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TELEOLOGICAL EXPLANATIONS 2

RUNNING HEAD: TELEOLOGICAL EXPLANATIONS

Abstract
Teledogicalreasoning involves the assumptibatentitiesexistfor a purposediraffes have
long neclsforreaching leaves).his studyexaminesow teleological reasoning relates to
cultural contextby studyingeleologi@al reasoning i®1 QuechuaspeakingPeruvian
preschoolersM age 5.3) and adulis an indigenousommunity compared to 7English
speaking U.Ss#preschooleid @ge 4.9) andniversity studentdata were responsesdpen-
ended ‘why*question§'Why is that mountain tall?:)Teleologicalexplanationgbout non
living natural kinds were more frequent for children than adults, and for Quechua than U.S
participantsHowever,changes with age&ere importantly distinctrom differences
corresponding to cultural variationel2elopmental and cultural differences in teleological

explanationsnayreflectcausal analysis of tHfeaturesunder consideration

Development ofeleological explanations
Peruvian Quechugsakingand U.S. English-speakimgeschoolers and adults

From an early age, childréreat entitiesn their world as existing for a purpose (e.g.,
clocks are for telling timea giraffe’sneck is for reaching leaves). This formtledught, known
as teleologicalreasoninig, central to howpeopleconstruct explanatory theories of the world
Teleologicakreasoning isot only a key component mtuitive theory building(Kelemen,
1999), but alstnas important implications for scientific literacy, as it can interfere with
understandingnechanisticausal processé&regory, 2009; Kelemen, 2012).

An unresolved debate coerns thelomains to whicheleologicalexplanationsre
applied. Two.dominant positions have been set f@#hective TeleologgndPromiscuous
Teleology(kelemen, 1999). According to Selective Teleology, children and adults alike have a
"designstance” thais limitedto artifactsand biological entities, though the nature of that stance
differs in the two domaing3reif, Kemler Nelson, Keil, & Gutierrez, 200&gil, 1995).
Artifacts andtheir properties function to serleimanse.g., a cup is designed for a person to
drink from. In contrast, properties biblogical entitiedunction to serve the animal or plant
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TELEOLOGICAL EXPLANATIONS 3

itself, e.g.,a turtle’s shell protects it from predato8elective Teleology igariously proposed to
be a component of children’s innate biological module, and so constrainedudescertain
kinds of entities (whole animals or plants, or nonliving natural kinds) (Atran, 1995), or the
outcome of an autonomous mode of construal that is favored for the biological dGreire{
al., 2006; Keil;,1995). Keil further proposes that domains differ in their underlyusaka
principles, .and.that these principles are responsible for different modrglahation. In
contrast, the"Promiscuous Teleology model proposes that there is a broad humay tende
apply teleoloegical explanation across domains, includotgust artifacts and parts of living
kinds but @also notiving natural kinds (mountains are tall for people to climbgl whole
animals (am animal is for walking around) (Kelemen, 1999a). Eventualtren learn to restrict
this tendeney,but even adults revert to Promiscuous Teleology under speeded conditions
(Kelemen & Rosset, 2009) or cognitive decline (Lombrozo, Kelemen, & Zaitchik, 2007).

Althoughthere is much evidendeom theU.S. andBritain in middle-class, urban or
suburban eommunitieprimarily supportive of Promiscuous Teleology, little is known about
teleologicalreasoning in other contexiis is a serioubmitation. Industrializeccommunities
in which children receive extensive formal education and exposivesternscienceare
unusuakhe.world over(Henrich, Heine, & Norenzayan, 2010; Mazzocchi, 2006). It is thus an
open question whether the patterns obtained in the U.S. and Britain would extend to other
contexts. Moreover, examiningleological reasoning in other cultural groups permits one to
investigate.why teleological explanaticer® less frequent in adults than children

Forhese reasons, Casler and Kelemen (2008) studied Romanian Romani adults with
varied levelssef'schooling. Interestingly, those with less formal schooling agplemlogical
reasoningo nondiving natural kinds, much as did U.S. children in earlier w¥g. more
investigations of this nature are needed. In contrast, pgoplererural and isolated
communities have rich ecological knowledge of the natural world (e.qg., different typesitsf pl
for feeding,animals, cooking, etc.), which courdreasettention to purpose or function.

Finally; past work has rarely examined the contemiaoficipants' teleological
explanations.,,On the one hand, teleological purpose megristrued in an explicitly artifact
like manner, aglesigned for human purpose (i.e., anthropocentrism). Although PT does not
necessarily imply anthropocersim, some examples in the literature are of this sagt,(a
mountain is to climly’; Kelemen 1999a). On the other hand,dontrast tahe assumption d®T
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TELEOLOGICAL EXPLANATIONS 4

that teleological reasoning indexes intentional desiaiehto, Waxman, and Medin (2013)
propose that "teleological thinking about nature reflects relational reasoning about perspectival
relations among living things and their environments” (p. 166). For exaipées provide a

home for birds'Indexes aelation between two elements in nature (birds and trees) and a
particular perspective (i.@he bird's point of view). Thegall thisa "relationaldeictic"

framework; which we dub "RDT'f¢lationatdeictic teleology,)

Weaddress these issuagstudying preschool children and adults in two cultural groups:
Englishspealersin a middleelass university community theU.S, and Quechua speakers in a
rural community in the Peruvian Andes. Our goal is to examine how teleological reasoning
relatesto broadhfeatures of cultural contesdther thariocusng on a single dimension of
cultural variation (e.g., schooling, as in Casler & Kelemen, 2008; religion, agsemiruck &
Haber, 2009). W compared a samplieatis typical ofprior research (intesively schooled,
relatively secular community within the U)Svith one that has never before been studighd
respect to these issu@sdigenous, rural, Quechwspeaking community).

TherQuechua-speaking context was chdssrause it isn indigenousa@ammunitythat
differs inwith-nimerousespectgrom populations that have been studied previously, including:
rural/agrieultural fewer years of formal schoolingiore religious, and highly attentive to
relationalpatterns in natu(®rlove, Chiang, & Cane, 2002). Adults in this community have
typically no more than five years of school, yet both children and adults have intensive
experience with the natural wonth farming and raising animals.

Additionally, Quechua (which is the primary languageken inthis community)
expresses teleological function or purpose with a grammatiaeder(-pag), which appears on
nouns and nominalized verbs (Cusihuaman Gutiérrez, 1976). The meainipagthat were of
greatest interest to @seuse(Ima-pagtagkay qurari allin?/‘What is this qura herb for?") and
goal or persistent objectiig€hakrachikunaypagmi aghashani/'I’'m making maize beerorder
to work my.field."). @her usesresimilar tothoseof English "for" (e.g., recipient of an object:
Taytayki-pagemi chay ahaqa kashan/That maize beer is for your father’), though content and
context typieally clarifythe intended meaning (Cusihuaman Gutierrez, 19Bétausepaqis
grammaticizedit provides a readily accessible meansxgressindeleolayy. Further, parents
use-paqhighly frequently when speakirapout the purpose of whole items (especially artifacts)
with their 5yearold children Gelman, Mannheim, Escalante, SAnchapia in pres3. This
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TELEOLOGICAL EXPLANATIONS 5

raises the possibility that teleologicahsoning would be particularly salient in this community.

We examined three questions, regarding the domain specificity, overall freqaedcy,
content of teleological explanationg&) Domain specificity Do Quechua speakepsovidemore
teleologicalexplanationgor properties of noriving natural kinds? Kelemen's Intentional
Design theory,(Kelemen & DiYanni, 2005) would make this prediction, as it proposésItieat
adomaingeneral tendency reflecting antentional stance that is suppressed vatimal
instruction‘inWestern scientifitheoriesIn contrast, Kei(1995 and Greif et al(2006 would
predict domairspecific patterns in botthildren and adults in bottultural communitieswith
teleological explanations restricted to artifacts addptive parts of animalg) Overall
frequency.borQuechua participants overajppeal to teleological explanatiom®re than U.S.
participantsdue tatheir limited exposure to Western scier(@éich conveys mechanistic
explanations that may supplant teleology; Casler & Kelemen,) 20@tyreater emphasis on
religion (which promotes an intentional stance; Diesendruck & Haber, 2()98ntent How
often ies teleological reasoning reflect a tendency to treat the naturalagartentionally
createdorhuman purposes? And in contrast, how often daefléict asensitivity to
relatedness among elements of nature contrasting perspectivdsmong the Quechua,
farmers understanain as a necessity for agricultusndnonliving natural kinds suchs stars
and clouds-are consulted to organize agricultural activities and life events, and to predict climatic
conditions. Thebservatiorthat thebrightness and size oértain stars can be usedforecast
the timingfor planting potato plants msommon among Quechua speakers in Peru and Bolivia,
reflecting sensitivity to patterns that nQuechuascientists discovered only recently (Orlaate
al., 2002).

We posed a series of opended ‘why’ questions (e.g., "Why is trsar twinkly?"), to
elicit explanations thatould be coded as teleological (e.g., "Our god in heaven made the stars in
order to shine.on us peop)etausal (e.g:;They are balls of fire so they appear sHjngnd/or
non-explanatory (e.g., "It's actually VeriljsKelemen, Callanan, Casler, and Pé@Ganados
(2005) distinguishetteleologicalexplanationgfocusedon purpose or functiorijom "causal”
explanationsipcusedon prior circumstances, including mechanisms, preconditions, and
precipitating factors)This approach contrasts with much prior work, whadkedparticipants to
select the “best” explanation from a set of experimesuippliedoptions Keil, 1995 Kelemen,
1999b). Althoughexperimenteiprovided choices maintain strict control over explanatory
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TELEOLOGICAL EXPLANATIONS 6

choices, participangenerated choicageld insights into everydayeasoning Similar methods
have been used to examine teleological reasonialildren’'squestions abouinfamiliar items
(Greif et al.,2006) or responsés explicit prompts for teleologicaxplanationg"What's the X
for?"; Kelemen, 1999a). To our knowledge, howewer prior research has examined
teleological.explanations in response to experimeygaerated\Why" questions.

Questions spanned three domains (lnang natural kindsanimals, artifacts) and two
propertytypes-(static propertiebehaviors), to assess the breaftteleological reasoning.
Much priorwork on teleological explanations focused on static featuneh, & an animal's
color or the texture of rock¥Ve hypothesized that teleological explanations might be more
frequently.employed for statfeaturegshan behaviorg-or U.S.adults, features that result from
intentional'design are privileged for teleological explanation (Lombrozo &Cad®6), and
static features such as functional parts roagrtly reflectan item's desigrwith affordanceghat
even young children understand (e.g., the handle of a hammer is for grasping; the weldfed feet
an otterarefor swimming;Kelemen, 1999; McCarrell & Callanan, 1995). In contrastions
may reflect-desigmore irdirectly (e.g., people desighe gears of a clodkut they don't design
a clock to tickyrather, ticking is an indirect consequence of the design).

Finally, we varied whether wording referred to categories, using generic langugage (e
"Why do.doegs bark?") or referred to individuals, using specific language (e.g., "Wiay doth
barking?"). Four- and $earold children provide relatively more teleological explanations in
the context of generic language (e.g., snakes have holes in their teeth “So thegllcam sw
things”) than'specific language.g.,a particulaisnake has holes in his teétbcause, “Maybe
because a‘bug came in its room, drdted [sic] his teeth”)(Cimpian & Markman, 2009). By
including both generic and specific wording, we can gauge how flep@stycipants shift their
use of teleological explanations as a function of the linguistic context.

Method

Participants

In Pery participants wer@7 adults (La&vomen 11men) and 34 preschoolers (20 boys,
14 girls; Mage,5.31 years; age range 4.00-6.03). Data were collected in August db011.
additional adults were tested but not included because of equipment failure orcooding
quality. The participatslived in arural community of Quechua speakers in the Peruvian Andes.
Adults received $10 (U.S.) as a token of appreciation. The children attended the only preschool
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center in the community and were tested there or in their h&waeh.child received a picture
book and a shirtfor their participation. All participants were native speakers of Queéluub-
eight percent of adults were bilingual (Quechua/Spanishyyverage learnin§panish at 10
years of age (range 6f17yeard. The rest spoke only Quechbdore details regarding the
Quechua sample are provided in dméine Supporting InformatigrAppendix S1.

In the U:S., prticipants were 32 college stunde (24men 8 womern) and 40preschoolers
(24 boys, 1®irls; M age 4.91 years; age range 4.05-5.47). Children were tested March through
October of 2009, and adults in November of 20080 additional children were tested but not
included, one far not providing a minimum number of responses and one for equipment failure.
The college students were enrolled in an Introductory Psychology course at a largatyninver
the Midwestern'U.S. Their participation fulfilled class requirements. The college students were
56% White, 19% AfricarAmerican, 19% Asian or AsiaAmerican, and 6% other. The children
attended local preschool centers or were tested in-@arapus laboratory. They were from
communities in and around a small university town in the Midwestern tdd3t participants
wereWhiteandimiddleclass. All participants were native speakergglish.
Materials

Items_included non-living natural kinds, 8 animals, aBdrtifacts, each accompanied
by a colorphotograph displaying the target property (Tablerii¢ath domain, half the features
werestatic (e.g., “Whyare rocks pointy?”) and haklfereactiors (e.g., “Why do balls roll?”). To
ersure that th&ems wergamiliar and culturallyappropriatethere were slight differences
acrosghe two'testing site@.g., “Why dogiraffes have long necR8[U.S] vs. “Why dollamas
have long neeck& [Pery). Half the participants received questions in generic form, as in the
examplesfabove ("Why are rocks pointy?"); half received questions in specifi¢" Wy is
thatrock pointy?"). The study materials were initially written in English anchiSpaand then
translated.into.Quechua by two fluent speakers of Quechua, one of whom is a native Spanish
speaker and.the other of whom is a native English speaker and fully fluent in Spanish, upon
consultationswith a native Quechua speaker. The study materials wergdrestated.

----- Insert Table 1 about here--

Procedure

PeruvianQuechugarticipants and U.S. children were tested individually in their native

language (Englisfor U.S. participantsQuechua for Peruvian Quechua participphysa female
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experimenter.The Peruvianinterviewer was a Quechisgpeaking out-group member with close
ritual ties to members of éhcommunity (com@drazg®. She hadbuilt relationships with adult
women and some elderly members of the community over a period1df y€ars anevas welk
known and trusted among them. In the U.S., children were tested in a quiet room; in Peru,
participaits.were testeh the schoolyard ahe participant'shome.Participants were told that
they would,be shown some pictures and asked if they could help out by answering questions
about them:“In‘the U.S., children were additionally told that the questoms from a child.

For each of'24 questions, the experimefitst laid outa laminated photo of the targem

(e.g., aurtle), then provided a framing statement (e.g., “I'm going to ask you a question about
turtles), followed by the question itself (e.g., “Why totles have shells?”). No feedback was
provided, aside from simple natirective responses (“OK”, “good”When children gave a non-
response, they were encouraged to give their best guess. The order of items wittknaabl
randomly determined, separately for each participant. Respamere audio recorded.

The U.S. adultsvere tested individually or in small groups in a quiet room, with a paper
andpencildask(in English) (buseeAppendix S2 in the online Supporting Information a
replication'study using fade-face interviews)Participants were asked each question
separatelyyantbld not to go back and change their responses once a question was answered.
For each.item, participants saw a photo of the targetatedthe target questiorf.his method
provides continuity with prior studies of teleological reasoning in U.S. a@{dtemen &

Rosset, 2009; Lombrozo & Carey, 2006).
TranscriptioTranslation and Coding

ForW:Siparticipants, esponses were transcribed verbatim. For Quechua particigents, t
child responses were directly translated into Spanish from the recqroynilpe researcher who
conducted the Quechua interviews. Thgechuaadult responses were transcdlend
translated.into.Spanish and English. Due to limited availability of Quechua tkaersand
translators,.our highest priority was obtaining transcriptions for the adbitseresponses were
longer, more€onceptually sophisticated, and more grammatically complex. Spanishidrensla
were also translated in English by a bilingual Spakisglish speaker who discussed all
guestions with the Quechgpeaking translators during the translation prod#®shad a
multilingual research teaf@uechua, Spanish, and/or English), and thus it was an advantage to
have all three languages when possible. The order of translation was from Quegiarago S
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to English, because masftthe Quechua translators knew Spanish but not Englisdmslations
of the Quechua were conducted by three speakers bilingual in Quechua and Spanish, one of
whom also is a native English speaker. These were notttaattatedCoding of Quechua
responsewas conducted from the English translations. For the adult responses, Quechua and
Spanish transcriptions were also consulted. The primary coder was a native speaker of Spanish
and fluent'in English. When questions arose, the coders consulted a Quechua speaker.

Respones were coded faxplanatory typeteleological (telelmgy or consequence),
causal (priorcausedr nonexplanatoryKelemenet al, 2005) Non-explanatory responses were
coded only if a teleological or causal response was not offered for the same éerod&d
teleological responsdsr content, asnthropocentricecorelationalexcluding humang'eco
relational™for shoi}t or neither. Anthropocentric indicated that the purpose was specifically for
a human (e.qg., "for people to walk therefgprelational expressedl link between the item and a
non-human natural element, either living or hiemg (e.g., a river flows "in order for bugs to
live, and in.order for fish to live, in order for trout to lived)l others weraeither (e.g., a pigeon
has wingstogfly®). Humans are considered partemfosystems within Western science.
However, in order not to make assumptions about the role of humans within the Quechua
ontology,the present coding of ecological relatedness excludes humans and yiekkeative
estimateEcorelational teleologicatontent was coded for ndiving natural kinds (NLNKS)
and animals only, as artifacts are not part of the natural ecosystemmerview of the coding
scheme, sample teleological responsesl all codingf causal (prior cause) responses are
provided inFAppendices S37in the online Supportinhformation

Forthescoding of explanatory type in the U.S. daitee person coded all responses and a
second caded 96% of responses. Inbber agreementas85% (prior causeP0% (tdeology),
and 90% jonrexplanatory); Cohen’s kappas were .69 (prior cause), .80 (teleology), and .53
(non-explanatory)For coding of explanatory type in the Quechua data, two people coded all
responsednterrater agreement wab% (prior cause2% (teleology)and 8846 (non
explanatory);"Cohen’s kappas wes8 (prior cause), .83 (teleology), art (non-explanatory).
Two coderstcoded all files foeleological contentyielding agreement of 97% (U.S.) and 94%
(Quechua), and kappas of .93 (U.S.) and .86 (QugcWith the exception of "non-explanatory"
responses (which were not analyzed further), all the kappas were either “substantial’ (.61 to .80)
or “near perfect” (.81 and above), according to Landis & Koch (1977).
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Results

The resultsare reported ifour sections: a preliminary overview, then one section for
each of the three domainsddn-Living Natural Kinds [NLNKs], Animals, andrtifacts).
Preliminaty Overview

Missing.or unintelligible data accounted for less than 5% of the responses within ea
group. Most of the remainingesponses were either teleological or ca(&Hb for Quechua
preschoolers;"89% for U.S. preschoolers, 94% for Quechua adults, and 96% for U.S .aautlilts)
all but two participants provided both teleological and causal explanati@mne point
throughout theask Given thatnon-explanatoryesponses were raf@1% of the data overall),
that trials rarely.included both a teleological and a causal explanation (4% of amalshat
childreristeleological and causal responses weversely correlated 68 for U.S., -.72or
Pery ps < .00}, wefocus primarily orthe teleological responses.

Initial analyses revealasignificant fouway interaction involving cultural contexge
group, denain,_property typep = .034; thusthe primary analyses are separatedi¢aypain.
Additionallyswe found substantially similar results for generic and specifidiwg: generic
wording yielded more teleological responses than specific wording, butoorthe U.S.
participants,considering animal actioerris p = .001. No other wording comparisons were
significant=We thereforecollapsed ovethis factorin all analyses reported henceforthinally,
Quechua participantseremore religious than th sample of U.S. participantas confirmedy
the percentage of participants who mentioned God at least®¥oef U.S. children, 6% of U.S.
adults, 18%"0efiQuechua children, and 67% of Quechua adults. Item analyses and individual
response patterns are peated in Appendices S8 and S9 in the online Supporting Information.
Non-Living Natural KindgNLNKSs)

Non{iving natural kinds provide the most direct tesPdf and STIs there a tendency
among U.S..and Quechua children and Quechua adults to progidéecleological explanations
for properties. oNLNKSs (PT), or do we findsimilar, domairspecific patterns in both cultair
communities/and at both ages (STECE participans teleological responses wesemmed
separatelyfor,each propertyith scoresanging from &4 (Figure 1a). We conducted an@y
ANOVA involving cultural context (Quechua, U.S.), age group (children, adults), and fyroper
type (tatic, action)As predicted by PT, we found higher rates of teleological explanations for
children than adult$;(1,129) = 21.04p < .001,,,2 = .14,andhigher rates of teleological
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explanations among Quechua than U.S. particip&iits129) = 19.34p < .001,5,% = .13.

Teleological explanations were also significantly higher for static features than for
actions,F(1, 129) = 16.24p < .001,np? = .11, but this property difference interedtvith both
country,F(1,129) = 4.45p = .037,57,% = .03, and age group(1,129) = 7.84p = .006,;,2 = .06,
reflecting greater effects among the U.S. children, Quechua children, and Quéultsia a
Nonetheless, effects of cultural contaxiofeteleology among Quechua theliS. participants)
and agé'groumgoreteleology among children than adults) held up for both static and action
propertiesps<".036, Bonferroni's.

----- Insert Figure 1 about here--

Wealsoclassified participants into whether or not #negrproduced a teleological
explanation‘fomny of the eight NLNK items The majority of U.S. childrei75%), Quechua
children(74%), and Quechua adults (74%) did produce at least one teleological explanation for
NLNKs; by contrast, only 28% of U.S. adults ever did so.

How.often doeseleological reasningabout NLNKsreflect sensitivity to relatedness
among elements of nature, as predicted by RBIbw often does it reflea tendency to adopt
an anthropocentric perspectiidere, the data revehbthdevelopmental and cultural effects
(Table2)."Anthropocentric responses were not uncomraspeciallyamong childreni(1,84) =
9.67,p =003 ,;,2 = .11. Yet participants also expressedorelational teleological functions,
especially among Quechua participafid,,129) = 8.04p = .005,7,2 = .06. For example, one
Quechua child said that rivers flow, "for fish to move inside the water." Fuiftloere considers
humansaspartef the ecology, thus collapsing ovelational” and “anthropocentric” codeall
groups except'the U.S. aduttovided relational explanations anostteleological trials.

----- Insert Table Zbout here----

Summary These findingst first appeaconsistent with the PT positidhatschooling
and instruction.iWesternscience suppress an otherwise promiscuapsglication of teleological
explanations.for NLNKs, with lowest rates of teleological explanations for U.Ssahd
higher rates/among U.S. children, Quechua children, and Quechua lacodigantly, lowever,
this is not aninteraction, but rather twain effectghigher rates among children than adults,
and higher rates among Quechua than U.S. participants), indicating that age andhauéture
independent influences. The underlying reasoning that participants providegetedeifh the

analyses ofeleological contenglsodiffers for the age effedfchildren are more anthropocentric
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TELEOLOGICAL EXPLANATIONS 12

than adultsversus the cultural effed@(echua participants are moréatmnal than U.S.
participant$. Altogetherfor NLNKs, variation in teleological reasoniragsociated with age is
not equivalent to variation in teleological reasoning associated with culture.

Animals

ST weuld predict high rates for gtoupsin the animal domain, for which teleological
reasoning'is argued to be privileged, and PT would@isdict high rates, reflecting "broad
purposé:basedreasoning” (Casler & Kelemen, p. 33@)vever the animal domain provides an
opportunity totest whether tlygoupsdiffer in overall frequencyf teleological reasoningor
example Quechuahildren and adults may supptyoreteleological responsggiven their
greater religiosityandlessexperience wittWestern scientifienstruction and schooling more
generally Fhesmean numbers of teleological responses are displayed in Figure 1b. As with
NLNKs, we conducted a 2 (age group) x 2 (country) x 2 (property) repeaegisres ANOVA.

Counter to our predictions, teleological explanatimmsanimalswere higher among
adults than childrer;(1,129) = 5.71p = .018,5p2 = .04, and among U.S. than Quechua
participantsiF(1;129) = 63.00p < .001,,,2 = .33. Each of these main effgelsointeracted with
property. Teleological explanations were more frequent for static than antioalproperties,
F(1,129)=.15.05p < .001,7,2 =.10, but this effecivascarried exclusively by U.S. preschoolers,
resulting.in an age group x property interactib(l(129) = 18.11p < .001,7,2=.12) and a
country x property interactioriF(1,129) = 39.55p < .001,,,2 =.24).Importantly, higher rates of
teleologyresponsefor animalsamong the U.S. than the Quechua participants held up for both
property typesps = .004, Bonferroni's.

Howseften aes teleological reasoning reflect a tendency to treat aniroaisan
anthropocentric perspective, and/or sensitivity to relatedness among sl@meature? Most
teleological explanation®r animals were eceelational;anthropocentric responses were
extremely rarg¢see Table 2)A univariate ANDVA conducted on the proportion of teleological
responses.coded edationd indicated thaadults were more relational than childré(l1,129) =
21.27,p <.0017,2 = .14, and U.Sarticipants werenorerelational tharQuechua participants,
F(1,129) ='6.72p = .011,57,2 = .05. A univariate ANOVA conducted on the proportion of
teleological responses coded as anthropocentric indicated that Quechua participants were more
anthropocentric than U.S. participarf$],129) = 8.04p = .005,p2 = .06. Thisfinding mayin
partreflect greatemteraction with animals for subsistence purposes (sutdraig) among

This article is protected by copyright. All rights reserved



TELEOLOGICAL EXPLANATIONS 13

the Quechua. For examptme adult said that llama had a long neck "for carrying loads."
Summary Contrary to both PT and ST, teleological explanations were not uniformly
high for animak, but varied by age and cultural group. Contrary to our prediction that rates of
teleology would be highest among U.S. children, Quechua children, and Qaelcttigathe
patternsverethe reverseThese data argue against the predidi@t a rural, religious, less
schooled, indigenous sample would show an overall greater tendency to appeal to teleologica
explanationsthan a highsehooled, more secular sample. The dataconsistent witRDT, in
that teleological explanations fanimals were primarily relational rather than anthropocentric.
Finally, as with NLNKs, we find that effects of age are independent of those fiorecul
Artifacts
Given the role of artifacts as human creations that serve intended functions, all theories
would predict high ratesf teleological explanatiorfer artifact properties imall participant
groups. Nonetheless, as with each of the other domains, an examination of explanations in the
artifact domain permits a test of participants' overall orieartabward teleologyas well as the
importanceofsproperty type. Responses are shown in Figure 1c.
There'were no significamhain effectsof age group or country, bthere was mage
group X country interactiork;(1,129) = 10.21p = .002,,,2 = .07.Quechua preschoolers
provided.feweteleological explanations than the other three graugs,. 004, Bonferroni's.
Teleological explanations were also higher for static features than for aétfdn%29) =
388.33,p <.001,n7,%2 = .75. This difference btainedin all participant groups, butas higher in
the U.S. and'among adults, as indicated by a property x country inter&figk29) = 5.71p =
.018,7,2 ="04y"and a property x age group interactié(l,129) = 10.22p = .002,,7,2 = .07.
We also codetiow often artifact teleologseferredto anthropocentric functiongc{ocks
tick] "to give us,the tim@"versusotherfunctions ([chairs have four legs] "to stand wellAs
predicted anthropocentrifunctions werdrequent, with no differences across gro(ipsble?2).
Summary Teleological explanatiorfer artifacts wee high in all four groups of
participantsyiand there were no overall effects due to age or country. Nonetheless, where there
were differenees, #y were in the opposite direction of what would be predicted if childeza
more teleologicallyinclined overall than adults, or if Quechparticipants were more
teleologicallyinclined overall than U.S. participantdoreover, the stark differences due to

property type (static feature vs. action) are a remindeteleatiogical explanations are rtetd
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to domain per selnsteagdpeople flexibly generateither causabr teleological explanations
depending on the particular phenomena at hand.
Discussion

Is there a universal pattern lofoad teleological reasoning that declines with formal
schoolin@ We examined this question in a developmental study with participantstivom
culturalbackgreundsEnglishspeaking U.S. preschoolers and adulta middleclass, suburban,
relatively seculacommunity, and Quechua-speaking Peruvian preschoolers and adults in an
indigenous,ruralmore religious community. We employed a task that posed open-ended ‘why’
qguestions ("Whydo cars have whe€ds) to elcit explanations coded as teleological (that pigeon
has wings ‘s it.can get away fromatuff that's trying to eat théin causal poats float because
they're made of wood"), or non-explanatory ('l don't know"). Items spanned three domains
(nondiving natural kindsanimals, artifacts) and two propetiypes (parts, behaviors), to assess
the extent of teleological reasoning. We orgatieediscussion with respect to the three issues
posedn the introductionthe domainspecificity of teledogical reasoningthe overall frequency
of teleologicalreasonin@nd the content of teleological reasoning in these four different groups.

Theprimary research question concerdteleological reasoningboutNLNKs, where
competingstheories regarding domaipecificityare most distinctOn balance, our findings
support PF;"and run counter to the ST position that "even young children restriceduaped
thinking to artifacts anddaptive parts of animals” (Greif et al., 2006} fdund both
developmental and cultural effeetithin the NLNK domain as predicted by PThigher ratesf
teleologicalexplanation®r children than adults, and higher rates for Quechua than U.S.
participantsAlthough theabsolutdrequency of teleological exptations for NLNKs was rather
low (seemingly consistent with STjostU.S. children, Quechua children, and Quechua adults
(over 70%,1n each groupyovided teleologicahs well axausal explanations for NLNKs. Thus,
teleological .explanations for NLNKsere more commonly endorsed whexperience with
formal schooling and Westestientificinstruction wee low.

Impartantly, lowever teleological reasoningasnot equivalent for children and adults
with less sehoolingWe did not obtairan interactioal effect of age and culture, but rather two
main effects, indicating that age and culture have independent influences. ,Rhether
underlying reasoning that participants providasireflected in teleological content, differed
when examining the age effect w¥ise cultural effectChildrenwere nore anthropocentric than
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adults, whereaQuechua participantgere more redtional than U.S. participant#ltogether
these results indicate that variation in teleological reasoning associated with age is notrgquivale
to variation in teleological reasoning associated with culture

Finally, although teleological reasonimgas widespreadmong theQuechua sampleve
would not wish to concludthat itwas incorrectly applied. Sophisticated knowledge about
ecologicalrelations may be expressed in teleological tésjakehto et al., 2013), artdere may
be culturaldifferenceis ontology, regarding which entities are considered livinghgs:living.
Thus,rathertharcharacterizing participant®leological reasong as "promiscuous” (thus
implying a lack of appropriate discrimination), one might insteade preciselgharacterize it
as broad, domain-general, or unrestricted.

Thesecondesearch questiomaswhether differing rates of teleological reasoning for
NLNKs, discussed aboveieredue to overarching differences in rates of adopting a teleological
stance (linked to age and culture). The answer to this quessxiearly "no". Thedistinctive
features of.the Quechua sample (less folsnhboling, greater emphasis on religion, sensitivity
to relationalypatterns in nature, grammaticizatiorpai) did not uniformly boost teleological
explanations.=None of the groupsre wholly teleologicalasall displayed significant
differences.across domaingith more teleological explanations for both artifacts and animals
than for_nen-living natural kinds. We also found no group differences in rates of teleological
explanationgor artifacs. Finally, teleobgical reasoningventin the reverse direction for
animak than NLNKs (higher for adults than children, and higher for U.S. than Quechua
participants):“Againthe effects of age and culturethe animal domainid not interact, but
ratherweretwemain effects. And again, the underlying reasoning regarding animal teleology
differedwhen examining age effexots. cultural variationindicating that changes in teleological
reasoning. with age are importantlstinctfrom thoseassociated with ctural variation

Thethird. point is that "domain" is too coarse a unit of analysis when examining
teleologicalthought, and the nature of the property exerts poweffetts. Static featurege.g.,
why a bird.has wingsjonsistently eliciteanore teleabgical explanations than action features
(e.g., why ardog barks) hese differencesayreflect aprincipled distinction betweestatic
versus action featuresr perhapsvell-chosen examples could reduce or even reverse the
pattern Regardlessthe keypoint is that rates of teleological reasoning vary substantially

depending on the propertyWe speculate thdlhese differenceeflectvariationin the casal
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analysis of the featurespecifically, how muclafeatureis seen as designed. Static features

may more readily link to an item's design, given the affordances of functionalelgmén,

1999; McCarrell & Callanan, 1995) as contrasted to actions (e.g., people don't design a vacuum
cleaner to_.make noisthe noise is an indirect consequence efdbsign). For adults, features

that result frem intentional design are privileged for teleological exptanétombrozo &

Carey, 2006), and this may account for the cross-age, cross-cultural findiegahatontrolling

for domainicertain features elicsubstantiallymore teleological explanations than others.

The underlying causal analysis of properties in the animal dameyralso varyy age
group and culture. U.S. adults' exposura Western science curriculum in whietolutionis
discussedavithsa,focus on fitness and survivahy promote a "design" perspective on biological
features, and a correspondiedeological stancedlson & Labov, 2012; Ware & Gelman, 2014).
In contrast, Quechua participants were much less likely to provide teleallegplanations for
animal propertiesStrikingly, in their nonteleological explanations for animaf3uechua
childrenfrequently mentioned contaxl elementgforest, ducks, wind, bananasc) that were
not preseningtheprompt picture or questigmthusarguably revealing persistenfocus on
ecologicalrelations. In contraQuechua adults often explaindtht animals haveertain
propertiessbecause thajisstthe way they are or should be (e.g.hls is how its breed is, that is
why it [llama’s neck]is long’), thusarguably appealing tananevitable, natural ordeo the
animal world Although more research is neegdtese differencesuggesthat causal analyses
in the animal domain may reflelsbth developmental and culturafluences

Anotherimportant finding is thamot all types of teleological reasoningre the same.
Somewereanthropocentricqharacterizing a property agisting for a human purpose), others
indicated relationalinteractions amongaturalentities inthe ecologial systen(e.g., a dog barks
"to guide sheep, and $ill othersexpressea seltserving purpose (e.g., a bird has witigs
fly"). Although.analyses of content do not provide a definitive test of any of the existing theories,
three aspects.of the data are consistent with thehdéseleologicakxplanationsnaybe a
means of expresyy ecdogical relatiors, particularly within an indigenous communias
predicted by RDT First, teleological explanatiofgr animals wereypically relational. Second,
teleological responsesgardingNLNKs were moreoften relationafor Quechua participants
thanfor U.S. participants. Thirdf we considehumans to be part of the ecology, and thus
combine‘relational” and “anthropocentridhto a broader relational category, the vast majority
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of teleologicalexplanations of natural phenomena were relational, for all groups except U.S.
adults reasoning about NLNKg#t the same time, howeveelational responses for animals
werelessfrequent for Quechua participants than for U.S. participantshane was small but
significant tendency for Quechparticipantanore than U.S. participants generate
anthropocentric functions for animals. We conclude that teleological explaaften express
ecologicalrelatiors, for U.S. as well as Quechua participabist that this does not exclude a
consideration'ohumancentered functionfor living and non-living natural kinds.

Given'that U.S. adults differeth several key respectioom the otheparticipantgroups,
it is important to consider factors that may contribute to these differeWéeshose to study
U.S. universitysstudents, given pricgsearch specifically focusemh this groupKelemen,
1999b; Lombrezo & Carey, 2006)lIAhe undergraduate students in the U.S. sample had
received a college preparatory education, including at minimum three years of Western science
instruction at the high school level. In contrast, the Quechua adults received ssuidnrieal
schooling typically having attended school for at most 5 years). However, the U.S. iadhits
samplealso-differed in other respedt®m the other three groups of participamesludinglife
phase, focusnracademi, andcultural practicesAn important open question for future research
is whetherithe findings from college students would exteabtoader community sample
within the 'S Additionally, there aremanycultural and experientiaifferences betweethne
U.S. and Quechua commuei(e.g., religiosity, contaatith nature, agricultural practices,
language differences, ritual practicegarding NLNKs such as mountgii@mmins &
Mannheimy204)Lthatmayinteract with education toontribute to the patterns we obtained.

In conelusionthe present results indicdtetcultural and developmental influences are
powerful But independent factors in the construction of teleological reasoning. Byrouyga
intensively schaoled, relatively secular U.S. santipd has received extensive Western
scientific instructiorwith an indigenous Quechispeaking community that is rural, relatively
unschooled,.rich in daily interactions with the natural world, steeped in religiousotmadind
sensitiveto relational patterns in naturtbe cultural differences we obtained have multiple
potential sourcedNonetheless, ur findings shedight onthe longstanding debate between
Selective Teleologand Promiscuous Teleology, offeringw evidencelemonstrating
commonalities and variation of human cognition across cultures and develdpehemnces
Atran, S. (1995). Causal constraints on categories. In D. Sperber, D. Premack, &efakker
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Table 1. _ltems presented by domain and property (generic wording). Where U.S. and Quechua

items differed, the Quechwarsion is in bracket®Note: NLNK =non-living natural kinds.

Domain | Property Items Quechua translations
e Why do clouds float in the sky? ¢imaraykun phuyukuna hanagpachapi purin?
Why do stones sink in the water? Jimaraykun rumikuna unupi chinkan?
ACtion Why do volcanoes shoot out lava [rivers ¢imaraykun mayukuna sunchun?
NLNK e —— . ——
Why does ice melt? ¢imaraykun rit’i ch’ullun?
Why are rocks pointy? ¢imaraykun gagakuna suyt'u kanku?
Why are mountains tall? ¢imaraykun urqukuna hatun kankaray kanku
Static Why are stars twinkly? ¢imanagtinmi ch”askakunaghipinku?
Why is gold shiny? ¢imanagtinmi quri k"anchan?
Why do koalagmonkeys]climb trees? ¢imanagtinmi kusillukuna llakita llughan?
Why do dogs bark? ¢imanagtinmi allgukuna kanikun?
Why do zebragpumas]run? ¢imanagtinmi pumakuna phawan?
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Action Why do frogs catch flies? ¢imanagtinmi k"ayrakuna ch’uspikunata
Why do pigeons have wings? Z?r;grglz;\gtinmi urpikuna pharpayuq kanku?
Why do giraffeqllamas]have long necks? ¢imanaqgtinmi llamakuna suni kunkayuq?
Static Why do turtles have shells? ¢imanagtinmi tortugakuna runghi garayuq?
Animal Why do monkey$cats]have tails? ¢imanagtinmi michikuna chupayuq kanku?
Why doballs roll? ¢imanagtinmi pelota suchun?
ActiGh Why do clocks tick? ¢imanagtinmi relojkunéic tac' ninku?
Why do telephones ring? ¢imanagtinmi telefonokuna wahamun?
Artifact Why do boats float? ¢imanagtinmi barcokuna tuytun?
Why do cars have wheels? ¢imanagtinmi automalkuna ruedayuq kanku?
Static Why do chairs have legs? ¢imaraykun tiyanakuna chakikunayuq?

Why do microwave$radios]have buttons? ¢imaraykun radiyukuna butunniyuq?

Why do coats have pockets?

¢imaraykun abrigokuna bolsilluyuq?

Table2. Mean percentage of tellegical responses coded as Heelational (excluding

humans), Anthropocentric (alternatively, relational with humans), or Neibhate: The Ecoe

relational code was applied ti;e NLNK and Animal domains only.

Eco-Relational Anthropocentric Neither

(exclud. humans) (relat. w/ humans)

NLNKs

U.S. Children 18%
U.S. Adults 11%
Quechua Children 28%
Quechua Adults 41%
ANIMALS

U.S.Children 58%
U.S. Adults 80%
Quechua Children 45%
Quechua Adults 68%

58% 24%

22% 67%
47% 25%
28% 26%

3% 37%

0% 20%
9% 46%
6% 26%
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ARTIFACTS

U.S.Children -- 63% 37%
U.S. Adults -- 59% 41%
Quechua Children -- 60% 40%
Quechua Adults -- 70% 30%

Figure 1.Meannumber of ¢leological &planations as a function afje group, countrgnd
property type (a) Non-living natural kinds, (bAnimals, (9 Artifacts. Note: Scores could range
from 0-4.
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