! " #$ $%
()Y DL T % # -
.gorc1
)
8 9
! $ |/
#:.900/( 1 l.¢o/(c1
33#2' 6(93
9 09
= = | $
#,0.0(¢1 #$.¢0(C1
33#2' 6(93
- !
6 # 37 4
0
/ >
< 2 ?

230

3<
4

"t 900/ (1

)

33#2' 6(93

- $%)

ResearchGate

! $

"goicl


https://www.researchgate.net/publication/13687539_Children%27s_use_of_triadic_eye_gaze_information_for_mind_reading?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/13687539_Children%27s_use_of_triadic_eye_gaze_information_for_mind_reading?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Moral-reasoning-development-in-Chinese-children?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Face-Processing-Expertise?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kang_Lee2?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kang_Lee2?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Toronto?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kang_Lee2?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michelle_Eskritt?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michelle_Eskritt?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Mount_Saint_Vincent_University?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michelle_Eskritt?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lawrence_Symons?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lawrence_Symons?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Western_Washington_University?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lawrence_Symons?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michelle_Eskritt?enrichId=rgreq-4c38729711da4b6794143006f587f20b-XXX&enrichSource=Y292ZXJQYWdlOzEzNjg3NTM5O0FTOjEwMjcwNTU1NzE0NzY1MUAxNDAxNDk4MzIxMTg3&el=1_x_10&_esc=publicationCoverPdf

Developmental Psychology
1598, Vol. 34, No. 3, 525-539

Copyright 1998 by the American Psychological Association, Inc,
0012-1649/98/$3.00

Children’s Use of Triadic Eye Gaze Information for ‘‘Mind Reading’’

Kang Lee, Michelle Eskritt, Lawrence A. Symons, and Darwin Muir
Queen’s University

Five experiments examined children’s use of eye gaze informalion for “*mind-reading’” purposes,
specifically, for inferring another person’s desire. When presented with static displays in the first 3
experiments. only by 4 years of age did children use another person’s eye direction to infer desires,
although younger children could identify the person’s focus of attention. Further, 3-year-olds were
cupable of inferring desire from other nonverbal cues, such as pointing ( Experiment 3). When eye
gaze was presented dynamically with several other scaffolding cues (Experiment 4), 2- and 3-year-
olds successtfully used eye gaze for desire inference. Scaffolding cues were removed in Experiment
5, and 2- and 3-year-olds still performed above chance in using eye gaze. Resulls suggest ihat 2-
year-olds are capable of using eye gaze alone to infer about another’s desire. The authors propose
that the acquisition of the ability to use attentional cues to inter another's mental state may involve
both an association process and a differentiation process.

A pair of cyes is a relatively simple stimulus that involves
only two dark dots encircled by surrounding white areas. Yet,
it conveys strong directional information that is unparalleled by
any other dark—white contrasts (Cline, 1967; 'Gibson & Fick,
1563). Erthologists and other behavioral scientists have noted
the important and unique role that eye gaze plays in inter- and
intraspecies interactions. For many animals, eye gaze cstablishes
dominance, initiates and terminates aggression and mating be-
haviors, and somelimes indicates the location of food and signals
the direction of an approaching predator { Argvie & Cook, 1976,
Eibl-Eibesfeldt, 1989; Gomez, 1994b; Povinelii & Eddy, 199063,
1996b; Rutter, 1984).

Humans have extended the use of eye gaze to many other
sitnations (for a review, see Kieinke, 1980, anc Rutter, 1984),
One of the main uses of eye gaze that appears to be unique to
humans is to reveal another person’s mental activities, or *‘mind-
reading” ( Baron-Cohen, 199, 1995a2). Eye gaze may be used
to determine another individual®s state of mind (e.g., focus of
1995b) theorized that the ability to use cye gase is crucial to
the development of a theory of mind, and that the lack of the
sensitivity 1o eye gaze is related to impairments in social and
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cognitive abilities such as autism (Baron-Cohen, Campbeli,
Karmilofi-Smith, Grant, & Walker, 1993 Phillips, Baron-Co-
hen, & Rutter, 1992),

In the past two decades, it has been found that the develop-
ment of theory of mind undergoes a dramatic shift around 4
years of age (Perner. 1992, Wellman, 1990). Fouryeur-olds rap-
idly develop the ability to represent others® beliefs, and to under-
stand representational change of their own beliefs, whereas 3-
vear-olds have difficulty with such concepts, This developmental
pattern has been found in numerous studies (see Asungron &
aopnik, 1991, for a review ), although a few investigators have
claimed that 3-year-olds have a fledgling understanding of oth-
ers” beliefs (e.p., Chandier, Fritz, & Hala, 1989, Siegal & Beat-
tie, 1991).

Many researchers believe that the rapid development in chil-
dren’s understanding of belief and false beliefs around 4 vears
of age is an outcome of many earlier developments. Wellman
(1990) suggested that one of the precursors 1o the development
of the understanding of beliefs is the understanding of another’s
desire. Garon-Cohen (1994) added to Wellman’s model a
Shared Attention Mechanism (SAM) that enables children to
infer others” desire through the use of eye gaze information.
According to Baron-Cohen (1994, 19932), SAM evolves from
two mechanisms, an intentionality detector and an eye direction
detector, which both emerge during the first year of life. The
Shared Attention Mechanism allows children to determine the
object of a person’s attention and, when combined with other
information, why the person is attending to the particular object.
The Shared Attention Mechanism torms the basis for the later
development of a theory-of-mind mechanism, the mechanism
responsible for understanding belicfs (Lesiie, 1994).

To date, little empirical evidence exists to substantiate Baron-
Cohen’s claims regarding the SAM and young children’s use
of eye paze information for ‘*mind-reading’” purposes. Never-
theless, exlensive studics have been conducted to examine the
early development of children’s sensitivity 1o eye gaze and their
use of eye gaze information during face-to-face interaction, joint
attentional activity, and referential communication (for a review,
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see Baidwin & Moses, 1991). These studies can be divided into
two categories: One addresses the issues involving dyadic eye
gaze and the other addresses the development of triadic eye gaze
use. Behavioral and neurobiological evidence to date suggests
that it is necessary to differentiate between these two types of
eye gaze because of differences between them in information
processing requirements, function, ontogeny. and underlying
neurvlogical mechanisms ( Argyie & Cook, 1976, Baron-Cohen,
19934, 1995b; Perrett & Mistlin, 1990; Perrett, Mistlin, &
Chitty, 1987).

Dyvadic eye gaze involves a relatively simple information pro-
cessing mechanism. It only requires the perceivers to identify
whether two eves have the same dark-white configuration and
then use the information to determine whether an individual’s
eyes are directed at themn or averted. The main function of dyadic
cyc gaze is to regulate face-to-face social interaction ( Argyie &.
Cook, 1976, FEibl-Eibesfeldt, 1989; Hains & Muir, 1996
Kieinke, 1986, Rutter, 1984). Infants’ sensitivity to adults’ cycs
emerges as carly as 2 (o 3 months of age (e.g., Caron, Caron.
Caidwell, & Weiss, 1973, Caron, Caron, Roborts, & Brooks,
1997 Maurer & Salapatek., 1976, Vecera & Johnson, 1993).
For example, Maurer and Salapatek found that 2-month-olds
fixated the eyes longer than other internal features and periphery
of the face. Vecera and Johnson showed that infants of the same
age are also capable of discriminating between directed and
averted gaze. Hains and Muir (1996 ) further demonstrated that
infants between 3 and 6 months of age are sensitive to an adult’s
gaze aversion during dynamic face-to-face interaction. They
smile more when an adult’s cycs are fixated on them and less
when the adults’ cycs are averled ( Hains & Muir, 1996, 5ymons,
Hains, Dawson, & Muir, 1996),

Triadic eye gaze, on the other band, involves a third party
(an object or a person) as the focus of the attention of the
looking individual. To achieve triadic eye gaze, the perceiver
must use the asymmetrical configuration of the dark—white con-
trast of another individual’s eves, and trace along two invisible
sight-lines to their convergent point, that is, the third part of the
triad (e.g., an object). Although triadic eye gaze can also be
used to regulate one-tn-one social interaction, another major
and unique function of triadic eye gaze is that it can be used to
reveal an individual’s focus of attention and internal states (de-
sire, goal, ete.). Current evidence suggests that the use of triadic
eye garzc emerges later than that of dyadic eye gaze (at about
6 months), although infants can briefly follow head orientation
at an earlier age { D’Entremont, Hains, & Muir, 1997). Butter-
age orient their gaze to the same side as their mother’s gaze but
are confused about which object to attend to when several ob-
jects are present on the same side. Twelve-month-olds overcome
this difficulty {Butterworth, 1991), and also begin to use their
own eye gaze 1o engage their mothers while pointing to chjects
in the environment (Desrochers, Morissette, & Ricard, 1995;
Wiorissette, Ricard, & Decarie, 1993). Butterworth further indi-
cated that infants at 12 months of age begin to use an adul(’s
eye gaze to establish joint attention with the adult, and by about
18 months, they can accurately determinge others’ focus of atten-
tion (Butterworth, 1991; Butterworth & Jarreu, 1991). How-
ever, a recent finding of Corkum and Moore (1993) suggested
that this ability may develop at a later age unless infants are

reinforced for joint attention response. At about 18 months of
age, young children also begin to use triadic eye gaze and other
directional cues (e.g., pointing and head orientation ) for referen-
tial communicative purposes such as learning new words ( Baid-
win, 1993, 1995).

in contrast to relatively extensive research on the development
of the use of dyadic eye gaze during social interactions and
the wse of triadic eye gaze during joint attentional activity and
referential communication, littic evidence exists as to when and
how young children develop the ability to use triadic eye gaze
for ““mind-reading’’ purposes. The only relevant study, to our
their study, children, with or without autism, were shown a
picture depicting a boy named Charlie (the Charlie task) whose
eye gaze was fixated at one of four sweets located in each corner
of the picture (upper left, upper right, lower left, and lower
right). They were asked which sweet Charlic wanted. Most
normal 4-year-olds had no difficulty in using Charlie’s eye gaze
te determine his desired swecet, whereas autistic children failed
1o do so. Because the main focus of Baron-Cohen el al. was
on autistic children, only 4-yearolds were used as a normal
comparison group in their study. Hence, the development of the
ability to use triadic eye gaze to infer another person’s desire
is not known.

Five experiments were conducted to replicate and extend
Baron-Cohen et al’s (1995) work and to describe the develop-
mental function of the use of eye gaze information in children
between 2 and 5 years of age. In the first experiment, a task
similar to the Charlic task was used to determine children’s use
of eye gaze information for inferring an individual’s desire. In
addition, we also investigated children’s accuracy in determin-
ing the individual’s eye direction and focus of attention, a factor
not tested in the Baron-Cohen et al. study. The remaining four
experiments were conducted to further delineate factors that
contribute to young children’s success or failure in using triadic
eye gaze to infer another individual's desires.

Experiment 1

Method

Parriciparus.  Ninety-four, predominantly White middle-class chil-
dren ( 54 boys ) participated in the study after their parents gave informed
consent. They were divided by age into four groups: twenty-two 3-year
olds (Af age = 3 years 8 months), twenty-six 4-year-olds (M age = 4
years 7 months ), twenty-five S-year-olds (M age = 5 years 6 months},
twenty-one 6-year-olds (M age = 6 years & months).

Muaiteriafs.  Children were shown color pictures depicling a hoy
named Larry looking at une of six surrounding objects (see Figure 1a).
The pictures were adapted from Baron-Cohen et al’s (19951 Charlie
task. We used six objects in each of the pictures so that Larry could
attend to one of six possible locations: right, left, upperright corner,
upper-left comner, lower-right corner, and lower-left cormer. Objects were
drawn from a variety of categories of items commonly desired by chii-
dren (e.g., toy items, food, drink ), and the objects in one picture differed
from those in another. This procedure avoided a possible response bias.
If the same (ype of candy was used, children might either change their
choice of candy from one trial to another simply to avoid giving the
same answer, or they might cheose the same candy to avoid answer
switching,










































