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Doug Medin has never played it safe. One of the manifestations of this ten-
dency has been his quest to take cognitive science ont of the laboratory in
order to Investigate low people think about the complicated, messy, but ulti-
mately real world. In this chapter we will present findings from a program of
research—conducted both inside and outside the lab—aimed at discovering
how real-world knowledge affects the use of categories in inductive reasoning.
To preview, we will argue that the specific effects of knowledge on category-
based induction include rendering nontaxonomic relations {including causal,
ecological, and thematic relations) available for guiding inferences and
increasing their salience relative to taxonomic relations. This in turn has the
effect of increasing the flexibility with which knowledgeable individuals can
gain aceess to and use different relations to guide induction in response to the
specifies of the context. However, these changes come with an additional pro-
cessing burden in that it is more Hme consuming to use specific relational
knowledge than to rely on general similarity. Taken together, these findings
demonstrate that te develop adequate accounts of how concepts are used in
reasoning, we must consider the impact of knowledge and experience on this
process.

Background

The research described herein focuses on category-based induction, defined for
present purposes as the process by which we project knowledge about certain
classes of entities to other related classes of entities, For example, given that
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mice haue.i{ia, inferring that rats have ilia, that all rodents have ilia, or that
cats have :I:ra would be an inductive inference. Generally speaking tl;e likeli-
hood‘of an inductive inference is a function of the relevant reIatiorjms believed
‘tl(;lemst z;mong the cl%}s'ses involved. But given the myriad relations that exist
;nf;r:i; :s:gz ?j} l;r;tthes, which relations do we rely on to guide inductive
Most current aecounts of category-based induction emphasize the impor-
tapco? of taxonomic relations in guiding reasoning (e.g., Osherson, Smith
Wilkie, Lopez, & Shafir, 1990; Rips, 1975; Sloman, 1993; for a review s,ee Heit,
_200'0). Taxonomic relations among concepts are based on global or sp:eci.ﬁc simj
ilgrity, shared features, or class inclusion. The Similarity Coverage Model
(SSJM; Oshn?rscm e.t al., 1990) has been particularly influential. According to
this rpodel, mduc'tlve arguments are perceived as strong to the extent that {a)
premise categor'les are deemed similar to eonclusion categories and (h)
premise catego_rles are deemed similar to sampled instances of a superordi-
nate category including both premise and conclusion. This second principle
known as coverage, predicts a phenomenon known as premise t:iiversityr
:;he:eby.::}l;gt{mt?nts with 'dissimifar premises are deemed stronger than argu-’
fﬂﬁrol“:si 1‘1‘; ar gslllz:;ljzzs?lemlses, all else being equal, For example, compare the

{a) Sparrows have ilia,
Cois have ilia,

All enimals have ilia,

(b} Sparrows have ilia,
Blue jays have ilia,
-
All animals have ilia.

The SCM predicts that (a) will be seen as stronger than (b) because spar-
rows and cats—relatively dissimilar animals—"cover” the category animal
more‘complet?ly (i.e., are similar to more kinds of animals) than sparrews and
blue jays, which are relatively similar to one another and thus provide less
Fomplete coverage of animal. More generally, the SCM predicts that inductive
mf‘ertanl:*es will be strong to the degree that premise and conclusion categories
are sam_:lar and/or premise categories provide adequate coverage of conclusion
categories. Another medel of induction based on taxenomic relations is the
Feature-Based Induction Model (Sloman, 1993). Tn brief, this model posits
that lvectors of features representing concepts are compared with one another
and inferences are strong to the degree that premise and conclusion concepts
share features, Although this model diffors from the SCM in important ways
for present purposes both models are driven by the idea that inductive infer:
enees are basedilargeiy on taxenemie relations between concepts. Both models
do an excellent job of predicting how U.S. college undergraduates evaluate the
relative strength of inductive arguments,
%Io'wever, models based solely on taxenemic relations do not fare so well in
predicting how experts reason in their domain of expertise; relative experts
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rely on causal or ecological relations as well as taxonomie relations in both cat-
egorization and reasoning. For instance, Lépez, Atran, Coley, Medin, and
Smith (1997) compared categorization and reasoning about local mammal spe-
cies by the Itza’ Maya of lowland Guatemala and U.S. undergraduates from
the University of Michigan. The Itza’ depend on local plants and animals for
subsistence and have extensive folk knowledge of local species. The undergrad-
vates possessed much less expertise about local species. Lopez et al. (1997)
compared diversity-based reasoning in these two populations by presenting
paired premises and asking which premise provided better evidence for an
inferenee to a general conclusion category. For the diversity items, one premise
pair contained two relatively dissimilar species (i.e., the choice predicted to be
stronger via diversity) and the other contained two similar species (the nondi-
verse choice); the conclusion ecategory was “all mammals around here” A mea-
sure of similarity among species was derived from results of a card-sorting
task performed in each locale. Participants were told that each pair of mam-
mals had a different newly discovered disease and were asked to choose which
disease was more likely to affect “all mammals around here." The U.S. under-
graduates picked the more diverse premises 96% of the time, suggesting heavy
reliance on taxonomic relations, In contrast, the Maya picked the more diverse

-.pair only 38% of the time, indicating no systematic reliance on taxonomic rela-

tons. Justifications were not systematically analyzed but suggested that eco-
logical relations, such as habitat, range, or feeding habits, were more salient to
the Itza’ than taxonemic relations among species. For instance, a typical {tza’
explanation might revolve around the fact that diverse species were unlikely
to contract the same disease or that taxonomically similar species actnaly
occur in different habitats and therefore are more likely to spread a disease
widely: That is, on diversity items, the Maya picked the pair for which they
could make the best reason as to why both had the novel disease, Often, this
happened to be the taxonomically less diverse pair,

To examine the source of this striking difference, Proffitt, Coley, and Medin
(2000) investigated diversity-based reasoning in US. tree experts, If US,
experts used diversity-based reasoning as the US. undergraduates did, then
differences between U8, undergraduates and Itza' in Lépez et al, (1997) coudd
be attributed to culture rather than experience. As in Ldipez et al. (1997), U.S,
iree experts were given two pairs of local tree species. Again, on the basis of
participants’ own sorting of the tree species involved, one pair was similar and
one pair was dissimilar and therefore predicted to support stronger inferences
via diversity. Participants were told that each pair had a new disease and asked
which disease was more likely to affect all trees. Like the Iiza’, U.S. tree experts
did not choose the more diverse pair significantly more than chance, suggesting
that extensive domain-specific experience reduced reliance on taxonomie rela-
tions for guiding inductive inferences. Also like the Hea’, US. tree experts men-
tioned causal or ecological factors in 56% of their justifications, including

. distribution, disease resistance, and native versus exotic origin of tree species,

This is not to say that similarity-based reasoning played ne role in experts’
inductive generalizations; it likely did. But clearly, in these experts’ justifica-
tions, similarity took a back seat to domain-specific knowledge about causal—
ecological relations among concepts in explaining inductive generalizations.
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thei?; botl*lxJ c;f these studies, experts’ inferences were not well-predicted by
dgmain“:fl‘ exep;e:‘;s: abfo{ut;hgen?rai taxonomic relations among items in their
¢ riise. Rather, for both the Itza’ and U.S. tre ¥
seemed to {rigger causal-ecologi i e oo
: or ¢ gical reasoning. These causal relations drive
llzc fr(;lrflamt-s%e.cuﬁc knowledge may be thought of as thematic relationg
comple;ulgn thrym alncz.Murphy (200{3, “Thematic relations are the external or
relations among objects, events, people d oth iti
that co-occur or interact to s i ’ ne” (b 3, A e otk o
gether in space and time” {p. 3), Althougl

conceptual development has addressed the relati lien, e v
¢ 1 } elative salience of th i -

[s:ls é&};onomwl ;c;l;lt‘lons in children {(e.g., Markman & Hutchinson elni;gtvll'cs‘:;
Ni rown, ; Waxman & Namy, 1997), researchers h hasize .
ascendancy of taxonomie relations ’Ho , * fmdings Wy
; jons. However, the findings deseribed i-

ously—that thematie relations amon o o i guiding

—th g concepts played a major role in guidi

gi??l;;s 1r;itairences~suggest that this emphasis may not Jbe war;;r;‘tl;:idl?g
M;] ],D _z;n . h?sgtf::;(:n sfiludy 01}‘1 catego}zy-based induction outside the lahorat.ory
ave shown that background knowledge st influ-

ences what relations are used to guide i ion; i e e
: . : guide induction; in the case of experts, the-
anzllsa:é;‘f;agons(}s;?em particularly salient guides for inductive infelgence: (s:e
Morors ’1932- 81[::1'» ;L Séh?rp, 8:93 1; Lin & Murphy, 2001; Luria, 1976; Ross &

hy, 1999;. Sharp, Cole, & Lave, .1979). In the followi i

describe several studies that elaborate on this ﬁndin];. ellowing sections, we

Inferences Based on Ca i
X C usal Relations:
Expert and Novice Reasoning About Marine Creatures

In the research reviewed in th i i
reh rev e previous section, evidence for expert use of
g?gtl‘agw;:;zxgl;giat};ns amfmimts to a failure of the predictions ofptaxonom?c
with careful analysis of experts’ explanations ft iri
ences. Recent work in our lab (Shafio & Col ) vsing & more o
2003) using a m
methodology revealed positive evid of on i e
ence of causal inferenc :
and also suggests that in addition t deri i o — e et
; . | o rendering various nontaxonomic rela-
21{:);1?{1?5:11;1;{? ::ﬁi?enc? m;ijr also provide greater flexibility in applying diffe{:'-
ons in erent inferential contexts, Exper i
fishermen) and novices (under, v
graduate students) were shown pairs of mari
creatures and told that they shared eith i iy (o, "thess
er an undisclosed property { “th
both have a property called theta” i e b e s
¢ ta”}) or a novel disease (e.g., “these bath h
n T el @
?;sease caﬂfc}ﬂze{a }. Instead of deciding which pair provided better evid:;c:
o ‘? genera lZ‘atIOD to all sea creatures, participants chose which specific
pre;lpl;iycre%mes }from representatives of the loeal ecology would share the
'ty with eac premise pair, thereby permitti i inati
the specific relations used to guide infere{lfesr.mi g detailed examination of
wat \.\; p,re?lcted that m?vices, with relatively limited knowledge about the
Bip l:rts s};gr g, wot;ld u}});uject both kinds of properties along taxonomic lines
5 , however, should use information in the properties t id ir i :
tions, thus using taxonomic relations o n el irootriomes
: g taxor ‘ to generalize novel properties and causal
;iljiiwns te gmde !:hen‘ g(_anfarah'zations of novel diseases, Results indicate that
es again relied heavily on taxonomic relations (based on previously
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collected sorting data) to guide inferences about both property and disease.

Experts also used taxonomic relations to guide inferences about unspecified

properties. In contrast, experts used causal relations—knowledge of marine

food chains—to guide inferences about unfamiliar diseases. The average pro-

portion of generalizations was the same for both novice groups and the experts
who projected novel properties. However, experts in the novel disease condi-
tion generalized significantly more. Moreover, although in all conditions pat-
terns of inferences correlated significantly with similarity ratings derived from
a previous sorting task, this correlation was much weaker for experts reason-
ing about disease. Therefore we selected ereatures that either ate the premises
{that were higher in the food chain) or were eaten by the premises (that were
lewer in the food chain), We compared the proportion of generalizations to
these specific targets to the average proportion of generalizations to all targets
in each condition. Results revealed that experts projected a novel disease to
creatures higher in the food chain (i.e, creatures that habitually preyed on a
diseased species) significantly more than average. No such increase in projec-
tions was observed for creatures lower in the food chain (i.e., creatures that
were habitually preyed on by a diseased species). Nor were there any such
effects of food chain relations for experts when reasoning about property or for
novices reasoning about disease or property. The asymmetry of this finding
strongly suggests that an underlying causal belief was puiding expert indue-
tive inferences about disease—namely, that dizease can be spread by eating a

diseased creature. Experts also flexibly used causal relations to guide infer-

ances about disease but not about a blank property. It seems that expertise
involves knowledge of many kinds of relations among items that guide infer-
ences in a context-dependent manner, The interaction between relations and
properties suggests that experts have two underlying knowledge structures.
Hierarchical structures store taxonomic knowledge about the relatively con-
text-independent similarity among items. Relational structures store causal
knowledge about how the items interact in space and time. The application of
these different structures is cued by an underlying theory about how particu-
lar properties relate to the domain at Jarge and the items under consideration,

Expert and Novice Reasoning About Mustc

udies (Baraff & Coley, 2003; Coley & Baraff, 2003), we
examined category-based induction in the domain of music. Because of its

abstract nature, music poses an interesting contrast to folkbiclogy: Simiarity
carmot be computed on the basis of obvious visual properties or features, One
goal of these studies was to assess the generalizability of novice—expert natu-
ral kind induction differences. Research reviewed in the preceding section
suggests that novice category-based induction is predicted by taxonomic—
similarity relations. Experts, on the other hand, appear to use both specific
knowledge rendered relevant by relations among categories and properties,
and general taxonomic relations among categories. Thus, if results previously
reported in the domain of biology are general, then, in the domain of music,

In another set of st

experts should flexibly use both general taxonomic-similarity relations and



74 COLEY ET AL.

more SpE.‘(:‘LﬁC refations rendered salient by the context of the inference. How-
ever, novices, who by deflinition have little detailed relational in.f‘orr;lation
available to th-em, should use only taxonomic information. |
To test this question, 12 novices and 12 experts were recruited to perform
two .tasks. Novices lacked extensive music training and knowledge in ethno-
musicology. Experts were musicians or composers from the greater Bﬁston
area. In.t.he first task, participants were asked to sort 25 index cards, each
wut}} a different composer’s full name. Composers were chosen to be gen’eraliy
familiar (based on pretesting) and to represent a range of musical genres (e
Beethoven, Bob Dylan, Andvew Lloyd Weber). Participants were asked to soglé
the c_ards on the basis of similarity of music composition style. After the results
of this sm"tmg task were compiled, 24 inductive arguments were constructed to
be used in a.standard strength-of-argument rating task that assessed the
degree to which measures of taxonomic distance (derived from the sortin
tgsk) wnul.d prfedlct category-based inferences, OF these arguments, 16 cmf
sisted of diversity-based arguments and 8 consisted of sinﬁlarity—bas,ed argu-
ments '(OShEI'SOD et al, 1990). All items contained two premises andgua
cqnclusm‘n, and -f'or all arguments, the property heing queried was “uses tech-
m.que X in music writing” where X was a different letter for each item. This
f}mg&lb_‘f was chosen to be as blank as possible—that is, it would be unlikely
ha pattl.mpants would have prior beliefs about whether specific composers
use technique X. Sample items are presented in Table 5.1. In the Stronglih' -
ment column, the first argument is taxonomically strong because Bee!hofsl
and Bach are very similar to Mozar (based on results of the sorting task). The
secanq argument is taxonomically strong because Buch and Bob ﬂ[ﬂi'!e_);‘ are
each similar to very different composers and therefore provide strong coverage
of al_l composers. In the Weak Argument column, the first argument is taxi-
nomically weak because Bob AMarley and John Lennon ave not similar to
Mozar.t; _Ehe, second is taxonomically weak because Beethoven and Bach are
very similar to each other and therefore do not cover all composers very well

Table 5.1. Sample Items From Music Strength-of-Argument Rating Task

Conelusion  Taxonomically strong arguments Taxonemically weak arguments
Specific Beef{‘mven uses fechnique X in Bob Marley uses technique X in
misic writing. music writing, T
Brz-ct}‘z uses technique X in music John Lennon uses technique X'in
writing, music writing.

Mozart uses technique X in musie  Mozart uses technique X in music

writing. writing
Ge :
neral Ba.cf.z uses technique X in music Beethoven uses techrigue X in
writing. . music writing.
Bob 'Marley uses technique X in Bach uses technique X in music
music writing. writing.

All £OMmpOSers use technique X in All composers use technique X in
music writing. muste wrifing,

'
i
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Arguments were presented via computer. Bach argument was initially
presented in red lettering for 15 seconds during which no response could he
entered; after the 15-second interval, the lettering turned green, indicating
that the participant could now enter his or her response. Instructions encour-
aged participants to take their time ‘and think about each guestion carefully
before answering, Participants rated the strength of each argument individu-
ally, on a seale of 1 (weak argument) to 7 (strong argument), Additionally,
response times were recorded from the. point at which the lettering turned
green to the point at which a response wasg entered. Twelve novices (aH lack-
ing any extensive music training or coursework in music) and 11 experis
{musicians and composers from the greater Boston area) were assessed,

If novices rely on taxonomie relationships, they should rate strong argu-
mients to be significantly stronger than weaker arguments. If experts rely on
specific knowledge of compesers rather than general taxonomie relations, they
should not necessarily rate taxonomically strong or weak arguments differ-
ently. As predicted, novices rated arguments predicted to be taxonaomically
strong (M = 4.45) significantly higher than arguments predicted to be taxo-
nomically weak (3 = 2.80). In contrast, there was no difference between
expert ratings of strong and weak arguments (M = 4.18 and 3.53, respec-
“tively). Results were procisely as previously reported for folkbiclogy: Novice
responses reflected their taxonomic sorts, whereas experts resorted to another
strategy to rate argument strength. Although the speeific type of reasoning for
which exyperts abandoned taxonomic-hased responses is not clear, it is likely
that their responses are contingent on the specific knowledge and beliefs
about the composers mentioned in each argument. For example, one expert
explained informally that Mozart and Bon Jovi—a diverse premise pair pre-
dicted to have relatively high coverage on the basis of sorting data—vere
actually gquite similar in that both use strong beats in their composition style.
Likewise, this expert pointed out that Mozart and Debussy—both from the
classical group and therefore predicted to have relatively low coverage—were
actually quite different because Debussy’s use of free-form rhythm contrasts
sharply with Mozart’s use of a strong beat. Thus this expert demonsirated use
of diversity but responded based en context-dependent relational knowledge
instead of general taxonomic—similarity-based knowledge demonstrated in the

initial sorting task. In contrast, novices, lacking such detailed specific knowl-
edge, rely on the taxonomic relations revealed by their sorting, One bit of evi-
dence in support of this explanation is the fact that experts took significantly
longer than novices to respond, suggesting the use of rich, context-dependent
relations, which are more cognitively taxing than nevice taxonomie relations.
Indeed, a second goal of these experiments was to explore this possible
cognitive processing difference between taxonomic-similarity-based reasoning
and context-dependent relational reasoning by testing novices and experts
under time pressure, One possibility is that the context-dependent reasoning
favored by experts is cognitively more demanding than similarity-based rea-
soning because context-dependent responses reguire that specific knowledge-
driven refational similarity is constracted on the fly. Spontaneously generat-
ing these specific relations should be more cognitively demanding than simply
accessing general taxonomic—similarity relations that are already available.
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A'nother possiblity is that hoth context-dependent and similarity-based rela-
tions are equally cognitive taxing, either because both are generated on the fly
or because both sets of relations are already available, In this case, a cognitive
load should affect both taxonomic-similarity-based responses as demon-
strated by novices and context-dependent responses as demonstrated by
experts.

To test this prediction, we used the same 24 inductive arguments and
slf:rength-of-argument rating task. Two minor changes were added to induce
time pressure. In the speeded condition, each argument was initially pre-
slented in red lettering; however, instead of a mandatory 15-second waiting
time, the lettering turned green after only 3 seconds, indicating that a
response could be entered. In addition, instructions encouraged participants
to answer as quickly as possible without sacrificing aceuracy. Twelve novices
(all lacking any extensive music training or coursework in music} and 11
experts (musicians and composers from the greater Boston aree) who had not
been assessed in the previous studies were tested. Response time was
recorded as described for the unspeeded condition.

?n t‘he‘speeded condition, novices again showed a significant use of taxo-
nomic similarity by rating arguments predicted to be taxonomically strong
(Af = 4.02) significantly higher than argnments predicted to'be taxonomically
weak (M = 3.00). In contrast to the unspeeded condition, experts in the
speeded condition also showed reliable usage of tazonomic similarity; experts
rated taxonomically strong arguments (M = 4.24) significantly higher than
taxonomically weak arguments (M = 3.02).

.It is critical to note that time pressure had differing effects on experts and
novices. To examine this interaction more directly, we computed the difference
between ratings for taxonomically strong and weak arguments. Larger differ-
ences 1'eﬁ‘ect stronger accord with taxonomic predictions. Under time pres-
sure, nO\.nces showed decreasing (albeit not significantly) differentiation of
?axonomlcally strong versus weal arguments, whereas experts showed signif-
jcantly increasing differentiation (see Figure 5.1). Thus speeding up judg-
ments did not simply introduce more variability into responses across the
board. Rather, it led to a qualitative change in expert responding but no sub-
stantive change in novice responding.

One possible account of this qualitative change in expert responses is that
experts retain a general scheme of taxonomic relations ameng concepts in
their domain of expertise but also acquire a rich network of specific relations,
?vhich augment and potentially everride general taxonomic relations in guid-
ing inferences. In the unspeeded conditions, experts had time to access these
rich specific relations and therefore their ratings were not predicted by gen-
eral taxonomic similarity, In contrast, when the subjects were under time
pressure, rich, context-dependent relations could not be accessed quickly
enough, and so experts used more readily available general taxonomic knowl-
edge to guide inferences. As a conseguence, expert responses showed high
agreement with taxonomic sorts derived from the sorting data in the speeded
conditions only. (In support of this interpretation, no differences were
observed hetween expert and novice response time in the speeded condition.)
In both conditions, novices use general taxonomic relations as a default
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Figure 5.1, Effects of time pressure an faxonomic reasoning.

approach because those are the only relations salient to them. These results
suggest that category-based induction using rich, specific, context-dependent
relations is cognitively more taxing than general taxonomic or similarity rela-
tions, which appear to be more readily available to both experts and novices
under time pressure. In other words, time pressure induced a qualitative
change in experts' approach to induction. In contrast, ne such change was evi-
dent for novices.

The results also suggest that patterns of reasoning previously reported
for folkbiological induction may be more generally applicable. Without a time
conskraint, novice responses were predicted by taxonomic—similarity relations,
whereas experts flexibly use both similarity-based ond context-dependent
relations to guide induction. This pattern of results mirrors inductive infer-
ence differences found between experts and novices int the domain of biology.

Domain-Specific Effects of Knowledge: Reasoning
About Animals and Alcohol

Results reviewed in the previous section show that, relative to novices, experts
in a given domain shew decreased reliance on taxonomic relations to guide
inferences and a corresponding increased use of causal or other contextual
relations. Experts are alzo more likely to provide causal explanations of their
inferences and show greater sensitivity to the property being projected than
novices, However, in all of the studies reviewed previously, experts and nov-
ices were drawn from different populations {commercial fishermen, profes-
sional musicians, Itza® Maya vs, university undergraduates), which introduces
numerpus potentially confounding variables such as age, level of education,
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socioeconomic status, and other variables into the comparison. Many of these
limitations were addressed in another line of study. Stepaneva and Coley
(2003) investigated the role of experience in category-based induction by hold-
ing the population constant and manipulating the familiarity of the domain of
inference. Specifically, we examined how universify undergraduates reasen
about animals and alecholic beverages.

We chose the domain of alcoholic beverages because (a) taxonomic rela-
tions within the domain were 'deemed transparent {e.g., beer; wine, liguor; and
varieties thereof) and (b) university undergraduates are likely to be relatively
experienced with aleohol. Consumption of alcohol is an integral part of eollege
culture, and drinking is an activity in which most students participate and
that they discuss regularly. Even those students who do not drink much are
still very familiar with the effeets of alcohol. This extensive knowledge is
abundant, including various folk theories on how to maximize or minimize the
effect of various types of alcohol when consumed separately or combined. Thus
college students’ knowledge of alcohol may share important components with
commerecial fishermen’s knowledge of marine creatures or the Ifza' Maya's
knowledge of mammals: high relevance, impertant part of culture, firsthand
experience, frequent exposure, and abundant folk theories. As such, nontaxo-
nomic relations (such as knowledge-driven causal relations) may outweigh
taxonomic relations in undergraduates’ reasoning about alcohol. Reasoning
about alcohol was compared {o reasoning about animals, The typical under-
graduate student has little divect interaction with animals, and knowledge
about animals can be seen as less relevant than knowledge about alcohol. Pre-
vious studies have shown that college undergraduate’s reasoning in this
domain is strongly influenced by taxonomic relations among categories, such
as mammals, birds, and fish. In general, we predicted that undergraduate rea-
soning about alcohol should show features of an expert reasoning profile
(fewer consistent diversity-based choices, more causal explanations of choices,
more sensitivity to property), whereas undergraduates reasoning about ani-
mals should shew a novice reasoning profile (more consistent diversity-based
choices, more taxonomic explanations of choices, little sensitivity to property).

) Stimuli used in the domain of alcohol were categorical arguments employ-
ing specific kinds of beer (e.g., Samuel Adams), wine (e.g., merlot), andfor hard
tiquor {e.g., Absolut vodke) as premises, Three pairs of arguments were chosen
to test premise diversity; in each paiy, the strong argument contained pre-
mises from two categories of alcohol whereas the weak argument contained
two premises from the same category. The conclusion for these three pairs was
general (any alcohol). Nine additional arguments were included in the task as
distractors that will not be discussed here. Analogous items were construcied
for the domain of animals, but instead of beer, wine, and liquor they employed
specific kinds of mammals (e.g., skunk), birds {e.g., robin), and fish (e.g,
sadmon). See Table 5.2 for sample items.

Participants were asked two kinds of questions in.each domain. In the
domain of alcohel, participants were asked to generalize a novel chemical
property or the propensity of different alcoholic beverages to induce sickness.
In the domain of animals, participants were asked to generalize a novel chem-
ical property or the propensity of a given food to make different animals sick.
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Table 5.2. Sample Items From Animals/Alcohol Strength-of-Argument Rating Task

Pomain Taxonomically strong arguments Taxzonomically weak arguments
Alcohot Samuel Adams beer Samuel Adams beer

Absolute vodka ' Rolling Rock beer

Any alcohol Any alechol
Animals -Skunk Skunk

Salmon Coyote

Any animal Any animal

In the unfamiliar demain of animals, we predicted that participants would
rely on taxonomic-based reasoning strategies to generalize both properties, In
the more familiar domain of aleohol, we predicted that participants would
madulate their reasoning strategy depending on the property. The less famil-
iar chemical property was expected to lead to taxonomic-based reasoning; the
more familiar geffing sick property was expected to lead to more causal rea-
soning because of its relevance to students’ beliefs and theories about alcohol.

Potential inferences were presented as a forced choice, items were pre-
sented in randomized order, and participants were asked to explain each
choice, Undergraduate participants (¥ = 186) were randomly assigned to one
of four conditions (presented with an example item}:

Alcohol/Chemical: Budweiser beer and Chardonney wine contain
chemical A; Budweiser beer and Sam Adams beer contain chemical B,
Which chemical is more likely to be present in any alcohol?
Alcohol/Get Sicl: Person A got sick after drinking Budweiser beer
and Chardonnay wine. Person B got sick after drinking Budweiser
beer and Sam Adams beer. Which person is more likely to get sick after
" drinking any alcohol?

Animal/Chemical: Shunk and Salmon have chemical A; Shunk and
Coyofe have chemical B, Which chemical is more likely to be in all
animals?

Anima¥Get Sick: Skunk and Salmon got sick from food A; Skunk
and Coyote got sick from food B. Which food is more likely to make all

anfmals sick?

The dependent variables of interest were (a) consistent diversity-based choices
(pereentage of participants who chose two or more diversity arguments out of
three} and (b) consistent taxonomic or causal explanations of choices (percent-
age of participants who explained two or more out of three choices with taxo-
nomic or causal justifications). Explanations were coded as faxonomic
{mentioning similarity among categories or coverage of superordinate—for
inatance, explaining a choice of beer and bourbon by saying, “Because he got
sick from a wider variety of aleohol”} er causal (specifying a process or mecha-
nism using vocabularies not present in the event descriptions—for instance,
explaining the same cheice of beer and bourbon by saying, “Because if they
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throw up ol?: beer, they are more likely to throw up off anything; beer is lighter
tha‘n vgdka ‘). Three or four out of four independent coders agreed on 90% of
all justifications; remaining disagreements were resolved by discussion.

Diversity-Based Choices

As predicted, property had an effect on consistent diversity choices in the afco-
hol domain but net in the animal domain, Specifically, in the alcohol domain,
more participants consistently chose diverse arguments when reasoning about
getting sick than when reasoning about a chemieal. In the animal domain,
property had no effect on consistent diversity choices (Figure 5.2). However,
there was no difference between domains in the number of participants who
were consistent in their diversity-based choices (aleohol; 77%; animals: 75%).

Explanations

As with fliversity-based inferences, property had the predicted effect on both
taxonomu:. and causal justifications in the alcoho! domain but not in the ani-
ma{ domain (Figure 5.3). Specifically, in the alcohol domain, taxonomic-expla-
natigns WEre more common for inferences about a chemical, whereas causal
exp]anatulms were more common for inferences about getting sick. In the ani-
mal domain, property had no effect on explanations provided for inferences, As

1 0 Chemical
0.9 B Get Sick

0.8
0.7
0.6
0.5

0.3 1
0.2
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Consistent Diversity-Based Choices
o
-
L

Alcohol Animals
Figure 5.2. Diversity-based responses by domain and property.
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Figure 5.3. Explanations by domain and property,

with diversity-cheice results, the number of participants consistently provid-
ing taxonomic or causal explanations did not differ between domains (taxo-
nomie explanations: alecohol 78%; animals 74%; causal explanations: alechol
22%, animals 269%).

The results of the domain manipulation show that experience does not
lead to a global change in reasoning. Undergraduates’ reasoning about alechol
did not differ from undergraduates’ reagoning about animals in terms of over-
all consistent diversity-based choices or the nature of their explanations, This
finding suggests that these two domains are not as fundamentally different as
they seem, their taxenomie structure is not incomparable, and our manipula-
tion of experience by varying domain is not confounded by structural differ-
ences between these two domains.

The eritical result of this set of studies is that the role of property in indue-
tions and explanations varies depending on the demain and experience associ-
ated with it. Undergraduates showed ubiquitous property effects when
reasoning about alcohol and no such effects when reasoning abeut animals,
When reasoning about aleohol, undergraduates made more consistent diversity-
based choices when drawing inferences about geffing sick than when drawing
inferences about & chemical. Likewise, when reasoning about alcohol, under-
graduates were more likely to provide causal explanations and less likely to pro-
vide taxonomic explanations for inferences ahout getiing sick relative to
inferences about a chemical. In contrast, when reasoning about animals, no
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such differences between getting sick and chemical were observed. This differ-
ential sensitivity to property is very similar to property effects found with com-
mercial fishermen when they reasoned about the subject of their expertizse-—fish
{Shafto & Coley, 2003).

If we consider sensitivity to specific relations rendered relevant by contex-
tual factors—such as the property being projected—as one of the important
factors that distinguish the reasoning of experts from that of novices, then we

- may concludethat the same population-of-college students showed expertlike
reasoning in the domain of alcohel and novicelike reasoning in the domain of
animals. Moreover, undergraduate reasening about aleohol shows striking
parallels to expert folkbiological reasoning characterized by Aexibility and
sensitivity to context.

Toward a Comprehensive Model of Category-Based Induction

Taken together, these results suggest that when drawing inductive inferences,
we use 2 broad array of relevant knowledge, including specific causal and the-
matic relations rendered salient by the context of the inference as well as gen-
eral taxonomic relations nmong categories, More specifically, they demonstrate
soveral recurrent themes with respect to the ways in which knowledge informs
category-based induction, First, a wide variety of conceptual relations are
available to knowledgeable experts, who use causal, taxonomic, and other spe-
cific relations to guide inductive inference. Thus knowledge seems to have the
effect of increasing the availability of different kinds of relations to guide
induetion. It is important to note that knowledge does not simply lead to an
abandonment of taxonomie reasoning but rather, perhaps, to a reordering of
the salience of nontaxonomic relations relative to generat taxonomie similarity.
In support of this, Shafte and Coley (2003} found that experts were no less tax-
onomie than novices in their reasoning about “property X.” Likewise, without
time pressure, music experts' inferences were presumably guided by rich
context-specific relational knowledge, but under. time pressure they reasoned
as predicted by general taxonomic similarity. This variation suggests that
experts preferred to use specific relational knowledge when possible but were
perfectly able to reason taxonomically when necessary.

Second, and relatedly, knowledge has the effect of increasing the flexibil-
ity with which diiferent kinds of relations can be recruited to guide inferences.
This increased flexibility is particularly evident in the consistent effects of
property on patterns of inference for commercial ishermen reasoning ahout
marine creatures and for undergraduates reasoning about alcahol. In the
former case, commercial fishermen used taxonomic relations when drawing
jnferences about “property X” but shifted to foed chain relations resulting in
causal inferences about “disease X" Novices showed no such ghift. Likewise,
undergraduates showed consistent property effects when reasoning about
alcohol but no such effects when reasoning about animals. Specifically, in the
alcohol domain, participants exhibited increased reliance on diversity for
choices, more frequent causal explanations, and less frequent taxonomic
explanations when reasoning about “getting sick” versus “chemical.” In
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contrast, in the animal domain, no differences between reasoning about get-
ting sick and reasoning about a chemical were observed. These findings sug-
gest that a critical effect of knowledge is to increase the flexibility with which

various relations can be used to guide induction.
Finally, results suggest that the use of complex relational knowledge to
guide induction comes at a processing cost. This evidence comes from the stud-

“ies of mysic experts and novices. In the unspeeded condition, experts took reli-

ably longer to respond than novices and their reaponses were not predicted by
their sorting of the composers. In contrast, in the speeded condition there
were no differences between experts and novices with respect to response
time, and both groups' inferences were as predicted by simitarity derived from
their sorting. This pattern of results is consistent with the view that without
time pressure, experts make on-line computations of argument strength based
on relevant relations brought to mind by their speeific knowledge of the com-
posers mentioned in the premises. Under time pressure, experts may not be
able to make these computations and therefore default to the use of velatively
fast generat similarity. In contrast, novices have little more than this fast gen-
eral similarity to begin with and therefore show few effects of time pressure.

In sum, we suggest that the specific effects of knowledge on category-
based induction include rendering a variety of conceptual relations available
for guiding inferences and increasing their salience relative te general taxo-
nomic relations. This in turn has the effect of increasing the flexibility with
which knowledgeable individuals can access and usge different relations to
guide induction in response to the specifics of the context. However, these
changes come with an additional processing burden in that it is more time
consyming to use specific relational knowledge than to rely on general taxo-
nomic similarity. .

Clearly, these findings are difficult to explain using a theory of categery-
based induction driven solely by taxonemic or similarity relations among con-
cepts. For experts (and to a lesser degree, for novices), inductive inferences can
be guided by general or specific taxonomic relations, but they are also driven
by causal and thematic relations that are not taxonomic at all. In light of such
evidence highlighting the importance of thematic as well as taxonomic rela-
tions in guiding inductive inference, Medin, Coley, Storms, and Hayes {2003}
have proposed a framework theory of induetion based on the idea of relevance.
This view proposes that when evatuating an inductive argument or making an
inductive projection, salient relations among premise categories, or premise
and conclusion categories, provide the basis for the inference. Background
knowledge, including knowledge relevant to the property heing projected, can
influence the relative salience of potential relations ¢for a similar approach,

_see McDonald, Samuels, & Rispoli, 1996). Thus a relevance-based approach

allows for causal and thematic as well as taxonomic relations to enter inte cal-
culations of inductive potential.

We think this approach is the correct one. Moreover, we would argue that
the findings we report raise several challenges for future research in category-
pased induction. First, the findings raise developmental guestions about the
aequisition of expertise and the way in which specific contextual relations
come to augment general taxonomic relations for guiding inductive inferences.
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One way to address this question in the domain of folkbiology is to examine
how various relations guide induction among children growing up in environ-
ments that support differential levels of experience and direct interaction with
p]an-ts and animals (Coley & Blaszezyk, 2003; Coley & Freeman, 2003; Ross,
B"Iecim, Coley, & Atran, 2003). Such research could reveal either that rela.
t'%onal re'asoning develops in concert with taxonomic reasoning given a suffi-
ciently rieh environment or that taxenomic reasoning is developmentally prior
to, and providesa basis for, further elaboration of the folkbiological conceptual
syst‘em. Another challenge is to explore the conditions under which relative
novices access different kinds of relations to guide inferences. Even in the
domain of folkbiology, in which undergraduates are notorions for their lack of
k.nowledge, research has shown flexibility in inductive reasening given rela-
‘tions tl}at are sufficiently salient to compete with general taxonomie similar-
ity (Heit & Rubinstein, 1994). A third challenge involves developing specific
models oi: L_nductive reasoning that take into account the Aexibility and con-
t.ext sensitivity of knowledge-based induction, Medin ot al, {2003) provide a
likely fra}nework within which such models could be developed, but models
that detail how specific relations are selected, or dynamic models that could
address how the acquisition of knowledge changes the system, remain to be
worked out. In closing,-we-simply note.that none-of these potentially impor-
tant avenues of future research would have suggested itself were it not
for Doug }\‘Iedin, whe had the insight to begin to examine the ways in which
f}f:;])li think about the complicated, messy, but ultimately real world outside
ab.
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