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Abstract

When presented with a hammer that is being used as
paperweight, most people judge that its propertfands to
pound nails in place rather than to hold down Eexfepaper.
The bias to assign proper function based on hesttyi
intended function rather than on manifest or curfenction,
can be explained as a memory effect (we have |datimet
hammers are used to pound nails), as abduction+ra &
causal reasoning (a hammer’s structure is not exqiaby the
function of being a paperweight), or as a form of
intentional/social reasoning (whoever was respdasior
creating the hammer, decides what its function isjhe
experiments reported here rule out memory and diotuas
sufficient explanations.
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Most objects that surround us were created to |Ifudfi

In the manifest view, people perceive an event wher
typically an agent acts intentionally with or on ahject,
which in turn behaves to cause the desired outcofrigs
event is somehow represented (e.g., by scriptsargci&
Abelson, 1977; by simulations, Barsalou, 1999; bysal
models, Pearl, 2000) and used to reason aboutidun(gee
Chaigneau, Barsalou & Sloman, 2004). In contréss,
historical view has generally been framed in thetext of
intentions. People assign proper function accgrdinthe
perceived but most of the time inferred intentioftloe
designer.

Evidence for the historical view comes mainly frohe
following observation. Imagine you have a hamnaerd
that you are using it as a paperweight. Whatisdbject's
proper function? Most people judge that its prdpeaction
is to pound nails in place, and that it is onlyrently being
used to hold down sheets of paper. The HIF is seen

function. In order to efficiently operate in their
environment, an important task that humans facdois
acquire theproper functionsof these objects. Some

preeminent over the manifest function. This bids o
assigning objects their historically intended fumet(from

functions (e.g., that a glass is used to containdis) appear
to be rapidly acquired in the course of developm(emn.,
Aguiar & Baillargeon, 1998; Caron, Caron, & AntelB88).
Most functions, however, need more extensive learni
(e.g., that a hammer is used to pound nails inepla¢iow

now on, the HIF bias), as opposed to their manifast
current function, was first described by Lance Rip389),
and has since then been shown in different paradigoth
with children and adults (e.g., Defeyter & Germa003;
Gelman & Bloom, 2000; Jaswal, 200B8tatan & Carey,

are these more complex proper functions assigned t§001). Why do people tend to believe that the IsIfthe

objects?

At a broad level, two answers have been proposethif®
guestion. One is that proper functions are asditpased on
direct experience (e.g., Madole & Oakes, 2004) mht&rs
have the proper function of pounding nails in plaeigher
because we have seen people perform this function,
because we have done it ourselves (temnifest viewof
function). A contrasting answer is that properctions are
assigned based on knowledge of tfistorically intended
functions (HIF).
function of pounding nails in place, not because ditect

experience with them, but because we have beenaiold German, 2003).

have somehow inferred that this is what they weaglarfor
(thehistorical viewof function).
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proper function? As will be explained below, bdtre
manifest and the historical views can accountti bias.

Memory

The manifest view gives a deflationary explanafionthe
HIF bias: manifest functions become entrenchedemuory.
Experience has taught people that the hammer in
example hagpounding nailsand notholding down papeas
its associated function. Most studies on the HHs thave

In this view, hammers have the propernot ruled out this explanation, partly because theaye used

common everyday objects as materials (but see Bafd&y
By using novel objects, we were abl
test the entrenchment explanation in Experiment 1.

our



Causal Updating

This account is also consistent with the maniféstvy If
provided with a causal model that relates the HiE:,(the
cause) to an object’'s physical structure (i.e., ¢ffect),
people can use it to reason. When people needetdicp
what an object will do, they use this model to irfeat the
object is physically fit to perform its HIF bettdran other
possible alternative functions (Chaigneau et @042 cf.,
Dennett, 1987). The hammer in our recurrent exarhpls
the function of pounding nails in place, because-tagms
designed to pound—that is what it should be preditb do
best. In this view, the HIF bias occurs becausemnwh
historical function is known it leads us to infdrat the
object performs its HIF better than an alternafiwection
(i.e., reasoning from cause to effect).

Abduction or Inferencetothe Best Explanation

This is also a causal account, but consistent il
historical view. The HIF bias occurs because peopl
spontaneously build a causal model where historthés
cause and manifest function the effect, and
backwards—from the effect to the cause—to assigpenr
function (Bloom, 1996, 1998, 2000). When peoplepre

a manifest function, they do not take it for grahténstead,
they perform an inference to the best explanatiooking
for its central cause. People reason backwardein tausal
model to corroborate if a designer could have ieally
created an object with that particular manifestcfiom in
mind. They use their knowledge of design to reasoout
the most likely intention of the designer when tirepa
particular object. = Consequently, people perceihat t
intention to be the object’s proper function. histview,
the hammer in our example has the function of pognd
nails in place, because that HIF explains it haarfgeavy
head with a flat striking surfacand along handle better
than does the putative HIF of holding down sheé{saper.
The abduction theory predicts that a well-formedd an
causally efficient manifest function, is evidencé a
historically intended function (e.g., pounding safbr a
hammer), but that a not well-formed and causakfficient
manifest function is evidence contrary to that ipatar
function being the object’s historically intendedn€tion

reaso

is not created by the artist, but simply place@imuseum.
In this view an object’s function is what the demg
intended it to be (e.g., a hammer’s function ipeand nails
in place because that is what it was intended jo do

Moral Responsibility Theory

In this theory (consistent with the historical viewnd
presented here for the first time as explanatiarttfe bias),
designer’s intentions are also relevant, but onkofar as
they reflect responsibility. The HIF bias occueshuse of a
reasoning akin to moral responsibility judgmentsg.(e
Knobe, 2003; Mele, 2003). Note that responsibilgya
complex construct and does not require intentiondie@ct
causality (see Spellman, 1997). For example, dafiens
about typical behaviors can influence responsibilit
judgments (e.g., a parent who does not rescue rhiseo
child from drowning may be deemed responsible).thia
view, a HIF is judged to be the proper function dese
people reason that if the designer is responsibtettie
creation of an object, then that intended functbould be
fonored.

In the experiments reported here, we tested erfireant
and abduction against intention and responsibiligories
by presenting our participants with scenarios whare
object was described physically (verbally and pieity),
along with its design history, and its subsequesd for a
different but possible alternative function (segufe 1 for
an example). After learning about each objectiigipants
had to answer questions about the object’s fundiien is
its function the historically intended or the aftative
function?, Experiments 1 and 2), or about its cheficacy
(i.e., is the object efficient when performing ediahction?,
Experiment 2).

Experiment 1

We had two goals in this experiment. First, wehet to
show that the HIF bias could be observed with aragigm
and materials. Second, we wanted to test the rezitreent
explanation. This is the least theoretically iatting
account, and we wanted to show that the phenomenon
occurs even when there is little room for entrenehin

(e.g., being a paperweight cannot be a hammer's, HIRMost prior experiments that report the bias, hasedu

because that account leaves unexplained many of tlmmon everyday objects.

hammer’s physical features). We test the abduammount
in Experiment 2.

PureIntention Theory

In this account, consistent with the historical wjea
designer’'s genuine intention that an object belotmsa
certain category, imbues that object with the catgg
essence (Bloom, 1996). Think of an urinal being) ipua
museum and categorized as a work of art. Impdytaint
this theory, being causally relevant in the creatad the
object is not a factor that explains the HIF bid$he urinal
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In contrast, we creatakin
objects for which participants presumably hadditfirior
knowledge (i.e., the object did not have an assedia
function). If entrenchment were the only factospgensible
for the HIF bias, participants should not prefestduically
intended functions over alternative functions wiaging
novel objects. If participants did exhibit the Hbkas with
our novel objects, then entrenchment is an inseffic
explanation.



M ethod

Design and Participants We used a 2 x 3 fully within
participants design. The two factors wdtmction (two
functions, X and Y, could be described as the hisitly
intended function or the alternative function) aobject
(objects A, B and C, see Figure 1 for an examplé&hich
function (X or Y) was historical and which was aftative,
scenario structure (whether historical or alten@afunction
was described first in the scenario), and ratingleor
(historical first or alternative first) were comfgéy crossed,
to produce 8 basic versions of the materials. Qbjeder
was counterbalanced and crossed with the 8 bassions,
to produce 24 final versions. Participants were 4
University of Tarapaca undergraduate students, &&sdn
and 30 females, who participated for course credit.

Physical Description In an ancient culture, there was 3
inventor who worked with an assistant. One of diisher
inventions was a wooden stake that had been shadpen one
of its tips and rounded on the other. The staks partially
covered by a metallic tube with a sharp edge (aswvshin the

drawing below).

Function X The inventor used the object to decorate theybod
People in that culture liked to decorate their besliduring
different rituals. The inventor dipped the shawgirp into ink,
and holding the tube firmly, repeatedly hit themded side with
his or her hand. As he or she did this, the shzomt pierced

the skin, introducing the ink into the skin, andating a tattoo.

Function Y The assistant used the object to eat a typeud f]
In that culture, there was a type of fruit of hiteend hard husk,
but having a sweet and soft center. The assigta@ssed the tig
of the stake to the husk, and then pushed the dlitke way
through the fruit. As he or she did this, he oe stas able tg
extract the fruit's center and eat it, leaving thesk aside.

Figure 1: Example of novel objects used in the erpents.
Participants did not receive the underlined heaglimghich
are presented here only for reference.

Materials and Procedures Participants read scenarios
describing three novel objects. Each scenarioatoad a
graphical depiction of the object, its physical agsion,

and once the alternative function). Ratings wersedon a

7 point scale, where 1 meant “no”, 7 “yes”, andt@d Some
extent”. Materials were presented in a booklet] &me
experimenter read the instructions out loud to the
participants. It took them an average of 10 misute
complete the experiment.

Materials were designed and selected in a prelimina
experiment. We created seven novel objects, witfsipal
descriptions and drawings, and each affording tifferént
functions. An independent sample (n = 20) judged t
causal efficacy of the two different functions. rRhis
experiment we selected three objects whose twoilgess

dunctions were judged to be about equally efficierfthis

was done to reduce variability in judgments, butichhof
both functions was historical and which alternatiwas
completely counterbalanced across conditions ircthreent
experiment.

Results and Discussion Data were submitted to a 2
(function: historically intended, alternative fuiwst) by 3
(object: A, B, C) fully within participants ANOVA. As
predicted, we found a main effect of function famgrthe
historically intended over the alternative functi@(1, 47)
= 6.88, MSe = 8.27,p < .05, R* = .13, power = .73).
Participants were biased into believing that thgects’
functions were the historically intended and note th
alternative functions. We found no effect of olbjand no
interaction (respectively;(2, 94) = 1.96 MSe= 2.36,p <
.25,R? = .04, power = .40F (2, 94) = 1.89MSe= 4.17,p <
.25,R? = .04, power = .38). As shown in Figure 2, atkth
objects showed the same pattern of results.

‘ O Historical @ Alternative ‘

4

3 4

2 4

Mean Function Ratings

B
Object

and two equally afforded functions: one being theFigure 2: In Experiment 1, mean function ratings fo

historically intended, and the other an alternativection to
which the object had been put to use (see FigureAfder
learning about an object, participants had to ratth
possible functions (Do you think the function ofstlobject
is X?, where X was once the historically intendedction,
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historical and alternative functions. Error bars standard
errors.

Because subjects rated three consecutive scenarios,
learning was a concern. If subjects learned sanmgibout



the design, any bias they showed should increase the
first to the last scenario. To test for learnirfieets, we

perform its function poorly. Consequently, if paigants
reason causally about manifest functions to maferénces

computed for each individual and each scenario thabout history, they should conclude that an ingdffit

difference between historical and alternative figrct
ratings (historical minus alternative). Positiveltd values
(i.e., higher rating for historical than alternatifunction)
reflected the HIF bias. Zero and negative deltues
reflected no HIF bias. When we submitted deltai@slto a
repeated measures ANOVA, first, second and thisitiom

scenarios did not differ in the size of the biasytpbroduced
(F <1). In fact, the first object showed a nortlingreater
bias than the second and third objects.

function is unlikely to be a true historical furarii There
were two levels of thefficiencyfactor. Each participant
learned about two objects, one that performed ig®tical
function efficiently (but its alternative functigroorly), and
one that performed its historical function poorlyui its
alternative function efficiently).

Method
Design and Participants We used a mixed 2 x 2 x 2 design,

Another concern was raised by an anonymous reviewsgith rating (functional, causal) as the between participants

who pointed out that ratings hovered around thdeceof

the scale (see Figure 2). Presumably, a pureritiataview

would have subjects rating historical functionshnat 7 and
alternative functions with a 1, thus predictingttratings for
the historical function should be significantly gter than 4
and ratings for the alternative function signifidtgriower

than 4. As Figure 2 shows, this is not generdily tase.
We think this pattern of results is due to task deds.
Subjects rated two functions for a each object,ctvimay
have induced them to balance their ratings. Hadisesl a
design where subjects rated only one function, (egher
historical or alternative), it is likely their ratjs would have
been more extreme.

To reduce these concerns and to provide furtheteeze
for the bias, we averaged delta values across sosrar
each subject, and compared the number of subjathisaw
positive average delta (i.e., subjects who showedbias)
versus the number of subjects with zero or negatixarage
delta (i.e., subjects who showed a pattern inctarsisvith
the bias). Taken as a group, our sample was hiaGser
60% of our subjects had positive average deltamitab0%

showed no preference, and about 30% behaved cpntrar

our predictions)? (2, N = 48) = 18.38p < .001).

factor, andfunction (historically intended, alternative) and
efficiency (efficient historical function, inefficient histimal
function) as within participants factors. All paipants
learned about one object which performed its hicabr
function with efficiency, and about another objebit
performed its historical function without efficigne
Participants rated both, the historical and theradtive
functions, and were randomly assigned to perfortheei
functional or causal ratings. Abduction predidtatt for
functional ratings, function and efficiency will taract.
Only an efficient, but not an inefficient, histaaicfunction
should produce the bias. Intentional and respditgib
theories predict that, for functional ratings thevidd be a
main effect of function (historical > alternative)
independently of efficiency.

Sixteen versions of the materials were construdigd
crossing scenario structure (whether historical@rnative
function was described first in the scenario), objerder
(D-E or E-D, see below), which object was assigtoedach
level of the efficiency factor, and rating ordeiistbrical
first or alternative first).

Participants were 128 (64 for each rating type)versity
of Talca and University of Tarapaca undergradugts

In all, we were able to produce the HIF bias witlr 0 mgles, 80 females), who volunteered to participate.

paradigm and materials.
showed that the effect is not simply due to theesrthment
of historical functions in memory. It is possibtaat

entrenchment happens with common everyday objbats,
our data shows this is not the sole factor accagrr the

phenomenon.
objects, and appears not to be due to learninge Hias

Most important, Experimént

Finally, the effect showed for alleénr

Materials and Procedures For this experiment we selected
two additional objects from our preliminary expeeim.
For these additional objects (labeled D and E)tigpants
in the preliminary experiment had agreed that ohéheir
possible functions was afforded significantly bettean the
other. Thus, we were able to create scenariosentherHIF

showed from the first trial, and did not depend onygas inefficient relative to the alternative functior vice

participants learning something about the task.

Experiment 2

Abduction predicts that a well-formed and causafficient
manifest function, is evidence of a historicallyteinded
function, but that a not well-formed and causatigfficient
manifest function is evidence contrary to that ipatéar
function being the object's historically intendednétion.
In Experiment 2 we tested this account by usingaisjthat
performed one function more efficiently than théest

versa. Participants went through a procedure ainl that

of Experiment 1. Half our subjects rated functigio you

think the function of this object is X?, where Xswance the

historically intended function and once the altéikea

function) and half rated causality (is the objefficeent
when performing X?, where X was once the histolycal

intended function and once the alternative fungtidi took
subjects an average of 8 minutes to complete die ta

Results and Discussion Data were submitted to a mixed 2 x

Presumably, designers would not create an object t8 x 2 ANOVA (see Figure 3). This analysis reveafed
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main effect of efficiency (F < 1), and only a manaji effect
of function and rating (respectivelly(1, 126) = 3.28MSe=
3.91,p < .07,R?= .03, power = .44F(1, 126) = 3.07MSe=
2.69,p < .08, R? = .02, power = .41). However, function
interacted with ratingR(1, 126) = 7.81MSe= 3.91,p <

.01, R? = .06, power = .79) and there was a three-wayefficiency by function interactionF( < 1).

interaction between function, efficiency and ratiti(1,
126) = 7.91MSe= 4.91,p < .01,R*= .06, power = .80).

A

0O Historical @ Alternative ‘

Mean Function Ratings

Efficient History Inefficient History

Efficiency

Mean Causal Ratings

Efficient History Inefficient History

Efficiency

Figure 3: In Experiment 3, Panel A: mean functiatings

for historical and alternative functions when higtal

functions were efficiently or inefficiently perfoed. Panel
B: mean causal ratings for historical and altexmati
functions when historical functions were efficigntbr

inefficiently performed. Error bars are standamnges.
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To follow the three-way interaction, we analyzed
functional and causal ratings separately. Fongatiabout
function, we found no main effect of efficiendy € 1), an
effect of function (historical > alternativé(1, 63) = 8.54,
MSe = 4.85,p < .01, R* = .12, power = .82), and no
The lack of
interaction shows that participants had a preferdoc the
historical function, irrespective of how efficieytit was
performed (see Figure 3, Panel A), as predictethiention
and responsibility theories. Separate comparisongach
level of efficiency, showed that when the histdtica
intended function was efficient, the HIF bias wasthe
predicted direction although not significaR{{, 63) = 1.58,
MSe= 6.06,p < .25,R? = .02, power = .24). Importantly,
when the historically intended function was ineéfitt, the
HIF bias was significant in the predicted direct{®iil, 63)
= 6.54,MSe=5.52,p < .05,R*= .09, power = .71).

When we analyzed ratings about causality, a diffiere
pattern of results emerged. We found no main efédc
efficiency (1, 63) = 2.49MSe= 2.77,p < .25,R* = .04,
power = .34), no effect of functioifr (< 1), but a function by
efficiency interaction (1, 63) = 14.73MSe = 3.09,p <
.001,R?= .19, power = .97). Participants perceived the o
object performed its historical function efficigntihile the
other performed its historical function inefficignt
reflecting that participants perceived objects’ saity as
we intended (see Figure 3, Panel B).

The three way interaction between function, efficie
and rating, tells us that participants perceivdtedinces in
causal efficiency of historical and alternative dtions, but
did not use these differences when deciding whictttion
to assign to an object. This pattern of resultswisat
intention and responsibility theories predicted, hot what
the abduction theory predicted. If this last thyeevere
correct, we should have found no HIF bias when abje
performed their historically intended function plyor In
contrast, we found the bias remained irrespectife o
efficiency. To ensure that the whole pattern remdiwhen
each object was considered separately, we computed
separate means for participants that learned alaout
efficient object D and an inefficient object E, arfor
participants that learned about an inefficient obj@ and an
efficient object E. On both cases, means refleatsimilar
overall pattern (this is a pattern of means and ot
statistical significance).

General Discussion

The HIF bias does not require the entrenchmentirnétfons

in memory nor reasoning by abduction. We are eotythg

that entrenchment does happen with everyday objédter

many repeated encounters with instances of theyaate
one can hardly think that adults will question wheat
hammer’s function is. However, participants showhkd

bias even when little room for entrenchment was igfich

shows some other process is at work.



A similar argument can be made about inferencenéo t Barsalou, L.W. (1999). Perceptual symbol systems.

best explanation. Abduction is likely to occursituations Behavioral & Brain Sciences, 248), 577-660.
where the need for deliberate reasoning exists, (@gblem Bloom, P. (1996). Intention, history, and artifacincepts.
solving), or when the task makes explanations ©f kind Cognition, 60 1-29.

salient. Our point here is that participants didt n Bloom, P. (1998). Theories of artifact categorizati
spontaneously engage in the kind of causal analysis Cognition, 66 87-93.
necessary to assign function abductively. This was Bloom, P. (2000).How children learn the meanings of

because they could not appreciate the causal iatjgits of words Cambridge, MA: MIT Press.

the stimuli they received. To the contrary, pgpants Caron, A., Caron, R., & Antell, S. (1988). Infant
noticed the differences in efficiency when expliciasked understanding of containment: An affordance pesxgiv
to do so. But when asked to assign proper functiosir or a relationship conceived®evelopmental Psychology,

reasoning appears to have corresponded to a differe 24(5), 620-627.

process. This strongly suggests that abductios doeplay = Chaigneau, S.E., Barsalou, L.W., & Sloman, S. (2004

a role in everyday assignment of function. Assessing the causal structure of functidournal of
Currently, we are conducting experiments in our Experimental Psychology: General, 1E91-625.

laboratory to test the remaining theories. Priesearch Defeyter, M.A.,, & German, T.P. (2003). Acquiring an

(Chaigneau et al., 2004) shows that causal updafpegates understanding of design: evidence from childremssght

when there is limited information about an objects’ problem solvingCognition, 892), 133-155.

affordances, but that its influence diminishes &$s t Dennett, D.C. (1987)The intentional stanceCambridge,

information becomes increasingly available. Thiggests MA: MIT Press.

that in normal interactions—at least with relativsimple  Gelman, S.A., & Bloom, P. (2000). Young childrere ar

objects—where much information about affordances sensitive to how an object was created when degidin

becomes rapidly available through perception arntibmac what to name itCognition, 76 91-103.

causal updating plays a limited role in linkingthry and  Jaswal, V.K. (2006). Preschoolers favor the créatabel

manifest or current function. when reasoning about an artifact’s functi@@ognition,
Based on preliminary results, our preferred theww is 99, B83-B92.

that proper function is assigned based on a reaganinilar  Knobe, J. (2003). Intentional Action in Folk Psyldgy:

to the attribution of responsibility. If a desigrie causally An Experimental Investigation. Philosophical

and intentionally involved in the coming into being a Psychology, 16309-324.

functional object, his or her assignment of functmounts Madole, K.L. & Oakes, L.M. (2004). Infants' atteorti to

as the proper function, although causal reasoniag show and use of functional properties in categorizationL.

the object can efficiently perform several diffearen Carlson & E. van der Zee (EdsRepresenting functional

functions. We believe this kind of reasoning mayt n  features for language and space: Insights from

happen frequently in everyday situations, but thatay be perception, categorization and developmem@xford:

very important in certain moments of developmenithb Oxford University Press.

phylo- and onto-genetically. In the course of dwelution  Matan, A., & Carey, S. (2001). Developmental change

of our species, sharing consensual functions maye ha within the core of artifact concepSognition, 78 1-26.

allowed modern humans to manage an increasing nuofibe Mele, A. (2003) Intentional action: Controversidata, and

tools and create a complex culture (cf., Mithen96;9 core hypothese®hilosophical Psychology, 1825-340.

Searle, 1995). In the course of individual deveiept, the  Mithen, S. (1996).The Prehistory of the Mind: The

capacity to rapidly affix a preferred function ta abject Cognitive Origins of Art, Religion and Sciend@andon,
may allow people to efficiently reason within theilture UK: London. Thames and Hudson.
(cf., Defeyter & German, 2003). Pearl, J. (2000).Causality: Models, reasoning, and
inference Cambridge, UK: Cambridge University Press.
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