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a power outage the night before, though, and the milk had
gone bad. Tammy's boss got food poisoning and was sick
for a week.
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Last month Tammy made coffee for her boss. She put lots
of milk in the coffee, just the way he likes it. There had been
a power outage the night before, though, and the milk had
gone bad. Tammy's boss got food poisoning and was sick
for a week.

In her journal Tammy wrote, OVéll, he didn!t die -- maybe
next time 1!l use poison!O
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Under-constrained inverse problems
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® |nverse problems: recovering underlying hidden
states from surface observations.

® Often there is not enough information in the
observations to recover the underlying states.

® But these problems still have ‘best’ solutions:
‘rational’ analyses.



Rational analysis

® Thesis: cognition is an adaptive response -- an
approximately optimal solution to
computational problems posed by the
environment. (See Shepard, Marr, Anderson, Tenenbaum, etc.)

® |n perception, one compares human
performance to the Ideal Observer -- this
analysis has been very successful at predicting
and explaining human perception (e.g. the
checkershadow illusion). (See Adelson, Geisler.)

® |s it coherent/useful to analyze social cognition
as ideal? (See Kelley.)



Questions about
ldeal Social Observers

Would an ideal social observer attribute
hidden mental properties to other agents!?

What would an ideal social observer believe
about the mental states and traits of other

agents! How would attributions depend on
evidence!

Learning: if it’s so ideal, why does it change!
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False belief:

the Maxi task
(Wimmer and Perner, 1983)

Sally puts her : Where will sally
: Anne moves it
toy in the Sally returns...  look for her
to the box...
basket... toy?

Sally Believes
her toy is in
the basket.

But she’s
wrong.

This is analogous to the “Tammy
poisons her boss” example.



False belief

® There is ample” evidence that children
undergo a false belief transition at age 3-4:
before this change they incorrectly expect
Sally to go where her toy actually is.

® |f adult false-belief attributions are ideal, why
do children initially fail to make them?

"Ample but not uncontested.



Strong and weak optimality in
cognitive development

® There are two positions consistent with an
|deal Social Observer analysis of adult social
cognition:

® Weak: adults are ideal, children aren’t. That is,
only in the end state of development is social
cognition ideal.

® Strong: children make ideal predictions with
respect to their best guess about the
structure of other people, and this structure
(‘theory’) is rationally updated in response to
accumulating evidence.



Strong optimality
for false belief

® Could a delayed false-belief transition ever
result from rational updating of a child’s
‘theory of people’?

® |[f so, do children make inferences that are
ideal with respect to these best guess
theories, even before the false-belief
transition?

® We can begin to answer these questions by
examining two simple ‘theories’ in the Sally-
Anne setting...



Causal Bayes’ net models

® We represent each ‘theory’ by a causal
Bayesian network: a graphical representation
of probabilistic causal structure.

® |deal use of a theory can then be described
by Bayesian inference, anc

® The optimal degree of belief, and rational
updating, is prescribed by Bayesian model
selection methods.

Notation: 6( State A ) 2l { State B )
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® Could a delayed false-belief transition ever
result from rational updating of a child’s
‘theory of people’?

® Specifically, is it ever optimal to maintain the
earlier (CT) theory, in the face of counter-

evidence, but to eventually switch to the later
(PT) theory!?



Model results: rational revision

® Yes!
6
41 PT
2 Better
Posterior
Probability O
Ratio™:
Y| CT
Bett
4 etter

* Wpr/or = —log(P(PT|X)/P(CT|X)),



Rational revision

® Why this delayed transition!?

® The CT theory is simpler, hence a priori more
likely™,

® but the PT theory is more flexible: it is able
to explain surprising evidence by false belief
explanations as well as unexpected desire
explanations.

® This is a characteristic tradeoff of Bayesian
model selection.

“This simplicity bias is realized by a Bayesian Occam’s razor.



® Do children make inferences that are ideal
with respect to their ‘best guess’ theory,
even before the false-belief transition?

® |n particular, do children explain unexpected

outcomes in ways consistent with their
theory (CT or PT)?



® ‘Standard’ outcome is
surprising to CT:

® ‘Psychic’ outcome is
surprising to PT:

Standard outcome

Psychic outcome

Where!?

Original Original
location location

*.
\ Protagonist
looks
New New
location location
Initial Final

Original Original
location location

Protagonist
i’ * looks
New New
location location
Initial Final

outcome conditions
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0.4
0.2

0.8
0.6
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CT PT

PA=1|WV)

CT PT



Experiment |
Goodman, et al. (2007)

® N=49 children (R=3;0-4;11,M=3;11).

® [wo ‘Sally-Anne’-style storybooks (Standard
and Psychic), order counterbalanced.

® Children were asked to predict where Sally
would look for her toy. After seeing where
she did look, they were asked for an
explanation.



Experimental results

® Three groups of children were identified
based on their predictions: |5 CT, 20 PT, and
|0 Mixed predictors. (4 failed memory test.)

® There was a strong interaction between
prediction type and order of storybooks: the
only children who ‘switched’ gave an initial
CT response, then got surprising evidence.

® This is predicted by the model.

® May be a marker of children near the false
belief transition.



Children’s Explanations

® The two groups appeal

Alternate Desire tO different eXPIanationS
20 —=— Alternate Access of surprising outcomes:
15 ® CT appeal to unusual
desires. (E.g.“she wanted
10 to move the basket.”)
5 ® PT appeal to unusual
belief/access. (“She heard
0 her brother move it.”)

PT CT ® Note the toy was very

desirable....



Children’s Explanations

100 -
80 0 Standard 1l
60 | B Psychic
40 |
20

O/\/\.+ AN AAS

QO Q0 QO

Belief Access Desire

® The overall pattern of explanations was different
between groups, and consistent with predictions from
respective ‘theories’.



Initial Conclusion |

® An ‘ideal use and ideal learning’ analysis of
social cognition is consistent with the false-
belief transition and with children’s

explanations, both before and after the
transition.



Questions about
ldeal Social Observers

Would an ideal social observer attribute
hidden mental properties to other agents!?

What would an ideal social observer believe
about the mental states and traits of other

agents! How would attributions depend on
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Attribution:
The fundamental ‘error’.

Maggie approaches a bicycle... ! @b
But doesn’t play with it.

Why didn’t Maggie play with the bicycle!?
Is it because she’s timid, or because it’s
dangerous?

® Adults* show a bias toward attributing outcomes
to traits of the agent (this is the ‘FAE’).

(This attribution bias has been described as an intuitive theory.
See e.g. Dweck.)

*In western cultures.



Strong optimality and the FAE

® VWould an Ideal Social Observer make the
FAE? (see e.g. Kelley.)

® Attribution is an ( ek ) (Situation)

under-constrained inverse \_/

problem, thus an ideal observer ( Action )
benefits from an inductive bias.

® |f the FAE is an inductive bias, then adult
attribution should be sensitive to
correlation... and it is (Kelley; Larrick & Morris).

® How could this bias arise!?



Strong optimality and the FAE

® By age 4 children can understand trait terms
(Heyman, et al). However, children don’t
spontaneously explain actions in terms of
traits until 7 or 8.

® Could young children use correlation
evidence to make trait attributions in
particular cases!?

® |f so, then exposure to many cases explained
by traits could lead eventually to revision/
formation of an intuitive theory of attribution
(and the FAE).



Study |

Seiver, Gopnik,and Goodman (in prep.)

® Children saw a series of vignettes in which
two dolls approach two activities, both dolls
either played or backed away four times for
each activity.

® Then they were asked a forced-choice
question about whether a trait or situational
factor was responsible for the doll’s last

action. E.g.“Why did Maggie play on the bicycle? Is it
because she’s the kind of person who does brave
things, or because the bicycle is safe to play on?”

® N=60 children (R=4;0-5;6, M=4;10).



Test conditions.

Entl.t?l Situation | Situation 2
Condition

Doll | plays (4/4) plays (4/4)

Doll 2 won't play (0/4) won't play (0/4)
SltuaFI?n Situation | Situation 2
Condition

Doll | plays (4/4) won't play (0/4)

Doll 2 plays (4/4) won't play (0/4)
ConFrpl Situation | Situation 2
Condition

Doll | plays (4/4)

Doll 2 won't play (0/4)




Number of subjects

Results of Study |

B Entity Condition
B Control Condition
] Situation Condition

Both Entity Mixed

Both Situation



Results of Study |

® Children correctly attribute outcomes to the
factor supported by correlational evidence:

® Children in the entity condition were more
likely than chance to endorse the trait
explanation for both dolls (and more likely
than in the situation condition).

® Children in the situation condition were more
likely than chance to endorse the situational
explanation for both dolls (and more likely
than in the entity condition).

® Children were at chance in the control
condition. (No FAE.)



Results of Study |

Children correctly attribute outcomes to the
factor supported by correlational evidence.

But...

Would children freely generate trait-like
explanations in these conditions!?

Do they treat these factors as enduring
properties? Would they generalize to new
agents/situations?



Study 2

Seiver, Gopnik,and Goodman (in prep.)

® Children saw a the same vignettes as in
Study |I.

® Then were asked an open-ended question.
E.g.“Why did Maggie play on the bicycle?”

® Children were then asked to predict the
behavior of a new doll in the same situation,
or a familiar doll in 2 new situation.

® N=24 children (R=4;0-5;2, M=4;7).



Results of Study 2

® 35 free explanations were given, and coded:

® An ‘entity’ response attributed the doll’s
behavior to an internal cause, such as
feelings, desires, personality, age, or size.

® A ‘situation’ response referenced any aspects
of the activity external to the doll, such as its
safety and enjoyability.

® Opverall, the pattern of explanations
replicated Study |.



Results of Study 2

® |n the entity condition:

® Spontaneous explanations were significantly
more likely to be about the person than the
situation.

® Very few “classic” personality traits given.

® Many other enduring properties, such as
age, size, and preferences, were given.

® Most children extended the observed
behavior of the dolls to a novel situation.



Results of Study 2

® Situation Condition

® Significantly more situation explanations than
in the entity condition.

® Children did not extend previous dolls’
behavior to a novel doll in the same situation.



Initial Conclusion 2

® These results suggest that young children:

® can generate correct trait or situation
attributions on the basis of correlation.

® a|ready treat trait-like properties as
generalizable and enduring.

® Thus correlation-based reasoning (or causal
learning) forms a possible basis for rational
acquisition of the FAE.

® This also is consistent with an ‘ideal use and
ideal learning’ analysis of social cognition.



Conclusion

® |deal Social Observer analysis offers a useful
vantage point on social cognition and its
development.

® Particularly on how domain-general abilities
interact with, and lead to, domain-specific
intuitive theories.

® [t remains to understand the ldeal Social
Observer in richer and more flexible
settings.



