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Saccadic overhead: Information-processing time
with and without saccades
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Information-processing time was compared for serial and spatially distributed visual presenta-
tions with performance measures that permit the separation of total time into its during-display
and post-display components. For all subjects, there was a significant saccadic overhead, that
is, less time was required with the serial format, which allowed data access without eye move-
ments. However, the magnitude of the overhead decreased as task complexity increased. All sub-
jects were able to exercise some control over the distribution of total processing time, trading
off short during-display times with longer post-display times and vice versa.

The purpose of the present research was to measure the
‘“‘cost’’ of a saccadic eye movement. Our strategy was
to measure information-processing time under two con-
ditions, serial and spatially distributed. The former al-
lowed information access without eye movements and the
latter required them. However, all other aspects of the
experimental procedures were strictly identical. The
serial/spatial processing time difference is operationally
defined here as the saccadic overhead.

The questions we are addressing have a rich background
in basic as well as applied psychological research. Indeed,
almost since the inception of psychology as an experimen-
tal discipline, researchers have studied the role of sac-
cadic eye movements in visual cognition, particularly in
reading (Dodge, 1900). The pace of these studies was ac-
celerated with the development of modern digital com-
puters, which allowed new and highly sophisticated
methodologies (Just & Carpenter, 1987; Lévy-Schoen &
O’Regan, 1979; McConkie, 1983; Rayner, 1978). In ad-
dition, a line of research arose that examined the role of
saccades by seeing what happens when they are eliminated
with a serial presentation format (Forster, 1970; Sper-
ling, Budiansky, Spivak, & Johnson, 1971). Although
such a format does not imply high presentation rates
per se, the method is usually called rapid serial visual pre-
sentation (RSVP) (see Potter, 1984, for a review with ex-
tensive references to the literature).
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The present report, like most of the literature on the serial
format, describes basic research motivated by an interest
in exploring visual cognition with experimental control over
stimulus timing and retinal image. (In contrast, when eye
movements are used to access information, both the rate
of stimulus presentation to the fovea and the moment-to-
moment retinal image are usually under the subject’s con-
trol, not the experimenter’s.) However, we note in pass-
ing that a lively interest in the application possibilities has
also been developing. Some of this work is relevant to the
design of reading machines for persons with normal vi-
sion (e.g., Arditi, Knoblauch, & Grunwald, 1990; Chen,
1986; Juola, 1988) and some of it pertains to machines for
people with visual impairments (Rubin & Turano, 1992).
Other studies are concerned with the serial format as a
visual display technology (Matin, Boff, & Donovan, 1987;
Osgood, Boff, & Donovan, 1988).

The present experiments grew out of earlier research
comparing serial and spatially distributed presentations
in studies using a performance measure called the frame
duration threshold (Matin & Boff, 1988). Briefly, this is
the length of time a frame must be exposed for a given
performance level (e.g., 90% correct). By computing the
difference between the thresholds with spatially distrib-
uted and serial formats and dividing by the number of sac-
cades, we obtained a measure of the saccadic overhead.

The results of this early research showed a large over-
head (approximately 100 msec per saccade) with a simple
digit recall task. However, it scemed possible that the
threshold measure only tapped the early information-
processing stages while the rest of the work continued after
the last data frame disappeared. In effect, we could not
rule out the possibility that more processing occurs in the
post-display period in the serial condition than in the spa-
tially distributed condition and that the overhead would dis-
appear if this fact were taken into account. We addressed
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this problem in Experiment 1 by measuring total process-
ing time (onset of display to response) at the duration
threshold. In Experiment 2, we extended the scope of the
findings by studying the effect of frame duration for a large
range of experimenter-controlled durations.

EXPERIMENT 1

The purpose of Experiment 1 was to measure the sac-
cadic overhead by comparing serial and spatially distrib-
uted processing times at the duration threshold. The sub-
jects made a two-choice speeded response, which could
only be correct at above-chance levels if each of the three
data frames presented on a trial was viewed and processed
correctly.

Before proceeding to the description of the method, we
comment briefly on two further aspects of the procedure
that are not obviously motivated by the prior introduc-
tion. The first is the role of a variable that we call the
subject operating mode, and the second is our use of two
windows, not three, for presenting the three data frames
in the spatially distributed condition.

The existence of an operating mode factor came to our
attention when pilot work showed an unusually high vari-
ability in the duration thresholds in comparison with the
variability in our earlier studies, which involved no con-
comitant measures of reaction time (RT). A possible ex-
planation for this increased variability was suggested by
the comments of 1 of the subjects, who reported that she
could generate two different thresholds by operating in
one of two different modes: emphasis on making the
during-display time short with a correspondingly longer
post-display time, or emphasis on a minimal post-display
time, with a longer during-display time (and therefore a
longer threshold). To clarify the effect of this variable,
we incorporated the operating mode into the design of the
experiment.

The use of a two-window spatially distributed condi-
tion regardless of the number of data frames was a depar-
ture from our earlier work, for which we used a set of
n windows, one for each of the frames, with the data avail-
able in all the windows throughout the trial. For at least
two reasons, the latter procedure was not optimal for mea-
suring the saccadic overhead. First, the serial and spa-
tially distributed conditions were not comparable because
the possibility of simultaneous access to information in
more than one window through peripheral vision existed
in the spatial condition, but not in the serial condition.
Second, the two conditions were not comparable because
the serial format imposed a rigid frame duration struc-
ture (each frame was presented for the same length of
time) whereas the subjects in the spatial condition were
free to vary the time allotted to the various frames pro-
vided that all the frames were viewed before the display
was removed.

Freedom in varying the fixation time is an important
part of normal viewing in reading and other scanning tasks
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and needs to be studied in its own right (Carpenter & Just,
1983; Lévy-Schoen & O’Regan, 1979; McConkie, 1979).
With respect to our current objective, however, allow-
ing free viewing in the spatially distributed condition raises
the possibility that the serial format’s elimination of costs
due to planning and executing eye movements is coun-
teracted by costs due to rigid temporal structuring, with
the result that a *‘pure’’ saccadic cost cannot be calcu-
lated (see Cocklin, Ward, Chen, & Juola, 1984, p. 435,
for related comments). This important issue will come up
again in the General Discussion.

The problems of peripheral access and rigid temporal
structuring were addressed in the present experiments by
presenting the data frames for the spatially distributed con-
dition in two widely separated windows. The subject ac-
cessed the information by saccading from the first (left)
window to the second (right) window, and back again to
the first (two saccades for the three data frames that were
presented on each trial, because the subject was already
fixating in the center of the left window where the first
data frame appeared at the beginning of the trial). As in
the serial condition, each frame’s duration was fixed by
the experimenter and only one data frame was available
at any time. In effect, the stimulus presentation method
was identical for the serial and the spatially distributed
conditions, except for the use of two windows instead of
one in the latter.

Method

Subjects. There were 4 subjects, 2 of whom (Subjects 1A and
1B) were authors of the present study. All the subjects practiced
the procedures extensively (10-15 h) before the formal data col-
lection began.

Apparatus. The experiment was run with an IBM XT micro-
computer equipped with an enhanced graphics adapter (EGA) card,
an EGA monitor, an IBM data acquisition card, and a standard [BM
keyboard for response entry. Assembly language routines were used
for stimulus timing, measurement of post-display times with the data
acquisition card, and synchronization with the 60-Hz display raster
(see Dlhopolsky, 1982, for a discussion of raster synchronization).

Subject’s task. On each trial, the subject viewed three data frames,
each containing one digit in the range 2-9 and flanked on both sides
by two “‘#’’ characters (see Figure 1a). The task was to count the
number of odd digits and to respond ‘‘odd’’ if this count was odd,
and ‘“‘even’’ otherwise. The V'’ and ‘*‘M’’ keys were used to enter
the even and odd responses, respectively. The stimuli were white
digits (33 cd/m?) on a dark background (3 cd/m?). The width of
the characters with intercharacter space was .25° at a viewing dis-
tance of 63.5 cm. The flanking characters were used for compara-
bility with the visual conditions in Experiment 2, for which more
than one digit per frame was used in some runs.

Trial procedure. The subject initiated a trial by fixating in the
center of a 1.25° X.75° window on the monitor, entering a ready
signal, and then holding the index fingers on the response keys,
ready for the binary odd/even response at the end of the trial. For
the serial condition, which eliminated the need for saccadic move-
ments, the three digits were then presented in temporal succession
as individual frames for the frame duration selected for the trial.
The last frame was followed immediately by a mask (¥####). As
soon as the subject responded, the response (O or E), the correct
response (also O or E), and the trial number were presented as feed-
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Figure 1. An example of the frame sequence (a) and the feedback
at the end of the trial (b). In this example, the subject made an er-
ror on Trial 15 by responding “odd” when the correct answer was
“even.” For the serial condition, the digits and all the other frames
were presented sequentially in one window in the center of the screen.
For the spatially distributed condition (c), they appeared in two win-
dows (left window, right window, back to left window), while all
other frames appeared in the left window.

back for 800 msec. When the feedback was removed, the mask fix-
ation frame reappeared and the subject was free to initiate the next
trial (see Figures la and 1b).

For the spatially distributed condition, there were two 1.25° x.75°
windows centered on the middle of the screen and separated horizon-
tally by 11°. The first data frame was presented in the left (fixa-
tion) window. The subject then made a saccade to the right win-
dow to get the second digit, and a second saccade to the left window
to get the third digit (see Figure 1c). Except for the use of two win-
dows instead of one, the trial sequence was identical to the sequence
for the serial condition.

Session procedure. Experimental sessions were divided into four
blocks of trials. At the beginning of each block, the subject was
informed whether the serial or spatially distributed condition was
in effect, and whether the operating mode was the short display
time or the short postdisplay time. In the first half of the block,
the computer measured the frame duration required for 85% cor-
rect responding, using a variant of the up-down procedure modi-
fied for use with a 60-Hz raster scan display (see Matin & Boff,
1990, for details). This usually required 50-60 trials. Immediately
thereafter, the computer presented another 40 trials, for all of which
the frame duration was fixed at the previously determined thresh-
old. In short, for the purposes of this analysis, each block of trials
yielded three numbers: the duration threshold obtained in the first
part of the run, the mean postdisplay time for the 40 trials at the
threshold in the second part of the run, and the percent-correct re-
sponses for the 40 trials.

The subjects were encouraged to look at their results, which were
printed at the end of each run, in order to learn to discriminate be-
tween the two operating modes (short display time or short post-

«display time). They were frequently reminded of the overall ob-
jective: keep the total time as short as possible. Each block of trials
took approximately 5-7 min; the subjects relaxed between the four
blocks in the session.

Design. Each subject participated in a completely balanced 2 X2
factorially designed experiment. Factor 1 was the presentation for-
mat (serial or spatially distributed) and Factor 2 was the operating
mode (emphasis on short display time or emphasis on short post-
display time). Each of the four experimental treatments was run
as a block in every experimental session to control for possible im-
provements in performance as the experiment progressed. In addi-
tion, the position of a given treatment within the four-block ses-
sion was counterbalanced across sessions to control for possible
performance differences within a session.

Results and Discussion

The main findings are presented in Figure 2, which
shows the effect of the two experimental factors—display
method (serial or spatial) and operating mode (emphasis
on short during-display time, or emphasis on short post-
display time). The height of a bar represents the total pro-
cessing time (display onset to response). In addition, each
bar shows the processing time’s breakdown into two com-
ponents: display duration for the three frames (the dura-
tion threshold times 3), and the length of time from the
end of the display to the response. For example, for Sub-
ject 1A, serial format, short display mode, the mean du-
ration threshold was 164.6 msec, the during-display time
was 493.8 msec (dark bottom of the bar), and the post-
display time was 550.0 msec (white top of the bar).
Across experimental conditions, the mean deviation from
the 85% correct level was —.007%, +.004%, +.003%,
and +.017%, for Subjects 1A, 1B, 1C, and 1D, respec-
tively. Moreover, the size of the error was not systemat-
ically related to the experimental conditions. Depending
on the subject and the operating mode, the mean dura-
tion thresholds ranged from 81.4 msec to 322.9 msec for
the serial condition, and from 188.9 msec to 420.8 msec
for the spatial condition.

From the resuits shown in Figure 2, the main ex-
perimental findings can be summarized as follows:

1. The serial method resulted in a faster total process-
ing time for both operating modes and all the subjects.
Averaged across subjects and treatments, 194 msec were
saved, for an overhead of 97 msec per saccade (194/2—
note again that the three frames in the spatial condition
were accessed with two, not three, saccades).

2. All the subjects were able to exert some control over
the distribution of the processing time: In the short during-
display time mode, the duration threshold was short and
the post-display time was correspondingly long. The con-
verse was true in the short post-display mode. However,
for 3 of the subjects (1D is the exception), total time was
significantly less for one of the two modes for both pre-
sentation formats.

EXPERIMENT 2

Experiment 1 showed a pronounced saccadic overhead
and a tradeoff between the during-display and post-display
processing time components. Further evidence on these
issues was obtained in Experiment 2, for which we mea-
sured the processing time at the 85% level for a wide range
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Figure 2. The results of Experiment 1. The information-processing times for serial and spatially distributed formats
are shown in adjacent columns. The results are shown separately for the short during-display and short post-display oper-
ating modes. Total processing time (onset of the three-frame display to the response) is divided into during-display and
post-display components. The during-display component (3 times the threshold frame duration) is the dark area at the
bottom of the bar; the post-display component (end of the last frame to the response) is the white area at the top.

of experimenter-controlled frame durations. Our purpose
was to study the frame duration’s effect on the saccadic
overhead and to find the range of durations for which
tradeoffs could occur. In addition, we wanted to see if
there was an optimal duration for minimizing total time
and to see whether this minimum, if any, was affected
by the presentation format.

Initially, we did not know whether the subjects could
learn to respond at the 85% level, regardless of frame
duration. To explore the possibilities, we ran pilot studies
with blocks of 20 trials and a single, experimenter-selected
frame duration for an entire block. We asked the subjects
to respond at the 85% level for each block, noting that
this implied three errors in the course of the 20 trials. Hop-
ing to counteract the normal tendency for improved per-
formance with increased duration, we suggested that they
decrease their post-display times for blocks with longer
frame durations.

Contrary to our a priori expectations, this task was sur-
prisingly ‘‘doable’” over a wide range of durations. The
subjects quickly learned to respond at the 85% level for
all durations greater than some minimal value that de-
pended on the specific condition. The durations used in
the study ranged from this pilot-determined minimum to
durations that were just long enough to produce negative

post-display times (i.e., the subject responded before the
last frame was removed). Task difficulty was varied by
using one, two, or three digits per frame, with three
frames per trial in all cases.

Method

Subjects. Two subjects were run. One of them (Subject 2A) was
an author and also served as Subject A in the first experiment.
Subject 2B had not previously served in any experiment of this kind.
Both of them practiced extensively (10-15 h) before the formal data
collection began.

Apparatus. The apparatus was identical to that used for Experi-
ment 1.

Subject’s task. As in Experiment 1, the subject counted the num-
ber of odd digits and responded on the ‘‘odd’’ key if this count
was odd, and ‘‘even’’ otherwise. Note that this task required the
processing of all digits in each frame (simply counting the number
of odd numbers by checking the last digit in each frame would not
yield above-chance performance when there was more than one digit
in a frame). For the three-digit-per-frame condition, for example,
the count could range from zero (none of the nine digits was odd)
to nine (all of them were odd).

Trial procedure. The trial procedure was identical to the proce-
dure for the fixed duration trials in the second part of the run in
Experiment 1.

Design. Each subject participated for 18 days in a completely
balanced design with three factors. Factor | was the display for-
mat (serial or spatially distributed), Factor 2 was the task difficulty
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(one, two, or three digits per frame), and Factor 3 was the frame
duration.

Two sessions were run on each experimental day, one serial and
one spatially distributed. The serial session was run first on odd
days, and the spatial session was first on even days. One level of
task difficulty was used for both sessions, and a 3-day cycle was
used for this factor to control for possible performance improve-
ments as the experiment progressed.

Sessions were divided into blocks of 20 trials, with one block
for each of the frame durations selected for the session’s particular
combination of the display format and task difficulty factors. The
number of blocks ranged from 11 to 18, depending on the subject
and the other two factors (format and task difficulty). The frame
duration values were chosen on the basis of pilot work, and ranged
from the shortest possible duration for 85% correct performance
to durations just long enough to create ‘‘negative’” post-display times
(subjects responded before the last frame disappeared). The frame
duration blocks were presented in ascending order. If the percent-
age of correct responses for a block was greater than 90% or less
than 80%, the block was repeated. This happened in about 10%
of the blocks; it was not systematically related to the experimental
condition. Figures 3 and 4 show the specific values used for the
2 subjects and the six combinations of the format and task diffi-
culty factors.

One complete replication of the experiment required 3 experimen-
tal days. In all, six replications were run.

Results and Discussion

Figures 3 and 4 show the results for the serial and spa-
tially distributed runs, respectively. In all cases, the in-
dependent variable is the frame duration and the depen-
dent variable is the mean total processing time (onset of
display to response) across the six replications. For the
two or three points at the longest frame durations on each
curve, the post-display times are negative. For both dis-
play formats, the minimal frame duration for 85% cor-
rect performance increases with the number of digits per
frame. The average percent correct over the six samples
at each point was within .02 % of the 85% criterion for
Subject 2A and within .01% for Subject 2B. Moreover,
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the errors did not vary systematically with the experimen-
tal condition.

The purpose of the lines that are superimposed over the
data will be clarified in the following text; the serial/spa-
tial differences will be discussed as well.

Tradeoffs. With the plotting method used in Figures
3 and 4, a perfect tradeoff between the during-display and
post-display processing time components would yield a
linear function with slope 0, that is, a processing time that
is independent of frame duration.

For the 12 functions in Figures 3 and 4, perfect tradeoffs
occur at low values of the frame duration for a short range
of durations, whose values depend on the experimental
condition and the subject. They are shown as line seg-
ments with slope 0. For longer frame durations, the total
processing time increased in all cases. For 7 of the 12,
it also increased at the shortest durations.

At the longest frame durations, each of the 12 curves
is fitted with a line segment with slope 2. The latter fits
are remarkably good, and they lend themselves to the fol-
lowing very simple interpretation: When the frame dura-
tion exceeds a critical value (the time needed to access
the data in the frame and process it completely), the sub-
ject is forced to waste time for the first two frames of
the three-frame sequence. Specifically, the subject wastes
1 msec for every millisecond beyond the critical value
waiting for the first frame to disappear so that the second
frame can be accessed. Similarly, the subject wastes
1 msec waiting for the second frame to disappear. Be-
cause the response could be made as soon as the subject
was ready, there was no forced waste of time with the
third frame.

In effect, a 2-msec increase in the total processing time
occurred for every additional millisecond of frame dura-
tion beyond the critical value. Although space does not
permit a full discussion, we note in passing that the criti-
cal values could be used as a measure of the time required
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Figure 3. The results of Experiment 2, serial condition. Total processing time (onset
of the three-frame display to the response) is shown as a function of frame dura-
tion. See the text for an explanation of the lines with slopes 0 and 2.



SUBJECT 2A - SPATIAL CONDITION

28

T S bpaie /
o
s L | [ N
§ ... DIGFRAME
g L’
Core /// 4
2 o
g 1.2 x AN
4 Huat 1 DIG/FRAME
§ 08
a

04

o

0 0.2 04 06 08 1

FRAME DURATION - SECONDS

SACCADIC OVERHEAD 377

SUBJECT 2B - SPATIAL CONDITION

28

08 1 DIG/FRAME

PROCESSING TIME - SECONDS
-
|
]
"‘\‘l,\f

o4

[ 02 04 o (X ] 1
FRAME DURATION - SECONDS

Figure 4. The resuits of Experiment 2, spatially distributed condition. Plotting
method is identical to the method used in Figure 3.

to process the first two frames independently of the time
needed for selecting and executing the response. In short,
the procedure we devised to study the saccadic overhead
and the during-display and post-display tradeoffs has in-
teresting possibilities for mental chronometry studies.

Saccadic overhead. To show the saccadic overhead,
we plotted Figures S, 6, and 7, for which the serial and
spatially distributed data are plotted together on the same
graph for the one-, two-, and three-digits per frame cases,
respectively. In addition, we obtained an overall quan-
titative measure of the overhead for each of the six
serial/spatial comparisons by calculating the difference
between the shortest times for the spatial and serial func-
tions (using the intercepts of the slope O branches to esti-
mate the minima).

The total times for the serial and spatially distributed
functions, the difference between them, and the saccadic
overhead (in msec/saccade) are shown in Table 1, which
indicates a substantial overhead for all values of the digits-
per-frame variable. However, its magnitude diminishes
as the difficulty of the task increases. The significance
of this diminishing return will be considered below.

GENERAL DISCUSSSION

Experiment 1 showed a statistically significant and very
substantial saccadic overhead, and Experiment 2 showed
that this overhead diminishes with task difficulty. Qualita-
tively, we expected the latter result. Indeed, we previ-
ously predicted that a saccadic overhead would only be
found for tasks requiring information-processing times
shorter than about 250 msec per frame (Matin et al.,
1987). Nonetheless, the quantitative details of this dimin-
ishing return are contrary to our a priori expectations,
which are summarized as the saccadic bottleneck hypoth-
esis in the following paragraphs. Another equally simple
and quantitatively specific fixed overhead hypothesis is
also incompatible with the results. Although the data force

their rejection, we describe these models in some detail
to provide a concrete framework for discussing the re-
sults and for relating them to the literature.

Before proceeding, we need to clarify the term saccadic
overhead. In the introduction, it was defined operation-
ally as the difference between the processing time for the
spatially distributed and serial conditions. In the theoret-
ical discussion, however, the term refers to a cost that
can be specifically attributed to the programming and/or
execution of the eye movements.

Identification of the operationally defined measure with
the theoretical saccadic overhead is only justified if the
difference between the spatial and serial processing times
cannot be attributed to factors other than the eye move-
ments per se. As noted in the introduction to Experi-
ment 1, our experimental procedures were specifically de-
vised to eliminate two such confounding factors. First,
we imposed the rigid temporal structuring that is normally
only found with serial presentations on the spatially dis-
tributed condition. Second, we eliminated information ac-
cess through peripheral vision in the spatial condition.

Despite the stimulus presentation methods that were in-
troduced to address confounds in the previous literature,
our identification of the operationally defined measure
with the theoretical saccadic overhead continues to be ten-
tative. Specifically, we call attention to the fact that our
calculations assumed exactly two saccades on each trial
in the spatially distributed condition and also assumed syn-
chronization of the eye movements with the display
changes. In addition, they assumed that no saccades were
made in the serial condition. We think these assumptions
are reasonable as a first approximation, given the stereo-
typed, extensively practiced task that our subjects per-
formed. Nonetheless, further work with simultaneous eye
movement measurements is needed.

The reader should also be aware of the possibility that
the saccading eye in the spatial condition did not neces-
sarily land in the optimal position for identifying the digits.
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Figure 5. The results of Experiment 2, serial/spatial comparison for the one-digit-per-frame case.
The total processing time (onset of the three-frame display to the response) is plotted as a function
of frame duration for the serial condition (filled triangles) and for the spatially distributed condi-

tion (open diamonds).

If that were the case, some of the experimentally mea-
sured overhead would be due to this visual factor, rather
than to the programming and execution of the eye move-
ments per se. Again, further work with simultaneous eye
movement measurements should be the next step in mea-
suring a ‘‘pure’’ saccadic cost.

Fixed Overhead

As the name we chose implies, the fixed overhead hy-
pothesis calls for a saccadic overhead that is independent
of the cognitive processing time. We formulated this hy-
pothesis as a quantitative statement of the results that
would be expected if the information acquired during a
fixation is processed to some criterion level before the
oculomotor system is activated to move the eyes, provided
that no further parallel cognitive processing can occur be-
fore the next fixation. In effect, the time to program and
execute the eye movement is a constant that is added after
the visual and cognitive processing is completed.

Although not a necessary requirement, a constant over-
head would presumably be the optimal result from the
viewpoint of models that treat the fixation duration as a
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measure of the information-processing time, that is, the
eye-mind theory (Carpenter & Just, 1983; Just & Car-
penter, 1987), and, more generally, the class of models
that Rayner (1978) has called process monitoring theories
(for careful analyses of the issues and for references, see
Lévy-Schoen & O’Regan, 1979; McConkie, 1979, 1983;
O’Regan & Lévy-Schoen, 1987; Rayner, 1978; Rayner
& Pollatsek, 1989; Sanders & Houtmans, 1985). Such
models assume that a precise correspondence exists be-
tween the duration of an individual fixation and the amount
of time needed to process the information, with the re-
sult that the fixation duration can serve as a measure of
the cognitive processing time.

The fixation duration measure could be interpreted most
readily if the eyes fixate until the stimulus is processed
completely and then move to the next location, generat-
ing a constant saccadic overhead that is easily separable
from the cognitive processing time. However, if further
processing occurs during the programming and execution
of the eye movements, the process monitoring approach
would not require a constant overhead (or indeed, any
overhead at all).
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Figure 6. The results of Experiment 2, serial/spatial comparison for the two-digits-per-frame case.
The plotting method is identical to the method used in Figure 5.
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Figure 7. The results of Experiment 2, serial/spatial comparison for the three-digits-per-frame
case. The plotting method is identical to the method used in Figure 5.

Saccadic Bottleneck

We formulated this hypothesis on the basis of various
findings in the literature on eye movements and cogni-
tion. Specifically, we refer to experiments showing that
approximately 200-250 msec are required for a saccade
and the subsequent fixational pause, even if no particular
processing is required during the pause (Arnold & Tinker,
1939; Salthouse & Ellis, 1980; Salthouse, Ellis, & Diener,
1981; Vaughan, 1983). A similar 200-msec value ap-
peared in early studies of the saccadic RT (e.g., West-
heimer, 1954), and this led to the influential sampled data
model (Young and Stark, 1963). However, other proce-
dures produced much shorter RTs (e.g., Becker, 1972;
Nachmias, 1959; Saslow, 1967). In addition, there were
large individual differences in the minimal fixation dura-
tions (e.g., the minima for Arnold & Tinker’s subjects
ranged from 116 to 276 msec).

Although a bottleneck as long as 200 msec/chunk does
not appear to be imposed by any fundamental property
of the oculomotor system per se, there must be some min-
imal eye movement/fixation time. This implies that the
processing of data chunks that could be completely
digested in a shorter time must necessarily be slowed down
by the need to wait for the eyes to move before the next
piece of information can be acquired.

Table 1
Minimum Values of Total Processing Time (in Milliseconds) and the
Saccadic Overhead (Milliseconds/Saccade) in Experiment 2

Subject

Digits/Frame 2A 2B
1 Spatial 1,042 966
Serial 780 779
Difference 262 187
Overhead 131 94

2 Spatial 1,286 1,293
Serial 1,097 1,159
Difference 189 133
Overhead 94 66

3 Spatial 1,757 1,744
Serial 1,606 1,655
Difference 151 89
Overhead 76 44

Assume for the moment that the eye movement system
imposes no limitations other than this bottleneck (i.e., as-
sume that the cognitive processing and the eye movement
programming are otherwise strictly parallel tasks, with
no mutual interference). The saccadic overhead would
then be expected to diminish as a linear function of the
cognitive processing time (task difficulty), with a slope
of —1 and an intercept equal to the bottleneck value. The
overhead would become zero when the processing time
equaled the bottleneck (at about 200 msec). On the other
hand, if we do not assume strictly parallel cognitive/eye
movement processing, some overhead might still be ex-
pected at processing times longer than the bottleneck.

Departures From Hypotheses

The results of Experiment 2, which show a diminish-
ing overhead with the difficulty of the task, are, clearly
incompatible with the fixed overhead hypothesis. More-
over, the quantitative properties of the overhead also rule
out the bottleneck hypothesis: Although the overhead
diminishes with task difficulty, it is still substantial for
the three-digits-per-frame case, for which the minimal
frame durations for both subjects are clearly far in ex-
cess of 200 msec (or any other conceivable bottleneck
value).

It is also difficult to see how the present results could
have been predicted by models that involve preprogrammed
fixation durations (Bouma & de Voogd, 1974; Shebilske,
1975; Vaughan, 1978; Vaughan & Graefe, 1977). In such
models and in the scan path model (Lévy-Schoen, 1981),
fixation durations are globally determined by the average
processing time for a particular text. However, there is no
strict correspondence between the time needed for an in-
dividual stimulus and the fixation duration.

Given, particularly, that we used a blocked design and
a highly stereotyped task without the complexities of or-
dinary reading, our experimental conditions should have
optimized the subject’s ability to preprogram the eye
movements, perhaps even to the extent of obviating the
necessity for any overhead. If we assume that the basic
process is preprogramming with a lower limit on the fix-
ation duration imposed by the bottleneck, the preprogram-
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ming models would presumably have predicted the bot-
tleneck locus of points, with no overhead at all for the
relatively difficult tasks with the long processing times.
This was not the result that we actually obtained.

Conclusions

Although the present results are incompatible with the
fixed overhead and the bottleneck hypotheses, they sug-
gest no quantitatively specific alternative model for the
saccadic overhead. They seem to indicate that the eye
movements are actively interfering with the cognitive pro-
cessing, perhaps drawing on a common resource pool.
However, this conclusion is tentative pending further re-
search with simultaneous eye movement measurements
and with other types of information-processing tasks.
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