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\\ 'hv study induction, al.rd irrcleecl, why shoulcl thcre be a rvholc book devotcd
trr t l.rc study of induction? 

' l 'hc 
first reirson is thirt incluctivc rcasonir.rg cor-

rcsps1li5 to probabil istic, rrucert.rin, appr()xinri ltc reirsoning, irnd as such, it
corrcsponds to evcryday rcasoning. On a daily trasis wc drirw infcrcnccs such
.rs horv a person r,vil l  probably irct, what the weather wil l probably bc l ike, and
iron'a mcal wil l probablv taste, ancl thesc arc typical incluctivc int-erences. So
it 'rescarchers want to study a firrrn of reasoning that is actually a pen,asive
;osnitive irctivity, then induction is of appropri;rte intcrest.

-[hc 
scconcl rcilson to study induction is that it is a rnultifaceted cognitivc

.rctivity. It can be stuciiccl by asking young children sinrple questions irrvolving
j.lrtooll picturcs, or it can bc stucliccl by giving adults a variety of conrplex
r crl: lal lrguments and asking thenr to rr.rake probabil ity judgnrents. Although
rnduction itsclf is uncertain by nature, there is sti l l  a rich, and interesting, set
,ri regularit ics associated with induction, and researchcrs are sti l l  cl iscovering
ncrv phenorncna.

-l 'hird, 
induction is relatecl to, and it could be argucd is central to, a number

,ri other ctlgnitive activit ies, includiug categorization, sin-ri larity judgrnent,

probabil ity judgn.rent, and clecision making. For exarlple, much of the study
tri incluction has been concerned lvith category-based induction, such as
intcrring that your next door neighbor sleeps on the basis that your neighbor
rs a human animal, even if you have never seen your neighbor sleeping.
..\nd irs wil l be seen, similarity and induction are very closely related, nrany
.rcc()unts of induction using similarity as their main currency (Heit & Hayes,

1005  ) .
Finally, the study ofinduction has the potential to be theoretically revealing.

l lecause so much of people's reasoning is actually inductive reasoning, and
because there is such a rich data set associated with induction, and because

induction is related to other central cognitive activities, it is possible to find
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out a lot al)out not only reasouing but cclgnition rnore generally by studying
induct ion.

Incluction is traclit ionally contrastccl with clcdr.rction, which is conccrned
rvith drawing logically valicl conclusions that must follow frorn a set of
prenriscs.'t 'hc foll<lwing section wil l consicler possible cle finit ions of ir.rduction
by clescribing possible relations tretwccn induction ancl cleduction. But f lrst it
is uscful to bricfly urcntion that the reasons for studying induction to some
cxtcnt i lrc l inkcd to thc cliffercnces bctween induction and decluction. That is,
it could lrc arslrctl that irrcluction, iu c<lnrparison to cleduction, characterizcs
nrore o1'e-veryclay reasoning, has the potcntial to be studicd with a broader
rangc o{'tasks ancl rnirte rials, arrci is closely relirtccl to othcr cogrrit ive activit ics
t h.rt hcl p I)c()plc rnil lr irgc r.l necrti l  i  lr t v.

H O W  I S  I N D U C T I O N  R E L A T E D  T O  D E D U C T I O N ?

Although it nright bc r.ratural to ask "how are incluction and deduction difl-cr-
cnt?" that woulcl irrcsul'r i)ose thc conclusi()n that they are actr-rally clift lrcrrt.
Although inclucticlr.r ar-rcl deducti<ln rtre trarl it ionally considerccl alternatives
to eaclr othcr, as rvil l  be ,seert under sonre conceptions the -sirnilarit ics are
n.ruch grcater than the cliff 'crences. Bcforc assessing to what extent inductior.r

ant l  dcduct ion i t re 's inr i lar  or  t l i f f -ercrr t ,  i t  is  f i rs t  inrpor tant  to  considc l  just

what kind of entit ies ir.rclucti<ln and deductioll are. Although not alrvays rnade
cxplicit by rescarchers, therc are two views or.r this issue, namely, thc "problcn.r

vierv" and the "process vicrv." Accorcling to thc prolrlern view, induction and
clecluction refer to particular types of reasoning problents. So tjorn kxrking
at a particular problenr, say a question on r piecc of paper in a psychologi-
cal cxperinrent on reasor)ing, it shoulcl be possible to sav whether this is an
induction problcn'r or a deduction problem (or possibly it could be deerned
debatable whether it is one or the other). In contrast, according to the proccss
view, the locus of the question is not on the paper but in the head. That is,
indr.rction and deduction refer to psychological processes. For ir given prob-
lerl, i t n.ray be possible to answer it using induction processes or decluction
processes. Likewise, we can investigate what is the relation between tl.re two
kinds of processing.

-l 'he 
problem view and the process view have to a large extent been con-

fbunded in the l iterature. That is, researchers who have studied problems
that are traditionally thought of as induction have typically been interested
in difl-erent psychological theories than researchers who have studied tradi-
tional deduction problems. However, for the sake of clarity it is better to treat
the two views separately, nan-rely, how problems of induction may differ from
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problems of deduction, and how inductive processes may differ (or not dif ler)
from deductive processes. These two viervs wil l now be addressed in turn.

The Problem View

GENERAL ANr)  spFrctFl ( ; .  I t  is  somet imes saic l  that  induct ion goes f rom the
s1.recific to the gencral, and dcduction goes fr<lm the general tcl the spccihc.
For exan.rple, after observing that many individual dogs bark, one might
inducc a ntorc general beliefthat all dogs bark. Alternately, having thc general
belief that all clogs bark, one might deduce that some particular dog wil l bark.
However, t lrere are difhculties with this vcrsion of the problem vicw. (lclnsider
the following arguntents. ( 'Ihc staternent abovc thc l ine is a prcmise that is
assumecl tcl be true, and the task is to considcr the strength of thc conclusron,
belorv the l ine. )

Dogs have hearts ( I )

All nranrnrals have hcirrts

All  n'r irrnn.r ir ls have hearts (2)

[)ogs havc hcarts

I)ogs have hearts (3)

Wolves havc hearts

[)ogs havc hearts (4)

At lcast some mantmals have hearts

Argument ( I ) is a good example of an inductive argument going from
specil ic to general, and likewise argurnent (2) is a good exantple of a deductive
argument going from general to specific. Yet argurnents (3) and (4) do not f it
neatly into this scheme. Argument (3) is somewhat plausible but surely not
deductively valid, so it is better thought of as an inductive argument. yet it goes
from specific to specific rather than specific to general. Finally, argument (4)
seens to be deductively valid, yet it starts with a specihc statement. Sti l l , i t is
possible to disagree about these last trvo arguments. For argument (3), it could
be said that there is an intervening general conclusion, such as "All mammals
have hearts." For argument (4), it could be said that there is a hidden general
premise, such as 'All dogs are mammals." The key point is that one can't just
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look at the rvritten form of an argument, in terms of whether it goes from

specific to gencral or vice versa, and easily state whether it is inductive or

deductive in nature.

DEb*rNrNG vAlrDrry. Hence, it would seern prolitable to take a more subtle

approach to the problenr view. Perhaps the most defensible version of the

prcltrlenr vierv is to define cleductivcly valid argunrents, and relate other kinds

of argumcnts to those that are deductivcly valid. t)ne standard clefinit ion of

clcductively valid argur.nents is that these are arguments following the rules of a
rvell-specil iccl logic. Assunring that onc can specify thc rules of one's prcferred

logic, siry in terrns of trr.rt lr tables ftrr virrious symbolic combinatior.rs, then

it should be possiblc (if not casy) to clctemrine whcther any given argument

is deductivcly valicl or not. It n.right be sccn as a surall disadvantage of this

approach that cleductive validity is not dcfined in irbsolute terms but only

relative to a krgic. Diff-erent people might endorsc diff lrent Lrgics ancl hence

disagree irbout whicl.r zrrgunrents are clcductively valid. On the othcr hancl,

dcfining decluctive validity relativc to a logic could be seen as an advantagc
in terrns of giving flexibil i ty and in terms of appreciating that there is r.rot a

single true logic that is universally agreerl.

A nrorc serious problenr with this version of thc protrlem view is that it does

not say rnuch abclut inductive problen.rs. Orrce the deductively valid arguments

are defirrcd, what remains are the cleductively invalid ones. Prcsurnably son.rc

of these arc stronger than otlrers, in terrls of induction. Fclr example, compare
argunrent ( I ) above to argument (5) bcl<lw.

[)ogs havc hearts (5)

Al l  l iv ing th ings have hearts

It shor.rlcl be clear that neithcr (l) nor (5) is deductively valid, yet some-

how ( I ) seems n.rore plausible in terms of being a good inductive argument.
Whatever rules of logic are used to define deductive arguments lnay not be

too usefu l  i r r  determir . r ing that  ( l  )  is  s t ronger than (5) .

LEVELS oF cERrAlNrv. Another approach to the problem view is to describe
arguments in terms of the certainty of their conclusions (Skyrms, 2000).

Consider argurnent (6).

Dogs have hearts (6)

Dogs have hearts

In this case, it seems absolutely certain that if the premise is taken to be

true, then the conclusion must necessarily follow. This must be a perfectlv
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valid argr.rment. On the other hand, an argument such as (2) above might
seem to have a very certain conclusion, perhaps 99.50lo certain. This level of
certainty coulcj sti l l  be well over the threshold that is required for saying that
.rn argumcnt is deductively valid. Let's say, hypothetically, that arguments
with conclusions below Ihe 99o/o level of certainty wil l be called deductively
invalid. Even among thcse arguments, this version of the probler.n view ailows
a greirt deal of clifferer.rtiation. F'or exan-rple, argumcnt ( I ) might be associatecl
with tJ0o/o certainty and argument (,5) might be associatecl with l0olo cer
tainty. Hence ( l) rvould be considered :r rnuch stronger inductive argumcnt
in cornpar ison to (5) .

Perhaps the grealcst appeal of this vcrsion <lf the problem view is that
it all<lrvs fclr decluction arrd irrduction to be placed cln a cornmon scale of
argurrent strerrgth. ln principrle, any argllntent woulcl have a place on this
scale, and whether it is deductively valid, inductively strong, or inductivcly
rvcirk would be deterrninecl by the valuc on the scalc. The most clbvious
prclblcr.n, though, is that there is sti l l  a nceci for assessirtg the place of each
irrguu)cnt on thc scale. ()ne nice ideir nright be an incluctive logic, that is,
s( ) r 'nc sct  of  ru l rs  or  oPcrat i r lns th l r t  f r r r  i r  sct  o l -prcnr iscs c i tn  i rss ign a ccr t : r in ty
value fbr ir conclusion.

A sLrtrt ler problerl is that "certainty" itsclf woulcl necd to be c1efir.red bcttcr.
For  example,  in  argumcnt  ( l ) ,  e i ther  the conclus ic ln that  a l l  manrnra ls  have
hcarts is true ()r it is not, s<l the convcrsion frorn probabil ity to certainty
may not be obvious. For examplc, it would seerlt a l i tt le fr,rnny to assign I
certainty level frorn 0o/o to l00o/o to a statement that is cither true or false.
( Pcrhaps ce rtainty could be related to thc proportion of mamtlals rvith hcarts,
rather than to whether it is true that all nramrnals havc hearts. ) Anclther issuc
to clarify is the distinction between argument stre ngth and certainty of the
conclusior.r. Argunrent (l) may seem strong simply because people believe
the conclusion that all mammals have hearts. Now compare that argunrent tcl
argument  (7) ,  below.

l,emons have seecls (7 )

All mammals have hearts

Here is a situatior.r where the two arguments have the same conclusion,
which is equally certain in each case, but (l) seems much stronger than
(7). It could be valuable to consider other ways of representing argument
strength here, such as the conditional probabil ity of the conclusion given
the premise, or the difference between the unconditional probabil ity of
the conclusion zrnd the conditional probabil ity of the conclusion, given the
premise.
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MATTF.RS oF ctoNVL,N lroN. A final perspective on the problem view is simply
to be dcscril.rt ivc, that is, to enurreratc what kinds of arguments are studied by
researchers under the topics of  induct ion and deciuct ion.  Induct ion is  poten-
tially a ver,v broacl topic ancl a variety of cognitive activit ies have been referred
to as induction, includirrg c.rtcgorizatiolt, reasoning by analogy, and proba-
bil ity judgnrcnt. However, rnirny of thc'chapters in this trook focus or.r a more
particular kincl of incltrction, nantely, category-based incluction, invcllving ar-
gunrcnts ab<lr.rt categories and thcir properties. (lVlost of the exanrples in this
chaptcr rcprcsent typical exantplcs of categclry-basecl inducti<tn.) Research or.r
aclults' reasorring usually involves presenting arguntents l ike these in writtcn
t i r r tn ;  horvever ,  for  ch ik l rcn i t  is  possib le t ( )  present  s inr i lar  in forrnat ion wi th
picturcs. Studies of incluction typically ask people to nrirke judgrnents of ar-
gurlrcnt strcngth, such as to judgc wlrich clf twcl argulleltts is strorrger, or with
a single arguntcltt to nrake ir corrtinuor.rs juclgntent of strcngth or prclbabil ity.

In corlparison to inductiorr, research irr deduction lras u.secl a ltarrowcr
rangc of pnrlrlenrs. Onc tvpical area of research rvithin deduction is concli-
t iclnal reasoning - arguments involving ifs irncl thens, exanrining reasoning
involv ing c lass ic  ru les such as nrodus pouens and nroclus to l lcns.  Another
areir of reseirrch within de'ductirln is sl, lkreistic reasoning - rcasoning with
argunlcnts wi th s taternents l ikc 'Al l  ar t is ts  are beekeepers."  Indeed,  fbr  sy l
Iogisnrs ir-rvolving two prernises, therc are only sixty-four classical fornrs of
syllogisnr. Research ttn cleducticln tcnrls tcl ask people to assess klgicirl validity
of conclusior-ts (a yes or ttr 'r t l  uestion ) ratl-rc'r than nrake continu ous juclgments.

Overall, the c<tnventional approach is l ike other approaches to the problent
view in that there is a relatively narrow range ofarguntents corrcsponciing to
cleduction ancl a wicler, sonrewh.rt i l l-definecl, rangc corresponcling to incluc-
tion. Yet even within the area of deduction research, there are l ively debates
about rvlut exactly is a pp1lb[gtr oicleduction. For cxanrple, \Virson's sclcctiorl
task, involving selecting cards to test a rule such as "lf a card hirs a vowel or.r
one side then it has an cven uuulber on the other side," has been variously
argLled to be a protrlern of deductirln or inductiou (e.g., Feeney.\ Handley,
2000; Oaksfirrd & Chatcr, 1994; l '}oletiek, 2001 )

l - rvAr-uATroN oF THE pRoBr-EM vrErv.  Perhaps the rnost  appeal ing aspect
of the problem view is that it offers the possibil i ty of defining induction
and deductiorr in an objective t4,ay, in terrls of the problem being solved or
the question being asked. (The problem view is rnore impressive in terr-ns
of defining deduction in comparison to defining induction, though.) Fronr
the point of view of psychologists, this strength would also be the greatest
weakness, r)ar.nely, that the problem view does not itself refer to psychological
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proccsses. fust becausc olrc problem is defirred as arr induction problem and
another is dcfinccl as a deduction problem does not guarantee that people wil l
t 'ngage in indr-rctivc reasoning processes for one tirsk ancl decluctive reasoning
proccsses tbr the other task. Thc sanre proccsses coultl be usecl frrr both, or the
dclinritation bctwcen types of psychological processcs rright not c<lrrespond
at all t<l the agrcecl clefinit i<ln of problenrs, or any problenr nright er.rgagc a
nrixturr' of proccsscs. ln thc ternrinokrgy of rncmtlry rcsearch, thcre are no
proccss pure tasks. Ol'course, f i lr cornputcr scientists or l<lgicians, refcrence
to Psychological pr<lccsses uray nor bc a priority. sti l l , i t does seem clcsirablc to
ctlt lsicler the alternative of trcirt ing incluction and cleduction as possible kincls
of .ps1 'chological  ; rnrccss.  Hence,  th is  chapter  wi l l  next  runr  to the process
vicw.

The Process View

Accorclir lg to thc process view, conrparing induction and clecluction is a rtral-
tcr of'specifying the unclcrlyine psyclrol<lgical proccsses. According to ()nc-
proccss accoullts, thc srltre kincl of proccssing underlies both incluction aucl
dccluction. Another way to dcscribe this iclea is that there is essentially onc
kind of reirsonir.rg, which nray,be appliecl to a variety of pr<lblems that cor-rld
be considcred e i ther  i r . rc luct ivc or  c leduct ive in  nature (Harman,  1999).  In
contrast, according to two-proccss accounts, therc are trvo distinct kinds of
reasoning. lt is possiblc that thcse two kinds of rcasoning directly corrcspond
to induct ion and c lcduct ion.  Al tcrnate ly ,  thc two k inc is  of  reasoning nr ight
corrcspottt l to sollte other clistinction, such as intuit ive reasoning versus clelib-
e rative rcastlnins, that could be relatccl to the clistinction bctwecn induction
and clecluction. It should be acknowlcclged at the start that one-process and
two proccss accounts are somclhat poorly named. That is, at some level, rea-
soning surely involvcs nrany clifferent 1:rsycl.rologicirl processes. The qucstion,
though, is whether the sanre Proccssirrg ircc()unt is appliccl to both induction
rrncl cledr.rction, or whether trvo different proccssing accounts are applied.
Sornc examples of one-process and two-process accounts wil l now bc de-
scribed, fbllowed by the presentation of some experimental eviderrce aimed
at assessil"rg these accounts.

( )NE-pRocESS AccouNTS. One of  the most  widely known theor ies of  reason-
ing is mental model theory, which proposes that people solve reasoning prob-
lerrs extensionally by constructing modeis of possible states of the world and
performing operations and manipulation on them (Johnson-Laird, 1983).
\ ' lental model theory is usually thor.rght of as an account of deduction, and
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indeed it has been extensively applied to conditional-reasoning and syllogistic-

reasoning problerns. However, it has also been argued that mental rnodel

theory can be applied to problems of induction, narnely, probabil istic reason-

ing tasks (Johnson-l.aird, 1994; |ohnson-l.aird, Legrenz.i, Girotto, Legrenzi,

& Caverni ,  1999).  Hcncc,  menta l  model  thct l ry  is  a onc-pr t lcess accout t t ,  in

the sense that it is ainred at giving a singulirr account for problems both of

inductirln and deduction.

A newer alternative to mental rnodel thcory is the probabil istic account,

which air.ns to account for a variety of reasonir.rg phenonlena, pzrrticularly

traditional cleduction problcrns in terms of probabil istic formulas, such as

from Bayesian statistics (Chater & Oaksford, 2000; Oaksfirrd & Chater, 1994).

Essentially, the probabil istic account is saying that people stl lve cleduction

problems by rneans of induction Processcs. This account dtles not propose

different kincls of proccssing for performing dedr.rction, atrd her.rce the prob-

abil istic . lccount is alstt a one-process accoullt.

The previous accounts are aimecl nrainly:rt problerns of clecluction. In cott-

trarst, qther reasonit.tg accounts have focusecl on problems 6f inductiol 't, such

as catcgory-basccl induction (Hcit, 1998; Osherson, Srnith, Wilkie' l.opcz'

& Shafir, 1990; Slornan, 1993). These accounts are irinlcd at predicting the

juctged strength of virrit 'rus inductive argLlments, f i lr example, that (1) abtlve

secms strongcr or nlore plausiblc than (5). Typically, these accounts of in-

ductiolt are based on sonlc nteasure of similarity or ove rlap betwccn prentise

and conclusiou cirtegories, in terms of existing knowledge. ln this exanlple,

there is more known overlap between dogs and mal.t lnlzrls than bctween dogs

ancl l iving things; hencc the argument relating dogs ar.rd nlamntals seems

stronger tl.rar.r the argument rclating dogs and living things. Now refer back

to argument (6). Hcre, there is perfect overlap tretwecn the premisc cate-

gory and the conclusion category - in this case the categories are both dog

Hence, there is perf'ect overlap betrveen premise and cor.rclusion categories,

and these accounts of inductior.r should predict that (6) is perfectly strong.

In other words, accouttts of ir.rduction can treat some deductively valid argu-

ments as a special case rather than as being wholly different than inductively

weak or strong arguments. The same Processing mechanisms - for example,

for assessing overlap - would be applied to problems of induction and de-

duction. In this way, these accounts of induction are one-process accounts.

However, it should be made clear that these accounts of induction do not

give complete accounts of deductive phenomena. For example, many deduc-

tively valid arguments in conditional and syllogistic reasoning could not be

assessed simply in terms of feature overlap between premise and conclusion

cateqories.
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Criterion 1

r-r(;Lrl{r.. r.r. Critcrion-shifi account of cleduction and inductiorr.

In addition to thcse olle-process accounts that specializ-e nrairl ly in cither

dccluction or ir lduction protrle-ms, thcre is all altcrnativc that cloes not givc a

dctailcci account of either cleduction or induction L'rut does offcr a tralancccl
vicw <lf how dec'luction and incluction are relirtcd to each other. Thc'critcrl()n-

shifi account (clescribccl by Rips, 2001) is closely relatecl to the levels-of-

cer ta inty  vcrs ion c l f  thc problem v iew anci  is  i l lust ratec l  in  F igure l . l .  Undcr

this account, assessing thc strcngth of an trrgumcnt involvcs fincling its place

on a oue-dimcnsional scalc ranging fiom nrir.rir.nuur argumcnt strength (the

nlost uncol)vincing argument possiblc) to t.t 'r i txinrurt.t strcngth (an uttcrly irncl

conrpletcly compcll ing aruunrent). Jb asscss whcthcr an arguntent shoLrld be

consiclercil incluctivcly stronq, its strength is conrpared to a criteriot.t, sttch

as criterion I in the figure. To assess whcthcr an argLlnent is cleductively
valid, the criterion is shified to thc right, to criterion 2. By this criterion,

an argulrcnt would have to be juclged extrer"nely strong bcforc it could be

called deductively valid. The san-re reasoning rlechanisrns would be uscd for

different argument typcs. 
' l 'he 

only diffcrence between perfirrn.ring induction

or cleduction would be rerrresented as a shift of the critericln.

r \v()-pROcESS AcoouNTS. In contrast to one-process accounts, other re-
\rarchers have emphasized a distinction between two kinds of reasoning (e.g.,

I:r ' irns & Over, 1996; Sloman, 1996; Stanovich, 1999). In these two-process

.]ccoLrnts there is one svstem that is relatively fast but heavily influenced by

.()ntext and associations, and another system that is more deliberative and an-

.i lvtic or rule based. These two systems do not necessarily correspond directly

:, '  induction and deduction. That is, the traditional distinction between these
:.io torms of reasoning may not be the best way to divide things in psycho-

,{ical terms. Sti l l , i t is plausible that induction would depend more on the

Criterion 2
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f irst systcnr, lvhcreas deduction would clcper.rt l more on the second systenr.
1'hesc two-proccss accoulrts have I 'rcen usccl to explain a variety of f indings
i n rcirson i ng, concent in g incl ividual cl iff-ercnces, dcvelopntcntal patterns, and
relations betu'ecn rcasonirrg and proces.\i lrg tirnc. For exarlple, irr ,Stanor.,ich's
work thcrc is a rich account of holv reilsouing in the morc deliberative systent
is crlrrelatcd with lQ, accor-rnting fur pattcrrrs of individr-ral diff-ercnces rn a
virrict,v of pmblenrs that r,vould rely nri lre on olte systcrtr or the other.

l - .vAr .L)ATIN(;  ( )Nt . - r )R()cFrss ANr)  r 'wo-r ,R()CF.ss AccouN' t  s .  Horv would i t  bc
pt'rssilr le to decicle in lavor of eithcr one-process or two-process accoll ltts?
'l 'hcre 

is sol))e ncuropsvchological cviclencc, birsecl r>n brain inracing, ftrr two
anatornically sepilr.rte systcnrs i lf rcasonir.rg (Gocl, (iold, Kapur, & Houle,
1997; Oshr'rson ct al., 1998). In thc stuclics, sulrjc'cts wcrc given a set r)l
argunrents to cvaluatc. Half the subjects were asked to juclgc decluctive validity
arrcl the othcr half rverc askecl to juclgc incluctive plausibil i tv. With in each sturl1,,
thcre werc clistinct brain areirs ir.nplicatcd for clcduction versus incluction.
What  is  par t icu lar ly  re lcvant  f i r r  present  purposcs is  that  the pro l t lents were
thc sirrnc firr thc two conclit ions, l)ut subjects were asketl to perfornt either
clccluction or intluction. Hcnce, this is a case of uuconfilunding the process
view fiom the problenr view - presumably all that varied bctween conditions
wirs pr( )Lcsses,  unl ikc (he s i tu i t t ior r  in  r t rost  Prcv ious studies o l 'deduct ior t ,
induction, or both, which uscci very ri i f l 'crent trroblerns l irr one task <tr the
other.

One cLrc.s not require ex1.re11.,; iyc lrrairr in.raging t 'quipl11sn1 to cL)l)tpare
dccluction versus incluction instructions for a comlnon set of problenrs. Rips
(200 1)  used thc s i rnre logic  in  a nruch cheapcr  pen- i rnc i -paper s tudy,  in  which
subjects were instructed to juclgc cither deductive correctness or inductive
strength for two types of argunlents. Onc type of argunrent was decluctivelv
correct but causally incor.rsistent, such as "l i l l  rolls in the mud and )i l l  gets
clean, therefore Jil l  rolls in the rnud," and the other type was deductivclv
incorrcct but causally consistent, such as "Jil l  rolls irr the rnud, therefore Jil l
rolls in the n-rud and li l l  gets dirty." In terms of the criterion-shift version tri
the one-process account, ifone tvpe ofargument is stronger than another for
deduction, then the same type of argument should be stronger for induction.
In Figure l. l, let the dots on the scale represent different types of argument.
If one type is stronger, that is, further to the right end of the scale, then it
should be stronger regardless of whether the induction or deduction critcrion
is used. Yet the results were that subjects in the deduction condition gave more
positive judgments to the correct but inconsistent arguments, whereas subjects
in the induction condition gave more positive judgments to the incorrect
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but consisterrt arguments. Rips concluded that these results contradicted the
criterion-shift account, which predicted a monotonic ordering of arguments
in the two conditions. (see Heit & Rotello, 2005, fcrr further examinations of
th is  k ind,  leading to the same conclus ion.)

In surn, therc is some evidence already that giving people deduction versus
induction instructior.rs leads to qualitatively different results. It would seenr
diff icult to explain these results by assunring that cleduction ancl induction
proccsscs are csscntially the same, except that deducti<ln involves a strictcr
criterion for giving a pt' lsit ivc response. Yet at thc- srulrc- t imc, it securs too carl),
t<l abandon the one-proccss nccounts, which do provide detailcd and accurate
predictions about a rrrnge of prhenonrcna, usually cither conccrning deductive
or inductivc problenrs. ln contrast, the tlvo-prclcess view docs not scenr to
bc as well clevelopccl in ternrs of providing dctailed process accounts nnd
prcclictions. Nkrre experir.nentatior.r, directly aimcd at conrpraril lg the one-
and trvo-proccss viovs ancl at further dcvcl<lping thc two-prclcess vierv, is
clcarly necc'lecl.

At a nr.rc gencral lcvel, the proccss vicw itseif secnrs to be a rich and
worthwhile approach to studying induction. Certainly f<rr psychokrgists, the
problcrn vicw clocs r.rot secm viablc. It is a nristakc to assurne that people
arc pcrforrnirrg cl.^duction proccsscs on rlesignirted deduction problems ar.rc1
induction processes on designated induction problems. Likewise, evcn for
psychologists who arc cieveloping process level accclunts of reasoning, it is
inrportant to keep in mincl the lvidc rangc of possible reirsonir.rg problerns.
. '\ssuming there is at least considerablc overlap bctween cleduction and in-
dtrction processes, an icleal theory of reasclning would not bc l imited to either
traditional problen.rs of deduction or incluction but would encornrrirss both
tr'pes of ;rroblent.

A P P R O A C H E S  T O  S T U D Y I N G  I N D U C T I O N :  T H E  C A S E  O F  T H E

D I V E R S I T Y  P R I N C I P L E

\ow that the position of induction with respect to deduction has been ex-
pl.red, the next step wil l be to introduce the studv of induction in more
Jcpth. of course, this whole book is devoted to presenting research on in-
JLrction, so the following material is intended to serve as a microcosm of
:hc book rather tl 'ran a complete review of induction research. The focus of
:hc renrainder of this chapter wil l be the diversity principle, narnely, the idea
:h.rt more diverse evidence seems to be stronger evidence than less diverse
, r idence. This principle seems to be ubiquitous in various fbnrrs of reasonrng.
,  ,  ' r  cxample,  in  socia l  reasoning,  seeing a person act  in  an extrover ted way,  in
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a variety of contexts, suggests that the person is truly extroverted by nature.

In conrparison, seeing a person repeatedly act in an extroverted way, but only
in one context, does not give as flood support for inf-erences that the person
is trulv extroverted. In legal reasoning, having trvo independent witnesses to
a crime seer-ns to be stronger evidence than twcl witnesses who may share a
similar perspective, such as two nrembers of the sanre family. Note that none
of this represents anything l ike a deductively valid inf'erence; however, there
is sti l l  a sense of stronger evidence coming from more diverse observations.

Tl-re cliversity principle has been an object of interest in terms <lf various
approaches to induction, including the historical approach, the philosophical

approach, the expcrinrental appr<lach, the dcveloprnental approach, and the
model-based approach. These approaches wil l be reviewed in relation to how

they havc addrcssed the divcr.sity principle.

The Historical Approach

'fhe 
divcrsity principle has been historically inrportant in scicnce. Scien-

tists have tencled to firvor testing a thcory with a divcrse set of experiments
rather than repeatedly conducting the same experimcnt or close replicatirlns.

Imagine two scientists who are testing their respective theories. One scicntist

cssentially cor.rducts the sanre expepi-.r 'r, tert t irnes, rvhereas thc othcr con-
ducts a variety of expcrir.nents asscssing different aspects of the theory. Which
theory wil l seem to have stronger support?

Ar-r early example of the diversity prirrciple in irction was in Bacon's Noyunr
Orgarrum ( 1620/ l89ti), which cautioned scientists of the day agair.rst inferences
drawn fronr narrow samples. Bacon il lustrated this point with the cor.rceirt of
heat, l isting twenty-eight diffcrent kincls of heat and hot t lr ings that would
neecl to be observed in a study of heat. For example, Bacon listed the rays

of the sur.r, f iery meteors, natural warm baths, hot vapor in furnaces, sparks,
stacks of ha.v, and the insides of animals.

In a somewhat rnore modern example, Salnron (1984) described how eirrly
ir-r the twentieth century, chemists and physicists had developed a wide variety

of experimental methods for deriving Avogadro's nunrber (6.02 x l0rl), the
number of particles in a mole of any substance. These methods included Brow-
nian movement, alpha-particle decay, X-ray diflracticln, black-body radiation,
and electrochemistry. Together, these techniques led to strong support for the
existence of atoms and rnolecules because the existence of these particles was

the basis of a unified explanation for a set of highly diverse results. Salmon
argued that any one of these techniques taken alone, no matter how carefully
applied, rvould not have been sufficient to convince scientists of that period
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to accept the atomic theory over its principal rival, known as energeticism,
which conceived of matter as being continuous rather than being composed
of particles.

Nlore gcrrerally, it shotrlcl [>e irossible to study inductive reasoning by study-
ing historical eranrples of reasoning, whcther by scientists or others. Onc
advantasc of studying scientif ic rcasclning is that thc evidence ar.rd thcorics
arc usually explicit, in comparison to just studying everyday examples ol'rea-
soning. (Sec thc prcvious book on induction, by Holland, Holyoak, Nisbett,
ar-rtl ' fhagard, 1986, as rvell as a more reccnt collcctiolt l>y (iorrlalt, Twcney,
(looclinq, artd Kincar.rn<ln, 2005, for f irrthcr exarnples.) 

' l 'here 
is an intcrest-

ing parallel betrveen thc historical apprroach to the stucly of induction and
the h is tor ica l  approach to the study of  crcat iv i ty  (e.g. ,  Weisberg,  1986).  In
r'ach case, it scen.rs that much cirn tre learned about cognition by lookirrg .rt
pltragon cases oithinkirrg and reasor.rir.rs, even outside the bouncls of t ightly
contnr l lcd psychological  s tudies.

Thc Philosophical/Normative Approach

Tl'ris historical approach is corriplenrented by attr-n)pts of philosophers irnd
statisticians to argue that certain patterns of induction are n<lrnrirt ive or
correct . ' l 'he phi losophical  approach fo l lows in the footsteps of  Hunrc 's  (1777)

prcltrlcnr of incluction, namely, the problerl of whether an inductivc inf-erence
carl ever be jLrstihed or consiclered valicl. Without solving Humc's problem in
.rbsil lute tcrnrs, it sti l l  might be possible to i lrguc that pglfelping induction
ir.t one way is bctter than irnothcr. As such, there have llceu various attcmpts to
.rrgue firr or eve n prove the greatcr strength of diverse evidence in comparistln
to less diverse evidence.

For exarnple, Nagel ( I 939 ) arguecl that a scientif ic theory should bc derived
tionr divcrse obscrvations to obtain nrrlrc re-l iable cstirlatcs. He gave the
cranrplc of inspccting the quality of coffce bci.rns delivered on a ship. It wor.rki
lrc bctter to insl.rect small santples of beans from various parts of the ship
than to inspect a large nurnber of beans trom just one location. Carnap
I 910) l inke'd the collection of diverse evidence to the principle that scientif ic

:hcories shoulcl r.nake novel predictions rather than n.rerely redescribe olcj
. l.rta. Similarly, Hempel (1966) related the collection of diverse evidence to
, talsifying research strategy, namel1,, it is better to test theories with a rvide
. . r r i c t y  o l ' cha l l eng ing  expe r i n ren ts .

l 'hese intuit ive arguments did not lead directly to more fbrmal proofs of
':c cliversity principle. For example, Carnap (1950) prornised a proof of the
:.r ersity principle in a future edition of his book that never did appear. More
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recently, however, there have been several attempts to formalize the advan-
tage for following the diversity principle. As reviewed by Wayne ( 1995), there
have been two approaches. 

' l 'he 
first apprclach cclmpares correlated sources

of evidence to independent sources of evidence, in statistical terms. For for-
mal treatnrents of this correlation approach, l inking similarity to probabil ity

theory, see F,arman (1992) and Howson and Urbach (1993). The second ap-
proach is the elirninativc approach. 

'f 
he ide'a behind the elirninative approach

is that diverse data sets wil l be particularly useful for eliminating plausible
but incorrect hypothcses, alklwing stronger inferences to be drawn based on
the renraining, c<lntcnding hypotheses. In contrast, non diverse data sets wil l
l ikely bc consistent with too nrany hypothcses to allow any strong infercnces.
For a fornral treatment of this approach, including a geometric proof, see

Horwich (1982),  i r r rd.scc Hei t  (1998) and Tcnenbaum and Gr i t f i th .s  (2001)

for some psychological applications.
Nlorcover, there havc becn irrgunrents that folkrwing the diversity prin-

ciple is not norurative. For examplc, using Earman's (1992) derivations of

the diver.sity principlc, \A'ayne (1995) showed that there can [>e exccption5,
nanrcly, that non-cliverse observations cau lead to strong inferences if this

eviclcnce is rronctlreless verv surprising. Wayne pointed to the case of the

near-sirnultaneous discovery irt 1974 of a previously unknown subatomic

particle in two laboratorics being a case of non-diverse evidencc that sti l l

had strong in'rplications f<rr revision of theories in physics. Lo, Sides, Rozelle,
and Osherson (2002) raised a related crit icism of the norrnative status of thc

diversity principle. Thcy too argued that what is crucial is not diversity of ob-
servirt ions but rather surprisingness of observatior.rs. Lo et al. also suggested
a sct of cxceptions, such as thc following:

Squirrels can scratch through Rortcx fibric in less than l0 seconds. (8)
Bears can scrirtch through Bortex fabric ir.r less than l0 scconds.

All forest rnammals can scrirtch throush llortex fabric in less than l0 seconds

Squirrels can scratch through Bortex tabric in less than l0 seconds. (9)
Mice can scratch through Bortex fabric in less than 10 seconds.

All fbrest nrammals can scratch through Bortex fabric in less than 10 seconds.

It seens intuit ive that squirrels and bears are a more diverse pair than

squirrels and mice. Yet Lo et al. argued that (9) is stronger than (8), becau.c
the evidence about squirrels and mice is nrore surprising than the evidencc

about squirrels and bears. That is, the knowledge that small :rnimals are le.'



r:. i. . irtcl l lpts to formalize the advan-

- :.- 11'r ' ign'ed by Wayne (1995)' there

:': ' :,,.r.h c()nlpares cclrrelated soLlrces

.1. .t.,..r.., ir l statistical terms' For for-

' .-:r. Irrking similarity to probabil ity

: '  . , : : . i  L ' rb. tch (  1993) '  The second ap-

. .::,r irchilrrl the eliminative approach

.. .,: . Lt.cirt l fbr eliminating plausible

: ' - r :  i t l fcrc l lces to be drawn based on

. .:: .,,ntr. lsl '  l ' t t l tr-cliverse data sets wil l

- :::...\ to allorv any strollg infererrces'

. , - : :  : r t i luc l ing a geon.ret r ic  proof '  see

. , ' r . :  icncnbaunr and Gr i f { r ths (2001)

-- r- : ir.tt t ir l lowing the diverstty prtn-

. . - . : . . {  l r . r l1 i rn 's  (1992) der ivat ions of

. "  ' . r ( t l  thr r t  thcre catr  l tc  exccPt ions '

-.. -.,:r lc.tt l to strong irrfererrccs if this

;1 ; \\ ' .tvttc pointed to the case of the

i . : ' i  Prcviously unknown subatomic

- . . . ;  t t l  t t t l t l -d iverse ev idcnce that  s t i l l

: :: ' .r '()rics in physics' Lo, Sides' l lclzelle'

, '  ' r - i : t l l  o f  the normat ive status of  the

".. '  r '  h.tt is crucial is not diversity of ob-

:  , , : - .crvat ions.  Lo et  a l '  a lso suggested

: - .

.  -  -  : r t  lc : :  than 10 seconds'  (8)
' '  . . . -  th . t t t  l0  seconds'

:rcr t .r trr ic in less than l0 seconds

.n  lcss  than l0  seconds '  (9 )

. . r  than l0  seconds.

-- i i ' , : lc\ f irbric in less than l0 seconds'

:: ' , ' .  irc.lrs are a more diverse pair than

.r . l  t i r . r t  (9)  is  s t ronger than (8) '  because

.: r. I l lore surprising than the evidence

" r \r 'r()\\ ' iedge that small animals are less

\{hat Is Indtrctiott and \l ln, Study It?

capable of f-eats of strength than are large animals makes the evidence

about squirrels ar.rd mice more surprising than evidence about squirrels and
bears.

Heit, Halrn, and Feeney (2005) argued that these cxccptions to the divcr-

s i ty  pr inc ip le,  suggcsted by Wayne (1995) and Lo et  a l .  (2002),  are indeed
exceptions, but they do not uudcrnrine the normative sti ltus of thc diversity

principle itself. In the cxanrple of the discovery of a nelv subatonric particle

in 1974, physicists werc influcnced not only by divcrsity but also by nrany
other st>urces of knowledge in particlc physics. In thc exanrplc of scratching
through llortex fabric, people would bc influcncecJ not only by divcrsity but
also by othcr knorvleclge about aniurals and their strcngth. In other words,

thesc cxceptions as statcd do not contairr all the prernises upon which the
argunrents arc based. Reasoning about thcse .lrgunrents is alscl inf. lr.renced by

other hiddcn premises or backgrour.rd knowlcdge, so that cliversity is not being
irssessecl in isolation. Therefore, thesc countercxanrplcs do not invalidate the
divcrsity principle, because they arc not pulc tcsts ol-diversity. Rirther, they
shorv that pcople wil l use other knowlcclgc rvhen possiblc. lndeecl, philoso-
phcrs of scicncc havc not clained that the diversity principle is the sole

Pr inc iPle f t r r  assessing ev idencc.  For  example,  Popper (196-1,  p.232)  l is ted

divcrsity of supporting evidence as one of six criteria fbr asscssing a scicntif ic
theory.

In more gencral tenns, it shoulcl bc possible t<l consider a variety of pattcrns

rn incluctivc reasoning in the l ight of the normativc questiorr, nirmely, what is

soocl reasoning. For example, one of the most pervasive {inclings in psycho-

loqical research on induction is thc sinri larity effect, narncly, that argunrents
.uch as (3) above concerning dogs and wolves are considcred stronger than
. r rgu rncn t i  such  as  (  l 0 ) .

I )ous have hearts. ( I 0)

:itt 's havc hcarts.

.\rgument (10) scems much weaker, and this seerns to be a consequence of
:rc loi,v sinilarity between dogs and bees. However, providing a prooIof why
: ls normative to reason on the basis of similarity has been an elusive task for

: 'hilosophers and psychologists (Goodnnn, 1972, but see Shepard, 1987).

Ihe Experimental Approach

': rt ldit ion to the normative perspective on the diversity principle, there has
- tn tr sustained effbrt by psychologists to document how well the diversity

I t
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principle serves as a descriptive account of how people carry out informal,
inductive reasoning. ()sherson et al. (1990) documented diversity effects in
adults by using written irrguments l ike the following:

Hippros rcquire Vitanrin K for thc l iver to function. (l I )
Rhinos rerir.rire Vitamin K for thc l iver to function.

AII rnanrrnals rerluirc \ / i tarnin K for the l ivcr to l i rnct ion.

I l ippos  rec lu i re  V i tamin  K fc r r  thc  l i ver  to  f i rnc t ion .  (12)

IJanrstcrs re-t luire Vitanrin K lbr the l ivcr to functiorr.

r\ l l  nranrnrirls require \l i tamin K tirr thc l iver to l 'unction.

Thc subiects juclged argunrents l ikc ( 12 ) to bc stronger than argurlrcnts l ike
( l  l ) ,  in  rcsp()nse to the grcatcr  d ivers i ty  of  h ippos ancl  hanrstcrs conr i )x1q1l  11:)
hippos ancl rhinos. Intleecl, thcre is a grcat cleal of eviclcnce that adults, nrainly
Western university stuclents, f ir lklw the cliversity principle when cvaluating
rvrittcn i lrguntcnts (see Hcit, 2(XX), fbr a rcvierv).

Howcvcr, when kloking to other subjcct populaticlns, lnd to evidorcc col

lcctecl at a greater distance from the psychology lab, there sccm tcl be exccl.rt ions

t<l the cliversity principle as a clescriptivc account. In their stucly of Itzaj

JVlayan aclults l lom the rainforests of (luatenrala, Lopc'2, Atran, Coley, Meclin,
ancl Smith (1997) clicl not f ind cviclcnce frrr clivcrsity birsecl reasoning, Lrsing
argulnents with various l iving things ancl cluestions about clisease trrrnsmis-
sion. Inclccd, sonrctinres thc Itzaj reliably ch<lse irrgunrcnts with non-clivc'rse
prernise cirtegories over argLlnrents with cliverse categories. It appears that
they werc using other knowleclge about disease transrnission thirt confl icted
with clivcrsity-trasccl reasoning. For example, given a non-diverse argument

that twt'r sinri l lr kincls of tall palm trees get sonre disease, onc person claimcd
it would bc casy ftrr shorter trecs, located lrelow, to get thc diseirse as well.

Giving further support to this idea that other strrrtegies and knowledge can
overrule diversity, Profhtt, Coley, and Medin (2000) reported that Alnerican

adults who irre tree experts (such as landscapers) c-l id not show strons diversity
effects when reasoning about trees and their diseases. The tree experts seemed
to be relying on the knowledge that tree diseases tend to spread readilv within
tree families such as elms and maples.

Medirr, Coley, Storms, and Hayes (2003) reported further exceptions to the
diversity principle. One exception, referred to as non-diversity by propertv

reinforcement, potentially makes a direct challenge to the diversity principle

that is not as easily explained in terms of the use of other knowledge. The idea

behind non-diversity by property reinforcement is that two diverse categories
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may nonetheless hirve some characteristic in common and tend to generalize
only to other categol' ies with this same characteristic. In the non-diversity by
property rcinforccment effect, "if an otherwise diverse set of premises shares
a salicnt property not shared by the conclr.rsion category, thc reinforcement
clf the property might weaken that argument relative to a related argument
wi th less d iverse premises"  (p.523) .  This  phenonrenon is  i l lust rated by the
firl lowing cxanrplc:

Polar bears have propcrtv X. ( I 3 )
Antclopes havc pnrperty X.

Al l  an in ra ls  have proper ty  X .

Polirr bears have pro;rertv X. ( Ia)

l)enpiuir.rs have proircrty X.

Al l  animals havc propcr ty  { .

Whcn given a tbrcccl choicc betwecn polar bears and antclopcs vcrsus polar
lreirrs antl pcnguins, subjects juclgeci t l-re two aninrals 1l 'onr t l 're sanrc biological
class, polar bcars ancl antclopcs, tcl bc rtrclre sinri lar than the two anirl l ls f iom
clifferent biokrgical classes, irolar bears anci prenguins. Horvevcr, nhcn askcd
to asscss the indtrc t ive st rength ofeach argunrcut ,  argunrcnt  (14)  rvas judged

to bc-  less convi r . rc i r . rg than argunrent  (13) .  That  is ,  argunrcnt  (13)  hacl  lcss
tl iversc evidence, yet it rvas the strunger argunrent. lntuit ively, rrlthough polar
trcars irntl pcnguir.rs irrc f iour cliffbrent l>iological classcs, thcy sti l l  slrarc thc
eharactcr is t ic  < l l ' l iv ing in  a colc l  c l inrate.  I t  might  sccnr  than propcr ty  X tkres
not  apply to a l l  i tn inra ls  but  onlv  to aninra ls  l iv ing in  colc i  c l i rnates.

Hcit and l:ecrrey (2005) invcstigatecl the non-diversity by propert\. rcin-
l()rccnrcnt effbct f irrther and came to a sclmelvhirt cl if rent conclusion. Es-
.cnti ir l ly, their subjects juclgecl polar bears irncl penguins to bc more similar
th ln polar  t rears and antc lopes.  Hence,  whcn argunrent  (11)  was j r . rdgecl  to  bc
.t r()11ger than argu nrent ( l4 ), Heit a nd I 'eeney's subjects werc showing a divcr-
.itv effbct rather than a non-diversity efTcct. Heit and Feency concluded that
: hc cliversity efTect was indeed mbust, and their results suggest that exceptions
:rr.rv be hard to sholv consistently.

The Developmental Approach

rc hrst experiment on diversity-b:rsed reasoning in induction was actually
Jevelopmental one by Carey (1985), comparing six-year-olds and adults.
.rrr 'r ' looked at patterns of inductive projection given the premises that trvo

t 7
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cliversc animals, dogs and bees, harve some biological property. 
' I 'he 

purpose

of this study was to see whether subjects reason that "if two such disparate
anirnals as clogs and bees" have this property then "all complex animals must"
(p.  la l ) .  lndeed,  adr- r l ts  r ladc broad infcrences to a l l  an inra ls ,  extending the

propcrty r.rot or.rly t<l things that wcre close to the premises (other marnn.rals

ancl insccts) but also t<l other rnembers of the onintolcateg<lry (such as birds
ancl rvornrs). In cclntrast, the cl-ri lciren seenrecl to treat each prenrise separatcly;

thcy clrerv inferences to closc nratches such as other nrarnnrals ancl insects, but

thcy did not use the diversity infirrmirtion to drirw a more general conclusion

about aninrals. Thcrcfi lrc in this flrst attcnrpt thcrc was cviclcncc fcrr cffccts
of diversity in aclults but r.rot chilclren. In a follow-up stucly, Carcy lookccl

at cliversity effbcts basecl on thc conccpt l ivitrg thing ratlrcr than atrirnol.
Thc kcy conrparison rvas that chilclren were taught a biological fact either

aboul clogs ancl bees ur about dogs ar.rcl f lowers, with the latter being evelr
rnore tl iverse than thc lornre r. (i ivcn a fact abclut dogs and f. lowcrs, chilclrcn
did tencl to generaliz.c l ir ir ly broaclly, sr-rggcsting that childrcn nray havc sonre
sensitivity to clivcrsity of-prcmise categories. However, if anything thcy tcnclccl
to ()vcrgcncralize, extencling the pnlperty not rlnly to other Iiving things but
often to inanimatc objccts as well. Hence, there was suggestivc eviclence fbr

the impact of cliversitv of'prcn.risc catcgorics in this study, although children

clicl not show thc sirnre pattern as adults.

Cont inuing akrng th is  l inc o l ' research that  looks lbr  c l ivcrs i ty  c l f rc ts  in
chi ldren,  Lopez et  a l .  (  1992) found l imi tcd cv idcncc fbr  n ine-year-o lc ls  ancl  no
eviclence for f ive-year-olds. For thc fivc-ycar-olds, choiccs in a picture-basccl

task dicl not show any sensitivity to cliversity of prernise categories, even when

thc clivcrsity rvas explicit ly urentionecl by the cxperimenter. However, nrne-
year-cllds clicl sl.rorv sensitivity to cliversity of premises, but only fi lr arguments
with a gcncral conclusion category such irs aninal rather than a specil ic

conclusion catcgory such as kottgoroo. Gutheil irnd Gelmar.r (1997) attempted
to frnd evidcnce of cliversity-based reasoning for specific conclusions in nine-
year-olds, using category r-nembers at lower taxonomic levels which woulcl
prcsumably enhance reasoning. However, l ike t-opez et al. (1992), Gutheil

ar.rd Gcln.ran clid not f ind diversity effects in nine-year-olds, although in .r
control cor.rdit ior.r with adults, there was robust evidence for diversity effects.

More recently, however, Heit and Hahn (2001) reported diversity effects in

children younger than nine years in experiments that used pictures of people

and everyday objects as stimuli rather than animals with hidden properties.
For example, children were shown a diverse set of dolls (a china doll, a stuffed
doll, and a Cabbage Patch doll), all being played with by a girl named Jane.
Also children were shown a non-diverse set, three pictures of Barbie dolls,
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being played with by Danielle. The crit ical test item was another kind of doll,
a baby doll, and the question was who would l ike to play with this doll. In
another stir.r.rr.rlus condition, there was a diverse set of hats worn by one person,
and a non-diverse set worn by another person, and again, the crit ical question
was whether another hat would belong to the person with diverse hats or the
person with non-diverse hats. For 74o/o of thesc crit ical test iten.rs, childrer-r
age five to eight ycars made the diverse choice rather thar.r the ncln-diverse
choice. It seents frorr-r thc Heit and Hahn experiments that children can fbllow
the divcrsity principlc at some levcl. However, it wil l take further work to
establish the crit ical differcnccs that led tl.rc past studics to not f ind cliversity
cffects in cl.ri lclrcn. (See Lo et al., 2002, for additional rcsults, and Gelrnan,
2003, for furthcr discussion.)

The Model-Based Approach

'l 'he 
psychological study of incluctive rcasoning has bcnefited front the de-

vcloprnent of conrputational rnoclels. Perl-raps what is mclst impressive about
thcsc models is that they systentatize what is inherently unsystenratic, nantely,
probabil istic inf-crcnce. Furthcrmclre, these mclclels captrlrc intportant crlpir-
ical phenorncna in inductivc rcasoning, such as the divcrsity effect. In general,
r.nocleling work ancl experimental work on induction havc bcen closely l inked.
In the fbllowing sectior.r, therc are brief, conceptual clcscriptions of sortre of
the earlicr rlodels and how they acldress the ciiversity el-fect. Sevcral chirpters
in this book present newcr modeling work in rnorc detail (see Hcit & Hayes,
200-5, f irr anothcr review of models of induction).

osHERSoN ur ar.. (t99o). Thc rr.rost inf1uential mr>clel of category-basecl in-
ductior-r was developed by Osherson et al. (1990). l 'his moclel has two ntain
cornponents. The first component assesses the sirnilarity betrveen the premise
catcgory or categories and the conclusiolt category. For exantple, argurr.rent (3 )
seen.rs f:rir ly strong because of the high level of simil irrity between dogs and
wolves. ln comparison, argument (15) below seems weaker, due to the lower
similarity betwcen dogs and parrots.

Dogs have hearts. ( l5)

Parrots have hearts.

The secor.rd component of the rnodel measures how well the premise cate-
gories cover the superordinate category that includes all the categories men-
tioned in an argument. For example, in arguments (l 1) and (12), the relevant
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superordinate cate€lory is manrtrral. Intuit ivell,, hippos and rhinos are some-
what sirl i lar mammals that do not span the whole sr,rpcrordinate category. In
comparis<tn, hippos and hamsters cover a broader range of mammals. The
Osherscln et al. n.rodel formalizes the calculation of coverage based on the
structure of the rttrurrnrrrlcatcgory. In effect, differcnt instantiations <tf nutrtr-
nutl are considerecl, fror.n mice to cows to elephirnts, with thc nrodel looking
for  In i t tehcs bctweel t  thc prern ise catcgor ics and these inst i rnt i r r t ions.  Hippos
and rhinos are a fairly good n.ratch to elephants itncl other largc rnamrnals, but
thcy wil l be a poor rnatch to srnallcr rnanrmals. In conrparisclrr, the drverse
sct, hippos and hamsters, givcs gocld matches to both large manrrnals such as
c'lephirnts ancl snrall mammals such as nrice. 

' l 'hc 
diverse set is consiclcred to

have greirter covcrage becausc it yields a rvider rangc of goocl matches rvith
ru.rcnrbers <lf thc supcrcrdinirtc c.ttcgory. lr4ore generally spcaking, the sinri-
larity and coverage contponeuts ofthis nroclel can be used to explain not clnll.
thc <liver.sity ef fc-ct lrut also a dozcn other plrenorlcrra in indLrction.

sL()N' tAN (rqSl) .  ' l 'h is  
model  was implementecl  as a conncct ic ln is t  network,

ancl  pcrhaps the nrost  inrpor tant  c l i fTerence f iont  t l te  Oshcrson et  a l .  (1990)

nroclel is that it clocs n<lt have a separate conlponent firr asscssing coveritqe
of a supcrorclinate catcgory. lndeecl, thc Slonran r.r.rodel is valuablc bccause
it sl.rows how rnuch car.r be accorlplishcd rvithor-rt this scconcl rlechanislrr,
incleeti aricircssing Itt itny of the sanre phenorrlcna as the ()sherson et al. rtroclel
[rut without covcrage. In bricf, the way this moclcl norks is that prer.niscs of
an argunrcnt irre encoclccl by training the connccti<lnist network to learn ass<r
ciatittns betrveett in1'rtt l trodes rcprcscltt irtg the featurcs of prcnrise cltegtl ies
ancl an or,rtpllt norle' f i lr the propcrty to be considcrccl. ' l-hcn 

the nrodel is
testccl by presenting the feirturcs of thc conclusion category and measurirrq
the activation of thc silme output noclc. For example, irfter the nctwork has
been trainecl that clogs have hcarts, it wil l give a strou!{ responsc if thc l 'eaturcs
of rftrs arc presentccl irgain as input. In atldit ion, thc nctwork wrlr.rld givc .r
strong output signal to wolves, indicating thirt wolves have hearts, because tht.
f-eatural representrtt ior.rs of clogs arrd rvolves rvoultl have a lot of ovellap.' l 'hc
model accounts for diversity effects bccausc training un a divcrsc set of catc-
gories wil l tend tcl strengthen a greater nuntber of connections than trainin{
on a narrow rar.rge of categories. For example, traininq the netwt>rk that both
hippt ls  and hamsterr  have a cc l ta in propef ty  woul t l  i rc t ivatc a [ r road range ot '
features that apply to various mamntals, leading to a strong conclusion that
all mammals have that property. That is, hippos and hamsters would activatr.
different tbatures and different connections. In contrast, trainir.rg the netrvork
that hippos and rhinos have a property would activate only a narrow range r)l
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features and connections. Although this model does have a notion of breadth
offeatures, there is no distinct cornponent for assessing coverage ofa super-
ordinate categor,v, and indeed the model does not even rely on knoivledge
about superordinate catcgories. Nrlnetheless, the Slomarr model can account
for not only diversity effects but a variety of otlrer phenomena.

HErr'(r99B). 
' l 'hc 

final rnodel to be discussed is the t3aycsian moclel by Heit
(1998).  This  rnodel  is  l inked to e l i rn inat ive accounts of  hypothesis  test ing and
irs such is a nrlrnrative rr"rodel of holv to rcasou lvith a hypothcsis spirce. In
addi t ion,  th is  account  is  fa i r ly  succcssfu l  as a descr ipt ivc account  in  thc sense
that it prcdicts lnost of the sanre psychological phcnor.ncna as thc oshcrson
ct  a l .  (1990) ancl  Slornan (1993) nrodels.  According to the Bayesian nrodel ,
evaluating an inductive argunrent is conceivecl of as le:rrning about a property,
in particular learning for which c:rtegories the propcrty is true or f:rlse. For
cxanrple, upou lcirrning that cl<lgs have sornc novcl property X, the goal
woulcl be to inf-er which othcr alrir.narls have property X and which do not. F'or
exan.rple, do rvolves havc thc property and clo parrots havc thc propcrty? ' l 'he

key assut.nption is that fbr a novel property such as in this exantplc, people
wrlr.rlcl rely on prior knowleclgc about fanril iar properties to derivc a set of
hvpothescs about rvhat the novel property nray be l ike. People alrcrdy know
a relatively large numbcr of propertics that are trr-re of b<ltl.r clogs and wolves,
so if propertv X applies to clogs, thcn it probably applies to wolvcs too. on the
other hand, pcople know a relativcly srlall numbcr of properties that are true
of'both dogs and parrots. Hence property X is relatively unlikely to extcnd t<r
pa rrots.

How cloes the l lavesian rnoclel explain clivcrsity effects? In brief, diverse
categorics bring to rrind a vcry diffcrent set of hypotheses than non-clivc-rse
catcgories. lf hippos and hamsters have some novcl property X in common,
one considers familiar propertics that are shared by all n.rammals, such as
wirrm-bloodcdness. Hencc, property X too seenrs to cxtencl broaclly to all
tnammirls, assunring that it is distributed in a similar rvav as other properties
that are broue.ht to ntind. In coutrast, if hippos itnd rhinos have proPerty X in
comnton, it is easier to think of tamiliar properties that are shared by hippos
and rhinos but not most other [rammals, such as being large and having a
tough skin. Property X, too, may be distributed in the same way, nan-rely,
only to large, thick-skinned mammals, and seems less l ikely to extend to all
marnmals.

In sum, this section has i l lustrated different nrodeling approaches to in-
duction, which have subsequently developed in later work. Interestingly,
these three models address a similar set of phenomena with different

z l
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theoretical frameworks, namely, in terms of hierarchically structured cate-
gories (Osherson et al., 1990), features in a connectionist network (Sloman,

1993),  and bel ie fs  wi th in a hypothesis  space (Hei t ,  1998).  Not  only  is  i t  pos-
sible to systematize what is unsystematic by nature, namcly, probabil istic
inference, but there is more than one way of doing so.

C O N C L U S I O N

This chapter shoulcl at the very least i l lustratc the richness of research on
induction. Research on this topic might seenr to face a lot of challenges. Af-
ter all, the degree of overlap with clecluction has not yet been determinecl,
and some .rccounts of reasoning sirnply define ir.rduction in terms of not tre-
ing clcduction. By their vcry naturc, inductivc infcrenccs clo not have a "right

answer" in the same way as deductive irrfercnccs. Yet there are sti l l  regularit ics,
such as the diversity principle, which can be studied from a variety of per-
spectives, including historical, philosophical, experin.rcr.rtal, clcvclopn-rcntal,
ancl computational. By no mcans is this rcgularity conrpletely deterrnirristic;
incleed, there are well-clocur.nentccl cxccl.rt ions to the cliversity principle that
are thenrselves of interest.

' l 'he 
material in this chapter should tre seen as irn invitation to consicler

dil lbrent approachcs to indr,rction and difl-crent phenomena in induction,
incluclir-rg those ;rresented in the subsecluent chapters of this book. All of
the chapters refer to the experimental approach to at lcast sorr.rc extent. 

' l 'he

chapters by Hayes and by Meclin ancl Waxman f<rcus on the dcvclopr.r.rental
approach. Thc chapters byTer.renbaurr.r ancl Blok, Osherson, ar.rd Medin largely
take the moclelir.rg apprcach. The chapters by Rips and Asn.ruth, and by
Thagard, involvc the historical approach, ar.rd the chapters by C)aksford and
Hahn, ar.rd by Thagard, involve the philosophical approach. Finally, several
of the chapters (by Rehder, Rips & Asr.nuth, Oaksford & Hahn, 

' l 'hagard, 
and

Feeney) directly address the questi<ln of what incluction is.
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