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Beyond the Words: Langlage in a Social Context
Ellie Kaplan, Lab Manager

Communication involves both understanding the literal meaning of what is said (semantics) as well as making
inferences about what is meant (pragmatics). We study how adults, tygieatopingchildren, and children with
Autism Spectrum Disorders (ASD) comprehend and produce language with two specific aspects of pragmatics:
prosody and pronouns. Our study involves several tasks in lab, as well as a training period where children practic:
theseaspects of language at home on an iTouch device.

Prosody can be understood as emphasis put on words (e.g. how high the pitch is or how loud a word is said). In s
of our games, we examined how participants produced emphasis on words, and in othewgaxasined how
participants under st ood Fortefampledasiultamowdd understandngdifferendcesn o n
meaning for the following sentences: (1) No, I don
HAT.Chooseagai n! That is, when the Picky Prince doesnot
Children seem to be still developing this pragmatic understanding betweeniagl@y&ars old, and it may be that
children with ASD develop this understiing differently.

In our pronoun tasks, participants heard stories about characters. The stories are sometimes ambiguous. For exa
AfiHenry the Horse is playing in the snoRarigpartstsaidMar ky
whether he story was true or false. If it was false, they explained &wldyul t s wuswually think t
mentioned character in the first sentence. So we expect participants to look more towards Henry when they hear
Ahe, 06 and to esarindg Fyudlsleqgw hmi ti tse D years ddgaeeilikely stillc hi | dr e
developing the bias we see in adults to interpret the pronoun as referring to the first mentioned character, and
children with ASD may come to show this bias even later thaoaly developing children.

In the iTouch training, children practice some of the same tasks they did in lab. We want to know whether practicit
language skills and receiving feedback on accuracy will help children to improve language skills.

T
® &
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lear ni ng what Verbs might Mea
hopping or entering?
Melissa Kline, Postdoctoral Researcher and Annelot de Rechteren van Hemert,
Graduate Student

Our four and fiveyearo | d parti ci pant s h a vdesignes éorelppus ungerstangl the guessesn
that children make when they learn a new word. Oftentimes, just seeing an example might not be enough: If you
a character hop around the tree and vy o uthethepping? Mosor p
adul t native speaking English users guess that it
English that has meanings like this. But if they are asked to learn a bunch of verbs which all turn out to ha
meanings like ascend, descend, and enter, adults will quickly adapt and start to guesses that the next new word
refers to a path.

Where do these abilities come from? By age four <ch
rates in their nate language, an even very smallants are sensitive to how manners of acting and goals of acting
interact with one another. Do these early systems go on to help children learn new verbs? We are using studies
the one your child participated in to help us understand this questidhis particular study, children saw silly
movies like this one of a character crawling up to a phonebooth:

Then, they would see two choices: either a new scene that kept the manner (crawling) the same, or one that kep
the path (ascending/ofibing the hill):

|

The study is still in progress, but this graph gives a sense of the pattern we are currently. ... c...
observing. If this trend is robust, it would suggest that these effects are based on some

deep and verylsstract kinds of meaning that children and adults use to put together verb

meanings and sentence structures in just the right way. This line ofwilbHelp us to ¢ [
establish the development of language and understanding during the preschool years ar],

and to understand all the pieces that fit together the make this language learning

possible.



What Makes a Good Symbol?

Annemarie Kocab, Graduate Student

Children begin producing their first words when they are around 12 months and by age 6, know arouhd 10,C
words. How do children learn so many words so quickly? One robust cue that children use is statistical frequen
Words that are heard more frequently in the context of an object are more likely to be thought to refer to that obj
than words that areglard less frequently. Less is known about other possible cues, such as iconicity, or the degree
which a symbol (like a word) resembles its real word referent (like a ball), to learn new words. Some spok
languages, like English, are thought to be lowicionicity, with the exception of onomatopoeia (words likem

and bang). Other spoken languages, like Japanese, have more iconicity, where the sounds of the vowels :
consonants of some words resemble the objects they refer to (sharp consonantwitaiobgects with jagged
shapes and smooth consonants paired with objects with round shapes).

a

In contrast, sign languages, as visoenual languages, have richer

b c
potential for iconic symbols because the symbols and their referents
A ‘ exist in the same pegptual (visualmanual) space. For example, in
i \ American Sign Language the sign HOUSE looks like the shape of a
: house. The greater prevalence of iconicity in sign languages has led

researchers to investigate whether iconicity confers an advantage for

langua@ processing or language acquisition. Work has shown that
. there is no difference in the lexical access, translation, or neural

activation of iconic versus arbitrary signs in native signers of
; t American Sign Language. The work on language acquisition is less
ol KLl el clear, but the emerging pipture is that iconicity in gesture andcsign
be leveraged by children in some language learning contexts, but only

at a relatively later age (arouned3/ears).

To address the question of whether iconicity is a robust cuarfguage learning, we employed a symbol preference
paradigm with preschoa@lge children in the laboratory, pitting iconicity with another cue for language learning,
statistical frequency. We showed your child different signs because the manual mdldalgyfar greater use of
iconicity. We are interested in whether children use both frequency and iconicity cues to learn new signs, and if
which cue may be easier for children to attend to and use.

Children saw a set of toys, each of which had twéedsht signs. -

One sign was presented more frequently but was not iconic, and the ey
other sign was presented only one time but was iconic in that it

resembled the shape of the object. Some children chose the more o
frequent signs the majority of the time whdther children chose the

rare but iconic sign more often. As a group, children do not seem to
have a robust preference for either cue. This is in contrast to a group

of adults we tested who overwhelmingly prefer the rare iconic signs. |
These findings suggeshat as we develop from children to adults, i
our preference for symbols that reséentiheir meanings may :
increase.




Going Down the Garden Path!

Tanya Levari, Graduate Student

Although language comes so naturally to most of us, understanding sentences is an incredibly complicated task.
every sentence we hear, we need to identify the uttered sounds, figure out the meaning of the words, determine
grammatical structure, arid all those things together into a conversation. We accomplish this feat by building up a
prediction of what the sentence will be, as we are hearing it. As adults, we are also able to go back and revise

prediction if it turns out to be wrong. Toe® t hi s process in action, consi
made of grows in Mississippio. I woul d guess that
cotton shirts, and where or of what they are made. However, oncegoad t he wor d fgr owso
and revise that phatsdiicttisomrto maTOlkee odot tgomws i n Mis

In my study, we are interested in exploring the developmental changes that allow kids between the a@etof 5
become much better at understanding sentences as they get longer and more complicated. Specifically, we
interested in seeing what typesimformation they are able to use in order to make predictions and how they learn tc
revise those predictions. Does the improvement reflect simply an increase in linguistic experience? Or, does it ref
a more general development, specifically of exeeufunctions? Executive functions describe cognitive skills such
as mental flexibility, attentional control, and working memaory.

In order to study this, we asked both monolingual and bilingual children to play different games aimed at testi
executive finctioning. For example, one game asked children to press a left button when they see a particular im;
(which appears on the left side of the screen) and the right button when they see a particular image (which app
on the right side of the screenprBetimes, the images switch sides. When this happens, the child must control hov
they reacti they must stop themselves from pressing the button on the same side as the image in order to corre
press the button associated with that specific picturetiar games, we tested skills such as working memory by
seeing how many numbers the child can hold in his or her mind.

The children that participated also got to play three different computer games designed to see how they unders
different sentence3.hese games were performed with an-egeking computer, which allows us to see moment by
moment how the child is interpreting what they hear. In these games, kids were shown pictures while they listene
different sentences, some of which containecuaiguity, or a moment where two interpretations were possible.
We were interested in seeing if kids are able to use context in order to select the more likely interpretation.

By comparing monolingual and bilinguealhopar ttioc ispaen ty
executive functioning, their experience with a specific language (English), or their experience with language over
is related to the types of information they are able to use in order to make commitments and fireittictipns and

to their ability to revise those commitments once they are made. So far, our data suggest that bilingual children
better able to use context in order to help them understand ambiguous sentences. It is possible that growing up
two languages requires bilingual children to rely more on the contextual information, resulting in a bette
understanding of how context and language can inform each other.



What is in a name?The origin and development of crossultural

differences in the semantics of proper names
Jincai Li, Graduate Student

At birth, we are all given a name, which often, but not always, follows us through life. When people use your nan
they refer to you. But what is the mental link that ties a name to a pansbgives itreferenc€ This question is
critical for philosophers studying language, linguists investigating meaning, and psycholinguists interested in h
children acquire names.

There are two welknown proposals. The first, labeled the descriptive theory, cdstérat a name gets its referent
through a definite description. When a speaker uses a name, they refer to whoever uniquely satisfies the descri
content associated with that name. The second is called the-batsetalview, whichproposes that aame refers

to a person because it was linked to him/her in the initial act of naming. This link is then passed down througt
community of speakers.

Previous studies consistently suggest that people fromaGinid Japan tend to agree with the first tigeavhile
Americans generally endorse the second one. In our study, we want to see whether the observelluabss
difference hold up in a more natural task (that is different from those used in the previous studies) and if so, h
early the cultural atterns emerge. We created five stories involving several characters, each of which has a unig
name. There are also two statements about the characters at the end of each story. Participants in our study are
to judge whether the statements are wudalse. Crucially, in two of the stories, the judgment depends on which
theory of reference people adhere to.

We tested37 Englishspeaking kids in the U.S. and 37 Chingpeaking kids in China, who were invited into lab
and told the five stories verbally while pictunesre shown on a computer screen. These kids are all around age 7
To see whether people of different ggedge the statements differently, we also collected data iéringlish
speaking college undergraduates in the U.S. and 47 Clapesé&ing college undergraduates in China who finished
the study online.

We found that, similar to previous results, our 8 . adult participantsé respon
hi storical view while the Chinese adultsd answers
same pattern is also found kids and Chinese kids in our study. Narnidiyen in both groups respond similarly to
adults in their own cultureThat means children already have a culturally specific theory of reference by age 7
Therefore, we think that whatever leads to the coodsiral difference must be happening earli€he formal
education and socialization that happen late in development seem to be irrelevant. In future studies, we plan to
younger children (e.g.-gearolds) in both cultures in order to trace the origin and the developmental pathway of the
obsevedcrossc ul t ur al di fference in peopleds judgements a



Judging and Describing Events
Jayden Ziegler, Graduate Student

This is part of a larger study that looks at what children and adults know aboutWenlgis. that are verbs share
certain similarities. For example, TimgEagDosbhi odt
this fact? Alternatively, do they treat each ke word as its own special case?

We are interested in a spfc class of verbs calledatives.Dative verbs are used in situations where there is transfer
of possession. For examptgying involves a person who gives, the thing being given, and a recipient. Other dative
verbs includeshow bring, pass throw, et.

In this study, children heard and produced dative sentences. Elicited sentences were similar either to (1) or
below:

1. The boy brought the camel the keys.

2. The boy brought the keys to the camel.
We eval uat e dtime producton ef thésssence. dVhich were they more likely to say?

Elicited sentences were preceded by two prime sent
be influenced by the type of prime sentences they heard. For example, if the children firsivbesdtences with

the same structure as that in (1), they would be more likely to use (1) to describe the scene. Alternatively, if 1
children first heard sentences like that in (2), they would be more likely to use (2) instead.

What does this teldl us about childrends and adults
either the same as or di fferent from the elicited
production of a sentenagith a different verb, this in effect shows that children understand at least some of the
similarities betweernverbs. On the other hand, whether the type of prime verb influences the strength of priming i
different ways over the course of development passible implications for existing theories of language
acquisition. We are finding evidence for an increas
of the differences and similiarities among verbs strengthens over development.

Roleofpr i or mention in childreno
Pooja Paul and Jayden Ziegler, Graduate Students

Previous work from our lab and elsewhere have found that under some conditions, adults show a preference
previously mentioned items in a conversatigmen guessing what items might be referred to later on in a sentence.
For instance, wh en p eRillpicked an apple and &bara@an cfes | || 0 daedoniyly)
picked 6an thdpdg tend t o e x pappetrathertman apdcotifas measusetl byogreater o
proportion of looks toapple over apricot on a screen). The goal of our study was to understand whether this
preference seen with adults extends to younger children under similar conditions. We also wanted to know how
presence and relative position o htence bnduenced ctiese Wookmgl s
preferences. More specifically, does the bias towards previously mentioned objects persist if the sentence does
cont ai n) admoen | piéc kedd aom apgé t he o6onl yd appeCnlydanepickedt h e
an @apérather th@hl dbrd oorl y e exiesetdd thatrit waull dob

In our study, &0-8 yearold children listened to descriptions of groups of friends going on adventures together, an
the item(s) these charactercgi ed as their Afavoriteodo fr osmovenzeothto t r
different items on a computer screen during the task. Data collection is ongoing, but our preliminary results indic:
that unlike adults, 60-8 year old children fail to shoa preference for previously mentioned items when listening to
sentences containing 6onlyd, such as in (2).
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Can toddlers use negative information to learn a person's

name”?
Roman Feiman, Postdoctoral Researcher

In a study looking at toddlers' understargiof the word and the concept "not", we use a video study to test whether
younger and older twgearolds can use information about who a person (say, John) is not, to figure out who he is
The video shows two characters who both start out dancing. Tireeafdhem stops, and a voioger tells the child

that "John is not dancing”. Then both characters stop. Can the child find John? This requires some complice
reasoning! To identify John, they have to understand what "not dancing" means, identifirdetechwho isn't
dancing, and then remember that that person's name is John for later. We are still running this study, but so fe
seems that older twgearolds are pretty good at looking at the +dlaincing person when we say "John is not
dancing", it not as good at identifying John later on. The fact that they do process the negative word "not" at tt
age provides some converging evidence from another method that age two is around the time when children b
understanding verbal negations like t'hand "no" in their logical sense.

Can toddlers use negative information to learn what an object

Is called?
Roman Feiman, Postdoctoral Researcher

In another, similar study, we show twearolds videos of people playing with toys. First, a girl playshwibe of

two toys on the a table, and then a boy plays with the other one. When the boy plays with the second tey, a vo
over says, "Look, now it's different! He's not playing with the dax!" Does the child know that the dax is the other tc
-- the one tht the girl played with but the boy didn't? Once the boy leaves, both toys are on the table, and the chilc
asked, "Where's the dax? Can you find the dax?" This study is still ongoing, but much as with the other stud
looking at the word "not", we arinding that older two yeaolds seem to understand the word, but younger two
yearolds do not consistently get it yet. We are hoping that converging evidence from a few types of studies will gi
us a good idea of the age at which children learn thedbgieaning of this word, and allow us to start figuring out
how it is kids learn such abract logical concepts at all.

"It's not this many!"
Roman Feiman, Postdoctoral Researcher

When kids start to combine words together, they can do it in new and productive ways to express longer thoughts
this study we look at how the meanings of words are combined by asking whether children can combine meani
that they have not yet learnélge words for. In particular, we know that children know that a picture with 3 toy
ducks has a different number than a picture with 4 toy ducks, before they've learned that the words "three" and "fc
are used to express these different quantities. Ifsk@v children a picture of 3 toy frogs and then ask them
to "Show me the one that hdgs many by choosing between a picture of 3 and 4 ducks, will they be able to choose
the picture with three ducks correctly? More interestingly, the word "not" comhiiteshe meanings of other
words in a systematic way that adults understand well. Can this word combine with meanings that don't yet h:
words attached to them? If we ask a child in the task above to "Show me the one that daesthis many, will

they then be able to choose the picture with 4 ducks rather than the one with 3? If so, it would show they underst
the meaning of "not" and were able to combine it with a knowledge of the number of entities in the picture, witho
needing to use or knotlie meanings of the words "three" or "four". We've just started this study and do not yet hav
an answer to these questions and do not yet know whether and when children succeed. We're excited to find out!



11

"It's not in this bucket. Where is it?"
Roman Feimn, Postdoctoral Researcher

When do babies and toddlers understand what the word "no" means? This question might have a lot of interes
parents worried about when their child can understand a prohibition or reprimand, but it is also interessng for
broader logical meaning. As adults, we frequently think thoughts and say sentences liket §ting to the store
today" or "that'srota very good book". When do we come to understand what the "not" part of those sentence
meansn an ongoing studywe are exploring this question by setting up a hidingseeking game with kids,
where we hide a ball in either a bucket or a truck behind a screen that prevents the child from seeing where we h
in. In one studywe remove the screen and then tdid thild that it'siotin either the bucket or the truck. We then
ask the child to find the ball and see if they go to look in the right place spontaneously. In a complimentary stuc
we show the child that one container is empty, and then asked themdtth& ball. We wanted to know if they
would use the concept of "not" without language to guide thewhether being shown that one bucket is empty
would tell them that the ball iotin that one, and therefore must be in the other location. So favkis like the
ability to understand logical "not" emerges around286months of age, and that learning the word isn't easy.
Slightly younger children won't use linguistic information about where the ball is "not" to infer where it is, but they
will succesfully avoid looking in the bucket they saw was empty. It also looks like getting affirmative information
first (like, "It's in the bucket" or "It's in the truck™ helps younger{ygarolds-- around 24 months to successfully

find the ball in another sech later on, when they do get negative information like "It's not in the bucket".

We are still conducting these studies, so the results might change. But if there is a gap between when kids can re
about the empty bucket, and when they can use td \mot" in that reasoning, it would mean that learning the
word in this context isn't as easy as a lot of other vieadhing is, like the names of objects, which kids often learn
after they've heard them once.

Understanding And & Or (2- and 3-year-olds)
Shilpa Mody, Graduate Student

Although the wordssndandor are very common in our everyday speech, they have surprisingly complex meanings
These words donodét refer to individual,, speci fiwa tF
things. Furthermore, they can be used to describe the relationship between many different kinds of words :
phrases, from objectshe cat or the dogto actions Kicking and screamingo longer phrasesléck fell down and
broke his crown and Jitame tumbling aftgr

How and when do children learn what these words mean? On the one hand, they have complex meanings that n
be hard for children to pick out, which should make them hard to learn. But on the other hand, we use these word
the ime, so children have a lot of input to learn from. We know that children generally begin éamdashen
theydére 2 owhes Dhedydomed33 years ol d, but chil dren
Surprisingly, very little is know about how and when children come to understand these words.

I n this study, webre asking when children begand t c
andor. We introduce kids to a stuffed bear and a bunch of different sma]lttign ask them to hand specific toys to
the bear. Some of these requests use the araCan you give Mr. Bear the bunny and the gupvhile others will

use the worar (Can you give Mr. Bear the truck orthe bgll? Based on c¢ hinidferehatGhey a c
think these phrases mean.

Our results suggest thaty@arolds really understand what both words mean: they give both objects over 90% of the
time when askedndquestions, and one of the objects over 80% of the time when asiadstions. Similarly, 2:5
yearol dsd most ¢ o ramdquestion®istp give bath objects, and their most common respopse to
guestions is to give one of the objects, although
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However, the radts from the 2yearolds are less clear. On average, they do different things when asked
guestions vsor questions, indicating that they know that these words mean different things. However, their actior
are generally a lot less predictalbléor example, they often hand Mr. Bear a toy we never mentioned, or all of the
toys on the table! In fact, giving Mr. Bear all the toys on the table is their most common respandeguestions
(even more common than giving him both the toys we asked for). daybarolds are just less likely to listen to

our instructions than older childréra f t er al |l , i tds easy to get distrac
to give Mr. Bear whichever toys they enjoy playing with, regardless of the ihsiruw n s . However, i
that they are making these Kkinds of unpredictabl e
mean. Our best guess is that itodés a combination of

Thanks so much to all the families tipatrticipated!

Reasoning and Causalityl (14- to 18-month-olds)
Shilpa Mody, Graduate Student

Young children are fascinated by discovering and recreating cause and effect relatiopstipsnsider how much
they love pushing elevator buttons that ligipt In fact, studies have shown that even infants as young as 6 months
old have some understanding about how simple causal scenes will unfold, like a ball hitting another ball a
launching it into motion. An important aspect of causalitywiet causes hati if you see an event, can you figure
out what might have caused it to occur?

I'n this study, ww®&&menthaldsicannsg thevgroeasshoeetiminhtibn to determine the cause of
an event. We do this by introducing children to a tmt lights up when soniebut not alli blocks are placed on it.

On each trial, we demonstrate the effect of t wo
themselves. Based on their choices, we can infer what kinds of reasoning pattennsetio understand cause and
effect.

On the first few trials, we show kids both positive and negative information: one of the blocks causes the toy to lig
up, and the other block doesndt. I n t hi sthatowarksemore ¢ h |
often than not. This shows that they understand the demonstrations, and are motivated to make the toy go.

On the next trials, we show kids omggative information, to see whether they can use the process of elimination tc
infer which block might activate the toy. First, they see an ambiguous event: when you put both of the blocks on 1
toy together, it I'ights up. Then, we show them tha
dondt gi ve informationaboyt thel dtherblodk. On these more difficult trials,ahd 18montholds

still pick the block that works! This shows that they can use the process of elimination to eliminate one block, a
infer that the other block is the best choicecémtrast, when we show these trials te 4dd 15montholds, they
dondét seem to distinguish between the two bl ocks,
children can use positive information about which block works to chodse but t hey candt u
about which blocld o e svarloted guide their choice to the other one instead.

A really interesting thing about these findings is that they look surprisingly similar to a previous study that we d
about ikytadusedthe grocess of elimination to find a hidden object. In this study, we hid a toy inside one ©
two buckets, then showed children that one bucket was émpyld they eliminate that option and look for the toy

in the other bucket instead? Weuhd that 17and 18montholds searched in the correct bucket about 80% of the
time, while 14 and 15montholds picked each bucket about half the tiimiae exact same ages as in our causality
study!

This seems to indicate that children are developimgneral, multipurpose ability to use the process of elimination
between 14 and 18 months of aje are really excited about these results, and super thankful to all the kids anc
families that helped us with this research!
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Reasoning and Causality2 (2- and 3-year-olds)
Shilpa Mody, Graduate Student

Deciphering cause and effect relationships is an important skill for understanding the world around us. In sol
situations, there are multiple possible causes of an event; for example, a headache could be due to stress, a le

sleep, a lack of coffeefo any number of other things. However, [
your morning coffee, regardless of your sleepiness or stress levels, the coffee is the most likely cause of
headache. Il n this st ud Yo usevdiéfarenteattérms fkeviderce ta tleterdknineal teedmost |

likely cause of an event.

First, we introduce children to a toy that lights up when sorbat not alli blocks are placed on it. To help them
remember which blocks are which, we tell themthatt ones t hat activate the t o)
activate the toy are Anot blicketsd. Then on each
including some combinations of the blocks. These are situations ih waéneral of the blockwightcause the toy to
light up, but (adults would say) one block i s mor ¢
blicket to make it goo. Based on their heyhusdtoc deside w
between several possible causes of an effect.

On the trials with 3 blocks, we show kids that o
then place the other two blocks on the toy together, telling thenfitbah e of t hese is a b
children across the whole age range preferentially try to activate the toy with the block that theysuemidha

blicket, rather than taking a chance and picking one of the blockstgatbe a blicle t . There donodt
any differences between the older and younger children. This shows that by the time children are about 2.5 years
theybébre sensitive to probability information when

ne
[ i

The trials with 4 blocks aréickier: here, children have to infer which block is surely a blicket instead of being
shown directly. We show kids that one pair of blocks activates the toy, then that the other pair of blocks activates
toy. Finally, we show kids that one of the fdalocks by itself does not activate it. Our question is whether children
will infer that the block that was paired with it will definitely activate the toy. In other words, since one of that pail
was a blicket, and we dovadlickethdo theydfertthateha othehomarstben blicket? i s

Our results so far suggest thatehd 3.5yearold children do make this inference; in fact, they are just as good at
these trials as the-l8ock trials, where we directly showed them which blecks surely a blicket. However, 2.5
yearo|l ds don 6t thet ohoiceson these trials seem to be random, or based on things like their favorit
color. Based on these results, it looks like the ability to make inferences to pick between sewvetial pateses
continues to develanpXtirthdagse en chil drends 2

Wedbre still working on this studies, and we hope t
newsletter! A huge thank you to all the children and familie vave helped us out with this research!
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Noticing imitation
Narges AfshordiGraduate Student

Imitation is ubiquitous in human life. By copying those around us, pwe

learn, we bond and we fit in. We also notice when other people imitate

each other. Can infants do this too? In this study, we show infants be 9

14 and 18 months of age simple cart@mmation with three characters:

Yellow, Blue, and Red (see figure below). Each little scene starts with

Yellow and Blue jumping up and babbling different sounds. For instance,

Yell ow says Aroo rooo and is foll owed by Blue sayi
both have spoken, Red also jumps and babbles. Importantly though, Red

copies one of the other two, say Yell 0\9 saylng AfAr
infants a number of scenes like this with the characters saying new things

each time. This repetition will help babieatch on to what is going on. If they realize that Red is copying Yellow,
they should expect this to happen every time and become a little bit more bored at each new instance of the s
pattern. But then when they least expect it, the tables turn! Ned/ skrts to say the same thing as Blue every once
in a while. If the baby has been paying attention, this is the opposite of what they were expecting and they will
surprised. This surprise would be reflected in intently staring into the screen fay inh@ trying to figure out what
happened and what they missed.

From the preliminary data we have so far, it seems thatdi@hold infants can notice imitation and are surprised
when the pattern is broken. If infants are able to notice imitatioreimesclike this, they may be able to do it in real
life too, which would be a useful skill. It can allow them to learn useful actions that others are performing ar
copying. It may also allow them to figure out who likes who by observing their actions.

In a related study, we are asking the same question with young children. We want to know when they are able
notice imitation between people they are observing. You may be surprised that we are asking this question with o
participants if we thinkthat nf ant s coul d do thi s. Doné6t kids just
time study with infants may show that they can recognize imitation, but being able to directly respond to a quest
about it takes a deeper understanding than wlfeattis are capable of.

In this second study, we show twdhree, and fouryearold children different stories in which there are three
characters, one of whom copies the actions of another. For instance, the woman in the center in the figure bel
Jenry, moves her leg like the woman on the right, instead of moving her head like the one on the left. After childre
watch a few of these animations, we show them one that is incomplete. Here, Jenny watches the other twa
di fferent thingshihgt heoesendt dhearyhil dds job is t
another question: Which of the other two women does Jenny like best? We ask this question because we
interested in seeing whether children are able to use imitation astoluepeopl ebs feelings
this case, thinking that Jenny likes the person she copies more.

Our current findings, which should be takeith a grain of salt since they are not complete, suggest thatatveb
threeyearolds may have trouble with this task, while fei@arolds do much better. Stay tuned for final results
from these two projects and thank you for your participation!
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The Growth of New Kind Concepts
Paul Haward, Graduate Student

Human beings are alone in the animal kingdom in developing an extraordinary repertoire of intricate Kkir
representations during the earliest stages of developnienthings likedogs watches cities andmountains A
normally developing young child takes as input experience with the particular things she encounters, sometimes ¢
one or two particular things, and outputs a representation of an entire category that can then, in principle, appl
indefinitely many novel instances. Young human beings create new kinds in this way thousands of times duri
early development, with very limited training or formal instrucicsomething unparalleled in any other species. In
addition, kind representatioqday a promiscuous role in human thouijlwe generate kinds across all conceptual
domains (including abstract kinds, likéganglesandquark9, and they provide the conceptual input for some of our
most distinctive computations (e.g., natural languagdagid).

One fundamental question we can ask of kind representations is: what are they like? What information is includec
each kind representation, and how is it stored? Previous research has shown that each kind representation cont
deeper formlastructure, in which some pieces of informatién called properties like being square or having a
particular functiond have a more privileged status (we call thpeacipled properties) Principled properties are

the properties of kinds that are undecsl as making a thing what it is (e.te]ling time for the kindwatch or
having three sidedfor the kindtriangle), and they can be distinguished from properties that are simply highly
associated with the kind (e.g., havingoaind facefor the kindwatch). Work in our lab has shown that both adults
and children are willing to explaiprincipled propertiesof kinds by simply referring to the kind of thing it is. For
example, when asked why a watch tells time, people mightfbepéyc a u s e i tBut they will notda this for. o
simply highly correlated properties which are not part of the deeper formal structure. For example, when asked v
awatchisround,theanswdirecause it is a watcho does not seem a

In our most recent study, we weeinterested in how children generate completelykind representations. Do they
assign certain properties as being principled as soon as the new kind is learned? Toq testévsloped a task
with novel obj ects t ha twhichleach abjact Hadla phricaan éhape, €aboe extube eahd
function. Each child was shown the novel object, and they were told a short story which described its existence
some of its properties, and they were able to hold and feel it. We themwvbadsts. First, we tested if children
would immediately treat some properties of these completely new concepts as prndipledw kind concepts
contain a deeper formal structure? Second, we were interesting in whether the type of property understooc
principled differed depending on whether the new object was an animate thing (e.g., a creature), or an artifact (e
some kind of tool).

We recently finished data collection for this project. Our results suggest that children do privilege somegiperti
soon as they have formed a new kéhdthey treat some properties psncipled Furthermore, in these particular
studies there was no effect of whether the new kind was an animate thing or an artifact. These findings suggest
though our understaing of a kind may involve many associations and relations to a variety of properties, a subst
of the properties of those kinds are understood as privileged, and that this is true as soon as a new kind conce
formed.



16
| 6 m ¢ odaxmy toy Can you dax the toy
Understanding new verbs and oth

MelissaKline, Postdoctoral Bsearcheand Chelsea Lidg hesis Student

Thank you to all of the families who participated in this study! This experiment was designed to tredjerssand
how children begin to use sentences as a clue to v
toddlers understand the intentions of people around them.

Our study began with an existing finding from another lab gr@grdely et al 2002) thdburteenmontholds can
understand the difference between a real goal ani
experimenter do a funny new actiortouching the toy with her head and making it light up. Halfhe kids saw
something like the top left, where her hands are visitdad where she could have chosen to use her hands instead.
The others saw something like the bottom left, where her hands were wrapped in a blanket as she turned on the
In the seond case, but not the first, they seemed to reason that she really just wanted to turn the toy on,
specifically with her head: these toddlers tended to reach out and try to turn the toy on with their hands, rather t|
imitate the funny heatbuch adon.

In our study, we were curious to see how children might use this abi
in the context of language learning. The same distindtidretween

what happensndhow we do ifi runs through our verb vocabularies
and interacts with the kinds of sentences the verbs appear in.

i nstance, we say fl bto totkee ¢ ther e .aompWe = b Ut il ran
wondered if eighteemontholds, who are saying verbs of both types;r'm going to daxto my toy” | “I'm going to dax my toy”

would use sentees just like the hands free/hands occupied distinction
i as a cue to decide whether to focus on what happens (lighting up the
toy) or how it happens (with your head.)

Surprisingly, the eighteemontho | ds i n this stud ot
expected. Insteh all the toddlersi no matter which versions they
heard/sawi did the same thing: about 1/3 of participants touched the R
toy with their head, and about 2/3 with their hands. Deciding to touch

the toy with your head can be a big decisiont 6 s dsilly,andt | e b

you have to lean farther away from Mom or Dad then you do to use your hands. But when they did do the he
touch, why did they do it? Were these older kids i
We think the oppate may be true: eighteemontholds, but not fourteemontholds, may understand that people
are more likely to teach something unusual or new than something familiar. That is, the older kids realize that e\
though there i s a odldanglkidng wurtangsdn adlankel the demanstrgtor is probably

trying to show them something special with the unusual-t@ach action.

“I’'m going to dax my toy”

We are planning followup studies to understand these social abilities more fully, and to puzzle out howrchildr
make the leap from understanding what someone is teaching to learningi vefbsany different kinds to
describe those same actions.
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Exploring relational thinking through matching games
Ilvan Kroupin, Graduate Student
A lot of the time when we think abouthi ngs being the &édsamed or o6differe

gualities. For example, an apple is different from an orange because it is red, a car the same as a wagon because
have wheels etc. This kind of reasoning is pretty easy anoeesmsshown across all ages and species.

A harder version is thinking about Olsamelnesso6 and
of the relations holding between objects. For example, in the pictures to the
right, the card on top goes with the one on the rightremi@n the one on the

left because the objects in the top one share a relation with the objects in_the

one on the right (i.e. both have objects that are the same). ®

This kind of thinking is surprislinglly trickjy and
cards in this gam correctly unt il after t heir fifth bir
particularly puzzling about this is that kids knov
hal f. Why is it that kids who know tthhe two rédds fd aemrétn
I f kids really candét figure out the game before fi

no way to get them to succeed before that age. However, one possibility is that enkidshe task, but are just
confused as to how they should be playing the game. If this is the case, giving them some practice may help tl
succeed.

To test this hypothesis, we gave kids a few simpler practice games (the specific games varied ovesetiod tee
study) to help them understand how to play the harder one, for example the two illustrated below:

* L4
x ). ¢

The one on the left is solved by matching the two cards with the same object, the one on the right by matching
two objects that are relagly big.

Though weénisted tesing Kids, results so far suggest that at least some kinds of practice games
significantly improve performance on the final game. This is preliminary evidence that relational reasoning of the
kind needed to play the hard game is difficult ooty because you need the right ideas in your head, but because
you need to have the right expectations of when and how to apply them.
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Labels help fouryear-olds succeed on a relational reasoning

task
Rebecca Zhu, Lab Manager

Despite the fact that manfree and fouryearolds can comprehend and produce the weatseanddifferent kids
often struggle to use these abstract relational concepts in simple tasks, such asodingrdame. In this classic
paradigm, called a relational mattdasample taskkids must match aamecard (AA) ordifferentcard (BC) to a
target card that is eithesame(XX) or different(YZ). Fouryearolds fail to realize that AA goes with XX and BC
goes with YZ long after they grasp the basic concepts for same and different.

Why is sorting cards by abstract relations so hard
namely that kids are paying too much attention to the individual objects to notice relations between objects. Inde
whenkidswhofait he task are asked to explain why two card:
| ook ali ke! o, wher eas kids wh o succeed wi || say,
same/ di fferento.

In a series of studies, we triedrttake the relations between individual objects more salient and interesting. Insteac
of using Wingdings symbols or basic shapes (objects of a same or difiégeetity), our cards contained nen
identical animals (objects of a same or diffedant]).

NAAS

O
™ 'ﬁ\(k/
¥\

,,7{\\
b lq
\73\?/

Which one of the cards below goes with the card above?

In Study 1, the experimenter presented children with a training phase in which the experimenter labeled the anin
on each card (i .e. fASee this car deardTThis ecardteas ardowltardsan a
aligator! o) while teaching them how to play the g
labeling the animals and just asked children to match cards-yEauolds were significantly above chance at
matchingsamecards tosamecards andlifferentcards todifferentcards by themselves after the experimenter had
named the animals during the training phase. However -fle@elds did not succeed at this task.

In Study 2, we modified the training phase, such that the experimenter taught the child how to play the game with
labeling the animals on each card. In this version,-j@arolds failed to matclsameto sameand different to
different even though theshould have been able to name the animals by themselves.

In Study 3, we changed the cards so that they contained unknown animals (unfamiliar Pokemon). In the train
phase, the experimenter | abel ed t he saeaadihasaldax andia tdax! n
And see this card? This card has a blick and a che
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on the basis of the abstract relations same and different, despite being unable to name the unknown anir
themselves.

In Study 4, we asked if children needed to hear specifically nouns in order to succeed, or if any kind of linguis
repetition helps. The experimenter showed children the unknown animals from Study 3, but labeled the animals v
novel adjectt e s (i . e. ASee this card? This card has a da:
blickish one and a cheemful one! 0). We are stildl c
If children succeed, the result wld indicate that kids just need both auditory and visual input to make the abstrac
relational concepts very obvious; however, if children fail, the result would indicate that there is something spec
about labels for nouns, possibly pointing to morsti@et kind representations, that also highlight the abstract
relations required in this cassbrting task.

Understanding all same and all different
Rebecca Zhu, Lab Manager

When do children acquire the vocabulary to express basic relational concepts sacteasddifferen®? Moreover,
when can children successfully combine these abstract relations with other logical conceptsalsactilast?

To answer the first questi, we presented twand threeyearolds with pairs of cards that had arrays of same or
di fferent icons and asked children, @ o Yo u ALhnw y
me the card where the pictures diféeren®? o .

— B - - - | o« B 2 X
g 3 3 3 A R < ¢
I3 3 3 3 $ @ © A
3 3 3 3 = o v 2

Can you show me the card where the pictures are the same?

Previous work in the Carey lab shows that, when presented swétinZards, fouyearolds reliably understood the
words sameand different Half of threeyearolds understood the words, and all tyearolds failed at the task.
Although we hypothesized that -I¢on cards might be trickier becausameand different generally refer to a
relation between two icons rather than an entire set of icons, we obtained the exact same finding -&omith 2
cards: specifically, half of thregearolds succeeded at the task, whereasytearolds all failed. Notably, kids who
understood the wordamealso understood the wordifferent suggesting that the acquisition of these relational
words occurs simultaneously in an-aitnothing manner.

Moreover, we wanted to explore how and when kids could linguistically combine thetssctibelations with other
logical operators such @l andnot Therefore, we devised a slightly trickier task, in which we asked-tHme-,

and fiveyearolds to match cards based on whether or not the iconsalles@meor not all same An expermmenter
presented kids with two choice cards, a card with 16 identical icons and a card with 16 unique icons, and asked
to match one of the two choice cards with a target card. The target card contained 16 icons that were all same,
same, eight saej twelve same, or all different.
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Which of the cards below goes with the card above?

The card above is both &énot al | samed6 and O6énot al
depending on what rule they are following. If&id ar e mat chi ng by &6all sameo6/ i
card on the right with the card above, since both
di fferentd/ édnot al | di fferentodé, bohen d$ihece abadt lbhnot
di fferent 6.

When asked to match cards on the basalafameor not all sameall three age groups successfully did so. We also
gave fouryearolds the harder version of the task by asking them to match cards basibeofall differentor not

all different. Surprisingly, when asked to sort basedatindifferent fouryearolds (and adults!) sort incorrectly;
specifically, they follow the rulall sameandnot all same This finding suggests an imbalance betwssmeand
different namely, thatdifferent may be logically composed amt same Thus, sorting bynot all differentis
especially hard because in the legiethought this phrase contains a double negatie¢ 4ll not sampg
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Representations of entropy and the relationsameand different
Rebecca Zhu, Lab ManagandRobert Long, Graduate Student

Here is a task that is very easy for human adults to perform. Consider the following two cards:

O C
f (
Card 1 Card 2
Which of those cards goes with this card?
|
1
Card 3

Card 2 goes with Card 3 because they have something in common: both have two items that are the same (r
ver bosel y: bot h ctlersameas relationg nmsconirast stheaitamsiob @asd 1 instantiates the

differentfrom relation.

For adults, this is a highly natural way to think of these cards: we easily recognize the abstract similarity of Card:
and 2, even though they look rathdfferent and in fact have nothing in common in terms of of their individual
items. But when we gave kids this task here at CareyLab we found that children below the age of 5 fail. Why
children falil at this task before 5, and what does it take to ed@ce

The animal literature offers some clues. Nmman animals also find this task extremely difficult (or even
impossible, some argue), even after extensive training. However, baboons and pigeons can succeed at a si
matching task when the numberitgims is increased:

P> PP Al 2
> ®P P o a« £
I H A< B
P B WP e O D »
all-same all-different

With (still quite a lot of) training, some animals can correctly match theaatle arrays with each other.

Why are animals able to succeed withiten arrays and not-Rt em arr ays? One suggest
understand the abstract relation of sameness at all; instead, they succeed by using a general visual feature c
arrays known as entropy, which measures the total variability of the array. According to this story, tigng 16
arrays increases the empy contrast between same and different cards, allowing them to succeed. (In contrast,
item cards will have an entropy contrast that is too low for the animals to discriminate.)
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Another suggestion is that the animals do in fact use the same or difielegion, and using Xéem arrays helps
them do this by making the relation easier to notice.

In a series of studies, we are hoping to disentangle the use of entropy and the deployment of the ceacepts of
anddifferent as well as understand whatgpens when kids learn to succeed on this task.

First we ask: can-3and 4yearolds, like pigeons and baboons, succeed at the task when we increase the number
items to 16? Our results indicate that they can, with only a bit of training. What acfauhts success?

We are curious how children react to cards with intermediate amounts of entropy. Consider this card:

Q ¥ v Q
VARV ERV IRV
0 © & ©Q
aw O QO ©
4-different

Some, but not all, of the items are the same; this array has less entropy thadiféereziit array but more entropy
than an allsame array.

Will children place this with an affifferent card, since it isotall same? Or will they place it with arl-@lame card,
since it is closer in entropy to that card? Given this task, we found that children, like baboons and pigeons, sho

graded response toentregfyh ey someti mes place intermediate ones
could indicde that they are reacting to entropy and not an abstract-allot hi ng r el ati on of ¥
but i1t could also just mean that they formulating

answers for how to respomnal intermediate trials).

So another important question is: can kids who successfully train-dgari&ards transfer their success to-iteth

task? In another study, we trained kids withiteén cards. If they learned to match-itdm cards successfullyvill

that help them notice the relations and matdte cards correctlyur results suggest that performance ateth
arrays wasnot improved by training with 1&em arrays. This seems to be more solid evidence that they are
succeeding on teem matching on the basis of entropy.

Our results with the intermediate cards also indicated that children might have a megeaifieel ability to
distinguish different entropy amounts than baboons and pigeons.

Another study tr i eaacuditpat gstinguisking entropy. Accaeding te theswayg that entropy is
calculated, the following two cards, although they have different numbers of items, have the same measure
entropy:

CIRCIN

0 Q V]
Q Q i >
Q O
QO QQ "

16 item 3-different 2-item different

In this study, we train kids to put the card on the left wifferent, and an albame 1@tem card with same. Then

we test them on that task, and test them ofiten2 task. By giving them two tasks with the same entropy contrasts
but different numbers of items, we hope to further investigate whether entropgniation is what drives success
or failure on this task.
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What 6s i n the Box? Languadg
Peggy Li, Research Fellow

As children become more and more familiar with the physical world, they begin to learn how to track and identify
objectsthrough time and space. Four month olds who see a toy passing in and out of sight can identify it as the sa
toy. 12montholds who see two physically distinct toys at separate times can identify them as two different toys.
However, children still haveduble identifying some objects even as older toddlers.

In this study, children played a box game in which they watched as an experimenter placed a number of objects i
box (e.g. two half cups and two whole cups) and took a number of objects out éehglfocup and two whole

cups). Children were asked if the box was empty, and if not, what was inside. Children then had to choose what w
inside from a set of panels.
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Children also completed a language assessment task in which they werertgseitive vocabulary including
Awhol e, 06 Ahalf, 0 and Apieces. 0 Results demonstrate
better at the box game, as they were better able to identify and attend to what was in the box. Htsstsagge
language may play an important role in object identification.

Currently, another similar study is being perfor me
and Alittle. o0 Children pl ay tclps Ws aaireestipating thg elatienshipi t h
between adjective comprehension and ability to identify what is in the box. We are curious whether we will find the
same relationshpd o chi |l dren who know the ter ms thebiganibmalh 6 a
cups in the box? We hope that these studies, exploring the relationship between language and ability to identify
objects, will provide insight into how children use languagattend to objects around them.
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ARANngl e o dnsariamt Geaneetlricd-eature
Moira (Molly) Dillon, Graduate Student

In elementary school and middle school, we teach children that shapes have certain properties, e.g., that triar
have three sides and three corners. We also teach them that these properties, in turn, have properties of their
e.g., a side can be Igror short and a corner can be big or small. In this study, we examined whétyeagold
children could make simple Afito judgments about a

Previous studies have shown that childrem eav up unt i | 12 years of age, cor
its overall size. For example, if the bottom two corners of a fragmented triangle are moved farther apart, but th
angle sizes do not change, children judge that the third anghe efiangle will get bigger, not stay the same size.
Indeed, children even judge that an angle formed by longer lines, covering more surface area, or with a gre:
distance between its endpoints is bigger.

All of these prior studies, however, were lingfically and conceptually demanding: Maybe children could not judge
what a Abigger angled was because they didnét know
removed all such linguistic and conceptual demands, simply asking childien i Vo s hapes of C
would fit into cutouts of the same or different angle size. Critically, we varied the lengths of the sides forming tf
angles to see if this absolute | ength information

Wefound that the absolute | engths of the sides form
about angle fit: Children judged angles to be larger than their actual size if the angles were formed by very long si
and smaller than theactual size if the angles were formed by very short sides. These tendencies applied to ba
acute and obtuse angles. Our results indicate that there is a real interference between angle size and absolute s
chil drends attent i gertiest Suchsah mtprierenceacautt make éarming p-soaeaant
concept of angle, which is required for formal geometry, much harder. We also observed that with feedback, child
became more accurate at judging angle over and above absolute singrdmbrk, we plan to examine if such size
interference persists in older children and if there are certain teaching strategies that might attenuate it.

AVO shapeoutand esuting the relation bet weuedng naenngtlse osfi zaen gal 1
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The Beautiful and the Accurate
Igor Bascandziev, Postdoctoral Researcher

More often than not, we learn about the world around us by accepting information given to us by other peop
However, we do not believe everything we hear and we do not consider all people to be equally trustworthy. \
categorize people into knowledgealasind ignorant, experts and novices, smart and dumb and we use that to decic
who is right and who is wrong and whom to trust.

Children appear to be similar in this regard. They too track and remember who was accurate in the past and they
that information to make a decision about whom to trust in the future. But they also trust familiar over unfamilia
informants, informants o speak with a native accent versus a foreign accent, and attractive over less attracti
informants. This suggests that in addition to considerations about the knowledge state of the informant, ot

considerations (most likely driven by emotions) alsdil uence chil drendés selective
In a series of experiments, we asked how these dif
more attractive individuals go away once they learn that both individuals are elnaWjedgeable? Would

childrends bias to trust more attractive individua

is ignorant and the less attractive individual is knowledgeable?

A

The data collection is still ongoing, but wancalready see a pattern of results that seems pretty stable. The first
guestion is about the attractiveness bias: does this bias go away once children have information about the

i nformantsdé previous accur acy? Thtng toseek ameandotseinfarntatios
from the more attractive informant even when both
trust the more attractive informant is not completely reversed even when they learn that the mave atfcantant

is always inaccurate. Even though there is no complete reversal, there is a small decline in seeking and endorsing
information from a more attractive informant who is always inaccurate compared to an informant who is more
attractive and accate. Thus, children seem to track the accuracy of the informants, but it also seems that the effec
of attractiveness is not neutralized even when inf
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Can thought experi ments ad\

understanding of matter?
Igor Bascandziev, Postdoctoral Researcher

Thought experiments are experiments conducted in the mind. The history of science tells us that this import
aspect of the human imagination has been central to many scientific revolutions. But the efficacy of thoug
experiments raises a fundamentalgolmx: How can a process involving no new data about the world contribute to
advances in knowledge about the world? Several resolutions have been offered, including: a) thought experims
involve imagistic simulations (i.e., imagining events in the hdadjt pr oduce finew data; o
are arguments and that is how they lead to new knowledge about the world; c) thought experiments highli
contradictions among beliefs, which can motivate efforts to resolve those contradictions.

We askedf a thought experiment can help young children to advance their understanding of matter, and if yes, th
how. Like Aristotle, young children believe weight to be a property that some physical entities lack. Thus, mar
children believe that a single gnaof rice or Styrofoam weigh nothing at all. Of all tested children, those who
maintained that a single grain of rice weighs nothing at all were assigned to a real experiment and a thou
experiment condition. In the real experiment, children receivatkage that a single grain of rice can topple a card
placed on a fulcrum. The thought experiment was structurally equivalent, but it was simulated in the head. We
still collecting data in these experiments, but some interesting results are alreadypg@nfengexample, both the

real and the thought experiment had large and positive effects on posttest judgments about the weight of a grai
rice. Details of the data confirm imagistic simulation (i.e., imagining a grain of rice toppling the cardloma)u

can drive belief change, and at least in this case, there is no evidence for the other two resolutions of the fundame
paradox.

Children automatically activate realworld size when they see

pictures of objects
Bria Long, Graduate Student

The ral-world size of objects dictates how we interact with them: we
tend to manipulate small objects with our hands (e.g., cups, pencils) and
navigate with or around bigbjects (e.g., couches, cars). However, we
have to learn which objects are big and srmathe real world. By the E \z % \

ti me weodre adults, when we rec i Ze a i citur e (
automatically know how big it usually is, regardless of how large it

appears on our retina at that moment (Konkle & Oliva, 2012).

Size-Stroop Effect
(Konkle & Oliva, 2012)

In this study, we asked whethetydarolds know how big or small an object is in the world as soon as they see a
picture of it. To do so, we askedygaro | ds t o judge the visual size of a
world. On all trials, children had to judge whichtafo objects was smaller on the screen. On congruent trials, the
two objects relative sizes in the world matched their sizes on the screen (e.g., a visually big car and a visually sr
apple). On incongruent displays, the visual sizes of the objects wematohed with their relative size in the real
world (e.g., a visually big apple and a visually small truck). Overall, children were slower at visual size judgmen
on incongruent trials, suggesting that they automatically activateedweell size inform#on, and that this
information interfered with their ability to make visual size judgments. These results suggestydaablds
activate realworld size information, just like adults do! This finding has led to us to ask whether infants might
already &0 know how big or small objects are in the world when they see pictures of them.
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How big is a car?Infants represent the reatworld sizes of

common objects
Bria Long, Graduate Student

The realworld size of objects dictates how we interact with them: we tend to manipulate small objects with ot
hands (e.g., cups, pencils) and navigate with or arounrdljerts (e.g., couches, cars). However, we have to learn
which objects are big ansimall in the realvo r | d . By the time wedre adult:
object, we automatically know how big it usually is, regardless of how large it appears on our retina at that mom:e
(Konkle & Oliva, 2012).

In this study, we asked wtieer 13month-olds know how big or small an object is in the world as soon as they see a
picture of it. For example, when babies see a picture of a truck, do they know this is something that is typically big
the realworld? To ask this question, we mbno r ed i nfantds eye gaze whil e t
displays. On congruent displays, the objects relative sizes in the world matched their sizes on the screen (e.(
visually big truck and a visually small shoe). On incongruent displdnes,visual sizes of the objects were
mismatched with their relative size in the real world (e.g., a visually big apple and a visually small shoe). W\
hypothesized that, if 28iontholds automatically activated the reabrld sizes of objects when they sévem, their
patterns of looking should differ between these two kinds of displays. In general, infants tend to look towards obje
that are visually bigger on a screen. We found that infants tended to look mostly at the visually big object ¢
congruent & pl ay s, but at both objects equally on the
behaviors suggested that they knew how big these objects were in thweorielland that they activated this
information automatically.

Last year, we rawur first study on this topic, and this year, we are working on confirming this finding with other
follow-up studies. Stay tuned!

Object Recognition in Early Childhood
Bria Long, Graduate Student

As adults, we recognize objects so quickly and efficietiit we rarely even think about it. For instance, when we
recognize a picture of an object, we automatically know how big it usually is in the/odd| regardless of how
visually big it is at the moment (Konkle & Oliva, 2012). In addition, we ragadbcess whether this picture is of an
animal or an inanimate object.

In a previous study, we found that children also rapidly process the animacy andndasize of objects. In this
study, we asked children to find a specific picture of an objeclewbnoring other pictures of other distractor
objects. Here, children found pictures of animals faster when the distractor pictures were of inanimate objects (e
couches) than when they were pictures of other animals. Similarly, children found paftsresll objects (e.g.,
pens, cups) faster when the distractor pictures were of big objects (e.g., cars, couches) than when they were pic
of other small objects. However, children didt find pictures of food (e.g., cupcakes, carrots) faster when th
distractor images were pictures of Almod (e.g., cups, pens) than when the distractors were other pictures of food
Why might this be the case?

Exp 1: Animacy Exp 2: Real-world size Exp 3: Edibility
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One idea is that children may not explicitly know which of the pictures we used were edible-eslilslenThus, in

this follow-up study, we asked what children could tell us about of the animacyyoddl size, and edibility of the
images from the first study. To ask this question, we showed children pictures of the same images used in
previous study @ a screen, one at a time. Children were asked to teach Mr. Frog about the answer to three differ
guestions during three different parts of the experiment. In one part of the experiment, children taught Mr. Fr:
about whether the thing on the screen wasécture of an animal. In another part of the experiment, children told Mr.
Frog about whether the thing on the screen was a picture of something they could pick up. In another part of
experiment, children told Mr. Frog about whether the thing orstheen was a picture of something that was okay
to eat.

Overall, we found that children could easily tell us about the animacywmld size, and edibility of many
different pictured objects. These results help us better understand our previougsfiraoid suggest the visual
system in both adults and children processes the animacy armwlonidlsize of objects differdly than it processes
edibility.

Bribery
Natalie Benjamin, Lab Managdfassandra Favart, Lab ManagendRandi Vogt,
Lab Manager

Al t hough the word fAbriberyodo someti mes has negatiyv
undesirable behaviors, from a formal point of view bribery does not necessarily have a moral connotation. Insteac
involves a person giving ageurce to someone in order to influence his or her behavior. Because of this, bribery i
highly related to reciprocity, in that the briber must be confident that the recipient will reciprocate his or her behavi
in a way that is beneficial to the brib&his study explores this phenomenon.

In this study, children played four rounds with two adults (game
owner & competitor). First, the child and the competitor each
received two toys, a highalue toy and a lowalue toy. For

| example, in one round thegaeived a lowvalue circle sticker and

a highvalue fish sticker. Next, the child and the competitor were
told to choose which one they wanted to keep for themselves and
which one they wanted to give to the game owner. Finally, the
game owner chose a patnto play a game with: she could
choose either the child or the competitor. These steps were
repeated for the other three rounds, with different toys and
different games. The crucial point of this task was that children
knew in advance that the game owmesis going to choose a

A
\/ partner for the game. If children understand that they can

influence the ownero6s decision by being nice to he

Initially, we ran this study with both-Jand 7yearolds. We found that botbf these groups of children are able to
discern which toy is the more valuable one, and are more likely to give away theahightoy to the game owner

in order to be chosen to play the gamged@rolds give away the higlialue resource spontaneoushhile 5year

olds learn this behavior throughout the study. Since bethn8 7#yearolds understand this concept and behave
accordingly, we decided to run this study witlyéarolds to see if they, too, understand the concept. We found that
3-yearolds donot notice the connection between giving away the-khe toy and being chosen to play the game.
This may suggest that the cognitive capacities needed to understand this type of bribing strategy develop betwe
and 5 years of age.

Thank you to althe families who participated in this study!
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Reciprocal sharing in toddlers
Natalie Benjamin, Lab Managefassandra Favart, Lab ManagangdRandi Vogt,
Lab Manager

Most social relationships that we build throughout our lives are based upon recipecitahges of resources,
support, and help. We expect people we benefit to return the favor, and often we feel obligated to give back kindn
to those who have been generous with us. In this study we are interested in this second type of reciprocal beha
whether children are selective in their reciprocity based on past interactions.

We know from past studies that children as young as 21 months old are able to distinguish between adults \
helped (or did not help) them in the past, and that thoserehildrefer to later help the adult who had good
intentions toward helping them in the past. We also know that in a past styelgrdd children (but not Xear

olds) have shared more when an adult has shared with them in the past than when theraatudhbhesd with them

in the past. In this study we present children with two partners, one who shares and one who does not, and
explore whether children will distinguish between these two partners in sharing differently with them.

We originally ranthis study with 2.5 3.5, and 4.5year
olds. In the study, we presented children with a ga
apparatus (either a jingle box or a zigzag ramp), w
required golf balls in order to play with it. The child we
introduced to two other players (puppets)d dne three of
them each got a chance to divide up eight golf b:
between themselves and another one of the players. Ea
the puppets played with the child, and then the child pla
with one of the puppets at a time. One of the pupp
always sharedhe balls equally, keeping four for herse
and giving four to the child. The other puppet never shs
with the child, keeping all eight balls for herself. The ch
then got to play with both puppets, one at a time. We
interested in seeing if childn would share differently wit
the puppet who consistently shared with them than with
puppet who never shared with them at all.

fr

After testing 2.5 3.5, and and 44earolds, we found that no age group differentiated their sharing behavior
betweenthe two puppets. These children did successfully distinguish between the puppets, accurately pointing
who shared with them and who did not, but they do not seem to be using this information to dictate their own shar
behaviors. It is important to tethat in that version, the puppets did not verbalize their decisions. One reason fo

children not di fferentiating their own sharing bel
intentional. To address that, we are now running thislysagain with 3.5/earolds, but this time the puppets
verbalize their decisions by saying, Al want to sh

under way and we look forward to sharing our results with you!
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Why do older children share more than younger children?
Monica Burns, Graduate Student

Chil dren often engage in prosoci al behaviors, i ncl
giving children prizes and asking them if they would like to givemes@mount with another child. Across many
different versions of this task, sharing increases with age:-jle@elds rarely share prizes with another child but
nine-yearolds often share about half of their prizes. We might be tempted to concludedératialdren are more
generous than younger children. However, we also know that children undergo a lot of psychological chanc
between three and nine years of age, and older children might share more than younger children for any numbe
reasons. Fon@mple, older children might care more about winning prizes for others than younger children, or the
might care less about winning prizes for themselves. We aimed to design a study about sharing that would be ab
tease apart how much kids cared abauning prizes for themselves and how much kids cared about winning prizes
for others.

In this study, children watched a computer animation of tokens falling into two buckets, and told an experiment
(who could not see the screen) where the tokens dar@aldren played 3 rounds of this game. In one round, one
bucket was for them and one was for another kid; in another round, one bucket was for them and one was for no
in another round, one bucket was for the other kid and one was for no oneeCkitéw tokens that went into their
own bucket would be traded for prizes to keep, tok
and nothing would happen to the tokens for no one. After making sure kids understood how to pldya Wecker

on the computer screen so children could see the tokens start to fall, but would not see where they landed. This r
it difficult to tell where the token actually landed, so children had to make guesses.

S —— -
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What thechild sees What is actually behind the blocker

If children just guessed randomly, they would guess about half fell into each bucket, regardless of which bucket v
theirs and which was for another kid or for no one. In fact, we found when one bucket was for themselves and ¢
was for no one, childrenugssed more than half fell into their own bucket. This suggests that children have a sel
serving bias and report winning more tokens when no one else is affected. Surprisingly, children from 4 years olc
12 years old showed the same patterns of fingdisgggesting these motivations may not change with age. This
suggests older children do not share more simply because they care less about the prizes.

When the buckets were for themselves and for another kid, children guessed about half fell in estchT bisck
suggests children did not show thissele r vi ng bi as when it would affect
time, there was an effect of age: younger children did show @&em®ihg bias. This suggests older children may
share more becausieey really do care about equity more than younger children.
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Do young children care about being a sharer?
Monica Burns, Graduate Student

From the study above, we know that older kids really do seem to be motivated to create equity, while younc
children do not. Why are older children increasingly concerned with equity? Previous work on persp&atye

and impulse controfpr examplehave not yielded satisfying explanations. An interesting possibility is that older
children may actually be motivatdry the desire to be a good person. We know from previous studies that younc

children help more after getting instructions abol
getting instructions aboute fbbeecianugs ea tvad tke rn.go aThoiug ifA
akindofperson | f ki ds are motivated by the desire to be
should increase kids6 sharing.

In this study, we tested 4nd 5yearolds. They did four fun activities with an adult and earned four sets of different

prizes.
cda G
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Then, we told them they could give any amount they wanted to another child who would come to the lab later. H

of the children were told they ficould shareo by p
children werd beld shayeficoullhen, children were |
private.

Data collection is ongoing, but based on previous work withnd 5yearo | ds, we t hink instr
sharero wil/ i ncr ex,sve areihterdstddrire seding whethea thasen igstructibins affect older

children een more than younger children.
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How do children share continuous materials?
Monica Burns, Graduate Student

Many experiments investigate childrends sharing be
ask whether they would like to share them with another person. Younger children rarely share prizes, and ol
children (around 8 or 9 yeao age) often share about half of them. However, stickers and candy are items that at
easy to count. I n the real wor |l d, adults often malk
countable, for example, the portion of salad bgiagsed around a table at a dinner party or the amount of time spent
doing chores at home.

But what would children do if it were more difficult to determine how much is half? We predicted when it is easy t
tell how much is half, sharing would increasehnage (as usual). However, when it is difficult to tell how much is
half, we predicted older children would be less generous than usual, because they could be sneaky.

To do this, we asked children to divide a long piece of candy (a strip of Fruit Bptitebetween themselves and
another child, twice. One time, the candy was on an unmarked tray. The second time, the candy was on a tray !
marks at ¥4, %, and ¥. We did not point out these markings or explain what these markings meant.

#FXFW RS LSS K== ==
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Unmarked Marked

Onaveragegk i ds shared the same amount, whether the tray
the markings, though: kids in the marked condition were more likely to share almost exactly half, while kids in tf
unmarked condition more often sharedttéel more or a little less than half. In stark contrast with previous work on
sharing, we found kids overall shared fairly, including kids as young as four years of age! This is very surprisin
and wedre stild]l not s ur emplwthat chitdten did not enderstared hawvaosde the thsk
(however, kids were good at answering questions about who each piece was for and which was bigger). Or me
children didndét think they woul d | i klingly denesus.vAndtharmi |
(more interesting) possibility is that when young
to divide it equally. In future work, we will try to understand what is driving this surprising result.
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Children s Ev al u apartydonistorfentdntd i r d

Compensation
Young-eun Lee, Graduate Student

It has been suggested that adults often intervene in apghard t y6Ss unj ust situation
punishing a person who are not fair. They pa&ythr own costs to punish the per
victims and they will never meet the victims again in future. This tendency to punish perpetrators has been obser
across different human societiésnd it was shown that children as ymuas éyearold can punish an individual
who was not fair in resource allocations.

However, punishment is not the only way to restore justice in the real world. There is another way to restore justi
third-party compensation. In thixparty compensatin, people can restore justice by compensating victims instead of
punishing wrongdoers. Recent findings suggest that-gartdy punishers are not only loved but also feared, and
there are mixed feelings for thighrty punishers in adults. Additionallyitd-party compensators who compensated

a victim of unfair resource allocations were rewarded more than-ghitgg punishers who punished an unfair
resource divider. Thus, it is important to explore how children evaluatephity punishment and compeatisn.

In the present study, we investigated howafd 7#yearold children p=—= —— -
evaluate thirebarty punishment and compensation, and how this is o =
related to their own intervention decision. Children were told a @

vignette of 4 characters playing a candy gatna Summer camp. In £ 1
the vignette, there were 3 roles: a decider, a recipient and |two ¥ @ #
watchers. The decider has 6 candies and s/he always keeps all 6

candies for him/herself and gives 0 candies to the recipient. Then
watcher (i.e., thirgparty punisheér takes 3 candies away from t
unfair divider by giving up his/her chocolate, while the other wat
(i.e., thirdparty compensator) gives 3 candies to the victim of
unfair division by giving up his/her chocolate. Finally, at the enc
the story, chidren were asked how much they like each watcher ug
smiley face likert scale and who they like better between the
watchers. They were also given a chance to intervene in the unfair resource allocation.

The results revealed that children tended to like both compensator and punisher, but they liked compensator n
than the punisher. When they were directly asked who they prefer between the two, they preferred compensator
punisher. Also, they prefemleto compensate the victim rather than to punish the unfair divider when they were
given an opportunity to intervene in the situation. Interestingly, those who showed preference for punisher a
wanted to compensate when they were given a chance toeiéerVhe results suggest that around 6 years of age,
children evaluate thirgparty compensation more positively than thpakty punishment. The current findings have
implications for moral development.
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Future planning and reciprocity
Kristin Leimgruber,Postdoctoral Fellow andandi Vogt, Lab Manager

As adults, we engage in a wide range of cooperative interactions on a daily If@sis waiting our turn at an
intersection, to holding the door for a stranger, to picking up coffee for a coworkedwh®s n 6t have t
lunch break. While we engage in many of these behaviors without a second thought, costlieii atidngs

buying a coffee for a coworkérar e mor e | i kely to give us pause, anc
her situation?0 and, AHow | i kely is she to return t
studies, we are interested in howt8 5 yearold children approach problems just like this. Specifically, we are
interestedinhow oung chil drenés abilities to take the per s

willingness to give to others in a reciprocal sharing game.

The first of these studies took place over two separate visits, spaced 7 to 10 days éparfirdt visit, children
played a series of short games designed to measure their ability to think about the minds of others and plan for
future. These activities included a delay of gratification game in which children chose between one stisker to
right away and two stickers to take home, vignettes asking them to consider the thoughts and feelings of vari
characters, an objechoice task that simulated packing for a hypothetical outing, a reverse planning game in whic
children delivered maito a pretend neighborhood as efficiently as possible, and three prebleimy tasks in
which children were presented problems and given the opportunity to solve them creatively after a short delay.

In the second visit, children played two rounds eharing game with two different puppets and two different sets of
toys. Both rounds of the game started at Table 1, where the child had the opportunity to share balls needed to
with a somewhat attractive toy with a puppet. After the child and thpgiwsed their balls to play with the toy at
Table 1, they moved to Table 2, which held a more attractive toy. In the Control round of this game, the number
balls that the puppet and the child got to play with at Table 2 were predetermined by d daclspin the Test
round of this game, the puppet got to decide how to share the balls with the child at Table 2. In the Test round,
puppet always shared the same number of balls the child shared with her at Table 1.

We were interested in seeingdiildren were more likely to share at Table 1 when their sharing behavior could
influence the puppetds behavior at Table 2 than wh
2. Additionally, we wer e amnce otnehe pesspeetile tdkiograndefaturehplarming
tasks related to his/ her behavior in the reciproci
oriented tasks as well as the reciprocity task improved with age. Furthermore, werornsing evidence that the

ability to think about, and plan for, the future w

Given the findings from this first study, we bege
perfamance on two of our futureriented tasks with the hopes of also improving their performance on the
reciprocity task. After trying out these tasks with a small set of children, we came to the realization that we may ne
to revise our training methods beé¢ running a full set of subjects. As a result, this portion of the project is on hold
at the moment, but we are very thankful for the families who helped us to pilot this training paradigm and loc
forward to introducing a new and improved version & groject in the lab in Fall 2016!

Finally, we are just beginning a third study in this line of work that pairs the games involved in the first visit of stud
one with a new reciprocal sharing task in the second visit. Thank you to all the families b b2 in various
stages of data collection for our studies! We | ook
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What do prereaching babies know about reaching?
Shari Liu, Graduate Student

The human motor repertoire includeswade range of P
intentional action: cooking, dancing, acting, reading,
buying, throwing, pulling, climbing, and so on.
Mechanisms that help us understand the structure of these
actions is essential for interpreting the behaviors of others,
and for learning avel actions from others. Previous
research from our and other labs suggests that giving babies
action experience supports their action understanding,[but
the exact benefit of action experience is still unclear. This
set of studies aims to ask (1) what iesbneed to learn
about intentional action and (2) whether action experience
is the only way for them to learn it.

In particular, we were interested in whether babies who are

still mastering reaching interpret reaching as a-goakcted action. We testatis by asking whether young babies
expect a reach to be efficient, a key signature of intentional action. In two experiments, we presaniésold
babies with an actress who reached over an obstacle and caused an object to light up on contpot (Eoled up

the object with her hand (Exp. 2). Then, we removed the barrier. Given that the actress is going to reach again for
object, how will she direct her reach: in a familiar and curved but newly inefficient path of motion, or in a novel b
newly efficient path of motion? If -Bnonthold babies interpret reaching as a goaécted action, then they, like
older infants, will look longer at an inefficient than an efficient reach. But if they do not interpret reaching-as goa
directed, they willeither show no looking preference, or will look longer at the efficient action, since the path is
novel. We found that -Bhonthold babies expect reaching to be efficient over a change in the obstacles in th
actressods way, b ot h objdctemlight up éExpal) and whers shecpacked g dhe objeat (Exp.
2) . Results from an additional condition in Exp. :
shows that babies did not merely find curved motion more interestlngkat.

These findings are important for several reasons. First, they show that infants do not need any motor experie
reaching around a barrier (which babies do not master on their own @tih®nths) in order to understand that
agents must dire¢heir reaches around obstacles. Second, they show that infants do not need any motor experie
with reaching at all in order to interpret reaching as a-dwatted action. This finding actually makes a lot of sense,
given the wide range of human actidnae need to be able to understand what others are doing in order to learr
new actions from them!
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Babies think about physical effort as a continuous variable
Shari Liu, Graduate Student

Many experiments report that babies expect agents to pursue goals rationally. More specifically, after first watchi
a character leap over a tall barrier toward a goal, babies expect the character to follow a straight path when
barrier is gone ratheghan follow the same (but now inefficient) arced trajectory of motion. We were curious about
how exactly infants analyze efficiency in actiodo they simply expect agents to follow curved paths around
obstacles and straight paths in the absence of ols2a0ledo they expect agents to minimize the cost of their goal
directed actions?

To ask this question, we ran a series of 5 experiments very similar to the one described above: We-stomtred 6
old babies movies of an agent leaping over tall obstaclesder to get to a goal. But instead of taking the obstacle
away, we made the obstacle very short. Given that the agent is going to navigate over the new, tiny obstacle, how
do babies expect the agent to jump? We showed babies two alteddtieesgnt either took a big, inefficient leap
over the tiny barrier, or a small, efficient hop over it. We reasoned that if babies expect agents to minimize the ¢
of their actions, they will look longer to the less probable, inefficient leap. We found thas lexpected the agent
to minimize the cost of iits actions and | ooked | or
and established that babies were not merely responding to the height or velocity of the two actions, but rat
differences in their efficiency (Exp. 2). Two additional studies found that infants expected the agent to minimize tl
cost of its actions even when they previously saw it act inefficiently (Exp. 3), and the very first time they saw tt
agent move towards itogl (Exp. 4). To follow up, we are currently running a replication of Experiment 4 (Exp. 5).

These findings teldl us that by the time babies ar
themselves over obstacles or even reachingnarttoem, they understand that physical effort is a continuous thing.
Furthermore, they expect agents to minimize physical effort the very first time the agent navigated over any obste
(Exp. 4) and the very first time the agent moved towards the gadll @&xp. 5). These findings tell us that infants
either come into the world with or rapidly construct rich, abstract knowledge about the costs associated with actio
which guides their interpretations of and expectationstaboo t her sd behavi or s.
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Whatd s wor t h Kaoywunderstanding ef effort and

value
Shari Liu, Graduate Student

As adults, we understand that one reliable way of
how much of wilang te pag for therh @182 $12? a trip to the store? climbing a tree?). While previous
experiments have shown that babies know something about the goals of agents and the effort associated with act
itds an open quest i onndemstans tthateeffort is In®ynative laboktevalua. dfa &sk this
guestion, we ran 2 experiments where we showethdthold infants that an agent is willing to jump a higher
barrier (Exp. 1) or climb a steeper ramp (Exp. 2) to reach one of his friendfiexaher. During the critical part of

the experiment, the agent then chose either the highee friend (for whom he expended more effort) over the
lower-value friend (for whom he expended less effort), or vice versa. We reasoned that if can infeorakféort,

then they will look longer when the agent chose the levadwe friend. Consistent with these predictions, we found
across both experiments that infants expected the agent to choose thedlighdrend.

|

We are currently running a thikperiment to ask whether this effect holds when the agent is willing to move a
heavier object for one friend over another. We are also piloting an additional study asking whether infar
understand that if an agent pays a given cost for a reward (@jgs an obstacle of height 5 for an apple), he would
also be willing to pay any cost less than this for the reward (e.g. jump any obstacle of W8ightitOwould not
necessarily be willing to pay a greater cost.

These findings are important for severaasons. First, they tell us that infants, like adults, think about effort and
value together. Second, they tell us that infants use this joint understanding of effort and value productively in or
to infer unknown information in the world (e.g. how rhuthe agent likes friend A or friend B) and to make
predictions about an agentds actions (e.g. whether
knowledge about the physical wadldbjects and their movemedtand the social worlll agents and their
motivation® is integrated early in life!
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Judgments and decisions in¥year-old kids
Shari Liu, Graduate Student

Everyday action planning requires us to make accurate judgments about and decisions between the things we we
the world and the costs we need to incur in order to reach them. Time is one example of a cost that each of us f
every day, and one thaté been extensively studied in adult human andhuwmnan populations: Given that the
future is uncertain, how do we know when to pursue immediate rewards and when to forgo these rewards in hc
for something better? We were interested in exploring howdrelm make decisions, because insights from
developmental work advance theories of mature decimiank i ng. They hel p us answer
to learn how to be rational? If so, what is learned (e.g. what costs and rewards are, what kings of the world
are rewarding and costl vy, how to integrate over th

Our initial study aimed to ask several questions. First, we were curious aboutyeardbds make decisions on the
basis of costs and rewards alone. We found that when giverhtiee between a smaller and bigger reward (both
with no waiting), kids chose the bigger reward. We also found that when given the choice between waiting a long
a short time for a fixed reward, kids chose to wait less time. Second, we asked whettradkid$f between costs

and rewards by presenting them with a series of decisions where they could either earn a small reward immedis
or a larger reward after a delay. We found that as the cost of the bigger reward increased (from 0 to 90 secor
children became less and less likely to choose it. Both of these initial 2 findings are consistent with evidence frc
adult deciders.

We also asked one last question: are kids more or less rational and patient when earning rewards for themse
versus andter child? Overall, we found that children were just as rational (remardmizing and cosininimizing)

when earning rewards for themselves versus others. When trading off between the two, kids were more pat
(willing to tolerate a higher delay) whearaing rewards for themselves.

These findings are important because they tell us that rational deciaking emerges early in life, before formal
schooling, and that this decisiomaking process integrates over many sources of information: costs, sewadd
whom the rewards benefit. We are currently following up to investigggabo | d ¢ h i |-glainedijudgsnentsi n
about tempor al cost , and so far, wedre finding th
lengths of delay. Thiability may support the rich decisiomaking that we observed in the first experiment






























