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Adults use gaze and voice signals as cues to the mental and emo-
tional states of others. We examined the influence of voice cues
on children’s judgments of gaze. In Experiment 1, 6-year-olds, 8-
year-olds, and adults viewed photographs of faces fixating the cen-
ter of the camera lens and a series of positions to the left and right
and judged whether gaze was direct or averted. On each trial, par-
ticipants heard the participant-directed voice cue (e.g., ‘‘I see you’’),
an object-directed voice cue (e.g., ‘‘I see that’’), or no voice. In 6-
year-olds, the range of directions of gaze leading to the perception
of eye contact (the cone of gaze) was narrower for trials with
object-directed voice cues than for trials with participant-directed
voice cues or no voice. This effect was absent in 8-year-olds and
adults, both of whom had a narrower cone of gaze than 6-year-
olds. In Experiment 2, we investigated whether voice cues would
influence adults’ judgments of gaze when the task was made more
difficult by limiting the duration of exposure to the face. Adults’
cone of gaze was wider than in Experiment 1, and the effect of
voice cues was similar to that observed in 6-year-olds in Experi-
ment 1. Together, the results indicate that object-directed voice
cues can decrease the width of the cone of gaze, allowing more
adult-like judgments of gaze in young children, and that voice cues
may be especially effective when the cone of gaze is wider because
of immaturity (Experiment 1) or limited exposure (Experiment 2).
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Introduction

The direction of people’s gaze provides a cue to the focus of their attention and thereby allows
inferences about their intentions (Baron-Cohen, 1995; Baron-Cohen, Wheelwright, Hill, Raste, &
Plumb, 2001; Senju & Johnson, 2009). Direct gaze can signal interest in the viewer, threat, or domi-
nance, whereas averted gaze can signal attention directed toward an object in the environment,
deception, or avoidance (Argyle & Cook, 1976; Einav & Hood, 2008; Kendon, 1967). Voice cues can also
convey information about a person’s attention and/or intention. For example, saying a person’s name
can signal the intent to communicate (Moray, 1959; Senju & Csibra, 2008), whereas an object-directed
voice cue (e.g., ‘‘That looks nice!’’) can signal attention toward an object in the environment (e.g.,
Parise, Cleveland, Costabile, & Striano, 2007). The combination of information from voice and gaze
cues may facilitate social judgments by allowing individuals to use information from voice cues to
interpret ambiguous gaze cues. Previous research indicates that children’s judgments of direct and
averted gaze do not become adult-like until around 8 years of age (Vida & Maurer, 2012a). Here, we
asked whether children combine information from gaze and voice cues when making judgments of
direct and averted gaze and whether the combination allows young children to make more adult-like
judgments of gaze. We investigated these questions by having 6-year-olds, 8-year-olds, and adults
judge the direction of gaze in photographs of faces while hearing voice cues implying that the model
was looking at the participants (e.g., ‘‘I see you’’) or at an object in the environment (e.g., ‘‘I see that’’).
Adults’ judgments of direct and averted gaze

Adults can detect horizontal and vertical differences of approximately 1� in the direction of some-
one else’s gaze toward objects in the environment (e.g., Symons, Lee, Cedrone, & Nishimura, 2004;
Vida & Maurer, 2012b, 2012c). However, the range of directions of gaze over which adults perceive
eye contact (the cone of gaze) is much larger at approximately 5.5� in width (Gibson & Pick, 1963; Lord
& Haith, 1974; Vida & Maurer, 2012a) and 7� in height (Vida & Maurer, 2012a). These values indicate
that adults tend to attribute eye contact over a range of directions of gaze corresponding with the
width and height of an adult’s own face (Vida & Maurer, 2012a). Adults’ tendency to attribute eye con-
tact over a relatively large range of directions of someone else’s gaze may minimize social costs asso-
ciated with missing an invitation to interact with someone who is looking toward them.

In the only previous study of the effect of voice cues on judgments of direct and averted gaze,
adults viewed faces that had direct gaze or gaze averted in a series of directions to the left and right
(Stoyanova, Ewbank, & Calder, 2010). Each face was accompanied by a voice calling the participant’s
own first name or another person’s first name. The cone of gaze was wider when the participant heard
his or her own name than when the participant heard another person’s name. Hearing one’s own name
could signal that someone is directing attention toward the participant, whereas hearing another per-
son’s name could signal that someone is attending to another person in the environment. Hence, the
effect of voice cues in Stoyanova and colleagues (2010) could indicate that the cone of gaze becomes
wider when the participant hears his or her own name, becomes narrower when the participant hears
another person’s name, or both.
Development of sensitivity to direct and averted gaze

From birth, infants respond preferentially to eye contact, at least when shown faces with direct
gaze and gaze averted far to the side. When shown such a pairing, newborns look longer at the face
that makes eye contact (Farroni, Csibra, Simion, & Johnson, 2002). By 4 months of age, infants not only
look but also smile longer at faces with direct gaze (Hains & Muir, 1996; Symons, Hains, & Muir, 1998),
and the N240 event-related potential (ERP) is larger for such faces compared with faces with averted
gaze (Farroni, Johnson, & Csibra, 2004). The ERP difference may reflect greater cortical processing of
faces with direct gaze. By 4 or 5 months of age, infants will look in the same direction as a face with
averted gaze (e.g., look to the left when the face looks to the left), but only after a period of mutual
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gaze (Farroni, Mansfield, Lai, & Johnson, 2003). Together, these results suggest that from early during
the first year of life, infants detect and respond selectively to eye contact.

By 3 years of age, children can make explicit judgments about direct and averted gaze when differ-
ences in the direction of gaze are large. When shown pairs of faces in which gaze is direct in one face
and averted 25� in the other, 3-year-olds, but not 2-year-olds, are able to report which face is making
eye contact (Doherty, Anderson, & Howieson, 2009). By 6 years of age, children are sensitive to much
smaller differences between direct and averted gaze. In one study, both children (6-, 8-, 10-, and 14-
year-olds) and adults viewed photographs of models fixating the center of a camera lens and a series
of positions to the left/right or up/down. The width of the horizontal cone of gaze was more than 50%
larger in 6-year-olds (8.47�) than in adults (5.49�), and decreased to an adult-like width by 8 years of
age (Vida & Maurer, 2012a). The vertical cone of gaze was statistically adult-like by 6 years of age.
Thus, 6-year-olds attribute eye contact to a face that is in fact looking within approximately 4.25�
to either side of straight ahead (approximately 2� beyond the edge of a child’s own face), whereas old-
er children and adults attribute eye contact to a face looking within approximately 2.75� to either side
of straight ahead, a range corresponding roughly with the width of the participant’s own face. The nar-
rowing of the horizontal cone of gaze between 6 and 8 years of age could reduce social costs associated
with attributing eye contact when a person’s gaze is actually averted (e.g., perceiving others as
attempting to establish a social interaction when they are actually looking at another target in the
environment). Together, these results suggest that sensitivity to direct and averted gaze is present
from birth but that judgments do not become adult-like until approximately 8 years of age.

Voices influence children’s responses to gaze cues as early as infancy. Voice cues implying that an
adult’s attention is directed toward infants versus toward an object influence infants’ responses to
shifts in the adult’s gaze. For example, at 6 months of age (youngest age tested), infants are more likely
to orient in the direction of an adult’s averted gaze when hearing infant-directed speech than when
hearing adult-directed speech (Senju & Csibra, 2008). At 10 to 13 months of age (the youngest age
tested), infants’ response to a novel toy depends on whether or not the adult seen during familiariza-
tion looked at, and spoke about, the toy with which infants were familiarized (Parise et al., 2007). At
16 or 17 months of age (the youngest age tested), infants who are asked to point to the referent of a
novel noun choose the object an adult was looking at when they first heard the noun (Baldwin, 1991).
Together, these results suggest that sensitivity to combinations of gaze and voice cues is, at least to
some degree, present before 2 years of age.

In sum, previous studies indicate that voice cues influence adults’ judgments of direct and averted
gaze (e.g., Stoyanova et al., 2010) and influence infants’ behavioral responses to gaze cues (e.g., Parise
et al., 2007). Previous research also indicates that children’s sensitivity to direct and averted gaze does
not become adult-like until around 8 years of age (Vida & Maurer, 2012a). The purpose of the current
study was to investigate whether voice cues modulate children’s judgments of direct and averted gaze.
In Experiment 1, 6-year-olds, 8-year-olds, and adults made judgments of gaze while hearing an object-
directed voice cue (e.g., ‘‘I see that’’), the participant-directed voice cue (e.g., ‘‘I see you’’), or no voice.
By including a no voice condition, we were able to assess, for the first time, whether object-directed
voice cues, which can be interpreted as indicating that the model is looking at an object in the envi-
ronment, can decrease the width of children’s cone of gaze, thereby allowing more adult-like judg-
ments of gaze, and whether participant-directed voice cues, which can be interpreted as indicating
that the model is looking at the participant, increase the width of the cone of gaze similarly in children
and adults. In Experiment 2, we reduced the exposure time for the model’s face to see whether the
added uncertainty would alter the effect of voice cues on adults’ judgments of gaze.
Experiment 1

In the first experiment, we investigated whether voice cues modulate children’s judgments of di-
rect and averted gaze during the period when the cone of gaze is decreasing to an adult size (between
6 and 8 years of age) (Vida & Maurer, 2012a). Specifically, 6-year-olds, 8-year-olds, and adults viewed
photographs of faces fixating the center of the camera lens and a series of positions to the left and right
and pressed a button to indicate whether the model’s gaze was direct or averted toward one of two
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identical toy jewels placed to the left and right of the model’s face. As each face was presented, par-
ticipants heard an object-directed voice, the participant-directed voice, or no voice. We compared the
width of the cone of gaze among the three voice conditions to see whether it was smaller for the ob-
ject-directed voice condition and/or larger for the participant-directed voice condition.

Method

Participants
Participants were English-speaking 6-year-olds (6 years 6 months ± 3 months, M = 6.52 years, 11

girls and 13 boys), 8-year-olds (8 years 6 months ± 3 months, M = 8.51 years, 15 girls and 9 boys),
and adults (18–24 years, M = 20.30 years, 17 women and 7 men) (n = 24/group). Adult participants
were undergraduate students who received course credit for participation. Child participants were re-
cruited from a database of children whose parents volunteered to participate in research at the time of
the children’s birth. All participants were visually screened and had normal or corrected-to-normal vi-
sion. Adults and 8-year-olds were required to have at least 20/20 letter acuity on the Lighthouse eye
chart and normal stereoacuity as measured by the Randot test. The 6-year-olds met the same stereoa-
cuity criterion, but the acuity criterion was relaxed to 20/25 because acuity is still improving in this
age range (Adams & Courage, 2002; Ellemberg, Lewis, Liu, & Maurer, 1999). An additional 2 children
were tested but were replaced because they failed visual screening (1 8-year-old) or because their re-
sponse curves were so broad that we were unable to estimate the width of the cone of gaze in at least
one voice condition (1 6-year-old) (see Results for description of this measure).

Stimuli
Faces. All face stimuli came from the stimulus set used in Vida and Maurer (2012a). Stimuli were full-
color digital photographs of adults with a neutral expression fixating the middle of the camera lens
and a series of positions ranging from 1.6� to 8.0� to the left and right in increments of 1.6� (see
Fig. 1). The stimulus set consisted of three male models and three female models (all Caucasian).
All facial images were displayed at life size and at an eye height of 113 cm on a Dell P1130 Trinitron
21-inch monitor set to a resolution of 1152 � 870 and a refresh rate of 75 Hz. The experiment was run
in MATLAB (7.6.0, R2008a, MathWorks, Natick, MA, USA) using the Psychophysics Toolbox extensions
(Brainard, 1997) on an Apple computer.

Voices. Voice stimuli were digital audio recordings of four native English-speaking adults (two male
and two female) saying phrases implying that they were either looking at participants (participant-di-
rected voice set) or looking at an object in the environment (object-directed voice set). All voices were
recorded with an AT-812 dynamic microphone (Audio-Technica, Stow, OH, USA) and a Duet audio
interface (Apogee Electronics, Santa Monica, CA, USA) controlled by an Apple computer running Reap-
er software (Cockos, San Francisco, CA, USA). Each voice clip was normalized in MATLAB to achieve
consistent loudness across clips. Any periods of silence at the beginning and/or end of each voice clip
were removed in MATLAB.
Direct6.4° left 6.4° right3.2° right3.2° left

Fig. 1. Examples of face stimuli for one of the six models presented in the current study.
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Speakers were instructed to use an enthusiastic, positive-sounding tone of voice for all phrases.
There were six phrases in each set. The following phrases were in the participant-directed voice
set: ‘‘Hello,’’ ‘‘Hi there,’’ ‘‘You’re good,’’ ‘‘You’re nice,’’ ‘‘You’re super,’’ and ‘‘I see you.’’ The following
phrases were in the object-directed voice set: ‘‘That’s nice,’’ ‘‘That’s good,’’ ‘‘That’s cool,’’ ‘‘What’s
that?,’’ ‘‘That’s shiny,’’ and ‘‘I see that.’’ In each set, four phrases had two syllables and two phrases
had three syllables. An independent-samples t test indicated that there was no difference in duration
between the participant-directed stimuli (M = 1039.02 ms, SD = 268.24) and the object-directed stim-
uli (M = 1063.46 ms, SD = 156.60), p > .70. Voices were presented at a typical conversational level
(approximately 60 dB) through a pair of Reveal Digital Series 80-W desktop speakers placed 30 cm
to the left and right of the computer monitor.
Apparatus
Participants were positioned 150 cm in front of the computer monitor and speakers. Participants

used a chin rest to maintain a consistent head position and an eye height of 113 cm (the eye height
of the model) above the floor. Two identical plastic toy jewels, 3 cm in diameter, were mounted on
narrow wooden boards and were positioned 58 cm from participants (92 cm from the monitor) at a
height of 113 cm (the eye height of the model and participants). The jewels were placed 4.5 cm to
either side of midline (9 cm apart). From participants’ position, the jewels appeared to the left and
right of the model’s face.

Participants entered responses on a computer keyboard placed on a table directly in front of them.
Participants used the ‘‘F’’ key with a leftward-pointing arrow taped over the top to indicate left re-
sponses, the ‘‘H’’ key with a rightward-pointing arrow taped over the top to indicate right responses,
the ‘‘G’’ key with a blue circle taped over the top to indicate direct responses, and the ‘‘X’’ key with a
red circle taped over the top to respond to catch trials (see ‘‘Design’’ section below for description). The
experimenter used an additional computer keyboard to advance the experiment.
Design
Participants completed a test block in which they judged the direction of gaze in the face of a single

model. Before each test block, participants received a practice block with a different model of the
opposite sex. The presentation of models was counterbalanced across participants so that each of
the six models appeared four times in test trials and four times in practice trials across the participants
in a given age group.

The practice block consisted of 12 trials, with the model fixating the center of the camera lens (4
trials) and the points farthest away from center (4 trials at 8.0� left and 4 trials at 8.0� right), presented
in a random order. During practice trials, participants received feedback indicating whether their re-
sponses were correct or not (a cartoon image of a happy face with a 1000 Hz tone for correct responses
and a cartoon image of a sad face with a 400 Hz tone for incorrect responses). Participants were al-
lowed three attempts to reach a criterion of 75% accuracy. All adults, all 8-year-olds, and 22 6-year-
olds reached criterion on the first attempt. The other 2 6-year-olds required a second attempt to reach
criterion. No voices were presented during the practice block.

In the test block, for each voice condition, participants viewed the face of one of six models fixating
the camera lens and a series of 11 positions covering a range from 8.0� left to 8.0� right in steps of 1.6�.
Participants completed 8 trials at each fixation position for a total of 88 trials per voice condition. In
the no voice condition, no sound was presented. In the object-directed and participant-directed voice
conditions, on each trial participants heard the voice of a person matching the sex of the face. For each
participant, the identity of the speaker was randomly selected from among two speakers of the appro-
priate sex. Each participant saw the same model’s face and heard the same model’s voice on each trial.
On each trial, the voice clip to be presented was randomly selected from among six voice clips in the
appropriate set. Trials from the three voice conditions were intermixed and presented in a random or-
der with the constraint that the same voice cue was not presented on consecutive trials. Participants
received breaks after 88 and 164 trials. To assess attentiveness, we included 5 catch trials that ap-
peared at random positions within each set of 88 trials with the constraint that catch trials were never
fewer than 5 trials apart. In each catch trial, a cartoon image of rocks appeared on the screen.
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Participants were instructed to press a button to sound an alarm when they saw this image. During the
test block, participants received general encouragement but no trial-specific feedback.

Procedure
After the procedure was explained, written consent was obtained from a parent of each child par-

ticipant and verbal assent was also obtained from 8-year-olds. After positioning the participant appro-
priately in the apparatus, the experimenter displayed a photograph of the model that would appear in
the practice block. The experimenter explained the task as follows (with appropriate adjustments if
the model was male):

This is Jenny. She is an explorer who loves to search for buried treasure!

After pressing a key to present a cartoon image of the inside of a cave, the experimenter continued as
follows:

Jenny has been searching for treasure deep in this cave, and now she is lost! To find her way out of
the cave, she has to look at you and follow you. The problem is that there are some treasures in the
cave, like these jewels. Jenny loves jewels, and she always wants to stop and look at them when she
notices them. If Jenny is looking at the jewels instead of looking at you, she could get lost. Your job
will be to help Jenny stay on course by watching her face carefully and deciding if she is looking at
you or away from you toward one of the jewels. If you think Jenny is looking at you, press this but-
ton [experimenter points to blue button]. If she is looking away from you toward this jewel [points
to left jewel], press this button [points to left arrow]. If she is looking away from you toward this
jewel [points to right jewel], press this button [points to right arrow].

The experimenter then initiated practice trials. Once the participant reached criterion, the experi-
menter introduced the model to be presented in the test block and then delivered the following
instructions:

This is James. Like Jenny, he is an explorer who is lost in the cave. We’re going to help James find his
way out the cave, just like we did with Jenny.

The experimenter then pressed a button to display a photograph of rocks and delivered the following
instructions:

James is lost in a part of a cave that has lots of rocks. If you see rocks like these, you can sound an
alarm to warn James so that he doesn’t trip on the rocks. To sound the alarm, press this button
[experimenter points to red button]. Also, James loves to talk, so you’ll hear him saying lots of dif-
ferent things. Try to ignore what he says and just pay attention to where he is looking.

At the start of each test trial, a black fixation cross appeared at the center of the screen. When the
participant appeared to fixate the cross, the experimenter, who could see the participant but not the
monitor with the face stimuli, pressed a key to present a photograph of the model’s face accompanied,
if applicable, by a clip of the speaker’s voice. The face remained on the screen until the voice clip had
finished playing and the participant had entered an appropriate response. Participants typically com-
pleted the entire procedure in approximately 30 min.

Results

Accuracy on catch trials
Accuracy on catch trials was very high in each group (6-year-olds: M = .99, SD = .02; 8-year-olds:

M = .99, SD = .03; adults: M = .99, SD = .01). Because the group means were identical and near ceiling,
we did not carry out statistical analyses to evaluate group differences for these data. The high accuracy
in each age group suggests that participants in all age groups were attentive throughout the
procedure.
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Curve fitting
For each participant, we calculated the proportion of the 8 trials at each fixation position on which

the model was judged to be looking directly toward the participant, left, or right (see Fig. 2). To quan-
tify sensitivity to direct and averted gaze, as in Vida and Maurer (2012a), we fit logistic functions relat-
ing each participant’s proportions of left and right responses to the fixation positions. All fits were
carried out using the glmfit routines from the Statistics Toolbox in MATLAB. The sum of the left and
right functions was then subtracted from 1 to define a third function fitting the proportion of direct
responses. Goodness of fit was within the acceptable parameters described in Vida and Maurer
(2012a) for all fits. Following Vida and Maurer, we calculated the width of the cone of gaze as the dif-
ference (in degrees) between the points of intersection between the fitted direct function and the fit-
ted left and right functions. These points of intersection correspond to the fixation positions where the
participant was equally likely to judge that the model was making eye contact or looking off the face in
a particular direction. The angular distance between the right and left points of intersection provides a
measure of the width of the cone of gaze.
Width of cone of gaze
We carried out an age (6 years, 8 years, or adult) by voice condition (no voice, participant-directed

voice, or object-directed voice) mixed analysis of variance (ANOVA) with the width of the cone of gaze
as the dependent variable (see Fig. 3). There were main effects of age, F(2,69) = 10.40, p < .001,
gp

2 = .23, and voice condition, F(2,138) = 6.52, p < .005, gp
2 = .09. There was also a significant interac-

tion between age and voice condition, F(4,138) = 3.49, p < .02, gp
2 = .09.

We followed up the age by voice condition interaction with repeated-measures ANOVAs evaluating
the simple main effect of voice condition in each age group. There was a simple effect of voice condi-
tion in 6-year-olds, F(2,46) = 8.41, p < .002, gp

2 = .27, but not in 8-year-olds (p > .50) or adults (p > .90).
We followed up the simple main effect of voice condition in 6-year-olds with Holm–Bonferroni-cor-
rected paired-samples t tests (Holm, 1979) comparing the width of 6-year-olds’ cone of gaze between
each possible pair of voice conditions. The 6-year-olds’ cone of gaze was significantly narrower in the
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object-directed voice condition (M = 7.64�, SD = 2.53) than in the participant-directed voice condition
(M = 8.69�, SD = 2.40), t(23) = 4.71, p < .001, a = .017, d = 0.43, and in the no voice condition (M = 8.57�,
SD = 2.98), t(23) = 3.26, p < .005, a = .025, d = 0.34. However, 6-year-olds’ cone of gaze did not differ be-
tween the no voice condition and the participant-directed voice condition (p > .70). In light of previous
research indicating that 6-year-olds’ cone of gaze is wider than that of adults but reaches an adult-like
width by 8 years of age (Vida & Maurer, 2012a), we also investigated whether there was an effect of
age on the width of the cone of gaze in each voice condition. We carried out one-way ANOVAs eval-
uating the simple main effect of age for each voice condition. For each voice condition, there was an
effect of age (ps < .01, gp

2 values > .10). In each voice condition, a Dunnett’s post hoc comparing the
width of the cone of gaze of 6- and 8-year-olds with that of adults indicated that the cone of gaze
was significantly narrower in adults than in 6-year-olds (ps < .005), with no differences between
adults and 8-year-olds (ps > .20).
Effect of voice cues on proportions of ‘‘direct’’ and ‘‘averted’’ responses in 6-year-olds
Our finding that 6-year-olds’ cone of gaze was narrower in the object-directed voice condition than

in the other voice conditions could reflect a general tendency to avoid attributing eye contact when
hearing an object-directed voice cue regardless of the direction of the model’s gaze, that is, for unam-
biguous direct gaze, and for shifts of gaze to the sides, regardless of size. We conducted three analyses
to evaluate this possibility. The first analysis arises from the prediction that any such general tendency
to avoid reporting eye contact would lead to a lower frequency of ‘‘direct’’ responses for faces with
straight gaze (i.e., images in which the model was fixating the center of the camera lens) in the ob-
ject-directed voice condition than in the other voice conditions. To evaluate this prediction, we calcu-
lated the proportion of each 6-year-old participant’s ‘‘direct’’ responses for straight gaze in each voice
condition. We then carried out a repeated-measures ANOVA with voice condition as the independent
variable and the proportion of direct gaze responses for straight gaze as the dependent variable. There
was no effect of voice condition (p > .75), a result suggesting that the observed effect of voice condition
on 6-year-olds’ cone of gaze does not reflect a general tendency to avoid attributing eye contact when
hearing object-directed voice cues.
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Two additional analyses arose from the prediction that a general tendency to avoid attributing eye
contact when hearing an object-directed voice cue could lead participants to enter more ‘‘averted’’ re-
sponses in both the unexpected direction (e.g., responding ‘‘left’’ when gaze is directed to the right)
and the expected direction (e.g., responding ‘‘right’’ when the model’s gaze is directed to the right)
and to do so regardless of the deviation of gaze. To evaluate this possibility, we calculated the propor-
tions of 6-year-olds’ ‘‘averted’’ responses in the unexpected and expected directions for each deviation
of gaze from direct and each voice condition. We carried out a repeated-measures ANOVA with devi-
ation of gaze from direct (1.6�, 3.2�, 4.8�, 6.4�, or 8.0�) and voice condition as independent variables
and the proportion of responses in the unexpected direction as the dependent variable. There was a
significant effect of deviation of gaze, F(4,92) = 3.96, p < .006, gp

2 = .15, which indicates that the pro-
portion of responses in the unexpected direction decreased with increasing deviations of gaze from
direct, but there was no effect of voice condition and no interaction (ps > .20). This result indicates that
6-year-olds were sensitive to the deviations in eye gaze. However, the sensitivity of this analysis may
have been limited because the proportion of responses in the unexpected direction was at or near zero
for larger deviations of gaze from direct. Inspection of Fig. 2 confirms that there was no clear trend
toward a difference between voice conditions in the proportion of responses in the unexpected direc-
tion. We carried out a similar ANOVA with the proportion of responses in the expected direction as the
dependent variable. There was an effect of deviation of gaze, F(4,92) = 225.55, p < .001, gp

2 = .91,
which indicates that the proportion of responses in the expected direction increased with the devia-
tion of gaze from direct (see Fig. 2), as would be expected if the responses reflect processing of the eye
gaze cue, not just the voice. There was also an effect of voice condition, F(2,46) = 6.76, p < .004,
gp

2 = .23. There was no interaction (p > .35). We followed up the effect of voice condition with
Holm–Bonferroni-corrected paired-samples t tests comparing the proportion of responses in the ex-
pected direction between each pair of voice conditions. There was no difference between the no voice
condition (M = .55, SD = .15) and the participant-directed voice condition (M = .55, SD = .12), p > .80.
However, the proportion of responses in the expected direction was higher in the object-directed voice
condition (M = .59, SD = .13) than in the no voice condition, t(23) = 3.43, p < .003, a = .017, d = 0.28, and
in the self-directed voice condition, t(23) = 3.35, p < .004, a = .02, d = 0.32. Our finding that object-di-
rected voice cues led to more attributions of averted gaze in the expected direction when gaze was in
fact averted to the side (e.g., responding ‘‘right’’ when gaze was in fact averted to the right), with no
effect on attributions of averted gaze in the unexpected direction (e.g., responding ‘‘left’’ when gaze
was in fact averted to the right), is consistent with our finding in the main analysis of a narrower cone
of gaze in the object-directed voice condition. In conjunction with our finding of no effect of voice cues
on the proportion of ‘‘direct’’ responses to straight gaze, this pattern suggests that the narrower cone
of gaze in the object-directed voice condition does not reflect a general tendency to avoid attributing
eye contact regardless of the direction of gaze. Rather, it appears to reflect an increased tendency to
attribute averted gaze in the expected direction when gaze is actually averted.

Slope of response curves
An additional question is whether voice cues and age influence the steepness of the transition be-

tween ‘‘direct’’ and ‘‘averted’’ responses. To investigate this question, we examined the slope param-
eter of the logistic functions fit to ‘‘averted’’ responses. A larger slope parameter indicates a steeper
transition between ‘‘direct’’ and ‘‘averted’’ responses.

We carried out a mixed ANOVA with voice condition and age as independent variables and slope as
the dependent variable. There was a significant effect of age, F(2,69) = 21.58, p < .0001, gp

2 = .38, with
no effect of voice condition and no interaction (ps > .35). A Dunnett’s post hoc indicated that the slope
was shallower in both 6-year-olds (M = 1.88, SD = 1.95) and 8-year-olds (M = 2.52, SD = 2.33) than in
adults (M = 7.57, SD = 4.81), ps < .001. Hence, voice cues did not influence the steepness of the transi-
tion between ‘‘direct’’ and ‘‘averted’’ responses, but the transition became steeper after 8 years of age.

Discussion

The current results provide the first information on the influence of voice cues on children’s sen-
sitivity to directed and averted gaze. Voice cues affected judgments of gaze in 6-year-olds but not
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in 8-year-olds or adults. The 6-year-olds’ cone of gaze was narrower when they heard a voice cue
implying that the model was looking at an object in the environment (e.g., ‘‘I see that’’) (7.64�) than
when they heard a voice cue implying that the model was looking at the participants (8.69�) or when
no voice was presented (8.57�), with no difference between the latter two. Follow-up analyses indi-
cated that the narrower cone of gaze in the object-directed voice condition does not reflect a general
tendency to avoid attributing eye contact or a change in the slope of the fitted curves but instead re-
flects an increased tendency to attribute averted gaze in the expected direction when gaze is actually
averted. Although 6-year-olds’ cone of gaze was narrower in the object-directed voice condition than
in the other voice conditions, their cone of gaze was nevertheless wider than that of 8-year-olds and
adults in every voice condition.

Our finding that object-directed voice cues led to a narrower cone of gaze in 6-year-olds suggests
that 6-year-olds combine information from gaze and voice cues when making judgments of eye gaze.
Importantly, our results also suggest that combining information from gaze and voice cues can allow
6-year-olds, in whom judgments of direct and averted gaze are not yet adult-like (Vida & Maurer,
2012a), to make more adult-like judgments of gaze. Without a voice cue, 6-year-olds judged that
the model was looking directly at them when gaze was in fact within approximately 4.25� to either
side of straight ahead (approximately 2� beyond the edge of participants’ face). This pattern was
not observed in 8-year-olds and adults, who attributed eye contact within a range corresponding
roughly with the width of the participant’s own face. With the object-directed voice cues, 6-year-olds
attributed eye contact within approximately 3.8� to either side of straight ahead (approximately 1.5�
beyond the edge of the participant’s face).

We were surprised that voice cues had no effect on the cone of gaze in the two older groups despite
previous evidence that hearing one’s own name rather than a different name increases the width of
adults’ cone of gaze (Stoyanova et al., 2010). It is possible that object-directed voice cues exert a stron-
ger effect in young children because, unlike adults, children tend to weight auditory cues more
strongly than visual cues when both are present (e.g., Sloutsky & Napolitano, 2003). However, it is also
possible that the effect is not limited to young children but is instead linked to the amount of uncer-
tainty in participants’ judgments of gaze. In cross-modal tasks, signals in an irrelevant modality exert a
stronger influence when signals in the target modality are degraded or ambiguous (e.g., Collignon
et al., 2008; de Gelder & Vroomen, 2000). Although the boundaries of the cone of gaze are, by defini-
tion, located at the position where participants are most uncertain about whether gaze is direct or
averted, the distance of the boundaries from straight gaze may reflect general differences in partici-
pants’ certainty about the direction of gaze. Reducing adults’ ability to discriminate between direct
and averted gaze by decreasing the brightness of the stimulus leads to a stronger bias to attribute di-
rect gaze when gaze is actually averted (e.g., Martin & Rovira, 1981). Similarly, adults are less accurate
in discriminating between leftward and rightward gaze for inverted faces than for upright faces (e.g.,
Jenkins & Langton, 2003; Schwaninger, Lobmaier, & Fischer, 2005), and their cone of gaze is wider for
inverted faces (Vida et al., 2013). Hence, the wider cone of gaze in 6-year-olds than in 8-year-olds and
adults in the current experiment, and in previous research (Vida & Maurer, 2012a), may reflect greater
uncertainty about the direction of gaze in 6-year-olds. Voice cues may have influenced judgments of
gaze in 6-year-olds, but not in older children and adults, because 6-year-olds were more uncertain
about the direction of gaze.

Another possible contributor to age differences in the effect of voice cues is the spatial relation be-
tween the boundaries of the cone of gaze and the edges of the participant’s face. By 8 years of age, the
width and height of the cone of gaze correspond roughly to the width and height of the participant’s
own face, a pattern suggesting that the boundaries of the cone of gaze may be calibrated to match the
dimensions of the participant’s own face (Vida & Maurer, 2012a). This calibration may set a lower limit
for the size of the cone of gaze, so that, under typical viewing conditions, the cone of gaze is unlikely to
be narrower than the participant’s face. Hence, object-directed voice cues might not have decreased
the width of the cone of gaze in 8-year-olds and adults because the width of their cone of gaze was
at the minimum value in the absence of voice cues. Because 6-year-olds’ cone of gaze was much wider
than one’s own face and that of 8-year-olds and adults, there may have been more room for 6-year-
olds’ judgments to be influenced by an informative voice cue.
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Experiment 2

In Experiment 2, we attempted to increase adults’ uncertainty, and consequently the width of their
cone of gaze, by having the face disappear after 600 ms rather than having it remain until participants
responded, as it did in Experiment 1. We expected that increasing adults’ uncertainty and/or the width
of their cone of gaze would lead to greater influence of voice cues on judgments of gaze.

Method

Participants
Participants were 24 adults (18–27 years, M = 21.14 years, 17 women and 7 men), not tested in

Experiment 1, who met the same visual screening criteria as adults in Experiment 1. One additional
participant was tested but was excluded and replaced because the participant was obviously inatten-
tive during the procedure.

Design and procedure
The design and procedure were the same as in Experiment 1 except that each face was replaced by

a blank screen 600 ms after onset instead of remaining visible until the participant entered a response.

Results

Accuracy on catch trials
Accuracy on catch trials was very high (M = .98, SD = .06), a result suggesting that participants were

attentive throughout the procedure.

Width of cone of gaze
For each participant, we used the method described in Experiment 1 to estimate the width of the

cone of gaze in each voice condition (see Figs. 4 and 5). To examine the effect of limiting the duration
of exposure on adults’ sensitivity to direct and averted gaze, we carried out a planned one-tailed inde-
pendent-samples t test evaluating the specific hypothesis that adults’ cone of gaze was wider in the no
voice condition of Experiment 2 than in the no voice condition of Experiment 1. The cone of gaze was
marginally significantly wider in Experiment 2 (M = 6.44�, SD = 1.97) than in Experiment 1 (M = 5.71�,
SD = 1.38), t(46) = 1.48, p = .07, d = 0.42. This pattern is consistent with previous findings that when
uncertainty about the difference between direct and averted gaze is higher, adults show a stronger
bias to attribute eye contact when gaze is actually averted (Martin & Rovira, 1981; Vida et al., 2013).

We carried out a repeated-measures ANOVA with voice condition as the independent variable and
width of the cone of gaze as the dependent variable. There was a significant effect of voice condition,
F(2,46) = 5.40, p < .01, gp

2 = .19. We followed up this effect with Holm–Bonferroni-corrected paired-
samples t tests (Holm, 1979) evaluating all pairwise differences among voice conditions. In the ob-
ject-directed voice condition, the cone of gaze was significantly narrower (M = 5.81�, SD = 1.94) than
in the no voice condition (M = 6.44�, SD = 1.97), t(23) = 3.21, p < .004, a = .017, d = 0.33, and was mar-
ginally significantly narrower than in the participant-directed voice condition (M = 6.15�, SD = 1.92),
t(23) = 2.11, p = .04, a = .025, d = 0.18. There was no difference in the width of the cone of gaze be-
tween the no voice and participant-directed voice conditions (p > .20). Hence, the effect of voice con-
dition was qualitatively similar to that observed in 6-year-olds in Experiment 1.

Effect of voice cues on proportions of ‘‘direct’’ and ‘‘averted’’ responses
We used the methods described in Experiment 1 to investigate whether the narrower cone of gaze

in the object-directed voice condition could reflect a general tendency to avoid attributing eye contact
when hearing those voice cues regardless of the direction of gaze. We first asked whether voice con-
dition affected the proportion of ‘‘direct’’ responses for unambiguous straight gaze. There was no effect
of voice condition (p > .55). We also asked whether voice condition affected the proportions of
‘‘averted’’ responses in the unexpected and expected directions for each deviation of gaze from direct.
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We carried out a repeated-measures ANOVA with deviation of gaze and voice condition as indepen-
dent variables and the proportion of ‘‘averted’’ responses in the unexpected direction as the dependent
variable. There were no effects of gaze or voice condition, and there was no interaction (ps > .30). The
proportion of responses in the unexpected direction was at or near zero for most deviations of gaze
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from direct, a pattern that may have limited the sensitivity of our analyses. Inspection of Fig. 4 con-
firms that there was no clear trend toward a difference between voice conditions in the proportion
of responses in the unexpected direction. We carried out an additional ANOVA with the proportion
of ‘‘averted’’ responses in the expected direction as the dependent variable. There were effects of devi-
ation of gaze, F(4,92) = 191.97, p < .001, gp

2 = .89, and voice condition, F(2,46) = 5.17, p < .01, gp
2 = .69,

but no interaction (p > .10). We followed up the effect of voice condition with Holm–Bonferroni-cor-
rected paired-samples t tests comparing the proportion of averted responses in the expected direction
between each pair of voice conditions. There was no difference between the no voice condition
(M = .70, SD = .12) and the participant-directed voice condition (M = .71, SD = .13), p > .60. However,
the proportion of responses in the expected direction was higher in the object-directed voice condition
(M = .74, SD = .12) than in the no voice condition, t(23) = 3.13, p < .006, a = .017, d = 0.33, and in the
participant-directed voice condition, t(23) = 2.56, p < .02, a = .02, d = 0.32. Together, these results sug-
gest that, as in 6-year-olds in Experiment 1, the effect of object-directed voice cues in the current
experiment does not reflect a general tendency to avoid attributing eye contact.

Slope of response curves
We used the methods described in Experiment 1 to investigate whether voice cues influenced the

steepness of the transition between ‘‘direct’’ and ‘‘averted’’ responses. We carried out a repeated-mea-
sures ANOVA with voice condition as the independent variable and slope as the dependent variable.
There was no effect of voice condition (p > .80). Hence, as in Experiment 1, voice cues did not influence
the steepness of the transition between ‘‘direct’’ and ‘‘averted’’ responses.

Discussion

Adults’ cone of gaze in the no voice condition in the current experiment (6.44�) was slightly wider
than that of adults in the no voice condition in Experiment 1 (5.71�), a result suggesting that limiting
the duration of exposure to faces increased adults’ uncertainty about the direction of gaze. Unlike
adults in Experiment 1, adults’ cone of gaze in the current experiment was narrower in the object-di-
rected voice condition (5.81�) than in the no voice (6.44�) and participant-directed voice (6.15�) con-
ditions, with no difference between the latter two. Follow-up analyses indicated that the effect of
object-directed voice cues does not reflect a general tendency to avoid attributing direct gaze but in-
stead reflects an increased tendency to attribute averted gaze in the expected direction when gaze is
actually averted. Follow-up analyses also indicated that voice cues did not influence the steepness of
the transition between ‘‘direct’’ and ‘‘averted’’ responses. This pattern is identical to that found in 6-
year-olds in Experiment 1 with unlimited exposure time.
General discussion

The current study provides the first information on the influence of voice cues on children’s judg-
ments of direct and averted gaze. In Experiment 1, voice cues affected the width of the cone of gaze in
6-year-olds but not in 8-year-olds or adults. The 6-year-olds’ cone of gaze was narrower when they
heard an object-directed voice cue (e.g., ‘‘I see that’’) than when they heard the participant-directed
voice cue (e.g., ‘‘I see you’’) or no voice, with no difference between the latter two. In Experiment 2,
adults’ judgments of gaze were made more difficult by limiting the duration of exposure to the face.
Adults’ cone of gaze tended to be wider than in Experiment 1, and the effect of voice cues on adults’
judgments of gaze was the same as in 6-year-olds in Experiment 1.

In the current study, object-directed voice cues affected judgments of eye gaze in 6-year-olds, but
not in older participants, when the task was relatively easy (Experiment 1), and they affected adults’
judgments when the task was more difficult (Experiment 2). This pattern suggests that the effect of
object-directed voice cues may be related to participants’ uncertainty about the difference between
direct and averted gaze, so that the effect will tend to be larger when uncertainty is higher regardless
of whether the uncertainty is caused by immaturity or limited exposure. This interpretation is consis-
tent with previous findings from adults that a cue in an irrelevant modality has a larger influence
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when the target stimulus is degraded or ambiguous (e.g., Collignon et al., 2008). The current results
are also consistent with the possibility that the minimum width of the cone of gaze is limited by
the size of the participant’s own face (see Vida & Maurer, 2012a), so that voice cues are likely to de-
crease the width of the cone of gaze only when it is wider than the participant’s face in the absence of
voice cues, as in 6-year-olds in Experiment 1 and adults in Experiment 2. Together, the results of
Experiments 1 and 2 suggest that both adults and children as young as 6 years combine information
from gaze and object-directed voice cues when making judgments of eye gaze and that this ability can
lead to a narrowing of the cone of gaze, thereby allowing more adult-like judgments of gaze in young
children.

Children’s ability to combine information from gaze and voice cues has implications for under-
standing the development of real-world social cognition. The finding in the current study and in pre-
vious research (Vida & Maurer, 2012a) of a wider cone of gaze in 6-year-olds than in 8-year-olds and
adults suggests that when the direction of gaze is the only available cue to the focus of a person’s
attention, 6-year-olds will be more likely than older children and adults to make errors in social judg-
ments. Specifically, 6-year-olds may be more likely to infer that a person is paying attention to them
when the person is actually attending to something else in the environment. However, the current re-
sults suggest that when both gaze and object-directed voice cues are present, 6-year-olds will be less
likely to make these erroneous social judgments.

The observed influence of voice cues on children’s judgments of eye gaze could also play a role in
developmental changes in judgments of gaze. The cone of gaze narrows considerably between 6 and
8 years (Vida & Maurer, 2012a), a change that may reflect the accumulation of experience with the
social and visual properties of gaze cues. Our results suggest that voice cues could facilitate this devel-
opment by allowing children to make more adult-like judgments and/or by providing feedback about
whether children made appropriate interpretations. Individual differences in exposure to such cues
might also lead to individual differences in the speed of acquiring adult-like sensitivity to direct
and averted gaze.

One remaining question is why the participant-directed voice cues (e.g., ‘‘I see you’’) did not lead to
a wider cone of gaze than was observed in the no voice condition at any age. This is especially surpris-
ing because a previous study reported that an adult’s cone of gaze is larger when the adult hears his or
her own name rather than someone else’s name (Stoyanova et al., 2010). However, the absence of a no
voice condition in that study makes it impossible to distinguish a widening of the cone of gaze when
hearing one’s own name from a narrowing of the cone of gaze when hearing another person’s name.
One possibility is that participant-directed voice cues are effective only if they are personalized (e.g.,
the participant’s first name). Future research could investigate this possibility by having participants
make judgments of gaze while hearing someone calling the participant’s own name, another name, or
no name at all.

The current results leave several additional questions open for future research. For example, be-
cause voice cues affected judgments of eye gaze in 6-year-olds, the youngest age group able to com-
plete the current procedure, the current results do not indicate when in development the effect of
voice cues emerges. Future studies could investigate this question by testing children younger than
6 years with a modified version of our procedure. In addition, it is possible that we would have ob-
served a different effect of voice condition if we had used a baseline condition including voice cues
that provide no information about the focus of a person’s attention (e.g., nonsense speech or speech
in a language foreign to the participant). The mere presence of a voice could influence judgments of
gaze by alerting or distracting participants. Future studies could investigate these possibilities by rep-
licating the current study with a baseline condition including a voice cue that provides no information
about the focus of a person’s attention. Finally, because all speakers in the current study used a posi-
tive-sounding tone of voice, the current results do not indicate whether variations in the affective
properties of voices could influence judgments of gaze. Previous research indicates that the cone of
gaze of both adults (Ewbank, Jennings, & Calder, 2009) and 8-year-olds (Rhodes, Addison, Jeffery,
Ewbank, & Calder, 2012) is wider for angry faces than for fearful or neutral faces, with no difference
between the latter two. Future studies could investigate whether the emotional prosody of a voice
exerts a similar influence on children’s and adults’ judgments of gaze.
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Conclusions

The current investigation has provided the first information on the influence of voice cues on chil-
dren’s judgments of the direction of gaze. Our results suggest that both children and adults combine
information from gaze and voice cues when making judgments of eye gaze and that voice cues may be
especially effective when the cone of gaze is wider because of immaturity or limited exposure to the
face stimulus. Importantly, our results also suggest that the ability to combine information from gaze
and voice cues may allow young children to make more adult-like judgments about others’ attention
and intention than they are able to make in the absence of relevant voice cues.
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