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Abstract

We investigated |-year-old infants’ ability to infer an adult’s focus of attention solely on the basis of her voice direction. In
Studies | and 2, 12- and 16-month-olds watched an adult go behind a barrier and then heard her verbally express excitement
about a toy hidden in one of two boxes at either end of the barrier. Even though they could not see the adult, infants of
both ages followed her voice direction to the box containing the toy. Study 2 showed that infants could do this even when
the adult was positioned closer to the incorrect box while she vocalized toward the correct one (and thus ruled out the
possibility that infants were merely approaching the source of the sound). In Study 3, using the same methods as in Study
2, we found that chimpanzees performed the task at chance level. Our results show that infants can determine the focus of

another person’s attention through auditory information alone—a useful skill for establishing joint attention.
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One of the key skills acquired during young children’s
cognitive and social-cognitive development is joint attention.
Joint attention is foundational for children’s earliest intersub-
jective social interactions, as well as for intentional communi-
cation, including linguistic communication (e.g., Carpenter,
Nagell, & Tomasello, 1998). Virtually all of the research on
this topic, however, has concerned children’s joint visual
attention, showing that children can follow and direct others’
visual attention to external entities. But the fact that blind chil-
dren find ways of entering into joint attention with others in
order to learn language (Perez-Pereira & Conti-Ramsden,
1999) suggests that there may be routes into joint attention via
other perceptual modalities.

One possible route is the auditory modality. Much research
has shown that human infants and even many nonhuman pri-
mates follow the direction of others’ gaze to external targets
(e.g., Flom, Lee, & Muir, 2006; Tomasello, Call, & Hare,
1998). Although even newborn human infants are capable of
localizing the sources of sounds (e.g., Alegria & Noirot, 1978;
Muir & Field, 1979), we are aware of no research investigat-
ing infants’ (or adults’) ability to follow the direction of some-
one’s voice to an external entity. This skill would be highly
useful for humans because it would enable individuals engag-
ing in collaborative activities to detect the direction of an

interactant’s attention without looking up from what they
themselves are doing. Therefore, we began by investigating
the ability of 1-year-old infants to follow the direction of an
adult’s voice to an external target when they could not see the
adult.

Study |

In Study 1, we investigated whether infants could determine
where an unseen adult was looking just by hearing her voice.
An experimenter positioned herself behind a tall barrier and
opened two boxes on the floor at either side of it; one of the
boxes contained a toy (the infants did not know which one).
Then, from behind the barrier (and therefore out of sight of the
infants), the adult verbally expressed excitement while look-
ing (with her head turned) toward one of the two boxes. We
tested whether infants subsequently went to that box to get
the toy.
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Method

Participants. Thirty-two 16-month-olds (mean age = 16
months 0 days, range = 15 months 15 days to 16 months 15
days; 16 boys, 16 girls) participated. An additional 12 infants
were tested but were excluded from the final sample because
they were fussy (n = 7), they were distracted by their parent
during the test (n = 1), or they did not move from their parent
during one or more trials (n = 4). (Testing was stopped
for infants who did not move on more than one trial.) Only
infants whose parents said they could crawl or walk around a
room independently participated in the study. Infants were
recruited from a database of parents in a midsized German city
who had volunteered to participate in child-development stud-
ies. The infants’ parents came from various socioeconomic
backgrounds.

Materials and design. The materials were a large wooden
barrier (160 cm x 0.9 cm x 122 cmy; see Fig. 1) and four pairs
of matching cardboard boxes (each 34 cm % 24 cm x 17 cm).
To reduce perseveration across trials, we decorated each pair
of boxes differently from the others and used a different pair of
boxes for each trial. On each trial, only one of the two boxes
contained a toy (a ball, a car, a duck, or a fish); this was the
box (hereafter referred to as the correct box) that the experi-
menter vocalized toward at test. To ensure that infants could
not use visual cues or sound cues other than the experiment-
er’s voice to find the toy, we placed it inside the box in such a
way that it would not be visible until infants were quite close
to the box, and immobilized it with small sponge walls so it
could not make noise when the box was moved. Each infant
was tested in four consecutive trials, with the correct box twice
on the right and twice on the left, in fully counterbalanced
order.

Procedure. During a warm-up play period, the experimenter
played with each infant (with toys different from those used
during the test) and encouraged the infant to move around the

room, including behind the barrier, to make sure he or she was
not scared of the barrier or what might be behind it.

During the subsequent testing procedure, the infant sat or
stood with his or her parent (who was sitting on a chair) 2 m
from the center of the barrier. On each of the four trials, the
experimenter first walked behind the barrier and showed
the infant a pair of boxes by holding them above the center of
the barrier. The experimenter next squatted behind the barrier
(still facing forward), simultaneously placed one box on the
floor on each side of the barrier, and then simultaneously
opened the boxes. (The boxes were open so that, during the
test, the experimenter could react as if she had just discovered
the toy.) For the test, she stood up and called to the infant from
above the center of the barrier (“I opened the boxes. Now pay
attention!”). Then, while remaining at the center of the barrier
and facing the infant, she again squatted behind it. While
blocked by the barrier, she turned her head toward the correct
box (see Fig. 2) and said excitedly, “Oh, wow! This is so nice!
[Infant’s name]! Come! Come here!” The infant could thus
hear the experimenter’s voice, which was directed toward one
of the boxes, but could not see her at all (and the last time the
infant had seen her, she had been facing the infant and at the
center of the barrier). At this point, the infant was allowed to
move freely, in whichever direction he or she chose.

If the infant did not move toward either box, the experi-
menter repeated her excited call toward the correct box. If the
infant still had not moved after the experimenter had repeated
the call three times (with a pause after each call), the trial was
aborted. If the infant moved toward the correct box and tried
to pick up the object, the experimenter gave it to the infant to
play with briefly. If the infant went to the empty box, the
experimenter showed the infant the toy in the other box with-
out giving it to him or her.

Coding and reliability. All sessions were videotaped, and a
coder who was blind to the location of the toy coded which
box (left or right) each infant locomoted to during each trial.
Infants were coded as locomoting to a box if they covered

Fig. . Photograph of the experimental setup from the infants’ perspective.
Infants faced a barrier with one box on either side of it.

Fig. 2. Photograph showing the experimenter’s position behind the barrier
during the test phase in Study |.
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more than half the distance between their start position and the
box (once infants were closer to the box, they could potentially
see the toy in it, so any change in the direction of locomotion
at that point might have been caused by the infant having spot-
ted the toy). To assess interrater reliability, we had a second
coder independently code data from a random sample of 25%
of the infants. There was perfect agreement.

Results and discussion

Infants’ level of performance was above chance even on the
first trial (sign test, p <.001, g = .32), with 81% of the infants
going to the correct box on that trial, despite not having any
previous exposure to the task. Overall, across the four trials,
the infants’ level of performance was still significantly better
than chance (mean number of correct trials = 2.56, SD = 0.62;
Wilcoxon signed-rank exact test: T =136, N= 16, p <.001;
r = .68), although some infants started perseverating to one
side after the first trial. Eleven of the 13 infants who developed
a side bias (i.e., infants who went to the same side on all four
trials) had gone to the correct box on the first trial.

Our results suggested that 16-month-olds can follow
another person’s voice direction and can use it to infer what
that person is attending to even if he or she cannot be seen.
However, another explanation of the results is possible. As
Figure 2 illustrates, while the experimenter vocalized toward
the toy, her mouth was not at the center of the barrier, but
rather was on the side of the barrier where the correct box was
located. In addition, the experimenter had said, “Come here,”
which might have led the infants to move toward her rather
than toward one of the boxes. This raises the possibility that
the infants used a different (though still sound-related) cue to
solve the task: the source of the sound, rather than the experi-
menter’s voice direction. That is, the infants might simply
have approached the source of sound, the experimenter, and
come across the box with the toy on their way to her instead of
following her voice direction. Study 2 was designed to address
this possibility.

Study 2

In Study 2, we pitted the source-of-sound explanation against
the voice-direction explanation. While the experimenter vocal-
ized toward the correct box, her head was positioned closer to
the box without the toy. Therefore, if infants were heading
toward the source of the sound, we expected them to go to the
box without the toy, whereas if they were following voice direc-
tion, we expected them to go to the correct box. We tested a
group of 12-month-old infants, in addition to another group of
16-month-olds.

Method

Participants. Infants were recruited as they had been in Study
1. Thirty-six 12-month-olds (mean age = 12 months 16 days;
range =12 months 0 days to 12 months 29 days; 18 boys, 18

girls) and thirty-six 16-month-olds (mean age = 16 months 0
days; range = 15 months 15 days to 16 months 15 days; 18
boys, 18 girls) participated. An additional 19 infants (12-month-
olds: n = 8; 16-month-olds: n = 11) were tested but excluded
from analyses because they were fussy (12-month-olds: n = 3;
16-month-olds: n = 2), they were distracted by their parent dur-
ing the test (12-month-olds: n = 1; 16-month-olds: n = 2), or
they did not move from their parent on one or more trials
(12-month-olds: n = 4; 16-month-olds: n = 7).

Procedure. The procedure for Study 2 was identical to that for
Study 1 apart from one small but crucial modification. During
the test, after squatting behind the barrier, the experimenter
positioned herself on the side opposite the correct box (see
Fig. 3) while looking toward the correct box and vocalizing
excitedly. Thus, if infants were inclined simply to move toward
the source of the sound (i.e., the experimenter) or to somehow
use its location to locate the box with the toy, we expected
their performance to be poor.

Coding and reliability. The coding procedure for Study 2 was
identical to that for Study 1. To assess interrater reliability, we
had a second coder code data from a random sample of 25% of
the 12-month-olds and 25% of the 16-month-olds. There was
perfect agreement.

Results and discussion

Again, the 16-month-olds’ performance was significantly
above chance, even on their first trial (sign test, p < .01, g =
.28), with 78% of the infants going to the correct box. Overall,
across the four trials, performance was also better than chance
(mean number of correct trials = 2.53, SD = 0.70; Wilcoxon
signed-rank exact test: T'=120, N= 15, p <.001; r = .60),
although again some infants developed a side bias. Thirteen of
the 19 infants who showed a side bias had gone to the correct
box on their first trial and then persisted in going to the same

Fig. 3. Photograph showing the experimenter’s position behind the barrier
during the test phase in Study 2.

Downloaded from pss.sagepub.com at Max Planck Institut on May 22, 2013


http://pss.sagepub.com/

Infants Follow Voice Direction

1301

Table I. Distribution of Infants Who Went to the Correct Box on
Each Trial in Studies | and 2

Study I: Study 2: Study 2:
Trial |6-month-olds |6-month-olds |12-month-olds
Trial | 81% 78% 61%
Trial 2 59% 67% 61%
Trial 3 66% 64% 58%
Trial 4 50% 44% 64%

side of the barrier. Our results thus show that 16-month-olds
did not simply use the source of the sound to solve the task;
instead, they followed the experimenter’s voice direction.

On their first trial, 61% of the 12-month-olds went to the
correct box; this level of performance was not significantly
above chance (sign test, p = .24, g = .11). Again, some infants
perseverated to one side after the first trial, but only 7 of these
17 infants went to the correct box on the first trial. Still, the
12-months-olds’ overall level of performance across the four
trials was significantly better than chance (mean number of
correct trials = 2.44, SD = 0.77; Wilcoxon signed-rank exact
test: T =123, N=16, p <.01; »=.50). Thus, by 12 months of
age, infants are at least beginning to be able to follow others’
voice direction.

Tables 1 and 2 present the percentages of infants who went
to the correct box on each trial in Studies 1 and 2 and the dis-
tributions of correct responses for both studies. Additional
analyses concerning the performance of infants who did not
complete all four trials, measurements of the sound intensity
of the experimenter’s voice, and the effects of trial number,
counterbalancing order, and the number of calls infants lis-
tened to before they moved are presented in the Supplemental
Material available online.

Study 3

In an attempt to determine whether humans’ closest primate
relatives also have the ability to follow voice direction, we
next tested chimpanzees.

Table 2. Distribution of Infants by Number of Correct Responses
in Studies | and 2

Number of Study I: Study 2: Study 2:
correct trials |6-month-olds  |16-month-olds  |2-month-olds
0 0% 0% 0%

| 0% 0% 6%

2 50% 58% 56%

3 44% 31% 28%

4 6% 11% 11%

Subjects were 16 chimpanzees (Pan troglodytes) of various
ages (7 males, 9 females). These chimpanzees were used to
having humans verbally encourage or direct them (e.g., to
come to food or change cages) daily. The procedure for Study
3 was similar to that for Study 2. After a warm-up period in
which each chimpanzee had to find food that had been visibly
placed for him or her in one of the two boxes at the sides of the
barrier, a human experimenter sat behind the barrier and
repeatedly called the chimpanzee (“[Name], come here! Come
and look!”) while facing the correct box from the opposite side
of the barrier (as shown in Fig. 3). Each chimpanzee com-
pleted 12 trials. The placement of the food was randomized
across trials (but the food was never in the same box more than
twice in a row). Interrater agreement on data for a random
sample of 25% of the chimpanzees was perfect.

The chimpanzees’ performance on the first trial was at
chance level (sign test, p = .80), with 7 of the 16 chimpanzees
going to the correct box. Overall performance across the 12
trials was also at chance level (mean number of correct trials =
6.19, SD = 1.64; Wilcoxon signed-rank exact test: 7" = 38,
N =11, p=.65; r=_.11; see Table 3). Interestingly, one chim-
panzee went to the correct box on 10 of the 12 trials (binomial
probability, p < .05). This 10-year-old male chimpanzee had
been raised in a human home after birth and cared for by
humans from age 1 to age 3. The only other chimpanzee that
had some human rearing, a 12-year-old female who had been
reared in a nursery, performed at chance level.

General Discussion

Our results for 16-month-old infants were clear: When the
experimenter was out of sight behind the barrier and talked
excitedly about the toy, they were able to determine which box
the toy was in, even on their very first trial. Study 2 showed
that infants were not just approaching the source of the sound
and chancing upon the toy; rather, they were following the

Table 3. Distribution of Chimpanzees by
Number of Correct Responses in Study 3

Number of correct

trials (of 12) Chimpanzees
0-3 0%
4 13%
5 25%
6 31%
7 6%
8 19%
9 0%
10 6%
11-12 0%
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experimenter’s voice direction fo the toy. The performance
of 12-month-olds was somewhat less robust, but it too was
above chance level overall, even though these infants partici-
pated only in the more demanding Study 2, in which the exper-
imenter’s head (i.e., the source of sound) was closer to the
incorrect box than to the correct box.

Thus, 1-year-old infants not only can discern the direction-
ality of a voice without seeing the speaker, but also appear to
be able to use voice direction to infer the speaker’s focus of
(visual) attention and, therefore, what he or she is referring to.
Typically, voice direction and gaze direction coincide, so
together they represent redundant pieces of information. How-
ever, when infants cannot see the face of a speaker—for exam-
ple, when they are looking down playing with toys or have
their back turned—the ability to follow voice direction helps
them determine whether the speaker is talking to them and
what he or she is referring to or focused on. As a group, chim-
panzees showed no ability to follow voice direction, perhaps
because they do not normally use vocalizations to establish
joint attention with others in their natural environments. How-
ever, future research is needed to determine whether chimpan-
zees are able to follow voice direction in other contexts or with
conspecifics.

The vast majority of research on infants’ understanding
of others’ attention has focused on visual attention, document-
ing a quite sophisticated, referential understanding of others’
gaze (e.g., Butler, Caron, & Brooks, 2000; Csibra & Volein,
2008; Moll, Koring, Carpenter, & Tomasello, 2006; Moll &
Tomasello, 2004). The studies we report here demonstrate that
infants may rely on other sources of information along with
gaze direction to discern what other people are attending and
referring to, and thus raise interesting questions about the repre-
sentation of others’ attention and the understanding of reference
in infancy.
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Note
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sample size is reduced because of tied observations.
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