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The influence of parafoveal preprocessing and
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Several experiments have shown the existence of an optimallanding position effect during iso
lated word recognition as weHas during text reading; both the probability of refixating the test
word and the gaze duration are smaller if the eye first fixates near the center of the word than
ifthe eye first fixates other positions in the word. However, recent data indicate that the optimal
landing position effect is weakened under normal reading conditions, when words are included
in texts. The purpose of the present experiment was to test whether parafoveal preprocessing
or linguistic context specific to the text reading situation could be responsible for this weaken
ing. With a paradigm that approximates normal reading, albeit in a somewhat slower manner,
it was shown that although the possibility of preprocessing words in parafoveal vision and of
predicting them from preceding context globaHy affected refixation probability and gaze dura
tion on the word, this did not strongly affect the optimallanding position effect. Since the global
effects of these factors were comparable to those found by other authors in normal reading, it
was concludedthat the weakening ofthe optimallanding position effect during text reading results
from the influence of other factors peculiar to this situation. Hypotheses are proposed as expla
nations of the effects of the manipulated factors on oculomotor behavior.

In a number of recent experiments, the existence of an
optimal landing position in words has been shown dur
ing isolated word recognition (Holmes & O'Regan, 1987;
O'Regan, 1984, 1989; O'Regan & Levy-Schoen, 1987;
O'Regan, Levy-Schoen, Pynte, & Brugaillere, 1984). In
these experiments the eye's initial fixation position in the
word was manipulated, and it was observed that if the
eye first fixated near the middle of the word, the proba
bility of refixating the word and, consequently, the gaze
duration (the total time the eye spent on the word) were
smaller than they were when the eye first fixated other
positions in the word. Individual fixation durations were
also shown to depend on the eye's first fixation position
in the word as well as on within-word tactics (whether
one, two, or more fixations were made within the word).

On the basis ofthese results, O'Regan and Levy-Schoen
(1987) and O'Regan (1990) have suggested that within
word tactics during text reading may be determined by
a preestablished program based on the eye's initial land
ing position. That is, if the eye lands in a region that is
generally optimal (near the word's rniddle), the eye would
directly leave the word, and, on the contrary, if the eye
lands at a nonoptimal position, it would refixate the word
before leaving it. Individual fixation durations would de-
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pend on the tactics adopted on the word and also on the
eye's first fixation position in the word.

Results from recent experiments seem to favor this
hypothesis, since they have confirmed the existence of
an optimal landing position for words included in texts
(McConkie, Kerr, Reddix, Zola, & Jacobs, 1989; Vitu,
O'Regan, & Mittau, 1990). However, a direct comparison
of the optimallanding position curves obtained during iso
lated word and text reading (see Figure 1) has shown that
the optimallanding position phenomenon is weakened in
text reading (Vitu et al., 1990). Thus, whereas during iso
lated word recognition, within-word tactics and gaze du
rations are primarily determined by the eye's initial land
ing position, it seems that during text reading, they result
not only from the effect of this factor but also from its
interaction with factors specific to text reading. The
present experiment represents an attempt to identify the
additional factors that interact with the eye 's initial land
ing position and that rnight be responsible for the weaken
ing of the optimal landing position phenomenon during
text reading.

A major difference between isolatedword and text read
ing is that during text reading, words are generally pre
dictable from preceding context and are available in para
fovea1 vision before their fixation. Such factors have been
shown to facilitate word recognition and also to affect eye
movement behavior toward words. The narning latency of
a word is shorter when an item presented before the word
in parafovea1 vision is identical to the word thanit is when
the item is different (Balota & Rayner, 1983; McClelland
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Figure 1. The optimallanding position effed obtained by Vitu, O'Regan, and Mittau (1990)
during isolated word recognition and text reading. The grapb represents the probability 01
rerlX8ting the test word as a lunction 01 the eye's initiallanding position in the test word, lor
words 015,6,7,8, and 9 letters, in both isolated word recognition (upper curves) and text
reading (bottom curves). For eacb lengtb, data are plotted relative to tbe middle 01 tbe word.
1be bIocks beIow tbe aIJscitisa show tbe positiom tbat tbe Ietters01a 9-Ietter word would occupy.

& O'Regan, 1981; Rayner, 1978; Rayner, McConkie, &
Ehrlich, 1978; Rayner, McConkie, & Zola, 1980). Lexical
decision time and naming latency are decreased when a
test word is preeeded by a word prime or a sentence prime
which allows it to be predicted (Balota & Rayner, 1983;
Carroll & Slowiaczek, 1986; Fischler & Bloom, 1979,
1985; Meyer & Schvaneveldt, 1971; Paap & Newsome,
1981; Schubert & Eimas, 1977; Schwanenflugel & Sho
ben, 1985; Simpson, Peterson, Casteel, & Burgess, 1989;
Stanovich & West, 1979, 1981, 1983). Moreover, the ef
feet of parafoveal preprocessing is larger for words that are
predictable from their preeeding context (McClelland &
O'Regan, 1981; Paap & Newsome, 1981). Within-word
tactics as weil as gaze durations and individual fixation du
rations on words are also influenced by parafoveal
preprocessing (Balota, Pollatsek, & Rayner, 1985; Inhoff,
1989; Lima&Inhoff, 1985; McConkie, Underwood, Zola,
& Wolverton, 1985) and by linguistic context (Ehrlich &
Rayner, 1981; Zola, 1984), the effeet of parafoveal
preprocessing being stronger for highly predictable words
than it is for less predictable words (Balota et al., 1985).

We could suppose that the weakening of the optimal
landing position effect during text reading relative to iso
lated word reading rnight result from the influence of para
foveal preprocessing or linguistic context, since these
could dirninish the necessity of first fixating a particular
position in the word to ensure efficient processing. In other
words, these factors could deerease the effeet ofthe eye's

initiallanding position on refixation probability and gaze
duration.

Another important difference between isolated word and
text reading is that in text reading, the eye is engaged in
a sequence of forward movements (a reading rhythm),
which could deerease the probability of refixating words,
whatever the initiallanding position in a word might be.
Such a factor could also be responsible for the weaken
ing of the optimal landing position effeet during text
reading.

Vitu and O'Regan (1988, 1990) tested the influence of
parafoveal preprocessing on the optimallanding position
phenomenon. An isolated test word that was either visi
ble or masked appeared in parafoveal vision, followed by
a comparison word that was masked until it was fixated.
The subject' s task was to read the test word and then the
comparison word, in order to decide whether the two
words were identical. The eye's initial fixation position
in rhe test word was manipulated by shifting the word to
either the right or the left during the execution of the sac
cade toward the test word. Although the results showed
a global effeet of parafoveal preprocessing on the proba
bility of refixating words, they did not show an influence
of parafoveal preprocessing on the strength of the optimal
landing position phenomenon.

These results seem to indicate that parafoveal pre
processing cannot be responsible for the weakening of the
optimallanding position phenomenon observed during text
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reading. This eonclusion was also reaehed by Vitu et al.
(1990), who did an aposteriori analysis of the data ob
tained during text reading and found that the strength of
the optimallanding position effect did not differ as a fune
tion of the distanee from the test word from which a sac
eade was launehed-which is presumably correlated with
the amount of parafovea1 preprocessing that ean be done.
The latter finding seems also to indicate that parafoveal
preprocessing, even when it is reinforced by eontextual
information, does not modify the strength of the optimal
landing position phenomenon. However, these data prob
ably contained data for a mixture of cases in whieh words
were either highly predietable or less predictable from
their preceding context. Thus, the interactive influenee
of parafoveal preprocessing and linguistic eontext on the
optimal landing position effeet has yet to be tested in a
situation in whieh the linguistic eontext that precedes the
word to be recognized is manipulated. We might also sup
pose that linguistie eontext eould be the only faetor respon
sible for the weakening of the optimal landing position
phenomenon observed in text reading.

The purpose of the present experiment was therefore
to test the separate and combined influenees of parafovea1
preprocessing and linguistic eontext on the optimal land
ing position phenomenon. As in Vitu and O'Regan (1988,
1990), an isolated test word was presented either visible
or masked in parafoveal vision. This time, however, the
appearanee of the test word was preceded either by a sen
tenee that strongly constrained the word or by a neutral
sentence. To introduce linguistie context, a sentenee prime
was used instead of a word prime in order more closely
to approximate text reading, because Simpson et al. (1989)
and Duffy, Henderson, and Morris (1989) have shown
that the influence on word recognition of a eontextual sen
tence is due to the whole sentential context and not just
to association with the individual words it contains. In the
present experiment, the test word was followed by fur
ther words that could be either eompatible or not com
patible with the beginning of the sentence formed by the
sentence prime and the test word. The presence of words
after the test word ensured sirnilarity with situations in
which the optimallanding position phenomenon has been
found (O'Regan & Levy-Schoen, 1987; O'Regan et al.,
1984; Vitu & O'Regan, 1988, 1990; Vitu et al., 1990),
and also with text reading. The subject's task was to read
the sentence prime, the test word, and the sequenee of
remaining words, in order to decide whether the whole
sentence (sentence prime + test word + remaining words)
was coherent or not.

When the task is to land on isolated words, the spon
taneous initial landing position of the eye in words is
generally eoncentrated within a narrow region (Vitu, in
press). Since the present purpose was to analyze the oculo
motor behavior on words as a funetion of the eye's first
fixation position in eaeh word, the initial landing posi
tion in the test word was manipulated by shifting the test
word to the left or the right during the exeeution of the
saeeade toward the test word. Eye movements during

reading of the test word were reeorded. The probability
of refixating the test word, gaze duration, and individual
fixation durations were measured as a funetion ofthe eye's
initiallanding position in the test word, in the different
conditions of parafoveal preprocessing and linguistic
eontext.

The reader should note that the constraints imposed by
this recording system make the present experimental sit
uation different from normal text reading. The most im
portant differenee lies in the delay that elapses between
the reading of the inducing sentence and the beginning
of the reading of the test word, which is often as mueh
as 500 msec and is thus longer than such delays during
normal text reading. It seems reasonable, however, to as
sume that this delay should reinforee any facilitatory ef
feets of eontext and/or parafoveal preprocessing by giv
ing them more time to act. Thus, if these factors should
be shown to globally affect the refixation probability and
the gaze duration and yet not to weaken the strength of
the optimal landing position effect, then it would seem
justified to suppose that during normal text reading these
factors would a fortiori also not be aeting to weaken the
optimallanding position effect. The weakening of the op
timal landing position effeet observed in normal reading
(Vitu et al., 1990) would thus have to result from the in
fluence of other factors peculiar to reading, such as read
ing rhythm.

METHOD

Subjects
Twenty subjects participated in the experiment. They were be

tween 20 and 30 years old. All were native speakers of French,
and all were unfamiliar with the purpose of the experiment.

Materials
Two lists of 240 test words were constructed. Each contained

120 words with a length of 5 letters and 120 words with a length
of 9 letters. For each length, there were 60 test words of low fre
quency and 60 test words of high frequency, as defined by the Tre
sor de la langue franceise count of 38 million words. The median
frequencies were approximately equal for the two word lengths;
for the first list, the medians for low-frequency words were 1.3
and 1.1 per million (for 5- and 9-letter words, respectively) and
the medians for high-frequency words were 95 and 82 per million
(for 5- and 9-letter words, respectively); for the second list, the
medians for low-frequency words were 1.2 and 1.3 per million (for
5- and 9-letter words, respectively) and the medians for high
frequency words were 93 and 75 per million (for 5- and 9-Ietter
words, respectively).

For each test-word list, two lists of sentence primes were con
structed; one list consisted of sentences that permitted the cor
responding test word to be easily predicted (e.g., "Ie marin attend
que la tempere se calme" ["the sailor is waiting for the storm to
abate"]), and the other list contained neutral sentences that could
inducenot only the test word but also manyother words (e.g., "Vin
cent proposa que Pascal se calme" ["Vincent proposed that Pas
cal be quiet"]). For each test word, the two corresponding sen
tence primes had approximately the same lengths and the same
syntactic structures.

The predictability of each of the test words from each sentence
prime was tested in a preliminary experiment, in which a list of
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sentence primes was presented on paper to an independent group
of subjects. The sentence primes were in half the cases supposed
to be predictable and in half the cases supposed to be neutral.
However, for each test word, each subject saw only the predict
able sentence prime or the neutral sentence prime. Both sentences
(predictable and neutral) corresponding to each test word were tested
over two independent groups of subjects (20 subjects each). The
order in which predictable and neutral sentence primes appeared
was randomized and different for each subject. The subjects had
to read the sentence prime and to write the word(s) that they thought
were induced by the sentence. They were instructed to answer as
quickly as possible and to write the words in the order in which
they occurred. For the analysis, only the first written word was
considered. A sentence prime was considered to be effectively pre
dictable when it induced the test word or a synonymous word in
75 % of the cases. A sentence prime was considered to be neutral
when, over all subjects, it induced not only the test word but a va
riety of other words as weil.

For each test-word list, a list of remaining word sequences was
constructed. Bach sequence of remaining words was chosen in such
a way that the whole sentence formed by the sentence prime, the
test word, and the sequence of remaining words constituted a co
herent sentence or did not. The sequence of remaining words was
always syntactically compatible with what preceded it, but in only
half of the cases was it semantically coherent with the beginning
ofthe sentence (sentence prime + test word) (e.g., "Ie marin at
tend que la tempete se calme pour partir" ["the sailor is waiting
for the storm to abbate before leaving"], which is a semantically
coherent form, and •'il sortit son briquet et alluma une cigarette
echancree" ["he took his lighter and lighted a cigarette that was
indented"], which is not semantically coherent).

Two lists of pairs of isolated letters (test letter + comparison
letter) were also constructed, in order to test calibration accuracy
during the experiment. The fixation of these letters was always
preceded by the following sentence: "Fixez precisernent chaque
lettre" ("Fixate each letter accurately").

Two lists of 24 training test words and two corresponding lists
of sentence primes that were either predictable or neutral were con
structed.

When the test word appeared in parafoveaI vision in the condi
tion without parafoveal preprocessing, it was masked. The mask
was the following: Bach letter of the word was modified so that
the number of lighted pixels in the matrix defining the masked
charaeter was identical to the number in the corresponding unrnasked
character; the lighted pixels appeared at random positions in the
matrix. Thus, the masked words were nonhomogeneous stimuli that
resembled words, with the same number oflighted pixels. This kind
of masking allowed a close reproduction of the visual aspects of
the words so that both conditions of parafoveaI preprocessing (with
and without) were globally equivalent and differed only locally (at
the level of the letters that constituted each word).

Design
The test words had two lengths (5 and 9 letters) and two frequen

cies (high and low). Isolated test words were presented in para
foveal vision in two ways: visible or masked. These two condi
tions of parafoveal preprocessing (with and without) appeared in
two different blocks of trials that corresponded to the two lists of
test words, respectively. The list of words attributed to each con
dition of parafoveal preprocessing was counterbalanced over
subjects.

The sentence prime that preceded the test word was either pre
dictable or neutral. These two conditions ofpreceding context were
mixed in each block of trials. For one condition of parafoveal pre
processing, and thus for one list of test words, half of the subjects
saw the first half of each test word preceded by a predictable sen
tence and the second half of each test word preceded by a neutral

sentence, and the other half of the subjects saw the first half of each
test word preceded by a neutral sentence and the second half of
each test word preceded by a predictable sentence. Thus, all the sub
jects saw all the test words, and over all subjects, all the test words
were seen preceded by a predictable and neutral sentence prime.

In one block of trials, the order of presentation of the different
test words preceded by a sentence prime that was either predict
able or neutral was randomized and different for each subject. The
order in which subjects passed the two blocks was counterbalanced
between subjects; half of the subjects saw the test words in the con
dition with parafoveal preprocessing first and then in the condition
without parafoveal preprocessing, and the other half were tested
with the conditions in the opposite order.

The eye's initial fixation position in the test word was manipu
lated by shifting the test word to the left or the right in different
amounts. The amounts of shift were calculated on the basis of data
indicating that the mean spontaneous landing position of the eye
in isolated words was located on the 2nd or 3rd letter of 5-letter
words and on the 3rd letter of9-letter words (Vitu, in press). The
selected shift amounts relative to the beginning of the test word were
the following: +1,0, -I, -2, and -3, for 5-letter words, and +2,
0, -2, -4, and -6, for 9-letter words; a shift of 0 corresponded
to no displacement of the test word. Thus, in most cases, the eye
would land on Letter 1,2, 3, 4, or 5 in 5-letter words, and on Let
ter I, 3, 5, 7, or 9 in 9-letter words. The different amounts of shift
of the test word were mixed in each block of trials and occurred
in a random order.

Procedure
The subjects sat in an adjustable chair, 50 cm from the computer

screen. A bite bar was used to minirnize head movements, since
these affected the accuracy of eye movement recording on the test
word.

Following a calibration procedure in a 26-eharacter zone (15.6°)
in the region where test words could appear, the first trial began
(the sequence of events during one trial is described in Figure 2).
First an asterisk appeared on the left of the screen. When the eye
fixated the asterisk precisely (to within .25 of a character from the
center of the asterisk), the asterisk disappeared and the sentence
prime appeared, beginning two characters left of where the aster
isk had been. The subject read the sentence and then pressed the
space bar. Then an asterisk appeared on the right of the screen.
If the eye did not fixate within 1.5 characters from the center of
this asterisk, a new calibration phase was interposed and the sen
tence prime was repeated. The verification of the accuracy on this
asterisk precluded any loss of trials in which calibration was inac
curate. In the case in which the eye fixated within the accepted er
ror margin, this asterisk disappeared, and the trial continued as
folIows.

An asterisk was presented on the left side ofthe screen, simulta
neously with the disappearance ofthe preceding one. Ifthe eye did
not fixate the asterisk accurately (to within .25 of a character from
the center of the asterisk), a new calibration phase was interposed,
and the sentence prime was repeated. If the eye fixated accurately,
the asterisk disappeared and a second one simultaneously appeared
three characters to the right. When the computer detected a sac
cade toward this second asterisk, the test word appeared two space
charaeters away from the asterisk, and a string composed of 26
masked characters simultaneously appeared, starting at a position
one character from the end of the test word. The test word was
visible (in the condition with parafoveal preprocessing) or masked
until the eye began to move in its direetion (in the condition without
parafoveal preprocessing). The string of masked charaeters placed
at the right of the test word indicated the presence of the sequence
of remaining words but ensured that the oculomotor behavior on
the test word would not be intluenced by thevariability in the number
of words that constituted this sequence.
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Figure 2. The sequence of events during one trial: The subject bas first to flxate an
asterisk on tbe left side oftbe sereen (tO). When a fixation is detected, tbe sentence prime
appears (tl). The subject bas to read this sentence and to press a bar, whicb makes an
asterisk appear on tbe rigbt side of tbe sereen (t2). When tbe subject fixates this aster
isk, anotber ODe appears on tbe left side of tbe sereen (0). After fixation of this asterisk,
a last one appears tbree characters to its rigbt (t4). During tbe saccade toward this last
asterisk, tbe test word, whicb is eitber visible or masked, appears witb a string of masked
cbaracters on its rigbt (tS). Note tbat in this example, tbe test word appears masked as
in tbe condition witbout perafoveal preprocessing. Tbesubjectbas to fixate tbis last asterisk
and tben read tbe test word. When a fixation on tbe last asterisk is detected, it is trans
formed into a cross (t6). From tbe moment tbe computer detects tbat tbe eye is begin
Dingto move toward tbe test word, a Une of Xs is flasbed (t7). Then, tbe test word and
tbe string of masked cbaracters are shifted rigbtward or leftward by a certain amount
(whicb is variable from ODe trial to tbe otber), and tbe test word becomes visible if it
bas previously been masked (tB). Note tbat in this example, tbe amount of shifting is
2 letters to tbe left. When tbe eye leaves tbe test word, tbe test word is masked and tbe
string of masked cbaracters is transformed into tbe sequence of remaining words (19).
The subject bas to read this sequence of remaining words and tben press a bar, whicb
makes a question mark appear (tlO)-indicating tbat tbe subject most decide wbetber
tbe wbole sentence formed by tbe sentence prime, tbe test word, and tbe remaining words
is semantically coberent or not. Pressing a button makes tbe response appear ("c" or
"n"), and this most also be fixated (t11). Then tbe next triaI begins.

Iftbe eye did not accurately fixate tbe second asterisk (to within
1.5 cbaraeters from its center), a new calibration phase was inter
posed, and for tbe condition witbout parafoveal preprocessing, tbe
sentence prime was repeated; for tbe condition witb parafoveal pre
processing, a new trial began. If tbe computer deteeted tbat tbe eye
accurately fixated tbe second asterisk, this asterisk was immedi
ately transformed into a cross. The subject's task was to saccade
toward tbe test words only when tbe cross appeared. This proce
dure, based on tbe results ofRoss and Ross (1980), perrnitted tbe
delay of tbe saccade and tbus ensured that saccade latencies would
be comparable to fixation durations observed during text reading.
From tbe moment at which tbe computer detected that tbe eye had
passed tbe first of tbe two spaces separating tbe cross and tbe be
ginning of tbe test word, tbe cross disappeared and tbe test word
became visible (in tbe condition witbout parafoveal preprocessing).
Moreover, at tbe same time, in botb conditions, tbe test word and
tbe stimulus representing tbe sequence of remaining words were
shifted by l. variable amount to eitber tbe right or tbe left. In order
that both conditions of parafoveal preprocessing and all shift amounts
be considered equivalent display conditions, from tbe moment at
which tbe computer detected tbe saccade toward tbe test word, a
line of Xs was flashed, which remained visible for 60 msec. This
delay was too long for tbe large perturbation not to be visible. What

is important, however, is that tbe visible perturbation was tbe same
for all shifts, rendering negligible any differences caused by tbe
amounts of shift.

The subject read tbe test word. When tbe computer detected tbat
tbe eye had passed tbe middle of tbe space separating tbe test word
and tbe 26-masked-ebaraeter string, tbe test word was masked and
tbe sequence of remaining words became visible. When tbe sub
ject had finished reading this sequence, he or she pressed tbe space
bar, and a question mark appeared on tbe right side oftbe screen,
indicating tbat tbe subject had to decide whetber tbe whole sen
tence formed by tbe sentence prime, tbe test word, and tbe sequence
of remaining words corresponded to a semantically correct sentence.
The subject tben pressed one oftwo buttons to indicate tbe response,
and tbe computer materialized tbe choice by displaying a "c" for
coherent or an "n" for noncoherent. The subject was instructed
to check tbe response by fixating tbis letter (which tbe subjects did
naturally anyway). The accuracy of this fixation permitted tbe
calibration accuracy to be checked. If tbe eye fixated to within 2
characters from tbe response letter, tbe data for tbe trial were kept
and a linear interpolation between tbe fixated position for thisasterisk
and tbe fixated position for tbe asterisk tbat preceded tbe saccade
into tbe test word was made on tbe data. Then tbe next trial began.
If tbe eye did not fixate tbe response to within 2 characters, tbe
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data for the trial were not kept, and a new calibration phase was
interposed before the next trial.

It rnustbe noted that throughout the process of scanning the aster
isks, the time that it took the computer to detect a fixation was
30-60 rnsec, and the time it took to detect an eye position change
was 10 msec, which are very short delays. The time that elapsed
between the end of the sentence prime reading and the beginning
of the test word reading was thus of the order of 500-700 msec.

On every 10th trial, a pair of isolated letters was presented in
stead of a test word (at 7 and 17 characters from the last asterisk,
respectively). The presentation of these isolated letters was preceded
by the presentation of the sentence "Fixez precisernent chaque
lettre" ("Fixate each letter accurately"), The procedure that
preceded the fixation of the isolated letters was exactly the same
as that used for test words, except that the isolated letters were not
shifted. Each letter was masked until the eye fixated it. The sub
ject's task was to fixate the two isolated letters successively and
then to decide whether they were identical.

The two experimental blocks of trials were preceded by the two
training blocks of 24 trials.

Apparatus
Eye movements were monitored by a photoelectric, infrared.

iris/sclera boundary detection technique. Eye position was sampled
by a BBC computer every 10 msec. Saccade size and fixation du
ration were analyzed by computer-a saccade was defined as a
change in eye position of more than half a character, taking less
than 30 msec and giving rise to a fixation lasting more than
30-60 msec. In both conditions (isolated word and text reading),
stimuli were presented on a black and white Velec (1614-07) video

rnonitor, refreshed every 20 msec. Characters were defined in an
8 x 8 pixel matrix that subtended .6 0

•

RESULTS

The recording accuracy was verified by analyzing fix
ation positions on the first isolated letter. This analysis
revealed that the accuracy was better than ±.5Ietter. The
analysis of the oculomotor behavior on test words con
cemed only cases for which the given answer (coherent
or not) was correct, since a bad answer could be attribut
able to the fact that the subject did not correctly read the
sentence prime and/or the test word. However, the per
cent of incorrect responses was low (less than 10%). Only
cases for which the sentence prime was presented no more
than twice were kept. It has to be noted that they were
only few cases for which the sentence prime was repeated
(7%). Cases for which individual fixation durations were
less than 70 msec were excluded from the analysis.

The Effect of the Shifting
of the Test Word

A first analysis concemed the initial landing position
in the test word as a function of the amount of shift of
the test word. This analysis perrnitted one to check
whether shifting the test word during the saccade toward
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Figure 4. Gaze duration on the test word (the total time the eye
spent on the word) as a fuoctioo of the eye's initiallanding position
in the test word (five zooes, corresponding to word length divided
by five), for the different shifting amounts (+1, 0, -1, -2, and -3,
for 5-letter words, and +2, 0, -2, -4, and -6, for 9-letter words)
for 5- and 9-letter words (a and b, respectively); aII the cooditions
of parafoveal preprocessingand Iinguistic context, as weU as alI word
frequencies, are combined. Note that for each shifting amount, only
the mean gaze duration caIculated 00 more than 25% of the sub
jects is represeoted.
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effects to be discussed were not caused by the sentence
shifts themselves.

In order to estimate the influence of parafoveal prepro
cessing and linguistic context on the optimallanding po
sition phenomenon, the strength of the effect of the eye's
initial landing position on the refixation probability and
gaze duration will be compared between the different con
ditions of parafoveal preprocessing and linguistic context.
Statistically, these comparisons require examination of the
interactions of parafoveal preprocessing and linguistic
context with the initial fixation position, and so these will
be presented first. The global effects of parafoveal pre
processing and linguistic context on refixation probabil
ity and gaze duration will be examined after that, in order

this word had the expected effect and would permit an
analysis of the pattern of fixations on the test word as a
function of the eye's initiallanding position. This anal
ysis confirmed that when the test word was not shifted,
the initiallanding positions were located essentially near
the middle for 5-letter words and left of the middle for
9-letter words (see, e.g., the distribution of initial land
ing positions for 9-letter words of high frequency, in
Figure 3). Shifting the test word to the right shifted the
distribution of initial landing positions leftward into the
test word, and shifting it to the left shifted the distribu
tion rightward. Thus, through division of the word into
five equal zones, the proportion of data for each zone of
the word appeared to be approximately equal.

Before the analysis of the fixation patterns on the test
word as a function of the eye's initial fixation position
in the word could be made, it was also necessary to check
that shifting the test word did not in itself modify the
within-word tactics or the individual durations of fixations
on the test word. A first argument is that subjects were
unaware of the extent of the display shift; because of the
line of masking Xs that occurred during the saccade, a
large perturbation was visible for all shifts (including no
shift at all), rendering negligible any differences caused
by shift extents. As a further control, the gaze durations
(which correspond to the total time the eye spent on the
word and which directly reflect the within-word tactics
and individual fixation durations) obtained for each of the
five possible initial landing zones with different shift
amounts were compared. In Figures 4a and 4b are plot
ted the mean gaze duration, for 5- and 9-letter words (all
frequencies combined), for each landing zone, separately
for each amount of shift, for all the conditions of para
foveal preprocessing and linguistic context combined. As
is apparent from these figures, the segments of curves cor
responding to different shift amounts are approximately
superposed. Thus, it seems that shifting the test word did
not affect the gaze duration. This conclusion is supported
by further analyses.

For each possible initiallanding zone, each word length
and frequency, and each condition of linguistic context
and parafoveal preprocessing, a Student's t test was per
formed on mean gaze durations obtained with two differ
ent shift amounts (which were in most cases adjacent
amounts, as, e.g., 0 and -1, but which could also be
more, as, e.g., 0 and -3, when enough data were avail
able for each shifting amount). In only 10% ofthe com
parisons made was there an effect of the amount of shift,
and in the remaining cases, there was no systematic pat
tern of dependency of the gaze duration differences on
the amount of shift. Moreover, if we look again at the
segments of the curves corresponding to each amount of
shift in Figures 4a and 4b, it appears that the gaze dura
tion strongly depends on the eye's first fixation position,
just as it does for the optimallanding position phenome
non, whatever the amount of shift. It thus is reasonable
to assume that the optimallanding position effect and other
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to determine whether the results obtained in this experi
ment are comparable to those found in other studies in
which initial fixation position was not manipulated.

Did Parafoveal Preprocessing and
Linguistic Context Affect the Strength of
the Optimal Landing Position Effect?

If we consider first the probability 0/refixating the test
word as a function of the eye' s initiallanding position in
the word, we can observe that there is for all word lengths
and frequencies an optimallanding position phenomenon,
whatever the condition of parafoveal preprocessing and
linguistic context; when the eye first fixated near the
word's rniddle, the probability ofrefixating the word was
lower than it was when the eye first fixated other posi
tions (see Figures 5a-5d and öa-d).

The analysis of variance confirmed this observation,
since the effect of the eye's initiallanding position in the
test word on refixation probability was significant in all

the conditions. When words were preceded by a neutral
sentence,F(4,76) ~6.7,p < .0005,andF(4,76) ~5.0,

p < .0005, for all word lengths and frequencies in the
conditions without and with parafoveal preprocessing, re
spectively; and when words were predictable from preced
ing context, F(4,76) ~ 7.1, P < .0005, for all word
lengths and frequencies in the condition without parafoveal
preprocessing, and F(4,76) = 6.4, p < .0005, F(4,76)
= 3.3,p < .025,F(4,76) = 5.1,p < .005,andF(4,76)
= 11.4, p < .0005, for 5- and 9-letter words of low fre
quency and 5- and 9-letter words of high frequency, re
spectively, in the condition with parafoveal preprocessing.

The quadratic analysis of the curves showed the same
pattern. When words were preceded by a neutral sentence,
F( 1,19) ~ 17.1,p < .0005, for all ward lengths and fre
quencies in the condition without parafoveal prepro
cessing, and F(I,19) = 38.2, p < .0005, F(1,19) =
16.1,p< .001, F(I,19) = 16.8,p < .001, andF(1,19)
= 13.2, p < .005, for 5- and 9-letter words of low fre-
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quency and 5- and 9-1etter words of high frequency, re
spectively, in the condition with parafoveal preprocessing;
and when words were predictable from the preceding con
text, F(l,19) = 28.5, p < .0005, F(l,19) = 16.0,
P < .001, F(l,19) = 17.2, p < .001, and F(l,19) =
45.4, p < .0005, for 5- and 9-letter words of low fre
quency and 5- and 9-1etter words of high frequency, re
spectively, in the condition without parafoveal prepro
cessing, andF(l,19) = 27.7,p < .0005, F(1,19) = 7.2,
p < .025, F(l,19) = 28.5, p < .0005, and F(l,19) =
31.9, p < .0005, for 5- and 9-letter words of low fre
quency and 5- and 9-1etter words of high frequency, re
spectively, in the condition with parafoveal preprocessing.

As can be seen from Figures 5a-5d and 6a-6d, para
foveal preprocessing did not change the strength of the
optimal laading position effect whatever the preceding
context condition; the slopes ofthe optimallanding posi
tion curves were approximately identical in both condi
tions of parafoveal preprocessing, except in the case of
5-1etter words of high frequency, with which there was

a slight weakening of the optimal landing position effect
in the condition wiith parafoveal preprocessing. Although
the three-way interaction between parafoveal pre
processing, linguistic context, and first fixation position
was never significant[F(4,76) s 2.513, p < .10, for all
word lengths and frequencies], the two-way interaction
between parafoveal preprocessing and the first fixation
position was significant in the case of 5-1etter words of
high frequency that were predictable from preceding con
text: In the neutral preceding context condition, F(4,76)
= .729, n.s., F(4,76) = .748, n.s., F(4,76) = 2.33g,
P < .10, and F(4,76) = .98, n.s., for 5- and 9-1etter
words of low frequency and 5- and 9-1etterwords of high
frequency, respectively, and in the predictable preceding
context condition, F(4,76) = .981, n.s., F(4,76) = .491,
n.s., F(4,76) = 3.154, p < .05, and F(4,76) = 2.277,
p < .10, for 5- and 9-letter words oflow frequency and
5- and 9-1etterwords of high frequency, respectively. The
linguistic context alone did not affect the strength of the
optimal landing position effect (see Figures 5a-5d and
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6a-6d). The interaction between preceding context and
first fixation position in the condition without parafoveal
preprocessing was never significant exeept in the ease of
9-letter words ofhigh frequeney [F(4,76) = .931, n.s.,
F(4,76) = .393, n.s., F(4,76) = 1.333, n.s., and F(4,76)
= 3.818, p < .01, for 5- and 9-letter words of low fre
quency and 5- and 9-letter words of high frequeney, re
spectively]. However, this signifieant interaetion for 9
letter words of high frequeney probably resulted from the
leftward shift of the optimal landing position in the case
in whieh the preceding eontext was predictable relative
to the case in which it was neutral.

As eoneems the gaze duration on the test word as a
funetion ofthe eye's initiallanding position (see Figures
7a-7d), the same effeet was found. When words were
preceded by a neutral sentence, there was an optimal land
ing position (near the middle of words) in the eonditions
with and without parafoveal preprocessing, whatever the
word length and the word frequeney. In this ease, the ef
feet of the eye's initiallanding position in the test word
was always signifieant; for the global analysis, F(4,76)
= 5.0, p < .005, F(4,76) = 3.0, p < .05, F(4,76) =

4.5, P < .005, and F(4,76) = 22.5, p < .0005, for 5
and 9-letter words of low frequeney, and 5- and 9-letter
words of high frequeney, respectively, in the eondition
without parafoveal preprocessing, and F(4,76) = 10.1,
p< .0005,F(4,76) = 11.4,p < .0005,F(4,76) =2.1,
p < .10, and F(4,76) = 5.9, p < .0005, for 5- and 9
letter words of low frequeney and 5- and 9-1etter words
of high frequeney, respective1y, in the eondition with para
foveal preprocessing; and for the quadratic analysis,
F(l,19) = 20.9, p < .0005, F(l,19) = 7.2, p < .025,
F(l,19) = 21.5, p < .0005, and F(l,19) = 68.7, p <
.0005, for 5- and 9-letter words of low frequeney and 5
and 9-letter words of high frequeney, respectively, in the
eondition without parafoveal preprocessing, and F( 1,19)
= 32.7,p < .0005, F(l,19) = 28.8,p < .0005, F(l,19)
= 8.8, p < .01, and F(1,19) = 16.5, P < .0005, for
5- and 9-letter words of low frequeney and 5- and 9-letter
words of high frequeney, respectively, in the eondition
with parafoveal preprocessing.

For words that were predietable from the preceding eon
text, there was again an optimal landing position effeet
in both eonditions of parafoveal preprocessing (see Fig-
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ures 8a-8d). However, although the effect of the eye's
initiallanding position in long words was always signifi
cant, this effect for short words was only significant in
the condition without parafoveal preprocessing [F(4,76)
= 2.7, P < .05, F(4,76) = 15.5, P < .0005, F(4,76)
= 10.8, P < .0005, and F(4,76) = 29.4, P < .0005,
for 5- and 9-letter words of low frequency and 5- and 9
letter words ofhigh frequency, respectively; F(4,76) =
1.5, n.s., F(4,76) = 5.3,p < .005, F(4,76) = .6, n.s.,
andF(4,76) =9.1,p < .0005,for5-and9-1etterwords
of low frequency and 5- and 9-letter words of high fre
quency, respectively, in the condition with parafoveal pre
processing). The quadratic analysis of the curves revealed
exactly the same pattern [F(1,19) = 5.7, P < .05,
F(1,19) = 66.3,p < .0005, F(I,19) = 29.4,p < .0005,
and F(1,19) = 59.7, P < .0005, for5- and 9-letter words
of low frequency and 5- and 9-letter words of high fre
quency, respectively, in the condition without parafoveal
preprocessing, andF(1,19) = 1.4, n.s., F(1,19) = 13.9,
P < .005, F(1,19) = 2.4, n.s., and F(1,19) = 49.2,

p < .0005, for 5- and 9-letter words of low frequency
and 5- and 9-letter words of high frequency, respectively,
in the condition with parafoveal preprocessing).

Parafoveal preprocessing seerned to decrease the
strength of the optimallanding position effect only when
words were predictable frorn preceding context. In the
neutral preceding context condition, contrary to the
predictions, this factor seerned to increase the optimal
landingpositioneffect in the case of low-frequency words.
However, the three-way interaction between parafoveal
preprocessing, linguistic context, and first fixation posi
tion was significant only in the case of long words of low
frequency [F(4,76) = .34, n.s., F(4,76) = 3.16, P <
.05, F(4,76) = 1.141, n.s.,andF(4,76) = .15, n.s., for
5- and 9-letter words of low frequency and 5- and 9-letter
words of high frequency, respectively). The two-way
interaction between parafoveal preprocessing and the first
fixation position was significantonly in the case of 9-letter
words of low frequency in the neutral preceding context
condition and in the case of 9-1etter words of high fre-
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Figure 8. Gaze duration on the test word in the predictable preceding context condition, as a function of the eye's initiallanding posi
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quency in the predictable preceding context condition
[F(4,76) = .549, n.s., F(4,76) = 3.108, p < .025,
F(4,76) = .141, n.s., and F(4,76) = 1.287, n.s., for 5
and 9-letter words of low frequency and 5- and 9-letter
words of high frequency, respectively, in the neutral
preceding context condition, and F(4,76) = .22, n.s.,
F(4,76) = 2.247,p < .10, F(4,76) = 2.35,p < .10,
and F(4,76) = 3.088, p < .025, for 5- and 9-letter words
of low frequency and 5- and 9-letter words of high fre
quency, respectively, in the predictable preceding con
text condition]. The interaction between preceding con
text and first fixation position in the condition without
parafoveal preprocessing was never significant [F(4,76)
= 1.486, n.s., F(4,76) = 1.273, n.s., F(4,76) = .771,
n.s., and F(4,76) = .438, n.s., for 5- and 9-letter words
of low frequency and 5- and 9-letter words of high fre
quency, respectively].

Thus, from these results, it appeared that there was no
systematic weakening of the optimallanding position ef
fect in the presence of parafoveal preprocessing, linguis
tic context, or both factors combined, whether for refix
ation probability or for gaze duration.

Did Peripheral Preprocessing and
Linguistic Context Globally Influence
Oculomotor Behavior?

The absence of a systematic and significant effect of
parafoveal preprocessing and linguistic context on the
strength of the optimallanding position effect could result
from the fact that these factors failed to globally influence
refixation probability as well as gaze durations. In order
to check for this possibility, the probability of refixating
the test word and the gaze duration were examined, what
ever the eye's initial landing position in the test word,
as a function of the parafoveal preprocessing and preced
ing context conditions (these effects are illustrated in
Figures 4a-4d and 5a-5d, for refixation probability, and
in Figures 6a-6d and 7a-7d, for gaze duration). The in
fluence of parafoveal preprocessing and linguistic con
text on individual fixation durations was also studied, but
this will not be developed in detail here. All of the anal
yses revealed differences between the different word fre
quencies.

For low frequency words, the probability of refixating
the test word (see Figures 4 and 5) was smaller in the
condition with parafoveal preprocessing than it was in the
condition without parafoveal preprocessing, but only when
the preceding context was predictable [F(I,19) = 8.73,
p < .01, and F(l,19) = 7.049, p < .025, for 5- and 9
letter words, respectively], the effect of parafoveal pre
processing being nonsignificant when the preceding con
text was neutral [F(l, 19) = .183, n.s., F(l,19) = .043,
n.s., for 5- and 9-letter words, respectively]. The inter
action between parafoveal preprocessing and linguistic
context was significant for 5-letter words [F(I,19) =
5.584, p < .05] and only tended to be significant in the
case of 9-letter words [F(I,19) = 3.566, p < .10].

Gaze duration was slightly smaIler in the condition with
parafoveal preprocessing than it was in the condition
without parafoveal preprocessing, but only when words
were predictable from the preceding context (see Figures
6 and 7). However, the effect of parafoveal preprocess
ing was nonsignificant in both conditions of preceding
context. In the predictable preceding context condition,
F(I,19) = .427, n.s., and F(I,19) = .921, n.s., for 5
and 9-letter words, respectively, and in the neutral pre
ceding context condition, F(l,19) = .286, n.s., and
F( 1,19) = .1, n.s., for 5- and 9-letter words, respectively.
Moreover, the interaction between parafoveal preprocess
ing and linguistic context was nonsignificant [F(l, 19) =
3.045,p< .1O,F(l,19)= 1.818, n.s., for5-and9-letter
words, respectively]. This absence of an influenceof para
foveal preprocessing probably resulted from the fact that
parafoveal preprocessing did not affect individual fixa
tion durations. The gaze duration when there was only
one fixation on the test word was only slightly decreased
with parafoveal preprocessing when words were predict
able from preceding context. Moreover, the gaze dura
tion when two fixationswere made did not differ as a func
tion of parafoveal preprocessing, whatever the condition
of preceding context. Since the advantage in terms of
refixation probability in the condition with parafoveal pre
processing relative to the condition without parafoveal pre
processing when words were predictable from preceding
context was small (.14 for 5-letter words and .007 for 9
letter words), it was not sufficient to create a significant
effect for gaze durations where variability resulting from
variability of individual fixation durations is greater than
the variability of the refixation probabilities.

For high-frequency words with preceding context, both
the refixation probability and the gaze duration were
smaller in the condition with parafoveal preprocessing
than they were in the condition without parafoveal prepro
cessing. There was a significant effect of this factor on
the refixation probability [in the predictable preceding
context condition, F(l,19) = 54.141, P < .0005, and
F(I,19) = 15.659, P < .001, for 5- and 9-letter words,
respectively, and in the neutral preceding context condi
tion, F(I,19) ~ 17.689, P < .0005, for all word
lengths], and also on gaze duration [in the predictable pre
ceding context condition, F( 1,19) = 25.564, p < .0005,
and F(I,19) = 5.768,p < .05, for 5- and 9-letter words,
respectively, and in the "neutral preceding context con
dition, F(l,19) = 8.885,p < .01, and F(I,19) = 7.88,
P < .025, for 5- and 9-letter words, respectively]. This
influence of parafoveal preprocessing was approximately
equal for both conditions of preceding context, since the
interaction between parafoveal preprocessing and preced
ing context was nonsignificant [for refixation probabil
ity, F(l,19) s 1.449, n.s., for both word lengths, and
for gaze duration, F(I,19) s 1.885, n.s., forboth word
lengths]. The effect of parafoveal preprocessing on gaze
duration in both conditions of preceding context resulted
from the effect of this factor not only on the probability
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of refixating the test word but also on the gaze duration
when there was only one fixation on the test word. No
effect of parafoveal preprocessing was found for gaze du
ration when there were two fixations on the test word.

The global effect of preceding eontext was also ana
lyzed. For low-frequeney words, preeeding eontext
decreased refixation probability only when parafoveal pre
processing was available. However, the effect ofpreeed
ing eontext in this ease was signifieant only for 5-letter
words [F(l,19) = 6.403,p < .025, andF(l,19) = 4.2,
p < .10, for 5- and 9-letter words, respectively]. When
there was no parafoveal preprocessing, the effect of pre
eeding eontext was never signifieant [F(l,19) S .433,
n.s., for both word lengths]. Gaze durations were shorter
in the predictable preceding eontext eondition than in the
neutral preeeding eontext eondition, for both eonditions
of parafoveal preprocessing. [In the eondition with para
foveal preprocessing, F(l,19) = 8.526, p < .01, and
F(1,19) = 16.459, P < .001, for 5- and 9-letter words,
respectively, and in the eondition without parafoveal pre
processing, F(l,19) = 8.55,p < .01, andF(l,19) = 9.9,
p < .01, for 5- and 9-letter words, respectively.] The faet
that the preceding eontext influeneed gaze durations in
both eonditions of parafoveal preprocessing, for all word
lengths, whereas it affected refixation probability only in
specifie eases, shows that preceding eontext also affected
individual fixation durations. There was a slight influenee
of preeeding eontext on gaze durations when there were
only one or two fixations on the test word.

For high-frequeney words, the probability of refixat
ing the test word was srnaller in the predietable preced
ing eontext eondition than it was in the neutral preceding
eontext eondition, for both eonditions of parafoveal pre
processing. However, the analysis of varianee revealed
that when parafoveal preprocessing was available, the ef-

feet of preeeding eontext was signifieant for both 5- and
9-letter words [F(1,19) = 13.307, p < .0005, and
F(l,19) = 6.747, p < .025], whereas when there was
no parafoveal preprocessing, the effect of preceding eon
text was signifieant only for 5-letter words [F(l,19) =
8.676,p< .01, andF(1,19) = 4.302,p < .10]. Gaze
duration was systematieally shorter in the predietable pre
eeding eontext eondition than it was in the neutral pre
ceding eontext eondition. [In the eondition with parafoveal
preprocessing, F(1,19) = 19.566, P < .0005, and
F(l,19) = 12.725, P < .005, for 5- and 9-letter words,
respectively, and in the eondition without parafoveal pre
processing,F(l,19) = 21.141,p < .0005,andF(1,19)
= 13.825, p < .005, for 5- and 9-letter words, respec
tively.] Preceding eontext also affected individual fixation
durations; the gaze duration when there were only one
or two fixations on the test word was shorter in the pre
dietable preceding eontext condition than it was in the neu
tral preceding eontext eondition.

DISCUSSION

On the Weakening of the Optimal Landing
Position Effect during Reading

Many experiments have revealed the existenee of an
optimallanding position in words when they are presented
either in isolation or within texts: When the eye first fix
ates near the middle of words, the probability of refixat
ing these words, as weIl as the gaze duration, is shorter
than it is when the eye begins to fixate other positions
in words (MeConkie et al., 1989; O'Regan & Levy
Sehoen, 1987; O'Regan et al., 1984; Vitu et al., 1990).
A recent experiment in which the strength of the optimal
landing position phenomenon was eompared in both sit
uations has shown that this effect is strongly weakened
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Flgure 9. Comparison of the optimallanding position etTed obtained for 5- and 9-letter words in two different conditions in the present
experiment (one in which words could not be predided from preceding context or preprocessed in parafoveal vision, and one in which
Iinguistic context and parafoveal preprocessing were available) with the optimallanding position etTectobtained by Vitu, O'Regan, and
Mittau (1990), for 5- and 9-letter words, during isolated word recognition and text reading. Tbe graph represents the probability of
refixating the test word as a function of the eye's initiaI Ianding position in the test word in the four situations that are named: without
parafoveal preprocessing and linguistic context, with parafoveal preprocessing and Iinguistic context, isolated word, and text.
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for refixation probabilities and almost canceled for gaze
durations in the text reading situation relative to the iso
lated word reading situation (Vitu et al., 1990).

In order to understand the reason for this weakening, the
present experiment tested the influence on the optimal land
ing position phenomenon of two factors specific to the
text reading situation that are known to facilitate word
recognition and to affect oculomotor behavior: parafoveal
preprocessing and linguistic context. The results showed
that the effect of the eye's initiallanding position in words
on the refixation probability was equally strong with or
without parafoveal preprocessing, as wen as with predict
able or with neutral preceding context-except in the case
of 5-letter words of high frequency, for which a slight
weakening was observed when bothfactors were available.
These results are summarized in Figure 9, which presents
the data corresponding to both extreme conditions of read
ing words: one in which they cannot be predicted or pre
processed in parafoveal vision, and one in which both
linguistic context and parafoveal preprocessing are avail
able. In Figure 9, it can be seen that these additional fac
tors do not change the slopes of the optimallanding posi
tion curves. Since text reading differs from isolated word
recognition at least in terms of the fact that words are pre
dictable from preceding context and can be preprocessed
in parafoveal vision, it seems that the weakening of the
optimal landing position in text reading relative to iso
lated word reading cannot result from the influence of
these factors. This conclusion will also be reached if we
compare the curves with those obtained by Vitu et al.
(1990), since the slopes ofthe curve obtained in the pres
ence of both factors seem to fit better to that obtained in
isolated word recognition than to that obtained with text
reading by Vitu et al. (1990).

A possible explanation for why neither linguistic con
text nor parafoveal preprocessing was found to weaken
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the optimallanding position effect should be considered.
This is the slowness of the reading created by the record
ing constraints in the present experiment. Although one
would expect apriori that a longer-than-usual delay be
tween context and test word should if anything have in
creased the chances that context and parafoveal prepro
cessing would be able to act, it is conceivable that for some
reason the slight unnaturalness of the task prevented nor
mal reading procedures from operating. If this were true,
however, context and parafoveal preprocessing should not
have bad a global effect on gaze duration and probability
of refixation on the test words; yet, as will be seen be
low, they did have such an effect, and this effect was com
parable to that found by other authors in situations more
like normal reading (e.g., Balota et al., 1985). Moreover,
the fact that the analysis done aposteriori on the text read
ing data obtained by Vitu et al. (1990) showed no effect
of parafoveal preprocessing on the optimallanding posi
tion phenomenon seems to add evidence that the weaken
ing of this phenomenon during text reading does not result
from the influence of such a factor, even when it is rein
forced by linguistic context.

Thus the weakening of the optimallanding position dur
ing text reading must be due to the influence ofother fac
tors specific to text reading. One possibility might be the
fact that during reading the eye is engaged in a sequence
of forward saccades that pull the eye always farther into
the text, Such a reading rhythm could decrease the prob
ability of refixating the word even when the eye was not
at the best place in the word to process it. This reading
rhythm would not have been active in the present experi
ment because isolated sentences rather than continuous
texts were used, and because of the particular presenta
tion conditions that were involved, with delays longer than
are usual in reading. Another related possibility is that
during text reading, it might not be so important as it is

9 - letter words
550r--r--,--r---r--,--.---.-...,--,---,

500

Z450
o
r:
ii 400
:::>
o
w350
~
Cl aoot-

25Of--

.() I.W
./

0- -0-.... __ y" A / /'" Wilhout p.p & I.c

D-.--o... ~a
-c- .... Wilhp.p& I.c _•....... "-' -

-
~Iexts

FIRSTFIXATION POSITION INTHEWORD
(leiters)

a

500

450
Zo
~4oo
a:
:::>o
w 350

~
Cl

JOO

250

Wilhoul p.p &t.e
.0

~ _-oi.w
a.- '..... ~ ...•

....~.:-s:--_-=-_-::-;-::~ .•' ~lhP'P&I.C
.•...........•.

181l1S

(tl

FIRSTFIXATION POSITION IN THEWORD
(leiters)

b

Figure 10. The optimallanding position effect for 5- and 9-letter words, obt8ined, on the ODe band, in the present experiment in two
different conditions (ODe in which words could not be predicted from preceding coatext or preprocessed in parafoveal vision, and ODe in
which Iinguistic conten and parafoveal preprocessing were available), and, on the other hand, during isoIated word recognition and text
reading in Vitu, O'Regan, and Mittau (1990). The graph represents the gaze duration on thelest word, as a function of the eye's initiaI
Ianding position in the lest word, in the four situations that are named: without parafoveal preproce5Singand linguNic COI1text, with parafoveal
preprocessing and Iinguistic context, isolated word, and text,
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foveal preprocessing and linguistic context interacted in
. such a way that each factor alone could not decrease the
probability of refixating the test word, but when they were
combined, an effect was present. On the other band, when
words were of high frequency, parafoveal preprocessing
and linguistic context had additive effects. As concerns
gaze durations, when words were of low frequency, no
interaction between parafoveal preprocessing and linguis
tic context was found; parafoveal preprocessing did not
affect the gaze duration, whatever the condition of preced
ing context, and preceding context systematically de
creased the gaze duration (this was true in all conditions
of parafoveal preprocessing). When words were of high
frequency, parafoveal preprocessing and linguistic con
text again had additive effects.

In the same way, if we look at the effects of word fre
quency, we can see that the refixation probability is sig
nificantly smaller for high-frequency words than for low
frequency words, for all word lengths and in all condi
tions, except in the case in which there was no parafoveal
preprocessing or linguistic context (see Figures l Ia-Llb).

during isolated word recognition to extract and process
all the visual information before leaving the test word.
These possibilities must be tested in future experiments.

Whereas parafoveal preprocessing and linguistic con
text did not affect the optimallanding position effect for
refixation probability (except in the case of 5-letter words
of high frequency, for which a slight weakening could
be observed), these factors when they were combined
seemed to weaken this phenomenon for gaze duration, at
least in the case of short words (see Figure 10). Even
though the analysis of variance showed no interaction be
tween parafoveal preprocessing, linguistic context, and
the first fixation position for this class of words for gaze
duration, the effect of the eye's initial landing position
in the word was nonsignificant when these words could
be preprocessed in parafoveal vision and predicted by the
preceding context, whereas it was significant in all the
other conditions (see results section). This observation in
dicates that individual fixation durations are more vari
able in the presence of parafoveal preprocessing and lin
guistic context, rendering the effect of the eye's initial
fixation position in the word on gaze duration less sig
nificant. This conclusion has also been reached by Vitu
et al. (1990), who found a greater weakening ofthe op
timallanding position phenomenon for gaze duration than
that which could be predicted from the results concerning
refixation probability. However, since in the present ex
periment no weakening was observed for gaze duration
in the case of 9-letter words in the presence of parafoveal
preprocessing and linguistic context, it seems that the
weakening (for gaze duration) ofthe optimallanding po
sition effect during text reading does not result only from
these factors. Such a conclusion can be reached again by
comparison of the results obtained in this experiment and
the results in Vitu et al. (1990) for text reading (see Fig
ure 10). One of the other factors specific to the text read
ing situation that could be responsible for the weakening
of the optimallanding position phenomenon is the read
ing rhythm, which could affect both refixation probabili
ties and individual fixation durations.
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What Determines Within-Word Tactics and
Gaze Duration on a Word?

The absence of an influence of parafoveal preprocess
ing and linguistic context on the strength of the optimal
landing position effect does not mean that these factors
can be neglected in a model of oculomotor control dur
ing reading. The global effects of these factors, which
were observed in this experiment independently of the
eye's initiallanding position in the test word, constitute
evidence that they are as essential as the eye's initial land
ing position. This is why it is important to discuss the main
and interactive effects of parafoveal preprocessing and 00
guistic context, which appeared to differ as a function of
word frequency and as a function of the measure of the
oculomotor behavior that was considered.

To summarize, as concerns refixation probabilities, on
the one hand, when words were oflow frequency, para-
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Figure 11. Probability of refixating the test word as a runction
or word frequeney, in the four dift'erent situatiolL'l used in the present
experiment (without parafoveal preprocessing and linguistic con
text, with parafoveal preprocessing only, with Iinguistic conten only,
with parafoveal preprocessing and linguistic centext), for S-Ietter
words (a) and 9-letter words (b). The data obtained ror the differ
ent initial Ianding zones were meaned.
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(1986) and Inhoff and Rayner's (1986) findings that word
frequency affects gaze duration. They are also compati
ble with the data from Vitu et al. (1990) that showed an
effect of word frequency on refixation probability only
in the case of text reading, and an effect of word frequency
on gaze duration in both text reading and isolated word
recognition. Moreover, the effects of word frequency on
gaze duration reproduce findings from Schuberth and
Eimas (1977) that linguistic context and word frequency
have additive effects during a lexical decision task.

The results of the present experiment are interesting for
several reasons. First, the interactive effects of parafovea1
preprocessing, linguistic context, and word frequency on
the refixation probability show that the decision to refix
ate a word is dependent on the processing done on the
word and that it cannot be determined only, as O'Regan
and Levy-Schoen (1987) and O'Regan (1990) supposed,
by a preestablished program based on the eye's initial fix
ation position in the word. Second, since context and word
frequency can separately affect gaze duration, whereas
they had to be combined together or with parafoveal pre
processing to influence refixation probability, it seerns that
the word processing continues after the decision to refix
ate the word is made. On the basis of these elements, we
could suppose that the foUowing sequence of events takes
place during the word scanning. When the eye lands on
the word, visual processing begins and progresses with
time. When a given delay is passed, the system examines
the level of the processing that has been done on the word.
Two cases could then be observed. If the level of com
pleted processing is superior to a given amount that has
been determined previously and that is probably less than
the recognition threshold, the eye would directly leave
the word without refixating it. In the other case, if the
processing done on the word is not sufficiently advanced
at the required delay, the word would be exarnined in two
fixations. In both cases, the eye would leave the test word
when the processing of the word would end or at least
when a final processing threshold previously determined
would be attained.

The fact that parafoveal preprocessing, linguistic con
text, and word frequency have to be combined to reduce
the probability of refixating the word could indicate that
the decision concerning the destination of the next sac
cade is made early during the fixation, probably at a mo
ment when the visual information extracted is partial.
Thus, in order that the word not be refixated, much in
formation supplementary to the visual information would
be necessary for one to attain the required preiiminary
threshold in the required delay. In other words, the ad
vantage caused by parafovea1 preprocessing, iinguistic
context, or word frequency would be insufficient to com
plete efficiently the visual information, and two or more
of these factors would have to act together to prevent a
refixation. On the contrary, since the visual processing
of the fixated stimulus improves with time, after the de
cision to refixate the word is made, only one factor would
be sufficient to facilitate the word processing over the fi-
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Furthermore, gaze duration is significantly shorter for
high-frequency words than it is for low-frequency words,
whatever the word length and the conditions of parafoveal
preprocessing and linguistic context, with word frequency
and context having additive effects (see Figures l2a-12b).

At a first glance, some ofthe results of the present ex
periment could seem to contradict some of the data pre
sented in the literature. First, Balota et al. (1985) found
an effect of parafoveal preprocessing alone on refixation
probability and gaze duration, whereas such an effect was
observed here only in the case of high-frequency words.
However, their data concerned words that could be clas
sified relative to our materials as words of medium fre
quency. Second, Inhoff and Rayner (1986) showed that
parafovea1 preprocessing decreases gaze duration for both
high- and low-frequency words, the size of the effect be
ing identical for the two classes of words. However, again
the word frequencies used by the authors were globally
higher than they were in the present experiment.

As concerns the word-frequency effect, the results ob
tained here are compatible with Rayner and Duffy's

Word frequency effect
5-letter words

Figure 12. Gaze duration on tbe test word as 8 function of word
frequency, in tbe four different situations used in tbe present ex
periment (witbout parafoveal preprocessing and linguistk context,
witb parafoveal preprocessing only, wltb Iinguimc cootext only, witb
parafoveal preprocessing and Iinguistk context), for 5-letter words
(8) and 9-letter words (b). The data obtained for tbe different ini
tial Ianding ZOlleS were meaned.
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nal threshold. This could explain why linguistic context
and word frequency can separately affeet gaze duration.
The absence of an influence of parafoveal preprocessing
alone on gaze duration could result from the fact that the
effeet of this factor is transient; after a certain time, the
prime created by the presentation of the word in para
foveal vision would no longer be available.

Further analyses (not presented here), which unfor
tunately were done on few observations, are compatible
with these hypotheses concerning the time course of the
influence of parafoveal preprocessing, linguistic context,
and word frequency. Parafoveal preprocessing deereased
gaze duration when there was only one fixation on the
word, but only when it was reinforced by other factors
(linguistic context and word frequency). This factor never
affeeted gaze duration when exactly two fixations occurred
on the word. In the same way, linguistic context and word
frequency deereased gaze duration in the case of one fix
ation, but only when they were combined together or with
another advantage. However, linguistic context and word
frequency systematically affeeted the gaze duration in the
case of two fixations.

All these results seem to indicate that the advantages
caused by the possibility of preprocessing a word in para
foveal vision or of predicting it from the preeeding con
text and the advantage caused by the presentation of a
high-frequency word are available early during word
processing. Thus, following McClelland and O'Regan
(1981) on the one hand, and McClelland and Rumelhart's
(1981) model ofword reeognition on the other, we could
suppose that each of these factors affeets the resting level
of activation of the unit in the lexicon that is associated
with the presented word. It is true that the preeise locus
of the effect of these factors cannot be determined on the
basis of the results obtained in the present experiment.
However, the fact that they all act at the same time cannot
be explained by models of word reeognition like that pro
posed by Paap, Newsome, McDonald, and Schvaneveldt
(1982), in which the word frequency is supposed to play
a role during word processing only if the prediction made
on the basis of the contextual information is not good
enough for one to reeognize the word.

Since the effeet of the eye's initial fixation position on
refixation probability is the same whatever the conditions
of parafoveal preprocessing and linguistic context and
whatever the word frequency, it probably affeets different
stages of word processing than these factors. The hypothe
sis proposed here is that the first fixation position in the
word determines the efficiency of the visual processing
done on the word. Nazir, O'Regan, and Jacobs (1991)
have shown that the amount of visual information ex
tracted from the letters in the word is greater when the
eye fixates near the middle of the word than when it fix
ates in the extreme parts of the word. Thus, when the eye
begins to fixate near the optimal landing position of a
word, the visual processing of the word would be faster
than when it initially fixates other parts in the word, and
the probability that the processing will attain the prelimi-

nary reeognition threshold in the required delay would
be larger, thereby preventing arefixation of the word.

CONCLUSION

In order to understand the reason for the weakening of
the optimallanding position effeet during text reading rela
tive to isolated word reeognition, the influence of para
foveal preprocessing and linguistic context on this phe
nomenon were tested. Although the results show no effeet
of these factors on the strength of the optimallanding po
sition effeet, they do show that these factors strongly af
feet the refixation probability when they are combined to
gether or when the presented word is of high frequency.
These results seem to indicate that the decision to refix
ate a word is not determined by a preestablished program
based only on the eye's initiallanding position in the word,
but that it directly depends on the amount of word process
ing done at a given moment.,
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