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Infants’ Use of Action Knowledge to Get a Grasp
on Words

Amanda L. Woodward

Word learning is both an act of associative learning and an act of
symbolic learning. Words are associated with their referents in the
minds of language users. In addition, mature users understand the
specific kind of relation between a word and the aspect of the world
it goes with, namely, that the word is a symbol used to refer to that
object, property, or action.! This aspect of linguistic knowledge rests
on mare general folk psychological concepts such as attention and
intention—when a word is used referentially, the speaker’s intention
is to draw attention to a particular entity by its use, or to call to mind
a particular idea in her interlocutor. Both the associative and sym-
bolic aspects of learning are critical. Without the ability to retain
and organize associations in memory, it would be impossible to build
a lexicon. And, as many theorists have pointed out, the language-
learning enterprise would not get far without an understanding of
the referential nature of the link between words and the world
{Akhtzar and Tomasello 2001; Baldwin 1995; Macnamara 1982; Tom-
asello 1999).

There is a long-held view that one of these aspects of word learn-
ing precedes the other in ontogeny. Specifically, it has been pro-
posed that infants begin only with the very general ability to associate
stimuli that co-occur, and thus learn to associate word sounds with
the perceptual impressions with which they are usually experienced.
In this view, the first words are disembaodied associates, learned only
by virtue of their contiguity with some aspect of the environment

150
Woodward

(e.g.. McShane 1979; Werker et al. 1998; Oviatt 1980). To llustraie,
Werker and colleagues (1998) suggest that receptive word learning
in 14-month-olds reflects the understanding that a given word “goes
with” some object, but not that it “stands for” that object. These
accounts further propose that at some point, this unconstrained as.
sociative learning is replaced by “truly linguistic” word learning,
Some propose this change to take the form of a relatvely sudden
insight into the symbolic nature of words, analogous to Helen Kel-
ler's famous experience at the well (McShane 1979). Others suggest
a more gradual transition, in which, over the course of successive
associative-learning trials, infants become sensitive to the referential
nature of words, Hollich and colleagues (Hollich, Hirsh-Fasek, and
Golinkoff 2000) propose a related model. Although they believe that
infants begin with a concept of reference, this concept is initially
quite limited. They write,

At First ... words label what the child has in mind. That is, reference is
dominated by the child's tendency to associate a word with the object,
action, or event that is temporally contiguous and/or perceptually salient,
much as they learn the link between any two contiguous events. Later ... the
child comes to perceive the intentionality of others and can then become an
apprentice to a master language user. The child comes to realize the full
symbolic nature of language. (p. 27)

In this chapter, I will take issue with this general view. 1 will argue
that it is unlikely that infants ever begin by treating words as disem-
bodied associates. In the infant's world, words are actions, and

infants most likely draw on their understanding of aciion in making

sense of words from the very beginning. In his classic analysis, Mac-
namara (1982) proposed that in ontageny, the concept of reference
is derived from an understanding of acts of referring, I will follow
this proposal, considering what infants know about acts of referring,
and in particular, how this knowledge might draw from developing
concepts of mtentional action. I will depart from Macnamara’s anal
ysis on a critical point: Macnamara was pessimistic about the possi-
bility that concepts of referring or intention could be learned, and
therefore proposed that this knowledge is innately given. However,
researchers have recently suggested mechanisms by which inten-
tional understanding could be constructed, and empirical work has
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begun to lend support to these ideas (Baldwin and Baird 2001; Bald-
win and Moses 1936; Barresi and Moore 1996; Gopnik and Meltz-
off 1997, Woodward, Sommerville, and Guajardo 2001). These new
ideas and findings bode well for the enterprise of constructing a
developmental account of reference, As a first step in this enterprise
1 will discuss recent findings that indicate the kinds of action knnw]:
edge that could contribute to infants’ word leaming, and the ways
this knowledge might provide the basis for a developing understand-
ing of acts of referring.

5.1 Twu Ways That Adults’ Actions Could Impact Infants’ Word
Leaming

In investigating the development of word learning, it is important to
consider the social context in which this Jearning occurs. Infants
learn .words from social partmers who have strong effects on their
attention, and, therefore, potentially strong effects on what they
learn. At one level, adult actions direct infants” attention to particu-
!ar parts of the world at particular points in time, and these shifts
in attention could set the conditions for infants’ learning to asso-
c1amlword.s with referents. For example, parents sometimes manipu-
late infants’ attention by holding up or moving objects as they say
the name for the object (Gogate, Bahrick, and Watson 2000), or
pointing toward the object, thus setting up strong contiguity be-
tween hearing the word and secing the referent. In additi.oala. infants
are sensitive to gaze direction from early in life (Butterworth and
Cochran 1980), orienting their own cyes toward the objects others
]oo_k at. Therefore, parents' patterns of gaze could highlight certain
objects at the moment the relevant labels were uttered. If infants
bEme.cml'y with very general associative-learning tools, these parental
behaviors could ensure that they learned the right associations at
least some of the time.

At _a.um.hur level, intelligent word learners do more than shift
altention in response to the behaviors of their interlocutors. They
nterpret these actions as directed at, or related to, particular en-
tities, _Fnr example, they understand that a person who looks at
an object is likely to be attending to that object, and a person who
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points at an object both attends to it and intends for someone clse to
attend to it. A learner with this level of knowledge would be much
more successful at acquiring the correct word-world associations, not
being fooled, for example, by the coincidence of staring at the catat
the moment her mother says “Time for your nap.” More critically,
an intelligent learner would be much further along in gettng the
right kind of mapping. She would be closer to interpreting the word
not as a disembodied associate of the referent object, but instead, as
a symbolic tool for referring to the object.

The work of Akhtar, Baldwin, Tomasello, and others has provided
compelling evidence that by 18 to 24 months of age infants are
intelligent word learners of this sort (see Akhtar and Tomasello
9001; Baldwin 1995; Baldwin and Tomascllo 1995; Tomasello 1999
for reviews). Across many experiments, children at these ages re-
spond in ways that suggest they are tracking the experimenter’s
intentions, and using this information to interpret the words she
uses. They link words with referents when the speaker is linked to
these referents by gaze and pointing, but not when these links are
absent, and when the speaker appears to act purposefully but not
when he or she acts apparently accidentally. Moreover, 18 1o 24-
month-old children can use behavioral evidence of attention and
purposefulness to determine which of several potential referents was
the intended referent, even in the absence of contiguity between the
word and its referent. .

Word learning, both productive and receptive, begins well before
18 to 24 months—half a lifetime or more earlier, by 9 to 12 months
(Benedict 1979; Fenson et al. 1994; Huttenlocher 1974). Moreover,
by 14 months infants are such expert word learners that they can
acquire a new word-abject mapping in the laboratory under con-
ditions that are somewhat to extremely artificial (Schafer and Plun-
kett 1998; Waxman and Booth 2001; Werker et al. 1998; Woodward,
Markman, and Fizsimmons 1994). One possibility is that at this early
poing, infants learn words as disembodied associates, influenced,
perhaps, by the attentional shifts induced by adult actions. Another
possibility, however, is that even at this early point, infants draw on

" an analysis of the speaker’s actions in order to interpret words.
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5.2 A Test of Infants® Sensitivity to Referential Actions in Word
Learning

If words are initially learned as unconstrained associares, the main
determiners of word learning should be the contiguity between the

experience of the word and the experience of the referent. To test |

whether this medel is accurate, 1 borrowed a page from Baldwin's
book, adapting her procedures for use with younger infants (Wood-
ward 2003b}. In prior work, I had had success in teaching 13-month-
old infants new words in a brief laboratory session, using a specially
designed multiple-choice paradigm as a measure of receptive learn-
ing (Woodward, Markman, and Fitzsimmons 1994). | used this para-
digm in the current study. The goal was to equate the extent to
which infants had their attention drawn to an object at just the mo-
ment a label was uttered, while varying whether or not the speaker
was linked to the object by referential behaviors such as looking and
pointing.

Two groups of 13month-old infants were introduced to a novel
word and a novel object. Infants in both groups encountered very
similar situations. They sat at a table, across from two researchers.
The first researcher established joint altention’ on the object with
the child, calling her attention to it, and directing gaze'and points
toward the object. For both groups of infants, just as the infant
kacd at the toy, the second researcher uttered a nonce word, say-
ing for example “Look Alice, it's the gombie.” The procedure for
the two groups differed only in terms of the second researcher’s ref:
erential actions. For infants in the “object-reference” condition, the
}’ECOnd researcher looked at and pointed toward the object of the
lﬂfﬂn_l'_s own attention. For infants in the “ambiguousreference”
Eﬂnql'lmn. the second researcher looked at a video monitor, never
}OOkmg or pointing toward the objects, and never looking at the
infant during the procedure. In this case, the second rc;eaxcher
Ymched the camera feed on the monitor, so that she could time her
i1L1.e1-zuu:|as to-coincide with the infant’s atenton to the object.
ufants h.eard the new label a 1otal of nine times during the training
Phase. They were also introduced to a second novel object, which
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was not labeled. This second object served as the distracter on the
comprehension test. To control for preferences for one particular
abject over another, every infant saw the same two objects. Half the
infants had one of them paired with the label and the other half had
the other one paired with the label. After training, a third experi-
menter entered the testing room and administered a multiple-choice
test to assess the infant's comprehension of the new label. As in
our prior studies, so that she could not influence infants” choices,
this experimenter did not know which of the two ebjects had been
paired with the label or whether the infant was in the object-
reference condition or in the ambiguousreference condition. She
put both objects in a tray and asked the infant to “Get the gombie."
To test whether the manipulaton played out as intended, we first
caded infants’ attention to the object and the experimenters during
training. Our goal was to hold constant the attention-directing effects
of the interaction, while varying the behavioral connection between
the speaker and the object. First, we investigated the overall effects
on infants’ attention in the two conditions. Infants in the two conds
tions showed nearly identical patterns, attending most of the time
to the object, then to the labeler, then to the experimenter who
established joint attention. Nexs, we assessed the contiguity between
infants’ hearing the label and seeing the object. For each of the nine
label utterances, we coded where the infant was looking at the time
the label was uitered. Again, infants in the two conditions showed
nearly identical patterns—both groups looked at the toy on average
for three trials, the labeler five trials, and elsewhere on the remain-
ing trial. Thus, infants in the two conditions had their attention
directed in similar ways, and experienced the same degree of cont
guity between hearing the word and seeing the referent object.
Nevertheless, infants in the two conditions performed quite differ-
ently on the comprehension test. Infants in the objectreference
condition systematically chose the previously labeled object. In con-
trast, infants in the ambiguous-reference condition performed ran-
domly on the comprehension test Despite the fact that these infants
had the object highlighted in attention and reliably paired with the
word in the course of joint engagement with an adult, they did not
form a mapping between word and object. Even early in the second
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year, then, infants seem to require behavioral evidence for a refer-
ential connection between a person who utters a new word and the
potential referent. In fact, a couple of infants gave us tantalizing evi-
dence that they were trying lo interpret the ambiguous labels as
yeferring to some thing. When asked to “Get the gombie” they

walked over to the video monitor, looking around as if searching for,

some object in that vicinity.

Itis easy to see how the infants in the ambiguous-reference con-
dition might have been fooled by our manipulation, After all, they
were engaged in joint attention on the abject at just the moment
the word was uttered. But the infants were not fooled. They closcly
monitored the actions of each of the experimenters, and used this
information to inform their word learning. From the earliest point
{hat we can measure word learning in the laboratory, then, infants
do not respond to words as sounds from nowhere. Neither are they
blindly pushed about by the attention-directing behaviors of adults.
These findings are mconsistent with the view that infants begin as
general-purpose associators, linking in memory any experiences that
reliably co-occur, They indicate that from very early on, infants filter
their word learning through their understanding of action. These
findings are consistent with other recent reports suggesting that eatly
in the second year, infants are sensitive (o referential actions in the
context of hearing a new word (Baldwin and Tomasello 1938; Hol-
lich, Hirsh-Pasek, and Golinkoff 2000}.

These findings make sense when we consider that words, as first
encountered by infants, are actions. Mature language users under-
stand words as symbols with a life of their own—interpretable when
heard on the radio, typed on a page, or scrawled on a wall. But for
babies, words are first encountered as human behaviors. This leads
to the question of the kinds of action knowledge infants have at their
disposal to recruit in word learning,

53 Infants’ Sensitivity to the Relational Structure of Action
In recent work, my students and I have investigated aspects of early

ﬁiiun Jknowledge that might scaffold infants’ initial interpretation
words. We have found that prelinguistic infants understand that
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certain actions center on the relation between an agent and some
object in the world. From an adult standpoint, this “object directed-
ness” is a property of many intentional actions {Barresi and Moore
1996; Wellman and Phillips 2001; Woodward 1998; Woodward, Som-
menville, and Guajardo 2001). As Barresi and Moore (1996, 107) de-
scribed, adult folk psychology “represents the activities of agents that
are directed at objects. Such activities include simple purposive
actions or psychological orientations that are directed at real objects,
such as seeing, fearing, or poking them, as well as more complex
mental activities ... that may be directed at imaginary objects.”
[nfants’ sensitivity to this aspect of action seems Lo be limited at first.
Before 9 months, infants seem to be sensitive to the agent-object -
relation for events involving grasping (Woodward 1998, 1999, 2003a;
Woodward, Sommerville, and Guajardo 2001), and perhaps other
instrumental actions (Jovanovic et al, 2002). It makes sense that
infants would start here: grasping is ubiquitous in the environment,
and is also one of the first instrumental actions that infants can pro-
duce themselves. Even at this early point, infants distinguish between
grasping and apparently purposeless manual contact, construing the
former but not the latter in terms of agent-object relations (Wood-
ward 1999). From early in life, then, infants do not simply attend to
physical contact between people and things, but instead focus more
preciscly on meaningful actions.

Between 9 and 12 months, infants' understanding of object-
directed action is elaborated a way that may be particularly important
for word learning—they begin to construe atientional behaviors, in
particular looking and pointing, as being object directed. The actor-
object relation is less concrete for gaze and pointing than for instru-
mental actions: these actions occur at a distance from the referent
object, and, unlike grasping, do not generally have 2 visible impact
on the object. Despite this lack of a concrete connection, for adults,
these two actions are readily conceived of as indicating a relation
between a person and the object of her gaze or point. Imagine a
woman seated behind two toys, a ball and a bear, who turns to one
side, directing her eyes toward the bear. Adults would probably
describe this event in terms of the relation between the person and
the object of her gaze—for example, “The woman looks at the
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bear.” Notice, however, that this event could be described in ways
that make no reference to this relation (e.g., “She terned her head
down and to the right"). If infanis did not understand the object-
directed nature of looking, they might focus on these aspects of the
event.

1n a recent series of studies (Woodward 2003a), I used the visual-
habituation paradigm to investigate infants’ sensitivity 1o the rela-
fional structure of looking events. Infants were habituated o an
event such as the one described above. A woman, seated behind two
toys, made eye contact with the infant, said "“Hi. Look!", and then
mrned to look at one of the two toys. She then remained still, look-
ing at the toy, until the infant looked away to end the trial. This was
repeated until the infant's attention had declined to half its initial
level. Then the toys were reversed, and infants saw two kinds of
Lest events in alternation. In one, the woman turned to the same side
as during habituation, this time Jooking at the other toy (new-toy
events). This event preserved many of the features of the original
event, but disrupted the relation between the woman and the abject
of her gaze. In the other test event, the woman turned to the other
side, this tme looking at the same toy as during habituation (new-
side events). This event preserved the relational structure of the
habituation event, hut disrupted other features of the event II
infants, like adults, focus on the relation between looker and object,
they should find the new-toy event more navel, and therefore watch
it longer, than the new-side event. The findings differed as a function
of age. Seven- and 9-month-old infants did not distinguish between
the two kinds of test events, and, in fact, did not recover from habit-
uation on test trials. [t was as if these infants coded the objects in the
display as being the same (the woman, the bear, and the ball again},
and did not consider the relations between them. Twelve-month-
olds, in contrast, looked longer on new-loy trials than on new-side
trials, recovering on the former but not the latter. These infants, like
adults, focused on the relation between the woman and the object of
her gaze.

Notably, infants at all three ages responded to the woman’s shift in
gaze by orienting their own eyes toward the toy she looked at. During
the very same test trials on which they failed to respond to the
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change in actor-object relation, 7- and 9-month-old infants looked
nearly twice as long at the object of the woman’s gaze than at the
other toy, and they followed the woman's gaze at levels indistin-
guishable from those of 12-month-olds. Thus, the younger infants
were attentve to the woman’s shift in gaze and were motivated to
respond to it. At the same time, they seemed unaware of the looker
object relation—that is, of the fact that the woman was looking at the
1oy. This finding highlights the distinction, discussed. earlier, between
responsiveness to actions and knowledge about actions. Infants may
respond to an action by orienting to some aspect of the environ-
ment, but this does not necessarily indicate that they understand the
action in question as implying a connection between the agent and
that entity. More generally, across several studies, we have found that
infants' propensity to orient in response to an action does not always
travel with their construal of that action as object directed (Wood-
ward 1998, 1999, forthcoming).

In another recent study, Guajardo and I (Woodward and Guajardo
9002) found a very similar pattern for infants’ comprehension of
pointing as object directed. Twelve-month-olds, but nol 9-month-
olds, responded selectively to a change in the relation between a
person who pointed and the referent object. This was true whether
infants saw only a pointing hand or saw the actor’s gaze coordinated
with the point. In both cases the person who pointed touched the
object with her index finger, thus eliminating the need to follow the
point through space to the referent. Infants at both ages responded
to this physical contact by orienting toward the pointing hand and
the toy it indicated—that is, the point was a strong director of
infants' attention. Nevertheless, 9-month-old infants seemed to be
insensitive to the relational structure of the pointing event.

Between 9 and 12 months, then, infants begin to understand wo
actions, one done with the hands and the other with the eyes, as
involving a connection between the person who performs them and
some object. This co-occurrence in time suggests that at this age
infants may atiain a general insight about attentional connections
between people and things, This conclusion converges with observa-
tions of infants’ behavior in naturally occurring social interactions—
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observers have long noted that between 9 and 12 months infants
begin to “tune in" to their social partners, engaging in more shared
atiention and producing as well as responding to communicative
gestures. The current findings provide evidence that this change in
social responsiveness is accompanied by a change in infants’ action

knowledge, specifically, an emerging sensitivity to the relational |

structure of attentional behaviors.

To draw on this knowledge to inform word learning, infants must
be able to relate utterances to the speaker’s other object-directed
actions. This ability would most likely reston the more general ability
to integrate separate actions and relate them to a common object. As
yet, litde is known about the development of this ability, except that
it scems to be present by the end of the first year of life. To illustrate,
12-month-old infants, and some 10-month-olds, can relate the cle-
ments of a means-end sequence to an ulimate goal, for example
interpreting a person's grasp of a box lid as directed at the toy within
the box rather than at the box itself, so long as this analysis is consis-
tent with the causal constraints in the situation (Sommervilie 2002;
Woodward and Sommerville 2000). In addition, 12- to 14-month-old
infants expect that a person’s gaze and manual actions will be
directed toward the same target (Phillips, Wellman, and Spelke 2002;
Spelke, Phillips, and Woodward 1995: Sodian et al. 2002).

To summarize, infants analyze certain actions in terms of their
relational structure. This analysis goes beyond the surface level of
motions and contact, and indicates that infants have begun to extract
meaningful components of behavior. This analysis is first evident in
6 to 9-month-old infants' propensity to relate actors to goals for
actions that appear purposeful, in particular, grasping, but not for
manual contact that appears purposeless. Between 9 and 12 months,
infants begin to relate actors to the objects of their attention, and
also begin to relate actions in a sequence to one another in situations
in which these relations are likely to be meaningful. These later
developments seem to set the stage for language, providing support
for infants’ acquiring the right mappings between words and world,
and also for their acquiring the right kind of mappings. I turn now to
each of these issues.
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54 Getting the Right Mappings

As discussed earlicr, gaze and pointing are critical sources of infor-
mation for word learners. Awareness of the relational nature of gaze
and pointing would have a profound impact on infants’ ability to
learn words, For one, it would set the conditions for acquiring the
right mappings. If infants are able to integrate information about the
simultaneous actions a person produces, then the co-occurrence of
utterances with actions such as gaze and pointing would lead them
to relate words to aspects of the world to which the speaker is be-
haviorally conmected. Infants would be able to respond to words
not a3 disembodied sounds, but as actions that can be meaningfully
related 1o other actions and to the environment. That is, they would
be intelligent learness in the sense described earlier.

Besides making word learning accurate, knowledge about the
relational structure of action may make word learning possible in
the first place. Parents report the beginnings of word comprehen-
sion at 9 to 12 months (Benedict 1979; Fenson et al. 1994), just the
time period during which infants become sensitive to the relational
structure of gaze and pointing. Infants can form associations well
before this age, and likely have heard thousands of uttered words,
but before 9 to 12 months, they do not seem to form many word-
world associations. Why would this be? Perhaps it is because infants
younger than 9 to 12 months, lacking knowledge about attentional
relations, must rely mainly on unconstrained associative learning,
and this mechanism is an ineffective tool for interpreting linguistic
input. By their very nature, words provide a medium for referring
ta absent entities, and speakers exploit this aspect of language rou-
tinely, even when talking to children. Thus, words may not covary
with their referents reliably enough to support unconstrained learn-
ing. Without a lens 1o focus attention on particular potential map-
pings, infants would have little success at associating words with the
correct aspects of the environment. I suggest that knowledge about
attentional relations provides just such a lens, and thereby enables
the first acts of word learning.

This suggestion assumes thal gaze and pointing provide a useful
lens—that is, that they reliably co-occur with utterances naming the
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entity gazed and pointed at. This seems like a reasonable assump-
ton, though more research is required to test it thoroughly. Most
studies of parental labeling behavior have focused on cpisgdcs of
joint attenton, and during these episodes, gaze and pointing are
directed at the objects that are labeled {see Carpenter, Magell, and
Tomasello 1998 for a review). Bul relational-action knowledge would
be useful outside of jointattention episodes as well, and litde is
known about covariation belween gaze, pointing, and labeling in
other contexts. If gaze and pointing were regularly related to spoken
words more generally, action knowledge would enable 1‘.11&}[!15 G]
interpret words based on observing the actions and interacoons ?F
adults, even when the infants themselves were not participants in
the interaction. This is an important point, because although joint-
attention episodes are relevant for all kinds of social learning, lhrzly
do not comprise the bulk of an infant's social and linguistic exper-
ence. In a review of studies with American families, Hoft and Naigles
(2002) report that parents and infants engaged in joint a_n.cnu'on
only 11 to 29 percent of the time, even in conditions designed
maximize joint attention. Jointauention episodes are likely 1o be
even less frequent in cultures that allot children the role of cbserver
mare than the role of equal participant in conversational exchanges
(Ochs and Schieffelin 1995; Rogoff ¢t al. 1993). Infants’ success at
amassing vocabularies despite the relative infrequency of joint at-
tention indicates that at least some of the time, infants are able to
interpret words by analyzing observed behavior outside of social
interactions. Indeed, a recent study has demonstrated this ability in
2year-olds (Akhtar, Jipson, and Callanan 2001).

An open question is whether other aspects of action knowledge
could support word learning. Older children draw on broad behav-
ioral evidence—Ifor example, 2year-olds use behavioral cues that an
action was purposeful or accidental to interpret new verbs (Toma-
sello and Barton 1094). As discussed above, by 6 to 7 months, infants
represent grasping as a relational action, and distinguish between
purposeful and apparently purposeless manual contact. 1t is possible
that this aspect of action knowledge could highlight the link between
words and the objects held by the speaker, as soon as infants are able
to integrate information about distinct actions. Some researchess
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report that, especially early on, parents are likely to manually ma-
nipulate objects while gazing at and labeling them (Gogate, Walker-
Andrews, and Bahrick 2001), and this might reinforce infants' ability
to relate words to referents, In addition, it might enable infants
younger than 9-12 months 1o acquire some word-object mappings.
In this case, the limiting factor on word learning would not be
understanding of attentional actions per se, but rather the ability to
relate distinct actions to a common object.

55 Getting the Right Kind of Mappings

Beyond allowing infants to focus on the right potential associations,
action knowledge may set the conditions for infants acquiring the
right kind of association between word and world—that is, an un-
derstanding of reference. The account I have sketched puts word
learning in the right neighborhood, alongside of and connected to
developing concepts of intentionality. I emphasize “developing” here
because 1 believe it is unlikely that 9- to 12-month-old infants have an
adultlike understanding of intentionality. Mature concepis of inten-
tion are embedded in rich webs of knowledge about psychological
life and acton. Infants lack much of this knowledge. Nevertheless, as
the findings summarized so far suggest, even in the first year of life
infants comprehend some aspects of intentional action. The chal-
lenge is to characterize the nature of infants’ action knowledge and,
by extension, the nature of their understanding of acts of referring.
Adults understand the relational structure of action in both psy-
chological and behavioral terms. To illustrate, on cbserving a worman
gazing at a set of keys on the sidewalk we can imagine her mental
experience (her mind’s-eye view of the keys), infer her likely result-
ing mantal states (she is now aware that the keys are there, and hasa
belief about their location that could be false}, and also predict her
Iikely next actions {moving toward and picking up the keys). Adults
also understand that different kinds of actions signal qualitatively
different sorts of relations—for example, attending to an object ver-
sus having an instrumental intention toward an object. For mature
language users, understanding 2¢ts of reference draws on much of
thie knowledge, First, an understanding of behaviorlevel patierns
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allows us to identify and interpret acts of referring. Then, from the
behavioral evidence, we make inferences about the intentions, at
tention, and mentally represented information at play in the situa-
tion. We understand that, in referring, a speaker intends to draw

someone’s attention 10 a particular entity or to convey information

from his or her own mind to the mind of another person.

We do not yet know how much of this information infants repre-
sent when they analyze the relational structure of action and use
these relations to interpret words. One possibility is that infants are
sensitive to the relational structure of certain actions without yet
understanding their psychological correlates. That is, infants might
understand actor-object relations in purely behavioral terms—{for
instance, knowing that a person who looks at an object is likely
to remain behaviorally connected to it, or knowing that particu-
lar actions predict particular outcomes or subsequent actions. A
behavior-level analysis of the relational structure of action eonld
account for much of the intelligent behavior of 1- and 2-year-old
word learners. Specifically, it would focus autention en those word-
world associations that are supported by meaningful action relations
between speaker and referent.

To account for the ultimate form of linguistic symbols, analysis
beyond the level of behavior is needed. Insight into the inner expe-
riences that are expressed in action, and, in particular, an under-
standing of attentional states as distinct from other kinds of mental
relations, would contribute uniquely and critically to children’s un-
derstanding of words as tools for communicating ideas from one
mind to another. When does this aspect of action knowledge emerge
and become recruited for langnage? Findings with older children
indicate the existence of partial understandings of mental Jife in
early childhood, which are enriched and elaborated in the years that
follow (Flavell 1988; Wellman 1992). In tumn, parts of these partial
understandings may be traceable to still carlier paints in ontogeny. It
is noteworthy that infants’ action knowledge identifies just the rela-
tions that, in mature systems, are relevant to underlying intentions
and atiention. It seems plausible, therefore, that infants know some-
thing about these mental states. On the other hand, even if infanis
are initially limited to a behavioral analysis of action, this analysis
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would provide a basis for subsequent discovery about the inner ex-
periences that correlate with the ohserved relations. One contributor
Lo this discovery might be word learning itself. As Baldwin and Moses
{1996) have proposed, learning words and interpreting the language
behavior of others may provide evidence for infants that other peo-
ple have ideas.

A number of theorists have suggested another route by which
infants might gain information about the inner states of others,
namely, infants bave access to their own inner experiences and may
possess a system for relating information about the self to the actions
of others (e.g., Blakemore and Decety 2001; Carpenter, Nagell, and
Tomasello 1998; Gallese and Goldman 1498; Gopnik and Meltzoff
1997; Tomasello 1999). There is growing evidence that in adults,
there are common neural representations for self-produced actions
and the observed actions of others (see Blakemore and Decety
2001). There is not yet conclusive evidence that such representations
play a role in development, but two findings from our lab are sug-
gestive. Guajardo and 1 found that for infants between 9 and 12
rmonths there was a strong relation between infants’ own production
of relational points and their understanding of observed points as
relational (Woodward and Guajarde 2002), and Sommerville (2002)
has found a similar correlation between infants' ability to produce
instrumental action sequences and their understanding of others'
actions.

Therefore, while infants most certainly lack aspects of action
knowledge that contribute to mature language, even in infancy word
learning seems to be connected to and informed by action knowl-
edge. This sets up the conditions for the development of critical
aspecis of linguistic symbols, in particular, their function as tools
for communicating ideas, This is not the First account to seek the
origins of symbel understanding in prelinguistic social cognition.
Many other accounts have done this, focusing particularly on the
infants' developing participation in communicative interactions as
both evidence of and a contributor to an understanding of others’
communicative intentions (Bates ct al. 1979; Bretherton 1991; Bru-
ner 1978; Carpenter, Nagell, and Tomasello 1998; Tomasello 1999}

The current account stresses a more general insight about inten-
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tional relations between agents and entities in the world. This aspect
of action knowledge could draw from infants’ experiences engaging
with communicative partners, and it would contribute to infants'
understanding of others’ actions in these contexts. However, this
knowledge could emerge from other kinds of experiences as well

{e.g., observing actions of others, reflecting on one’s own actions),

and it would allow infants to interpret utterances outside of joint-
attention episodes.

In this chapter, I have been concerned with a critical piece of
symbolic understanding, which, I have argued, draws on infants’ de-
veloping understanding of intentional action. 1 have ignored other
critical aspects of symbols. In particular, it is equally important for
children to discover the ways words are not like other actions. Words
are part of a formal conventional system. This system differs from
other actions, and by virtue of these differences has a different kind
of expressive power than other kinds of actions do (Goldin-Meadow,
MeNeill, and Singleton 1996; Macnamara 1982). The system consists
of a particular class of forms, which are generated by combining a
ciccumseribed set of phonemes. Elements in this system relate arbi-
tracily to their referents, Thus, for these forms, similarity is a poor
cue to meaning or function. Forms in this system have syntactic as
well as semantic properties. To acquire these aspects of words, in-
fants need more than knowledge about intentions—they need to
be able to extract the properties of the system itself. A number of
recent findings indicate that 1-year-olds have not yet completed this
aspect of symbol development (Namy 2001; Namy and Waxman
1998; Stager and Werker 1997; Woodward and Hoyne 1999}, Tery
Regier and I have proposed that some aspects of the formal symbol
system could be the result of general process learning mechanisms,
so long as these mechanisms are informed and constrained by sacial
knowledge (Regier et al. 2001).

56 Conclusions
There is a certain elegance to the idea that infants begin to decipher

hmgua.gg just by remembering the sounds they have heard while
attending to particular parts of the world. This model atributes 1o
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infants only the simplest and most general learning abilities. More-
over, there is no doubt that associative learning is a pervasive and
powerful contributer to language acquisition at every point in devel-
opment. But this elegant starting position brings in its wake a host of
problems.

The problems I have focused on here pertain to the future of a
learner who begins in this way. Uninformed and unconstrained, a
child equipped with only associative learning would be ill-prepared
to make sense of words. She would likely not succeed in extracting
the right mappings between word and world, and certainly miss out
on getting the right kind of mappings. Our recent findings indicate a
route around these problems. Infants do not treat words as sounds in
the air, but rather as actions of agents. By the end of the first year of
life, infants arc able to analyze the relational structure of action.
They encode certain actions {including attentional actions} in terms
of the relation between a person and the object of her action, they
distinguish between purposeful actions and apparently purposeless
mavements, and they can relate actions to one another and to over-
arching goals. This sensitivity blossoms at just the time that infants
begin to get a grasp on words' reladons to the world—that is, at 9-12
months. Knowledge about the relational structure of action would
impact word learning in at least two ways. First, by ruling out word-
object CO-0CCUrTences that do not involve a meaningful refation be-
tween speaker and object, it would lead infants to focus on the right
mappings. Second, by situating word learning alongside of and con-
nected to action knowledge, it would provide a starting point for
infants’ acquiring the right kind of mappings. Our findings indicate
that by 14 months, infants use this action knowledge to interpret
words. If 1 am right, this “intelligent” word learning should be evi-
dent stll younger, as soon as infants become sensitive to the rela-
tional structure of action.

In addition to these problems, the general assgciative model belies
the complexities of the learning process. Tt assumes that infants ac-
quire stable mappings whenever they experience contiguity between
two stimuli—for example, when they view a picture while hearing 2
recorded voice speaking a novel word. But this turns out not to be
the case. Werker and collcagues (1998) found that while 14-month-
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olds could acquire word-picture associations under these conditions,
g.month-olds tested in the same procedure could not. They suggest
{hat the ability to acquire word-object mappings should be viewed as
a cognitive achievement because the arbitrary nature of the mapping
provides few cues to support the connection between the two stimuli.

More generally, based on their review of work on infants” intermodal -

learning, Gogate and her colleagues (2001) conclude that young
infants do not readily acquire arbitrary mappings between sights and
sounds, although they do readily associate stimuli that are intrinsi-
cally related, such as the visual properties of an object and the
sounds it emits. These intrinsic relations invelve redundant percep-
1ual cues—for example, the visual and auditory features may share
intensity shifts and commonalities in rhythm and tempo. Gogate and
Bahrick (1998, 2001) hypothesized that these redundant cues would
facilitate the acquisition of novel, arbitrary pairings. Consistent with
this hypothesis, they found that 7-month-old infants can acquire a
pairing between speech sound and object when synchrony between
the object's mation and the timing of the speech sound was present,
but not when it was absent. Most intriguingly for the present line
of argument, in their experiments, synchrony between the speech
sound and the object was achieved by showing infants a person’s

" hands holding and moving the object as she spoke. Thus, the cx-
periments provided just the behavioral evidence that 1 propose to be
critical for extracting refations between words and objects.

Finally, assuming an unconstrained associative starting state can
lead to problems for the other end of the theoretical spectrum as
well. A number of theorists take this position as a “strawperson” to
be argued against. This kind of argument sometimes leads to the
impression that the only available positions are that infants learn
words as disembodied associates or that they understand words as
intentionally produced symbeols in their fullest sense. This formula-
tion makes it difficult to see how to bridge the gap. What would a
partial understanding of reference or intention be like? By inves-
tigating infants’ developing action knowledge, we may be able to
formulate clearer hypotheses about the specific kinds of action
knowledge that get word learning off the ground, and that, with
time, develop into mature conceptions of intentions and reference.
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That is, we could then make headway on the problem that Macna-
mara believed insoluble.
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Note

1. For the purpases of this chapter, I will consider the problem of learing words
that re-i_'er to odservable aspects of the world, leaving aside the weighty question of
hiww children come 0 understand words that do not refer in this way.
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