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Abstract

The false-beli ef task has become the cornerstone of a branch
of developmental psychology. However, although Henry
Wellman and Coll eagues (Well man, Crossand Watson, 2001)
did an outstanding job at cleaing up the with regards to
certain possbly intervening variables, most of the deegp-rooted
questions about the fal se-beli ef task still stand. This paper will
discuss a way of making these questions evident for further
theorizing and empirical reseach by means of a formal model
of the false-beli ef task.

Introduction

Not long ago | was leduring about children’s performance
in the false-beli ef task (seel below). My students, like most
researchers in the Theory of Mind area, loved Wimmer &
Perner’s (1983 beautifully crafted and skill fully controll ed
experiment. However, just like most researchers in the
Theory of Mind area, my students had lots of questions
about the false-beli ef task. Questions like: why do you think
children are not just saying their own beliefs? Why do you
think children remember about Sally at al when the
experimenter asks them the question? How do children get
to answer the B-Question corredly, for that matter? Is the
false-beli ef task actually testing children’s ability to ascribe
a false belief to someone dse?

The purpose of this paper is not exactly to try to answer
these questions but to try to give an account of why they get
asked in the first place To do so, | will create a formal
version of the false-belief task and for this, | will make the
following (harmless | hope) assumptions:

a) | will asaume that folk psychology is a (naive)
theory about the psychol ogy of people;

b) | will assume that the theory mentioned in (a) is
similar, in many important respeds, to formal
scientific theories; and

c) | will assume a generic ‘narrative’ version of the
false-beli ef task.

The asaumptions made abowe are well supported
somewhere or other in the literature (Agtington, Harris, &
Olson, 1988 Carruthers & Smith, 1996and references cited
therein; Davies & Stone, 1995%; Davies & Stone, 199%), so

“...There ae soooooooooanany angles one can lodk at [it]
and still fed that something more can be said.”
Jeannette

| take it | am not ‘inventing’ them, with corresponding
disastrous consequences. My jobwill be, then:

d) toidentify the events, states and entities involved
in the fal se-beli ef task;

€) to propose a system in which the entities, states
and events mentioned in (d) interact in particular
ways (and not others, that is) and;

f) to explain, by means of the model spedfied in (€)
and in various different ways, children's corred
and incorred responses in the fal se-beli ef task.

Some of the hypotheses | will put forward in these pages
have aready been answered somewhere in the
developmental lit erature (see ech individual sedion for the
relevant references), but | doubt that all the hypotheses that
could potentially be drawn from this paper have, and that is
the purpose of the paper. | have, therefore, two general
objedives in these pages: Objedivel) to provide the todsto
eventually make the false-beli ef task a non-criti cism-prone
experiment and Objedive2) and most importantly, to try to
answer my students’ questions.

Folk Psychology asa ‘Theory’

I will use the term “folk psychology” to refer to cur ability
to describe, explain and sometimes even predict i) our own
behavior, ii) the behavior of other members of our spedes
and iii ) posshly the behavior of members of related spedes
also (Davies & Stone, 1995%; Dennett, 1978. In trying to
give a scientific acoount of this ability, theory of mind
researchers have postulated two mutualy exclusive
hypotheses. Detail s aside, they are: H,) folk psychology is a
(naive) theory about psychology (a.k.a Theory-theory of
mind; seeCarruthers & Smith, 1996 Davies & Stone, 1995
Wellman, 1990 Wellman, 1997 and H,) folk psychology is
a skill by which we imaginatively identify with someone
else (a.k.a Simulation-Theory of Mind; see Gordon, 1986
Harris, 1991). For the purposes of this paper, | will assume
(Ho).

To emphasize, then, the main ideain (H,) isthat our folk
psychological ahilities can be eplained by postulating the
existence of a (naive) theory about psychology, atheory that
‘resides’, as such, somewhere in the human mind. This



means that the way we explain and predict behavior is by
having/using a theory (similar to a formal scientific theory)
about the psychology of people. In yet other words, and to
use a fashionable expression in developmental psychol ogy,
every human being is an untrained psychologists (aswell as
an untrained physicists, physicians, biologists, €tc.). So, we
have some sort of theory inside our heads, a theory of
psychology in this case. What are the characteristics of this
theory?

Think about how the story goes:. i) we see behaviors out
there in the world; ii) on the basis of our folk psychology,
we analyze those behaviors, we come up with an
explanation and probably predict a future behavior and iii)
we act accordingly; that is, on the predictions and
explanations of (ii). It is(ii) that takes the form of atheory,
if we assume that folk psychology is a theory inside our
heads. Now, take formal scientific theories (henceforth,
FSTs), they seem to have, at least, the following
characteristics. FST,) in explaining a phenomenon FSTs
invoke abstract entities (quarks, phlogiston, etc.); FST»,)
FSTs invoke laws (causal laws) that govern the interaction
of the entities invoked in (FST,) and lastly, FST5) on the
basis of (FST,) and (FST,), FSTs provide explanations of
the phenomenon at stake and also build generalizations that
could in principle be extrapolated to new evidence. Taking
(FST1)-(FST5) into account, theory-theorists would like to
tel the following sory about folk psychological
explanations (henceforth, FPES): consider that, like FSTSs,
FPE,) in explaining behavior (the phenomenon) FPESseem
to invoke abstract, unobservable entities like beliefs, desires
and the rest of the propositional attitudes; FPE,) FPEs seem
to invoke causal laws that govern the interaction of the
entitiesin (FPE,), for example: IF X THEN p; and lastly FPE3)
on the bass of (FPE;) and (FPE;), FPES provides
explanations of the phenomenon at stake (behavior) and
build generalizations that could in principle be extrapolated
to new evidence, for example, the famous ‘practical
syllogism’ (see Fodor, 1987; Wellman, 1990; Wellman &
Gopnik, 1995): IF x wants that P AND x believes that ~P
UNLESS Q THEN X triesto bring it about that Q. Let's analyze
a ‘real-life example: ObservableBehaviorl) Leo drinks hot
water (not tea or coffee) during class, ObservableBehavior2)
Leo told me: “l like hot drinks (especially tea and coffee)
but | want to deep at night”; Therefore: If Leo wants a hot
drink during class and he believes that tea or coffee would
prevent him from having a good night’s sleep, then he will
avoid tea or coffee and drink hot water instead. Sounds like
a good explanation of why | may be having hot water, and it
was brought to you by (FPEy)-(FPE3). This is the notion of
“theory” that | will employ from now on.

An Ontology of the False-Belief Task

The following is a dightly modified ‘narrative’ version of
the false-belief task (henceforth, F-BT), taken from Frith
(1989):

(1) The child is introduced to two puppets. Sally and
Anne. While playing, Sally puts a marble into a
basket and then goes outside (the puppet disappears
under the table, for example). When Sally is not
around, naughty Anne changes the location of the
marble. Shetakes it out of the basket and putsit in
a box. Some time later, Sally comes back and
wants to play with her marble. Subjects are then
asked the critical question: where will Sally look
for her marble?

Of course, no formalization in any domain would work
without an ontology. In this paper, when | talk about an
‘ontology’, | mean the set of entities and events that are
identifiable in a restricted cognitive domain. Thus, for
example, taking the situation described in (1) as our
cognitive domain, ‘a marble’ (Qua entity) and ‘look for’
(qua event) seem to be members of the sets of entities and
events identifiable in this domain, while both ‘a bird’ (qua
entity) and ‘eat’ (Qua event) do not. Thefollowing three sets
and their members have been identified:

En={ sdlf, sally, anne, experimenter, basket, box, marble}
Pr={is, is-in, have, put, into, go out, takes, come back, look
for, away, ask, answer, want, believe}

where En = entity involved in the F-BT; Pr = predicate
involved in the F-BT. Also, notice the following three
points:

a) since | am trying to formalize the F-BT from the
point of view of a child performing in it, | do need
an entity like ‘sdf’, which will stand for the child
being tested and an entity like ‘experimenter’,
which will stand for the person running the
experimenter and asking the child the relevant
questions’;

b) ‘is, into, go out, come back, away' are one-place
predicates, ‘isinto, have, take, look for, see, want,
believe, know' are two-place predicates, ‘put, ask,
answer’ are three-place predicates, and that;

c) in all predicates, the first argument stands for the
entity that would lexicalize the grammatical subject
in active sentences; in all predicates with two
arguments, the second argument stands for the
entity that would lexicalize the grammatical object
in active sentences, except for ‘is in’, whose
second argument would lexicalize a place adjunct;
lagtly, in al three-place predicates, the third
argument stands for the entity that would lexicalize
a grammatical adjunct in active sentences, in this
case, always a ‘place’ adjunct.

! Note that the labels are arbitrary. | could have just talked about
‘self’ as Eny, about ‘sally’ as En, etc.



| hope | have now identified all and only the relevant
entities and events pertaining to the false belief task. What
we now need is a hilo conductor (a connecting ‘thread’),
something that would give us a starting point to find out
what arguments enter into what relations by means of what
predicates in our model of the F-BT. For us, our hilo
conductor will be T (time); counting from when Sally isfirst
introduced to the child (Ty) until the latter has answered the
last question posed by the experimenter (Teg). The story, |
think, would go something like Table 1, give or take a detail
or two.

Table 1: Possible relations among the argumentsin our
model of the F-BT?.

To =2 1s(saly)

T, =2 1s(anne)

T, = HAVE(sally, basket)

T3 = HAVE(anne, box)

T4 = HAVE(sally, marble)

Ts = puT(saly, INTO(marble, basket))

Te =2 coouT(sally)

T7 = TAKE(anne, marble)

Tg = PUT(anne, INTO(marble, box))

To = coME BACK(sally)

T102> WANT(sally, marble)

T Ask(experimenter, self, Look For(sally, marble, x))
T [some processing occurs, see (2)]

Tend™> ANSWER(Self, experimenter, Look FOR(sally, marble, X)

where - = the child’s (implicit) realization (at time T) of
the bit on the right-hand side of the arrow and where x = an
empty argument that has to be filled by the child’s response.

Children’s Performancein the F-BT

| think we now have a model of the relevant stagesin the F-
BT. Our next task is to explain children’'s (correct and
incorrect) performances in this task. A little bit of history
now: According to empirical evidence, it isnot until around
four years of age that children master most of the concepts
possessed by adultsin the latter’'s mature theory -instantiated
folk psychology (Wellman, Cross, & Watson, 2001,
Wimmer & Perner, 1983). Older subjects, whose ages are
just under five years, will know that Sally does not know
that the marble has been moved from the basket to the box
(or, in other words, believesthat the marble isin the basket,
a functionally equivalent description, | hope) and will
therefore correctly predict that she will look for it in the
basket, and not in the box. In turn, the younger group fails
to answer this question correctly. They predict that Sally
will look for her marble in the last location; that is, where it
is now (in the box) not where she actually left it in the
beginning (the basket). How would my formal system give
an account of a correct responsein the F-BT?

2 Of course this table can be revised, expanded and what not, but |
think it is more than good enough for our first approximation to a
formalization of the F-BT.

Posdbility 0: Children’s Correct Answer

It is (FPE3) that | hope will take us from Ty to Teng; that
is, to answering the question posed by the experimenter (see
Fodor, 1987). Recall that in its ‘raw’ form, the practica
syllogism is simply a modus ponens of sorts (p [0 g, p, /0 q).
Applied to our version of the F-BT discussed in these pages,
| think the practical syllogism would look something like
this, should the child answer correctly of course:

(2 PrSeoreq: IFWANT(sAlly, marble) AND 1s-
IN(marble, box) AND BELIEVE(saAlly, Is-IN(marble,
basket)) THEN Look For(sally, marble, basket).

If | am right and children (or any system) try to answer
the question in Ty, in a fashion similar to our syllogism in
(2) above, then there are a few things that could actually
explain the young child’'s inability to answer the belief
guestion (henceforth, B-Question) correctly. They are:

Posdbility 1: No Concept of Belief

The standard assumption in the developmental literature is
that children who don't get the answer right fail because
they haven't yet devel oped (acquired, whatever) the concept
of BELIEF (see Perner, 1991b, and indeed all the literature on
‘Theory of Mind"). Of course, the concept of BELIEF (qua
event) belongs to our ontology of the F-BT. If we take it
out, then our forma system (or a child, for that matter)
might want to answer the question posed by the
experimenter in T,, somewhat along the following lines:

(3  PrSno-concepts |F waANT(sally, marble) AND Is-
IN(marble, box) THEN Look For(sally, marble, x).

There are a two things to be said about (3): first, unlike
PrScorecy in (2) above, there is no (proposition being
entertained during the inference process as to where Sally
believes the marbleis (nowherein it isthere even amention
of the entity ‘basket’, for that matter). It seems the only
entity that the child (or in this case our formal system) has
access to to fill the adjunct position in the LOOk FOR event is
‘box’ and that is, | think, the entity he or she will bind to
variable x. Second, notice that an explanation like this also
accounts for the empirical evidence available in the
following way: if Sally wants the marble then she should go
look for it in the box (where it actualy is) because, in the
child's mind, looking for it in the basket would not satisfy
Sally's desire for the marble. This is a position forcefully
advocated by Henry Wellman and probably also Josef
Perner (Perner, 1991a; Perner, 1991b; Welman, 1990;
Wellman, 1991).

So far, however, | haven't done much more than telling
you (albeit formally) what you already know from the
developmental literature; namely, that children may lack the
concept of beief. But | do think this is a very good start;
for, obvioudly, there is a way in my formalism to account
for this ‘received story of what might be going on.
Interestingly, however, this formalized version of the F-BT



provides us with some other hypotheses that are worth
exploring. | now turn to a second view, also drawn form the
literature, of what could explain children’s performance in
the F-BT.

Posdbility 2: No Concept of False Belief

A second hypothesis as to why young children fail in the F-
BT isthefollowing: children do have the concept of BELIEF,
however, they lack the concept of FALSE BELIEF (Wellman,
1990; Wellman, 1991; Welman, 1993). In other words,
children are in fact able to entertain beliefs about others,
unless those beliefs describe a counterfactual state of affairs.
If this were the case, children might want to answer the
guestion posed by the experimenter in the following way:

(4  PrSno: IF want(sally, marble) AND Is
IN(marble, box) AND BELIEVE(saAlly, Is-IN(marble,
box)) THEN Look For(sally, marble, box).

If it isthe case that they can't entertain afalse belief, then
mutatis mutandis, they should be able to entertain someone
else’s true belief about where the marble is or might be.
Given the situation, the only true belief that they can ascribe
Sally at Teg is the belief that the marble is in the box,
something they know to be true. Notice here, by the way,
that this doesn’t mean that the child is just answering with
his own belief; for the first argument of the ‘believe
predicate is ‘sally’ not ‘salf’. The child is, in fact, ascribing
a belief to Saly. Granted, a belief with a propositional
content that the child him/herself has been entertaining, but
from that it doesn’t follow that the child is answering the
belief question with his own belief. Actually, thislast option
would be too far fetched in my formalism: why would the
child even entertain [BELIEVE(sElf, 1S(marble, box))] when
the question is about Sally? This would imply that three-
year-olds don't know the difference between self and other,
and we know that not to be the case. This view is aso
supported by the developmental literature (see Astington,
Harris, & Olson, 1988; Fodor, 1992) and references cited
therein).

So, question: is it the concept of BELIEF or the concept of
FALSE-BELIEF that explains three-year-olds performance in
the F-BT?

Possbility 3: No Tolerancefor ‘False Thoughts'®

A third way of explaining children’s failure in the false
belief task -and one that has not, to my knowledge, been
specifically addressed, if it ever can be- has to do with
children’s inability to even entertain false thoughts in
general, let alone false beliefs. Said formally:

(5 PrSnos: IF wanT(sally, marble) AND Is-
IN(marble, box) AND BELIEVE(sAlly, [empty])
THEN Look For(sally, marble, box).

3 Sam Scott suggested this hypothesis to me.

where [empty] standsfor [Is(marble, basket)], athought that
is blatantly false and that children don't (or can't) even
entertain, neither for Sally nor for themselves. However,
these children still have to answer the question posed by the
experimenter, and they do so by using an immediate
‘replacement’ thought, one that seems similar and one they
are definitely entertaining; namely, [Is(marble, box)]. By
answering like this, children may just be stating where the
marble actually is, with no reference to anybody's mental
state (neither Sally’'s nor their own).

So, question: is it the concept of BELIEF, the concept of
FALSE-BELIEF Or three-year-olds inability to entertain false
thoughts that explainstheir performancein the F-BT?

Possbility 4: The Memory Explanation’

Researchers have aways wondered whether there is
something to be said about the role of memory in the F-BT.
Indeed, this was one of the main concerns in Wimmer &
Perner’'s (1983) seminal paper. They would contral for this
memory variable by asking the child “Do you remember
where Maxi put the chocolate in the beginning?’ Substitute
‘sally’ and ‘marble for ‘maxi’ and ‘ chocolate’ respectively,
delete the ‘do you remember’ part of the question, which |
think changes nothing, and you have a memory question in
the terms of our discussion here. How would the child try to
answer this question? Well, just by retrieving a fact from
somewhere in the model; more specifically, Ts [PuT(sally,
INTO(marble, basket))]. That does tell us that the child
remembers the step in which Sally put the marble in the
basket, but there are other (more subtle) details that the
child may be missing (recall, also, that the child is asked the
M-Question at the end of the experiment, when he or she
has already answered the B-Question). For example, what if
the child doesn't remember who put the marble where. In
our system, this hypothesis can be formally stated as (see,
for example, Davis & Pratt, 1995):

(6) PrSm: IF wanT(sally, marble) AND 1s-INn(marble,
box) AND BELIEVE (X, IS-IN(marble, basket)) AND

PUT(X, INTO(marble, basket)) AND puT(X,
INTO(marble, box)) THEN LooK FOR(X, marble,
box).

where X = an unrealized (forgotten) argument. Notice that
now the child does not know who's belief/false-belief he or
she should be entertaining. Basically, the question the child
isfacing now is: “where di d who put the marble again? Did
Sally put the marble in the basket and Anne in the box or
vice versa?’ Again, the child is pressed by the
experimenter’s question, so he or she has to answer it. My
own explanation of why children answer incorrectly under
these circumstances is the following: children will answer
“Sally will look in the box” (rather than the basket) because
they forget where each of the puppets put the marble and the
piece of information they have more readily availableisthat

* Thanks are due to Kelly Banks and David Coupland.



someone put the marble in the box, and that that someone
may well be Sally. Thisis easily testable in an experiment,
of course, you just ask the child, after she or he's answered
incorredly: “‘who put the marble in the basket and in the
box?’ Nobady, to the best of my knowledge, has done this.
But even if they have, this is just one (albeit the more
obvious) piece of information that children may be
forgetting. | could definitely give other posshble hypotheses
about what children may be forgetting, but | do yearn for
brevity. | hope researchers will address these non-expli cit
hypotheses as well further down the road.

So, in the spirit of being consistent, the question has now
bewme: is it the @mncept of BELIEF, the @mncept of FALSE-
BELIEF, threeyear-olds inability to entertain false thoughts
or the sedledive pieces of information being forgotten that
explains children’s performancein the F-BT?

Possibility 5: The Non-Belief Explanation

| have a scarier story to tell about the F-BT. What if the
child is actually not even entertaining the mncept of belief
when he or she answers the B-Question; that is, even if they
answer it corredly? Consider the following strategy that
would actually render a corred answer to the B-Question:

(7 PrScoreany: IF waNT(saly, marble) AND Is-
IN(marble, bax) AND put(saly, INTO(marble,
basket)) AND puT(anne, INTO(marble, box))
THEN Look For(sally, marble, basket).

Notice that nowhere in this possble explanation is there
even a mention of the @mncept of beief. Children are just
entertaining the different stepsin their minds as to who put
the marble where. Arguably, it is even a better story to tell
because dildren neal not have access to the wncept of
BELIEF or any other mentalistic concept except maybe for
WANT. They only neal to remember the different steps in
the F-BT (formalized in Table 1 abowe). Children may just
be redling the hits of information at times Ts and Tg. Of
course, since the question is about Sally, then children
choose the pieceof information with ‘sally’ and not ‘anne
asthe argument of ‘put’.

Very nice But it is not enough for me to give you an
acoount of why children passthe F-BT using this grategy. |
also ned to tell you why younger children fail this task.
Obvioudly, | think that, not unli ke the ‘belief’ explanation of
performance there are many ways to account for children’s
failure under this new syllogism. Here is my favorite one,
which draws from Posshility 4 above. Suppose (8) below:

(8  PrSincorea-ny: |F waNT(sally, marble) AND Is-
IN(marble, box) AND puT(X, INTO(marble, basket))
AND pPuT(X, INTO(marble, box)) THEN Look
FOR(X, marble, box).

where x = an unreali zed (forgotten) argument. The areful
reader may be wondering why would the cild choose the
entity ‘box’ to answer the question posed by the

experimenter (and chil dren do say only ‘box’, see (Wellman
et al., 2001); why not ‘basket’ if they are kegoing both
propositions in mind. | could dve two different
explanations about this. E1) becuse when children
backtrack, since they don't remember who put the marble
where, and sincethe most recant event is Tg and not Ts, they
will choose the latter one; E2) without referring back to the
different stages, children are entertaining threevery similar
propositions as to the location of the marble: two o these
propositions point at the antity ‘box’ as the location and just
one of these propostions point at the antity ‘basket'.
Children may just have strong evidence about the marble
being in the bax and that's why they chooseit asthe wrred
location for the question (seeEmond & Ferres, 2001).

Remember that the M-Question, at least in Wimmer &
Perner's (1983 paper, is asked after the B-Question.
Therefore, we are not sure whether chil dren remember who
put the marble where, even though children answer it
corredly 80% of the time when they give incorred
responses to the B-Question. But then again, | could tell you
other stories about chil dren’s fail ure using the syllogism in
(8). Again, that will be l€eft for another paper. As | said, my
aim hereisto formally present the problem, not to solveit.

So, in the spirit of being extremely consistent, the
guestion has now become: is it the oncept of BELIEF, the
concept of FALSE-BELIEF, threeyear-olds inability to
entertain false thoughts, sdledive pieces of information
being forgotten that explains chil dren’s performancein the
F-BT or, to put it very strongly, is it that there is no such
thing asthe F-BT?

Conclusions

What is <ary about the different storiesthat | have told you
in the previous pages isthat | can tell them... and get away
with it. The leson to be learned from the formalism that |
have proposed is that there's a lot that could actualy be
going on in the F-BT. And maybe none of these ‘going-
ons’ has anything to do with testing the cncept of BELIEF.

| think I've done my share to give you the tods to
propose testable hypotheses about the F-BT. So my first
general objedive (Objedivel) has been achieved. With
regards to Objedive2... Well, my dear Psych students, the
answer to your questions is. there's a lot to be done to
answer your questions and wed better get to it. Soon.
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