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Abstract

Three experiments were conducted that compared the eye movement pattern to a peripheral word or letter string as a function of
the position of an initial fixation stimulus relative to the center of the screen and the straight-ahead position. Results revealed a
strong bias of the eye behavior towards the center of the screen, but not towards the straight-ahead position. Saccades were greater
in length, and landed closer to the center of words/strings when launched from a position left of center than when launched from
either center or right part of the screen. In addition, the initial saccade launch site was deviated to the right, or to the left of the initial
fixation stimulus depending on where relative to the center of the screen the fixation stimulus was displayed. Data were interpreted
with the assumption that saccades are programmed in a visual reference framework, with saccade amplitude being computed in

relative coordinates. Further research will determine whether the observed bias generalizes to text reading.

© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

When reading a page of text in natural reading con-
ditions, our eyes move along the lines while our head
remains fairly stable (see Kowler et al., 1991; Seo & Lee,
2002). The center of the page of text is generally aligned
with the straight-ahead position, and a variable angular
deviation of the eyes from this position is required for
the words to be fixated. As words get closer to the ends
of the lines, a greater deviation of the eyes in the orbit
and relative to the center of the external visual display
becomes necessary, which may strongly constrain the
eye movement pattern. The present paper investigates
the possibility that readers employ an eye movement
pattern that favors central word locations, using an
isolated word reading paradigm.

*Corresponding author. Tel.: +33-1-55-20-58-64; fax: +33-1-55-20-
58-54.
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Several previous findings indicate that saccadic eye
movements to meaningless (or non-reading like) pe-
ripheral targets present strong biases towards central
locations. First, when subjects move their eyes back and
forth between two stimuli displayed sequentially, the
resulting saccades present different levels of accuracy
depending on whether they are directed towards central
or lateral locations (Becker, 1972; Frost & Poppel, 1976;
Kapoula & Robinson, 1986). The centripetal saccades
that return the eyes to the straight-ahead position are
more accurate and more likely to overshoot their target
than centrifugal saccades that move the eyes away from
the straight-ahead position. In a similar manner, the
saccades made in the dark, and that return the eyes to a
previously exposed target are more accurate if the target
is at the straight-ahead position than if it is peripheral
(Heywood, 1973). On the other hand, when at least two
visual targets are presented simultaneously in peripheral
vision, the initial saccade is deviated towards the center-
of-gravity of the visual configuration, a phenomenon
that is referred to as the center-of-gravity or global effect
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(Coéffé & O’Regan, 1987; Coren & Hoenig, 1972;
Deubel, Wolf, & Hauske, 1984; Findlay, 1982).

So far, biases towards the center of the line of text were
never reported in reading. However, for both oculomotor
and perceptual reasons, the eye movement pattern may
vary depending on how far from the center of the line of
text the eyes are launched. As shown in a large number of
reading studies, the basic forward eye movement pattern
that brings the eyes from one word to a next word is only
slightly affected by ongoing perceptual and cognitive
processes associated with word identification, and sen-
tence comprehension (Brysbaert & Vitu, 1998; O’Regan,
1990). What primarily determines forward eye move-
ments is the visual configuration formed by the words
located to the right of the current eye location, including
the length of the next word, and the word(s) following it.
Short words (less than 5 letters) are more frequently
skipped than long words, and the preferred initial landing
position in long words lies between the beginning and the
center of words (Dunn-Rankin, 1978; McConkie, Kerr,
Reddix, & Zola, 1988; O’Regan, 1979; Rayner, 1979;
Vitu, McConkie, Kerr, & O’Regan, 2001; Vitu, O’'Regan,
& Mittau, 1990). Word skipping rate and initial landing
sites also strongly vary with the distance of the eyes from
the beginning of a word: the smaller the distance, the
more likely the word is skipped, or the eyes land toward
the end of the word (McConkie et al., 1988; Vitu,
O’Regan, Inhoff, & Topolski, 1995).

Thus, at each fixation in reading, the eyes are drawn by
the visual material ahead of fixation. A classical as-
sumption posits that most saccades in reading aim for the
center of the next word or the word following it, and that
the variability of initial landing sites around the center of
words results from the influence of visuo-motor factors
which deviate the eyes from their intended location (Just
& Carpenter, 1980; McConkie et al., 1988; O’Regan,
1990, 1992; Reichle, Pollatsek, Fisher, & Rayner, 1998).
The straight-ahead position and/or the center of the line
of text may be one of these factors. First, as shown in
several studies, there is a strong resemblance between eye
movements during text reading, and the scanning of
meaningless material (Vitu et al., 1995; Rayner & Fi-
scher, 1996). The tendency for centripetal saccades to be
more accurate than centrifugal saccades which was pre-
viously observed with single and meaningless visual tar-
gets may therefore generalize to reading. Second, given
that a center-of-gravity effect was found with pairs of iso-
lated words, it may well be the case that this effect extends
to text reading with the eyes being deviated towards the
center of the lines (Vitu, 1991). More particularly, if the
perception of the exact location of the saccade target is
biased towards the straight-ahead position or the center
of the visual display, then this should result in a corre-
sponding deviation of the initial landing sites in words.

To investigate the possibility that such perceptuo-
oculomotor biases intervene in reading, the present se-

ries of experiments examined the pattern of eye move-
ments made to an isolated word as a function of the
initial position of the eyes relative to the center of the
screen, and/or the straight-ahead position. Isolated
words were studied rather than words in sentences or
text to avoid the influence of ongoing linguistic pro-
cesses. This also removed the possibility that an oculo-
motor rhythm resulting from making a series of eye
fixations on the same line changed the eye movement
characteristics (Vitu, 1993; Zingale & Kowler, 1987). In
the experiments, the target words were always displayed
at the same eccentricity to the right of fixation, and the
resulting saccades were always directed to the right.
However, given that the starting eye location was either
left or right of center, or exactly at the center of the
screen, the initial saccades moved either towards or
away from the central location. Thus, if a bias towards
the center of the screen, or the straight-ahead position, is
at work in reading, initial saccades should present dif-
ferent characteristics depending on how far left or right
of center these are launched. On the other hand, it may
be that the same biases that were previously found with
meaningless materials do not apply to reading words. To
test for this, a control condition was added where words
were replaced with meaningless x-letter strings that
contained a centrally dissimilar target letter (‘h’ or ‘k’). In
that condition, subjects were asked to saccade to the
target letter in order to perform a discrimination task.

2. Experiment 1

Experiment 1 was an attempt to reproduce normal
reading conditions in which the center of the screen
corresponds to the straight-ahead position, and the eyes
are launched from various positions on the horizontal
axis, with the words being positioned to the left or to the
right of center. On every trial, a peripheral stimulus
(word or letter string) of a variable length was presented
to the right of fixation. The eccentricity of the first letter
of the stimulus relative to the fixation point was kept
constant (i.e. 1.5° to the right), but the starting eye po-
sition on the screen was varied between extreme-left,
left, center, and right positions within each block of
trials. If perceptuo-oculomotor biases towards the
straight-ahead position or the center of the visual dis-
play were at work in reading, then these should be re-
flected in differences in the eye behavior between the
different conditions.

2.1. Methods

2.1.1. Participants

Twenty-four psychology students from the University
René Descartes, and the Catholic University of Paris
(Ecole des Psychologues Praticiens) participated in the
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experiment which was run at the Laboratory of Exper-
imental Psychology, in Boulogne-Billancourt (France).
Participants were between 20 and 30 years old, they were
all native french speakers, and they had normal, or
corrected-to-normal vision (in the latter case, only par-
ticipants wearing glasses were accepted). All participants
were unfamiliar with the purpose of the experiment.

2.1.2. Material

A set of 288 target words was selected from the french
corpus Trésor de la Langue Frangaise (1971). Target
words were 5, 7, and 9 letters long, and the number of
words for each word length was 96. Half the words were
of a high frequency of occurrence in the language, and
half were of a low frequency (more, and less than 20
occurrences per million respectively). For high-fre-
quency 5-, 7-, and 9-letter words, the median frequency
corresponded respectively to 86, 97, and 80 occurrences
per million, and for low-frequency 5-, 7-, and 9-letter
words, it corresponded respectively to 6.2, 7.9, and 6.7
occurrences per million. A set of 40 additional words
which are referred to as fillers was selected, with about
the same number of words for each length (5, 7, or 9
letters). All fillers corresponded to an animal name, and
served to form the animal search task in the reading
condition. The resulting set of 328 words was divided
into four lists (corresponding to the four blocks of trials)
which were equated in terms of word length, word fre-
quency, and number of fillers.

A set of 288 letter strings was also prepared that
comprised an equal number of 5-, 7-, and 9-letter
strings. All letter strings contained a centrally-located
target letter, which was in half the cases the letter ‘h’,
and in the other half the letter ‘k’. The remaining letters
in the strings corresponded to the letter X* (e.g.
xxxkxxx’ or ‘xxxhxxx’ in the 7-letter string condition).
The total set of letter strings was divided into four
equivalent lists that corresponded to four different
blocks of trials.

2.1.3. Design

For letter strings, a 4 by 3 within-subject design was
defined, with initial fixation position (extreme-left, left,
center, and right), and string length (5, 7, and 9 letters)
as independent variables. For words, a 4 by 3 by 2
within-subject design was defined with initial fixation
position (extreme-left, left, center, and right), word
length (5, 7, and 9 letters), and word frequency (high vs.
low) as independent variables. In addition, a latin-
square design was used such that all words were seen in
the different initial fixation conditions across partici-
pants, and that all participants were presented only once
with all words.

The total set of stimuli was presented in eight blocks
of trials. Half the participants ran the four blocks of
words first, and then the four blocks of letter strings,

and the other half did the reverse. In each block, words
or letter strings were presented in a random and different
order for each participant. Initial fixation position was
also randomized within each block of trials.

2.1.4. Procedure

The participant was seated in an adjustable chair. A
bite bar minimized head movements. After setting up
the eye tracker, a calibration phase began. Calibration
was made using 15 points presented successively on the
entire screen (5 points on both diagonal axes, and 5
points around the central horizontal axis of the screen (2
above and 3 below)). The first calibration point was
presented in the left upper corner of the screen until the
participant pressed a button, which made the point
disappear, and appear at another location. Participants
were asked to press the button only when they were
fixating very precisely at the displayed dot location. If
the calibration was not satisfactory (or the correlation
between the actual and the estimated eye location was
less than 0.99 for both horizontal and vertical coordi-
nates), another calibration phase was initiated. Other-
wise, a block of trials began.

Each trial began with the presentation of a “+’ sign at
one of four possible locations on the screen: extreme-
left, left, center, and right, which corresponded respec-
tively to visual angles of about —7.6°, —3.8°, 0°, and
+3.8° from the center of the screen. Participants were
asked to fixate at the center of the ‘+’ sign. When the
computer detected that the eyes were within a region of
1.5 character space of the ‘+’ sign, it was replaced with a
cross which was simultaneously presented with a word
or a letter string to its right. The eccentricity of the word
(or string) was kept constant throughout the experi-
ment: the first letter of the word (or string) was always
positioned at 5 character spaces (or 1.5°) from the center
of the cross. Participants were asked to move their eyes
to the peripheral stimulus only when the cross appeared,
this in order to discourage anticipatory eye movements.
In the word condition, their subsequent task was to read
the word silently, and then to indicate by pressing one or
another button, whether the presented word corre-
sponded to an animal name. In the letter-string condi-
tion, participants were asked to move their eyes to the
central target letter, and to indicate with one or another
button press, whether the target letter was a ‘h’ or a ‘k’.
In both conditions, button press triggered simulta-
neously the disappearance of both the fixation cross,
and the peripheral stimulus, and the display at the
bottom of the screen of two codes (a number, and a
letter), one corresponding to the past trial number, and
the other indicating whether the participant’s response
was correct (‘C’) or false (‘F’). After a delay of 2 s, the
next trial began. On each trial, eye movement data were
stored only for the period going from the beginning of
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the trial (display of the initial fixation ‘+’ sign) up to the
participant’s button press.

2.1.5. Apparatus

Eye movements were recorded using a 5th generation
Dual Purkinje Image eye tracker (Fourward Optical
Technologies, Inc.), sampling the right eye position ev-
ery millisecond with a spatial accuracy of 1 min of arc
(Cornsweet & Crane, 1973). The eye tracker was inter-
faced with two IBM-compatible microcomputers. The
first computer recorded the eye movement parameters,
and analyzed them on line, using the software developed
at the Catholic University of Leuven by Van Rensber-
gen and de Troy (1993). The second computer con-
trolled the visual presentation of the stimuli. Eye
movement parameters were continuously sent to the
second computer, so that the visual display could be
changed contingent on the position of the eyes (see
above). The first computer was interfaced with two re-
sponse buttons. The decision to start the next trial was
based on the signal of the button press, which indicated
the decision made by the participant.

Stimuli were displayed in graphics mode on a 17"
CRT monitor with 60-Hz refresh rate. Each letter sub-
tended 0.3° of visual angle, at a distance of 1075 mm
from the participants’ eyes. The monitor was placed on
a wood plate which was itself installed on a fixed table.
The plate could move towards or away from the par-
ticipant’s face, as well as on the horizontal axis. To
ensure that the center of the screen corresponded to
the straight-ahead position, the plate was moved on the
horizontal axis until a ruler that started out from the
center of the bite board device would intersect the width
of the screen in the center, and form a perpendicular
angle with the face of the display. Several landmarks on
both the table and the plate served to ensure that the
monitor was positioned at this location for each par-
ticipant. Vision was binocular. The room was dark ex-
cept for a dim indirect light source.

2.1.6. Data analysis

The characteristics of the initial eye behavior (initial
landing site in words and strings, length and latency of
the initial saccade, and launch site of the initial saccade
or exact position of the eyes relative to the initial fixa-
tion cross) were measured in the different conditions.
For these analyses, data were selected using the fol-
lowing criteria: the display of the peripheral stimulus
appeared while the eyes were fixating within a prede-
fined region around the fixation ‘+’ sign (see above),
there was no button press before the word or string was
fixated, there was no blink or other signal irregularity
before and after the initial saccade, and the latency of
the initial saccade was more than 50 ms (to remove
anticipatory eye movements which occurred in about 1%
of the trials). Given that there were only a few errors in

response to the animal search task, and the letter dis-
crimination task (0.5%, and 1% respectively), and that
the dependent variables of primary interest were mea-
sured before the target word was read, both correct and
false response trials were considered for analysis. In all
analyses, means or proportions were calculated for each
participant, and these were then averaged across par-
ticipants, such that the weight of each individual’s
contribution to the global mean was similar. Analyses of
variance were run on the means for each participant in
each condition, and when there were missing data points
(which occurred in less than 1% of the cases), these were
replaced with the mean of the corresponding condition.

2.2. Results

A first series of analyses revealed that the frequency
of the words had no influence at all on the initial eye
behavior. For this reason, and for clarity of presenta-
tion, no distinction was made between high- and low-
frequency words in the analyses reported below.

Fig. la—f present the distributions of initial landing
sites following saccades made from four different initial
fixation zones, and for 5-, 7-, and 9-letter words and
strings. These figures indicate first that most distribu-
tions have a single mode centered on one of the letters of
the peripheral word or string. It is only in the extreme-
left condition (and to a lesser extent in the left condition)
that a tendency for a bimodal distribution can be ob-
served, the eyes landing either within the peripheral
word/string (in 80%, and 78% of the cases respectively),
or on the large space in front of it (in 18%, and 19% of
the cases). Second, and most importantly, when going
from the extreme-left to the right condition, initial
landing sites moved from a region near the center of the
word or string, to the beginning of the word or string,
with a shift of about one letter with each additional 4°
deviation of the starting eye location. In the extreme-left
condition, the eyes tended to overshoot the center of 5-,
and 7-letter words/strings, and to land near the center of
longer words/strings. As the initial fixation position on
screen moved to the right, this tendency became less
prominent, and the likelihood the eyes undershot the
center of the stimuli increased. Finally, there was a
tendency for initial landing sites to move further away
from the beginning of the stimuli as stimulus length
increased, replicating the classical word length effect
previously reported in natural reading (McConkie et al.,
1988; O’Regan, 1979; Rayner, 1979; Vitu et al., 1990).

An analysis of variance run on mean initial landing
sites revealed that the effects of both initial fixation
position and stimulus length were significant for words
(F(3,69) =17.48, p < 0.0005, F(2,46) = 81.71,
p < 0.0005, respectively), and strings (F(3,69) = 15.34,
p < 0.0005, F(2,46) = 37.92, p < 0.0005). The interac-
tion between initial fixation position, and stimulus



F. Vitu et al. | Vision Research xxx (2003) xxx—xxx

5-letter strings

7-letter strings

Q-letter strings

Initial Fixation Position

S 2.0

INITIAL LANDING SITE (LETTERS)

a

3

INITIAL LANDING SITE (LETTERS)

2 -1 0 1
INITIAL LANDING SITE (LETTERS)

¢ 5678 9 -3

(a) (b) (c)
S-letter words 7-letter words O-letter words
2 2 £
e
0 { L] L]
a0 0 20
” w® ¥
2 2 2
10 0 10
0 e S Do 2 0 bbby 0

2

2401 23 4 561789 -3

INITIAL LANDING SITE (LETTERS)

(d)

=1 0 1

2 3

INITIAL LANDING SITES (LETTERS)

(e)

2

-1 0 1
INITIAL LANDING SITES (LETTERS)

(f)

—
¢ 5671789 3 4 567178 9

Fig. 1. Distribution of initial landing sites in 5-, 7-, and 9-letter strings (a—c), and words (d—f), for different initial positions in Experiment 1. Landing
sites are expressed in number of letters from the beginning of the stimulus, with zero-, or negative values corresponding to initial landing sites on one

of the five character spaces in front of the stimulus.

length was never significant (F(6,138) = 1.05,
F(6,138) = 0.63, respectively for words, and strings).

In instances where the eyes initially landed on the
peripheral stimulus, the absolute distance of the initial
landing position to the center of the word/string (re-
ferred to as mean absolute error) was greater in both
center and right conditions than in extreme-left and left
conditions, the latter two conditions differing only
slightly (see Fig. 2a and b). Furthermore, the mean ab-
solute error became greater as the length of the stimulus
increased. The effects of both initial fixation position,
and stimulus length were significant for words
(F(3,69) =49.13, p < 0.0005, F(2,46) = 59.77,
p < 0.0005, respectively) and strings (F(3,69) = 40.67,
p < 0.0005, F(3,69) =95.14, p < 0.0005, respectively).
The interaction was also significant (F(6,138) = 5.98,
p < 0.0005, F(6,138) =19.13, p < 0.0005, for words
and strings respectively).

In the present experiment, the eccentricity of the pe-
ripheral stimulus was kept constant across conditions,
and word/string lengths. The effect of initial fixation
position on initial landing sites should therefore result
from shorter saccades being made in center and right
conditions, unless the exact position of the eyes relative

to the initial fixation cross also varied between the dif-
ferent conditions. Table 1(Panels A and B) presents the
characteristics of the initial saccades in the different
conditions, including their length, launch site, and la-
tency. These first confirm that the mean length of the
initial saccade became smaller as the eyes were launched
from a region closer to the right border of the screen
(F(3,69) =8.89, p<0.0005 and F(3,69)=4.90,
p < 0.005, respectively for words, and strings), and as
the length of the peripheral stimulus decreased
(F(2,46) = 101.39, p < 0.0005, and F(2,46) = 37.50,
p < 0.0005, respectively for words, and strings). How-
ever, there was in addition, a systematic deviation of the
initial saccade launch site relative to the initial fixation
stimulus: while the eyes were positioned on average to
the right of the fixation cross in both extreme-left and
left conditions, they were deviated to the left of the
stimulus in the right condition. The effect of initial fix-
ation position was significant for words (F(3,69) =
46.31, p < 0.0005), and strings (F(3,69)=64.31,
p < 0.0005), but the effect of the peripheral stimulus
length  was not  significant  (F(2,46) =0.18,
F(2,46) = 0.18). Thus, the location on the screen of the
initial fixation stimulus affected not only the length of
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Fig. 2. Mean absolute error of the initial saccades (in letters) made towards 5-, 7-, and 9-letter strings (a), and words (b), as a function of the initial
fixation position in Experiment 1. The mean absolute error corresponds to the absolute distance of the initial landing position to the center of the
word or string, but only in instances where the eyes initially landed within the word/string.

Table 1

Characteristics of the initial saccades (mean length (in letters), mean launch site (in letters), and mean latency (in ms)) for 5-, 7-, and 9-letter words
(Panel A), and strings (Panel B), and for different initial fixation positions (extreme-left, left, center, and right) in Experiment 1

S-letter words/Strings

7-letter words/Strings

9-letter words/strings

E-L L C R E-L L C R E-L L C R

Panel A

Saccade length 6.83 6.62 6.16 5.75 7.62 6.98 6.70 6.31 8.10 7.51 7.41 6.91
Launch site 0.09 0.29 0.00 -0.28 0.14 0.26 0.00 -0.25 0.12 0.23 0.04 -0.27
Saccade latency 231 231 212 209 225 221 212 210 229 225 218 213
Panel B

Saccade length 6.80 6.85 6.37 5.99 7.23 7.36 6.99 6.44 8.02 7.61 7.48 6.86
Launch site 0.25 0.28 0.08 —-0.31 0.24 0.29 0.06 -0.25 0.27 0.32 0.05 —-0.28
Saccade latency 231 238 228 227 246 237 232 227 239 236 228 225

the initial saccade, but it affected also the saccade’s
launch position.

The mean latency of the initial saccade (or delay that
elapsed between the presentation of the peripheral
stimulus, and the execution of the initial saccade),
showed an overall decrease from the extreme-left to the
right condition, although the difference between left and
center conditions was larger on average than the differ-
ence between extreme-left and left conditions, or be-
tween center and right conditions. The effect of initial
fixation position was significant with  words
(F(3,69) = 3.03, p < 0.05), but only marginally signifi-
cant with letter strings (F(3,69) =2.27, p < 0.10). In
contrast, the length of the peripheral stimulus did not
significantly influence saccade latency (F(2,46) = 1.11,
and F(2,46) = 0.94, for words and strings respectively).

The interaction between initial fixation position and
stimulus length was not significant (F(6,138) = 0.43,
and F(6,138) =0.78, respectively for words and
strings).

A plot of the distributions of saccade latencies in the
different conditions, but across words, and strings of
different lengths (not presented here) confirmed that
both extreme-left and left conditions produced longer
latencies than center and right conditions, with the latter
two conditions presenting no major difference. In addi-
tion, although all distributions were unimodal, those
corresponding to the extreme-léft condition presented in
comparison with the three other conditions, a higher
proportion of both short-, and long-latency saccades
(between 50 and 150, and 250 and 375 ms, respectively).
Interestingly, the short-latency saccades identified in the
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extreme-left condition corresponded to instances where
the eyes initially landed on the large space in front of the
peripheral stimulus (see Fig. 1la—f). On average, the la-
tency of the saccades landing on the large space in front
of the peripheral stimulus was 100 ms shorter than the
latency of saccades ending in the word or string (126 vs.
246, and 155 vs. 254 ms, respectively). Thus, in general,
the latency of the initial saccade increased as the eyes
were launched from a region closer to the extreme-left
part of the screen, but there were some instances where
an initial leftward deviation resulted in the execution of
shorter-than-normal latency saccades.

2.3. Discussion

To determine whether biases towards central loca-
tions may intervene in a reading task, the present ex-
periment compared the eye movement pattern made to
an isolated word or string following different deviations
of the initial fixation stimulus relative to the center of
the screen and the straight-ahead position. Results re-
vealed the presence of systematic variations of the eye
behavior with the position of the initial fixation stimu-
lus. First, the initial saccade launch site or exact starting
eye position presented a slight but systematic deviation
towards the center of the screen, being deviated to the
right or to the left of the fixation stimulus depending on
whether the stimulus was displayed in the left or right
region of the screen. Second, when going from the ex-
treme-left to the right condition, the landing position of
the initial saccade was shifted from the center of the
word (or a position right of center) to the beginning of
the word or string. Third, and in a related manner, the
length of the initial saccade became shorter as the eyes
were launched from a region closer to the right border of
the screen. Fourth, the latency of the initial saccade
presented an overall decrease from extreme-left to center
and right conditions.

The observation that the initial fixation position in-
fluenced both length, and latency of the initial saccade
may suggest that a speed-accuracy trade-off was at the
origin of the effects (see Coéffé & O’Regan, 1987; Viviani
& Swensson, 1982). Indeed, as the initial fixation posi-

Table 2

tion moved away from the left border of the screen,
saccade latency became shorter, and the eyes were less
likely to land near the center of words/strings. However,
this hypothesis is rather unlikely. First, as can be noted
from Fig. 2a and b and Table 1(Panels A and B), the
accuracy of the initial saccades made towards 7-letter
words and strings was higher in the left compared to the
extreme-left condition, and still saccade latency was
shorter in the left condition. Second, as indicated in
Table 2, an effect of initial fixation position on initial
landing sites in words and strings was present in differ-
ent subsets of data characterized with different saccade
latency ranges. For saccade latencies between 200 and
250, and 250 and 300 ms, the mean absolute error was
again significantly greater in center and right conditions
compared to both left conditions.

An alternative hypothesis envisages the effect of ini-
tial fixation position on screen as resulting from a lack
of precision in the eye movement recording. In the
present experiment, the range of stimulus locations
covered a total of about 14°, and systematic errors may
have occurred in detecting where the eyes were exactly
located when the stimuli were near the extremes of the
range. While estimation of eye position would be biased
to the right in left conditions, it would be biased to the
left in the right condition. However, this hypothesis is
also rather unlikely. A systematic analysis of the cali-
bration data indeed revealed no clear deviation of the
participants’ eye position to the right or to the left of
the calibration dots displayed respectively in the left
and right part of the screen (see Fig. 3). Furthermore, a
direct comparison between the individual calibration
data, and the corresponding initial landing position
curves indicated that the effect was present in most in-
dividuals even when the calibration was near to be
perfect.

In conditions similar to our extreme-left condition,
Findlay and Kapoula (1992) previously reported a sys-
tematic deviation of the eyes to the right of the initial
fixation stimulus. To account for this trend, the authors
made the assumption that the initial deviation of the
eyes resulted from the occurrence of anticipatory eye
movements in the direction of the saccade target which

Mean absolute error (in letters) of the initial saccades made to peripheral words, and strings in Experiment 1 as a function of the initial fixation
position (extreme-left, left, center, and right), and separately for initial saccade latencies between 200 and 250, and 250 and 300 ms

E-L L C R p-value
Words
[200,250[ 1.04 0.83 1.38 2.23 0.0005
[250,300[ 1.11 91 1.22 2.18 0.0005
Strings
[200,250[ 1.19 .99 1.53 2.26 0.0005
[250,300[ 1.08 1.05 1.38 1.96 0.0005

All word/string lengths were combined. The level of significance for the effect of initial fixation position on screen is indicated in a separate column.
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Fig. 3. Plot of the calibration data obtained over all subjects in the letter-string condition in Experiment 1, for the 5 calibration dots displayed
around the central line of the screen. The large circles indicate the different locations of the calibration dots.

actually always appeared to the right of fixation. This
interpretation does not hold however for the present
data since the deviation of the eyes relative to the initial
fixation cross was not always in the same direction as the
peripheral stimulus and the following saccade: it was
either to the right or to the left of the fixation stimulus,
while the saccade target word or string always appeared
to the right of fixation. On the other hand, we identified
the presence of rightward short-latency eye movements
in the extreme-left condition, but given that their pro-
portion was strongly reduced in the left condition, these
could not arise from the general tendency to move for-
ward. Rather, the occurrence of short-latency saccades
was determined by the distance of the eyes to the center
of the screen.

The present data must therefore be interpreted in
terms of a systematic bias of the eye behavior towards
central locations. However, since in the present experi-
ment, the center of the screen was aligned with the
participant’s straight-ahead position, it cannot be de-
termined at this stage whether the bias was external or
internal in nature, namely whether it was related to the
initial deviation of the eyes relative to the center of the
screen or to the straight-ahead position. In addition,
given that all presentation conditions were randomized
within each block of trials, the present results could also
illustrate a range effect or a tendency to send the eyes
towards the center of the range of possible stimulus lo-
cations on the screen (Kapoula, 1985; Kapoula &
Robinson, 1986; Poulton, 1981). Experiments 2 and 3
were designed to determine the origin of the observed
bias, namely whether this was related to the distance of
the eyes (1) to the center of the screen, (2) to the straight-

ahead position, or (3) to the center of the range of
possible stimulus locations.

3. Experiment 2

Experiment 2 examined whether the systematic in-
fluence of the initial fixation position on eye behavior
reported in the first experiment could be attributed to a
systematic deviation of the eyes towards the straight-
ahead position. For this purpose, the position on the
screen of the initial fixation stimulus was maintained
constant (at the center of the screen), but the position of
the initial fixation stimulus relative to the straight-ahead
location was varied. This manipulation was made pos-
sible by shifting the screen for a complete block of trials
to the left or to the right of the straight-ahead position
by the same amount as in left, center, and right condi-
tions of Experiment 1. If the effects reported in Experi-
ment 1 were due to a systematic bias of the eye behavior
towards the straight-ahead position, then these should
be replicated in Experiment 2. If in contrast, the effect
was due to a bias towards the center of the visual display
or the center of the range of possible stimulus locations,
then there should be no effect at all of the initial fixation
position on the following eye behavior.

3.1. Methods

3.1.1. Participants

Eighteen individuals responding to the same recruit-
ment criteria as in Experiment 1 participated in the ex-
periment. All of them were unfamiliar with the purpose
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of the experiment, and none of them had participated in
the first experiment.

3.1.2. Material

A subset of 216 words was selected from the total set
of 288 target words used in Experiment 1. Target words
were 5, 7, and 9 letters long, and the number of words
for each word length was 72. Half the words were of a
high frequency of occurrence in the language, and half
were of a low frequency (more, and less than 20 occur-
rences per million respectively). A set of 30 fillers was
selected, with about the same number of words for each
length (5, 7, or 9 letters). All fillers corresponded to an
animal name, and served to form the animal search task.
The resulting set of 246 words was divided into three
lists (corresponding to the three blocks of trials) which
were equated in terms of word length, word frequency,
and number of fillers.

A set of 216 letter strings was also selected that
comprised an equal number of 5-, 7-, and 9-letter
strings. Letter strings had exactly the same characteris-
tics as in Experiment 1, and were presented in three
different blocks of trials.

3.1.3. Design

For letter strings, a 3 by 3 within-subject design was
defined, with initial fixation position (left, center, and
right), and string length (5, 7, and 9 letters) as inde-
pendent variables. For words, a 3 by 3 by 2 within-
subject design was defined, with initial fixation position
(left, center, and right), word length (5, 7, and 9 letters),
and word frequency (high vs. low) as independent
variables. In that case, a latin-square design was used
such that all words were seen in the different conditions
across participants, and that all participants were pre-
sented only once with all words.

All stimuli were presented in a total of 6 blocks of
trials. Half the participants run the 3 blocks of words
first, and then the 3 blocks of letter strings, and the other
half did the reverse. In each block, the stimuli were
presented in a random and different order for each
participant. The position of the screen and therefore the
initial fixation position relative to the straight-ahead
position was kept constant within a block of trials, but
the order of the different conditions was counterbal-
anced across participants.

3.1.4. Procedure

The procedure was identical to that used in Experi-
ment 1, except that the “+’ sign presented at the begin-
ning of each trial, and the following fixation cross,
always appeared at the center of the screen. In addition,
the computer screen was presented at variable locations
relative to the straight-ahead position depending on the
block of trials. It was either centered on the straight-
ahead, or shifted to the left or to the right by an angle of

about 3.8°. The calibration phase that preceded each
block of trials was always made with the screen posi-
tioned the same way as in the corresponding block of
trials. However, care was taken that the initial phase of
the experiment which consisted in preparing the partic-
ipant’s bite bar, as well as adjusting the eye tracker, was
always made with the screen centered on the straight-
ahead position.

3.1.5. Apparatus

This was identical to Experiment 1 with the following
exception. Depending on the block of trials, the plate
which held the monitor was positioned such that the
center of the screen was either aligned with the straight-
ahead position (using the same procedure as in Experi-
ment 1), or deviated by an angle of about 3.8° left or
right of the straight-ahead position. Landmarks on the
table-plate device served to ensure that the monitor was
positioned correctly for each participant and each block
of trials.

3.1.6. Data analysis

The data were selected and analyzed the same way as
in Experiment 1. Again, the word frequency factor had
no reliable effect on the initial eye behavior, and it was
not considered in the analyses reported below.

3.2. Results

Fig. 4a—f present the distribution of initial landing
sites in 5-, 7-, and 9-letter words and strings, for the
three different initial fixation conditions. In most in-
stances, the eyes landed between the beginning and the
center of the word or string, and they landed further
from the beginning of the word/string as the length of
the stimulus increased. Second, while there was a slight
tendency for further landing sites in words in both
center and right conditions compared to the left condi-
tion, there was a large overlap between the distributions
obtained for letter strings, and the slight differences
observed between the three conditions were not consis-
tent across string lengths. The effect of initial fixation
position on mean initial landing sites was not significant
for letter strings (F(2,34) = 0.38), while that it was
significant for words (F (2, 34) = 3.70, p < 0.05), and the
interaction was significant for letter strings (F(4,68) =
3.36, p < 0.05), but not for words (F (4, 68) = 0.66). The
effect of the peripheral stimulus length was significant in
both words and strings (F(2,34) = 112.37, p < 0.0005,
F(2,34) = 102.13, p < 0.0005, respectively).

To further investigate the effects of initial fixation
position on the initial eye behavior, the mean length of
the initial saccade was calculated in the different condi-
tions. Results presented in Table 3(Panels A and B)
show that saccade length did not vary with initial fix-
ation position for either words or strings (F(2,34) =
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Fig. 4. Distribution of initial landing sites (in letters) in 5-, 7-, and 9-letter strings (a—c), and words (d-f), as a function of the initial fixation position
relative to the straight-ahead position, in Experiment 2. Landing sites are expressed in number of letters from the beginning of the stimulus, with
zero-, or negative values corresponding to initial landing sites on one of the five character spaces in front of the stimulus.

0.91, F(2,34) = 0.10, respectively), but it varied with the
length of the stimulus, saccades being longer when di-
rected to longer words or strings (F(2,34)=97.80,
p < 0.0005, F(2,34) = 243.31, p < 0.0005, respectively).
The interaction was not significant in words
(F(4,68) = 0.59), and strings (F(4,68) = 1.95). Thus,
for a word or string of a given length, saccades were of
about the same length in all conditions. In contrast, the
mean launch site of the initial saccade varied significantly
between the three initial fixation conditions, being more
largely deviated to the left of the initial fixation cross in
both left and center conditions than in the right condi-
tion (F(2,34) =14.20, p < 0.0005, F(2,34)=3.54,
p < 0.05, respectively for words, and strings) (see Table
3(Panels A and B)). This pattern although being present
with both types of peripheral stimuli was clearer with
words, accounting therefore for the significant influence
of the initial fixation condition on initial landing sites in
words.

The mean latency of the initial saccade slightly varied
between the different conditions, but not in a consistent
manner across word and string lengths (see Table

3(Panels A and B)). The effects of initial fixation posi-
tion and stimulus length were not significant for either
words (F(2,34) = 0.38, F(2,34) = 2.20, respectively), or
strings (F(2,34) =0.15, F(2,34) = 0.24, respectively).
The interaction was not significant for words
(F(4,68) = 0.77), but it was marginally significant for
letter strings (F(4,68) = 2.44, p < 0.10).

3.3. Discussion

To determine whether the systematic bias of the eye
behavior reported in Experiment 1 could be attributed
to extra-retinal (or eye position signal) factors, the
present experiment examined whether similar biases
occur when the initial fixation position relative to the
straight-ahead position is manipulated, but the initial
fixation position on screen is kept constant. The results
in general failed to replicate the findings reported in
Experiment 1. First, both length, and latency of the
initial saccade made to the peripheral stimulus were very
similar between left, central, and right saccade launch
sites. Second, there was a significant influence of the
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Table 3

Characteristics of the initial saccades (mean length (in letters), mean launch site (in letters), and mean latency (in ms)) for 5-, 7-, and 9-letter words
(Panel A), and strings (Panel B), and for different initial fixation positions relative to the straight-ahead position (left, center, and right) in Experiment

2

S-letter words/Strings 7-letter words/Strings 9-letter words/strings

L C R L R L C R
Panel A
Saccade length 5.80 5.95 5.85 6.49 6.58 6.44 7.00 7.31 7.09
Launch site -0.39 -0.25 0.02 -0.39 —-0.26 0.02 -0.39 —-0.23 0.03
Saccade latency 243 242 246 238 235 236 245 230 234
Panel B
Saccade length 6.23 6.10 6.49 7.04 6.96 7.00 7.79 7.64 7.45
Launch site -0.29 —-0.20 —-0.06 -0.31 -0.29 —-0.08 -0.39 -0.30 -0.13
Saccade latency 246 252 247 246 240 250 255 246 242

initial fixation position on initial landing sites, but this
occurred only with words, and the effect was in a di-
rection opposite to the effect observed in the first ex-
periment, with the eyes landing closer to the center of
words in center and right conditions. In the same
manner, there was a slight deviation of the initial sac-
cade’s launch site relative to the fixation cross in both
left and center conditions, but this was again in a di-
rection opposite to what was found in Experiment 1.

Failure to replicate the original bias of the eye be-
havior may suggest that the effect was unrelated to ex-
tra-retinal influences, unless the likelihood of any sort of
bias was reduced in the present experimental situation.
The position of the initial fixation stimulus was indeed
predictable from one trial to the next in each block of
trial, and this may have favored the use of a constant eye
movement scanning pattern. However, this outcome was
rather unlikely since initial landing sites in words and
strings varied with the length of the stimulus in a similar
manner as in the first experiment.

The reason why the present study also failed to rep-
licate previous oculomotor findings showing that cen-
tripetal saccades are more accurate than centrifugal
saccades remains unclear at present (Becker, 1972; Frost
& Poppel, 1976; Heywood, 1973; Kapoula & Robinson,
1986). First of all, the possibility that this was due to the
presentation of reading or reading-like material is very
unlikely as several of the effects that were originally re-
ported with meaningless stimuli generalize to reading
(see for instance, Vitu, 1991). Rather, the difference may
simply result from the fact that in the present experi-
ment, saccades went from left to right, while in previous
studies, leftward and rightward saccades were inter-
leaved, thereby favoring the appearance of biases to-
wards the straight-ahead position. On the other hand,
failure to report extra-retinal biases may have arose
from the fact that in the present experiment, eye posi-
tioning could rely almost entirely on external or visual
cues (the fixation stimulus always appeared at the center
of the screen, with the frame of the screen being clearly

visible). This may have in turn reduced recourse to in-
ternal (eye position signal) cues (see Eggert & Kapoula,
1995, for similar findings in the disconjugate adaptation
of saccades), or in a reverse manner favored a perfect
compensation between retinal and extra-retinal infor-
mation. The possibility that the central nervous system
calibrates saccades on the basis of retinal information
combined with extra-retinal information of eye position
has indeed been proposed in several models of saccade
control (see Leigh & Zee, 1999, for a review).

As concerns the slight but systematic leftward devi-
ation of the initial saccade launch site that was observed
in both left and center conditions, we doubt it is related
to an oculomotor bias, as previous studies indicate a
bias towards rather than away from the straight-ahead
position. Instead, the observed deviation may be purely
perceptual, and a consequence of the present manipu-
lation of screen location together with the fact that the
initial fixation stimulus was always located at the center
of the screen. Past studies indeed revealed that if a lu-
minous figure is shifted to the left or to the right of the
primary position, the perceived straight-ahead is shifted
towards the center of the figure, but this occurs when the
shift of the figure is such that one of the edges of the
figure is in the median plane, and the figure is presented
in total darkness (see Howard, 1982, for a review). Our
experimental situation although being quite different
may have produced a smaller but similar misperception
of the straight-ahead location, and in turn affect the
localization of the initial fixation stimulus.

From the present set of data, it seems reasonable to
conclude that the effect reported in the first experiment
does not result from some sort of extra-retinal bias.
Thus, there remains now only two possible explanations
for this phenomenon. A first interpretation consists in
assuming that the effect was due to a systematic bias of
the eye behavior towards the center of the visual display.
When aiming for an isolated peripheral stimulus (or the
center of it), the eyes would be deviated towards the
center of the screen, as the position of the saccade target
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would be estimated in a global screen reference frame-
work. The second interpretation accounts for the effect
obtained in Experiment 1 in terms of a range effect, or a
systematic bias of the eye behavior towards the center of
the range of possible stimulus locations. Since the initial
fixation position was randomized within each block of
trials in the first experiment, and that the range of
possible stimulus locations covered the whole screen in
the horizontal direction, subjects may have developed
some kind of prototypical eye movement pattern that
tend to send (or keep) the eyes nearby central stimu-
lus locations. Such a strategy could not be at work in
Experiment 2 since in that case, the initial fixation po-
sition was maintained constant in each block of trials.
Experiment 3 aimed at distinguishing both interpreta-
tions.

4. Experiment 3

The purpose of Experiment 3 was to distinguish be-
tween a range-effect type account, and an external/visual
account for the systematic effect of initial fixation posi-
tion reported in the first experiment. It tested whether
the effect could be replicated by varying between blocks
of trials, the initial fixation position relative to the center
of the screen, but keeping constant the initial position
of the eyes in the orbit (i.e. at the straight-ahead loca-
tion). The present manipulation was made possible by
shifting the screen in a direction that was opposite to the
deviation of the initial fixation stimulus relative to the
center of the screen (when the initial fixation stimulus
was to the left of the center of the screen, the screen was
shifted to the right, and when the initial fixation stim-
ulus was to the right of the center of the screen, the
screen was shifted to the left). Only if a bias towards the
center of the visual display was identified in Experiment
1, should this effect replicate in Experiment 3.

4.1. Methods

4.1.1. Participants

Eighteen individuals responding to the same recruit-
ment criteria as in Experiments 1, and 2, participated in
the experiment. All of them were unfamiliar with the
purpose of the experiment, and only one of them had
participated in the first experiment.

4.1.2. Material
The material was exactly identical to that used in
Experiment 2.

4.1.3. Design
The design was similar to the one of Experiment 2.

4.1.4. Procedure

The procedure was similar to that used in Experiment
2, except that the initial fixation “+’ sign was presented at
variable locations on the screen across blocks of trials,
and that it was always centered on the straight-ahead
position within, and between blocks of trials. The initial
fixation stimulus was displayed at the center of the
screen in the center condition, and it was presented at
about 3.8° to the right, and to the left of the center of the
screen in both right and left conditions respectively. The
computer screen was presented at variable locations
relative to the straight-ahead position depending on the
block of trials. It was centered on the straight-ahead
position in the center condition, and it was shifted by an
angle of about 3.8° to the left and to the right in re-
spectively right and left conditions. The calibration
phase that preceded each block of trials was always
made with the screen positioned the same way as in the
corresponding block of trials. However, care was taken
that the initial phase of the experiment which consisted
in preparing the subject’s bite bar, as well as adjusting
the eye tracker, was always made with the screen cen-
tered on the straight-ahead position.

4.1.5. Apparatus
This was identical to Experiment 2.

4.1.6. Data analysis

The data were selected and analyzed the same way as
in Experiments 1 and 2. Again, the word frequency
factor which had no reliable effect was not included in
the reported analyses.

4.2. Results

Fig. 5a—f present the distribution of initial landing
sites in 5-, 7-, and 9-letter strings and words, and sepa-
rately for the different initial fixation positions (left,
center, and right). In the left condition, initial landing
sites were near the center of words and strings, but those
shifted towards the very-beginning of words and strings
as the initial fixation position got closer to the right
border of the screen. In addition, initial landing sites
depended on the peripheral stimulus length, getting
further from the beginning of words or strings with
longer stimuli. The effect of initial fixation position on
mean initial landing sites was significant for words and
strings (F(2,34) = 6.62, p < 0.005, and F(2,34) = 7.21,
p < 0.005, respectively). The effect of stimulus length
was also significant in words (F(2,34) = 60.03,
p < 0.0005), and strings (F(2,34) = 39.97, p < 0.0005).
The interaction was never significant (F(4,68) = 1.84,
F(4,68) = 1.04).

The mean absolute error (or absolute distance of the
initial landing position to the center of the word/string)
also varied significantly with both initial fixation posi-
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Fig. 5. Distribution of initial landing sites (in letters) in 5-, 7-, and 9-letter strings (a—c), and words (d—f), as a function of the initial fixation position
relative to the center of the screen, in Experiment 3. Landing sites are expressed in number of letters from the beginning of the stimulus, with zero-, or
negative values corresponding to initial landing sites on one of the five character spaces in front of the stimulus.

tion (F(2,34) =19.58, p<0.0005, F(2,34)=9091,
p < 0.0005, respectively for words, and strings), and
stimulus  length  (F(2,34) =97.02, p < 0.0005,
F(2,34) = 60.93, p < 0.0005, respectively for words,
and strings). It became greater as the eyes were launched
from a region closer to the right border of the screen,
and the length of the peripheral stimulus increased (see
Fig. 6a and b). A comparison between Figs. 6a and b,
and 2a and b however reveals that the effect was a little
less pronounced than in the first experiment, and that
the eyes landed on average further from the center of
words and strings than in Experiment 1.

Further analyses tested the influence of the initial
fixation position on the mean length of initial saccades.
Results presented in Table 4(Panels A and B) show that
when all initial saccades were considered for analysis,
the effect of initial fixation position was not significant in
either words or strings (F(2,34) =1.87, F(2,34) =
0.91). However, a close examination at the distributions
of initial saccade lengths (not presented here) revealed
that for saccades shorter than 5 characters, the distri-

butions overlapped quite largely, and that in some in-
stances the effect reversed. In contrast, for saccades of 5
characters or more, the distributions corresponding to
center and right conditions were slightly shifted towards
shorter saccades in comparison with the left condition
distributions. The mean length of the initial saccades
that were longer than 4 characters showed significant
variations with initial fixation position at least for words
(F(2,34) =343, p <0.05), the effect being only mar-
ginally significant for letter strings (F(2,34) =2.62, p <
0.10). The effect of stimulus length was significant when
either all saccades or only saccades longer than 4 char-
acters were considered for analysis (for words:
F(2,34) = 69.00, p < 0.0005, F(2,34)=67.83, p<
0.0005; for strings: F(2,34) =47.62, p < 0.0005,
F(2,34) = 51.48, p < 0.0005).

As shown in Table 5(Panels A and B), the mean initial
saccade launch sites presented systematic deviations
relative to the position of the initial fixation stimulus on
screen. When the initial fixation cross was located in the
left part of the screen, the eyes were slightly deviated to
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Fig. 6. Mean absolute error of the initial saccades (in letters) made towards 5-, 7-, and 9-letter strings (a), and words (b), as a function of the initial
fixation position relative to the center of the screen in Experiment 3. The mean absolute error corresponds to the absolute distance of the initial
landing position to the center of the word or string, but only in instances where the eyes initially landed within the word/string.

Table 4

Mean length of the initial saccades (in letters) for 5-, 7-, and 9-letter
words, and strings, and for different initial fixation positions relative to
the center of the screen (left, center, and right) in Experiment 3 (the
analyses were based either on all data (Panel A), or only on saccades
longer than 4 letters (Panel B))

L C R

Panel A

S-letter words 5.61 5.44 5.67
7-letter words 5.99 5.97 6.17
9-letter words 6.82 6.34 6.50
S-letter strings 6.12 5.94 5.88
7-letter strings 6.61 6.81 6.26
9-letter strings 7.19 7.22 6.75
Panel B

S-letter words 6.04 5.78 5.81
7-letter words 6.52 6.37 6.31
9-letter words 7.07 6.69 6.68
S-letter strings 6.54 6.24 6.06
7-letter strings 6.94 7.02 6.60
9-letter strings 7.46 7.41 7.25

the right of the stimulus, and when the initial fixation
cross was in the center or right part of the screen, the
eyes were deviated to the left, the deviation being greater
in the right than in the center condition. The effect of
initial fixation position on mean launch sites was sig-
nificant for words and strings (F(2,34) = 23.55,
p < 0.0005, F(2,34) = 17.27, p < 0.0005), while the ef-
fect of stimulus length was never significant
(F(2,34) =0.11, F(2,34) = 0.87).

For the mean latency of initial saccades, these were in
general slightly longer in the left condition compared to
center, and right conditions (see Table 5(Panels A and
B)). However, the effect of initial fixation position was
only marginally significant in words (F(2,34) = 2.63,
p < 0.10), and it was not significant in letter strings
(F(2,34) = 1.52). The effect of word length was never
significant (F(2,34) = 0.51, F(2,34) = 1.62).

4.3. Discussion

The present experiment was an attempt to replicate
the phenomenon observed in Experiment 1, but in
conditions where only the initial fixation position rela-
tive to the center of the screen varied, and with the eyes
being always initially directed at the straight-ahead po-
sition. Furthermore, to prevent subjects to adopt a
range-effect type of strategy, initial fixation position was
varied between, rather than within blocks of trials. Re-
sults clearly indicated an influence of the initial fixation
position on the following eye behavior. First, there was
a systematic deviation of the initial saccade launch site
to the right of the fixation cross when it was displayed in
the left region of the screen, and to the left of the initial
fixation cross in the right and to a certain extent the
center condition. Second, the initial landing position
was closer to the center of words and strings in the left
compared to center and right conditions.

Thus, the original bias of eye behavior that was re-
ported in Experiment 1 could be replicated by varying
only the initial fixation position relative to the center of
the screen, which clearly suggests that this phenomenon
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Table 5

Mean launch site (in letters), and mean latency (in ms) of the initial saccades for 5-, 7-, and 9-letter words (Panel A), and strings (Panel B), and for
different initial fixation positions relative to the center of the screen (left, center, and right) in Experiment 3

S-letter words/Strings

7-letter words/Strings

9-letter words/strings

L C R L C R L C R
Panel A
Launch site 0.24 -0.17 -0.40 0.23 -0.15 -0.40 0.27 -0.15 -0.42
Saccade latency 230 220 220 224 217 223 246 219 213
Panel B
Launch site 0.11 -0.17 -0.40 0.09 -0.24 -0.40 0.12 -0.23 -0.41
Saccade latency 250 242 237 254 257 237 256 255 237

was related in some way to a bias towards the center of
the visual display. There were still a few differences with
the original set of findings that need to be accounted for.
First, the tendency for initial saccade length to decrease
from left to right launch site regions was clearly present
only for saccades longer than 4 characters, while it was
present in all saccades in Experiment 1. Second, there
was a trend for initial saccade latency to decrease from
left to right conditions as in the first experiment, but this
was not significant here. This discrepancy between both
sets of data may originate from two different sources.
First, it is possible that part of the effects reported in
Experiment 1 were due to a range effect, or an oculo-
motor preference for stimuli located near the center of
the range of possible stimulus locations. Indeed, such a
strategy could only develop in the first experiment where
the whole set of possible stimulus locations were mixed
in a block of trials. At the same time, failure to exactly
replicate the original effects may come from the fact that
the position on the screen of the initial fixation stimulus
was predictable from one trial to the next. This may
have decreased the need to use on-line visual informa-
tion for saccadic programming, and lead to a more
variable eye movement pattern, or a weaker sensibility
to global visual factors.

5. General discussion

To explore the possibility that the ocular behavior in
reading is biased towards the center of the lines of text, a
first experiment examined whether eye movements vary
depending on where on the screen an initial fixation
stimulus and a corresponding saccade target word or
letter string are displayed. As in normal reading condi-
tions, the screen was centered on participants’ straight-
ahead position, which means that the initial deviation of
the eyes from the center of the screen corresponded to a
similar deviation of the eyes in the orbit. In addition, the
center of the screen corresponded approximately to the
center of the range of possible stimulus locations in a
block of trials. Results revealed the presence of a sys-
tematic bias of the eye behavior towards central loca-

tions with both words and letter strings as peripheral
stimuli. First, initial saccades were greater in length, and
they landed closer to the center of words and strings
when they were launched from a region left of center
than when they were launched from either center or
right part of the screen. Second, the starting eye position
or exact launch site of the initial saccades was deviated
to the right of the initial fixation stimulus in leftward
conditions, while it was deviated to the left in the right
condition. Third, the latency of initial saccades de-
creased as the initial fixation position moved from the
left to the center or right part of the screen.

To determine the origin of the observed phenomenon,
two additional experiments were conducted where the
position of the initial fixation stimulus was varied in
reference to the straight-ahead position (Experiment 2),
or in reference to the center of the screen (Experiment
3). Only the latter manipulation proved to be successful;
this revealed again the presence of rightward deviations
of the initial saccade launch sites and landing sites in the
left condition compared to both center and right con-
ditions. In contrast, varying the initial fixation position
in reference to the straight-ahead position produced no
consistent bias, suggesting therefore that the original
bias did not result from extra-retinal (or eye position
signal) influences. The observed phenomenon could
neither be attributed to a range-effect type of strategy, or
a preference to send the eyes near the center of the range
of possible stimulus locations (see Kapoula, 1985;
Poulton, 1981). Indeed, the effect was present when the
initial fixation position varied within and between
blocks of trials (as in Experiments 1, and 3, respec-
tively). The reported effect must therefore be interpreted
in terms of a systematic bias of the eye behavior towards
the center of the visual display. The question now ap-
plies of the nature of the mechanisms that underlie this
bias.

A first visuo-motor account envisages the effect in
terms of a global effect, or tendency to move the eyes
towards the center-of-gravity of the peripheral visual
configuration (Coren & Hoenig, 1972; Findlay, 1982;
Vitu, 1991). It assumes, in a manner similar to Findlay
and Walker’s (1999) model of saccade generation, that
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all the visual information that is available on a given eye
fixation contributes to some extent to the computation
of the saccade amplitude. This would include not only
the visual information carried out by the peripheral
stimuli, but also the screen frame itself. The hypothesis
of a large-scale center-of-gravity effect which suggests
that the system does not succeed in isolating the saccade
target object from the global visual context is however
questionable. First, in the present experiments, the sac-
cade target word or letter string could easily be distin-
guished from its surrounding since it was always
presented in isolation, and in a predictable direction (i.e.
it was always displayed to the right of the fixation point
on the central horizontal line). Furthermore, as noted in
one of our previous studies, only the stimuli contained in
a limited area around the saccade target (referred to as
attentional window) can deviate the eyes from their in-
tended location (Vitu, 1991). On the other hand, if the
observed phenomenon corresponded to some sort of
center-of-gravity effect, then it should be reduced fol-
lowing prolonged saccade latencies (see Coéffé &
O’Regan, 1987). Our data indicated on the contrary that
the effect was of about the same amplitude following
latencies between 200, and 250 ms, and between 250,
and 300 ms (see Table 2). In addition, a deviation of the
eye behavior towards the center of the screen occurred
not only when aiming for the peripheral stimulus, but
also when searching for the initial fixation stimulus,
while in the latter case more time was spent positioning
the eyes near the saccade target (the ultimate fixation in
the region of the fixation cross was often preceded by a
series of several small saccades).

An alternative, and more likely account for the sys-
tematic deviation of the eye behavior towards the center
of the visual display relies on the assumption that for
perceptual processes to be most efficient, eye movements
must be contained within the part of the visual scene
where stimuli are displayed (i.e. the screen). Under this
assumption, the screen frame does not act as a distractor
stimulus, but rather serves as a reference to localize or
encode the position of the saccade target object. The
target location, and the corresponding saccade ampli-
tude would be computed in relative coordinates, or in
reference to the screen frame, thereby ensuring that the
eyes do not go beyond the limits of the visual display,
but constraining at the same time, the eye movement
pattern. A screen-based localization and/or eye guidance
process may first influence where the eyes are going to be
sent, and produce systematic deviations of the saccadic
eye movements towards the center of the visual display.
This may also result, when the eyes are relatively close to
the border of the screen (as in the extreme-left, and to a
certain extent the left conditions of Experiment 1), in the
execution of short-latency saccades that quickly take the
eyes away from that position. However, since these
saccades land at random and mostly inappropriate lo-

cations (i.e. the large space in front the peripheral word/
string—see Fig. 1a—f), they may need to be suppressed,
which would in turn lengthen saccade latency compared
to when the eyes are launched from less extreme screen
locations (see Becker & Jurgens, 1979).

The present screen-frame reference view is in accor-
dance with previous accounts for the perception of di-
rection, which state that estimation of stimulus location
in space relies mostly on retinal information, and rela-
tive rather than absolute positional judgments (see
O’Regan, 1984; see also, Matin, 1972; Matin & Kibler,
1966). The possibility that the visual surround frame
serves as a reference in direction judgements was also
envisaged by Findlay (1974), but, according to his view,
this would occur only after long delays (at least 350 ms),
direction perception being estimated in the first place on
the basis of eye position signals relative to the execution
of microsaccades. Our data did not allow us to deter-
mine the exact timing of the observed bias, but the data
presented in Table 2 reveal that visually- or screen-based
modulations of initial landing sites in words and strings
were already present at a delay of about 200 ms fol-
lowing the presentation of the peripheral stimulus. In
addition, the data obtained in Experiment 2 indicated
that extra-retinal information was not responsible for
the observed bias, suggesting therefore that perceptuo-
motor biases can be produced by visual information
alone.

Further research will determine whether a systematic
bias of the eye behavior towards the center of the visual
display (or the center of the lines of texts) generalize to
natural text reading, and how much it contributes to the
variability of saccade lengths and fixation durations.
Several arguments actually support the idea that the
present findings may extend to natural reading. First,
the conditions that provided the larger effects (Experi-
ment 1) were close to the visual conditions which char-
acterize text reading: the center of the screen
corresponded to the reader’s straight-ahead position,
and both the length of the words and the position of the
eyes relative to the center of the screen before each
saccade were unpredictable. Second, as indicated in past
research, several eye movement patterns observed in
isolated word paradigms do generalize to text reading
situations, even though these may get slightly weaker
(see Vitu et al., 1990). Finally, and in accordance with
the present findings, it was previously reported in a
sentence reading experiment, that the initial words on a
line are read more slowly than the later words (Ferreira
& Henderson, 1993).

In conclusion, the position of the eyes in the visual
display appears to be a critical factor in determining
where the eyes are sent with respect to a peripheral word
or letter string. The mechanisms that underlie the effect
are unclear at present, but the effect strongly suggests
that perceptual localization and/or saccade computation
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processes are made in reference to the visual frame. The
present findings may also provide additional evidence
for a low-level visuo-motor basis of eye guidance in
reading (see Vitu, 1991; Vitu et al., 1995), although this
will need to be confirmed with further investigations.
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