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Abstract—The extent to which infants combine visual (1€, retinal
posttion) and nonvisual (eye or head position) spatal information in
planning saccades relates to the issue of what spatial frame or frames
of reference influence early visually guided action We explored this
question by testing infants from 4 to 6 months of age on the double-
step saccade paradigm, which has shown that adults combine visual
and eye position information into an egocentnc (head- or trunk-
centered) representation of saccade target locations In contrast, our
results imply that infants depend on a simple retinocentric represen-
tation at age 4 months, but by 6 months use egocentric representations
‘more often to control saccade planning Shifts in the representation of
visual space for this simple sensormotor behavior may index matu-
ranon in cortical circuitry devoted to visual spatal processing in
general

A central 1ssue mn cogmtive development concerns the ways in
which infants’ capacities to understand spatial relationships change
early in hfe Beginning at the age of about 6 months, looking and
reaching behavior becomes gradually less bound by the specific spa-
ual positions of objects relative to the baby's body and more sensitive
to the positions of objects and features in the environment that remain
stable despite the infant’s own movements (Acredolo, 1990, Bremner,
1978) This transition suggests that the way mfants represent spatial
information—the frame of reference they use for coding location—
shifts from being largely egocentric, or body-centered, to being allo-
centnc, or environment-centered The shift may occur in accord with
increasing locomotor skills that afford infants new opportunities to
discover stable spatial relationships by active exploration How -
fants younger than 6 months understand spatial relationships and what
role 1n spatial cognition patterns of postnatal brain development might
play have remained largely unexplored questions

Adults’ spatial processing appears to employ multiple frames of
reference or coordinate systems for coding the positions of stimuli 1n
the environment (Stein, 1992) Retinal-, head-, trunk-, arm-, and even
object-centered representations have been shown to have neurophysi-
ological (Andersen, Snyder, L1, & Stricanne, 1993, Graziano, Yap, &
Gross, 1994, Olson & Gettner, 1995) and behavioral (Abrams &
Dobkin, 1994, Behrmann & Tipper, 1994, Posner & Cohen, 1984,
Tipper, Driver, & Weaver, 1991) correlates Most current accounts of
spatial processing 1n the brain accord a special role to the

remains controversial (Slater, Monson, & Somers, 1988), but it sug-
gests that young infants’ and adults’ spatial representations may differ
1n fundamental ways Because vision 1s the dominant modahity for
spatial perception i primates, and because shifts of gaze are among
nfants’ first exploratory actions, we asked what spatial information
guides babres’ shifts of gaze

Adults appear to use both retinal and eye position information m
planming sequences of saccades to targets that flash in the dark In the
double-step saccade paradigm (Becker & Jurgens, 1979, Hallett &
Lightstone, 1976), participants are instructed to make saccades to
sequences of two visual cues flashed bnefly 1n a dark visual field, the
second stimulus appears and disappears shortly before or during the
first saccade Observers cannot use retmal position relative to the
fovea to plan a response to the second target because the saccade to
the first simulus shifts the center of gaze, and with 1t, the second
target’s position relative to the fovea Accordingly, to make accurate
saccades to the locations of both targets, subjects must plan the sac-
cade to the second target by combining retinal and eye position signals
(Dassonville, Schlag, & Schiag-Rey, 1993, Hallett & Lightstone,
1976) Adults make accurate saccades to both targets n many cir-

g that the mature System represents
saccadic largel locations by systematically combining retinal position
and eye position into a head-centered representation of visual space
that remains stable across eye movements

‘The integration of visual and nonvisual spatial information appears
to depend on processing 1n the cerebral cortex Neurophysiological
studies i awake behaving monkeys have indicated that cells in eye
movement regions of the paretal cortex respond to combnations of
retinal, eye, and head position 1n a manner consistent with a distrib-
uted coding of visual space 1n head- or body-based egocentric coor-
dinates (Andersen et al, 1993, Zipser & Andersen, 1988) These
findings contrast with those from cells 1n the supenor colliculus, a
subcortical structure nvolved 1n visual orenting, which appear to
code for saccades within an eye-based or retinocentric frame of ref-
erence (Schlag-Rey, Schlag, & Shook, 1989)

If young infants’ saccades are dominated by subcortical circuitry,
then frames of reference that depend on cortical processing may not
influence saccade planming early n hfe Instead, the retinocentric

of the pathway may dominate
young infants’ onienting In tum, gradual maturation of cortical spa-

regions of the cortex, especially the panietal lobe However, behav-
10ral, neuroimaging, and neuroanatomical evidence has indicated that
for some visually guded actions, such as saccades, there 15 a shift
from o cortical control over
the first few months of life (Atkinson, 1984, Braddick et al , 1992,
Bronson, 1974, Chugani & Phelps, 1986, Johnson, 1990) This view
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over the first several months of hfe
(Johnson, 1990) mght gradually make available more stable egocen-
tric representations in older infants To test this hypothess, we tested
mfants between 4 and 6 months on two versions of the double-step
saccade paradigm

EXPERIMENT 1

‘When infants maintain fixation throughout the presentation of two
visual targets 1n a double-step display, they are presented with poten-
tally conflhicting sources of information (see Figs la and 1b) A
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retinocentnc representation of each target's position consists of the
distances and durections relative to the center of the retina or fovea at
the ime the targets are shown, but 1gnores eye position, an egocentnc
representation consists of the distance and direction of the targets
from the center of the head (or trunk) and 1s stable across eye move-
ments If subjects used retinocentric information in planning saccades,
they would simply make a response to each target equal to that tar-
get's position relative to the fovea at the ime it was viewed So a
retinocentric sequence of saccades would consist of two saccades that
followed each other sequentially, each equal in length to the retinal
position vector of its target In contrast, an egocentric sequence would
consist of a saccade to the first target, then a saccade to the second

Experiment | examined the frequency of spontancous retmo- and
ic saccade sequences 1n 4- to 6-month-old infants presented
with this type of display

Method

Twelve 4-month-old (range 122-137 days, M = 129, § female, 7
male) and thirteen 6-month-old (range 182-196 days, M = 189, 7
female, 6 male) full-term healthy human infants participated Five
additional 4-month-olds and two 6-month olds were tested but elumi-
nated from the analyses because they did not make a codable response
on at least half of the presented tnals

Trial Types Retinal Vectors Response Types
Double step
Retinocentric
Short-look first
Fixation
a Target1
Target 2 Egocentric
time 290
Long-look first Retinocentric
Fixation
b Target 1
Target 2
Egocentric
time
Long
Fixation
time

Fig. 1 Sumulus sequences and coding classifications for the e
the display sequence The second column indicates the retinal
saccade patterns of interest Participants in Expenment 1 view
Experiment 2 viewed tnals chosen from (a), (b), and ()
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xpenmental and control tnals in Experiments | and 2 The first column depicts
vectors of the targets relative to fixaton The third column depicts the cniical
ed trials from the pattems depicted 1 (a) and (c) The experimental group m
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Each participant was seated 1n an infant seat 50 cm from the center
of three 13-in color computer momtors The room lights were
dimmed, but not extinguished, n order to maintain the infant’s co-
operation and to provide sufficient 1llumination for the video camera
The expenmenter recorded the infant's eyes and head on videotape at
30 frames/s while a microcomputer generated sumuli Each trial be-
gan with a fixation display consisting of a sequence of geometric
shapes (5° 1n width) and auditory tones (440-880 Hz) A single ran-
domly selected tone sounded simultaneously with the appearance of
each shape 1n the fixation sequence Tones were generated by a
speaker located behind the tesung screen The display attracted the
infant’s attention to the center of a single screen prior to the presen-
tation of the subsequent targets

Figure 1 depicts the sequence of visual simuli infants observed in
both this and the In the doubl p tnals for
Expeniment 1 (see Fig 1a), the fixation appeared in the center of the
middle monitor until a computer key press terminated 1t and the ac-
companying tones Then two 5° tnangular-shaped target stumuli 200
ms in duration appeared in the center of the left and nght screens (29°
trom fixation), one following the other, with an intersimulus interval
of less than 33 ms In the single-step tnals (Fig lc), the fixation
appeared on the nght- or left-side monitor, and after the key press, a
single 200-ms target appeared on the monitor oppostte the side of
fixation A 1,500-ms mterval dunng which no visual or auditory
stimuli were presented followed each tnial There were 32 double-step
trials, 16 each of the left-nght and nght-left target sequences, and 12
single-step tnals, 6 each of left- and nght-side single targets Trials
were run dunng a single testing session 1n a pseudorandom order fixed
for all subjects

A trained coder analyzed videotape records off-line by noting the
start ime (in frames) and endpont (left, center, or nght screen) of
both the first and the second saccades If the subject failed to make a
saccade or looked away from the display duning the interval before the

single-step tnals, for which we computed the proportion of responses
that ended at the target location (long looks) relative to those that
ended 1n the center screen (short looks) Raw percentage scores were
subjected to a log transform to stabilize vanance prior to conducting
statistical tests, but for clanty we report untransformed scores

Results

h-old

Table 1 shows the of responses Fe
made fewer valid sequences as a proportion of total double-step tnals
than 6-month-olds (27 vs 49) and had more invald tnals ( 25 vs
09) But the fraction of tnals in which infants spontaneously made
sequences of saccades compares favorably with the behavior of 5- to
6-year-old participants who made vahd sequences to double-step sac-
cade targets on 40% to 50% of tnals after receiving nstructions to
make saccades to all observed target shifts (Groll & Ross, 1982)

Of the double-step trals, 110 (4 th-olds 1-11 trials/infant, M
= 39, 6-month-olds 1-10 tnals/infant, M = 4 9) met the critena for
an analyss of reuno- and egocentric response patterns Four-month-
olds made more retinocentric sequences than egocentnic ones (mean
egocentric preference score = 28, SE = (9), whereas 6-month-olds
made more egocentric sequences (mean egocentric preference score
= 75,SE = 07),#23) = 442, p < 001 (see Fig 2) A companson
of the total number of egocentric and retinocentric responses pooled
across subjects d that 4 h-old infants made
fewer egocentric responses overall than 6-month-olds, x*(1, N = 110)
= 234, p < 0001 A companson of the mean proportions of long
looks relative to short ones in the single-step trials (4 months M =
51, SE = 10, 6 months M = 71, SE = 06) reached marginal
significance, #(23) = 181,p < 09 However, infants who made long
looks on 5 or more of the single-step tnals (N = 8 for 4-month-olds,
N = 11 for 6-month-olds) stll showed a significant age difference n
the proportion of egocentric looks, #(17) = 389, p < 001 Further,

next fixation, the look was coded as invalid y in coding,
assessed by a second coder’s assessments of 20% of total tnals, was
high (x = 85 and 81 for the first and second saccades, respectively)
We did not analyze tnals in which babies (a) made a sequence of
two saccades beginning with a response toward the second target
(other sequence), (b) made only one saccade to either target (one
look), or (c) did not make a saccade (invalid) We selected for detailed
analysis those double-step tnals in which infants made a valid se-
quence consisting of two looks the first toward the first target and
the second toward one of the other screens (see Fig la, column 3)
and position for the second tar-

get differs only when a saccade sequence begins after the second
target has disappeared So, these sequences were further classified
nto two groups according to the start time of the first saccade in the
sequence relative to the second target's offset Sequences that began
before the second target’s offset were grouped nto one category,
sequences that began after the second target’s offset were grouped
nto a second category In the latter group, sequences were categonized
as rennocentric if the second saccade ended at the midpoint of the
center screen, and egocentric if 1t ended at the midpoint of the lateral
screen where the second target had appeared (see Fig 1a, columns 2
and 3) We computed an egocentric preference score for each subject
equal to the number of egocentric sequences divided by the sum of
and The to make long

on the

on singl p trials did not predict the proportion
of egocentric responses in a simple regression model, F(1, 22) <
00001, ns

Discussion

Four-month-old infants made more saccade sequences based on
retinocentnic information and fewer sequences based on egocentnc

Table 1 Experiment | Distribution of responses

Mean proportion of trials

Type of response 4-month-olds 6-month-olds
Double-target tnals
Valid sequence 27 (06) 49 (06)
Other sequence 07 (02) 08(02)
One look 41(25) 34(05)
Invahd 25(05) 09 (,02)
Single-target tnals
Long look 25(06) 51(07)
Short look 30(09) 18(07)
Invahd 45(07) 31 (06)

Note Standard errors are shown 1n parentheses

saccades (see Fig 1c, column 3‘) was assessed by
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—
Display
' Experiment 1 1
Fixation 075 075
Target 1 §
Target 2 g 054 et 08 i
H
time 025 025
; :
04
4 mos 6 mos
19
Fixation 075 75
Target .'§‘ §
‘> 054 5
b
0254 2
o
4 mos 6 mos 4-5mos.
Fig 2 Combmed results for short-look-first (top) and single p (bottom) tm!s n 1and 2 For 1, we report the mean
saccades, 2, we report the relative proportion of egocentnc
sequences pooled across subjects within a group, total + total because of large sample

sizes for group compansons based on individual averages For the singl
successful long looks, long/(long + short)

information than did 6-month-olds This finding suggests that the
younger infants less rehably integrated retinal and eye position infor-
‘mation necessary for a head-centered representation, but stead relied
more frequently on the retinocentnic postions of the targets in plan-
ning saccades to them An alternative explanation is that the younger
infants were merely less likely to make the long saccade required for
an egocentric response But differences between the 4- and 6-month-
olds 1n the mean proportion of successful long saccades reached only
marginal significance, and success in generating long saccades to a
single target did not predict the extent of onenting to egocentric target
locations We propose that cortical circuitry 1s required to integrate the
components of head-centered spatal representations (retinal and eye
positions), and that continuing development 1n these systems between
ages 4 and 6 months accounts for the observed behavioral shuft

EXPERIMENT 2

We conducted a second expeniment designed to replicate the re-
sults and rule out several altemative accounts (a) that age differences
n the abulity to make long eye movements explamn the egocentrnic
shuft, (b) that the younger infants were employing some sumple strat-
egy, such as *‘return to center,”" or (c) that the mfants’ responses did
not reflect processing of both targets In Expenment 2, infants 1n one
group saw both single-step and double-step tnals designed so that the
fixation stumulus appeared tn all three screen positions, making 1t
difficult to predict the next fixation or target position The addition of
anew double-step pattern was designed to elicit sequences with long
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lc -step trials wn both experniments, we report the mean proportions of

imnial saccades A second group of subjects saw only single targets
The performance of this group provided a measure of the prevalence
of sequences and single saccades when only a single target was pro-
cessed

Method

Seventeen 4- to S-month-old (range 123-167 days, M = 136, 11
female, 6 male) and seventeen 6-month-old (range 180-198 days, M
= 190, 7 female, 10 male) healthy human infants participated n an
expenmental group Nine 4-month-old (range 124-135 days, M =
129, 5 female, 4 male) and eight 6-month-old (range 182-192 days,
M = 185, 5 female, 3 male) infants participated 1n a separate control
group Four additional 4- to S-month-olds and one 6-month-old were
tested but not included in the analyses because they did not make a
codable response on at least half of the presented tnals

Two flat rectangular shapes the same size and color as the com-
puter montors were attached to an apparatus stmilar to that used n
Expeniment 1 at positions to the far left and far nght of the horizontal
monitor array These figures created the illusion that there were ad-
ditional computer monitors at the penphery, and made any contnbu-
tion of object- or scene-based roughly lent for the
five spatial locations where subjects might direct their saccades The
procedures were similar to those for Expenment | The expenmental
group observed 36 tnals i total, 30 with double targets and 6 with
only a single target, run in a order equivalent for all
subjects Twenty-four instances of a new double-stcp tnal type (see
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Fig 1b) were included These long-look-first tnals presented the fixa-
tion strmulus on the lefi- or nght-side monitor, then displayed targets
first opposite the fixation pomt and then on the central screen Pilot
testing had indicated that subjects rarely made a saccade to the more
distant first target unless 1t appeared for a longer time penod than the
closer second target Therefore, we increased the duration of the first
target to 250 ms and decreased the duration of the second to 150 ms
1n order to elicit more mitial saccades to the first target Six double-
step tnals with the same timing regime, but appeanng in the spatial
pattern of Expeniment 1 (Fig 1a), were also included The single-step
tnals (Fig 1c) were 1dentical to those from Expeniment 1 except for
the duration of the target (250 ms)

The control group observed 36 single-step tnals i which the fixa-
tion appeared on either the left, center, or nght screen, followed by a
target (250 ms) on one of the other screens The fixation and target
positions were presented in a balanced pseudorandom order fixed for
all subjects

Data collection and coding procedures were simular to those in
Experment 1 Videotapes were recorded at 50 half-frames/s Figure
1b depicts the scheme for coding the new long-look-first tnal type
For the control group, which viewed only a single target on each tnal,
we determined where the second target would have been located in the
equivalent double-step trial Then, single saccades and sequences of
saccades were classified accordingly If a baby made a first saccade
toward the target and a second saccade toward the retinocentnc or

egocentric screen location of the second target on the
double-step tnal, the sequence was coded as vahid

Results

Table 2 shows the distnbution of responses for mnfants i both
groups The data from the expenmental group indicate that vahd
sequences 1n the long-look-first condition were rare at both ages de-
spite the timing mampulation The most frequent response was a
single saccade to the second target—the one nearer the fixation point
In the short-look-first tnals, valid sequences were observed at fre-
quencies comparable to those for the first study The total number of
valid expenimental sequences was 63 n the long-look-first condition
(4-5 months 04 tnals/infant, M = 19, 6 months 0-8 trals/infant,
M = 24) and 84 1n the short-look-first condition (4-5 months 0-7
tnalsfinfant, M = 13, 6 months 1-6 tnals/infant, M = 31) The
small sample sizes made 1t necessary to loosen the strict iming cn-
terion used 1n the first expenment by including sequences that began
duning the second target's appearance, and to analyze the responses
pooled across subjects i each age group Overall, the younger infants
made significantly fewer egocentric responses than the older infants 1n
the short-look-first tnals, x(1, N = 84) = 773, p < Ol but the two
groups did not differ 1n the proportion of egocentric responses in the
long-look-first tnals, x*(1, N = 63) = 254, p> 10 A sumlar pattern
was obtained with the more restricted sample of saccades that oc-
curred only after the presentation of the second target There were no

age in the mean of long
looks 1 the control tnals (4-5 months M = 70, SE = 07, 6 months
M = 84,SE = 05)

The resuits from the control group showed that there were munmal
age differences overall, that vahd sequences constituted a small pro-
portion of total trals (4-month-olds M = 12, 6-month-olds M =
05), and that the most common response was a single saccade to the
first target (4-month-olds M = 49, 6-month-olds M = 47)
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Table 2 Experiment 2 Distribution of responses
Mean proportion of tnals
Type of response 4- 10 5-month-olds 6-month-olds
Expenmental group
Short-look-first trials
Valid sequence 36 (06) 59 (06)
Other sequence 05 (03) 06 (03)
One look 41(05) 26 (09)
Invahd 18 (06) 09(04)
Long-look-first tnials
Valid sequence 05(02) 09(03)
Other sequence 13(02) 10(02)
One look 58(05) 70(03)
Invahd 24 (06) 11(03)
Single-target tnals
Long look 43(06) 61(06)
Short look 16 (03) 13(05)
Invald 41(06) 26 (05)
Control group
Single-target tnals
Valid sequence 12 (04) 05 (02)
Other sequence 07(04) 06 (03)
One look 49(08) 47 (06)
Invalid 32(06) 42(07)
Note Standard errors are shown 1n parentheses The control group
consisted of 4-month-old infants only

Discussion

The results rephcate the findings from Expenment 1 (see Fig 2)
Four- to five-month-old infants made more retinocentric and fewer
egocentnic sequences of saccades than did their 6-month-old counter-
parts, and there were no staustically significant differences in the
relauve frequency of long looks in the control tnals The results from
the long-look-first condition mdicate that in some circumstances, ego-
centric position information can reliably guide the saccades of
younger infants, but small sample sizes make this conclusion tenta-
tive The results obtaned rule out an explanation based on simple
response strategies because unlike in Expenment 1, no fixation posi-
tion occurred more often than any other Further, the results from the
control group show that in the absence of a second target, infants
make more single saccades and many fewer sequences Thus, the
sequences observed in the double-step tnials appear to reflect process-
g of both targets

GENERAL DISCUSSION

In two separate expenments, we observed that 4- to 5-month-olds
more often rely on retinal position 1n planning sequences of saccades,
but can integrate reunal and eye position information to plan saccades
n n some By the ime infants
are 6 months old,
integration of retnal and eye position information 1s strongly associ-
ated with processing in the panetal cortex We suggest that the gradual
emergence of adultike saccade behavior results from the development
of spatial-processing circuits in these parts of the cerebral cortex The

VOL 8,NO 3, MAY 1997




PSYCHOLOGIC

ALSCINCE

eneral view that subeoriical i
Sponses of young infants until corical
ciently 1o influence saccades s i
extenn ol reinal vegtor averagiog. @ marker for collicular function,
declines in infants between 2 soud 6 month of age Johnson, Gilimore
Tucker. & Miniser, 1096).

Ev Visual anatonty may also provide some i

mech Sl
forced by recent evidence th the

the absence of age diffe
s appes

i, both
he s

Whether mechanisns that inerate spatial information betwecn th
cortical hemipheres develop hose that int
oformation within them will requie further rescarch,

We have atgued tha the frae of eference
Apace st from a0 eye-ceniered. or retinacentec. form eily
T et e e hdemcre, o ekocemric, o by 6 o,
A altemative description of mature saccade §

e o g

tiocentic coording

cade targers are coded i
mamically i accord with pland or ¢
Iby. & Goldberz. 19931
i double-step i
ton sl wed 1
(Dssony -+ 1993), and neurons that show this property of
e i e o oo n th e posterior parictal
fepions thought 10 compue fiead . runk-, anid oher body.-<
representations (Dubimel ¢t a1, 1993) W
planined by conputing
Tethacenric map o sabie cgoce
the Tunction] o s be the
out the \mmmhlv hat retinocentric
oo et by he o

o cron, b bcane
either

Slowly updated

sors whin oward noing hics
o Horen, 19801 and uecctut 1
e, (Clon. M. Admend & Clatoon,
the onset o accucare auditory e
the emergence of cortical processing
19801, The reliable

biect in
19931, We note that
tion s also been attibuied 0
(Muir. Clilon, & Clarkson.
e of v et o ik ifornaon
enmerges much laer in the 150 year. however (Ac 0:

ner, 1978), This sugests that there may be

opmcat of spatial frames of tef
ol g

@ seqquence in o e
 Trom the simples bused o he
ometty of the sense orzan .. et or skin surface 1o the
o cmplescemrd s s of e by o v
the environment. These more comples Trames require the inteyr
F M souces of il ifomaton for hich he prnat
evelopment of cortical circuilrs iy be essen

OF course, these pretimimars swdies leave se

v T oxerinnc s curied o n dime gh, bt o
compiete datkness i in the origial double-siep experin

e that improved abilites 10 e bt Cpoi information

VOL £ NO. S MAY 19

Rick O, Gilmore and Mark 11 Johnson

des could have contribuned 10 the abserved shifl, Nev
wailable. cvidence suggests procese o
 igher levels of the oculamotor sysiem
[Behmrann & Tippr, 1005 Ohon & Getcr 1998 Father o
head positions were fimited by padding, but not fixed in spice. As
ot determine the potentially separate contibution of

planming e

olie corical processing

 coond

e vepreseitations

e experiments indicate tha the double-siep saccade paradigm

i he aature o the repre
e fi
ol reference
ing.
presentation niay index the emergence of cortical spi-
he infant brain,

b el ot forexloig
sentations.th
o o e, The desclopme

wuided swveral

Tor visually suided saccades from & more primive, earlier e

Acknowledgments—We sricluly
1 Nl S Fownion, G D045 e UK Nt
Rescanch Coucl, amd crch o the Natioal
Ay o S, sd I bt of Chrisine Guriach, Lol
Tucker, St Mimtee: Amy O'Milley. and Adi Sharknbs

of e

RE)

ERENCES

Avvan A Dubkin, 5. 1195,

ol il P s s o

A, R e 0 ot

A AR W il e v e i s i A i
2 s, o N i
W i .41, A o he sl <k by s of e

mm 01 Mk

& VK 1

. 16,
i G 1740l ol —

— wintas
o g, s, 241, X 1

e Y v e

s Sl Y 3 A il e, AT, O 1110

Dl S S e 30

P Ty, 1 G m e o i

e

G M3 o (%

G o Conn o v . . et

Tk 1 W S ot

S D €l 8 o N 10 Th s
o e 3 i i oo e p
29



PSYCHOLOGICAL SCIENCE

Frames of Reference in Infants® Saccades

Olson CR & Gestner SN (1995) Obyect-centered durection selectrvity in the macadue
supplementary ey field Science 269 985988

Posner M1 & Cohen Y (1984) Components of visual oncnting In H Bouma & D G
Bouwhuis (Eds ) Anention and performance (Vol X pp 531-556) Hullsdale NJ
Extbaum

Schlag Rey M Schiag J & Shook, B (1989) Interactions between natural and elec-
oked saccades | Differences between sites camyung retnal error
! command ngnals . monkey sapencr colbeuins Experinenial Bran Re
search, 76 537-547
Sier A Monson, V& Somers M (1988) Onentation discrumination and cortical
n the human newbom Perception, 17 597-602

Stewn JF (1992) The egocentric space 1n the posterior panetal corte
Behavioral and Brain Sciences 15 691~100

Tipper SP Dver J & Weaver J (1991) Object-centered snhutation of return in visu
anention Quanerly Journal of Expe wmupmm,y 43A(2) 289-298
von Hofsten, C (19¢

o Elpemnlnml Chid Prychology 0 365382

Zipser D & Andersen RA (1988) A back-propagation network tha
‘simulates response properties of a subset of posierior panetal neurons Nature 331
679-684

Journ.

(RECEIVED 11720195, REVISION ACCEPTED 109/96)

Forthcoming Papers

General Article
Group Research Trends 1n Social and Organizational Psychology
‘Whatever Happened to Intragroup Research?
Lawrence J Sanna and Craig D Parks

Research Articles
To What Extent Do Umique Parts Influence Recognition Across Changes 1n Viewpomnt?
Michael J Tarr, Heinnch H Bulthoff, Manon Zabinski, and Volker Blanz
There Are Two Word-Length Effects in Verbal Short-Term Memory
Opposed Effects of Duration and Complexity
Nelson Cowan, Noelle L. Wood, Lara D Nugent, and Michel Treisman

The Credible Shnnkmg Room Very Young Chuldren’s Performance
and

Wil
Judy S DeLoache, Kevin F Muller, and Karl S Rosengren

Viewpoimt Dependence 1n Scene Recogmtion
Vaibhav A Diwadkar and Timothy P McNamara

Research Reports
Expenience and the Water-Level Task Revisited Does Expertise Exact a Price?
Ross Vasta, Deirdre Rosenberg, Jill A Knoti, and Chnstine E Gaze
Auditory Pitch as a Perceptual Analogue to Odor Quality
Kira Belkin, Robyn Marun Sarah E Kemp, and Avery N Gulbert
Very Long-Lasting Pnming 1n Picture Naming
Carolyn Backer Cave
Judgments of Learning at Delays
Charles A Weaver, Ill, and William L. Kelemen
Grammatical Gender Is on the Tip of Italian Tongues
Gabnella Viglocco, Tiziana Antomini, and Mernll F Garrett
Preservation of Implicit Memory for New Associations in Global Amnesia
John D E Gabnieli, Margaret M Keane, Melissa M Zarella, and Russell A Poldrack

The Illusion of Morality as Self-Interest
Jonathan Baron

VOL 8, NO 3, MAY 1997



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



