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This study examined the hypothesis that toddlers interpret an adult’s head turn as evi- 
dence that the adult was looking at something, whereas younger infants interpret 
gaze based on an expectancy that an interesting object will be present on the side to 
which the adult has turned. Infants of 12 months and toddlers of 24 months were first 
shown that an adult head turn to the side predicted the activation of a remote-con- 
trolled toy on that side of the room. After this connection had been demonstrated, 
participants were assigned to 2 conditions. In the head turn condition the toys were 
removed but the adult continued to produce head turns to the side. In the toy condi- 
tion the adult stopped turning but the toys continued to be activated when the partici- 
pant turned toward them. Results showed that, compared to 12-month-olds, 24- 
month-olds were more likely to continue to turn to the side when the adult continued 
to turn even though there was no longer anything of interest to see. In contrast, com- 
pared to 24-month-olds, 12-month-olds were, if anything, more likely to continue to 
turn to the side in the condition in which the adult stopped turning. The latter result 
was replicated in a condition in which the activation of the toy was not contingent on 
the child’s own head turn. These results imply that the meaning of gaze following 
may change significantly over the 2nd year of life. For 12-month-olds, gaze is a use- 
ful predictor of where interesting sights may occur. In contrast, for 24-month-olds, 
gaze may be a signal that the adult is looking at something. 
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Gaze following-the ability to turn and look in the same direction as someone 
else-plays a central role in the object-centered or triadic interactions evident to- 
ward the end of the first year of life. Once infants can attend to what another person 
is attending to, they can start to learn about the world through other people. Social 
referencing, prelinguistic communication, and even language become possible. In 
the laboratory, gaze following is usually studied by having an infant interact in 
face-to-face arrangement with an adult-either the mother or an experimenter- 
and then having the adult periodically break the face-to-face arrangement and turn 
to the side to fixate some object outside of the infant's visual field. Under these 
conditions, there is reasonable consensus that infants show gaze following be- 
tween about 9 and 12 months (e.g., Butterworth & Cochran, 1980; Corkum & 
Moore, 1998; Scaife & Bruner, 1975). 

There is still some debate, however, about what this behavior tells us about 9- 
to 12-month-olds' understanding of gaze. A commonsense inference would be 
that infants who show gaze following do so because they understand that the other 
person is looking at or attending to something. Such an interpretation attributes 
to infants an understanding of vision or attention (see Moore & Corkum, 1994). 
The inferential strategy here is essentially the argument by analogy: If infants 
show behavior that resembles what adults do, then it is reasonable to attribute to 
the infants the same kind of understanding normally attributed to adults show- 
ing the same behavior. The argument by analogy has historically been used to 
justify anthropomorphic interpretations of nonhuman animal behavior (e.g., Dar- 
win, 1871/1982; Hume, 1739-1740/1978; Romanes, 1882; see Povinelli & Giam- 
brone, 1999, for a discussion of the limitations of this approach). However, the 
philosophical arguments carry equal force to nonverbal or even verbal members of 
our own species, so that for some (see, e.g., Russell, 1948) the argument by anal- 
ogy is what justifies the attribution of mental states in all cases. In the case of hu- 
man infants, it gains additional force from the obvious fact that infants develop into 
adults and thus at some point the attribution of adult-like understanding must be 
warranted . 

Some authors have questioned the commonsense view of infant social under- 
standing, arguing that there are a variety of alternative explanations for the behav- 
ioral phenomena (e.g., Baldwin & Moses, 1996; Moore & Corkum, 1994; Perner, 
1991). In the case of early gaze following in particular, it is possible that infants 
follow the gaze of an adult because they have in some way acquired an expectation 
that there will be something worth seeing if they turn in the same direction as the 
adult (see Corkum & Moore, 1998). If so, then it would be unnecessary to attribute 
to infants an understanding that people can look at, or attend to, objects in the 
world. If the same behavior could be accompanied by different kinds of under- 
standing, it should be possible to demonstrate the difference behaviorally. Thus, 
the general empirical strategy should be to probe the behavior in question in more 
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detail to see whether the analogy between performance at different ages starts to 
break down under different conditions. 

To date, two main approaches have been adopted in the study of gaze following. 
A number of researchers have examined the development of gaze following to ob- 
jects in different spatial locations. In the earliest stages of gaze following, from 
about 3 to 6 months, infants tend to follow gaze only to targets in visible near space 
(Butterworth & Cochran, 1980; D’Entremont, Hains, & Muir, 1997). During the 
second half of the first year, infants start to follow gaze to locations that are beyond 
the immediate visual field (Corkum & Moore, 1998). By 12 to 18 months, infants 
will follow gaze to targets that are behind them (DeAk, Flom, & Pick, 2000), or out 
of view behind barriers or in containers (Butler, Caron, & Brooks, 2000; Moll & 
Tomasello, 2004). They also become able to follow gaze to the particular target of 
the adult’s attention even if there is more than one available target (Butterworth & 
Cochran, 1980; von Hofsten, Dahlstrom, & Fredriksson, 2005). These studies are 
all consistent with the idea that as infants’ spatial representations become more dif- 
ferentiated, changing from local egocentric frames to include various locations out 
of immediate view, they become able to use gaze to predict the location of objects 
within this progressively differentiated three-dimensional world (Butterworth & 
Cochran, 1980; Butterworth & Jarrett, 1991). 

The second approach has been to try to consider the differences in the gaze cues 
that are used by younger and older infants. There is now strong evidence that when 
infants first start to follow gaze they do so on the basis of head movements 
(Corkum & Moore, 1995). Use of eye direction develops more gradually. Infants 
first start to recognize the significance of eyes toward the end of the first year in 
that they will not follow head turns with eyes closed (Brooks & Meltzoff, 2002). 
However, infants do not reliably follow adult shifts in eye direction without con- 
current head turns to targets outside the visual field until 18 months of age, some 9 
months after they follow head turns in the same contexts (Butterworth & Jarrett, 
1991; Moore & Corkum, 1998). Research on the use of multiple cues has also 
demonstrated that infants respond better when there are more cues and more obvi- 
ous cues, such as larger head turns and gaze-gesture combinations (e.g., Caron, 
Kiel, Dayton, & Butler, 2002; De& et al., 2000). 

In this work, our approach was to probe further the idea that older toddlers 
might construe an adult’s head turn as meaning that the adult was looking at some- 
thing, whereas younger infants’ behavior in gaze following situations might be 
governed by an expectancy that an interesting object would be to the side to which 
an adult turned. 

Children were tested in a face-to-face setup with an adult and with two toys, one 
on each side of the room. These two toys could be activated by remote control. 
Over four trials, we first showed the children the activation of the toys after the 
adult turned to fixate them. This familiarization phase served to demonstrate to the 
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children both that interesting toy activations were available to be seen and that 
adults’ gaze shifts were a good cue to when and which toy activation would occur. 
Our hypothesis was that children on opposite sides of the 18-month transition 
would have subtly different interpretations of this experience. Infants closer to the 
onset of gaze following would learn primarily that gaze direction could be used to 
predict which toy would be activated. In contrast, older children on the other side 
of the 1 8-month divide would understand that the adult was turning to look at the 
interesting events. To examine this hypothesis, we tested children at 12 months (in- 
fants) and 24 months (toddlers). We excluded 18-month-olds on the grounds that 
they might be transitional between the two levels of gaze following. 

In Experiment 1 we divided the children into two groups at each age and ex- 
posed them to a test phase in which one or other of the components of the familiar- 
ization phase was removed. Half the children continued to see the adult turn for a 
maximum of 20 trials, but in this head turn condition the toys were removed so that 
there was no longer anything of interest to see on either side. We predicted that be- 
cause the toddlers would be more likely than infants to interpret the adult’s head 
turn in the test phase as meaning that the adult was looking at something, they 
would be more likely to continue to follow head turns even after the toys had been 
removed. We also predicted that the infants would be less likely to continue to fol- 
low the adult’s head turns in this condition because without the toys there would no 
longer be a good reason to follow gaze. Given that differences in gaze following in 
this head turn condition could result from differences in initial interest, continuing 
interest, or both, in the events independently of the adult’s behavior, the other half 
of the children were assigned to a control condition in which the toys remained in 
place and were activated if and when the children turned toward them. In this toy 
condition, however, the adult did not produce any head turns to predict which toy 
would be activated on any particular trial. If the older children followed gaze more 
than did the infants in the head turn condition, then this difference should also 
show up in the toy condition. Experiment 2 introduced an additional control condi- 
tion similar to the toy condition of Experiment 1 in that there were no adult head 
turns in the test phase, but different in that the toys were activated on each test 
phase trial whether or not the infant turned. 

EXPERIMENT 1 

Method 

Participants were 58 children at two ages-1 2 months (infants) 
and 24 months (toddlers). Children were randomly assigned to two conditions at 
each age with the constraint of equal numbers of participants in each condition. At 
the younger age, there were 14 infants in the head turn condition (9 boys) with a 

Participants. 
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mean age of 12 months, 18 days (range = 11;12-13;18) and 14 infants in the toy 
condition (10 boys) with a mean age of 12 months, 25 days (range = 11;08-13;25). 
At the older age, there were 15 toddlers in the head turn condition (7 boys) with a 
mean age of 24 months, 6 days (range = 23;23-24;22), and 15 toddlers in the toy 
condition (7 boys) with a mean age of 24 months, 11 days (range = 23;02-25;04). 
Five additional children (3 infants, 2 toddlers) did not complete enough trials (a 
minimum of eight test trials) due to restlessness or fussing. All participants were 
recruited from birth announcements in local newspapers. Participants were com- 
pensated with a certificate of achievement. 

Procedure. Sessions were conducted in a small plain room of dimensions 
3.19 m x 1.75 m (see Figure 1). On each side of the room was a 45 cm x 45 cm 
x 45 cm black box that was mounted on the far side of a black plywood wall ap- 
proximately 77.5 cm from the floor and 1.35 m away from the chair on which 
the parent and infant sat. Inside each box was a turntable on which was placed 
an identical black-and-white stuffed dog (approximately 22.5 cm tall). These 
toys could be seen at all times when in the boxes through a 45 cm x 45 cm 
Plexiglas window on the front of each box. An experimenter in an adjacent con- 
trol room watched the session on video and activated either toy as needed. When 
activated, the turntable rotated and a light mounted above the toy inside the box 
was illuminated. 

During the session, the child was seated on a parent’s lap facing a female exper- 
imenter about 0.6 m away. The experimenter engaged the child in face-to-face in- 
teraction. Parents were asked to close their eyes for the duration of the testing to 
prevent cuing their child. Both prior to and following each trial, the experimenter 
used a combination of vocalization and touch to engage the child in a social inter- 
action and reestablish eye contact at midline. Intertrial intervals varied in length 
depending on how quickly the experimenter was able to reestablish eye contact, 
but typically were on the order of a few seconds. 

Video camera 

Experimenter 

Target toy 

Infant 

Mother 

Target toy 

Video camera 

FIGURE 1 Schematic of laboratory layout. 
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There were two phases in the session. During the first, the familiarization phase, 
there were four trials (two to each side) of gaze redirection. The change in gaze di- 
rection was achieved by the experimenter reorienting her head and eyes to one or 
other side to fixate on the toy on that side. This reorientation of gaze occurred after 
the infant was looking at the experimenter and was maintained for a duration of 7 
sec. To establish timing, as soon as she initiated the head turn, the experimenter 
would say “OK’ aloud and start a tape that counted down 7 sec into an earpiece 
that she wore. As soon as the experimenter initiated the change in gaze direction, 
the toy toward which the experimenter had turned was activated by the second ex- 
perimenter in the control room. When the countdown reached zero, the interactive 
experimenter again said “OK’ and she turned back to face the child. At this point 
the activation of the toy was ceased. The familiarization phase demonstrated to the 
children that the adult’s gaze shift was associated with an interesting event. All of 
the children tested turned to see the activated target on each of the four trials, al- 
though on occasion their first head turn was not in the direction of the activated toy 
(see “Results” section). 

After the familiarization phase, the test phase began. For the head turn condi- 
tion, after the familiarization phase the experimenter got up and removed the two 
toys from their boxes and hid them out of sight. This action was performed in full 
view of the child. The experimenter then sat down again opposite the child and 
continued interacting in the same manner as before. Trials were presented in the 
same way as in the familiarization phase with the adult turning only after the infant 
was attending to her, except that there was no toy activation. The experimenter said 
“OK,” turned to one side or the other, and fixated the empty toy box for 7 sec. The 
side to which the experimenter turned was determined according to two fixed se- 
quences with the constraint that no more than two head turns to the same side oc- 
curred consecutively. 

For the toy condition, the experimenter continued to interact with the child and, 
when eye contact had been achieved, she would indicate the start of a trial by say- 
ing “OK.” This signal marked the beginning of the period during which the toy on 
one side would be activated by the experimenter in the control room if the infant 
turned in that direction. At this point, the interactive experimenter would also start 
a tape that counted down 7 sec into an earpiece that she wore. When the countdown 
reached zero, the experimenter again said “OK’ and the trial ended. The experi- 
menter did not turn to the side for these trials, but continued to look at the infant’s 
face. After the end of the trial, the experimenter then interacted with the child if 
necessary to reestablish eye contact. The toy that was designated for activation was 
determined in advance according to the same two fixed sequences as were used for 
the head turn condition. 

There was a maximum of 20 test trials in both conditions. This phase was subdi- 
vided into five blocks of four trials each, within each of which there were two trials 
to each side. Some participants did not complete all 20 trials of the test phase due to 
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restlessness or fussiness. The experimenter who was interacting with the infant 
and producing the head turns made the decision on termination of the session. 
Qpically the decision hinged on the experimenter’s inability to reestablish eye 
contact after a trial. For scoring purposes, only completed blocks of four trials 
were included. All participants completed at least two blocks of trials (eight trials). 
Two participants in each age group completed only two blocks, 6 infants and 10 
toddlers completed only three blocks, 9 at each age completed only four blocks, 
and the rest completed all five blocks (1 1 infants, 9 toddlers). The numbers of par- 
ticipants who received shortened test phases are considered analytically in the 
“Results” section. 

A full-face view of the experimenter and a full-body view of the infant were re- 
corded with separate video cameras and the two images were combined on a split 
screen. The session lasted approximately 6 to 8 min. 

Scoring. A coder who was naive to the hypotheses of the study scored the 
videotapes for the direction of all infant head turns in the horizontal plane to occur 
during each trial. For the familiarization phase and for the head turn condition of 
the test phase, each head turn was also designated either a match or a mismatch de- 
pending on whether the turn was aligned with (match) or in the direction opposite 
(mismatch) the orientation of the experimenter’s gaze. Match-mismatch differ- 
ence scores were then calculated for the familiarization phase and for the head turn 
condition of the test phase for each test block by subtracting the frequency of first 
infant head turns that were mismatches from the frequency of first infant head 
turns that were matches. 

Reliability was carried out by a second coder naive to the hypotheses of the 
study on 2 1 participants drawn randomly from each age and condition. Kappa cal- 
culated on the direction of first head turn on each trial was .86. 

Results 

The initial set of analyses was conducted to confirm that the participants assigned 
to the two test conditions were equivalent in the familiarization phase, during 
which all participants received the same experience. First, to determine whether 
there were initially equivalent levels of responding to the directionality of the ex- 
perimenter’s head turn and toy activation, the first head turn following the adult’s 
head turn on each trial was scored and a match-mismatch difference score of head 
turns to fixate the toy in the same direction as the adult minus head turns to fixate 
the toy in the opposite direction was calculated. These data were analyzed by a 
two-way analysis of variance (ANOVA) with age and condition as the between- 
subject variables. This analysis showed a significant main effect for age, F(1,54) = 
4.53, p c .05 (qp2 partial eta-squared = .077), and no other effects. The means 
shown in Table 1 confirm that infants were more likely than toddlers to respond to 



222 MOORE AND POVINELLI 

TABLE 1 
Means (and Standard Deviations) for Match-Mismatch Difference Score 

and Total Number of Head Turns During the Familiarization Phases 
of Three Conditions 

Experiment I 

Head Turn TOY Experiment 2 

M SD M SD M SD 

Difference score (maximum = 4.00) 
12-month-olds 4.00 0.00 3.71 0.73 2.33 1.29 
24-month-olds 3.07 1.49 3.60 0.83 3.53 .83 

12-month-olds 8.07 2.34 8.21 2.93 6.93 2.84 
24-month-olds 8.93 3.99 6.80 2.37 6.87 2.56 

All head turns 

Note. N =  15 for all cells except 12-month-old head turn and toy conditions where N =  14. Condition 
labels of Experiment 1 (head turn, toy) refer to conditions that participants go on to experience in the 
test phase of Experiment 1. 

the familiarization events by turning in the same direction as the adult to fixate the 
activated toy. There was no difference in performance between those participants 
assigned to the head turn condition and those assigned to the toy condition. Perfor- 
mance in all groups was significantly (p < .001) above chance, where chance is a 
difference score of 0. Second, to determine whether there were initially equivalent 
levels of overall interest in the events, all head turns to the side on trials in the fa- 
miliarization phase were counted and analyzed according to age and test condition. 
A two-way ANOVA showed no significant effects, with means shown in Table 1. 
Therefore initial overall level of interest in the events did not differ according to 
age or condition. 

Next we turned to the analysis of head turns in the test phase (see Table 2a). 
First, we compared the total number of test phase trials on which participants pro- 
duced at least one head turn. A two-way ANOVA with age and condition as be- 
tween-subject variables showed no significant main effects but a significant and 
strong interaction, F(1, 54) = 19.76, p < .0001 (qp2 = .268). Follow-up one-way 
ANOVAs of age for each condition showed that in the head turn condition, toddlers 
turned on significantly more trials than did the infants, F( 1, 27) = 13.57, p < .001 
(qp* = .334). In contrast, in the toy condition, infants turned on significantly more 
trials than did the toddlers, F(1, 27) = 7.28, p < .05 (qp2 = .212). 

Because the numbers of trials completed varied across participants, it was im- 
portant to take this variation into account. In one sense different numbers of trials 
represent a potential confound compromising interpretation of the effects just re- 
ported. However, in another sense, session length may also be taken as a measure 
of performance because children may become fussy or disinterested depending on 
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TABLE 2 
Performance Measures During the Test Phases of Three Conditions: 

Mean Number of Trials and Standard Deviations on Which at Least One 
Head Turn Was Produced; Mean Number of Trials and Standard 

Deviations Completed; and (c) Proportion of Completed Trials on Which 
at Least One Head Turn Was Produced 

Experiment I 

Head Turn TOY Experiment 2 

M SD M SD M SD 

a) Trials with head turns 
1 2-month-olds 8.14 3.42 13.71 3.32 18.93 2.37 
24-month-olds 12.33 2.69 10.13 3.80 15.53 3.93 

12-month-olds 15.57 3.96 17.79 2.46 19.27 1.87 
24-month-olds 16.67 3.12 15.80 3.41 16.93 3.52 

with head turns 
12-month-olds .53 .16 .77 .I6 .98 .04 
24-month-olds .74 .I0 .64 .18 .91 .08 

b) Trials completed (maximum = 20) 

c) Proportion of completed trials 

Nore. N = 15 for all cells except 12-month-old head turn and toy conditions where N = 14. 

the significance for them of the events. We therefore analyzed the number of trials 
completed until termination of the session. A two-way ANOVA with age and con- 
dition as between-subject variables was conducted (see Table 2b). This analysis 
showed no main effects but a marginally significant interaction, F( 1,54) = 3 . 1 7 , ~  
= .081 (qp2 = .055). There was no age difference in number of trials completed in 
the head turn condition, but infants completed marginally more trials than toddlers 
in the toy condition, F( 1, 27) = 3.20, p = .085 (qp* = .106). 

These results show that the pattern of performance revealed in the analysis of 
number of trials completed, although weaker, follows the pattern revealed in the 
analyses of the number of trials on which a head turn was produced. Because of 
the potential confound, we carried out two further analyses on the number of tri- 
als with a head turn taking number of trials completed into account. First, we re- 
peated the original two-factor ANOVA on the proportion of trials completed on 
which infants produced at least one head turn (see Table 2c for the descriptive 
statistics). This analysis yielded no significant main effects but a significant Age 
Group x Condition interaction, F(1, 53) = 18.81, p < .001 (qp2 = .258). Fol- 
low-up one-way ANOVAs for each condition showed that toddlers turned on a 
significantly greater proportion of completed trials than infants in the head turn 
condition, F(1, 27) = 20.25, p < .001 (hp2 = .429), but infants turned on margin- 
ally more trials than toddlers in the toy condition, F( 1, 27) = 4.1 1,p = .053 (qp2 
= .132). 
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Second, as a more conservative approach, we also carried out an analysis on a 
subset of the data: the first two test blocks that all participants completed. Perfor- 
mance in the first and second test blocks of the test phase was compared in 
three-way mixed ANOVAs with age and condition as between-subject variables 
and block as a within-subjects variable. This ANOVA again examined the number 
of trials on which at least one head turn occurred (see Table 3 for the descriptive 
statistics). This analysis showed a significant effect of block, F( 1,54) = 11.41, p < 
.01 (qp2 = .174), with more trials in the first block resulting in head turns than in 
the second block. There was also a significant Age x Condition interaction, F( 1, 
54) = 5.38, p < .05 (qp2 = .091). Block did not interact significantly with the be- 
tween-subject variables, so follow-up ANOVAs on age for each condition were 
done pooling across the two test blocks. Toddlers were more likely to turn in the 
head turn condition than were the infants, F( 1,27) = 6 .61 ,~  < .05 (qp2 = .197), but 
in the toy condition, there was no significant effect, F( 1,27) = 30,  ns (qp2 = .029). 

We also analyzed gaze following accuracy in the test phase of the head turn con- 
dition by counting the initial head turn to the side on each trial and then calculating 
a match-mismatch difference score of head turns in the same direction as the adult 
minus head turns in the opposite direction. In this way, a match-mismatch differ- 
ence score was generated for each completed four-trial block. Because participants 
completed different numbers of blocks of trials, we analyzed performance only for 
the first and second test blocks. A two-way mixed ANOVA with age as the be- 
tween-subject variable and block as the within-subjects variable showed a signifi- 
cant effect of age, F( 1,27) = 4.80, p < .05 (qp2 = .15 l), but no effect of block and 
no interaction between age and block. Comparison of means (Table 4) shows that, 
in general, older children were more accurate than younger children. Nevertheless, 

TABLE 3 
Mean Number of Trials and Standard Deviations on Which 

at Least One Head Turn Was Produced Across the First and Second Test 
Blocks of Three Conditions 

First Block 

M SD 

Second Block 

M SD 

Experiment 1 : Head turn condition 
12-month-olds 
24-month-olds 

12-month-olds 
24-month-olds 

12-month-olds 
24-month-olds 

Experiment 1: Toy condition 

Experiment 2 

3.29 0.73 
3.60 0.74 

3.36 1.01 
2.87 1.2s 

4.00 0.00 
3.97 0.26 

1.79 0.98 
2.60 1.18 

2.86 1.17 
2.73 1.10 

4.00 0.00 
3.87 0.35 

Note. N = IS for all cells except 12-month-old head turn and toy conditions where N = 14. 
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TABLE 4 
Match-Mismatch Difference Scores for the First and Second Test Blocks 

in the Head Turn Condition of Experiment 1 
~~ 

First Block Second Block 

M SD M SD 

12-month-olds 1.29 2.36 1.43 1.74 
24-month-olds 2.53 1.73 2.60 1.18 

~~~~~ 

Nore. N = 14 for 12-month-old groups and N = 15 for 24-month-old groups. 

over the two test blocks, children in both age groups were significantly more likely 
than chance to turn in the same direction as the adult: infants, r(13) = 2.91, p < .05; 
toddlers, t( 14) = 8.33, p < .001. 

The preceding analyses all reflect performance based on the first head turn that 
children produced in a trial. However, children frequently did not produce only one 
head turn per trial. Often children would look to one side, turn back to the experi- 
menter, and then turn again. In the head turn condition, as noted, the first head turn 
was more often in the direction of the experimenter’s head turn. In the toy condi- 
tion, the first head turn was essentially random because there was no available cue 
for the children to predict on which side the activation would occur. Table 5a shows 
the number of trials in the first two blocks of the test phase with more than one 
child head turn as a function of age group and condition. Analysis of these data 
showed no significant effects. Next we examined the direction of the second head 
turn. Sometimes children’s second head turn was in the same direction as their first 
and sometimes it was in the opposite direction. The proportion of second head 

TABLE 5 
Comparison of Head Turn and Toy conditions of Experiment 1 Over the 
First Two Test Phase Blocks for (a) Mean Number of Trials and Standard 

Deviations on Which More Than One Head Turn Was Produced; 
and (b) Mean Proportions and Standard Deviations of Second Head Turns 

in the Same Direction as the First Head Turn 

Head Turn TOY 

M SD M SD 

a) Trials with more than one head turn 
12-month-olds 3.21 1.97 3.29 1.86 
24-month-olds 2.93 1.58 2.07 1.98 

the same direction as the first 
12-month-olds .27 .28 .35 .22 
24-month-olds .43 .44 .I5 .24 

b) Proportion of second head turns in 

Note. N = 14 for 12-month-old groups and N = 15 for 24-month-old groups. 
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turns that were in the same direction as the first head turns was calculated for the 
first two test blocks and analyzed according to age and condition (see Table 5b). 
This analysis showed no main effects but a significant Age Group x Condition in- 
teraction, F( 1,54) = 4.75, p < .05 (qp* = .08 1). Follow-up ANOVAs for each age 
group on condition showed that toddlers were more likely to repeat the direction of 
their first head turn in the head turn condition than in the toy condition, F( 1,27) = 
4.41, p < .05 (qp2 = .136). In contrast, infants were about as likely in each condi- 
tion to make as many second head turns in the same direction as their first, F( 1,27) 
= .75,ns (qp2 = .028). 

Discussion 

This experiment revealed several differences in patterns of head turning between 
toddlers of 24 months and infants of 12 months. First, during the familiarization 
phase, infants turned more in the same direction as the experimenter than toddlers. 
Because the targets were automatically activated during the familiarization phase, 
the initial difference does not reflect a difference in gaze following accuracy. In- 
stead it may reflect a greater initial interest in actual target activation for the infants 
than for the toddlers. However, because there was no age group difference in the 
overall amount of head turning during familiarization, infants and toddlers seemed 
to be equally interested in the events as a whole. The test phase of the head turn 
condition does reflect gaze following because here the targets were not present to 
attract the children’s attention. In this condition both the 12- and 24-month-olds 
followed the adult’s head turn more often than chance, which is consistent with 
earlier research on gaze following without targets (e.g., Corkum & Moore, 1995; 
De& et al., 2000). However, the toddlers were more accurate at gaze following 
than the infants. 

Second, infants and toddlers showed different patterns of head turning in the 
test phase. When the adult continued to turn in the absence of the toys in the head 
turn condition, toddlers were more likely than infants to continue following the 
adult’s gaze shift. This difference in performance could not reflect a greater inter- 
est in the toy activations in the toddlers or a general lessening of interest over time 
in the infants because when the toys were still available to be seen and activated in 
the toy condition, infants maintained their head turning as much or to an even 
greater extent than did the toddlers even though the adult was no longer turning. 
This pattern of performance was seen most strongly when the whole data set was 
analyzed for number of trials on which at least one head turn occurred. A similar 
trend was observed in terms of the number of test trials completed. Infants were 
more likely to get restless when the toys were no longer available, whereas toddlers 
were more likely to get restless when the adult was no longer turning. The interac- 
tion between age and condition was maintained even when the analysis was carried 
out on trials on which at least one head turn occurred as a proportion of number of 
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trials completed. Nevertheless, because of the confound between number of trials 
completed and overall number of trials on which head turns were produced, the 
data from the first two test blocks present a more conservative picture of the differ- 
ence between infants and toddlers. Here, the difference between infants and tod- 
dlers still showed up significantly for the head turn condition, with toddlers being 
more likely to turn than infants through the first two test blocks. In the toy condi- 
tion, there was no significant difference between the two age groups. 

These results are generally consistent with the predictions motivating the study. 
There was strong evidence that toddlers were more likely than the infants to con- 
tinue turning to the side when the adult was doing so, even though the original toys 
had been removed and there was nothing obvious to see. In contrast, there was evi- 
dence that infants were as, or even more, likely than toddlers to continue looking 
toward one or other toy location in the condition where the toys were present and 
potentially active even though the adult was no longer turning. These results show 
clearly that infants and toddlers are not behaving the same way in this gaze follow- 
ing situation. 

The analysis of second head turns provides additional information on infants’ 
and toddlers’ responding to the two experimental conditions. When second head 
turns in the same direction as the first were analyzed as a proportion of all second 
head turns, there was again an Age x Condition interaction. Toddlers were most 
likely to turn in the same direction on both their first and second head turns in the 
head turn condition and least likely to do so in the toy condition. This result may be 
interpreted as toddlers checking back to the adult once their initial head turn re- 
vealed nothing of interest. When they saw that the adult was still exhibiting the 
same head turn, they turned back in the same direction. In the toy condition, tod- 
dlers tended not to show this pattern: If they produced a second head turn it was 
very likely to be in the opposite direction. Infants showed the reverse pattern, being 
less likely to turn in the same direction in the head turn condition than in the toy 
condition. 

This experiment was originally designed to expose children during familiariza- 
tion to the two elements of the gaze following situation-adult head turns and in- 
teresting sights-and then remove one element in each condition during the test 
phase. However, it could be argued that the toy condition changed two aspects of 
the situation from the familiarization to the test phases. First, the adult no longer 
produced head turns. However, in addition to this change, the interesting sight was 
made contingent on the child‘s appropriate head turn, whereas in the familiariza- 
tion phase activation of the toy had occurred whether or not the child turned. It is 
possible that this change in contingency had an important effect on the infants’ per- 
formance. In effect, the infants’ responses in this condition may have been more 
driven by a motivation to work out the new contingency between their own move- 
ment and the appearance of the toy than the toddlers. Therefore as a control for the 
head turn condition it may not have been appropriate in introducing a novel feature 
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of the situation. To clarify this issue, we ran an additional control condition in 
which the same familiarization phase was followed by a test phase in which the 
adult no longer turned but the toys were activated on every trial, as they had been 
during familiarization. We predicted that this condition would still lead to equiva- 
lent or higher rates of responding in the infants compared to the toddlers. 

EXPERIMENT 2 

Method 

Participants. Fifteen 12-month-olds and 15 24-month-olds made up the final 
sample. The infants (12 boys) ranged in age from 11; 10 to 13;2 ( M  = 12;0), 
whereas the toddlers (8 boys) ranged from 23;O to 24;22 ( M =  23;24). One other in- 
fant was too anxious to participate and 1 other toddler became too restless to con- 
tinue after five test phase trials. Participants were recruited and compensated in the 
same way as for Experiment 1. 

Procedure. The experiment was carried out in the same laboratory environ- 
ment and the familiarization procedure was in all respects the same as for Experi- 
ment 1. All participants turned in the same direction as the experimenter to see the 
activated toy on at least one trial of familiarization. Three infants and 1 toddler 
missed one trial on one side. 

The test phase was carried out in exactly the same way as the toy condition of 
Experiment 1 except that during the trials, the activation of the toy on the predeter- 
mined side occurred for the duration of the period between the two “OK’ signals of 
the interactive experimenter. Therefore the activated toy was available to be seen 
for the duration of each trial during the test phase. 

Coding of child head turns was carried out as for Experiment 1 by one primary 
coder and reliability coding was carried out on 15 participants drawn randomly 
from both ages. Both coders were naive to the experimental hypotheses. Reliabil- 
ity on direction of first head turn was excellent (K = .94). 

Results and Discussion 

As for Experiment 1, the first head turn following the adult’s head turn on each fa- 
miliarization trial was scored and a match-mismatch difference score of head turns 
to fixate the toy in the same direction as the adult minus head turns to fixate the toy 
in the opposite direction was calculated. In this experiment, toddlers performed 
better than infants, F( 1, 28) = 9.15, p < .005 (qp2 = ,246). When compared to Ex- 
periment 1, it can be seen that toddlers’ performance was equivalent across experi- 
ments, whereas the infants performed rather worse in this experiment (see Table 
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1). Nevertheless gaze following performance for both age groups was above 
chance (p c .OOl). Examination of the overall amount of infant head turning during 
the familiarization phase showed reduced levels in general compared to Experi- 
ment 1. The reasons for these differences across experiments are unclear. The par- 
ticipants were drawn from the same population and the experiment was carried out 
under the same protocol and in exactly the same laboratory context. The average 
age of the infants was slightly younger in this experiment than in Experiment 1, so 
it is possible that age differences are involved. In addition, the experimenter was 
different so interpersonal factors may have had an influence. Nevertheless, it is im- 
portant to note that there was no difference between age groups within this experi- 
ment in the overall amount of head turning during the familiarization phase, sug- 
gesting that interest in the events did not vary with age. 

Not surprisingly, children’s head turning in the test phase of this experiment 
was rather higher overall than in Experiment 1. Most of the children completed all 
20 trials of the test phase. Despite the overall high level of responding, there were 
still age differences (see Table 2). The infants turned to see the toys on more trials, 
F( 1, 28) = 8.24, p < .01 (qp2 = .227), and completed more trials than did the tod- 
dlers, F( 1,28) = 5.15, p < .05 (qp2 = . I S ) .  A one-way ANOVA of the proportion 
of completed trials on which infants produced at least one head turn showed that 
infants turned on a higher proportion of completed trials than toddlers, F( 1,28) = 
9.1 1, p c .005 (qp2 = .246). Because of a ceiling effect, there was no age difference 
in terms of performance on the first two blocks of test phase trials (Table 3). 

This difference in pattern of head turning across the two age groups is consis- 
tent with that found in the toy condition of Experiment 1: Infants showed more in- 
terest in locating the toys than did the toddlers. It implies that the results observed 
in that condition are not a result of the change in contingency between familiariza- 
tion and test periods. As with the toy condition of Experiment 1, performance in 
this new condition contrasts with that observed in the head turn condition of Exper- 
iment 1, in which toddlers followed gaze to a greater extent than the infants even 
when there were no toys to be seen. The latter result is therefore consistent with the 
idea that toddlers are more concerned than infants with determining the locus of 
the experimenter’s gaze, and that this difference is not due to a greater interest in 
the toy activation events. 

GENERAL DISCUSSION 

With these new findings, there are now three lines of evidence demonstrating that 
gaze following differs across age under various experimental conditions. Previous 
research has shown that the way infants search space in gaze following situations 
differs across age as the specificity of gaze following to particular locations and 
targets increases (Buttenvorth & Cochran, 1980; Buttenvorth & Jarrett, 1991; 
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Defik et al., 2000; Moll & Tomasello, 2004). It is also known that the gaze cues 
used by infants at different ages differ, with younger infants tending to follow head 
turns, whereas older infants recognize the importance of eye direction (Brooks & 
Meltzoff, 2002; Moore & Corkum, 1998). 

Although these previous lines of research point to differences in the way re- 
sponding to gaze changes with age in late infancy, the results reported here go fur- 
ther in perhaps revealing something about the differing motivations in following 
gaze that infants and toddlers have. Our results are consistent with the idea that 
toddlers appear to be more concerned with trying to determine what the interactive 
partner is looking at as they maintain their gaze following to a greater extent than 
the infants, even when there is no obvious target. This finding is not a result of tod- 
dlers’ greater interest in the objects of attention or of 12-month-old infants being 
generally less interested in the interactive situation as a whole. In these studies, in- 
fants found the target sights as interesting as or even more interesting than the tod- 
dlers and they used gaze cues when there was something worth looking at. How- 
ever, when there was no longer something worth looking at, gaze cues were less 
likely to be used by the infants. 

Although our findings add to the evidence of behavioral differences in the gaze 
following of infants and toddlers, we do not claim that we have shown anything de- 
finitive about the difference in understanding of gaze between 12- and 24-month- 
olds. For example, it could be the case that the interaction we observed is the result 
of older children being more interested in people’s gaze behavior and younger 
children being more interested in the targets, although such differences in interest 
beg the question of what makes these events relatively more or less interesting. 
However, our results do clearly demonstrate that the analogy between infants’ and 
older children’s gaze following behavior is at the very least limited in scope. In 
similar work with chimpanzees, such subtle behavioral differences have been 
linked to underlying differences in gaze understanding (e.g., Povinelli, 1999). 
Thus, we present these data in an effort to clarify that gaze following of younger in- 
fants may reflect a different understanding of joint attention situations than that of 
toddlers. 
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