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Attention demands during reading
and the occurrence of brief (express) fixations
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Eye movements were recorded while subjects read passages of text repeatedly (Experiment 1)
and while normal text and strings of homogeneous letters were fixated (Experiment 2). Text repe-
tition decreased fixation durations and increased saccade size, presumably because it decreased
attention demands. Irrespective of repetition, however, no distinct distribution of brief (express)
fixations emerged. In Experiment 2, fixation durations were shorter and saccades were larger
when strings of homogeneous letters were “read,” indicating that this condition decreased at-
tention demands. Again, however, no distinct distribution of express fixations emerged. These
findings pose problems for the view that attentional processes determine the occurrence of brief
(express) fixation durations in reading. Supplementary analyses of Experiments 1 and 2 suggested
that visuospatial processing affected fixation durations, irrespective of linguistic processing

demands.

In overlap and gap tasks, subjects fixate a central loca-
tion and move the eyes laterally in response to the pre-
sentation of a peripheral target. In a typical overlap trial,
subjects fixate (attend) a centrally presented visual stim-
ulus while a to-be-fixated peripheral target appears, so
that fixated and peripherally available stimuli are concur-
rently available. In a typical gap trial, the fixated (at-
tended) stimulus is erased prior to target presentation,
creating a ‘‘gap’” between the availability of fixated and
to-be-fixated stimuli.

Examination of fixation duration distributions on gap
trials often reveals a distinct distribution of (express) sac-
cades with latencies between 80 and 130 msec and a mode
of approximately 120 msec, at least in some subjects, and
additional modes for longer duration latencies. No distinct
express saccade peak is obtained in overlap trials (Boch
& Fischer, 1986; Fendrich, Hughes, & Reuter-Lorenz,
1991; Fischer, 1986, 1987, 1989, 1993; Fischer & We-
ber, 1988; Kalesnykas & Hallett, 1987; Reuter-Lorenz,
Hughes, & Fendrich, 1991; Weber & Fischer, 1990).

It is unlikely that express saccades are the result of either
more effective visual target processing on gap trials or
a higher visual distinctiveness of target stimuli. Gap ef-
fects combine additively with visual target characteristics
(Reuter-Lorenz et al., 1991) and express saccades occur
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on gap trials, even when targets are presented in a non-
visual modality (Fendrich et al., 1991). It is also unlikely
that all express saccades are anticipatory movements, as
they are present on gap trials even when anticipatory sac-
cades are removed (Kalesnykas & Hallett, 1987). How-
ever, anticipations may inflate the frequency of express
saccades. Jutner and Wolf (1992) showed that the pro-
portion of express saccades is a function of the number
of catch trials, with fewer express saccades when the pro-
portion of catch trials is high (see also Vitu, 1993).
Other findings suggest that the occurrence of express
saccades is related to attentional processes (Braun & Breit-
meyer, 1988, 1990; Fischer, 1987, 1993; Fischer & Breit-
meyer, 1987, Mayfrank, Mobashery, Kimming, & Fischer,
1986). For instance, in Braun and Breitmeyer’s (1990,
Experiment 3) study, gap and overlap conditions were
defined with reference to the attended, rather than the fix-
ated, stimulus. Subjects fixated a continuously visible cen-
tral marker while a to-be-attended stimulus was shown
to the right or left of fixation. Two hundred milliseconds
prior to target onset, the attended stimulus was extin-
guished for a variable duration, ranging from 0 msec (no
extinction, creating an overlap condition) to more than
600 msec (creating different gap conditions), with attended
and target stimuli occupying opposite visual fields. Con-
firming earlier findings, no express saccades occurred in
the O-msec (overlap) extinction condition. However, when
the attended stimulus was extinguished 200 msec prior
to target onset, more than 50% of all responses constituted
express saccades, irrespective of extinction duration.
Fischer and Weber (1993) provided a comprehensive
review of the attention hypothesis. According to their
view, attentional processes prior to, during, and after tar-
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get presentation control the occurrence of express sac-
cades. Target localization and saccade programming are
assumed to be relatively fast so that saccades are gener-
ally ready for movement execution within 80 to 130 msec.
However, when attention is engaged, saccade program-
ming is inhibited until it has been disengaged. In gap trials,
offset of the attended stimulus can be used as a cue to
disengage attention prior to target presentation. When this
occurs, the latency of some saccades is determined solely
by oculomotor movement programming demands, yielding
a distinct distribution of express saccades. In overlap
trials, attention remains engaged until the target occurs;
subsequent disengagement of attention requires time,
hence the lack of express saccades. The occurrence of dis-
tinct distributions of saccade latencies, consisting of ex-
press saccades and longer latency saccades, thus suggests
the availability of at least two distinct types of oculomo-
tor control, with one type of eye movement occurring
when attention is engaged prior to target presentation and
the other type occurring when attention is disengaged.

In recent work on oculomotor control, which measured
fixation durations during the reading of text, distinct types
of oculomotor control were also identified. Morrison’s
(1984) results were cructal in establishing this distinction.
In that study, subjects read text while eye movements were
recorded. In one condition, a visual mask replaced fix-
ated text for a variable duration at fixation onset. The re-
sults showed effects of mask application on the occurrence
of fixations of 150 msec or more. In general, the propor-
tion of fixations between 150 and 300 msec decreased and
the proportion of longer fixation durations increased when
visual masks were applied. In contrast, the occurrence
of brief fixations of less than 150 msec was unaffected
by mask application. Even though the distribution of fix-
ation duration in reading tasks is generally unimodal,
readers thus appear to use two distinct classes of fixations,
with one class being sensitive to on-line perceptual and
cognitive processing demands and another class being in-
sensitive to these demands (Inhoff, Topolski, & Wang,
1992; McConkie, Underwood, Zola, & Wolverton, 1985;
Morrison, 1984; O’Regan, 1993).

According to Fischer (1993; Fischer & Weber, 1990,
1993), the attention hypothesis is sufficiently general to
account for variations in oculomotor activity in a variety
of tasks, including reading. Consistent with this view, the
hypothesis could accommodate Morrison’s (1984) find-
ings by assuming that attention was engaged during fixa-
tions of 150 msec and more; hence, inhibitory effects of
visual masking occurred during reading for this class of
fixations. Conversely, attention may not have been en-
gaged during shorter duration fixations; hence, the mask-
ing of segments of text at fixation onset was ineffective
for this distinct class of brief fixations. Furthermore, it
is plausible to assume that brief fixations of 150 msec or
less occur relatively rarely in complex tasks such as read-
ing, as attention may be required to ensure successful
word identification (Becker, 1976) and text comprehen-
sion (Inhoff, 1984). Consequently, brief fixation durations
during reading may not form a distinct distribution.
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The major goal of the present study was to determine
whether Fischer’s (1993; Fischer & Weber, 1993) atten-
tion hypothesis, as it emerged from gap and overlap
studies, can contribute to the understanding of oculomo-
tor control during reading. Two experiments that system-
atically varied attention demands were conducted. Accord-
ing to Fischer’s attention hypothesis, the occurrence of
brief fixations should increase as attention demands de-
crease. Furthermore, a distinct distribution of brief fixa-
tions of 150 msec or less may emerge when attention de-
mands during reading are negligible.

EXPERIMENT 1
Effects of Text Repetition

In Experiment 1, subjects read passages of text several
times, thereby reducing attention dedicated to semantic,
syntactic, lexical, and sublexical processes. Rereadings
should result in a general decrease of fixation durations
(Hyona & Niemi, 1990). More important, engagement
of attention should decrease with repetition and readers’
eye movements should increasingly rely on mere detec-
tion of a to-be-fixated target, saccade planning, and sac-
cade execution, resulting in the gradual emergence of a
distinct distribution of brief (express) fixations.

Method

Subjects. Ten undergraduate students at the State University of
New York at Binghamton were paid to participate in the experi-
ment. All the students could read without corrective lenses and clas-
sified themselves as good readers.

Materials. Five passages of text that covered a single theme, such
as the spread of AIDS or U.S. arms policies, were obtained from
national news magazines. All passages contained between 89 and
97 words, with a mean word length of 4.8 character spaces. In each
passage, the text extended across 10 lines, with each line contain-
ing between 6 and 13 words (a maximum of 65 character spaces
per line, including blanks). Passage order was held constant across
the five passage readings.

Apparatus. The subjects were tested in a sound-insulated, dimly
illuminated room. A 60-Hz noninterlaced VGA monitor with .28-
mm dot pitch was used to display text that was shown in light green
on a black background. The brightness of the room and of the charac-
ter display were occasionally adjusted within and between subjects
to minimize track losses, but all brightness levels were kept within
the luminance levels that yielded express saccades in prior studies.
Text was shown in high-resolution 640 X480 VGA display mode
that generated crisp Word Perfect character images. The distance
between the readers’ eyes and the monitor was set at 70 cm; at this
viewing distance, each letter of text subtended .33° of visual angle.

Eye movements were recorded via a fifth-generation dual Pur-
kinje SRI eye-tracking system. Viewing was binocular, but eye
movements were recorded from the right eye only. The system has
a visual resolution of 10’ of arc and its output is linear over the
vertical and horizontal ranges of the VGA display. Analog input
from the eye tracker was digitized via a Data Translation A/D con-
verter housed in a Dell 310 computer. The computer controlled the
visual display and recorded and stored horizontal and vertical coor-
dinates of the reader’s eye position every 5 msec. One subject’s
eye position was sampled every 2 msec, after a software upgrade
had been implemented. The continuous eye-location record was used
to determine fixation durations and saccade size. A Logitech mouse
was also interfaced with the computer and served as a buttonpush
panel that controlled the onset and offset of lines of text.
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Procedure. The subjects were tested individually. When a sub-
ject arrived in the laboratory, a bite bar that served to reduce head
movements during the experiment was prepared. The experiment
began with a two-dimensional calibration of the eye-tracking sys-
tem. During calibration, the subject was requested to fixate four
monitor positions (left top, right top, left bottom, right bottom) as
they sequentially appeared on the screen, and to manually depress
a mouse key when the indicated location was accurately fixated.
Mouse pressing resulted in the sampling of horizontal and vertical
fixation location values for 150 msec. These x/y values were then
mapped onto the corresponding CRT locations. After calibration
was completed, six character-size areas were illuminated (top left,
top right, bottom left, bottom right, 5 cm to the right of the center
and 5 cm to the left of the center) and the subject was asked to fix-
ate each of the illuminated locations. During this calibration check
phase, the subject’s eye position was plotted on the screen so that
it appeared as a yellow one-character grid cursor that moved in syn-
chrony with the eyes. The subjects were reminded that the task was
not to superimpose the grid cursor on the illuminated character po-
sition, but to look at the illuminated character position so that the
magnitude of the calibration error could be determined. The calibra-
tion was considered successful when the subject’s computer-
generated eye position (the yellow cursor) deviated by no more than
one character space from the actual eye position (the illuminated
character spaces).

After successful calibration, the subject was asked to fixate a one-
character-sized marker at the left side of the screen and to depress
the Logitech mouse to display a line of text. Mouse pressing erased
the fixation marker and displayed a line of text. The first letter of
each line of text was shown five character spaces to the right of
the fixated marker. Reading for meaning was encouraged. The sec-
ond pressing of the mouse, after line reading had been completed,
erased the text display and triggered the presentation of the left-
side fixation marker for a quick calibration check. This calibration
check followed each line reading to maintain tracking accuracy
throughout the experiment. Another pressing of a mouse button,
after the calibration check was completed, led to the display of the
following line of text, again with the first character of text occur-
ring to the right of the fixation marker. All passages of text were
read in this line-by-line presentation mode. After passage reading
was completed, the subject was asked to provide a short summary
of the passage (first reading only). The subjects read two sample
passages prior to the onset of the experiment to become familiarized
with the equipment and procedure.

Data analyses and design. The continuous record of fixation loca-
tions was used to determine fixations of 50 msec or more," yielding
a total of 13,892 fixations (corresponding to .60 fixation per word).
Several types of fixations were excluded from this pool. First, all
fixations on line-initial and line-ending words were deleted, as fix-
ations on these words were either not preceded or not followed by
a fixation of text. We also excluded the first fixation on a line of
text when it occupied a word following the line-initial word. Second,
we excluded fixations that followed regressions and all forward fixa-
tions that occupied previously fixated text, as occurred, for instance,
when several small forward fixations followed a large regression.
Third, we excluded fixations that followed momentary track losses
and extremely large saccades of 20 or more character spaces. Fi-
nally, we excluded fixations that followed one-character saccades.”
This yielded a total of 8,891 eligible saccade-fixation pairs.

Following Fischer’s (e.g., 1986) work, frequency distributions
were of primary interest. These distributions were determined for
fixation durations and saccade size as a function of text repetition.
Effects of repetition were also analyzed via single-factor analyses
of variance (ANOV As).
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Results and Discussion

The number of eligible saccade-fixation pairs system-
atically decreased across readings. Across subjects, 2,308,
1,999, 1,774, 1,410, and 1,400 pairs were obtained from
the first to fifth passage reading, respectively. Examina-
tion of fixation durations and saccade size, as shown in
Table 1, confirmed powerful effects of repetition.? Fix-
ation durations decreased by approximately 24 msec from
the first to the fifth reading [F(4,36) = 9.79, p < .001],
and saccade size increased from 8.6 character spaces dur-
ing the first reading, to 11.7 spaces during the fifth read-
ing [F(4,36) = 30.96, p < .001]. These powerful effects
of repetition confirm and extend earlier findings (Hyona
& Niemi, 1990).

The distribution of fixation durations and saccade
sizes. The distribution of fixation durations as a function
of repetition, shown in Figure 1, was of primary interest.
According to the attention hypothesis, changes in attention
engagement may affect the prevalence of short-duration
fixations. Specifically, the frequency of brief fixations
should increase as foveal and parafoveal attention demands
decrease with repetition.

As can be seen in Figure 1, the results of Experiment 1
provide little, if any, support for this prediction. The pat-
tern of brief fixations was nearly identical across all five
passage readings and the overall effect of repetition on
the frequency of brief fixations was quite small. Specifi-
cally, the percentage of brief fixations of 150 msec or less
amounted t09.5%, 10%, 12.5%, 13.2%, and 12.5% dur-
ing the first to fifth passage readings, respectively.

The distribution of saccade sizes was also examined to
determine whether repeated text readings lead to unusual
oculomotor strategies. As can be seen in Figure 2, the
powerful effect of repetition consisted of a general shift
toward larger saccades, indicating that a relatively nor-
mal pattern of oculomotor activity was used during all
text readings.

Supplementary regression analyses. The fixation du-
ration data are difficult to reconcile with the attention hy-
pothesis. However, this difficulty rests on the assumption
that repeated text reading gradually extinguished—or sub-
stantially decreased—attention demands, so that the en-
gagement and disengagement of attention prior to fixation

Table 1
Means (M) and Standard Deviations (SD) for Forward
Fixation Duration (in Milliseconds) and Saccade Size
(Character Space Units) as a Function of Repetition

Fixation Duration Saccade Size

Readings M SD M SD
First 224 28.7 8.6 1.2
Second 215 29.5 9.5 1.3
Third 206 26.0 10.2 1.3
Fourth 203 26.0 10.9 1.3
Fifth 200 28.1 11.7 1.5
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Figure 1. The distribution of fixation durations as a function of repetition. The values show the proportion
of fixations in relation to the total number of fixations per reading condition.

onset differed substantially during the first and fifth pas-
sage readings. To examine the validity of this assumption,
linear regression analyses were computed, using fixation
durations during the first and fifth readings as criterion
variable.

Two predictor variables were used to assess attention
demands. One predictor, the frequency per million words
of a word’s occurrence in print (Kucera & Francis, 1967),
was assumed to measure demands of cognitive/linguistic
processes. Effects of word frequency on eye movements
during reading have been demonstrated in a number of
earlier studies (e.g., Inhoff, 1984; Inhoff & Rayner, 1986;
Just & Carpenter, 1980; Rayner & Duffy, 1986). If re-
reading decreased processing demands, then effects of
word frequency, which should be present during the first
reading, may no longer be present during the fifth read-
ing. A second predictor, the size of a saccade to a parafov-
eally available word, was assumed to be sensitive to per-
ceptual analyses of text. Small saccades are generally
followed by shorter fixation durations than are large sac-
cades (Inhoff & Rayner, 1986; Pollatsek, Rayner, &
Balota, 1986), presumably because they move the eyes

to text locations that were close to high-acuity vision dur-
ing the prior fixation. After several rereadings, effects
of saccade size on the following fixation duration may
cease to exist, since the ease of perceptual analyses should
increase. Following Lorch and Myers’s (1990) recom-
mendation, each of the two analyses consisted of two
steps. For each subject, we entered the two predictors
simultaneously to obtain the corresponding regression
coefficients. This was followed by a single-group ¢ test,
which was applied to each of the two sets of coefficients.

The analyses of the first passage reading revealed the
anticipated effects of word frequency [¢(9) = 3.00, SE =
.02, p < .05] and saccade size [t(9) = 2.61, SE = .05,
p < .05]. Fixation durations increased after large sac-
cades and when low-frequency words were fixated. The
effect of saccade size on fixation durations was also evi-
dent during the fifth passage reading [t(9) = 2.34, SE =
.06, p < .05], but the effect of word frequency was no
longer significant [t(9) = 1.12, SE = .03]. Consequently,
repetition of text extinguished attention dedicated to lex-
ical analyses. However, it did not eliminate the effects
of perceptual analyses.
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Figure 2. The distribution of saccade size as a function of repetition.

EXPERIMENT 2*

The results of Experiment 1 suggest that perceptual
analyses of fixated text cannot be extinguished via repeated
text readings. To create reading conditions that may ef-
fectively eliminate these analyses, subjects in Experi-
ment 2 ‘‘read”’ strings of homogeneous characters (z text)
as quickly as possible. Z text was constructed by replac-
ing all letters of text with the letter z; for instance, the
expression ‘‘The ancient city of . . .”” would be presented
as *‘Zzz zzzz777 772277 . . ..”’ Letters were continuously
repeated, so the reading of z text should not impose de-
mands on perceptual analyses. Z text should thus lead to
a sequence of fixations that are not subject to the engage-
ment and disengagement of attention and should yield a
distinct distribution of brief (express) fixations.

The reading of standard text was used as an experimen-
tal control condition. No distinct distribution of brief fix-
ations was expected in this condition. Two additional con-
trol conditions were included. In these conditions, subjects
were asked to detect a specific target letter (¢) in normal
text and in modified z text in which all letters of text were
replaced with the letter z, except for the letter c. For in-

stance, the expression ‘‘The ancient city of . ..”" would
be presented as ‘‘Zzz zzczzzz czzz 7z .. .."" Letter de-
tection was assumed to engage attention irrespective of
text type and thus yield a distinct distribution of brief fix-
ations neither in the normal text condition nor in the modi-
fied z-text condition.

Method

Subjects. Sixteen undergraduate psychology students at the State
University of New York at Binghamton participated for course
credit: All the subjects fulfilled the following criteria: They had
uncorrected normal vision, were native speakers of English, rated
themselves as fluent readers, and were naive with respect to the
purpose of the experiment. None of the subjects had participated
in Experiment 1.

Apparatus. A 60-Hz SONY -multisync EGA color monitor with
a 640 X240 resolution was used to display text in light green on a
black background. The EGA mode generated somewhat poorer letter
outlines than the VGA mode used in Experiment 1. The distance
between the readers’ eyes and the monitor was set at 65 c¢m,; at this
viewing distance, each letter of text subtended .33° of visual angle.

The hardware setup of Experiment 2 was largely identical to the
setup used in Experiment 1, except for some minor differences.
Instead of a Logitech mouse, a double pull/double push spring button
was used by the subject to control the onset and offset of text, and



a Metrabyte clock was used to measure fixation durations to the
nearest 1 msec. Calibration was checked via the sequential fixa-
tion of eight character-size boxes that formed an octagon around
the screen’s center.

Materials. A master list of passages was constructed, which con-
tained the 5 passages of text used in Experiment 1 plus 11 similar
passages that were obtained from national news magazines. All the
passages contained between 75 and 97 words and covered a single
theme.

Each passage from the master list was used to derive two addi-
tional types of ‘‘passages.”’ One additional type consisted of z text,
which was obtained by replacing all letters of a passage of text with
the letter z, and one consisted of modified z text, which was ob-
tained by replacing all letters of a passage with the letter z, except
for the letter ¢. The three versions of each passage, standard text
and the two types of z text, were thus matched on string lengths,
the sequential ordering of string lengths, and the number of letter
string units per line, but differed radically in the availability of letter-
level, lexical-level, and contextual-level information.

Four experimental lists were constructed, each containing 16 pas-
sages, half of which consisted of standard text. Of the remaining
passages, 4 were z text and 4 were modified z text. Each experimen-
tal list used the same passage ordering as the master list, except
that half of the passages of each experimental list consisted of the
two types of z text. Specifically, standard text consisted of Pas-
sages 1-4 and 9-12 (List 1), 1-8 (List 2), 9-16 (List 3), and 5-8
plus 13-16 (List 4). Z text consisted of Passages 5-8 (List 1), 9-12
(List 2), 1-4 (List 3), and 13-16 (List 4). The remaining blocks
of passages on each experimental list were composed of modified
z text.

Design. On each of the four experimental lists of passages, one
four-passage block of standard text was used in the normal reading
condition and one was used in the reading-plus-letter-detection con-
dition. The four-passage blocks of z text and modified z text were
used in the z-reading and z-detection conditions, respectively. Pas-
sage type was counterbalanced across lists so that each passage (in-
cluding its derivatives) was read in all four experimental conditions.
Each subject read one list of passages, with list order counter-
balanced across 4 successive subjects.

Procedure. The subjects were asked to read standard text for
meaning in the reading condition. After approximately every sec-
ond passage reading, they were asked to provide a summary of the
most recently read passage. All the subjects provided accurate sum-
maries. Intersubject differences in the recall of passage details were
evident but not evaluated, as they were not considered critical for
the purpose of the study. During the reading of z text, the subjects
were instructed to move their eyes as fluently as possible along lines
of print. They were informed that this condition was used to obtain
baseline oculomotor latencies; for that purpose, the subjects were
encouraged to fixate several of the letter strings on each line. No
questions followed z-text readings.

Experiment 2 also included two letter-detection control condi-
tions. In a reading-plus-letter-detection condition, the subjects were
informed that the reading of a passage of standard text could be
followed by a comprehension question and a query concerning the
number of ¢s in the passage. When modified z text was read, they
were informed that passage reading might be followed by a query
concerning ¢ frequencies. The subjects were asked to provide their
best guess when they were unsure about the exact number of target
letters. Again, they provided accurate passage summaries in the
reading-plus-letter-detection condition. Furthermore, none of the
subjects reported more cs than were actually present or missed more
than 20% of the cs, indicating that the letter-detection instruction
was effective. However, since the subjects reported the total num-
ber of target letter occurrences, we could not determine whether
a particular letter was detected or when successful letter detection
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occurred. All passages were shown in five successive two-line dis-
plays. This was based on the assumption that presentation of larger
text segments might favor the occurrence of brief fixations.
Prior to the experiment, the subjects read four sample passages,
each illustrating one of the four experimental conditions. They were
thus familiar with each of the four experimental tasks before the
experimental list of passages was read. This was followed by the
reading of one of the four experimental lists of passages. No addi-
tional practice passages were used during the experimental list read-
ing. Instead, the subjects were informed about the to-be-executed
task prior to the onset of the corresponding block of four passages.
Data analyses and design. The criteria were the same as those
applied in Experiment 1. Again, the distribution of fixation dura-
tions, as a function of reading conditions, was of primary interest.

Results and Discussion

A total of 14,087 fixation-saccade pairs were available:
3,570 pairs in the standard text/reading condition, 4,604
pairs in the standard text/reading-plus-letter-detection con-
dition, 2,439 pairs in the z-text/reading (z-reading) con-
dition, and 3,474 pairs in the modified z-text/detection
(z-detection) condition. Table 2 shows fixation durations
and saccade size in the four task conditions.

Paired comparisons revealed fixation durations that were
19 msec shorter when z text was read than when normal
text was read [t(15) = 2.30, SE = 8.0, p < .05]. The
two letter-detection conditions showed smaller effects of
text type, with fixations that were 9 msec longer when
standard text was read and searched for ¢ occurrences than
when modified z text was searched for ¢ occurrences. This
difference was not significant [¢(15) = 1.17, SE = 7.7,
p > .25]. Letter detection required fixation durations that
were 30 msec longer than did reading; the letter-detection
effect was significant for standard text [t(15) = 4.49,

"SE = 5.7, p < .01] and for the two types of z text [¢(15)

= 3.09, SE = 11.5, p < .01].

Examinations of saccade size revealed similar effects.
When z text was read, saccades were 1.7 character spaces
larger than when normal text was read [#(15) = 5.75,
SE = 3, p < .001]. A similar effect of text type was
evident in the two letter-detection conditions, with larger
saccades for modified z text [1(15) = 4.99,SE = .3,p <
.001]. Letter detection also required shorter saccades than
reading; the letter-detection effect was significant for stan-
dard text [t(15) = 4.65, SE = .2, p < .01] and for the
two types of z text [t(15) = 4.30, SE = .3, p < .01].

Saccades and fixation durations thus converge in show-
ing that z text imposed fewer processing demands than

Table 2
Means (M) and Standard Deviations (SD) for Fixation Duration
and Saccade Size as a Function of Text and Task Type

Fixation Duration Saccade Size

Condition M SD M SD
Standard text/reading 283 40.8 8.4 .96
Standard text/reading 309 49.2 7.6 .99

and detection
Z text/reading 264 37.2 10.1 1.5
Modified z text/detection 300 70.1 8.9 1.5
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standard text in the reading conditions. A similar ten-
dency, though less robust, emerged in the letter-detection
conditions.

The distribution of fixation durations and saccade
sizes. The shape of the distribution of fixation durations
was of primary theoretical interest. According to the at-
tention hypothesis, the ‘‘reading’’ of z text should pro-
duce the largest proportion of short-duration fixations with
a distinct mode for brief fixations, as readers may not need
to engage attention in this condition. The results, shown
in Figure 3, fail to confirm this prediction. All four con-
ditions showed unimodal distributions and there was vir-
tual overlap in the four distributions when fixations be-
tween 50 and 175 msec were considered. In the reading
conditions, text type primarily affected the distribution
of longer duration fixations, with a preponderance of fix-
ations between 175 and 275 msec in the z-text condition
and a preponderance of longer fixation durations in the
standard text condition.

Examination of the fixation durations for each individ-
ual reader further indicated that distinct peaks of brief fix-
ations for some of the subjects were not obscured in the
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overall analysis. Figure 4 shows the distribution of fixa-
tion durations for both the reader with the shortest and
the reader with the longest mean fixation durations. As
can be seen, neither subject showed a bimodal distribution.

Again, the distribution of saccade sizes was examined
for abnormalities in oculomotor activity (see Figure 5).
All four conditions showed normal oculomotor activity,
expressed in unimodal saccade size distributions. The larg-
est saccades occurred in the z-text/reading condition, sup-
porting the view that this condition imposed relatively few
processing demands.

Supplementary regression analysis. Z-text reading did
not require letter discrimination, word identification, or
comprehension of text. To accommodate the lack of brief
fixations under these conditions, the attention hypothesis
must assume that variations of fixation durations in this
condition were associated with some processing demands.

Following the supplementary analyses of Experiment 1,
we determined whether fixation durations were affected
by the size of the preceding saccade. Visuospatial pro-
cessing of fixated text may be obligatory and may be more
demanding after large saccades, even when homogeneous
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Figure 4. The distribution of fixation duration in the z-reading condition for the reader with the shortest
and the reader with the longest mean fixation durations in this condition.

strings of letters are fixated. Following the procedure of
Experiment 1, a separate regression analysis of z-text
reading with the predictor saccade size and the criterion
variable fixation duration was performed for each subject,
and the resulting regression coefficients were subjected
to a single-group ¢ test. The results revealed a significant
positive effect of saccade size on fixation duration [¢(15) =
4.07, SE = .03, p < .01], indicating that visuospatial
processes were applied to fixated letter strings, even when
these strings were devoid of any linguistic information.

GENERAL DISCUSSION

Two experiments were conducted to examine the preva-
Ience of brief fixations in reading conditions that were
assumed to minimize the engagement of attention. In Ex-
periment 1, text was read repeatedly, and in Experiment 2,
subjects ‘‘read’’ z text, which consisted of strings of let-
ters that were devoid of linguistic meaning and required
neither detailed perceptual nor linguistic analyses. The
results showed that fixation durations decreased and that
saccade size increased with repetition. Similarly, when
homogeneous strings of z text were read, fixation dura-
tions were shorter and saccades were larger than when
normal text was read. These effects are consistent with

prior studies that showed that variations in fixation dura-
tions and saccade size reflect on-line processing demands
(see Rayner & Pollatsek, 1989, for a review).

Text repetition and z-text reading may have resulted in
a global decrease of fixation durations. If this were the
case, then fixation duration distributions should show a
shift toward shorter values. According to the attention hy-
pothesis, however, global decreases in fixation duration
could be the result of two distinct contributions. First,
there may be a change in the proportion of medium-
duration fixations between 150 and 300 msec, presumably
at the expense of longer fixation durations. Second, there
may be a distinct increase in the proportion of brief fixa-
tion durations, when the need to engage and disengage
attention prior to and during fixations decreases substan-
tially. This should lead to the emergence of a bimodal dis-
tribution, with one mode for brief (express) fixations and
another mode for longer fixation durations.

In contrast to the predictions of the attention hypothe-
sis, Experiment 1 did not yield a distinct distribution of
brief fixations, even after text had been read repeatedly.
Supplementary analyses revealed that repetition decreased
demands of word-level analyses. Hence, the prevalence
of brief fixations must be unrelated to attention-demanding
linguistic analyses. The results of the z-text reading con-
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dition of Experiment 2, which also failed to show a dis-
tinct distribution of express fixations, corroborates this
conclusion. However, supplementary analyses of Exper-
iment 1 and of the z-text reading condition of Experi-
ment 2 also revealed effects of saccade size on the dura-
tion of the following fixation, presumably because saccade
size affected the efficiency of visuospatial processes dur-
ing the following fixation. Large saccades move the eyes
to spatial locations that previously occupied low-acuity
retinal locations, which may make the subsequent visuo-
spatial processes more demanding.

Obligatory visuospatial processes thus may engage a
type of attention that inhibits the occurrence of brief fix-
ations, and linguistic analyses of text may engage a func-
tionally distinct type of attention, which is unrelated to
the occurrence of brief fixations. A more restrictive form
of Fischer’s (1993; Fischer & Weber, 1993) attention hy-
pothesis thus appears viable. According to this view, the
occurrence of express saccades and brief fixations may
be inhibited by attention-demanding visuospatial pro-
cesses, not the engagement of attention in general.

However, rejection of the general form of the atten-
tion hypothesis has broader implications, as it challenges
the necessity of attention as an explanatory construct in
general. The execution of express saccades may be in-

hibited whenever spatial analyses precede saccade speci-
fication, irrespective of whether attentional processes are
implicated or not.

Other recent findings (Inhoff et al., 1992; Tam & Stel-
mach, 1993) are also difficult to reconcile with Fischer’s
model of oculomotor control. In Tam and Stelmach’s Ex-
periment 5, two types of gap conditions were created.
Similar to standard gap trials, the fixated stimulus was
extinguished prior to the lateral target presentation on
some trials; similar to Braun and Breitmeyer’s (1990) Ex-
periment 3, an attended stimulus was extinguished prior
to the lateral target presentation. However, in contrast to
Braun and Breitmeyer’s (1990) experiment, in which the
locations of the attended and the target stimulus were com-
pletely correlated, the location of the attended stimulus
did not predict target location. Attended stimuli were
shown above or below fixation, and to-be-fixated targets
were presented to the right or left of fixation. Under these
conditions, no express saccades occurred when temporal
gaps intervened between the offset of the attended stimu-
lus above and below fixation and the presentation of the
to-be-fixated lateral target.

Yet, some of the subjects in Tam and Stelmach’s (1993)
study executed express saccades when a gap intervened
between the offset of the fixated stimulus and the onset



of the lateral target, even when the fixated stimulus was
not the target of subjects’ attention. If mere presence of
a fixation marker was sufficient to inhibit express sac-
cades in purely oculomotor tasks, then it is unlikely that
processes that control the execution of express saccades
also control the occurrence of brief fixations in complex
cognitive tasks such as reading, in which a visual signal
is continuously visible during each fixation.
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NOTES

1. Most reading researchers use minimum fixation durations of 50
to 70 msec. Other researchers (e.g., Tam & Stelmach, 1993) use mini-
mum durations of 100 msec. Since express saccades range from 80 to
130 msec, the 50-msec cutoff should not exclude any brief (express)
fixations.

2. Two considerations led us to exclude fixations following one-
character saccades. First, the software detected a one-character saccade
whenever the eyes crossed a letter boundary, even when the correspond-
ing saccade size was less than one character space. Small saccades within
a letter remained undetected. The size of one-character saccades was
thus ill-defined. However, Fischer and Weber (1993) reported a com-
plete lack of express saccades for very small eye movements. Hence,
our decision to eliminate fixations following ‘‘one-character space’’ sac-
cades should not have affected the occurrence of brief (express) fixations.

3. Saccade duration increases with size and there may have been a
slight increase in saccade durations across repetition. However, given
the extremely short duration of saccades, ranging from 10 to 30 msec
during reading, any increment in passage reading time, due to increases
in saccade duration, should be negligible.

4. We are grateful to Burkhard Fischer for suggesting Experiment 2
during the eye movement conference at the University of Massachusetts,
1991. According to Fischer’s view, as expressed at the conference, the
reading of homogeneous letter strings should minimize foveal and
parafoveal attention engagement and yield express saccades.
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