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Inhibition of return (IOR) is a reduced tendency to orient toward a previously attended spatial 
location. Inhibition of return is caused by suddenly introduced visual cues and reflects an atten- 
tional bias toward novel locations. It is indexed by an increased latency and/or a reduced tenden- 
cy of an eye movement to the inhibited location. Under monocular viewing conditions, we sub- 
mitted 24 newborns (M age = 50 hours) to trials consisting of a pretest phase (a single visual cue 
shown at 15” from fixation) and a test phase (two simultaneous, identical stimuli shown in the 
two visual hemitields at 1Y). The results showed that, in the test phase, eye movements occurred 
more often and with a shorter latency toward the side that had not been cued in the pretest phase. 
It was also found that the bias against the cued hemifield (i.e., IOR) was greater in the temporal 
than in the nasal hemifield. It was concluded that IOR is present just after birth and is mediated 
by extrageniculate rather than geniculostriate pathways. 

attention space orienting inhibition newborns 

Human adults can attend to different regions of 
visual space either by moving the eyes (i.e., 
overt orienting) or by covert orienting, that is, 
in the absence of coordinate shifts of gaze (e.g., 
Posner, 1980; UmiltB, 1988). Covert orienting 
is demonstrated by the observation that speed 
of response to a visual stimulus (i.e., the target) 
depends on the spatial relation it has with other 
events (i.e., the cues) in the visual field. 

The cue directs attention in advance to the 
location of the target stimulus. Therefore, if the 
target falls in the cued location (i.e., valid tri- 
als) more often than in other locations (i.e., 
invalid trials), mean reaction time (RT) to 
detect the target stimulus is faster on valid than 
on invalid trials. That is to say, if the cue pre- 
dicts the most likely location of the impending 
stimulus, attentional benefits and costs are 
obtained. 

However, when the visual cue is suddenly 
introduced at the periphery of the visual field, 
and its location does not predict the location of 
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the target, a biphasic effect is observed (e.g., 
Klein, 1988; Maylor, 1985; Possamai, 1986; 
Rafal, Calabresi, Brennan, & Sciolto, 1989; 
Tassinari, Aglioti, Chelazzi, Marzi, & 
Berlucchi, 1987; Tassinari & Berlucchi, 1993). 
If the target shortly preceeds (by up to about 
150 ms) the cue, RT is fastest when cue and 
target occur in the same location. This early 
facilitation of the cued location is attributed to 
the automatic capture of attention by the cue. 
For longer cue-target intervals (from about 200 
ms to about 1,500 ms), RT is slowest when the 
target is shown in the same location as the cue. 
This subsequent inhibition of the cued location 
was named inhibition of return (IOR) by Posner 
and Cohen (1984), who first described it. 

In the adult, IOR is clearly an attentional phe- 
nomenon due to covert orienting. This link 
between covert orienting and IOR is attested by 
the fact that in most of the studies that have 
found IOR, shifts of gaze were prevented and 
the participants were instructed to orient to the 
cue without moving the eyes. Yet, it must be 
stressed that IOR does not occur with endoge- 
nously activated (i.e., voluntary) covert orienting 
in response to symbolic cues, for example, when 
an arrow or a digit at fixation signals the location 
in which the target is most likely to appear. 

In a study by Rafal et al. (1989), however, 
IOR was found even though orienting was 
overt and the cue was central. The IOR 
occurred for a location signaled by a central 
cue when the task required to program an eye 
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movement to that location. Whether the sac- 
cade was then executed or aborted did not 
affect the occurrence of IOR. Inhibition of 
return was thus caused by endogenously 
preparing an eye movement, even when there 
was no peripheral cue and no eye movement 
was actually made. In contrast, no IOR was 
found with the same cueing procedure when no 
eye movement was ever to be made toward the 
target location. 

Based on these findings, Rafal et al. (1989) 
proposed that the necessary and sufficient con- 
dition for IOR is the priming of the oculomotor 
system. The oculomotor system is primed when 
a voluntary saccade to a peripheral target is 
executed (or simply programmed) or when a 
peripheral cue summons attention covertly (but 
also activates the oculomotor system to prepare 
a coordinate saccade). 

A typical procedure to study IOR in infants 
under 12 months can be summarized as follows 
(e.g., Clohessy, Posner, Rothbart, & Vecera, 
199 1). Once the infant fixates a central stimulus, 
a unilateral cue is presented, either to the left or 
to the right of it. When the infant has made a 
saccade to the fixation stimulus, the peripheral 
cue is turned off and the fixation stimulus is 
turned on again. When the infant is reoriented to 
the central stimulus, two identical targets are 
simultaneously presented on both sides. The 
IOR is indexed by a preferential orienting of the 
eyes and faster saccade RTs toward the side 
opposite to the one where the unilateral cue had 
been shown. Variants of this procedure have 
been employed, but all are based on saccades 
performed to the cue and/or the target. 

By inducing saccades to both the cue and the 
target, IOR was found in 6-month-old infants 
by Clohessy et al. (1991) and Hood and 
Atkinson (1991) and in 3-month-old infants by 
Harman, Posner, and Rothbart (1992). Hood 
( 1993) found IOR in 6-month-olds and Johnson 
(1994) found it in 4-month-olds by using a cue 
that was too brief to allow eye movements. 
Thus, saccades were performed to the target but 
not to the cue (Hood & Atkinson, 1990, 1991). 
None of these studies were able to demonstrate 
IOR in infants younger than 3 months. Based 
on this, it was concluded that IOR develops 
between 3 and 6 months of age.’ 

’ It is interesting to note that the IOR phenomenon may 
he exclusive to suddenly introduced visual cues. It does 

Very recently, however, we (Valenza, 
Simion, & UmiltB, 1994) found evidence of 
IOR in newborns. We submitted newborns 
(M age = 72 hours, range = 24-36 hours) to 
trials consisting of a pretest phase (a single cue 
shown for 3 s at 30” from fixation), a 2-s inter- 
val, and a test phase (two identical stimuli 
shown simultaneously at 30” for 5 s). The 
results demonstrated that eye movements 
occurred more frequently and with shorter 
latency toward the uncued side (i.e., IOR). 
There was also some indication that IOR 
occurred only when, in the pretest phase, the 
infant shifted gaze to the cue and decreased the 
nonnutritive sucking rate, thus showing an ori- 
enting reaction (e.g., Mendelson, 1979). 

Because IOR is linked to shifts of attention, 
determining the age at which it is first observed 
may index the age at which an early form of 
attentional control, that is the capability of 
directing attention to a target in the periphery 
of the visual field, emerges (Clohessy et al., 
1991; Johnson, 1990, 1994). Therefore, we 
deemed it important to conduct a second study 
aimed at confirming, with an experimental pro- 
cedure different from the one we had used in 
our previous study (Valenza et al., 1994), that 
IOR is present a few days after birth. The sec- 
ond aim of this study was to shed light on the 
neural mechanisms that mediate IOR. 

THE TEMPORO-NASAL 
ASYMMETRY 

In the adult, IOR has been attributed to the func- 
tion of the posterior attentional system (Johnson, 
1990; Posner & Petersen, 1990), which is 
known to be located in the posterior parietal lob- 
ule and related midbrain areas (in particular, the 
superior colliculus). Because the major input to 
the superior colliculus comes from the retinotec- 
tal visual pathway, IOR should, at least in part, 
depend on the activity of the retinotectal path- 
way, which is also closely involved in the pro- 
gramming of eye movements.’ 

not occur in 6- and 13.week-old infants during scanning of 
static displays (Bronson, 1994). 

’ As will be seen, the rationale of this study i\ largely 
based on the assumption that IOR is mediated by the 
retinotectal pathway. It is fair to acknowledge from the 
outset that the effectiveness of this pathway for controlling 
saccades at birth is beginning to be questioned (e.g., 
Bronson, 1994). 
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In effect, in the adult, IOR is regarded as 
reflecting the residual functional competence of 
the retinotectal visual system (Johnson, 1990; 
Posner & Petersen, 1990). This view is based 
on the observation that IOR is abolished by 
midbrain lesions in patients with progressive 
supranuclear palsy (Posner, Rafal, Choate, & 
Vaughan, 1985; Rafal, Posner, Friedman, 
Inhoff, & Bernstein, 1988) and is more robust 
in the temporal than in the nasal visual hemi- 
field in normal (Rafal et al., 1989; Rafal, 
Henik, & Smith, 1991), as well as in hemianop- 
tic patients (Rafal, Smith, Krantz, Cohen, & 
Brennan, 1990). 

The temporo-nasal asymmetry is evidence 
of retinotectal mediation (Rafal et al., 1991; 
Rafal et al., 1990; Schiller, 1985). In compari- 
son to the geniculostriate system, the retinotec- 
tal system has a greater crossed input from the 
contralateral eye (i.e., the temporal hemifield, 
with monocular viewing) and a smaller direct 
input from the ipsilateral eye (i.e., the nasal 
hemifield, with monocular viewing). This 
anatomical asymmetry has functional relevance 
for visual behavior mediated by the retinotectal 
system. In particular, in the adult, when view- 
ing is monocular, there is a bias to saccade 
toward the temporal hemifield under conditions 
of bilateral, simultaneous stimulation in the 
periphery of the visual field (Posner & Cohen, 
1980; Shulman, 1984). 

Although there is evidence that the visual 
cortex is already functional in early infancy 
(Atkinson, Hood, Wattam-Bell, Anker, & 
Tricklebank, 1988; Slater, Morison, & Somers, 
1988), it is commonly held that at birth visual 
behavior has its main neural basis in the subcor- 
tical structures, such as the superior colliculus 
(Atkinson & Braddick, 1989; Atkinson, Hood, 
Wattam-Bell, & Braddick, 1992; Braddick et 
al., 1992; Bronson, 1982; Johnson, 1990, 1994). 
The predominant role of the retinotectal system 
at birth is reflected in several aspects of the 
newborn’s visually guided behavior. When 
viewing is monocular, newborns are more likely 
to orient toward stimuli presented in the tempo- 
ral than in the nasal hemifield (Lewis & Maurer, 
1992; Lewis, Maurer, & Blackbum, 1985). 
They demonstrate directional eye asymmetry, 
with the optokinetic nystagmus more readily 
elicited by stimuli moving in the temporo-to- 
nasal than in the nasal-to-temporal direction 
(Teller, Succop, & Mar, 1993). Their tracking 

of slow-moving stimuli is not smooth but sac- 
cadic in nature (Barten, Bims, & Ranch, 1971). 
They show the phenomenon known as the 
“externality effect” (Maurer, 1983), failing to 
attend to small elements presented within a larg- 
er frame or pattern. 

If early vision is predominantly retinotectal 
in nature, and IOR is mediated by the retinotec- 
tal system, in newborns, IOR should demon- 
strate a clear-cut temporo-nasal asymmetry. 
Testing this prediction was the second aim of 
this study. 

METHOD 

Subjects 

Participants were 24 normal, healthy, full-term newborns 
from the maternity ward of the Pediatric Clinic of the 
University of Padua. The range of ages at time of test was 
about 20 to 144 hours postnatal (M age = 50 hours, range = 
2G144 hours). Informed consent was obtained from the 
parents. The testing took place during the hour preceding 
the infants’ scheduled feeding time. 

Apparatus 

The infant sat on the experimenter’s lap, and the head was 
lightly held in a cushioned headrest to maintain a midline 
position. The eyes were (roughly) aligned with the edge of 
a 90’ angle screen, at a distance of about 30 cm. Visual 
stimulation was provided by a commercial bulb (12 V) that 
subtended about 6.5” of visual angle and two identical 
black-and-white checkerboards that subtended about 30”. 
The center bulb was red and was mounted flush with the 
screen (in its edge). When turned on, it blinked at a rate of 
300 ms on and 300 ms off. The checkerboards were placed 
at the periphery of the visual field, 15” (inner border) to the 
left and right of the center bulb. They were back-projected 
on the screen by a slide projector. 

The ambient light of the cubicle where the experiments 
took place was on, so that the experimenter could see the 
infant’s eyes on a monitor by means of a video camera 
mounted behind and above the display screen. The screen 
was medium gray in color. Plain white curtains were drawn 
on both sides of the chair where the experimenter was seat- 
ed with the infant in her/his lap, obscuring irrelevant stimuli. 

A pacifier was inserted into the infant’s mouth, and 
nonnutritive sucking was recorded by a pressure transducer, 
interfaced with an Apple IIE microcomputer through an 
A/C card. The microcomputer also controlled the sequence 
of the stimuli. 

Procedure 

The infants were tested monocularly, half with the right eye 
open and half with the left eye open (the other being 
occluded by an eye patch). When the infant was judged to 
be looking at the flashing center bulb (i.e., the fixation 
stimulus), one of the experimenters, the observer, who 
watched the infant’s eye via the video monitor system, 
started the sequence of events by pressing a key. The fixa- 
tion stimulus was turned off, and presentation of the cue 
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stimulus (i.e., one of the peripheral checkerboards) was ini- 
tiated. Whether the cue appeared to the left or to the right 
of fixation was determined pseudorandomly, with the con- 
straint that there should be an equal number of left and 
right presentations. The cue remained on until the infant 
initiated an eye movement or until a 10-s delay had 
elapsed. If the infant shifted gaze, the observer turned off 
the cue and turned on the fixation stimulus for 2 s. This will 
be referred to as the pretest phase. 

If the infant refixated the fixation stimulus, the test 
phase began. The fixation stimulus was turned off, and both 
peripheral checkerboards were simultaneously presented. 
The bilateral stimulation lasted 5 s, after which the test 
phase and the whole trial ended. 

Videotapes of infant’s eye movements throughout the 
trial were subsequently analyzed. For statistical analysis, 
only those trials were considered in which the coders (two 
experimenters and two students) agreed on the direction of 
the saccade, in both the pretest and test phases, and on the 
frame in which the movement started, in the test phase. 
Two of the coders (the students) were unaware of the pur- 
pose of the experiment. Reaction time was defined as the 
time between the onset of the peripheral stimulus and the 
time when the eyes started to move. It was measured frame 
by frame from the video-recorded tapes to the nearest 
33 ms. Nonnutritive sucking rate was recorded before the 
pretest phase (i.e., baseline rate) and during the pretest and 
the test phases. 

Scorahle Trials. We intended to submit each infant to 14 
trials. However, 70 trials could not be run because of a 
change of state (i.e., the infant became too fussy, too 
drowsy, or cried). Of the remaining 266 trials, 151 (57%) 
could not be scored because the coders were not in agree- 
ment, the infant did not orient to the cue in the pretest 
phase, or the infant did not refixate the fixation stimulus 
after the pretest phase. In total, there were 115 storable tri- 
als for saccade direction, to which each infant contributed 
from a minimum of 2 to a maximum of 13 trials. Several 
other trials could not be used for measuring RT and nonnu- 
tritive sucking rate because of lack of concordance among 
the coders (RT) or malfunctioning of the apparatus (suck- 
ing rate). This resulted in a different number of participants 
in the analysis on saccade direction, in which all 24 infants 
were used, with respect to the analyses on RT and nonnutri- 
tive sucking rate, in which fewer infants were used. 

RESULTS 

In the test phase, the eye movement could be 
directed to the side that had been cued in the 
pretest phase or to the uncued side. As said, 
IOR was indexed by an eye movement to the 
uncued side (Clohessy et al., 1991; Johnson, 
1990, 1994; Valenza et al., 1994). 

Because a preliminary analysis of variance 
found no significant sources involving the 
between-subjects factor eye (left or right eye 
open), an analysis of variance with only two 
within-subjects factors was conducted on the 
direction scores. The factors were cued hemi- 
field (temporal or nasal) and type of response 

(IOR or non-IOR). The main effect type of 
response was significant, F( 1,23) = 14.79, 
p < .OOl. The average number of IORs was 
1.33, whereas the average number of non-IORs 
was 0.58. Also, the interaction was significant, 
F( 1,23) = 4.74, p < .05. It indicated that the 
prevalence of IORs over non-IORs was greater 
in the temporal hemifield (1.62 vs. 0.40) than in 
the nasal hemifield (1.04 vs. 0.75). 

The analysis of variance could not be con- 
ducted on RTs because some infants produced 
only one type of response. More precisely, 13 
infants produced only responses denoting IORs, 
and 3 produced only responses denoting non- 
IORs @ < .025, with a binomial test). Therefore, 
two 2 tests for independent samples were per- 
formed instead, comparing infants who had 
shown only IORs with infants who had shown 
only non-IORs. The average RT for IORs was 
faster than the average RT for non-IORs in 
either hemifield. The difference, however, was 
significant in the temporal hemifield (1,587 ms 
vs. 3,150 ms), t(14) = 2.21, p < .05, but non- 
significant in the nasal hemifield (1,700 ms vs. 
2,357 ms). 

For 23 infants, nonnutritive sucking rate 
data were obtained in both the baseline and the 
pretest phases. An analysis was conducted, 
comparing the baseline to the pretest phase 
with a t test for correlated samples. It showed 
that nonnutritive sucking rate significantly 
decreased during the pretest phase (0.93 vs. 
1.30 suck/s), t(22) = 4.58, p < .OOl. 

DISCUSSION 

Nonnutritive sucking rate was recorded to obtain 
evidence that moving the eyes to the cue was a 
component of a phasic orienting reaction. The 
fact that nonnutritive sucking rate decreased 
from the baseline to the pretest phase shows that 
that happened (e.g., Mendelson, 1979). 

The results of this study clearly indicate that 
IOR can be observed in newborns, thus corrob- 
orating the findings of our previous study 
(Valenza et al., 1994) by using different experi- 
mental conditions. The main differences 
between the two studies were that in this study 
(a) viewing was monocular instead of binocu- 
lar, (b) the cue was turned off when the infant 
shifted gaze to it (an infant control procedure) 
instead of being turned off after a fixed inter- 
val, (c) patterned cue and target stimuli were 



Inhibition of Return 193 

used in place of unpatterned light stimuli, (d) 
and all stimuli were shown at 15” eccentricity 
instead of 30” eccentricity. 

The 15” eccentricity was chosen to favor eye 
movements directed to the cue, thus minimiz- 
ing occurrence of hypometric saccades. At 15” 
eccentricity, hypometric saccades are much less 
numerous than at 30” (Harman et al., 1992). In 
fact, hypometric saccades had been very few 
even in our previous study (Valenza et al., 
1994), but in this study, they were never 
observed. Considering that hypometric sac- 
cades to the cue do not cause IOR in the adult 
(Rafal et al., 1989; also, see Harman et al., 
1992), presenting the cue at 15” should have 
rendered IOR easier to find. Apparently, this 
experimental manipulation was successful. 

In the adult, IOR is typically observed in the 
absence of eye movements (e.g., Klein, 1988; 
Maylor, 1985; Possamai, 1986; Rafal et al., 
1989; Tassinari et al., 1987; Tassinari & 
Berlucchi, 1993). Also, in 12-month-old 
infants, IOR can be observed when cue presen- 
tation is too brief to allow eye movements 
(Clohessy et al., 1991; Hood, 1993; Hood & 
Atkinson, 1990, 1991; Johnson & Tucker, 
1993). It is clear, therefore, that IOR is an 
attentional phenomenon, caused by overt or 
covert orienting. The fact that IOR is present in 
newborns demonstrates that the capability of 
automatically orienting attention in space mani- 
fests itself in newborns. 

No doubt, however, the newest finding of 
this study was that IOR is greater in the tempo- 
ral hemifield than in the nasal hemifield. In the 
adult, the fact that IOR shows a temporo-nasal 
asymmetry is taken as evidence that it is medi- 
ated by the retinotectal visual system (Posner & 
Petersen, 1990; Rafal et al., 1991; Rafal et al., 
1990). At birth, the retinotectal system plays a 
greater role, as compared to the geniculostriate 
system, in visually guided behavior (Atkinson 
& Braddick, 1989; Atkinson et al., 1992; 
Braddick et al., 1992; Bronson, 1982; Johnson, 
1990, 1994). If early vision is predominantly 
mediated by the retinotectal system, which also 
mediates IOR, and the temporo-nasal asymme- 
try is an index of retinotectal mediation, the 
rather strightforward prediction is that at birth 
IOR should be greater in the temporal hemi- 
field than in the nasal hemifield. This predic- 
tion was clearly borne out by the results of this 
study. 
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