Invit ed Speaker and Symposia Abstracts

The Cognitive Development Sodety Fifth Biennial M eeting Program includestwo plenary invited talks
two plenary invited symposa, and four symposa sssonswith three concurrent symposa.

Friday, October 26

845- Plenary Talk in Anasazi Ballroom
945 Language and the Infant Brain: How Children Learn
Patricia Kuhl, University of Washington

10:15- Invited Symposium in Anasazi Ballroom
1230 In Memory of Esther Thelen
Anasazi North Anasazi South Zia Ballroom
2:00- New Directionsin Social Computational Approaches Attention to Language: The
3:45 Cognitive Development: It's  to Language Acquisition: Interaction between
’ More than Theory of Mind Connectionist, Dynamical Language and Cognition
Systemsand Bayesian
Per spectives
4:00- Interactionsbetween Social Rational Statistcal Inference  The Function of Action in
5:45 Cognition and Object in Cognitive and Language Perceptual and Cognitive
’ Cognition Development Development

Saturday, October 27

8:45- Plenary Talk in Anasazi Ballroom
9:45 Learning to Perceiveto Learn
Rob Goldsbne, Indiana Universty

10:15- Presidential Symposium in Anasai Ballroom
1230 Children'sLearning
Anasazi North Anasazi South Zia Ballroom
2:00- Cognitive Developmental The Role of Comparism in To Mode or Not To Model B
3:45 Perspectives on Social the Development of IsThat a Central Question?
Categorization and the Relational Representations
Implicationsfor Intergroup and Structured Thought
Bias

4:00- New Directionsin Pretend K nowing about Ignorance: Learning by Doing: The Role
545 Play Research Children's Judgmentsand of Exploratory Play in
Nonverbal Behavior in the Cognitive Development
Face of Uncertainty




Friday,October 26, 2007: 8:45 amb 9:45 am

Plenary Talk:Language andthelInfant Brain:How Children Learn

Patrida Kuhl, Univaaty d Washingan

Some of the mog revolutionary ideas in brain science are coming from cribs and nurseries. In this talk | will focus on the new
discoveries about early learning and the neural coding of learned information with special attention to language. I nfants are born
@itizens of the worldCand can acquire any language easly. But by the end of the first year of life, they®e developed a specialty in
one language, and their ability to discern sounds from other languages declines Research on infants is showing that they use
computation to crack the speech code, and that a social interes in language plays an important role in language learning.
Motherese,Othe exaggerated, high-pitched language we use to peak to infants and children is used in virtually every language
gudied, and infantsOinterest in it also contributes to their ability to learn. These precursors to language in typically developing
infants are leading to the identification of children at risk for developmental disabilities involving language, such as children with
autism. In the next decade, the techniques of modern neuroscience will play a sgnificant role in our underganding of how infants
learn.

Friday,October 26,2007: 10:15ambP 12:30 pm

Invited Symposium:In Memory of Esther Thel en

Or ganizer : LindaSmith, Indiana Universty

Summar y: Egsher ThelenBthrough extraordinarily inventive experimentsbchanged the field's undersganding of motor
development. She showed developments such as reaching and walking not to be pre-specified but to be the self-organizing
products of many heterogeneous processes interacting in a complex sysem of brain, body, and world. Thelen saw the broader
value of these ideas beyond motor development. In celebration of her contributions the presentations in this symposum
consder the broader themes in Thelen® work as they apply to the problem of development generally, and to cognitive
development in particular.

Thinking About Development: Reflections on Esther Thelen® Assumptions and
Their Application to Developmental Inquiry

Rdoat Liddite, Flaida I ntenational Universty

Thistalk considersthe development of intersensory perception. The talk will briefly review how Esther®basic assumptions about
developmental inquiry are being applied to the study of early perceptual development and more broadly to our understanding of
the development of Gpecies-typicalObehavior.

Dynamics in Statistical Learning
Rebaxa Garegz, Univesty o Arizama

Thistalk will present research suggegting that learning is a dynamically guided process, arising in the interaction of internal and
external presures Moreover, learners, and the gructure they can acquire, change as a function of experience, and are
congrained by fundamental processes of memory. In contras to CknowledgeOcongtraints traditionally proposed in the literature
on development and learning, the condraints proposed here arise naturally from the mechanics of learning and memory
processesthemselves.

Br ain Devel opment as the Ultimate Dynamic systems

Jaan Siles Universty d Cdifania-San Diegp

From the complexities of genetic variation and transcription, to the variable paths of neural development and its dependence on
experience, brain development is far more complex and dynamic than is often assumed in debates about nature vs nurture,

nativiam vs. cultural learning. Inherited and experienced factors interact congantly in an ever-changing organiam. Thisis a
complex, dynamic and seif-organizing sysem.
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Weird loops: Fromobject recognition to symbolic playto |l earning nouns and
back

Linda Smth, Indana Univeraty

Cognitive development is also far more complex and dynamic than our usual debates allow. Developmental change is multi-
causal in nature, with weird loops of causeswhich are also consequences and consequencesthat are causes, with consderable and
nontrivial causal spread. T he interdependencies among developmental changes in visual object recognition, object subgtitution
in play, and object naming learning are presented asan example.

Friday,October 26,2007: 2:00 -3:45 pm

New Directionsin Social Cognitive Development:It@ Morethan Theory of
Mind

Organizer : KriginaOlson, Harvard Universty

Summar y: Socia cognitive development has long been a topic of interes within cognitive development. Mogt textbooks and
handbooks have chapters devoted to the sudy of social cognition in young children, though examining these chapters one often
leaves with a feeling that social cognitive development islimited to the sudy of theory of mind and intentionality. It israre to see
coretopicsin social development or social psychology sudied from a cognitive developmental perspective.

In this symposum we examine quegtionsthat are social, cognitive and developmental in nature and that are derived from other
ongoing work in social cognition, social development, comparative psychology and cognitive development. We examine four
unique topicsN attachment, cognitive dissonance, social attitudes and preference developmentN usng methods and theories
derived from cognitive development. Finally, our discussant, Carol Dweck, will provide perspectives on the field of social
cognitive development more broadly, emphaszing where the area of social cognitive development has been and where it is
headed.

Evidence for InfantsOlnternal Wor king Models of Attachment
san C. Jdnsm, Card S Dwek, and Franaess S Chen, Sanfad Universty

Nearly half a century ago, psychiatrist John Bowlby proposed that the inginctual behavioral sysem that underpins an infant®
attachment to its mother is accompanied by Onternal working modelsOof the social worldN models based on the infant® own
experience with her caregiver (Bowlby, 1958, 1969/ 1982). These mental models were thought to mediate, in part, the ability of
an infant to use her caregiver as a buffer againg the sresses of life, as well asthe later development of important self-regulatory
and social ills

The current study reports the first direct evidence for human infantsOQOnternal working modelsO of attachment. We used a
gandard visual habituation technique to assess infantsOexpectations of a caregiver® responsiveness to bids of attention from a
infant during an abgractly depicted separation event. Securely attached infants, relative to insecurely attached infants looked
dgnificantly longer when the depicted parent ignored the child®cry and moved farther away from, rather than returning to the
child, as though the securely attached infants, but not the insecurely attached infants were surprised to se a parent act
unresponsively. These results are clear evidence that infantsQinterpretations of the social world are influenced by their own
higorieswith their caregivers, aspredicted by Bowlby.

The Origins of Cognitive Dissonance
Lausa Egan, LauieSantas, & Paul Bloom YaleUniversty
The motivation to reduce cognitive dissonance (CD) between divergent beliefs attitudes, and behaviorsimpacts adult cognitions

in domains ranging from consumer consumption to morality. Previous work on the origins of CD has relied on induced
behaviors, rather than behaviors generated by an individual, and has failed to employ smple and direct tess.

Our work explores CD in young children and capuchin monkeys through a non-verbal variant of Brehm@® (1956) free choice
paradigm. Children chose between two equally preferred gickers A and B. Children then chose between the unchosen
aternative and gicker C, which was originally rated as preferred as A and B. Children sgnificantly chose gicker C over the
unchosen A/ B. In a control condition, children saw both A and B and received one of the two. Children then chose between
the unreceived gticker and gicker C. In thiscondition, preference for C isabsent.

Similarly to children, in the experimental condition, monkeys chose between M& Ms of equally preferred colors A and B, and
then between the unchosen color and C. In the control condition, monkeys saw both A and B and received one of them. Then,



monkeys chose between the unreceived color and C. Monkeys preferred C to the unreceived alternative in the experimental
condition, but preferred the unreceived alternative in the control condition.

These results are the firg evidence of decision rationalization in young children and animals. They indicate a higher degree of
motivational complexity in young children and capuchin monkeysthan they are commonly believed to possess.

When do children beginto seelucky people as nicer than unlucky people?
Krigtina Olsmn, M ahzarin Bangji, Elizabeth Sodke (Harvard University), & Card Dwesk (Sanfard University)

Random or lucky and unlucky events happen everydayN people win lotteries and lose their housesin hurricanes We know that
young children have a limited underganding of random events (Weisz, 1980) and that even as adults people sometimes blame
othersfor the random or unlucky events that happen to them (e.g., Lerner, 1971). Recent developmental research has indicated
that school-aged children demongrate a preference for lucky people compared to unlucky people (Olson, Bangji, Dweck, &
Spelke, 2006).

The current work invegtigates how preschoolers (aged 2.5-5 years old) think about lucky and unlucky people. In two sudies with
differing methods we demongdrate that children as young as 3 view the lucky as nicer than the unlucky. The presence of this
evaluation at such an early age sheds doubt on explanations provided by social and developmental psychology such asthe Belief
in a Jug World (Lerner, 1980) or Immanent Jugtice (Piaget, 1932/ 1965). Other, more cognitive explanations such as affective-
tagging or valence matching must be explored to explain this phenomenon.

Postive evaluations of lucky compared to unlucky individuals are important to examine both theoretically and practically.
Undergtanding the mechanism underlying this Qpreference for the luckyO can help us understand how children develop
preferences and attitudes more generally. Practically, we hypothesize that young children® preference for the lucky might lead to
other social group attitudes given that some groups (e.g., the poor) tend to experience more unlucky eventsthan others

Social influences on children® preferences
Lai Makan & ChrigineFawat, Univesty d Cdlifania, Bekdey

Successfully navigating the social world demandsthat we moderate the influence of otherson our own behavior, without ignoring
the importance of others as sources of information in an uncertain world. Even infants are skilled at seeking information from
others, especially in the face of unfamiliar events (Campos & Stenberg, 1981). Do young children look to others as resources
when determining what to value and developing their own subjective preferences?

The current research invegtigates whether desrability and scarcity influence children®@ choices when choosing between novel or
unknown items. In one study, we demongrate that 18-month-old infantsOpreferences are influenced by the observation that
others desire or prefer that entity to another. Further sudies are invedigating whether infants are differentially influenced by
familiar, trusted individuals (e.g., parents), or more similar others (e.g., siblingsor peers). A second study asks whether children®
choices are influenced by the perception that a given good is scarce. We found that when faced with different quantities of
unknown optionsto select from, three- and four-year-old children tend to choose one of the less abundant item, suggegting they
assign higher value to the scarce good. T his bias was observed in the absence of a social context. Further gudies are examining
whether children® choices may have been influenced by implicit social cues (e.g., Of there are fewer of these, other children must
have chosen them.Q. T aken together, these findings highlight the impact of the social world on children® preferences.

Discussant: Cad Dwek, Safad Unvasgty

Computational Approachesto Language Acquisition:Connectionist,
Dynamical Systems and Bayesian Per spectives

Or ganizer : Sarah Sahni, Univergty of Wisconsn, M adison

Summar y: The goal of this symposum is to review the merits of computational approaches to research in language
development. T here isarich higory of usng computational methodsto create formal models of behavior which ingantiate and
tegt crucial aspects of psychological mechanisms T his approach is powerful because it forces researchersto try to undersand the
roots of behavior and not Smply describe it. It is egpecialy relevant to issues in development as many of these models address
acquisition and learning.

As computational research has evolved, connectionig, dynamical sysems and Bayesan models have all emerged as popular
approaches Each is well-suited to invegtigate learning problems, although they lend themselves to different scientific theories.
The symposum will consg of three presentationsthat: 1) Describe a line of work in language acquistion that has emerged from
one of these approaches, and 2) Discuss unique aspects of a particular model and the approach. Each of the speakersisan expert
in their field: Eliana Colunga (connectioniam), Larissa Samuelson & John Spencer (dynamical sygems), and Amy Perfors & Josh
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Tenenbaum (Bayesian framework). The discussant, Linda Smith, will draw comparisons among the three approaches and
highlight challenges faced by any computational model.

The topic of this symposum isimportant and timely as computational approaches are once again gaining attention in the field.
T his symposum will give members the opportunity to understand the unique merits of computational approaches as well as to
clarify the different types of models, thereby providing indghtsconcerning the relative srengths of each approach.

Learning to learn words:aconnectionist account

Eliana Cdungg, Universty d Cdarado- Baude

Young children® seemingly effortless ability to learn new words, which emerges sometime in the second year of life, provides an
interegting puzzle in developmental psychology. The main idea of the Attentional Learning Account of early word learning is
that children learn to learn words as they learn words, and that they do s by extracting second-order generalizations from the
datigical regularities present in the gructure of the vocabularies they are acquiring. The computational model | will present
embodies two general principles we know to be part of human cognition and of connectionig models that are well-suited for
tegting thishypothesis asociative learning and generalization by amilarity. T hrough a series of smulations and experimentswith
young children, | will show how this model lends insght into how children® rapid word learning develops across different
contexts and across different languages The grengths of this model include its relative amplicity, its modeling of real world
regularities, its attempt to make the task of the model approach that of children in the lab, and its ability to make testable (and
tested) predictions. | will discuss these drengths in the context of the different computational approaches showcased in this
workshop. At the end, | will sugges that 1) computational modeling lends particularly well to the underganding of
developmental phenomena, and 2) the choice of computational paradigm and its potential to provide insights may depend more
on the hypothessto betesed than on the relative grengths and limitations of the different approaches.

Language acquisition in a Bayesian framewor k

Ay Pefas& Joaeh Tenanbaum Massadhusdts | nditued Tedhndagy

On the bads of noisy and impoverished input, language learning infants mug acquire both semantic generalizations (how to map
world experience onto the words in the input) and syntactic ones (how to group those words into sentences). T his madery,
egecialy in syntax, requires the ability to reason probabiligically about sructured representations grammatical rules depend
upon the hierarchical organization of phrases, and knowledge of these rulesis not all-or-none. Magery also requiresthe ability to
learn at multiple levels of abgdraction. We see this clearly in the acquistion of the shape bias on a specific level an infant mugt
realize that toys called 'ball' may have little in common aside from their shape, and on a more abgract level, she mug learn that
count nounsin general tend to be well-organized by shape and not other features.

Bayesan methods are particularly suited to exploring the magery of these two important abilities The Bayesian approach
naturally integrates gatigical learning and sructured representations and incorporates both into a normative framework for
rational inference; this allows usto invegtigate the role of different types of representational gructurein a principled and rigorous
manner. Hierarchical Bayesan models also learn on multiple levels making Smultaneous inferences about both specific and
more abgract hypotheses as a result, they explain generalizations in a way that sngle-level learning cannot. We explore these
advantages in the context of a model applied to learning about both the shape bias as well as agpects of verb argument
congructions

Keeping it real: A dynamic systems approachto word |l earning
Larissa Samudsn & Jan Soaar, Univesty d lova

In this talk we will illustrate how we have used a particular computational approach based on Dynamic Sysems T heoryN

Dynamic Neural Field TheoryN to undersand how young children®knowledge of names and categories is brought to bear in a
task in a moment in time. We suggest that only by understanding how individual behaviors at thisreal timescale accumulate to
create later behaviors, can we make progress in undersanding the development of word learning biases and cognitive
development more generally.

Our recent modeling work captures developmental changes in children® attention to shape from 1.5-to 4-years-of-age in forced
choice and yes no tasks Our model ingantiates differences in the tasks presented to young childrenN differences that drive
comparison and decison-making processes, resulting in different patterns of noun generalization in the two tasks Further, our
model captures changes in the patterns of performance over development. Thus, the DNFT has implications at both real-time
and developmental timescales.

This illugrates three unique aspects of the DNFT approach. Firg, the DNFT is a processbased account of behavior, learning
and development. From this perspective, real-time, contextually grounded decisions congrain what islearned and what develops
Second, the DNFT represents a srong commitment to neuronal principles. T his provides congraints for processesthat underlie



decison-making as well as for hypotheses about developmental change. Third, the DNFT involves a commitment to an
embodied view of cognition which iscritical to grounding word learning in a real sensorimotor sysem.

Discussant : Linda Smth Indana Univesty

Computational models both describe and predict, allowing the model to account for the underlying Sructuresin a dataset and to
show trander (or not) to novel inputs. Each of the computational approaches summarized by the three presentations B
connectionig, dynamical sysems, and Bayesan b have advantages and disadvantages in meeting these descriptive and predictive
goals as they are applied in different sub-domains of language and cognitive development. Among the challenges that will be
highlighted are: (a) how the input is encoded, (b) the architecture used to ingantiate the flow and compression of information
between levels, (c) the ability of the model to adapt to changes in the digributional properties of the input, and (d) whether
models that solve a particular learning problem can also be deployed to solve other problems, or mug of necessty be domain-
and task-specific.

Attention to Language:Thelnteraction between Language and Cognition

Or ganizer : Banchiamlack Dessalegn, Johns Hopkins U niverdty

Summar y: Many in the cognitive sciences agree that there is an interaction between language and nonlinguigtic cognition.
The current symposum will address the consequence, mechanism and development of such interactions across development.
Specifically, the paperswill focus on two quegtions. First, how does language influence spatial cognition when language or spatial
cognition isimpaired? Are typical developmental patterns observed? T he firgt two presenterswill addressthis quegion by looking
at spatial cognition in individuals with limited spatial language (deaf users of Nicaraguan Sign Language) and individuals with
sverely impaired spatial abilities but relatively spared language (people that have the developmental genetic disorder Williams
syndrome). T he presenters argue that knowledge of spatial termsis crucial in developing adult-like spatial representations
Second, what is the nature of the mechanisms by which language and space interact across development? Does language Smply
slectively direct attention towards certain gatial representations or does language qualitatively change the nature of non-
linguidtic representations, and if 0, how? T he third presenter shows that directional gatial terms (e.g., left) help children and
adultsform a robug atial representation, and proposes a specific hypothess asthe possble mechanism underlying the language
effect. The final presenter shows that nonlinguigic mechanisms, e.g., attentional cues can guide linguigic processes both in
children and adults

Overall, the symposum draws from a range of methodologies populations and age groups to invedigate the consequence,
mechanism and development of interaction between language and nonlinguigtic cognition -- thus yielding critical information
about the gructure of cognition over development.

DOES SPATIAL LANGUAGE GUIDE SPATIAL REPRESENTATION? EVIDENCE FROM
NICARAGUAN SIGN LANGUAGE

Ama Shugeman, Wdledey Cdlag JenieE. Pyas Wdledey Cdlege A Saghas Cdunbia Univesity, Karen
Emmaey, San Dieggp Universty, Elizabah Sodke Harverd Universty

How does limited language affect gatial representation? Past research suggeds a role for language in the ability to use landmark
cuesin disorientationstasks, and that the acquidtion of termslike left of and right of facilitates the use of landmark cuesin these
tasks Doesfailure to acquire linguigic congructions like left of have a long-term impact on spatial representation? Furthermore,
islanguage similarly related to other agpects of spatial cognition?

To address these quegtions, we examined spatial language and cognition in deaf users of Nicaraguan Sign Language. Senghas
previoudy found that older sgners, who learned early-emerging, less developed forms of the language, lacked left-right
expressions, while younger signers, who learned a more developed form of NSL, linguigtically marked left and right. Accordingly,
older (Mage=30 years, n=7) and younger (Mage=21 years, n=8) sgners were participated in tess of spatial language and non-
linguigtic spatial tasksincluding reorientation, mental rotation, map reading, and map drawing. Consigency in linguigic marking
of left-right relations was correlated with superior performance on the reorientation task (r=.67, p=.02), suggesing a role for
language in spatial representation even in adulthood. Older sSgners performance on non-verbal tasks was above chance but
worse than younger signers T his profile suggests that adults with limited gatial language achieve atial abilities beyond those
observed in young children, but that specific linguigtic experience is necessary for fully developed spatial cognition. Variationsin
errors, reaction times, and crosstask performance shed further light on the nature of satial representations in individuals with
limited language.
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A ROLE FOR LANGUAGE IN REORIENTATION? EVIDENCE FROM WILLIAMS
SYNDROME

Laura Lakuda, Harvard Universty, Bandhiamladk Dessslegn & Barbara Landau, Jdns Hgokins Univer sty

One critical aspect of navigating the environment is being able to reorient oneslf when disoriented. How is this task
accomplished? Research has shown that species as diverse as rats, chicks, human toddlers and adults all reorient themselves by
using the overall geometric gructure of a layout. Surface featural cues (e.g., color) are also used, although use of these cues is
more variable, depending on age, tak conditions and, mog notably, language ability. The finding that language ability
influences reorientation provides a case of interaction between language and non-linguigtic thought. In this paper, we probe the
nature of thisinteraction by teging reorientation in individuals with Williams syndrome - a rare developmental genetic deficit in
which language is preserved but spatial representations are severely and selectively impaired.

We find that Williams syndrome individuals show a highly unusual pattern of performance in reorientation tasks with failure to
reorient usng geometry alone, but success when geometry can be combined with surface featural cues The results will be
discussed in the context of current theories of modularity in reorientation, and the relevance of language in modulating spatial
representationsover development.

THE ASYMMETRIC RECODING HYPOTHESIS: HOW LANGUAGE MIGHT RECODE VISUAL
REPRESENTATIONS

Bandiamadk Dessalegn & Barbara Landau, Jdns Hgokins University

On several accounts language plays a powerful role in many cognitive processes. But what is the mechanism underlying such
effects? We describe one language effect and lay out a hypothessand some evidence to explain the underlying mechanism.

In previous work we found that providing specific directional termsto children enhanced their ability to match a visual target and
avoid foils in which color and location were varied. Non-linguigic attentional manipulations did not show these effects, nor did
linguigtic ingructionsthat did not include the directional terms.

We hypothesized that language provided the crucial figure-ground asymmetry as well as the specific directional information
reguired for an accurate match. If thisistrue, then adults might be expected to show impairment if language is disabled by verbal
shadowing.

We gave 60 adultsthe same task asthe children in one of three conditions: No Shadow, Verbal Shadow, and Rhythm Shadow.
Adults performed at ceiling in the No Shadow and Rhythm Shadow conditions, but fell to 4-yearold levelsin the VVerbal Shadow
condition.

Thus for both adults and children language appears to play a crucial role in carrying out thistask. We lay out the Asymmetric
Recoding Hypothesswhich gatesthat given an object without an inherent figure and ground, language forces the creation of an
asymmetry between the parts and thus enablesthe formation of a robug representation of spatial relationship. T he details of the
hypothesis, its predictions, and empirical tes of the predictionswill be discussed.

ATTENTIONAL ALIGNMENT GUIDES LANGUAGE LEARNING
Rebeoa Nappa, Univesty d Nath Carding; Jdn C. Trusnel & Lila R. Gatmen, Univesty d Parnsjvania

Visual attention contributes to the process of event apprehension, such that the way a scene is explored influences the way it will
ultimately be interpreted. Thus the locus of speakersOattention as they interpret events guides their eventual descriptions of
these events. This, in turn, causes speakers to produce cues, indicating their perspectives (such as the location of the speaker®
gaze, and attention-directing gedures like pointing). Thus, the visual attention of a speaker influences both his own
conceptualizations and descriptions of events and the listener/ learner® conceptualizations of the same events, by way of
attention-directing cues.

A st of experiments will be outlined demongrating that this leads to sgnificant conceptual alignment between speaker and
ligener, and guides the interpretation of complex events and ambiguous language (with particular emphass on interpreting
complex verbs). Specifically, when examining scenes depicting events that can be interpreted various ways, it will be
demongrated that the location of speakersCattention influences the way these scenes are ultimately described. T his same effect
can be seen when a speaker® attention is manipulated via gaze-direction cues (indicating that attention-directing cues from the
gpeaker are utilized when interpreting complex events). M oreover, such attention-directing cues (gaze and pointing gestures)
influence the way complex utterances (containing unfamiliar nonce verbs) will be interpreted by both adults and children in such
avisual context. Through this attentional alignment, speakers and ligener/ learners arrive at aligned conceptual and linguigic
representations of events

Discussant: DakreGaitng, Nathweten Univaesty



Friday,October 26, 2007: 4:00 -5:45 pm

Interactions between Social Cognition and Object cognition

Co-Organizer s: Krigin Shutts& Katherine Kinzler, Harvard University

Summar y: The goal of this symposum is to ak how children integrate their perceptions of the social world with their
evaluations of the physical world. For example, how do properties and past behaviors of other individuals influence children®
own preferences for different kinds of objects? To whom do children look when seeking information about unfamiliar objects
and when reasoning about physical events?

Thefirgt two papersin the symposum (presented by K. Kinzler and K. Shutts) provide evidence that infantsand children attend
to social category information (e.g., about spoken language, gender, and age) when reasoning about their own preferences for
foods and artifacts The third paper (presented by C. Fawcett) presents data showing that when children are given the
opportunity to choose among objects hidden from view, they trug opinions of individuals who have shown concordant object
preferences in the pag. The fourth paper (presented by V. Jaswal) shows that young children are able to use tesimony from
adultsin order to overcome errorsin reasoning about physical eventsinvolving objects. T ogether the findings sugges that infants
and children are able to use knowledge in one domain (e.g., the social realm) in order to solve problemsin other domains (e.g.,
object preferences and object mechanics).

InfantsOselective preference for thative objectsO
KatheineD. Kinzle (presate), Emmanud Dupax, & Elizabeh S Sodke Harvard Univaraty

From birth, humans display a remarkable senstivity to language and linguigtic differences. Neonates prefer their native language
to a foreign language, and even discriminate two foreign languages provided that they have sufficiently different rhythmic
properties

The present paper quesionswhether 1) infants demondrate a social preference for a speaker of a native language over a gpeaker
of a foreign language, and 2) whether this early social preference influences infantsQearly understanding of and preference for
objects In Experiment 1, 5-6 month-old infants demongrated a visual preference for people who previoudy spoke in their native
language with a native accent. In Experiments2 and 3, 10-month-old infants preferred to accept one of two identical toys when
offered, and one of two different toys when modeled, by a speaker of a native language rather than a speaker of a foreign
language. These effects obtained even though language was never directly paired with the objects Experiment 4 provides
evidence that 12-month-old infants preferentially choose foods that are firs eaten by a native speaker rather than a foreign
peaker.

Together, thexe findings suggest that infants attend to social information to inform their early preferences among objects,
including preferences for some objects over others, differential willingnessto accept one of two identical objects when offered by
individuals of different social categories, and even preferencesamong foodsthat they have previoudy tasted and enjoyed.

Social categories guide young children® preferences for novel objects
Krigin Sutts(preste), Mazarin R. Bangji, & Elizabgh S Sdke Harvard Universty

Humans as a species are extraordinarily gifted at learning information from other humansin their social group. From language
to dance to dress, humans come to act like those around them. This Qeultural learningObegins at an early age; even infantslook
where others, and do what othersdo (e.g., Meltzoff & Moore, 1977; Scaife & Bruner, 1975; Tomasallo, Kruger, & Ratner, 1993).

In the present work, we ask whether children are selective in whom they learn from, by invegtigating the influence of social
categories on young children® preferences for novel objects In two experiments, three-year-old children were introduced to
pairs of unfamiliar individuals, each of whom gated a preference for a different novel object. Members of pairs differed
according to gender (male, female), race (White, Black), and age (child, adult). In Experiment 1, children demongrated robust
preferences for objects endorsed by same-gender individuals, but did not use race information as reliably as a bads for inferring
their own preferences In Experiment 2, children again selected objects favored by same-gender individuals and also
demongrated a preference for items endorsed by same-age peersover adults

These data provide a window into the social categories that children deem to be meaningful, and their influence on the
development of the child@own object preferencesand choices.
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Young children understand the subjective nature of preferences
ChrigineFawddt (presate) & Lai Marksm, Univasty d Cdifania, Bekdey

How do we decide whose recommendation to trust? Trugting otherswith preferences similar to our own isoften a good heurigtic,
but equally important is knowing how to extend that trug. To address this quegion, we have been exploring how children@
sengtivity to shared preferencesinfluencestheir determination of who isa reliable source of information about objects

In a series of experiments two-year-old children learned two actorsOcontragting preferences for various items in a particular
category (e.g., foods). One actor shared the child's preference and the other did not. Children were then tesed on their use of
preference information when making inferences about the two actorsOpreferences for new items in categories that varied in
relevance to the original category. Children were more likely to select an unseen item described by one of the actors as Cher
favoriteOif that person had previoudy demonsgrated a shared preference with the child for other items in the same category.
Interegtingly, children were more likely to extend their trust in a person® preferences across related categories (e.g., toys and
books) compared to unrelated categories (e.g., televison programs and foods).

The findings demondrate that two-year-old children view a person who sharestheir preference as a reliable source of subjective
information, at least within a designated category. T his work further informs our knowledge of how children@ understanding of
the social world influencestheir reasoning about the physical world.

Trust in testimony about the physical world

VikramK. Jasnvdl, Univasty d Virgnia

The physical world seems largely knowable from personal experience. In two studies, we investigated toddlersOwillingness to
revise a belief about the physical worldN in particular, about the trajectory of a falling objectN on the basis of what an adult tells
them.

In Study 1, 30-month-olds saw an apparatus consging of three chimneys affixed atop three cups. Opaque, curved tubes
connected each chimney to a non-adjacent cup below. The experimenter dropped a ball through one of the chimneys and
invited children to search for it. Children had arobus Qyravity biasOincorrectly searching the cup directly beneath the chimney
where the ball had been dropped 76% of the time (see also Hood, 1995). However, if the experimenter mentioned the actual cup
where the ball landed before inviting children to search, they made the gravity error just 25% of the time (and searched correctly
67% of thetime).

In Study 2, we explored the limits of toddlersOdeference by using clear rather than opaque tubes Children made the gravity
error jus 11% of the time (and searched correctly 84% of the time). However, if the experimenter mentioned the gravity cup
before allowing children to search, they made the gravity error 52% of the time (and searched correctly jus 41% of the time).

In short, children expect that adults will provide them with veridical information: They frequently weighted an adult®testimony
more heavily than expectations based on nasve physics or even than what they had just seen with their own eyes.

Symposium Discussant: Susan Carg/, Harvard Univesty

Rational Statistical Inferencein Cognitive and Language Devel opment
Organizer: Fei Xu, Universty of British Columbia

Summar y: Researchersin cognitive development tend to be either nativigsor empiricids. Nativigs emphasze innate
conceptsand knowledge whereas empiricists emphasze learning mechanisms. T hissymposum presents a new approach to the
gudy of cognitive and language development, integrating domain-specific prior knowledge and rational gatigtical inference
mechanismswithin a Bayesan framework. The four participantswill present a set of papersillugrating how thisapproach has
generated both new empirical findings and new computational models Two of the participants, Xu and Denison, will present
empirical gudieson word learning, property induction, and infant gatigical inference. T he other two participants, Kemp and
Griffiths will present models of causal learning, word segmentation, and how learners acquire abgract causal schemata and
semantic knowledge. We aim to go beyond the nature-nurture dichotomy by presenting a concrete proposal on how to integrate
datigical information in the input with prior knowledge.

Rational statistical inferencein word learning and propertyinduction
Fa Xu, Univesty d British Cdumbia
Research in language and cognitive development has discovered both powerful learning mechanisms and early concepts and

knowledge in infants and young children. However, it remains unclear how datigical learning mechanisms interact with
conceptual biases | present two case gudies illugrating how a Bayesan framework provides us with the tools for integrating



datigtical information with prior knowledge. In the firg set of experiments, we show how children and adultsintegrate their prior
knowledge about words (e.g., count nounstend to refer to kinds of objects) with input gatigics (e.g., the number of exemplarsand
the perceptual span of the exemplars) in learning words at multiple hierarchical levels (subordinate-level, basic-level, and
superordinate-level). In the second set of experiments, we show how children and adultsOgeneralization of novel properties are
modulated by a prior biase (i.e., ome properties are generalizable but some are not) usng the same gatidical information asin
the word learning sudies. T ogether we provide evidence that the same datigtical inference mechanism is employed in multiple
domains but its application is modulated by prior biases

Statistical inference in human infants

Sephanie Denisn and Fe Xu, Universty d British Cdumbia

Two sets of experiments invedigated whether basc datitical inference mechanisms are available in infancy 0 they may
potentially guide learning later on, using a violation-of-expectation looking-time procedure. In the firg set of experiments, we
asked 8-month-old infants to generalize from a small sample to a larger population using basic principles of probability. For
example, infants were presented with either 4 red and 1 white Pingpong ballsor 1 red and 4 white Pingpong balls being pulled
out of a box, and they were then shown a box filled with many red Pingpong balls and a few white ones If infants can use basc
principles of probability in this task, they would find the 1 red and 4 white Pingpong ball sample unexpected. Results showed
that infants looked longer at the unexpected outcome. In a second set of experiments we asked if 11-month-old infants were
sendtive to whether the sample was a random sample from the box or not. Results showed that given random sampling, infants
showed the same pattern of looking as the 8-month-old infantsin the firg set of experiments. But in the non-random sampling
condition where the experimenter expressed a preference for a certain color ballsthen looked into the box while pulling out the
sample, the looking time pattern was predicted by the experimenter @ expressed preference and not by the proportions of red vs.
white ballsin the box. These sudiessugged that basic gatigical inference mechanisms may be available early in infancy.

Bayesian models as atool for revealing inductive biases
Tan Giffiths Univeraty d Cdifania at Bekdey

Many of the central problemsin cognitive development - from making inferences about causal relationshipsto learning language
- are inductive problems, requiring children to generalize beyond the observed data. Research in mathematical gatigicsindicates
that one of the mog important factors involved in successully solving inductive problems is having appropriate inductive biases,
limiting the set of possble solutions to those problems. Underganding how children make generalizations thus requires
underganding their inductive biases. | will argue that computational models based on the principles of Bayesian gatigics provide
atool for revealing the inductive biases of human learners | will demongrate the value of this approach through two case gudies:
analyzing the knowledge about causal sysems that guides learning about blicket detectors, and examining how different
assumptions about the nature of words determine the output of gatistical models for extracting a lexicon from unsegmented
geech. These case gudies show how Bayesan models can be used to reveal the inductive biases that allow children to learn so
much about the world from small amounts of data.

The acquisition of inductive constr aints
Charles Kenp, Massadhusdts I ngtitued Tedndogy

Inductive learning relies critically on congraints, and psychologiss have described many condraints that appear to guide
children'slearning. Mog of these congraints are usually assumed to be innate, but hierarchical Bayesian models help to explain
how some of these condraints can be learned. Hierarchical Bayesan models include representations at many levels of
abdgraction, and the representations at the upper levels can be viewed as congraints on the representations at the lower levels
The probabiligic nature of these models allows them to make inferences at many levels of abgraction. In particular, these
models demongrate how knowledge can be acquired at levels quite remote from the data of experience---levels where the
learning problem amountsto the problem of learning inductive congraints

The hierarchical Bayesan approach has been applied to problems from several different domains including word learning,
grammar learning, causal learning, and the acquistion of semantic knowledge. | will dexcribe a mode that learns causal
shemata---sysems of abgtract causal knowledge that congrain inferences about sparsely observed causal relationships. | will also
describe a model that discovers gructural condraints on semantic representations. One such condraint is the M-congraint,
which gatesthat ontological knowledge is better described by a tree sructure than a set of arbitrarily overlapping clusers
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The Function of Action in Perceptual and Cognitive Devel opment
Co-Organizer s: JesicaCicchino and David Rakison, Carnegie Mellon University

Summar y: Children are not passve observers of the world around them; rather, what they encounter and encode is dictated
largely by the actions they produce. In recent years a subgantial number of research programs have begun to recognize the role
that experiences producing and observing action play in how infants and children interpret their surroundings. The goal of this
symposum is to bring together the latest research regarding how these early action experiences shape the development of
cognition in a variety of domains. T o thisend, the first two papers discuss the influence of infantsQexploratory behaviors on their
perception and integration of object features. The next paper explores how children equate their own actions with the actions
performed by others and invegtigates how these experiences influence how children imitate. Finally, the last two papers consder
links between infantsCability to produce actions and identify these same actions or motion types when performed by other people
or entities,

Bringing together findings from a variety of areas within early cognition in which action experience bears on development will
allow for condderation of multiple mechaniams by which early action and cognition are connected. Additionally, the research
presented here will shed light upon the nature of action representations early in life and the origins of knowledge regarding
objects, motion, and people. Thus, this symposum will result in a better underganding of how and why action experience
influences cognitive and perceptual development.

The Relation Between Motor Devel opment and InfantsORepr esentation of the
Surface Features of Objects

LisaM. Oakes Univesty d Cdifania, Davs and Sanmy Paae Univasty d lova

Condgder the following event: a hand reaches toward a round purple object, squeezes it, and then the object squeaks What do
infants learn about this event? There are sveral reasons why the surface features of the objects might be less salient than the
action and sounds in these events, one possbility is that object appearance is intimately tied to the actions performed on the
objects Actions and object features are represented together in the human adult brain. We will present data revealing a
developmental trajectory from 7-month-old infants representing only the sound and the action to 10-month-old infants
representing the appearance as well asthe sound and the action. At 10 months, infants link the actions to object appearancesin
this type of eventN learning, for example, that purple objects are rolled and yellow objects are squeezed. InfantsQsenstivity to
object appearance may therefore be related to their developing motor ills Indeed, we observed that between 6 and 7 months
attention to the surface features of the objects was sgnificantly related to infantsDmotor skills. When assessed in an object-
exploration task, infantswho were more effective at picking up objects and who successfully picked up awider variety of objects,
represented object appearance in the multi-modal, dynamic events jugt described. Infants who were less motorically skilled failed
to represent appearance. T he possble bases of thisrelation, and potential mechanisms of development, will be discussed.

Object Exploration and Detection of Attribute Change in Infancy
Ay Nehamand Klaus Libatus Duke Univeraty

Object exploration is action in the service of learning about the attributes of an object: mouthing an object allows you to

determine its texture; looking at an object allows you to determine its color (Gibson 1988). InfantsOexploration of objects
undergoesimportant changes over the first several months of life. For instance, Rochat (1989) showed sriking changes in infantsO
exploratory behaviors over the firg five months of life: two- and three-month-old infants tend to show relatively more oral

exploration; four- and five-month-old infants show relatively more visual exploration. These changes should have consequences
regarding which object attributes are detectable or salient to infants while they explore them, which should in turn have

functional consequences for the attributes of objects that infants respond to. T his possbility was invegtigated in the current

research.

Using a method devised by Ruff (1984), 4-, 5-, and 7-month-old infantsOdetection of a change in either texture or color was
asesed. A textured teether or colored spoon was presented to the infant on three consecutive trials, and on the fourth trial an
object that was the same except for one attribute (the teether@ texture; the spoon® color) was presented ingead. Infantslvisual
and manual exploration time was measured and the percent change in the amount of exploration is shown above. Our results
show that the younger infants whose exploration isprimarily oral in nature, showed a large increase to the change in texture. In
contrag, the older infants whose exploration is primarily visual in nature, showed a large increase to the change in color.
Additional evidence of a control condition involving no change between trialsthree and four will also be presented.

These findings support the conclusion that infantsOtendency to engage in oral or visual exploration of objects influences the
information they obtain. In this sense, we can think of infantsQvisual and oral exploration as reflecting the agpects of the objects
to which they have attended. Further, these resultsindicate that infantsQdecisons about whether to explore an object by mouth
or by eye determines much about how they will perceive that object. Implications for perceptual-motor relations will be
discussed.



Picky Imitators: @Prior ExperiencesOof Self and Other Influence ChildrenG
Imit ation

Rebaxa Williamsm and Andrew Mdtzdf, Univesty d Washingan

Our recent research shows that preschoolersCimitation varies as a function of their own prior action experience. We showed that
if children have had a difficult time with a task, they are more likely to adopt the diginctive action they observe another use. Here
we investigate whether 3-year-olds also use another person@® difficult prior experience as a guide to imitation. Can the prior
difficulties of others subgtitute for the prior difficulties of the self in rendering children more open to learning and imitating novel
actsthey se?

The children (N=16) saw two experimenters each take a turn at completing a graightforward task (e.g. opening a drawer to get a
toy). E1 either had an easy or a difficult experience with the task. E2 then modeled using a digtinctive means (such as flipping a
switch) to complete the task easily. When E1 had a difficult time with the task usng ordinary means, children were more likely to
imitate E2@ novel action (M = 75%) than when E1 succeeded using ordinary means (44%). T hese preliminary results suggest
that action imitation isnot a blind process but isinfluenced by the prior experiences of both self and other. If children have a slf-
experience or observe from others that ordinary means are not efficacious, they are sgnificantly more likely to adopt the novel
means they observe. Human children are not blind imitators of action; prior experience influenceswhat and when they imitate.

Producing and Processing Self-Propelled Motion in Infancy
Jessca Ciahinoand David Rakism, CarnggeMdlon Universty

Self-propelled motion, or movement that begins without apparent external force, isa nearly irrefutable cue to animacy; by and
large only people and animals, but not inanimate objects, are self-propelled. Because of the esential role that self-propelled
motion playsin the development of early concepts of animates, there has been interes among researchersregarding the origins of
the ability to recognize self-propulsion. In thistalk we will explore the possbility that experience producing self-propelled motion
by crawling influences infantsCability to processthe self-propelled motion of other objects.

Toinvegigate thisisue, 5-, 6-, 7-, and 8-month-old infants were tesed in a paradigm smilar to that used by M arkson and Spelke
(2006) in which their preferential looking to self-propelled and caused-to-move objects was measured. Our resultsrevealed that 5-
and 6-month-olds attended to objects that engaged in a different type of motion than did 8-month-olds; crucially, the looking
patterns of 7-month-olds with crawling experience paralleled that of older infants, and the looking patterns of non-crawling 7-
month-olds mirrored that of younger infants. These findings indicate that infantsOprocessing of self-propelled motion changes
between 6 and 8 months of age and that the onset of self-locomotion is a factor that underlies this developmental progression.
Furthermore, this discovery suggests that the close coupling between infantsOaction production and action perception may be
more abdract than previoudy realized, as action experience in the current sudy facilitated perception of the movement of
animated geometric shapesrather than the action of another person.

Acting and Understanding Action: Potential Developmental Rel ations
Amanda Waodward, Sarah Gasm, and Ndna Mahgjan, Universty d Manjand, CdlegPark

Fundamental to human experience isthe fact that we live in aworld of perceived intentional agents T o adult eyes, the actions of
others are not smply motions through space, but ingead structured by goals, intentions and perceptions. In the pagt decade,
research hasrevealed that thisaspect of social perception can be traced to early in the firg year of life. Infants selectively attend to
the goals of actions, regponding more grongly to changesin actions goalsthan to changesin motion.

The existence of this ability early life raises the question of how it originates Here, | consider the possbility that infantsCown
emerging ability to coordinate their actions in service of goals provides representational structure for the perception of othersO
goal-directed actions. T hree kinds of evidence support this possibility. (1) There are correlations between infantsQown abilitiesto
produce goal-directed actions and their perception of othersCactions as goal-directed; (2) I nterventions that enable new modes of
goal-directed action in infants also affect perception of those same actionsin others; (3) InfantsCanalysis of othersCactions as goal-
directed is evident not only in their looking times, but also in their own overt actions. T aken findings indicate that infantsCaction
analysis is rooted, at leagt in part, in their own experience as agents. The dramatic changes that occur in infantsOmotor
competence during thefirg year arelinked to developmentsin action perception.
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saturday,October 27,2007: 8:45 amb 9:45 Am

Plenary Talk:Learningto Perceiveto Learn
Rdb Gdddae | ndana Universty

Our concepts are at least partially based on the outputs of perceptual processing, but concept learning also has a reciprocal
influence on the development of perceptual features Rather than viewing the GrocabularyOof perceptual primitives as being
fixed, thisview maintainsthat the vocabulary is dependent on categorization demands Two apparently opposed mechanians of
conceptually induced perceptual learning are unitization and differentiation. Unitization creates a Sngle perceptual chunk for a
complex asembly of gimulus components, whereas differentiation isolates originally fused perceptual dimensons. These
mechanisms are reconciled in a neural network model that incrementally creates perceptual detectors based on categorical
(upervised) and gdatigtical (unsupervised) information. Empirical results from perceptual learning experiments in infants and
adults are interpreted in light of thismodel. The implication of the model and surveyed experimentsisthat we create perceptual
detectors from our experience with the world, and then use combinations of these detectorsto shape our experience of this same
world.

saturday,October 27,2007: 10:15 amb 12:30 pm

Presidential Symposium: Children's Lear ning

Or ganizer : Henry Wellman, Univerdty of Michigan

Summar y: Children'slearningisa classc topic for scholarsof cognitive development (see e.g., Stevenson's 1973 book
Children'sLeaarning. In thelast 15 yearsit hasre-emerged asan exciting contemporary topic aswell. Infants children, aswell as
young and old adultsall learn on their own, from others, and in the classroom. Cognitive sructuresimpact learning, learning
impacts cognitive sructures, and for some topics, perhaps, the sory of cognitive development becomesthe sory of accumulated
learnings. The presentersin thissymposum include leading voicesin the field who will present theory and data about crucial
issues and topics for undergtanding children@learning.

There's Nothing As Practical As a Good Theory
Rdoat S Saja, CanggeMdlon Univesty

Theoretical analyses of the development of numerical representations suggest that playing linear number board games, akin to
Chutes and Ladders, should enhance young children® numerical knowledge. Consstent with this prediction, playing such a
game for roughly one hour increases low-income, urban preschoolers proficiency on a diverse set of numerical tasks: numerical
magnitude comparison, number line egimation, counting, and numeral identification. The gains remain present nine weeks
later and are equally grong for African-American and Caucadan children. Playing an identical game, except for the squares
varying in color rather than number (akin to Candy Land), does not improve performance on any measure. Moreover,
preschoolers amount of home experience playing number board games is postively correlated with their numerical knowledge,
whereas their experience playing card games and video gamesisnot. Thus playing numerical board games with children from
low-income backgrounds appears to increase their numerical knowledge and helps them gart school on a more equal footing
with classmate from more affluent backgrounds. The more general theoretical and practical gainsthat can be realized through
integrating information processing and socio-cultural approachesto cognitive development and learning will also be discussed.

Lear ning by expecting: Therole of statistical learning in infant language
processing

Jay Sffran, Universty o Wisooan

One way that learners discover structure in complex environments is to track gatigical regularities in the input. How is this
information actually used, in particular how isit used for language learning given the demands of language processng? T histalk
will explore the hypothesis that like adults, children, and some classes of computational models, infants exploit such regularities
by making predictions about what will occur downstream while ligening to language input. These predictions facilitate rapid
processing, may spur subsequent learning, and suggest continuity between the mechanisms used for language learning and the
mechanisms used for language processng.



Twisting the Lion's Tail: Exploratory play and children's causal | earning
Laura Sduz, MIT

Degpite almogt universal agreement that children learn causal relationships through exploratory play, little is known about how
children's play might support accurate causal learning. Children are poor at designing informative experiments and there has
been little evidence for any sysematic patterns in exploratory behavior. Here | sugged that, although the particular actions
children take in exploratory play are quite noisy, children's spontaneous exploration is nonetheless condgent with rational
principles of inductive inference. | will discuss several gudies suggesting that there isa sysematic relationship between children's
prior knowledge, the evidence they observe, and their spontaneous exploratory behavior. In particular, | will suggest that
children tend to engage in more exploratory play when the interpretation of evidence isambiguous. Thus even though children's
particular exploratory actions are unsygematic, they often spontaneoudy generate evidence that could support accurate causal
learning.

Lear ning, Development, Primary Processes, and Secondary Processes: Discussion
Daud Klar, CanggeMdlon Univesty

A symposium entitled GChildren® LearningOmust confront the venerable and vexing issues surrounding the difference between
learning and development, and between what David Geary has provocatively defined as QprimaryOvs. GecondaryOprocesses
Are the early forms of gatigtical learning described by Saffran, or the impressive achievementsin causal reasoning described by
Schulz, examples of primary or secondary proceses? Are they ingances of development or of learning? Are the processes that
enable children in Siegler@ studies to make substantial advances in their numerical knowledge after a brief period of play with a
carefully crafted board game based on primary or secondary processes? A second, but perhapsrelated puzzlein all of thisiswhy
the early acquistions are poor predictors of later learning in more conventional ingructional contexts. For example, my own
research raises the quegtion of why the early acquistion of causal understanding reported by Schulz and colleagues doesn®seem
to manifes itself when children firg begin to attempt to create Smple, unconfounded experimentsin science classes.

saturday,October 27,2007: 2:00 B 3:45 pm

Cognitive Developmental Perspectiveson Social Categorization andthe

Implications for Inter gr oup Bias

Or ganizer : Andrew Baron, Harvard University

Summar y: Cognitive developmental approachesto social categorization have traditionally emphasized Piagetian assumptions
of gage-like development, domain-general categorization, and egocentrism. In this symposum, we go beyond these early
formulations by specifying crucial rolesfor linguigic labeling and domain-specific agpects of categorization, with an aim towards
reviang theoretical modelsof social categorization and demongrating the implications of these models for intergroup bias.

Bigler and Dunham will offer complementary perspectives on the psychological consequences of categorizing others as belonging
to outgroups. Each will focus on the ways in which categorization divides social gpace into ingroups and outgroups revealing
developmental changesin the ability to integrate information about self and other (Bigler) and developmental gtability in rapidly-
emerging mechanisms of ingroup-favoritian (Dunham). Heyman will expand the focus by exploring the broader implications of
labeling on gereotyping in the social domain. Finally, Baron will help to flesh out the unique features of this domain by focusng
on the necessary and sufficient conditions for the acquistion of inductively rich social categories. As a pioneer in bringing
cognitive developmental methods and theories to bear on issues of social categorization and inductive reasoning, Gelman is
uniquely situated to integrate the conceptual issuesraised by these new findings and will serve as a discussant on this symposum.
The egablished and emerging researchers in this symposum are accumulating new evidence which challenges exiging theory
and pushes us towards a new undergtanding of social categorization and itsimplicationsfor intergroup bias

Cognitive-Devel opmental Perspectives on the Coordination of Knowl edge about
the Self and Social Groups

Rdoaxa S Bide, Univesty d Texasat Audin, and Meagan M. Pattesm, Universty d Kansas

Categorization appears to play a central role in the process of social stereotyping and prejudice. As many theorigs have noted,
the development of social gereotypes may reduce the cognitive load inherent in processng category members as individuals.
Individual humans are, however, themsslves members of particular social categories. Social categories are unique, therefore, in
that the cognitive representation of some (but not other) groupsisinclusve of the self. How do children integrate their knowledge
and beliefs about the self with those concerning social categories? What cognitive limitations might congrain the process? In a
sries of gudies, we have used field experiments in which children are asigned to novel social groups to address questions
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concerning the etiology of ingroup identification and intergroup attitudes In these sudies, children from a variety of ages are
randomly assigned to novel social groups (e.g., @edOor ChlueOgroups) in their classooms. The characterigtics of these groups
and, in some recent work, characterigics associated with the self are manipulated. After several weeks, children® views of
themselves and others (i.e., trait evaluations, peer preferences, helping behavior, etc.) are assessed. In the proposed talk, we will
summarize the findings from these sudies and argue that children® ability to integrate information about the self and others
changes across ages, and hasimportant implicationsfor social gereotyping and slf views.

The Power of Member ship: Minimal Group Biases in Childhood
Yarrov Dunham Univesty d Cdlifania, Mead

Like categories of every sripe, social categories provide a means of placing an entity among relevantly smilar othersin support of
inductive inference. However, social categories are a special case, as the entities involved often include the self, making social
categorization particularly relevant for ongoing processes of self-definition and identity development. At the mogt basic level, this
isas dmple as egablishing an ingroup/ outgroup dichotomy based on a given property. Generally, the social categories we care
about are based on properties we care about, such as biological diginctions (gender), ideological commitments (protestant,
democrat), and facts about our higory (nationality). The dgnificance of social categoriesis commonly thought to be derived from
the importance of these defining properties; however, this view is challenged by T ajfel@ minimal group work demongrating that
even social groups based on trivial propertiesrapidly cause intergroup polarization. | present research from two lines of inquiry
providing strong evidence for early-emerging minimal group effectsin children. With respect to both familiar and novel social
groups, children manifes ingroup preference as soon as or soon after they acquire the ability to categorize along a given
dimenson. What® more, ingroup preference appears across a wide range of measures including traditional self-report
preferences, implicit attitudes, resource allocations, behavioral expectancies, and sysematic memory biases T aken together
these effects conditute an elaborate set of ingroup-favoring learning biases which could powerfully congrain further learning
about groups, potentially supporting the rapid emergence and entrenchment of real-world bias.

Noun Labels and Social Reasoning
Gail He/man and CrigineLegare Universty d Cdlifania, Sen Diegp
Nouns typically identify context-independent kinds (Gelman, 2003) that point to deeper commonalities (Waxman, 1999).

Previous research suggests that when noun labels are applied to people (e.g., ‘carrot-eater') they imply gability (Gelman &
Heyman, 1999). We will present recent research that builds upon thisfinding.

In a sudy of 80 8- to 12-year-olds examining the practical implications of labeling, we described characters performance either
with or without the use of nominalized descriptors such as 'math whiz." Children in the labeling condition were more likely to
attribute the characters ill to innate ability and to predict that it would persig even in the absence of further practice, which
correspondsto a conception of ability that has negative implicationsfor achievement motivation (see Dweck, 1999).

In other research we are examining beliefs about when it is appropriate to describe people in terms of compound nouns (e.g. refer
to a girl who spends time using telescopes as a 'telescope girl). Results indicate that adults are more likely to view compound
labels as appropriate when the associated activity is unique within the peer group, frequent, or enjoyable on the part of the
individual being described. We are als finding that children as young as age 4 are more likely to view the use of compound
labels as appropriate when the individual enjoys the activity, even after controlling for frequency. T aken together, these reults
ugged that the use of noun labels promotesa broad range of psychological inferences and helpsto define human kinds

Foundations of Social Categorization
Andrev St Baran, Hanvard Universty

Recent research in cognitive development has revealed domain-specific congraints on the properties that are privileged during
the categorization of living things (e.g., biological origins) and artifacts (e.g., intended function; K eil, 1989). Given the important
developmental challenge of identifying social categories and the properties they project (e.g., behaviors, traits, preferences), it is
aurprising that few sudies have explored congraints on social categorization (but see Deisendruck & laHavie, 2006). T he present
research seeks to undersgand how children acquire representations of social groups by asking whether there are limits on the
propertiesthat can define inductively rich social groups.

Acrossfive experiments, participants (3-5-year-olds, 6-8-year-olds, adults) were introduced to two novel social groupsin a picture
book. Participants observed two individuals from one group behave in an anti-social manner, and were then asked to make
inferences about new behaviors performed by new members of each group. We examined whether participantsQinductive
inferences were congrained by the property defining the group (e.g., biological properties such as skin color, non-biological
properties such as hat color, the use of noun labels vs. proper names, and whether participants were asked to identify with one
group over the other). We also explored whether these potential congraints undergo changes across development. Results



provide evidence for diginct necessary and sufficient conditions for social categorization while also revealing the rapid acquisition
of social category concepts at all ages teted. Thexe data also provide important ingights into the relationship between
categorization processes specific to social groups and the development of gereotypes.

Discussant : Susan Gdmen, Univesty Of Midiigan, Amn Arbar

The Role of Comparisoninthe Development of Rel ational Representations

and Structured Thought

Or ganizer : LeonidasDoumas, Indiana Universty

Summar y: The ability to comprehend and reason about relations (j.e., relational thinking) is central in human cognition.
Relational thinking includes reasoning about higher order relations (e.g. causal, Smilarity, contraging) or specific relations (e.g.
bigger, above, chasng). Relational thinking is powerful because it is Sructured, which allows the generation of inferences and
generalizationsthat are congrained by the rolesthat elementsplay, rather than grictly the properties of the elements themselves.
The role of relational comparisons in learning is emerging as an important area of developmental resarch. Relational
comparisons allow learners to derive symbolic, abstract, and conceptual knowledge representations that are generative, in that
children can then use them broadly in new contextsto reason about new elements. T hus relational comparisons can operate as
agents of development. Acquired knowledge representations then also act as a second mechaniam of development, snce with
greater knowledge, children can perform more sophigticated relational reasoning.

This symposum brings together researchers examining the productive interplay between learning and relational reasoning.
Gentner, Chrigie, and Namy explore the benefits of various different organizations of relational comparisons, including the role
of linguidtic labels. Opfer, Furlong, and Bulloch describe the effects of relational comparisons on future generalizations. Doumas
describes a computational theory of how comparison fascilitates the learning of novel relational concepts. Ankowski and
Sandhofer examine the efficacy of comparison in various learning Stuations. Rittle-Johnson and Star examine relational
comparisonsin learning for mathematical concepts. Finally, Richland consders the interplay between acquistion of knowledge
representations and children®developing processng capacities.

Comparison in relational learning
DareGatng, Nathvesten Univesty, Sdla Chrigie Nathavesten Univeraty, Laura Namy, Enay Universty

Comparison processing has been implicated in the development of relational thought. Our research invegtigates the generality of
comparison as a learning mechanism and the specific processes by which comparison fogers learning. These include learning by
abgracting common relational gructure from a comparison and learning via progressve alignment - from close literally smilar
pairs to more digant abdract analogs We have also found that common linguidtic labels can foger relational comparison,
thereby promoting relational insight. In Study 1, 3-year-olds watched as we labeled a novel spatial relation, either exemplified
with a single gandard or with two ¢andards sde-by-sde. Children who compared two sandards were more likely to extend the
label to another item with the same spatial configuration than were those who saw only one sandard, suggesting that comparison
promoted attention to the common relation.

Study 2 showed that 4- and 6-year-oldswho received relational labelswere better at learning arelational concept than those who
dmply saw the same two analogous exemplars without labels However, 3-year-olds were unsuccessful in both conditions In
Study 3, we gave 3-year-olds the same relational concepts using a progressive alignment from close pairsto the same far analogs
that were used in Study 2. The 3-year-olds who received a combination of progressive alignment and relational labels during
training were able to successfully learn the relation. In sum, we find that comparison can reveal common relations, that common
labels promote this process of comparing and abgracting; and that for early learners, progressve alignment can accelerate
relational learning.

What makes relational reasoning so smart?
Jdn E. Opfe, Ellen E. Fulog and Mepn J. Bulath, Ohio SaeUnivagty

Representations of relations are often celebrated for their postive effects on generalization (e.g., ignoring superficial smilarities),
but relational representations may also have negative effects To examine this we invetigated development of relational
reasoning on two relational-match-to-sample tasksin domainsof biology (Study 1) and number (Study 2).

In Study 1, participants (3-, 4-, 5-year-olds, and adults) generalized novel information on two types of problemsN offspring
problems, where relational matches yielded accurate generalizations, and prey problems where perceptual matches yielded
accurate generalizations On offspring problems, we replicated prior findings of increasng relational matches with age. H owever,
we observed decreasng relational matches on prey problems. T hese findings sugges that the relational shift commonly observed
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in analogical reasoning may reflect a general increase in children® sensitivity to reliably accurate information rather than an
overall preference for generalizing over perceptual smilarity.

T o examine thisissue further, Study 2 tesed how well children ignored perceptual smilarity when asked to generalize the hidden
location of an object, where relational matches yielded accurate generalizations We again found relational information allowed
preschoolers to ignore perceptual smilarities. Representations of spatial-numeric relations, however, had a cog for the youngest
children in particular: spatial-numeric associations appeared to be so automatic that learning was impeded when numerical
relationsfailed to fit children@prior representations.

Taken together, results from Studies 1 and 2 suggest that what developsin relational reasoning is not a freedom from the bonds
of perceptual amilarity but an increase in the sendtivity to which relational smilaritiesareN and are notN reliable.

A computational model of the development of structuredrelational
representations

LemidasA. A. Daures |ndana Univesty

Traditional connectionist models based on digributed representations provide a good account of younger children® reasoning
based on whole-object amilarity, but do not account well for later relational thought. Alternately, sysems based on structured
relational representations provide a good account of older children and adult® relational thought, but provide no account of
where the relational representations come from in the firg place. However, while we can account for the behavior of both
younger and older children, we cannot account for how the ability to reason relationally develops

DORA (Discovery Of Relations by Analogy) is a symbolic connectionist network that usestime as a sgnal to dynamically bind
digributed (i.e., connectionigt) representations of relational roles and objects into explicitly relational (i.e., symbolic) sructures.
DORA relies on the processes of comparison, analogical mapping and intersection discovery to highlight shared abgract
properties between separate sysems and subsequently predicates these smilarities as explicit (i.e., symbolic) properties of the
sydems. These processes permit the discovery and predication of shared properties and relations across otherwise different
systems and thus bootstrap the discovery of relational structure from ungructured examples. We propose that DORA®learning
mechanism provides an account of both analogical development as well as the trandtion from smilarity to category-based
induction.

The Effect of Stimuli Features on Children® Ability to use Comparison and
Contrast for Category Acquisition

Amba N. Ankondd and CatheineM. Sandhder, Univesty d Cdlifania, Las Angdes

A large body of research has demongrated that viewing multiple examples leads to better performance on a variety of tasks
acrosss a variety of measures However the secific stuationsin which comparing or contraging multiple exemplars is effective
for category acquistion has not been invesigated. Comparison entails smultaneoudy viewing two or more examples that are
dmilar in some relevant dimendon (e.g. comparing two red things), while contragting involves viewing two or more examples that
differ in a relevant dimension (e.g. contrasting a red thing with a blue thing). The current studies examined whether children®
ability to learn through comparison or contrag is affected by the concept children are learning and the specific examplesthey are
viewing. The gudies presented in this talk sysematically examine the efficacy of comparison and contrag 1) in learning
categories versusrelations and 2) when the gimuli do and do not vary in waysthat are irrelevant to the concept to be learned. As
awhole the studiesreveal that the specific features of stimuli presented affect children®ability to use comparison and contrast for
category acquidtion. | mportantly, the results of these sudies show that contrag in at least one dimenson is essential for children
to learn a new category. The current sudies also suggest an explanation for discrepancies in previous research regarding the
relative effectiveness of comparison and contrag for category acquidtion. T he reaults suggest that comparison and contrast are
not always powerful toolsfor learning, but ingead their effectivenessisstuational.

When it pays to compare: Benefits of comparison in mathematics classrooms
Behany Rittle Jansm, Vandehilt Univeaty, JnR. Sar, Midhigan SaeUnivasty

Comparison is emerging as a fundamental learning mechanism and an important teaching approach. We have identified and
combined key findings on comparison from research in cognitive science and mathematics education that might facilitate three
key learning outcomes in mathematics - procedural trandfer, procedural flexibility and conceptual knowledge. One series of
experiments focuses on seventh- and eighth-grade sudents learning to solve equations (e.g. 2(x - 3) = 8). A second experiment
focused on fifth-grade students learning about computational egimation (e.g. About how much is 27 * 487). Having students
compare multiple solutionsto the same problem, rather than sudying the same solutionsone at a time, led to greater procedural
trander and flexibility (and comparable conceptual knowledge) across the experiments A recent experiment is exploring how
different types of comparison impact learning, such as comparing isomorphic problems with the same solution method vs.



different solution methods to the same problem (as in our original studies). Preliminary findings suggest that condition interacts
with prior knowledge. Although there is general agreement that comparison facilitates learning, attention to what is being
compared and by whom iscritical to underganding comparison and to facilitating mathematicslearning.

Lear ning and Processing in Children® Development of Analogical Reasoning

Lindsy E. Ridland, Univesty d Califania, Inine

Children® comparative reasoning skills improve with age. | will describe a series of sudies that use picture analogy tasks with
children ages 3 to 11 to explore the mechanisms behind this development. Exigting findings show that children® comparative
reasoning improves in two ways. ability to identify and compare increasngly multi-part, complex relations, and the ability to
reason relationally in spite of salient, irrelevant distraction. The series of studies | @ describe invegtigated the relationships among
children® knowledge acquistion, developing working memory, and developing attentional control on these known patterns of
comparative reasoning development.

Overall, two gudies of U.S. children and two cross-cultural sudies sugges that in spite of theoretical argumentsthat propose one
or the other, all three factorsare crucial. Further, the relationship between these factors follows predictable patterns We find
that the ability to handle complex relations relies upon developing working memory capacity but is moderated by knowledge
acquistion, while maturational processes for controlling attention seem to congrain comparative reasoning over and above the
effects of learning.

To Model or Not To Model NIs That a Central Question?

Or ganizer : Vanessa Simmering, University of lowa

Summar y: Computational models have played a subgantive role in the sudy of cognitive science for decades Within the
domain of cognitive development, however, formal models are ill relatively uncommon. In part, this reflects the unique
challenges of modeling developmental process models mug change over multiple time scales, and they mug be exquistely
sendtive to variability, to context, and to pagt higory. In the lag decade, several theoretical frameworks (e.g., connectioniam,
dynamic sysemstheory) have demondrated that they can effectively tackle the unique challenges of development. T hisraisesthe
central quegtion of this symposum: should the field of cognitive development embrace formal models of development?1f 0, how
do we balance the potential cogs and benefits of computational models with the long, productive higory of rigorous empirical
work motivated largely by conceptual theories?

To evaluate these quegtions, this symposium brings together both modelers and non-modelers from two research domainsN

visual cognition and social cognition. In recent years there have been rapid developmentsin these domains on both theoretical
and empirical fronts. Thus these fields provide rich material for exploring the benefits and drawbacks of usng computational
models to undergand cognitive development. The incluson of gpeakers from separate domains emphaszes the generality of the
issues at hand. To conclude, the discussant will synthesze the arguments presented by the four speakers, and discuss how these
perspectives may impact future research in cognitive development.

Development of Visual Cognition: No Pressing Need to model Results of Shape-
specific Scale Error Studies

Pdae Vidia, NatdieH. Britg and Kaitlin L. Brundk, Cdleed Williamé& Mary

Science progresses by collecting observations, developing theoriesto explain the observations and refining theories on the bass
of additional observation. In developmental science, theories have typically been presented in the form of prose descriptions.
Computational models (CMs) provide an alternative, more precise language for gating theories. In any CM, the sources of
relevant information and the methods of processing that information are formally sated and operationalized. The predictions
made by a CM are also more specific, making theories easer to evaluate and, when appropriate, falsify. This property can lead to
a shorter cycle of theory refinement. However, CMs require more gart-up cogs and can obfuscate smple results within the
complexity of the model itself.

We will consider thisin the context of resultsin the domain 2.5-year-oldsQ3xcale errorsQ actionsthat are appropriate to the shape
of objects but inappropriate to their sze. For ingance, children at this age may attempt to put a doll-szed shoe on their foot or
gep into a miniature toy car. In our gudies after children reached for a small cylinder with one hand, they were significantly
more likely to reach for a large verson of the cylinder in the same way. If the size change was accompanied by a shape change,
however, children more frequently engaged in an appropriate two-handed reach. A CM could be developed to account for this
phenomenon, but it ssemsunlikely to enhance our underganding of it, at least at this stage of experimentation.



Symposia Abstracts

A Theoretical Framework for Modeling the Development of Visual Cognition
Vanessa R. Smmaing Jdn P. Soenaz, and Ewdina Dinea, Univesty d lova

Human behavior demongratesremarkable asociative abilitiesBwe can asociate multiple featuresto form objects (the shape and
color of a banana), asociate objects with labels (learning new words) and actions (using chopgticks), even asociate objects with
locations (finding a spoon in someone else@kitchen). How are such associations built up from experience, and what type of real-
time, embodied sysem would allow such asociations to form quickly and efficiently? In our talk, we will present a theoretical
frameworkN the dynamic field theoryN that confronts the dual challenges of driving the behavior of a real-time, embodied
sysem and forming novel associations quickly over time. Critically, thisframework has shed new light on seemingly disconnected
findingsN from the use of space to associate objects and labels separated in time, to the formation of imitative tendencies by
associating actions with object features. These examples highlight one of the key features of formal theoriesN the integration of
disparate observations

We will also discuss a second key feature of formal developmental theoriesN to shed light on what is developing. On this front,
our emphasis on the real-time detailsthat bring together perception, action, and cognition place srong congraints on proposals
about developmental change, revealing that a relatively smple developmental changeN an increase in the precision and stability
of neural processesN can do a great deal of developmental work. We conclude by taking the stance that development may Smply
be too complex to understand without formal theories That said, such underganding can only come by balancing the srengths
of clever, novel experimentation with sysematic theory development and model tegting.

Development of Gaze Following and Joint Visual Attention
ChrisMaxe DahausseUnivesty

Gaze following or joint visual attention is a fundamental aspect of the triadic or object centered interactions that characterize
infant social behavior during the latter half of the firs year. Gaze following in infants has been sudied in three main ways Firg
there have been manipulations of the gaze cuesthat infants are exposed to. Second, there have been manipulations of the spatial
layout of targetsin relation to the environment. T hird, there have been manipulations of target type and salience. Resultsreveal
a protracted developmental pattern from about 6 to 18 months Young infants follow gaze primarily on the basis of head turns
only when salient targets are fully in view. Infants gradually learn the significance of eye direction and become able to follow
gaze even when targets are hidden or absent altogether. A review of exiging research on gaze following suggeds that a
developmental account based on the entrainment of visual spatial attention and the learning of the predictive value of gaze cues
in relation to possble target locations is mogt consgent with the overall pattern of results in this literature. As this empirical
review shows we®e made subgtantial advances in our understanding of the development of gaze following through rigorous
experimentation with parents and infants. | will conclude my talk by looking to the future to evaluate how far this empirical
approach can get usand what computational modeling might (or might not) add to the mix.

Modeling the Development of Gaze Following
Jahen Triesth, Heta Jasso and Geden O. Deak, Universty d Cdlifania-San Diep

Degite a long higory of empirical research, central quegions about the development of gaze following have remained
unanswered. Why do infants learn to follow gaze? What causes the improvement of gaze following ability with age? What do
various competence levels in gaze following reveal about the infant's underganding of the intentional and referential nature of
other people's looking behavior? While computational models will not be able to sttle these quegtions, we think that they can
provide an important contribution to the discusson. We will illugrate this by discussing recent effortsto model the development
of gaze following with a biologically plausible reinforcement learning model. This model can qualitatively account for many of
the behavioral findings. At the same time, it makes a number of novel and interesting predictions, such asthe exigence of a new
class of mirror neuronsfor looking behaviors. It bridges time scales from seconds (individual gaze shifts) to years (development of
gaze following) and explains the observed behavioral change in terms of underlying changes to the neural subgrate, offering a
parsimonious account of a specific agpect of infant social development.

Questions in Development: The View from Cognitive Science
Discussant : Rd Gddsae |ndama Univesty
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New Directionsin Pretend Pl ay Resear ch

Or ganizer : Deena Skolnick Weisberg, Yale University

Summar y: Young children spend much of their time engaged in pretend play with objects and stuations they know are not
real. Far from being a frivolous activity, pretense is a fundamental part of children® cognitive development; indeed, its absence is
a diagnogtic sgnal for autism. There are many links between pretending and other cognitive kills, including theory of mind
underganding, counterfactual reasoning, and general representational abilities, but these links are asyet poorly undergood. The
three talks in this symposum explore these issues by describing the various formsthat pretense can take and by invegtigating the
crucial functionsthat pretense can servein development.

The symposum participants have many years of experience in researching pretend play from a variety of theoretical
backgrounds. Marjorie Taylor@ and Alison Shawber® groundbreaking research has illuminated children@® relationships with
their imaginary companions and the cognitive and social underpinnings of these relationships. Karen Neary, Ori Friedman, and
Alan Ledie gudy the mechanisms behind pretense. T heir current research invegtigates how children interpret the characterigic
geech patternsin pretense, expanding our knowledge of how children comprehend and produce pretend acts. Judy Del oacheis
best known for her work on children® understanding of maps and scale models, but her recent work on children® scale errors
raises questions about the nature of children@representational abilitiesin realitic and pretend contexts. T hese three talks will be
followed by commentary from Deena Skolnick Weisherg, whose research focuses on the unexpected and nuanced cognitive
gructuresthat underlie pretend play behavior.

The Distinction Between Role Play and Non Role Play Pretending in Preschool
Children

MarjaieTajla & Alisn B. Shawba, Univarsty o Oregn

Pretend play includes diverse behaviors ranging from smple acts of object subgitution in which a block gands for a car to
elaborate superhero scenarios. Individual differences in pretend play have important connections with social and cognitive
development, but it is challenging to interpret the diverse findings in this area. One problem is that there is no widely used
assessment that captures the digtinctions considered to be important in current theories of imagination. The research to be
presented here was guided by Harrig@ (2000) theory diginguishing role play in which children imagine and act out the part of
another person or creature from non role play pretending.

In this sudy we streamlined a procedure for coordinating parent and child interviews about (1) personified objects in which the
child creates a role that is projected onto a toy, (2) pretend identities in which the child acts out an imagined character usng the
«f asa vehicle, and (3) invigble friendsin which the child interactswith a character but does not rely on environmental support.
We also included a new behavioral role play task and an assessment of non role play pretending. T he resultswith 200 preschool
children suggest that non role play and role play pretending have diginct roles in development. Non role play pretending
correlates with age and verbal comprehension, suggegting its connection to symbolic development, whereas role play correlated
with children®@ability to generate an imagined conversation and other variablesrelated to their interest and engagement in social
interaction.

Testing Between Mentalist and Behavioral Accounts of Pretense: Evidencefrom
PreschoolersQOinter pretation of Pretend-Speech

Karen R. Neary, Universty d Watelog Ori Friedman, and Alan M. Ledig Rutges Universty

Are young children mentaligts or behaviorigs about pretense? The mentalig account holds that children represent pretense via
the mental gate concept PRET END. Behavioral accounts claim children lack this concept and ingead view pretense asa kind of
behavior, @ehaving-asifOT he accounts differ in their predictions about how children interpret pretend sounds. Suppose, mother
makes chewing sounds while @eedingOa doll. How will the children interpret the sounds? If they are mentalists they will
represent: mother PRET END S the doll makesthe sounds But children will be challenged if they are behaviorigs about pretense:
When making the chewing sounds, mother doesnot behave-as:if the bear iseating, indead she behaves-asif she were eating.

As the above example shows, behavioral accounts have difficulty explaining children's ability to represent pretend sounds as
coming from counterfactual sources (from the bear rather than from the actor). But do children really have this ability? We
invegtigated this quegtion, thereby tesing between mentalist and behavioral accounts. Children lisened to requess, some spoken
normally (no pretense) and others in a high-pitched voice with the pretense that a teddy bear was uttering them. To correctly
fulfill the requegts children had to represent the normal utterance asthe actor's, and the high-pitched utterances as originating
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from the bear. Children succeeded at ages two and three. These findings sugges that young children are mentaligs not
behaviorigs, about pretense.

Dual Representation in Pretense and Scale Errors

Judy S Dd_cade Univesty d Virgnia

Dual representation is an important aspect of young children® interaction with symbolic objects and in particular their
interaction with replicatoys. It involves mentally representing a given object in two different ways at the same time.

In pretend play with replica objects, the young child manipulates an object asiif it were something other than what it actually is
A toy bottle is carefully inserted into a doll@mouth asif it contained milk and the doll could drink. Such play depends on dual
representation: While pretending, the child hasin mind a real baby and bottle, and knowingly/ intentionally usesthe toy CasifOit
were something other than itself.

In the commission of a scale error, young children also interact with miniature replica objects as if they were larger objects.
However, scale errorsinvolve serious attemptsto use miniature objects asif they were their real counterparts. Crucially, the child
actually triesto get into a miniature car or to sit on atiny chair. Thus, scale errorsinvolve a failure of dual representation, with
the child@actions based on his or her mental representation of the real one.

The research to be presented includes a study directly comparing the nature of 18- to 30-month-oldsObehavior in the
spontaneous commission of scale errors with children@ behavior when ingructed to pretend with the same replica objects The
nature of the behaviorsN in which dual representation serves very different rolesN are markedly different.

Commentary: Future Directions for Pretend Play Research
Dera Sdnick Washag YadeUnvasty

The three talks in this symposum explore the many ways in which children engage in representational pretend play as well as
links between this behavior and other aspects of cognitive development. In thiscommentary, | aim to draw out several common
threads from these research projects All three talksrely on pretense being a representation of eventsthat are not real. What isthe
nature of this representation? How do children view their own pretend activities, and how should their beliefs be taken into
account in atheoretical analysis of pretend play? Also, how should pretense be understood theoretically? T o what extent isit the
expression of a basc mental gate concept asopposed to just a behavioral sequence?

| will also connect the issues raised in these talks to other topicsin cognitive development. For ingance, pretend play is not the
only form of play; children also explore objects playfully and engage in a variety of reality-based play activities How do these
different types of play relate to each other? Additionally, it would be intereging to explore whether the cognitive and social kills
gained via pretense generalize into the child@life beyond the play context. Finally, what are the relationships between the kinds
of representations deployed in pretend play and the representations that children may use to make causal inferences and to
undergand other minds?

Knowing About Ign orance: Children's Judgments and Nonver bal Behavior

inthe Face of Uncertainty

Or ganizer : Elizabeth Robinson, Warwick Universty, UK

Summar y: The goalsare to (i) move beyond esablished finding that children are more inclined than adults to over-esimate
the knowledge gained from limited information, and (i) raise intereting quegtions for discussion, concerning the processes
underlying developmental differencesin awareness of uncertainty. The topic isintrindgcally important, since accurate monitoring
of one@ own uncertainty seems crucial for effective deliberate acquisition of knowledge. Additionally, the research has wider
implications for accounts of implicit vs explicit understanding, the concept of realist errors, and our understanding of children®
perspective-taking skills.

The st of participants, representing three countries, is appropriate because their presentations have an overall coherence while
each makes unique points Papers 1 and 2 examine how children® explicit judgments of certainty become adult-like. Paper 1
shows increasing concordance between objective uncertainty and subjective judgments, about guesses, deductive and inductive
inferences Paper 2 shows age-related change in apparently illogical behavior: Certainty ratings by both children and adults
discriminate between events that are objectively equally uncertain, but discriminate in opposte ways. Papers 3 and 4 quegtion
whether children® inappropriate denials of uncertainty are in line with sensitivity to alternative possibilities. Paper 3 contragts
judgments and acknowledgment of possibilities about ambiguous figures and ambiguous utterances. Paper 4 contrags children®
explicit judgmentswith measures of implicit awareness

Together the papers demongrate that a complete picture of children® understanding of uncertainty, needs to include evidence



from events with different objective and subjective levels of certainty, and to contrast children® metacognitive evaluations with
explicit and implicit acknowledgment of possibilities.

Children® Evaluation of the Certainty of Inferences
Bradfad Pillow, Nathen Illinas Univer sty

Thefirg set of experimentsincluded participants from kindergarten through fourth-grade and adults. It investigated recognition
of differences among deductive inferences, inductive inferences based on srong or weak evidence, and guesses based on some or
no evidence. Participants made inferences and guesses about the color of a hidden toy, then rated their certainty about their
concluson and explained how they reached it. Results indicated a gradual differentiation among deduction, induction, and
guessing, athough only adults diginguished between gtrong inductions and weak inductions By fourth grade children gave
appropriate explanationsfor conclusonsreached by deduction or induction.

The second et of experiments, with participants from kindergarten, 1<¢-, 3rd-, and 4th-grades, assessed recognition that another
person@level of certainty about an induction conclusion may (i) vary according to the strength of the supporting evidence, and (ji)
contrast with what the child knows to be true. Children observed a puppet make srong inductions, weak inductions, or guesses
about a hidden object, and rated the puppet® certainty in its concluson. Children knew what pattern of evidence was available
to the puppet and whether the puppet®concluson was correct or incorrect. Younger children tended to base certainty ratings on
the correctness of the puppet® conclusion rather than on the srength of the evidence available to the puppet. Children have
difficulty applying their understanding of inferential reasoning when evaluating the thoughts of another person who does not
share their perspective.

Children prefer to guess about deter mined rather than undeter mined out comes
Elizabeh Rdainsn, Warwidk Univeraty, UK

Children® over-egtimation of knowledge in the face of uncertainty is well-documented. Typically in this research, the state of
affairs about which children are ignorant, but judge they know, already exigs. We confirm over-esimation of knowledge in such
circumgances, but show that it isameliorated for an outcome yet to be determined. In Experiment 1, 5- to 6-year olds (N = 88)
judged how sure they were about (i) which of one two toys the Experimenter had hidden behind his back, or (i) which one of the
two he was about to pick from a bag. Children rated themselves as more sure in condition (i), mean score 3.25 out of 5, than in
condition (i), mean score 2.66 (p = .03). In Experiment 2, children indicated whether they preferred to guess the outcome of the
fall of a die before it had been thrown, or after it had been thrown but remained hidden. Five- to 6-year-olds (N = 64) srongly
preferred to guess after the die had been thrown (p = .004), suggegting that they felt more sure what the outcome was in that
condition.

The results suggest that children@knowledge that there is something to be known, makesit particularly hard from them to realise
that it isunknown to them.

Interegtingly, in a paper-and-pencil verson of the die-fall prediction task, adults showed the opposite pattern, preferring to guess
before the die was thrown. Thisisin line with the literature on adultsOgambling preferences. We discuss possble developmental
accounts

What can ambiguous figures tell us about children® under standing of
uncertainty?

Srah Bek, Birmingam Univaaty, UK

Five- year- olds experience the phenomenon of ambiguous figure reversals where a picture appears to flip between two
interpretations, e.g. a duck and rabbit (Gopnik & Rosati, 2001) and they find it easy to give an aternative interpretation of
ambiguous figures (Doherty & Wimmer® production task, 2005). T hese figures may offer 5- and 6- year olds an easy way in to
acknowledging uncertainty about how ambiguous input should be interpreted. In Experiment 1 we used the production task:
Children had to give an alternative interpretation to that given by the Experimenter. T his was as easy with ambiguous messages
as with ambiguous figures It was much more difficult for children to acknowledge that they could not know for certain the
intended interpretation of an ambiguous message. In Experiment 2 we compared performance on the production task with that
on a thought bubble task in which children had to identify what a person who saw an ambiguous figure would think. As before,
children found it easy to give an alternative interpretation of the ambiguous figure, but they condgently rejected the uncertain
thought bubble, which depicted someone thinking about a duck or a rabbit. Five- and 6- year oldsfind it easy to switch between
aternative interpretations of an ambiguous input, but are unable to acknowledge the uncertainty that arises because of the
exisence of these alternative possbilities We discuss this in the light of recent work on children® handling of determined and
undetermined possibilities, and children@implicit understanding of ambiguity.
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PreschoolersOSensitivity to Referential Ambiguity
Elizabeh Nilssh, Univesty d Watelog, Caneda

Children younger than 5 tend to judge ambiguous messages as unambiguous, particularly when they are aware of the intended
meaning (e.g., Sodian, 1988). The goals of the present sudy were: firg, to investigate preschoolersQimplicit (indicated by eye
fixation patternsand latencies) and explicit (indicated by actions) senstivity to referential ambiguity and second, to assess whether
a child's privileged knowledge interferes with hig/ her ability to detect message ambiguity from a nasve other's perspective. Four-
year-olds participated in a message evaluation task wherein they had to assess an adult ligener's knowledge of the location of a
hidden gicker after the ligener was provided with an ambiguous or unambiguous description of the gicker location. On half of
the trials, children were aware of the location of the gticker whereas on the remaining trials they were unaware of the sticker®
location.

When preschoolers possessed privileged knowledge about the gicker location, their explicit judgments indicated they viewed a
description to be unambiguous, even when that description was ambiguous from the listener @ perspective. However, measures of
implicit awareness demongrated that even when preschoolers had privileged knowledge about the gicker location, ambiguous
messages led to more condderation of an alternative location and longer regponse latencies than unambiguous messages. T hese
findings demongrate that children can detect referential ambiguity in language directed to others even when their own
knowledge clarifiesthe intended meaning of a message.

Learning by Doing: the Rol e of Exploratory Playin Cognitive Devel opment
Or ganizer : Elizabeth Bonawitz, M assachusetts | ngtitute of T echnology

Summar y: Although it is widely accepted that children 'learn by doing' and that children's exploratory play is critical for
development, there are diverse definitions of play and little is known about how children's exploratory play might provide
evidence that could support learning. Indeed, there have been few findings of sysematic patternsin children's exploratory play
and condderable research suggeds that children do not spontaneoudy design informative experiments. Nonetheless, research
across a range of fields suggedts that play is critical to cognitive development. This symposium bridges work in educational
psychology, machine learning, and cognitive science to examine therole of exploration in children'slearning.

Specifically, this symposum looks at how parents and educators evaluate children's play, how exploration may be
computationally optimal, how play shapes categorization and reasoning, and how spontaneous exploration is shaped by evidence
and prior knowledge. Our firg speaker discusses disagreement between mothers and expertsin the nature and value of play. Our
second speaker will present approaches from machine learning aimed at discovering efficient, effective exploration. Our third
geaker presents research suggeding that children's categorization and inferences are influenced by their exploratory play.
Finally, our fourth speaker suggeststhat children's exploratory play isformally rational, in that children integrate prior knowledge
and evidence in making decisons about exploratory play, much as they do in making causal judgments. By addressing the
problem of children's exploration from these different perspectives, we hope to provide a broad and unique contribution to our
underganding of children's play behavior.

Mother Versus Expert Beliefs: Disagr eement in the Nature and Value of Play
Kdly Fishe, TarmpeUnivasty, Kathy HirdrPask, TarpeUnivesty, Rdoata Gdinkdf, Univesty d Ddaware

The current research examined parental and early childcare expert beliefs about the nature of play and how such play activities
relate to academic learning. Mothers (1130) and experts (99) rated 27 common childhood activities individually on (1) their
classfication as play or nonplay behavior and (2) their influence on future academic learning. Two categories of play activities
emerged from parent ratings ungructured play (e.g., free play such as blocks, dress up) and sructured play (e.g., reading books,
using computers). The majority of mothers (54%) classified all activities as play while 46% viewed ungructured activities as most
playful and gructured activities as less playful. Mothers believed all play activities had inherent academic learning value;
however, undructured play had less learning potential compared to dructured activities. A seeming antithesis to parental
perceptions, professonals viewed gructured activities as non-play behavior. Further, professionals acknowledged more learning
valuein ungructured play compared to its counterpart.

Our findings highlight the exigence of a conceptual digparity in society. Experts see grong, inherent differences in ungructured
and gructured play. In contrag, the majority of mothers do not clearly delineate these forms of play; rather, they view all
activities as playful. This conceptual disparity may provide one answer for the seeming move toward sructured play in the U.S.
A broadening view of play may result in a society that identifies more behavior as playful with less delineation in types of playN
allowing for an increase in gructurein children®livesin educational and home settings



Reward bonuses for efficient, effective exploration

Midhed L. Littmen, Rutgrs Universty

Children mug grike a balance between taking the time to perfectly undergand their environment and taking advantage of what
they already know. Viewed mathematically, solving this exploration-exploitation dilemma is computationally difficult, even in
the case in which the environment smply consgts of two unknown values (so-called 'bandit' problems). Natural environments
present an even more challenging problem because the number of possble eventsto congder learning about vasly outhumbers
the opportunities to explore. In practice, children can never completely experience their world, but nonetheless need to
undergand it well enough to navigate, make predictions, and explain the eventsaround them.

T he exploration-exploitation dilemma haslong been recognized in the engineering disciplines asa problem that learning sysems
mug face. Recent work in computer science has highlighted the importance of retreating from perfect optimality and settling for
‘good enough' solutions. This talk will survey some new developments in machine learning that introduce reward bonuses for
inaufficiently explored gates and show that the resulting learning algorithms balance exploration and exploitation while
remaining computationally tractable. They can also search hypotheses spaces, even given noisy experience, to find rules that
allow them to make predictions in the absence of exhaugive experience. These computationally tractable solutions from the
artificial intelligence community could provide indgght on the potential limitations, congraints and mechanisms that may shape
children'sexploration and understanding of the world.

The Influence of Personal Exploration on Young Children® Artifact
Categorization

Brenda Phillips Débaah Kdaren, KrigaCade & Rebara Setan, Botan Universty

Our presentation explores how young children reason about artifacts by examining the specific conditions needed for toddlers to
condrue tools in terms of particular functions. In particular, we examine how firg-hand exploration influences children@
functional categorization of artifacts

Our general method involves presenting children with two physically dissmilar but functionally equivalent novel tools Children
briefly see an adult use one tool to perform a task (e.g., Ghell boxOactivation) but receive no function information about the other
tool although act upon it and manipulate it equivalently. Children are asked to choose between the tools to perform the
demongrated task and an alternative food-crushing task on eight trials, acrosstwo days of tegting.

Our pad research has revealed that 2.5-year-oldsbafter seeing just one intentional demondration by the model and having one
try themselvesbbecome functionally fixed. T hey consgently return to the demondgrated tool for box-activation and avoid using it
for alternative purposes Additional research has now indicated, however, that certain learning conditions mug hold for 2.5-
year-olds to display this fixedness pattern. In short, if 2.5-year-olds are not given hands-on experience they display a pattern of
flexibility, trandently viewing an artifact@function relative to the current, stuational need. Thus, like monkeys, they use any tool
for any task aslong asit is physcally viable.

These findings suggest that the absence of exploratory play reduces toddlersOabilities to make enduring stable function-based
artifact categorizations Theimplicationsof these resultsfor understanding children@artifact knowledge will be discussed.

The Role of Theories and Evidence in Children® Spontaneous Exploratory Pl ay
Elizabeh Baraff Banawitz & Laura Shulz, Masssdhusdts | nditued Tedhndogy

In thistalk we show that, given identical evidence, children with different nasve theories exhibit different patterns of exploratory
play. Karmiloff-Smith & Inhelder (1974) demongrated that before children develop an adult ‘Mass Theory' of balance, they
entertain a 'Center Theory', believing that all objects should be balanced at their geometric center. Even younger, 'No T heory'
children balance blocks by trial and error. In Experiment 1 we let Mass Theorigs and Center T heorigs play with a block that
was weighted off to one sde. We then (halancedOthe block on a pog either at the block's geometric center or at its center of
mass. (T hus evidence that was theory-consgent for a Center Theorigt was theory-violating for a Mass T heorig and vice versa.)
We also introduced a novel toy (a peg and rings). Children were allowed to play freely for 60 seconds. When the evidence about
the balancing block was condgstent with the children'stheories, they showed a gandard novelty preference and played mostly with
the novel toy. When the evidence violated children's theories they preferentially played with the balancing blocks. In
Experiment 2, we replicated the desgn with younger, No-Theory children; they showed a novelty preference regardless of
whether the block was balanced in its geometric center or center of mass These results suggest that children's spontaneous
exploratory play is sygematically affected by the interaction of their nasve theories and the evidence they observe. We discuss
these resultsin terms of the optimality of children's play.



