contexts.

Theories are particularly useful in helping to explain
the qualitative reorganization ofrelations among domain
specific concepts as being a function ofknowledge (Carey,
1985; Keil, 1989). Similarity relations that initially were
based on relatively superficial features are replaced, with
increasing levels ofknowledge, by those that are based on
more abstract dimensions. For example, Chi, Feltovich,
and Glaser (1981) found that, whereas novices in physics
sorted physics problems on the basis of keywords or ob
jects presented in the problem statements (e.g., balance
beams, inclined planes), experts sorted the same problems
on the basis ofabstract physical principles. Medin, Lynch,
Coley, and Atran (1997) found that groups of experts on
trees tended to sort trees into piles that corresponded to
goals or ideals that accorded with their particular profes
sions. For example, professional landscapers sorted trees
into groups on the basis of utilitarian dimensions (e.g.,
trees for planting on city streets, flowering ornamental
trees, "weed" trees), whereas taxonomists (individuals en
gaged in teaching about trees and in research pertaining to
trees) invariably used taxonomy as the basis for sorting. In
a mini-longitudinal study of knowledge acquisition on
shorebirds, Johnson and Mervis (1994) found that triad
similarity judgments based on overall morphological sim
ilarity tended to be replaced over time by judgments based
on more abstract dimensions, such as diet or mode of lo
comotion. Thus, weights associated with dimensional
bases for similarity relations appear to shift over time as a
function of theory development.

Categorization processes are dynamic in that different
categorization tasks recruit different kinds of categorical
information (Gelman & Medin, 1993). In tasks involving
the "identification function" ofcategories, overall shape is
emphasized (Johnson & Mervis, 1997; Jones & Smith,
1993; Smith & Kemler-Nelson, 1984). In contrast, tasks
involving the induction of novel properties have been
demonstrated to depend on deep or "core" features that
predict category membership, even when membership in
a common category is pitted against perceptual similarity
(Gelman & Markman, 1986, 1987). To complicate mat
ters further, individuals' levels ofdomain-specific knowl
edge have been found to influence features used in both
relating (Chi, Hutchinson, & Robin, 1989; Johnson &
Mervis, 1994) and identifying (Johnson & Mervis, 1997;
Tanaka & Taylor, 1991) category exemplars. One goal of
the present research was to examine the impact of interme
diate and advanced experts' theories on feature recruit
ment in categorization contexts involving similarity judg
ments, identification, and the generation ofvisual images.
Data were gathered through both a triad task (Study 1)and
through verbal protocols (Study 3). To evaluate the extent
to which feature recruitment during the triad task was dri
ven by the perceptual salience offeatures (i.e., through the
unmitigated effects ofperceptual learning), ratings offea
ture salience were collected in Study 2. In particular, we



384 JOHNSON AND MERVIS

wished to determine whether the features that were se
lected as the bases for triad solutions by experts and novices
were perceived by experts as equally obvious, or whether
experts perceived features that were indicative of their
preferred bases for solutions as significantly more obvi
ous. If the features that are indicative ofalternative bases
for solutions are considered to be equally salient by ex
perts, this would amplify the importance of experts' the
ories in driving similarity decisions.

Domain Specificity of Expertise
Controversy exists over two issues that are related to in

vestigations ofthe domain-specific versus domain-general
effects ofexpertise. First, there is a great deal ofvariation
among researchers in the use ofthe term domain (Hirschfeld
& Gelman, 1994). Some researchers use this term to refer
to extremely broad areas ofcognitive competencies, such
as the representation ofnumber or causal relations. Others
use the term domain to denote theories or coherent clus
ters ofbeliefs pertaining to areas such as biology, physics,
or music (Carey, 1985; Karmiloff-Smith, 1992). We have
adopted the approach frequently seen in the expertise lit
erature, where domain tends to have a considerably nar
rower focus, typically referring to particular areas of spe
cialization, such as chess, numerical digit span, or dinosaurs
(Ericsson & Smith, 1991).

The second is~e pertains to what constitutes evidence
for transfer. Within the expertise literature, transfer typi
cally is investigated by trying to determine whether experts
are at any advantage when confronted with similar prob
lems drawn from unfamiliar domains. Thus, an individual
who has developed an extremely large digit span might be
asked to retain comparably long strings ofletters (Chase &
Ericsson, 1981), or an expert on chemistry might be pre
sented with problems pertaining to political science (Voss
& Post, 1988). On the other hand, perceptual-learning the
orists generally adopt much less stringent criteria for evi
dence of transfer. In a discrimination-learning task in
which the subjects learn by discovering differences among
members of a particular set, evidence for the transfer of
learning is obtained through subjects' ability to differen
tiate among previously unseen set members (Pick, 1965).
We adopt a definition oftransfer that falls somewhere be
tween these two positions. In Studies 1 and 2, experts were
given tasks involving exemplars from both the familiar
(expert) domain and a domain for which they reported
very low levels of knowledge. However, this unfamiliar
domain was related to the expert domain in that both were
subsumed by the more global domain ofbiological kinds.
Thus, the taxonomic structures of the two domains were
isomorphic, although the specific bases for categorizing
exemplars from the unfamiliar domain were unknown.

Contemporary views of expertise adopt the stance that
expert proficiency is largely restricted to the domain in
which knowledge has been acquired (Chi, Glaser, & Farr,
1988; Glaser, 1987). This is not surprising, given that re
search on expertise has been devoted predominantly to

skill-based domains that are dependent on procedural
knowledge. In domains such as these, the strategies that
are acquired to increase proficiency are inextricably linked
to conceptual knowledge pertaining to the domain. It is
unlikely that the strategies mastered by experts on chess
could have relevance for the strategies necessary for ex
cellence at backgammon or bridge. Evidence for the trans
fer of expertise has not yet been sought within domains
that are characterized by the knowledge ofobject categories.

We speculate that experts' theories may well afford some
advantage for categorizing objects, even those belonging to
unfamiliar domains. Wisniewski and Medin (1994) have
demonstrated that individuals' theories are tightly coupled
with the extraction and interpretation offeatures during cat
egory learning. Intuitive theories guide the search for evi
dence in the data and enable people to make inferences as
to whether specific features support more abstract features.
Although Wisniewski and Medin investigated individuals'
learning ofcategories that frequently contained ambiguous
features (children's drawings), we think that the basic prin
ciples of their argument might be applied to experts' cate
gorization ofconsiderably less ambiguous object categories
from unfamiliar domains. Experts possess theories con
cerning which types of features tend to be associated with
preferred bases for similarity. For example, taxonomic re
lations within biological domains generally are predicted
by modified part features associated with the ecological
niche indicative ofthe related categories. When confronted
with categories from unfamiliar domains, experts' theories
might guide the extraction of features that align with those
preferred within the familiar domain. We investigate this
issue through the triad task of Study 1 by using a crossover
design in which experts on songbirds and experts on tropi
cal fish solve triads in their own domain, as well as those in
a less familiar domain. To the extent that experts generate
taxonomic solutions in the novice domain more frequently
than do individuals who are novices in both domains, we
can speculate that experts' skill at categorization is gener
alizing beyond the highly familiar domain.

Aims of the Present Research
In sum, relatively little research has been directed at in

dividuals who have varying levels ofexpertise in domains
that are characterized by natural categories ofobjects. The
primary aim of the present studies was to investigate the
impact of experts' theories on feature recruitment across
categorization contexts. Features used by advanced and
intermediate experts in making triad-similarity judgments
in Study 1 were compared with those features the same in
dividuals reported to be relevant for identification, im
agery, and conceptual groupings in Study 3. A second
goal was to investigate the evidence for the transfer ofex
perts' bases for triad-similarity judgments to less familiar
domains. In Study 2, different groups of intermediate and
advanced experts rated the salience of the features re
cruited by experts and novices as the bases for similarity
in Study I. These data were used to investigate the influ-
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ence of feature perceptibility both on similarity judgments
and on the degree to which the experts' bases for similarity
generalized to the less familiar domain.

STUDYl
Triad Task

Conceptual groupings by experts generally differ qual
itatively from those by novices (see, e.g., Boster & John
son, 1989; Chi et al., 1981; Chi et al., 1989; Johnson &
Mervis, 1994). In particular, novices' categories are based
on overallsimilarities among objects, including shape, size,
and color (which we will refer to as morphological simi
larities), whereas experts' categories are based on more
abstract criteria, such as behavioral similarity or taxonomic
relationship. The present experiment measured the con
ceptual groupings by experts and novices through the use
ofa triad task. In half of the triads, taxonomic relatedness
was consistent with overall perceptual similarity, and in
halfthey were in conflict because ofthe presence ofa dis
tractor that was perceptually similar but unrelated to one
of the two taxonomically related exemplars. When taxon
omy and morphology were consistent, experts and nonex
perts were expected to make decisions of similarity rap
idly and to choose the same exemplars as being most
similar. When taxonomy and morphology were in con
flict, experts were expected to base decisions ofsimilarity
on taxonomic relations more frequently than nonexperts
did, although experts' decisions were expected to be made
more slowly. Novices were expected to generate solutions
equally quickly to triads ofboth types, because oftheir re
liance on those features that were indicative of morpho
logical similarity. Subjects were asked to solve triads
involving exemplars from the domains of songbirds and
tropical freshwater fish. Expert subjects were familiar
with only one ofthese domains. Expert performance in the
novice domain permitted examination of the evidence for
the generalizability ofexpert bases for similarity relations.

Method
Subjects

The subjects included two groups of experts on songbirds, one
group of experts on tropical freshwater fish, and one group of
novices. All of the experts were paid for their participation. The
songbird expert group included 12 advanced experts and 8 interme
diate experts, recruited from a group of44 individuals who led bird
ing field trips for the Atlanta Audobon Society. Determinations of
the level of expertise were based on peer ratings. Field trip leaders
were mailed questionnaires on which they were asked to anony
mously rate each of their peers' knowledge of songbirds on a scale
from 1 to 7, with I being "knows very little about songbirds" and 7
being "one ofthe most knowledgeable people on songbirds that I've
ever encountered." Each leader also was asked to rate his or her own
knowledge on several other domains (one of which was the novice
domain oftropical freshwater fish) along an identical 7-point scale.
Thirty-two of the 44 questionnaires were returned. The 12 individ
uals who had the highest mean peer ratings (M = 6.47), and the 8 in
dividuals who had the lowest mean peer ratings (M = 5.09) were iso
lated and treated as advanced experts and intermediate experts,
respectively. One individual from each of the two groups rated his or
her knowledge of tropical freshwater fish as above average (i.e., as

greater than 4) and was replaced. All ofthe individuals who were se
lected agreed to participate. The mean self-rating for knowledge of
tropical freshwater fish was 1.75 for the advanced experts and 1.88
for the intermediate experts.

The 12 experts on tropical freshwater fish were recruited from
employees of tropical fish stores and tropical fish wholesale dis
tributors in the Atlanta area and from the Aquarium Society ofGeor
gia. Expertise again was determined through peer ratings along the
same 7-point scale (M = 5.96). All ofthe fish experts indicated that
they knew very little about birds (M self-rating = 0.67; the mean fell
below the scale because many individuals rated their knowledge of
songbirds as 0). Because the fish experts generally were rated by
fewer of their peers than were the bird experts, and because exper
tise on tropical fish typically is characterized by depth of knowledge
of one part of the domain (e.g., cichlids) rather than by breadth of
knowledge across the whole domain, no comparisons were drawn
between the level of expertise possessed by the tropical fish experts
and the levels of expertise possessed by the advanced and interme
diate experts on songbirds.

The 12 novice undergraduates participated in return for course
credit. None ofthe novices had taken a college-level biology course.
The novices' mean self-ratings of knowledge were generated using
the same scale as that described above for experts. The mean knowl
edge rating was 2.42 for songbirds and 3.00 for tropical freshwater
fish. The novices' level of interest in the two domains also was quite
low. Using the same 7-point scale (with interest replacing the word
knowledge), mean interest ratings were 1.33 for songbirds and 1.58
for tropical freshwater fish.

Materials
The materials included 20 displays ofthree pictures from each of

the songbird and tropical freshwater fish domains. In each ofthe 40
test displays, individual pictures were presented to scale within a
4 X 6 in. (10.16 X 15.24 ern) area. Realistic color drawings ofbirds
and color photographs offish were scanned through a La Cie Silver
scanner, edited through Adobe Photoshop, and then presented on a
Macintosh IIfx computer with a 13-in. Apple RGB color high
resolution monitor. All animals were shown facing to the right, and
only male exemplars were included. All bird exemplars resided for
at least part of the year in northern Georgia. Fish were photographed
in water and presented against a neutral rectangular-shaped back
ground from within the aquarium; birds were presented against a
white background. The positioning ofthe three pictures within each
display was randomized. Triads were presented through specially
created Authorware programs.

Within each domain, two types of triads were included: (1) triads
in which taxonomic relations conflicted with morphological simi
larity (conflict triads) and (2) triads in which taxonomic relations
were consistent with morphological similarity (consistent triads).
Conflict triads included two exemplars from the same genus or fam
ily that were less morphologically similar to each other than one of
the exemplars was to the distractor. Consistent triads included two
exemplars from the same genus that were more morphologically
similar to each other than either one ofthe exemplars was to the dis
tractor. Examples of these triads from the domain of songbirds are
presented in Figure I. In both triads, Bird I is the distractor and
Birds 2 and 3 are taxonomically related. In the conflict triad, Bird 1
is highly perceptually similar to Bird 2 (they both are yellow and
have similarly barred wings), whereas in the consistent triad, Bird 1
is dissimilar to Birds 2 and 3. Degree of similarity was assessed
through previously obtained ratings that were collected from adults
who were unfamiliar with both birds and fish. Various modifications
of the exemplars included in the triads were made until the final set
of 40 triads was developed. The criterion for inclusion of a triad in
the final set was that the two exemplars that were predicted to be
most perceptually similar had to be chosen by a minimum of 9 out
of 10 adult raters.
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2.

Conflict Consistent

Figure 1. Examples of conflict and consistent songbird triads. Conflict triad: 1, yellow-throated vireo; 2, blue-winged warbler; 3,
black-throated blue warbler. Consistent triad: 1, horned lark; 2, house wren; 3, Carolina wren. Taxonomic solutions involved select
ing exemplars 2 and 3.

Four displays of three color pictures of objects (none of which
were birds or fish) also were created for use as practice triads. Each
picture was presented in a manner identical to that described above
for the test triads. Within each display of three pictures, two of the
pictures were obviously more taxonomically related than was a third.
In two of these fouz triads, taxonomic relationship was consistent
with overall morphological similarity (e.g., tree-flower-butterfly),
and in two triads taxonomy conflicted with overall morphology (e.g.,
doughnut -tire-cookie).

Procedure
The subjects were first administered the four practice triads. In

reference to each triad, subjects were asked to "touch the two that are
most like the same kind ofthing." A Microtouch screen fitted to the
front ofthe computer monitor recorded which pictures were touched.
No errors were made by the subjects in the three expert groups.
Three novices each produced one error in which the doughnut was
paired with the tire on the doughnut-tire-cookie triad. When the
triad was repeated, all 3 individuals solved it correctly. The subjects
then were presented with a series of the 20 triads for each of the two
domains. Two random orders ofthe triads within each domain were
created, and half of the subjects within each group received each
order. The order in which the triads from each of the two domains
was presented to the subjects also was counterbalanced, so that half
of the subjects in each group first received triads from the songbird
domain, and half first received triads from the tropical fish domain.
The instructions given for the practice triads were presented on the
monitor for each of the 40 test triads. During the administration of
the test triads, a short break occurred between the presentation of
the triads from the first domain and the presentation of the triads
from the second domain. After completing each triad, the subjects
were asked to press C for "continue" if they wanted to move on to
the following triad or R for "return" if they wanted to change their
solution to the current triad. Response times were measured, through
Authorware, from the time that the three pictures were presented until
the subject pressed C. The basis for each triad solution was recorded
by the Authorware program as each of the triads was solved. Solu
tions in which the two exemplars from the same genus were chosen
were coded as "taxonomic." Solutions involving the selection ofone
exemplar from the target genus and the morphologically dissimilar
distractor were coded as "other." Solutions to conflict triads in which

one exemplar from the target genus and the morphologically similar
distractor were chosen were coded as "morphological."

Results

Solution Type
In conflict triads, three solutions were possible: taxo

nomic, morphological, and "other." In consistent triads,
only taxonomic and "other" solutions could be generated.
The mean proportions of times in which each of the types
of solutions was made for each set of triads are summa
rized in Table 1. Subjects from all four groups nearly always
made taxonomic solutions to consistent triads. However,
solutions to conflict triads yielded clear differences as a
function of level of expertise.

It is possible that experts who were first presented with
triads from their domain of expertise would be more likely
to solve triads from the novice domain taxonomically than
they would be if the triads from the unfamiliar domain
were presented first. This is because expert taxonomic so
lutions, particularly for conflict triads, require that atten
tion be directed to more subtle differentiating features
(e.g., the shape of the mouth or beak) that are correlated
with taxonomic membership; such a response set might
carryover to the triads from the less familiar domain. In
order to investigate this possibility, the numbers of taxo
nomic solutions (out of 10) produced by the three groups
ofexperts were analyzed in a 3 X 2 X 2 X 2 mixed analy
sis of variance (ANOVA), with knowledge group and
order of triad presentation (expert domain presented first
vs. second) as between-groups variables and both domain
and triad type as within-group variables. The main effect
of order of presentation was not significant, nor were any
interactions involving order ofpresentation. Thus, the ex
perts who were presented with the triads from the famil
iar domain first were not biased by their solution sets
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Table I
Mean Proportions of Types of Solutions Across Triads

Knowledge Group

Advanced Intermediate
Solution Type Bird Experts Bird Experts Fish Experts Novices

Songbird Triads

Conflict Triads
Taxonomic .91 .74 .38 .09
Morphological .06 .19 .58 .88
Other .03 .07 .04 .03

Consistent Triads
Taxonomic 1.00 1.00 .94 .98
Other .00 .00 .06 .02

Tropical Fish Triads

Conflict Triads
Taxonomic .52 .50 .88 .19
Morphological .46 .48 .09 .74
Other .02 .02 .03 .07

Consistent Triads
Taxonomic .95 .94 1.00 .96
Other .05 .06 .00 .04

when presented with the triads from the unfamiliar do
main. Consequently, the order of presentation was not
considered in subsequent analyses.

The numbers of taxonomic solutions made by the sub
jects across the 40 triads were analyzed in a 4 X 2 X 2
mixed ANaYA, with knowledge group as the between
groups factor and both domain and triad type as within
group factors. The main effects of knowledge group
[F(3,40) = 60.760, p < .0001] and triad type [F(1,40) =

603.522, P < .0001] were significant. The novices made
significantly fewer taxonomic solutions than did any of the
three expert groups, and the subjects produced signifi
cantly more taxonomic solutions for consistent triads than
they did for conflict triads. There were significant inter
actions between knowledge group and domain [F(3,40) =
38.372, P < .0001] and between knowledge group and
triad type [F(3,40) = 50.755,p < .0001]. These need to be
interpreted in the light of a significant three-way knowl
edge group X domain X triad type interaction [F(3,40) =
21.459, P < .0001]. Within the expert domain, both the
advanced bird experts and the fish experts made compa
rable numbers of taxonomic solutions across conflict and
consistent triads. However, Tukey (HSD) t tests indicated
that the intermediate bird experts made significantly more
taxonomic solutions to consistent triads than to conflict
triads (p = .05). Furthermore, the intermediate bird experts
made significantly fewer taxonomic solutions to conflict
triads within the familiar domain than did both the advanced
bird experts (p < .05) and the fish experts (p < .05). In
dividuals who are at more advanced levels ofexpertise ap
pear more likely to base similarity judgments on features
relevant to taxonomic membership than do individuals
with less knowledge.

To investigate whether the bases for the experts' triad
solutions would generalize to the less familiar domain, sep
aratemixed4(knowledge group) X 2 (triad type)ANOYAs
were conducted on the taxonomic solutions generated

within the bird domain and within the fish domain. Both
domains yielded parallel significant interactions between
knowledge group and triad type [bird domain: F(3,40) =

44.74,p < .001; fish domain: F(3,40) = 32.24,p < .001].
No differences emerged across groups in terms of re
sponses to consistent triads within either domain. However,
responses to conflict triads revealed some evidence that
expert solutions did generalize to less familiar categories.
While morphological solutions predominated among
novices, Tukey (HSD) tests revealed that experts on the
contrasting domain generated significantly more taxo
nomic solutions for the triads involving unfamiliar exem
plars than did the novices, who knew little about either do
main [bird domain: novices vs. fish experts (p < .001);
fish domain: novices vs. advanced bird experts (p < .001);
novices vs. intermediate bird experts (p < .05)].1 Several
ofthe experts commented that they knew virtually nothing
about the novice domain and were very unsure as to how
triads from that domain should be solved. Nevertheless, the
experts consistently produced more taxonomic solutions
to triads from the unfamiliar domain than did the novices.

Response Time
We were specifically interested in two issues pertaining

to the speed with which triad solutions were generated.
First, we wondered whether the individuals' response times
would be significantly slowed by the presence of a dis
tractor with high levels of overall similarity to one ofthe re
lated exemplars. Mean response times were generated for
each subject across the 10 triads of each type and com
pared in paired t tests conducted separately for each knowl
edge group. Separate t tests were conducted for triads in
volving birds and for triads involvingfish. The group means
from these analyses are presented in Figure 2. For the tri
ads involving birds, all expert groups performed signifi
cantly faster on the consistent triads than they did on the
conflict triads (p < .05). The difference in the novices'
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Figure 2. Mean response times across types of triads.

solution times across the two triad types only approached
significance [t(11) = 1.99, p = .07]. For the triads involv
ing fish, only the fish experts [t(11) = 5.73,p < .001] and
the advanced bird experts [t(11) = 3.42, p < .01] gener
ated significantly faster solutions for consistent triads.
Differences across triad types were not significant for the
intermediate bird experts or the novices. These results sug
gest that, within the familiar domain, the experts' solu
tions to the consistent triads were facilitatedby the presence
of features that were indicative of overall morphological
similarity. This pattern generalized to the less familiar do
main only for the advanced experts and the fish experts
that is, the individuals who generated the greatest number
oftaxonomic solutions for the triads involving unfamiliar
stimuli.The novices' response times presumably varied less

across the two triad types because they were consistently
recruiting the same types of features throughout the task.

Second, we were interested in whether the groups would
differ in the degree to which they were affected by the
presence of the similar distractor in the conflict triads. In
particular, we wondered whether the experts would be less
affected by the distractor when they were solving triads
within their own domain of expertise than they would be
when solving triads involving less familiar exemplars.
Separate one-factor ANOVAs were performed on re
sponse times to the conflict triads for each of the two do
mains. Both analyses yielded significant main effects of
knowledge group [birds, F(3,40) = 5.54, P < .01; fish,
F(3,40) = 7.73, P < .001]. Post hoc t tests revealed that,
within both domains, the intermediate bird experts gener-
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ated solutions significantly more slowly than did the three
other groups. No other differences among groups were
significant. 2 These results suggest that the advanced bird
experts and the fish experts generally were not more im
mune to the effects of the similar distractor within their
own domains. They also indicate a quantitative advantage
ofthe advanced bird experts over the intermediate bird ex
perts in terms of the speed with which such decisions are
generated. Finally, it is interesting to note that the ad
vanced bird experts and the fish experts were able to gen
erate taxonomic solutions to the triads within the familiar
domainjust as rapidly as novices generated morphological
solutions. The intermediate experts' considerably slower
solutions indicate that the advanced experts' speed prob
ably was gained only after a transitional period involving
more prolonged weightings of potential candidates for
similarity decisions.

Discussion
Individuals within all three expert groups tended to re

cruit features indicative of taxonomic relatedness when
generating similarity decisions, whereas the novices in
variably based their similarity judgments on overall per
ceptual similarity. Although there were few differences
across the four groups in the number of taxonomic solu
tions made to the consistent triads, clear differences
emerged as a function ofexpertise in the number oftaxo
nomic solutions made to the conflict triads. When pre
sented with triads in which morphological similarity and
taxonomic relationship were orthogonal, the advanced ex
perts on birds and the experts on fish were significantly
more likely than were the intermediate bird experts, who
in turn were significantly more likelythan were the novices,
to choose taxonomic relations as the most salient basis for
their solutions. The intermediate experts were signifi
cantly slower than were the other groups in generating so
lutions to both types of triads, and all experts tended to
solve the conflict triads more slowly than they solved the
consistent triads. The response-time data suggest that,
even though experts may generally recruit modified part
features when generating similarity decisions (even on
consistent triads), their decisions are at least partially fa
cilitated by the availability of correlated features that are
indicative of overall perceptual similarity. In the conflict
triads, the experts responded more slowly,presumably be
cause these solutions required the experts to search across
multiple bases for alignment when making decisions of
similarity (Medin, Goldstone, & Gentner, 1993).

These results converge with the basic finding in the ex
pertise literature that the conceptual groupings of experts
and novices typically differ in terms of the abstractness of
the relations considered to be most salient (Chi et aI., 1981;
Johnson & Mervis, 1994; Scott & Mervis, 1993). Taxo
nomic relations are less "perceptible" than relations based
on similarity of overall shape, color, or size. However,
taxonomic relations, like most other "abstract" relations
within object domains (e.g., diet, defense mechanisms),
are correlated with subtle perceptual features that indi-

viduals with high levels of knowledge are especially likely
to notice. Thus, the advanced and intermediate experts may
have been basing their similarity decisions in part on per
ceptible features that were different from and more subtle
than those on which the novices were basing theirs, rather
than solely on the more abstract conceptual basis ofshared
taxonomic category membership. This interpretation is
supported by analyses concerning the generalization of
expert patterns of similarity judgments to triads from the
novice domain.

All three groups ofexperts produced significantly more
taxonomic solutions to the triads from the unfamiliar do
main than did the novices, who knew little about either do
main. This result suggests that some aspect ofthe experts'
domain-specific theoretical knowledge may have guided
the recruitment of modified part features in the less fa
miliar biological domain that aligned with those preferred
within the familiar domain. This conclusion is well sup
ported by comments the subjects made when they were
debriefed. Many of the experts indicated that, when en
countering triads from the novice domain, they focused on
relatively subtle features (such as beak or fin shape) and
generated their solutions in accord with which exemplars
were most similar in terms of these features. When none
of these more subtle types of similarities was obvious for
a particular triad, the subjects fell back on more global
perceptual bases for similarity, such as color, size, and
overall shape. This result provides preliminary evidence
that expert skill at categorization may transfer beyond the
expert domain. It is interesting that differences between
the advanced and the intermediate experts did not emerge
in the frequency with which taxonomic solutions were
generated for fish triads, despite the clear advantage the
advanced experts displayed within the familiar domain.
Perhaps theories are capable ofimpacting similarity deci
sions within less familiar domains even before an ex
tremely high quantity of domain-specific categorical
knowledge has accrued. The intermediate bird experts re
ported that they had been birding, on average, for 15years.
This presumably would have been sufficient time for de
veloping theories concerning linkages between certain
types of perceptual features (e.g., mouth shape, head
shape) and more abstract behavioral features that are in
dicative of membership in a particular ecological niche.

The results from the triad task indicated that individu
als who possess high levels of domain-specific knowledge
tend to recruit subtle perceptual features that are indica
tive of taxonomic membership as bases for similarity.
However, it is still not clear to what extent perceptual
learning influenced the experts' solutions to the conflict
triads. It is possible that the experts were driven purely by
perceptual salience, in that features indicative ofmodified
parts had, as a function of perceptual learning, become
more salient than had morphological features. This would
relegate theoretical knowledge to a less prominent role in
feature recruitment. On the other hand, if the experts con
sidered morphological features to be more salient than
taxonomic features (or if both types offeatures were con-
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sidered to be equally salient), the role oftheories in direct
ing similarity decisions would be amplified. In Study 2,
feature salience ratings were collected from different
groups of bird experts and novices to investigate this
issue, as well as to provide an index ofthe degree to which
feature-salience may have contributed to the obtained
knowledge-transfer effect. We expected that all groups of
subjects would generate comparable salience ratings for
morphological features. However, the experts on song
birds were expected to judge modified part features ofboth
birds and fish as more salient than were novices.

STUDY 2
Feature Salience Rating Task

In the present study, features indicative ofmorphologi
cal and taxonomic solutions to the triads in Study I were
generated by a group of novice pilot subjects and then
were rated by different groups of intermediate and ad
vanced bird experts and novices.

Method
Subjects

The subjects were recruited from the Indianapolis area through
methods similar to those used in the previous study. The experts on
songbirds were assigned to advanced or intermediate expert groups
on the basis of peer ratings of levels of knowledge. Questionnaires
were mailed to 31 birders who either led field trips or regularly at
tended field trips sponsored by the Indianapolis Audobon Society
and the Indianapolis Parks Department. The individuals were asked
to anonymously rate their peers' level of proficiency at visually
identifying songbirds. Ratings were made on the same 7-point scale
described for Study I. Of the 31 questionnaires mailed, 27 were re
turned. Two additional individuals were recruited once the study
began, on the basis of peer referrals. Both of these individuals were
assigned ratings by study subjects when they came into the lab.
Thirty-one ofthe 33 individuals who had received peer ratings partic
ipated in the study. The 12 individuals who had the highest peer rat
ings were considered advanced experts (M = 6.57), and the remain
ing 19 individuals were considered intermediate experts (M = 5.31).
The mean self-ratings ofknowledge oftropical freshwater fish were
2.98 for the advanced experts and 2.84 for the intermediate experts.
The experts were given gift certificates to local wild bird supply
stores in return for their participation. The novice group included 20
undergraduate students enrolled in psychology courses at IUPUI
who participated for course credit. All of the novices rated their
knowledge ofboth songbirds (M= 2.07) and tropical fish (M= 1.76)
as low.Eight additional novices participated in the feature-generation
phase of the study, as described below.

Materials
Eight groups of three songbirds and 10 groups of three tropical

fish were assembled that were isomorphic to the conflict triads in the
previous study. Two triads from Study I involving the morphologi
cally similar songbirds indigo bunting and blue grosbeak were not
included, because we were informed by songbird experts that recent
DNA evidence had revealed a close taxonomic relation between the
two birds, despite their inclusion in different genera.' In addition,
the two conflict triads within each domain that had generated the
largest numbers ofsolutions coded as "other" (in which an exemplar
of the target genus and the morphologically dissimilar distractor
were selected as most like the same kind of thing) were replaced by
triads involving morphologically similar pairs that had previously
been used, along with a novel exemplar that was taxonomically re-

lated to one of the previously used exemplars. The composition of
the resulting 8 songbird triads and 10 tropical fish triads is listed in
the first columns of Appendices A and B. The first two exemplars
listed for each triad were taxonomically related, and the second and
third exemplars listed were similar in terms of overall morphology.
Triads were presented through an Authorware program on a 13-in.
Apple RGB color high-resolution monitor in the same manner as
that described for Study I.

Procedure
Feature generation phase. In order to generate sets of features

indicative of morphological similarity or taxonomic relations for
each triad, eight novice pilot subjects were presented with each of
the 18 triads. Although reliance on novice feature generations runs
the risk ofcreating lists of features that are not valid for experts, we
were concerned that experts' generation of such a list (particularly
for morphological solutions) would be biased by their knowledge of
the categories to which the exemplars belonged. Norman, Brooks,
Coblentz, and Babcook (1992) have provided evidence within the
domain ofradiology that experts' feature identifications are partially
dependent on category identifications. We were concerned that the
availability of category knowledge would influence which features
were listed, ultimately leading to the generation offeatures that were
simply unavailable to novices.

The exemplars within each triad were numbered, and the subjects
were asked to indicate similarities for the morphologically based and
the taxonomically based pairs within each triad (e.g., "How are birds
2 and 3 like the same kind ofthing?"). Features that were mentioned
by 7 or more novices for each type of pair were used in the feature
salience rating task and are listed in the second and third columns of
Appendices A and B. The accuracy of the resulting set of features
was verified through published reference materials on songbirds and
tropical fish. The accuracy of the features involving birds was inde
pendently verified by two experienced birders who did not partici
pate in either Study I or Study 2. Booklets were created that con
tained lists ofthe features corresponding to each triad. Two different
orders of triads were created, and halfof the subjects in each group
received each order. In addition, half of the subjects in each group
were presented with triads from the songbird domain first, and half
were presented with triads from the tropical fish domain first. The
features corresponding to particular triads were listed in a random
order.

Rating phase. The booklets were distributed to the subjects, and
the experimenter explained the procedure for making ratings. At the
top ofeach page ofthe booklet, a 7-point rating scale was presented,
where I was "very difficult to notice," 4 was "moderately notice
able," and 7 was "very noticeable." The subjects were instructed to
rate how obvious or noticeable they perceived each of the specified
characteristics to be. The exemplars within each triad were num
bered, and the subjects made ratings in response to statements such
as "Birds 2 and 3 share the same kind of bill" or "Fish I and 2 share
the same kind of striped pattern." Features that involved body parts
whose names might have been unfamiliar to the novices were ac
companied by descriptors in order to ensure that the correct features
were rated (e.g., "ventral fin" was indicated as the fin under the
fish's body). The subjects proceeded through the lists offeatures at
their own pace, and a short break occurred between the two domains.

Results
Mean ratings for features that were indicative of over

all morphological similarity and for features that were in
dicative of taxonomic relatedness were calculated for each
subject by averaging across ratings that were generated for
features of that type within each of the two domains.
These mean ratings were then compared across groups in
a 3 X 2 X 2 mixed ANOVAwith level ofknowledge as the
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Figure 3. Mean salience ratings generated across the domains of songbirds
and tropical fish.

between-groups factor and both domain and feature type
as within-group factors. The means for this analysis are
depicted in Figure 3. All main effects were significant: level
ofknowledge [F(2,48) = 3.60,p < .05], domain [F(l ,48) =
79.43,p < .001], and feature type [F(I,48)=9.95,p < .01].
Overall, the novices perceived the features as being less
obvious than did the experts, the features of fish were per
ceived as being less obvious than the features ofbirds, and
the features that were indicative of taxonomic relations
were perceived as being less obvious than the features that
were related to overall morphological similarity. These ef
fects were tempered by a significant knowledge level X

domain X feature type interaction [F(2,48) = 6.26,p < .01],
which was explored further through the separate mixed and
repeated measures ANOVAs described below.

Ratings of Songbird Features
Mean ratings of the taxonomic and morphological features

pertaining to pairs of songbirds were analyzed in a 3 X 2

mixed ANOVA, with level of knowledge as the between
groups factor and feature type as the within-group factor.
The main effects of level of knowledge [F(2,48) = 4.29,
P < .05] and feature type [F(l,48) = 12.05,p < .01] were
both significant, as well as the level of knowledge X fea
ture type interaction [F(2,48) = 11.41,p < .001]. While the
three groups did not differ in terms oftheir salience ratings
of morphological features, Tukey (HSD) tests indicated
that the advanced and the intermediate experts rated tax
onomic features as significantly more obvious than did the
novices (p < .00 I). There were no significant differences
between the ratings of the advanced and the intermediate
experts. Finally, separate repeated measures ANOVAs
conducted for each group revealed that, whereas the novices
rated morphological features as significantly more obvi
ous than taxonomicfeatures [F(I,19) = 64.67,p < .0001],
neither group of experts yielded a significant main effect
of feature type-that is, the advanced and intermediate ex
perts on songbirds considered features that were indicative
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Table 2
Interview Questions

Categorization Context

Identification
Visual imagery

Similarity relations

Format of Question

(I) How do you know an X when you see one?
(2) When you imagine an X what position is it in?

What is it doing?
(3) What birds are most likely to be confused

with X? Why? Under what conditions?
(4) What birds are most likely related to X?

Note-"X" referred to each of the I0 category names, yielding a total of 40 responses.

of taxonomic relatedness and features that were indicative
of morphological similarity to be equally obvious.

Ratings of Tropical Fish Features
In order to address the impact of feature salience on the

knowledge-transfer effect found in Study 1, parallel analy
ses were conducted on ratings generated for the domain of
tropical fish. Mean ratings for the two types of features were
first compared in a 3 X 2 mixed ANOVA, with level of
knowledge as the between-groups factor and feature type as
the within-group factor. There was a significant level of
knowledge X feature type interaction [F(2,48) = 7.02,
P < .01], because of the fact that the novices differentiated
between the two types of features in their ratings signifi
cantly more than did either group of songbird experts. In
deed, repeated measures ANOVAs conducted separately
for each group paralleled the results from the songbird do
main: Whereas the novices rated morphological features as
significantly more obvious than were taxonomic features
[F(I,19 = 12.97,p < .01], the advanced and intermediate
experts rated the two types of features as equally obvious.
Separate one-factor ANOVAsconducted for each ofthe two
types of features revealed that, whereas there was no effect
oflevel ofknowledge for ratings ofmorphological features,
a main effect oflevel ofknowledge emerged for features in
dicative oftaxonomic relations [F(2,48) =4.85,p = .01]. In
accordance with the triad task data from Study 1, Tukey
(HSD) tests indicated that both the advanced and the inter
mediate experts on songbirds rated features that were in
dicative of taxonomic relations among tropical fish as sig
nificantly more obvious than did individuals who were
novices on both songbirds and tropical fish (p = .01).

Discussion
The results from the previous two studies converge to

suggest that one consequence of expertise is an enhance
ment of the degree of perceptual salience afforded to rel
atively subtle features that are correlated with taxonomic
relatedness. Whereas novices rate features indicative of
overall similarity as more salient than modified part fea
tures, experts consider them to be equally salient.4 The
finding that the intermediate and the advanced bird experts
did not differ in their ratings of fish features converges
nicely with the lack of a level-of-expertise effect on the
evidence for knowledge transfer in Study 1. Again, mod
erate levels ofknowledge are sufficient for theories to im
pact the perceived salience of features within a less fa
miliar domain.

The results from Study 2 also suggest a mutually de
pendent relation between enhanced perceptual discrimi
nation and theoretical knowledge throughout the continuum
of expertise. Perceptual learning enhances the discrim
inability of perceptible features that are indicative of ob
ject categories to the point where there are a number of
equally salient features indicative of sub-basic categories.
Thus, theories are essential for driving similarity deci
sions. At the same time, theories were found to influence
the experts' perceptions of salience within the unfamiliar
domain. The bird experts presumably possessed poorly
elaborated theories specific to the domain offish. Never
theless, both intermediate and advanced bird experts rated
modified part features of fish as significantly more salient
than novices did. This suggests that not only did the ex
perts' theories help to guide their attention to perceptual
features in the novice domain that were isomorphic to
those linked with more abstract features in the expert do
main, but they also helped to amplify the perceptual sa
lience of those features.

Further research is needed to investigate the relative
contributions of knowledge and other individual charac
teristics in predicting degrees offeature perceptibility. Re
cent research on the categorization performance of child
and adult experts has revealed significant relations between
expertise and levels of both verbal and nonverbal intelli
gence (Alexander, Johnson, Lazar, & Meyer, 1998; John
son & Eilers, 1996; Johnson & Mervis, 1994). Ifbrighter
individuals tend to develop intense interests in object do
mains more frequently than do individuals who are less
bright, it is possible that some of the effects of expertise
we have discovered are due to the fact that brighter indi
viduals are better at encoding features and detecting in
variants than are individuals who are less bright. Such an
advantage would greatly facilitate knowledge acquisition
throughout the entire continuum ofexpertise. Generaliza
tion ofexpert skill at feature detection to less familiar do
mains might be partially afforded through a more analytic
style of perception in general, rather than simply through
the brute force of domain-related theories. We recently
found that subordinate-category names are more readily
learned by 3-year-olds who possess a more reflective cogni
tive style and who already have acquired large numbers of
subordinate category names (Mervis, Johnson, & Mervis,
1994).Evidence for relations among cognitive style, verbal
intelligence, and subordinate category learning in early
childhood raises intriguing questions concerning the role
of individual characteristics throughout the continuum of
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expertise in object domains. Longitudinal research on the
acquisition of expertise by individuals who vary in terms
of both intelligence and cognitive style is critical for ad
dressing these questions.

While the data from traditional categorization tasks that
involve conceptual grouping and feature listing reveal
much about the structure and function of concepts, they
are still relatively indirect means of assessing the influ
ence of expertise on categorization. In the next study, we
asked advanced and intermediate experts direct questions
pertaining to the use of features during various kinds of
activities that depend on categorical knowledge, in order
to evaluate differences between intermediate and ad
vanced experts in the ways that theories impact feature use.
The format ofour questions and our analysis ofexpert re
sponses were modeled after the knowledge assessments
used by Hunn (1975) for adult experts on gulls and by Chi
and her collaborators (Chi et a!., 1989; Gobbo & Chi, 1986)
for child experts on dinosaurs.

STUDY 3
Verbal Reports Pertaining to Categorization

Although verbal reports concerning mental processes
have for some time been avoided because ofproblems as
sociated with introspection, recent methodological and
theoretical advances pertaining to verbal protocol analysis
have renewed interest in this technique (Ericsson &
Crutcher, 1991;Ericsson & Simon, 1993;Ericsson & Smith,
1991). The analysis of experts' verbal protocols has con
tributed immensely to the understanding of the bases for
the differences between experts and nonexperts in do
mains that involve problem solving or reasoning. However,
there have been very few studies ofexpertise in object do
mains that have utilized this approach, perhaps because
expertise in perceptually based domains lacks the overtly
strategic character of skill-based domains. Nevertheless,
Chi and her collaborators have used propositional analy
sis ofverbal protocols to reveal important differences be
tween child experts and novices in the way domain
specific knowledge of dinosaurs is organized (Chi et a!.,
1989;Chi & Koeske, 1983; Gobbo & Chi, 1986). It is quite
possible that experts are able to hold domain-specific con
cepts and the relations among them in working memory
while simultaneously verbalizing about their use. In this
study, experts were interviewed concerning the features
used when identifying, categorizing, and generating visual
images of domain-specific exemplars. These data were
used both to corroborate results from the triad and feature
salience rating tasks of Studies 1 and 2 and to provide ad
ditional information regarding the impact ofexperts' the
ories on feature use.

Method
Subjects

The subjects included the 12 advanced experts and the 8 interme
diate experts on songbirds who completed the triad task in Study I.

Materials
Ten genera from the domain of songbirds that were native to

northern Georgia (catbird, chickadee, cowbird, goldfinch, nuthatch,
phoebe, swallow, tanager, vireo, wren) were discussed in reference
to the four interview questions presented in Table 2.

Procedure
The interview was conducted either immediately following the

triad task of Study I or over the telephone within a week after com
pletion of the triad task session. No pictures were available, and the
entire session was audiotaped. Each subject within a group received
a different order of the to bird categories. Questions were asked in
the order presented in Table 2, with the exception that half of the
subjects in each group received Question 3 before Question 4, and
half received Question 4 before Question 3. The subjects were en
couraged to take as much time as they liked in responding and to
provide any additional information that they felt was relevant.

Results and Discussion
Audiotapes from the interview session were transcribed

and broken down into propositions, which then were
coded along dimensions specific to the expectations held
for each question or pair of questions. One experimenter
coded all of the verbal protocol data, and then a second
experimenter (blind to the group membership ofsubjects)
coded 25% of the data generated by the experts in each of
the two groups. Reliability between the two raters was cal
culated by dividing the number ofagreements by the num
ber ofagreements plus disagreements. Across questions 1,
3, and 4, reliability was .95, and disagreements were re
solved through discussion. Reliability was calculated sep
arately for question 2, as described below. After all of the
data had been coded, the codes generated in reference to
particular questions were entered into separate dBASE IV
files for further analysis. Below, each of the verbal proto
col topics is considered separately. Within each section,
the codes developed to address the content ofeach response
(or pair of responses) are described, and the results
yielded from the coded data are presented and discussed.

Question 1: Features Considered
Most Salient for Identification

The first question was expected to elicit information
concerning what features experts recruit when attempting
to identify objects at the subordinate level. Individuals
might mention behaviors (e.g., tanagers are generally high
up in trees), modified parts (e.g., chickadees have a black
cap and a black bib; tanagers have a uniquely shaped bill),
or global features related to overall morphology, such as
overall body shape and size. Although the experts were
found to recruit modified parts as solutions to the triad
task, it seemed possible that features pertaining to overall
shape would be more relevant to identification, particu
larly since shape information generally is correlated with
modified parts.

Individuals' responses were broken down into proposi
tions, and each proposition was coded according to feature
type. The accuracy of the experts' reports was verified
through published references on songbirds; there were no
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Figure 4. Mean proportions of feature types generated in response to Interview
Question 1.

instances oferrors in the propositions that were generated.
The mean numbers offeatures produced across the 10 cat
egories that were coded as global features, modified parts,
and behaviors are presented in Figure 4. The frequencies
ofthese features generated by each subject were compared
across the two groups in a 2 (knowledge group) X 3 (feature
type) mixed ANOVA, with feature type as the within-group
factor. There was no significant main effect ofknowledge
group, indicating that both groups of experts generated
comparable numbers of propositions. The main effect of
feature type was significant [F(2,36) = 4.00, p < .05] and
was followed up through one-way repeated measures
ANOVAs that were performed for each knowledge group.
No main effect of feature type emerged for the advanced
experts, which suggests that the three types offeatures were
equally accessible with regard to identification. This ef
fect was significant for the intermediate experts [F(2, 14) =
5.09,p < .05] because significantly more behaviors were
generated than were either global features (p < .05) or
modified parts (p < .01). Behavioral features may be par
ticularly salient for intermediate experts because of their
relatively high degree of intradomain variability. Whereas
overall shape differences across songbird genera are fairly
subtle, behaviors pertaining to habitat, diet, and song vary
considerably across different genera.

We predicted that the advanced experts would be more
likely than the intermediate experts to generate global fea
tures because of advanced experts' superiority at identi
fying birds on the basis of shape information alone (John
son & Mervis, 1997). This hypothesis was confirmed
through a one-tailed t test [MAE = .39, MIE = .28, t(18) =
1.73,p = .05]. The advanced experts also listed the features
used as a means ofdifferentiating between two confusable
songbirds more frequently than the intermediate experts
did [MAE = .31, M1E= .11, t(18) = 2.28,p < .05]. The ad
vanced experts' recruitment ofglobal features in identifi
cation contexts supports the idea that, as knowledge in-

creases, subordinate categories begin to function as basic
(Johnson & Mervis, 1997). Sensitivity to differentiating
features reflects the importance ofperceptual learning to
expertise acquisition in object domains. Four of the ad
vanced experts suggested that becoming an expert on bird
identification involved building skills in two distinct areas:
learning to identify birds on the basis ofcharacteristic fea
tures and learning to ignore features that are irrelevant.
Additional research is necessary to determine how these
two processes interact at varying points along the contin
uum of expertise.

Question 2: Features Indicative
of Canonical Images

The second question addressed an issue raised by infor
mation provided by an airplane expert studied by Rosch
et al. (1976). Rather than having a visual view ofairplanes
that contained features that were relevant to the typical
canonical side image, this person reported having a canon
ical view of the undersides and engines ofaircraft. This is
not surprising, given that this individual acquired his ex
pertise on airplanes through working as an aircraft me
chanic. The present question was designed to address the
issue ofwhether individuals with varying levels of exper
tise on songbirds, given their elaborated theories relative
to characteristic behaviors, would tend to recruit behavioral
features when generating visual images ofexemplars. We
also were interested in the relative levels of consensus on
feature recruitment across the two groups. Results indi
cated that individuals never reported the presumably
canonical side view depicted in field guides. Instead, both
the advanced and the intermediate experts tended to men
tion location or the behavior in which birds from within
that category typically were engaged. That is, experts ap
pear to form images that contain features that pertain to
those situations in which the objects are most frequently
encountered.
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Table 3
Interview Question 4: Percent Agreement on

Features Indicative of Canonical Images

Target

Catbird
Chickadee
Cowbird
Goldfinch
Nuthatch
Phoebe
Swallow
Tanager
Vireo
Wren

Canonical Image

partially concealed by thick brush
actively moving about
walking on the ground
feeding at a bird feeder
on the trunk ofa tree
perched out in the open
in flight
perched high in the tree tops
high in tree, feeding on insects
in brush that is low to the ground

Advanced
Experts

83
67
92
58

100
92
92
83
33
58

Intermediate
Experts

75
25
50
38
88
75
88
75
38
38

In order to assess the degree ofconsensus among group
members on the features recruited during image forma
tion, the descriptions provided by the experts in reference
to each of the 10 target categories were combined and ex
amined by two independent judges. Judges were instructed
to read through the responses for each category and to de
termine the number of qualitatively different images gen
erated among the members of the group. They then were
instructed to count the number ofexperts within the group
who generated each type ofimage. Reliability between the
two judges was assessed by dividing the number ofagree
ments by the total number of agreements plus disagree
ments. Reliability was .94, and disagreements were resolved
through discussion.

For each individual, a score assessing the degree ofcon
sensus with fellow group members was calculated for
each ofthe 10 birds. Scores were derived by calculating the
proportion ofindividuals within the same group who gen
erated the same image. Proportions were averaged across
the 10 categories and then compared across the two groups
in a one-tailed I test [MAE = .63, MIE = 041,1(18) = 6.36,
p < .00001]. The advanced experts tended to converge
with their peers on features indicative of images at signif
icantly higher rates than did the intermediate experts. The
most frequently generated responses for each of the 10
categories are presented in Table 3, accompanied by the
percentage of the advanced and intermediate experts who
produced each response. A higher consensus on the fea
tures recruited for image formation may have been a func
tion of the advanced experts' heightened birding experi
ence relative to that ofthe intermediate experts. This points
to another important function of theories in feature re
cruitment: Theories contain information related to the fre
quency with which particular features (in this case, be
haviors) are manifest within the domain.

Questions 3 and 4: Features Selected
as Bases for Similarity Relations

The third and fourth questions concerned the similarity
relations that exist among domain-specific exemplars
within the knowledge base. Although morphological sim
ilarity often is a very good index of taxonomic proximity
(see, e.g., Boster, 1987; Boster, Berlin, & O'Neill, 1986;

Bulmer, 1967, 1970; Diamond, 1966; Hunn, 1975), there
are some exceptions to this rule (e.g., the conflict triads
from Study 1), of which only experts would be knowl
edgeable. Thus, both groups of experts were expected to
be able to list some species exemplars for Question 3 that
were not listed for Question 4, and vice versa. In addition,
because of their heightened level of domain-specific
knowledge, the advanced experts were expected to list
greater numbers of confusable and related birds than in
termediate experts did.

Confusable songbirds. The categories that the experts
listed as confusable with the target category were tabu
lated and then coded according to the featural basis for the
confusion (e.g., color, shape, behavior). The advanced ex
perts generated significantly more confusable subordinate
categories than did the intermediate experts [MAE = .14,
MIE = .09, 1(18) = 2.80,p < .01]. The intermediate experts
were significantly more likely than were the advanced ex
perts to indicate that there were no birds that could be con
fused with the target subordinate exemplar [MAE = .08;
MIE = .19, 1(18) = 1.87, p < .05]. When the features on
which confusions were based were considered, color was
the feature that both groups mentioned in the highest pro
portion ofresponses (AE = .35; IE = .37). The intermediate
experts cited behavioral features (e.g., flight, flycatching
behavior) as the basis for confusion significantly more
often than did advanced experts [MAE = .08, MJE = .21,
1(18)= 2.36,p < .05]. These data suggestthat, as expertise
increases, there may be a tendency for individuals to rec
ognize more bases for similarity among domain-specific
exemplars. Although at first this seems incongruous with
the results from the first question pertaining to the identi
fication of birds, a possible explanation may involve the
difference between identifying objects and thinking about
conceptual relations. Identification requires that differen
tiating features be recruited quickly and accurately so that
the most precise correct name can be generated. In contrast,
the consideration ofrelations among concepts involves at
tending to higher order features that are distributed across
the members of the domain.

Taxonomically related songbirds. The categories of
taxonomically related songbirds that the experts listed
were tabulated. The advanced experts clearly were more
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aware of taxonomic relations than the intermediate ex
perts were. The advanced experts listed significantly more
taxonomically related categories for each target than the in
termediate experts did [MAE = 1.6, MIE = 0.6, t(l8) = 5.19,
p < .0001]. The intermediate experts were more likely
than the advanced experts were to simply respond "I don't
know" to question 4 (AE: 5% ofresponses, IE: 42% ofre
sponses). The advanced experts' heightened knowledge of
taxonomic relations converges well with their greater ten
dency to recruit taxonomically related features during the
triad task of Study 1.

Finally, we examined the degree ofcorrespondence be
tween the lists ofbirds generated in response to questions
3 and 4. Two sample t tests revealed that, although there
were no differences in the frequencies with which match
ing lists were generated across the two groups, the advanced
experts produced significantly more nonmatching lists
than did the intermediate experts [t(l8) = 3.79,p < .Ol].
When taxonomic relations were known, the experts were
likely to indicate that there were differences between the
exemplars that were perceptually confusable with the tar
get categories and the exemplars that were closely related
taxonomically to the target categories. Because the advanced
experts were more knowledgeable of taxonomic relations
than were the intermediate experts, this discrepancy be
tween the two lists ofcategories occurred more frequently.

Summary
The results from the verbal-protocol analysis converged

with and extended the findings from the previous two
studies. Expert theory development involves increases in
both the numbers offeatures known about concepts and in
the degree of salience associated with those features. The
ories also direct attention to particular features in particular
categorization contexts. At advanced levels of expertise,
subordinate-level identifications can be made on the basis
of the same kinds of features that are used by novices to
identify objects at the basic level. The intermediate experts
tended to recruit behavioral features, whereas the ad
vanced experts indicated that all types of features were
equally relevant to identification processes. The advanced
and intermediate experts were quite consistent in generat
ing mental images that reflected the behavioral features
most frequently associated with songbirds, although the
degree of intragroup consensus increased as a function of
knowledge. Modified part features that are indicative of
relations within taxonomic genera are highly salient to ex
perts on object domains and are most apt to be recruited
in contexts involving classification or grouping. Finally,
the advanced experts were aware of significantly more
bases for relations among songbirds than the intermediate
experts were. Since advanced experts presumably possess
more elaborated theories than intermediate experts do (in
part because advanced experts simply know more), ad
vanced experts are able to recruit a wider variety offeatures
across contexts than intermediate experts are.

GENERAL DISCUSSION

Findings from across the three studies illustrate the
complex effects high levels ofknowledge have on the fea
tures used in various contexts that are dependent on cate
gorization. Expert concepts are associated with a rich
array of different types of features, including those rele
vant to taxonomy, morphology, and behaviors. As expertise
increases, features along multiple dimensions appear to
increase in their degree ofperceptual salience as a function
of perceptual learning. Theories help to determine which
ofthese comparably salient features are recruited within a
given context. Features indicative of taxonomic relations
tend to prevail in contexts involving similarity judgments
or grouping. This result fits with previous findings con
cerning the abstract conceptual bases frequently relied upon
by experts (Chi et al., 1981). Skill at detecting taxonomi
cally relevant features may generalize even to less famil
iar domains, whereas other forms of expertise tend to be
domain-specific. When confronted with unfamiliar ex
emplars from related domains, experts' theories may guide
the extraction of features that align with those preferred
within the familiar domain and may even amplify the de
gree ofperceptual salience associated with those features.
The advanced experts and the fish experts made decisions
of similarity significantly more quickly than did the inter
mediate experts, which suggests that the recruitment of
features in classification becomes more automated with
experience. Comparisons across Studies 1and 3 suggest that
the advanced experts' more elaborated theories permitted
greater flexibility in feature recruitment than did those of
intermediate experts. Below, we first consider cognitive
anthropological data relevant to the issue of the impact of
theories on feature recruitment. We then address the mu
tually dependent relation between theories and perceptual
information throughout the continuum ofexpertise.

Cognitive Anthropological
Analyses of Feature Recruitment

Cognitive anthropologists concerned with ethnobiology
have for decades been pursuing answers to many of the
same questions that cognitive psychologists have asked re
garding the relation between knowledge and perception in
categorization (see Malt, 1995, for a review of these liter
atures). The ethnobiologicalliterature contains rich de
scriptions of the named categories elicited from infor
mants (Berlin, 1992; Berlin, Breedlove, & Raven, 1974)
and the bases for relations among those named categories
(Atran, 1994; Diamond, 1966). In general, a fairly high
level of agreement emerges across cultures and between
folk and formal scientific systems as to the features used
to segment biological kinds into categories (Berlin, 1992;
Hunn, 1975). These findings support the idea that features
that are indicative of taxonomic relatedness are univer
sally available and salient to humans. In support of this
claim, we found that novices and experts were strikingly
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similar in their solutions to the consistent triads ofStudy 1.
However, it is not possible to determine whether this result
obtained because the experts and the novices were actually
attending to the same features or because they were at
tending to different features that happened to be corre
lated. Measuring the relative differences in response times
between individuals' triad solutions based on silhouettes
(in which modified parts are unavailable) and those based
on realistic color pictures might help to provide an answer
to this question. Ifexperts' solution times are more greatly
impeded than are novices' by the absence of modified
parts, one might speculate that experts' theories were di
recting the recruitment of part features across multiple
categorization contexts.

Although features that are indicative of categories are
perceived similarly across cultures, theoretical knowledge
appears to bias feature weightings across domains and
across individuals possessing various levels of expertise.
With regard to cross-domain differences, Boster and
D'Andrade (1989) found that Aguaruna, Huambisa, and
United States informants demonstrated relatively high in
tergroup agreement on the features recruited for differen
tiating birds. However, different sets of features were re
cruited for passerines (songbirds) and nonpasserines.
Boster and D'Andrade speculate that different subdo
mains manifest unique correlational structures that result
in different features being selected as "best" for classifi
cation within those subdomains. They suggest that hu
mans strategically seek out features that have the greatest
information value within a domain. It is likely that such a
strategy would be driven by theoretical knowledge, par
ticularly once a moderate quantity of subordinate level
categories has been learned. Alternatively, individuals
with varying levels of expertise on the same domain may
weight features differently as a function of top-down in
fluences on selective attention. Boster (1986) found that
Aguaruna women, who typically are engaged in cultivat
ing manioc, made finer discriminations among manioc
plants than did other, less knowledgeable individuals.
Similar variations in discriminability have been reported
by Berlin (1992) for Aguaruna males and females with
varying levels ofbird knowledge.

Interactions Between Intuitive Theories
and Data From Perceptual Learning

Our results give pause for speculation concerning the
relative contributions ofperceptual learning and theoreti
cal knowledge throughout the continuum of expertise.
Novices must begin by acquiring subordinate categories
within a domain ofobjects and determining the bases for
relations among those categories. Although related back
ground knowledge may serve to facilitate this process
(Johnson & Mervis, 1994), it is likely that subordinate cat
egory differentiation is primarily driven by simple expo
sure. Perceptual learning drives selective attention to in
variant features indicative of category membership; such
learning may be enhanced by the presence of category
names. Once a cluster ofcoordinate subordinates has been

acquired, theories facilitate evaluation of the degree to
which particular dimensions are predictive of category
membership within the developing domain. Once such di
mensions become weighted, perceptual differentiation
may become increasingly streamlined, helping to decrease
demands on processing resources and enabling subse
quent theory development. This mutual interactivity be
tween knowledge and perceptual structure fits well with
Wisniewski and Medin's (1994) "tightly coupled" view of
category learning.

At more advanced points along the continuum of ex
pertise, theories may exert simultaneous effects on both
the suppression and the enhancement of features. That is,
theories may bias the system to weight more heavily
(thereby enhancing) features that are indicative of taxo
nomic membership, while at the same time deemphasiz
ing features that are less relevant to identification. In this
sense, expertisepromotes strategiccategorization.Although
categorization typically is not considered an arena for the
promotion ofstrategies, it seems likely that experts develop
heuristics for detecting invariants and higher order features
and are able to generalize these processes to novel cate
gories, even when they fall outside the domain ofexpertise.

Different kinds ofcategorization tasks promote reliance
on different kinds of features. Even very young children
adjust their bases for categorization decisions across tasks
involving induction and tasks involving similarity relations
(Deak & Bauer, 1996). We have focused on how such
adaptability in the use of features that are indicative of
subordinate level categories may continue to improve at
very advanced levelsof knowledge. For novices,perceptual
boundedness appears to be the rule. This is understand
able, given that most novices know very little about the
functional characteristics afforded by perceptual features
that are indicative of subordinate categories. Thus, fea
tures associated with overall morphological characteris
tics, such as color, size,and shape, predominate in decisions
ofsimilarity.Novices' subordinate level identifications are
relatively difficult to study. (Unless one happens to catch
a novice on the cusp ofdeveloping expertise, subordinate
category names rarely are known.) However, it seems
likely that the same kinds of features recruited for simi
larity decisions would initially be most salient in identifi
cation (e.g., cardinals are red; dalmatians are spotted).

Intermediate and advanced experts possess denser net
works of feature information and more elaborate theories
concerning the relations among those features. The ad
vanced experts had been birding for an average of30 years
and had obviously had the opportunity to encode, relate,
and discuss songbird exemplars on numerous occasions.
The intermediate experts generally had less experience
within the domain and reported that they were engaged
less often with birds on a weekly basis than were the ad
vanced experts. Althoughtheir knowledgeofsongbirdswas
high, the intermediate experts were aware of fewer bases
for relations within the songbird domain and demonstrated
less flexibility in altering their recruitment of features
across tasks. The advanced experts may have attained such
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high levels ofautomaticity in the retrieval offeature knowl
edge that ample processing resources were available for
determining which features would be most appropriate for
particular categorization tasks. Future research is needed to
investigate the relative impact of information-processing
resources on categorical strategy use by individuals with
varying levels of domain-specific knowledge.

Conclusion
Throughout the continuum of expertise in object do

mains, the perception of both differentiating and higher
order features remains critically important to the classifi
cation and identification ofexemplars within the domain.
Theories are instrumental both in the recruitment of par
ticular features within a given context and in promoting
knowledge transfer through the selection ofnovel features
that align with those preferred within the familiar domain.
The features associated with particular concepts change
in strength throughout the continuum of expertise, which
results in changes in identification procedures, image gen
eration, and decisions about conceptual relations. Changes
in the relative strengths of particular conceptual relations
are afforded both through the learning ofgreater numbers
of features that are indicative of particular concepts and
through the noticing offeatures that are shared by concepts
from across the domain. Quantitative variations in feature
knowledge promote differing degrees offlexibility in fea
ture recruitment across categorization tasks. Advanced
experts not only know more; they know how to maximize
the efficiency with which that knowledge can be used across
various contexts.
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NOTES

I. Although it is possible that differences between expert and novice
performance in the less familiar domain arose because of differences in age
or level of motivation, we consider this unlikely. Parallel transfer effects
have been found more recently in a study ofsubordinate category extension
patterns involving adult dinosaur experts (Johnson & Eilers, 1996). In
this study, dinosaur experts performed better than novices on trials involv
ing unfamiliar shorebird exemplars, even though the groups did not
differ in terms ofage or the amount that they were paid for their participa
tion.

2. Identical patterns of results were found for response times to con
sistent triads. The intermediate bird experts solved these triads more
slowly than did any other group (p < .05).

3. The two advanced experts from Study I who provided this infor
mation solved conflict triads involving these birds by pairing the bunting
and the grosbeak. These solutions were coded as taxonomically based.
No other experts generated this solution.

4. Although one might question whether the experts actually were rat
ing perceptibility or some other aspect of feature importance (such as
the degree to which feature X varied within the domain), we are convinced
that the obviousness of features was rated. The experts and novices also
were asked to rate high and low salience features ofbicycles, dogs, scis
sors, and shoes for which adult salience ratings had been previously col
lected (Mervis et a!., 1994). No group differences emerged in the ratings
of these features, which suggests that the experts and novices were rat
ing features in the same way.

(Continued on next page)
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APPENDIX A
Features Indicative of Morphological as Opposed

to Taxonomic Relations Among Songbirds

Morphological Taxonomic
Triad Composition Features Features

1. acadian flycatcher coloration bill shape
vermillion flycatcher posture
scarlet tanager

2. bam swallow coloration bill shape
rough-winged swallow rounded head shape
orchard oriole

3. black-and-white warbler coloration bill shape
hooded warbler
American goldfinch

4. black-throated blue warbler coloration bill shape
blue-winged warbler posture
yellow-throated vireo

5. blue grosbeak coloration bill shape
pine grosbeak
purple finch

6. great-crested flycatcher coloration bill shape
vermillion flycatcher posture
scarlet tanager

7. red-eyed vireo coloration bill shape
yellow-throated vireo posture
blue-winged warbler

8. varied thrush coloration bill shape
hermit thrush eye shape
fox sparrow
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APPENDIXB
Features Indicative of Morphological as

Opposed to Taxonomic Relations Among Tropical Fish
Morphological Taxonomic

Triad Composition Features Features

1. Argentine pearl fish body shape tail shape
White's pearl fish coloration ventral fin shape
pearl danio

2. cardinal tetra coloration fin orientation
black neon tetra dorsal fin shape
three-lined pencilfish

3. cherry barb striped pattern dorsal fin shape
striped barb tail shape
zebra danio

4. cherry barb body shape dorsal fin shape
tiger barb
common glassfish

5. chocolate gourami size fin shape
pearl gourami spotted pattern mouth shape
jewel cichlid

6. kuhliloach body shape mouth shape
clown loach striped pattern
bumblebee goby

7. pearl danio striped pattern mouth shape
zebra danio
striped barb

8. red swordtail coloration fin shape
green swordtail
black-lined rainbow fish

9. rummy-nose tetra body shape fin shape
featherfin tetra coloration size
tinfoil barb

10. tiger barb body shape dorsal fin shape
rosy barb coloration tail fin shape
redbelly notho ventral fin shape
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