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Imagine that you live in a world illuminated only by
the constant flicker of a strobe light. Each time the light
flashes you are able to perceive detailed visual informa-
tion from the environment. During moments of darkness,
however, virtually no visual perception takes place. The
result is a fragmented representation of the world around
us. Although this imagined world seems highly bizarre,
the example serves as an illustration of what our brains
confront each second of every waking day as we view our
visual world. In order to examine our environment, we
must move our eyes from one object of interest to an-
other. The eye movements that take us from one point of
fixation to another are called saccades. They occur about
every 250–300 msec and generally have a duration of be-
tween 30 and 100 msec, depending on the distance the
movement covers (Rayner, 1978, 1998). A consequence
of saccadic eye movements is that visual sensitivity is

greatly reduced during the movement, thereby confining
the vast majority of visual perception to the fixations be-
tween the saccades. This phenomenon is known as sac-
cadic suppression (Matin, 1974; Volkmann, 1986; Zuber,
Crider, & Stark, 1964; Zuber & Stark, 1966). Thus, the
input for visual perception is like a world illuminated by
a strobe light, fragmented and discontinuous. Despite
this, our phenomenological experience of the world is a
stable and continuous whole.

In the past, researchers have proposed the existence of
a transsaccadic memory store that maintains and accrues
information from individual fixations across saccades as
a mechanism for overcoming the effects of saccadic sup-
pression (Breitmeyer, Kropfl, & Julesz, 1982; McConkie
& Rayner, 1976). Rather than finding evidence for such
a mechanism, however, researchers have found that little
information is actually accumulated across saccades
(Bridgeman & Mayer, 1983; Henderson, 1997; Irwin,
Brown, & Sun, 1988; Irwin, Yantis, & Jonides, 1983;
McConkie, 1991; O’Regan & Levy-Schoen, 1983; Rayner
& Pollatsek, 1983), although some limited visual infor-
mation, such as pattern structure and spatial relation-
ships, is remembered from f ixation to f ixation (e.g.,
Carlson-Radvansky, 1999; Carlson-Radvansky & Irwin,
1995; Irwin, 1991, 1992; Pollatsek & Rayner, 1992). In-
deed, Irwin (1992, 1996) suggested that the capacity of
transsaccadic memory is between three and six items—
a very small part of an actual visual scene (see, however,
Hollingworth & Henderson, 2002). What items get re-
membered across saccades is determined by attention. In
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People are unable to perform some, but not all, cognitive tasks while moving their eyes. A possible
common denominator among disrupted processes is the use of attention. The present research pro-
poses and tests an attentional suppression hypothesis to evaluate this claim. This hypothesis states
that because attention is obligatorily allocated to a to-be-fixated location prior to the onset of a saccade,
during saccadic events attentional resources are unavailable to direct processing associated with
higher order cognitive tasks. Subjects were engaged in a task that combined saccades and shifts of at-
tention across global and local levels of hierarchical figures. When the eyes did not move, this shift took
place between stimulus presentations. When saccades intervened between the stimuli, the global–local
shifts of attention were interrupted, suggesting that saccades suppress cognitive processes requiring
attention.
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preparation for a voluntary saccade, attention obligato-
rily and involuntarily precedes the movement of the eyes
to the future saccade target (Deubel & Schneider, 1996;
Hoffman & Subramaniam, 1995; Irwin & Gordon, 1998;
Kowler, Anderson, Dosher, & Blaser, 1995; Rayner, Mc-
Conkie, & Ehrlich, 1978; Shepherd, Findlay, & Hockey,
1986).1 This focus of attention on a particular aspect of
a visual scene (the target area of the next fixation) just
prior to the saccade seems to enable the information in
that region to be remembered across the saccade, whereas
information from other areas is less likely to be retained
(e.g., Currie, McConkie, Carlson-Radvansky, & Irwin,
2000; Henderson & Hollingworth, 1999; Irwin & Gordon,
1998).

Recently, some researchers have proposed that the allo-
cation of attention to saccade targets not only places limi-
tations on what is remembered across saccades, but is also
the root cause of a recently explored phenomenon called
cognitive suppression (so named by Irwin & Carlson-
Radvansky, 1996). Cognitive suppression refers to the in-
terference or inhibition of higher order cognitive func-
tions by saccadic eye movements. The f irst reports of
saccades’ interfering with cognitive tasks showed that
when subjects had to overcome the effects of a pattern
mask on visual stimuli in order to identify them, the
stimulus resolution, or “clean-up,” occurred either be-
fore or after, but not during, the saccade (Sanders &
Houtmans, 1985; Sanders & Rath, 1991). In addition,
Matin, Shao, and Boff (1993) demonstrated that process-
ing time in a counting task when saccades were required
to obtain information increased by over twice the mag-
nitude of the saccade durations alone (saccade duration
was approximately 40–45 msec, processing time in-
creased approximately 100 msec per saccade). This sug-
gested that the saccades interfered with central processing.
Van Duren (1993) also showed that memory search in a
Sternberg memory-scanning task is at least partially sus-
pended during saccades (see Irwin, 1998, for a commen-
tary). And most recently, Irwin and Carlson-Radvansky
(1996) and Irwin and Brockmole (2000) argued that the
ability to mentally rotate figures during saccades is com-
pletely suppressed.

To date, the cause of cognitive suppression is unknown,
although there has been some recent speculation. Irwin
(1998) noticed that the cognitive processes that are sup-
pressed by saccades require attention, whereas automatic
processes, such as pathway priming (Irwin, Carlson-
Radvansky, & Andrews, 1995) and lexical processing
(Irwin, 1998), are not inhibited by saccadic eye move-
ments. He suggested that this difference may be impor-
tant to understanding the nature and causes of cognitive
suppression. In this paper, we propose and empirically
test an attentional suppression hypothesis in order to
evaluate Irwin’s observations.

As was noted earlier, saccades draw upon attentional
resources in that, prior to the onset of a saccade, atten-
tion is allocated to the to-be-fixated location in an oblig-
atory and involuntary fashion. According to the atten-

tional suppression hypothesis, when attention is engaged
by saccadic planning and execution, it is unavailable to
direct processing associated with deliberative cognitive
tasks. As a result, attention-demanding cognitive processes
are suppressed during the saccade, whereas automatic
processes that do not require attention are unaffected.

We chose to assess this hypothesis by engaging subjects
in a task that required not only the involuntary attention
shifts demanded by saccades (i.e., attention movements
from one locus of fixation to another), but also volitional
shifts of attention associated with the alternate processing
of global and local forms of hierarchical figures.

GLOBAL–LOCAL JUDGMENTS AND
VOLITIONAL ATTENTION

Figure 1 illustrates stimuli (taken from Kimchi &
Palmer, 1985) that can be described in two ways. First,
each possesses a global form of either a square (A and C)
or a rectangle (B and D). Second, these global forms are
constructed from smaller (local) elements that are also
either squares (A and B) or rectangles (C and D). These
figures are said to be hierarchical because one level of
description (global) is built from another, equally dis-
tinct level (local; Navon, 1977). The relationship be-
tween the global and the local levels in each figure can
be congruent (A and D), where the global form and local
elements are identical in shape, or incongruent (B and
C), where the global form is not the same shape as the
local elements. Past research on global precedence sug-
gests that one must attend to either the local or the global
level in order to recognize the shape that exists at that
level (e.g., Kinchla, Solis-Marcias, & Hoffman, 1983;
Navon, 1977; Pomerantz, 1983). Thus, a shift of atten-
tion is required whenever subjects must alternate be-
tween global and local judgments of form (e.g., Robert-
son, 1996; Robertson, Egly, Lamb, & Kerth, 1993;
Robertson & Lamb, 1991; Ward, 1982).

Ward (1982) used hierarchical stimuli similar to those
shown in Figure 1 to assess the impact of shifts of atten-
tion on processing global and local information.2 For our

Figure 1. The stimuli used in Experiments 1 and 2.
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purpose, we are particularly interested in the cost (in
terms of response times) of this attentional shift. Ward
presented subjects with a series of hierarchical figures,
each of which required a speeded classification response
of shape (i.e., square or rectangle) on the basis of either
the figure’s global form or local elements. Three condi-
tions were created. First, responses to all trials were
global identifications (GGGG . . .). Second, responses to
all trials were local identifications (LLLL . . .). Third,
responses alternated between global and local identifi-
cations (GLGL . . .). This last condition incorporated a
shift of attention between levels of processing from one
trial to the next.

Following data collection, Ward (1982) divided the
streams of stimuli into pairs in order to look for an effect
on response time for the second trial as a function of the
type of processing that occurred on the first trial. Al-
though accuracy was generally at ceiling, Ward found
that shifting attention from one level of processing to an-
other was costly, with GL trials slower than LL trials and
LG trials slower than GG trials. This pattern of data has
been replicated more recently by Robertson (1996) and
Robertson, Egly, et al. (1993).

Our primary interest in the research reported in the
present paper is to determine whether saccades interfere
with the shifts of attention required for processing global
versus local forms. The attentional suppression hypoth-
esis predicts that interference should occur. Before we
could assess this hypothesis, however, an additional in-
vestigation of the characteristics of global–local process-
ing was required. Although it is clear that global–local
shifts of attention are time consuming and impose costs
with respect to reaction times, some properties of this
shift cost are unclear—namely, when does the shift occur
(during or between stimulus presentations) and how much
time does this shift require? Answers to these questions
are critical to the design and analysis of an experiment
aimed at assessing whether global–local shifts of atten-
tion occur during saccades. Accordingly, before we turn
to our experiment that directly assesses the attentional
suppression hypothesis (Experiment 2), we first describe
an experiment whose aim was to characterize the tem-
poral aspects of global–local shifts of attention.

EXPERIMENT 1

Ward’s (1982) procedure provides a powerful way to
observe the costs of shifting attention across levels of hi-
erarchical figures. However, it is unable to assess two
important questions: When do the global–local shifts of
attention take place, and how much time do the shifts re-
quire? In order to address these questions, a simple mod-
ification to Ward’s procedure was made. Rather than
present streams of stimuli, only to later divide them into
pairs for analysis, within a single trial two hierarchical
stimuli (Figure 1) were sequentially presented as a pair.
Response times to each individual stimulus were mea-
sured from its onset; throughout this paper, we refer to

the first and second stimulus response times within a
trial as RT1 and RT2, respectively. On all trials, the sub-
jects were instructed to attend to the global dimension of
the first figure and the local dimension of the second, or
vice versa. Thus, every trial involved a time-consuming
shift of attention. Within an individual trial, the elapsed
time between stimulus presentations was manipulated by
varying the interval between the first response and the
presentation of the second stimulus (RSI). RSIs ranged
from 0 to 825 msec by intervals of 75 msec. By observ-
ing the pattern of response times as a function of RSI,
not only could the costs of shifting attention across lev-
els of the figures be observed, but also determination of
when the shift took place (i.e., between stimulus presen-
tations?) and its time course could be estimated.

If, in anticipation of the second stimulus, the subjects
begin to shift their attention prior to the presentation of
the second stimulus, the shift of attention occurs, at least
in part, between stimulus presentations (during the RSI).
This would yield a general decrease in RT2 as RSI in-
creases. At early RSIs, the shift does not have time to be
completed prior to the presentation of the second stimu-
lus (when RT2 starts to be timed). Therefore, RT2 will
absorb some of the shift time. However, as RSI in-
creases, a greater portion of the necessary shift is com-
pleted prior to the presentation of the second stimulus.
This results in a decrease in RT2. Eventually, RT2 will
no longer decrease by RSI, because the shift is entirely
completed prior to the presentation of the second stimu-
lus. At this point, the RT2 curve will asymptote. The
point at which this occurs provides a measure of how
long the shift of attention takes to complete. In contrast,
if the shift of attention does not occur between stimulus
presentations but, rather, is stimulus bound, no effect of
RSI will be observed. This pattern of data would be ex-
pected regardless of whether the global–local shift of at-
tention is anticipatory or delayed (i.e., the shift may
occur entirely within RT1, entirely within RT2, or par-
tially within both).

Method
Subjects

Thirty-four undergraduates at the University of Notre Dame par-
ticipated after providing informed consent. The subjects were com-
pensated with partial course credit. Two additional subjects partic-
ipated but were excluded from the analyses owing to missing data
as a result of inaccuracy or withdrawal. All were naive with respect
to the experimental hypotheses.

Stimuli
The stimuli were adapted from Kimchi and Palmer (1985, Ex-

periments 3 and 4; see Figure 1). The stimuli were created by or-
thogonally combining squares and rectangles to create four f igures,
each possessing a global form (square or rectangle) composed of
four local elements (squares or rectangles).

The stimuli were presented on a computer screen. During the ex-
periment, the subjects were seated 36 cm from the display monitor.
At this viewing distance, the total display subtended 53º of visual
angle horizontally and 40º vertically. Figures 1A and 1C (global
form is a square) subtended 1.25º horizontally and vertically. Fig-
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ures 1B and 1D (global form is a rectangle) subtended 2.57 º hori-
zontally and 0.56º vertically. In terms of local elements, each square
subtended 0.56º horizontally and vertically, and each rectangle sub-
tended 1.25º horizontally and 0.23º vertically. The stimuli were pre-
sented in SVGA-LO mode (640 3 200). The display background
was light gray, and the figures were dark blue.

Apparatus
The stimuli were presented at a refresh rate of 72 Hz on an NEC

MultiSync 4FGe monitor. A Dell OptiPlex GXpro microcomputer
controlled stimulus presentation with an SVGA adapter. The sub-
jects made responses to all stimuli by pressing one of two keys on
a keyboard.

Design
The four figures were combined into all 16 possible pairs. Each

trial consisted of a pair of stimuli presented sequentially in the cen-
ter of the screen. For each stimulus, the subjects identif ied the
global form or local elements by indicating square or rectangle. The
RSI ranged from 0 to 825 msec by intervals of 75 msec. Each stim-
ulus combination (16) was crossed with each RSI (12). Using a rep-
etition factor of 2, each subject completed a total of 384 trials in a
different random order. Response times and accuracy for the indi-
vidual stimuli within a trial were recorded.

The subjects were randomly assigned to one of two instruction
conditions. Seventeen subjects identified the global shape of the
first stimulus and the local shape of the second, whereas the other
17 subjects identified the local shape of the first stimulus and the
global shape of the second.

Procedure
At the beginning of each trial, a dark blue “+” sign (subtending

0.2º horizontally and 0.4º vertically) appeared in the center of the
screen for 1,500 msec, whereupon the first stimulus was presented
for 300 msec. The subjects made a response to this stimulus by
pressing one of two keys on a keyboard marked with either an “S”
or an “R,” signifying square and rectangle , respectively. Then, the
fixation cross appeared for the duration of the RSI for that trial. The
second stimulus was then presented for 300 msec, and the response
was collected. The subjects were told to make their responses as
quickly and as accurately as possible. Following the response to the
second stimulus, a message was displayed to the subject, telling
them to press a key to begin the next trial.

Results and Discussion
The analyses focused on trials in which both stimuli

were incongruent (i.e., Figure 1, panels B and C). Such
trials are the only ones in which responses can be inter-
preted with respect to instructions. For example, given a
congruent stimulus (e.g., Figure 1, panel A), a correct
response (e.g., square) could be given regardless of the
level that was actually attended. Therefore, there is no
way to verify that the subjects were processing the in-
structed level. In addition, prior to data analysis, trials
were excluded if either Response 1 or Response 2 was
incorrect. For global-to-local (GL) trials, an incorrect re-
sponse to the first stimulus occurred on 8% of the trials,
and an incorrect response to the second stimulus oc-
curred on 6% of the trials. A combination occurred on
1% of the trials. For local-to-global (LG) trials, an in-
correct response to the first stimulus occurred on 12% of
the trials, and an incorrect response to the second stim-

ulus occurred on 18% of the trials. A combination oc-
curred on 7% of the trials. In sum, 13% of the GL and
23% of the LG trials were excluded from the analyses.

Separate 2 (direction of shift) 3 12 (RSI) mixed model
analyses of variance (ANOVAs) were conducted on RT1
and RT2. The direction of the shift (i.e., GL or LG) was
the between-subjects factor, and RSI was the within-
subjects factor. An alpha level less than or equal to .05
was adopted as the criterion for statistical reliability for
all analyses. Mean response times are illustrated in Fig-
ure 2 by shift direction and RSI.

Response Time to Stimulus 1
There were no reliable effects involving RT1. Specif-

ically, RT1 did not vary by shift direction [F(1,32) < 1,
MSe = 173,170], suggesting that, all else being equal,
global and local identifications required equal process-
ing time. Collapsing across RSI, global responses aver-
aged 788 msec, and local responses averaged 775 msec.
The lack of a difference between global and local re-
sponse times may be surprising, since research on global
precedence often finds global responses to be faster than
local responses (e.g., Kimchi, 1988; Kimchi & Palmer,
1985; Navon, 1977; Robertson, 1996; Ward, 1982). How-
ever, past research has also shown that global precedence
can be mediated by a variety of factors (see Kimchi, 1992,
for a review), and as a result, global precedence is not al-
ways observed in reaction times to hierarchical stimuli.
In addition, level advantages are generally observed
when global and local trials are intermixed in a continu-
ous stream. In such cases, global trials are generally
faster than local trials when a global trial precedes the
judgment. However, it is important to note that in these
procedures, local advantages can be observed as well.
The methodology in Experiment 1 separated global–
local judgments into isolated pairs, which could have in-
terfered with the ability to observe these effects.

The crucial result in this study is the trend in response
times across RSI within GL and LG shifts, with these
trends independent of absolute response times. With re-
spect to RT1, no effect of RSI was observed [F(11,352) =
1.3, MSe = 23,925]; this was not surprising, since the RSI
manipulation within a trial follows RT1 and the subjects
did not know beforehand how long the RSI on a given
trial would be. Also, there was no interaction between
shift direction and RSI [F(11,352) < 1, MSe = 23,925].

Response Time to Stimulus 2
Mean RT2 did not vary by shift direction [F(1,32) < 1,

MSe = 173,170]. This indicates that GL shifts and LG
shifts required equal processing time. In both shift con-
ditions, mean RT2 was faster than RT1, averaging
658 msec for GL shifts and 676 msec for LG shifts. RT2
did vary, however, as a function of RSI [F(11,352) =
15.1, MSe = 3,914]. To assess the nature of this relation-
ship, single degree of freedom polynomial tests were
conducted. Despite the absence of a shift direction 3
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RSI interaction [F(11,352) < 1, MSe = 3,914], the trends
for each shift direction were examined separately to fur-
ther establish that GL shifts and LG shifts require the
same amount of processing time.

For GL shifts, reliable negative-slope linear [F(1,16) =
58.9, MSe = 4,045] and quadratic [F(1,16) = 5.6, MSe =
4,954] trends were found. Likewise, for LG shifts, reli-
able negative-slope linear [F(1,16) = 46.3, MSe = 6,200]
and quadratic [F(1,16) = 12.2, MSe = 6,281] trends were
found. The reliable negative-slope linear trends indi-
cated that RT2 decreased as RSI increased. Reliable qua-
dratic trends indicated that the linear trend did not re-
main constant across all RSIs. That is, the relationship
between RT2 and RSI was curvilinear. In order to
demonstrate the presence of an asymptote and estimate
the point at which RT2 no longer differed as a function
of RSI, a full general linear model consisting of all RSIs
was constructed, and RSIs were systematically removed
from the model, beginning with the shortest, until a 0
slope linear trend was observed in the data. For both GL

shifts and LG shifts, this occurred after removing RSIs
less than or equal to 375 msec from the model. To inter-
polate a more precise estimate of when the RT2 curve
reached asymptote (a point that likely falls between the
selected RSIs), a separate assessment of this trend was
made, using a spline regression procedure, which is de-
scribed in detail in the Appendix. This method showed
that the RT2 curve reached floor at 390 msec.

From this analysis, it appears that bidirectional global–
local shifts of attention require approximately 390 msec
to complete. An alternative explanation for the decrease
in RT2 with increasing RSI needs to be ruled out before
this conclusion can be accepted, however. It is well
known that under conditions of temporal uncertainty, RT
tends to decrease (up to a point) as the interval between
a warning signal and a stimulus increases; this is usually
called the foreperiod effect (see Niemi & Näätänen,
1981, for a review). Therefore, to ensure that the de-
crease in RT2 was due to a preparatory attention shift
across hierarchical stimulus levels and was not merely

Figure 2. Results of Experiment 1. The graphs illustrate mean response times (RTs) for the first and second stimuli in each
trial as a function of the response-to-stimulus interval (RSI). The results for global-to-local shifts are shown in panel A, the re-
sults for local-to-global shifts are shown in panel B, and the results for no shifts are shown in panel C. No reliable effects were
observed in RT1. When shifts were required, RT2 decreased by RSI through 390 msec. When no shifts were required, however,
RT2 reached floor at 240 msec. This indicates that, when required, shifts of attention occur during the RSI in anticipation of
the second figure.
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due to the passage of time, another version of Experi-
ment 1 was conducted that did not require switches be-
tween global and local levels of the stimuli. Specifically,
12 subjects did not shift attention across levels of the
stimuli (i.e., they identif ied the global shape of both
stimuli). Fewer subjects (12) were run in the no-shift
condition than in each shift condition (17) because the
RT2 data were less variable in the no-shift condition; the
standard error of the mean was 5.9 msec in the no-shift
condition and 10.7 msec in the shift conditions. As in the
shift trials, no reliable effects were observed in RT1
[F(11,121) = 1.6]. There were differences in RT2 across
RSI, however [F(11,121) = 16.5, MSe = 416]. These dif-
ferences were curvilinear in form, as is indicated by a re-
liable quadratic trend [F(1,11) = 33.8, MSe = 1,713]. No
differences were observed when RSI was greater than or
equal to 225 msec. A spline regression procedure indi-
cated that the point at which the RT2 trend reached floor
was 240 msec, 40% faster than the 390 msec needed when
shifts were required. Therefore, although a foreperiod ef-
fect may have contributed to the decline of RT2 with in-
creasing RSI in the bidirectional global–local shift con-
ditions, it cannot fully account for the RT2 time courses
observed for the shift trials. A time-consuming prepara-
tory shift of attention from one level to the other also must
have taken place during the RSI.

To summarize the results of Experiment 1, when shifts
of attention were required, volitional global–local shifts
of attention took place between stimulus presentations.
The reliable quadratic trends in the RT2 data demonstrate
that RT2 did not constantly vary with RSI; rather, RT2
reached asymptote after 390 msec. Thus, when the eyes
remain still, global–local shifts of attention occur be-
tween stimulus presentations, and this between-stimulus
shift requires approximately 390 msec to complete. With
this knowledge, we are now ready to assess whether
global–local shifts of attention can occur during saccades.

EXPERIMENT 2

The critical manipulation in Experiment 2 was the in-
sertion of a saccade between stimulus presentations—
precisely where global–local shifts of attention occurred
in Experiment 1 when no saccades were made. Accord-
ing to the attentional suppression hypothesis, because
saccadic planning and execution obligatorily engage at-
tention, volitional shifts of attention between global and
local dimensions of hierarchical stimuli can no longer
occur between stimulus presentations, as they did in Ex-
periment 1, but rather they must occur during the stimu-
lus presentations, when the eyes are still.

In the saccade paradigm introduced in Experiment 2,
hierarchical stimuli were not always presented in the
same spatial position. When the members of each stim-
ulus pair were presented in spatially distinct locations,
the subjects had to move their eyes (either leftward or
rightward) to view the second figure. In these cases, the

stimuli were separated by either 7.5º or 40º of visual
angle. Although the first stimulus of every pair was pre-
sented in the same location, the subjects did not know
where the second stimulus would appear until they re-
sponded to the first stimulus. After the first response on
some trials, a saccade target appeared in the location
where the second stimulus would be presented. The sub-
jects were instructed to move their eyes to this target.
The second stimulus was not presented until the termi-
nation of the saccade. On other trials, a fixation target
appeared in the same location as the first stimulus; this
indicated that no saccade was necessary. After a fixed
time, the second stimulus then appeared in the same lo-
cation as the first. Trials that did not require saccades
were included in order to deter subjects from adopting a
strategy of delaying the global–local attention shift until
after the saccade (see Irwin & Brockmole, 2000, for a
further discussion of including no-saccade trials within
an eye movement paradigm).

The spatial separation manipulation affected the dis-
tance the saccades covered. Because saccade duration
depends on saccade distance, 40º saccades require more
time to complete (110 msec) than 7.5º saccades (40 msec).
However, the time required to execute a saccade cannot
be measured simply by the saccade’s physical duration.
Prior to the onset of movement, the saccade must be
planned. That is, some measurable saccade latency period,
beginning with the onset of the saccade target, exists
prior to the start of the saccade. Although saccade latency
times can be affected by a variety of variables, in general,
saccade latencies fall between 200 and 300 msec. Because
saccade targets did not appear until after the response to
the first stimulus and the second stimulus was not pre-
sented until the termination of the saccade, the RSI in
Experiment 2 is a simple additive function of saccade la-
tency and saccade duration. The duration of saccadic
events, then, constituted the RSI within a trial. Longer
saccades afford more time between stimulus presenta-
tions than do short saccades, so the longer the saccade,
the longer the RSI. In this experiment, the combined sac-
cade latency and duration (RSI) of 7.5º saccades was ap-
proximately 250 msec, whereas for 40º saccades it was
approximately 400 msec. Based on the results of Exper-
iment 1, in which mean RT2 associated with RSIs of 250
and 375 msec were reliably different from each other
[t(33) = 2.7, p = .01], this difference in saccade latency
and duration should be sufficient to detect a change in
RT2, should it exist.

The predictions in Experiment 2 are similar to those in
Experiment 1. There are two possible relationships be-
tween saccades and global–local shifts of attention. First,
global–local shifts could occur between stimulus pre-
sentations (i.e., during saccadic events), as was observed
in Experiment 1. Because short 7.5º saccades are not
long enough for the global–local shift to be completed
prior to the presentation of the second stimulus, RT2
must absorb some of the time to shift attention. However,
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because long 40º saccades entail enough time to com-
plete the global–local shift of attention prior to the pre-
sentation of the second stimulus, RT2 will not include
any time to shift volitional attention. Therefore, if sac-
cades and volitional shifts of attention occur in parallel,
RT2 should decrease as the RSI (determined by the du-
ration of saccadic events) increases, as in Experiment 1.

In contrast, the attentional suppression hypothesis pre-
dicts that saccades and global–local shifts of attention
will occur serially. In this case, increasing the duration of
saccadic events (i.e., RSI) will not have a decreasing in-
fluence on RT2. Rather, RT2s associated with long sac-
cades may be longer, relative to short saccades, because
the extra time added between stimulus presentations by
longer saccades does not afford extra time to complete the
global–local shift of attention—so the shift may be moved
into RT2. Thus, the attentional suppression hypothesis
predicts that RT2 should not benefit by increasing the du-
ration of saccadic events (by increasing saccade distance).

In addition to shift conditions, baseline conditions
were included in which the subjects did not have to shift
attention across levels of the stimuli (i.e., they identified
the global shape of both stimuli or the local shape of both
stimuli). These no-shift baselines enabled the effects of
saccades on response times to be observed when shifts of
attention were not required. Predictions for these condi-
tions are straightforward. Because the subjects do not
have to shift attention (which requires time), response
times should be faster than those for trials in which shifts
are necessary. In addition, increasing saccade distance
should have a lesser effect on RT2, as compared with
shift trials. This is an important result because it ensures
that RT2 patterns in the shift trials are the result of at-
tentional suppression, rather than being merely a conse-
quence of longer saccades’ causing some additional non-
specific interference, as compared with short saccades,
even in the absence of attention shifts. For example,
longer saccades may be more difficult to execute or co-
ordinate than shorter saccades, leading to some addi-
tional slowing in subsequent processing. Therefore, an
interaction between shift condition and saccade distance
(i.e., RSI) is expected.

Method
Subjects

Sixteen undergraduates at the University of Notre Dame partici-
pated after providing informed consent. The subjects were compen-
sated with partial course credit or $6 per hour. Four additional sub-
jects were excluded for failure to complete the experiment or for data
that were missing owing to the trial trimming procedure (see below).
All the subjects were naive with respect to the experimental hy-
potheses. None of the subjects had participated in Experiment 1.

Stimuli
The same stimuli as those in Experiment 1 were used.

Apparatus
The same apparatus as that in Experiment 1 was used, with the

following additions and changes. The computer recorded the output
from an Applied Science Laboratories Model 210 scleral reflectance

eyetracker, which sampled the left eye every 1 msec, using an analog-
to-digital converter. During the experiment, the subject’s head was
held steady, and a constant distance from the display (36 cm) was
maintained with an anchored bitebar made of dental impression
compound. The eyetracker was held in place by an elastic head-
band. Prior to each trial, the subject completed a calibration routine
to calibrate the eyetracker against spatial position. The accuracy of
the eyetracker under these conditions is ±0.3º. The subjects made
responses to all the stimuli by pressing one of two hand-held micro-
switches interfaced with the computer via a digital input board.

Design
Within subjects, a pair of stimuli were presented on each trial.

For each stimulus, the subjects identified the global form or local
elements by indicating square or rectangle. There were four in-
struction conditions: identify global for both stimuli, identify local
for both, identify global for first and local for second, and identify
local for first and global for second. These four types of instruc-
tions were blocked. Within each block, there were three eye move-
ment distances presented in random order. Saccade distances were
0º (stimuli were presented in same spatial location), 7.5º, or 40º of
visual angle. On two thirds of the trials in each block, no saccade
was required. On one sixth of the trials, a saccade of 7.5º was re-
quired between the presentation of the two stimuli, and on one sixth
of the trials, a 40º saccade was required. The no-saccade trials were
included in order to deter the subjects from deferring the shift of at-
tention until after the saccade (see Irwin & Brockmole, 2000). Half
of the subjects generated saccades to the right, and half of the sub-
jects generated saccades to the left. This factor was not randomly
assigned (i.e., the rightward-saccade condition was run several
months before the leftward-saccade condition). Thus, saccade di-
rection was a between-subjects factor.

The four figures were combined into all 16 possible pairs. Shift
direction was blocked (four blocks: GG, LL, GL, LG). Within each
block a condition factor of six was used (four for 0º saccade trials,
one for 7.5º saccade trials, one for 40º saccade trials); this main-
tained the 1:1:4 ratio between 40º saccade, 7.5º saccade, and no-
saccade trials. Thus, each block contained 96 trials. All the subjects
completed all four blocks, yielding a total of 384 trials per subject.

Each subject participated in three sessions conducted on differ-
ent days. The first session familiarized the subjects with the task;
no data from this session were entered into the analyses. During this
session, the subjects completed 20 trials at each saccade distance
for each instruction type. In the second and third sessions, each sub-
ject completed two blocks of trials in yoked instruction conditions.
Specifically, in one session, the subjects would receive the GG and
GL blocks, and in the other session, they would receive the LL and
LG blocks. The order of blocks within a session and the order of
sessions were counterbalanced across subjects. During the second
and third sessions, the subjects completed 96 practice trials at a sac-
cade distance of 0º and then 10 practice trials that included saccade
distances of 7.5º and 40º prior to each block of 96 experimental tri-
als. The purpose of this practice was to ensure that the subjects were
comfortable with the particular instruction condition.

Procedure
To illustrate the general procedure, Figure 3 schematically depicts

the events on saccade and no-saccade trials within the rightward-
saccade condition. For leftward saccades, the analogous procedure
was used, with the locations of the stimuli reversed. On all trials, the
subjects began a trial by completing a calibration routine, during
which a dark blue “+” sign (subtending 0.2º horizontally and 0.4º
vertically) stepped across the screen in five locations, each sepa-
rated by 12º of visual angle. Calibration direction was consistent
with saccade direction. Each of the five locations was fixated for
1,500 msec. The subject’s eye position was monitored, and the out-
put was used to calibrate the eyetracker with spatial position.
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After calibration, a fixation cross appeared 20º left of center. The
subject fixated this cross for 1,500 msec, whereupon the first stim-
ulus was presented for 300 msec. The subjects made a response to
this stimulus, using hand-held microswitches (the switch in the sub-
ject’s dominant hand always corresponded to square , and the other
to rectangle ). Then, a saccade target appeared 20º left of center
(i.e., at the same location as the first stimulus, indicating that no
saccade was necessary), 12.5º left of center (indicating that a 7.5º
saccade was necessary), or 20º right of center (indicating that a 40º
saccade was necessary). For leftward saccades, the initial stimulus
was presented 20º right of center, and saccade targets were pre-
sented in the same location, 12.5º right of center, or 20º left of cen-
ter. For saccade trials, the target was presented until the termination
of the saccade. In all cases, the onset of a saccade was defined as a
change in eye position in the same direction that exceeded
0.05 deg/msec for 3 consecutive milliseconds. The saccade was
considered completed when this criterion was no longer met. For
no-saccade trials, the target was presented for 400 msec, an a priori
estimate of saccade latency and duration in eye movement trials.
Finally, the second stimulus was presented for 300 msec at the lo-
cation of the given saccade target, and responses were collected.

The subjects were told to respond as quickly but as accurately as
possible to both stimuli.

Results and Discussion
Analyses focused on trials in which both stimuli were

incongruent. Trials were also excluded for inappropriate
eye movement or response behavior. Specifically, a trial
was considered unacceptable if (1) either response was
incorrect or if a response was not made (6%), (2) the first
response was not made within 1,500 msec (1%), (3) no
saccade was made on eye movement trials (1%), or (4) if
saccades did not land within 3.5º of the target fixation
cross (3%). A combination of the above occurred on 2%
of the trials. In sum, 9% of the trials were excluded from
the analyses by this trimming process.

The structure of the Results and Discussion section is
as follows. First, we present the no-saccade data to
demonstrate that the need to execute eye movements on

Figure 3. Schematic illustration of the procedure in Experiment 2.
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the saccade trials does not alter the characteristics and
the time course of the attention shift observed in Exper-
iment 1. Second, we demonstrate that the critical effects
are independent of saccade direction, enabling us to col-
lapse across this variable in the critical analyses. These
analyses enable us to focus on the question of interest:
whether subjects can make use of the additional time af-
forded by the longer eye movement to shift attention. To
address this question, the critical data of interest concern
the effect of saccade distance on RT2 (plotted in Fig-
ure 4). However, RT2 can be considered only in light of
the other components (saccade latency, saccade dura-
tion, and RT1). For example, saccade latency and dura-
tion determine the trial RSI ,which is crucial to inter-
preting RT2 data patterns (i.e., does RT2 decrease as RSI
increases?). Accordingly, we present the results broken
down by each of these trial components.

No-Saccade Trials
Trials that did not involve saccades were analyzed

separately from saccade trials because no-saccade and

saccade trials place discrepant task demands on the sub-
ject. Whenever we are engaged in some task (not neces-
sarily visual) and moving our eyes at the same time, a
dual-task situation arises that may produce interference
(Pashler, Carrier, & Hoffman, 1993). On no-saccade tri-
als, however, this interference is absent. Therefore, di-
rect comparisons between no-saccade and saccade trials
are inappropriate.

The no-saccade trials are valuable in and of them-
selves, however, because they constitute a partial repli-
cation of Experiment 1 (during which saccades were
never made) under conditions in which saccades were
sometimes made. That is, the no-saccade trials in Ex-
periment 2 are similar to those in Experiment 1 in that no
saccades were generated, but different in that they were
housed within a block of trials in which saccades were
sometimes required. The no-saccade trials in Experi-
ment 2 can therefore be analyzed to address whether the
general RT patterns observed in Experiment 1 were also
observed in Experiment 2, with the goal of ensuring that
the potentially different task demands in Experiment 2
did not alter the characteristics and the time course of the
attention shift observed in Experiment 1. The mean re-
sponse times to the first and second stimuli for no-saccade
trials in Experiment 2 are reported in Table 1. Recall that
the RSI associated with these no-saccade trials was al-
ways 400 msec.

The no-saccade trials of Experiment 2 replicated the
corresponding results of Experiment 1 in two important
respects. First, RT2 was faster than RT1. Collapsing
across saccade direction (no-saccade trials were inter-
mixed with saccade trials that were blocked by direction)
and shift direction, the RT1–RT2 difference was 90 msec.
In Experiment 1, this difference was 96 msec when the
RSI was 375 msec. Thus, although the entire RSI 3 RT2
function was not mapped out in Experiment 2, the con-
sistency between the experiments on this point suggests
that the more difficult Experiment 2 (more difficult be-
cause saccades were added to the design) did not alter
this function within the temporal window of interest.

Second, in both experiments, not only was RT2 slowed
when shifts of attention (GL, LG trials) were required,
relative to cases where no shifts (GG, LL trials) were re-
quired (by 168 msec in Experiment 2 and by 243 msec

Figure 4. Response time to second stimulus (RT2) patterns in
Experiment 2, where saccades intervened between stimulus pre-
sentations. When shifts of attention were required, RT2 increased
as saccade distance (and thus the interval between response and
stimulus [RSI]) increased. This effect interacted with the much
smaller growth when no shifts of attention were necessary. This
indicates that shifts of attention were suppressed during the sac-
cadic events within the RSI period over and above any general in-
terference caused by saccades.

Table 1
No-Saccade Trial Results, Experiment 2: Mean Response Times to

Stimulus 1 (RT1) and Stimulus 2 (RT2, in Milliseconds) by Saccade Direction
Condition (No-Saccade and Saccade Trials Were Intermixed) 

and Shift Condition

Within Rightward-Saccade Blocks Within Leftward-Saccade Blocks

Component GG LL GL LG GG LL GL LG

RT1 480 480 682 643 422 468 600 596
RT2 408 413 600 518 375 394 538 506

Note—RSI was 400 msec. GG, global–global; LL, local–local; GL, global–local; LG,
local–global.
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in Experiment 1 when RSI = 375 msec), but so too was
RT1 (by 143 msec in Experiment 2 and by 320 msec in
Experiment 1 when RSI = 375 msec). At first glance, it
may seem surprising that RT1 is also slowed when shifts
are required, but there may be two factors that contribute
to this RT1 elevation. First, shifting attention may not be
entirely restricted to the RSI but may begin before the
first stimulus is completely processed. Second, on no-
shift (GG, LL) trials, subjects make the same judgment
throughout the experiment, but on shift (GL, LG) trials,
subjects have to remember to keep shifting between the
levels of the hierarchical stimulus throughout the exper-
iment. This additional memory load and alternation of
task set may well slow response times. Note that this slow-
ing is not relevant to the question of whether attention is
suppressed during saccades, since it occurs before the re-
sponse to the first stimulus and it occurs even when the
eyes are still.

Rightward Versus Leftward Saccades
A between-subjects analysis was performed to deter-

mine whether any reliable differences existed between
rightward and leftward saccades among the variables of in-
terest. Mean RT1s, saccade latency, saccade duration, and
mean RT2s are summarized in Table 2, broken down by
saccade direction, saccade distance, and shift condition.

Only a reliable main effect of saccade latency was ob-
served [F(1,14) = 5.06, MSe = 18,933], with rightward
saccades having longer latencies. This effect did interact
with saccade distance [F(1,14) = 8.15, MSe = 5,374], but
not with instruction condition [F(3,42) < 1]. Specifi-
cally, latencies for saccades generated to the right were
longer than latencies for saccades generated to the left.
For short saccades, mean latency difference was 18 msec
(M = 216 and 198 msec for rightward and leftward sac-
cades, respectively); for long saccades, the mean latency
difference was 92 msec (M = 341 and 249 msec for right-
ward and leftward saccades, respectively). Accordingly,
mean RSI differed for rightward and leftward saccades
(rightward, 258 msec for short and 450 msec for long

saccades, respectively; leftward, 239 msec for short and
355 msec for long saccades, respectively). However,
based upon the results of Experiment 1, in both cases the
difference between RSIs associated with short and long
saccades was sufficient to produce reliable differences
in RT2 [in Experiment 1, RSIs of 225 and 450 msec re-
liably differed, t(33) = 2.3, p = .03, as did RSIs of 225
and 375 msec, t(33) = 2.7, p = .01]. Because of this, the
same qualitative pattern in RT2 would be observed in
both leftward and rightward saccades if attention is or is
not suppressed, despite the differences in saccade la-
tency.3 Furthermore, because no reliable differences
were observed in the RT1 [F(1,14) < 1], saccade duration
[F(1,14) = 1.36], or RTs [F(1,14) = 1.6], the remaining
analyses collapse across saccade direction (see Table 3).

Analysis of Trial Components
Each trial can be broken down into four temporally

distinct components: RT1, saccade latency, saccade du-
ration, and RT2. However, each of these components can
influence subsequent components. Thus, effects ob-
served within each trial component are discussed sepa-
rately. Each component was analyzed using a 4 (shift
condition) 3 2 (saccade distance) repeated measures
ANOVA.

Response Time to Stimulus 1
A main effect of shift condition was found [F(3,45) =

16.8, MSe = 15,909]. No main effect of saccade distance
was found, however [F(1,15) < 1], and there was no
interaction [F(3,45) < 1]. Planned comparisons showed
trials requiring a global–local attention shift (GL and
LG) were reliably slower (M = 632) than trials that did
not require this shift [GG, LL; M = 477 msec; F(1,15) =
35.1, MSe = 175,017], yielding a difference of 155 msec.
This difference is very similar to that observed on no-
saccade trials, discussed earlier. Within each shift type,
a marginal difference in RT1 between global no-shift tri-
als (M = 454 msec) and local no-shift trials [M =
500 msec; F(1,15) = 3.77, MSe = 35,608, p = .07] was

Table 2
Saccade Trial Results, Experiment 2: Mean Response Time to 

Stimulus 1 (RT1), Saccade Latency, Saccade Duration, and Response Time to
Stimulus 2 (RT2; in Milliseconds) by Saccade Direction, Saccade Distance,

and Shift Condition

7.5º 40º

Component GG LL GL LG GG LL GL LG

Rightward Saccades
RT1 507 491 629 659 470 508 635 689
Saccade Latency 218 208 217 222 306 328 376 354
Saccade Duration 43 40 43 42 108 108 111 110
RT2 480 463 635 529 486 493 664 637

Leftward Saccades
RT1 430 504 630 587 408 495 644 581
Saccade Latency 184 199 200 210 237 258 244 258
Saccade Duration 42 40 40 39 103 105 108 107
RT2 390 424 536 523 430 444 595 609

Note—GG, global–global; LL, local–local; GL, global–local; LG, local–global.
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observed, which is consistent with global precedence.
However, GL shifts (M = 634 msec) did not reliably dif-
fer from LG shifts [M = 629 msec; F(1,7) < 1]. In sum-
mary, RT1 was primarily influenced by the need to shift
attention across stimulus levels, but some evidence was
obtained for a global precedence effect when no shifts
were required.

Response to Stimulus Interval
The RSI is the sum of saccade latency and saccade du-

ration; each is considered individually below. On aver-
age, 7.5º saccades produced an RSI of 248 msec, and 40º
saccades produced an RSI of 403 msec. In general, then,
40º saccades provided an additional 155 msec between
stimulus presentations than did 7.5º saccades. RSIs as-
sociated with the shorter saccades were less than the Ex-
periment 1 estimate of 390 msec to complete the global–
local shift, whereas RSIs associated with longer sac-
cades exceeded it. Thus, the RSIs produced by short ver-
sus long saccades should be appropriate for revealing
whether shifts of attention across the levels of a hierar-
chical stimulus can take place during saccades.

Saccade latency. No main effect of shift condition
was found [F(3,45) = 1.8; M = 236, 248, 259, and
261 msec for GG, LL, GL, and LG trials, respectively].
However, a main effect of saccade distance was found
[F(1,15) = 31.0, MSe = 2,276], where mean saccade la-
tency prior to 7.5º saccades (207 msec) was shorter than
that for 40º saccades (295 msec). The mean difference
was 88 msec. The saccade distance effect did not inter-
act with shift condition [F(3,45) < 1].

Saccade duration. No main effect of shift condition
was found [F(3,45) < 1], indicating that saccade duration
did not vary by shift condition (M = 74, 73, 75, and
75 msec for GG, LL, GL, and LG trials, respectively).
As was expected, a main effect of saccade distance was
found [F(1,15) = 943.5, MSe = 149], where 7.5º saccades
(41 msec) took less time to complete than 40º saccades
(108 msec). The mean difference was 67 msec. The sac-
cade distance effect did not interact with shift condition
[F(3,45) = 1.4].

Response Time to Stimulus 2
The effect of shifting attention between stimulus

levels. A main effect of shift condition was found
[F(3,45) = 39.3, MSe = 5,485]. Trials requiring a global–

local attention shift (GL and LG) were reliably slower
(M = 591 msec) than trials that did not require this shift
[GG, LL; M = 451 msec; F(1,15) = 97.9, MSe = 51,236].
Global no-shift trials (M = 446 msec) did not reliably dif-
fer from local no-shift trials [M = 456 msec; F(1,15) <
1]; however, there was a marginal difference between GL
shifts (M = 608 msec) and LG shifts [M = 575 msec;
F(1,15) = 2.92, MSe = 23,923, p = .11]. This potential
difference would be consistent with a global precedence
effect. In summary, RT2 for no-shift trials was faster
than that for shift trials by a mean of 140 msec.

The effect of saccades. The primary concern of Ex-
periment 2 is the effect of saccade distance (i.e., RSI) on
RT2. Figure 4 illustrates the RT2 data with respect to the
RSIs generated by short and long saccades. A reliable
main effect of saccade distance was found [F(1,15) =
34.8, MSe = 2,042]. In general, mean RT2 for 40º sac-
cades (M = 545 msec) were 47 msec longer than that for
7.5º saccades (M = 498 msec). Note that this pattern is
directly opposite to the one that would occur if global–
local shifts of attention could be executed in parallel with
saccades. There was a reliable interaction between shift
condition and saccade distance [F(3,45) = 2.96, MSe =
3,174]. Specifically, when no shifts were required, RT2
for 40º saccades was 24 msec longer than that for 7.5º
saccades. This growth in RT2 was reliably greater than
zero, based on a 95% confidence interval (7–41 msec).
This effect is important for two reasons. First, it demon-
strates sufficient power to detect a 24-msec effect. Sec-
ond, it indicates that longer saccades may have generated
more interference than did shorter saccades. Most im-
portant, however, for shift trials, RT2 for 40º saccades
was nearly three times as large (70 msec) as RT2 for 7.5º
saccades. Thus, there was an additional and significant
cost in RT2 on shift trials over and above any cost asso-
ciated with executing a longer saccade. This indicates
that the extra time provided by the long saccades was not
used to shift global–local attention.

The results of Experiment 2 are consistent with the
predictions of the attentional suppression hypothesis.
Short 7.5º saccades generated an RSI well below the
time necessary to complete bidirectional global–local
shifts of attention, whereas RSIs associated with long
40º saccades exceeded this time frame. However, RT2
did not decrease as saccade distance (and thus RSI) in-
creased, as would be expected if global–local shifts of

Table 3
Saccade Trial Results, Experiment 2, Collapsing Across Saccade Direction

7.5º 40º

Component GG LL GL LG GG LL GL LG

RT1 469 498 629 623 439 502 639 635
Saccade Latency 201 204 209 216 271 293 310 306
Saccade Duration 42 40 41 41 106 107 109 108
RT2 435 444 586 526 458 468 630 623

Note—GG, global–global; LL, local–local; GL, global–local; LG, local–global; RT1,
response time to Stimulus 1; RT2, response time to Stimulus 2. Results are given in
milliseconds.
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attention occurred during saccadic events. This demon-
strates that the additional time offered by the 40º sac-
cades was not used to execute the global–local shift of at-
tention. In fact, RT2 increased, indicating that the shift
of attention was, at least in part, delayed until after the
completion of the saccade. Saccades and global–local
shifts of attention do not occur in parallel.4

GENERAL DISCUSSION

Recent research suggests that saccades suppress some,
but not all, cognitive processes. The purpose of the pres-
ent experiments was to address an attentional suppres-
sion hypothesis in order to account for these findings.
This hypothesis states that when attention is engaged by
saccadic planning and execution, it is unable to direct 
attention-demanding higher order cognitive processes.
Using a global–local judgment task, the effect of sac-
cades on attention was examined. When attention is
shifted from global to local or from local to global lev-
els of hierarchical figures, the allocation of attention
must be switched across dimensions. This shift did not
take place during saccadic planning and execution, a re-
sult supportive of the attentional suppression hypothesis.

The hypothesis that saccades interfere with the allo-
cation of attention to higher order cognitive processes
accounts for the fact that cognitive functions inhibited
by saccades, in addition to global–local shifts of atten-
tion, are slow and effortful (e.g., enumeration, Matin
et al., 1993; mental rotation, Irwin & Brockmole, 2000,
and Irwin & Carlson-Radvansky, 1996; “filling in” of
degraded stimuli, Sanders & Houtmans, 1985, and Sanders
& Rath, 1991), whereas automatic processes seem to carry
on normally during saccades (lexical processing, Irwin,
1998; priming, Irwin et al., 1995). However, it is difficult
to conceive of each of these suppressed tasks as involv-
ing attention in the same way. So, what is meant by at-
tention, and what mechanisms underlie saccadic inhibi-
tion of attended processes? We address these in order.

First, what is meant by attention? In the present con-
text, Robertson and her colleagues (e.g., Robertson,
1996; Robertson, Egly, et al., 1993; Robertson & Lamb,
1991) have extensively studied the nature of attention in
the global–local paradigm. Their research suggests that
two types of attention shifts occur in this task. The first
is categorical, and the second is regional. In order to
identify a stimulus, attention must be categorically as-
signed to either its global or its local level. When the di-
mension of interest changes, attention must be shifted to
the opponent level. This allocation of attention is inde-
pendent of the region of space the figure occupies and is
determined by the properties of the attended stimulus
(Robertson, Egly, et al., 1993). Robertson, Egly, et al. have
proposed that categorical shifts of attention may be ac-
complished by focusing attention on different spatial fre-
quency channels, for example. In some ways, categorical
attention seems similar to the notion of object-based at-

tention (e.g., Duncan, 1984). Regional attention, on the
other hand, is much like a spotlight that expands and con-
tracts to encompass the space around an object. Switch-
ing interest from small to large objects (or to parts within
an object) requires an adjustment of this window. The re-
search reported in the present paper did not attempt to
disentangle these two forms of attention. More direct
empirical investigations of what forms of attention are
suppressed during saccades constitute an important av-
enue for future research. For example, Robertson, Egly,
et al. dissociated these forms of attention by providing
global or local cues prior to the target, manipulating the
stimulus onset asynchrony between cue and target, and
biasing global or local responding within blocks. A
transsaccadic version of this paradigm may be able to as-
sess whether categorical, regional, or both categorical
and regional attention is suppressed across saccades.

Second, what mechanisms underlie saccadic inhibition
of attended processes? Irwin and his colleagues (Irwin,
1998; Irwin & Brockmole, 2000; Irwin & Carlson-
Radvansky, 1996; Irwin et al., 1995) have suggested that
it may be useful to view the problem of cognitive suppres-
sion as one of dual-task interference. Although saccades
seem effortless, they require attention to program and ex-
ecute, and as such, whenever we are moving our eyes, we
are in a dual-task situation. Viewed from this perspective,
an account must be given as to why some dual-task situa-
tions produce suppression, whereas others do not. The at-
tentional suppression hypothesis provides such an account.

When a saccade is planned, attention is directed to the
to-be-fixated location. This allocation of attention to
saccade targets is obligatory and involuntary. If we view
attention as a limited-capacity resource (Kahneman,
1973), this generates a type of dual-task interference that
results in less available attention to direct other pro-
cesses. Because of the importance of saccades in view-
ing the world, attention related to the guidance of eye
movements is given priority over uses of attention re-
lated to other kinds of cognitive processes. Thus, cogni-
tive suppression occurs only in situations in which we at-
tempt to engage in attention-demanding processes
concurrently with saccades, whereas tasks that do not re-
quire attention carry on during saccades.

Although an attention-based account of cognitive sup-
pression provides an explanation of the current litera-
ture, another hypothesis concerning the source of the
phenomenon that suggests attention is not the common
link among suppressed processes is possible. For exam-
ple, it may be the functional characteristics of the brain
that underlie cognitive suppression. In this view, dual-
task interference, or suppression, results when two be-
haviors rely on similar or related brain structures (see,
e.g., Kinsbourne, 1980). Thus, cognitive suppression
arises when eye movements and a particular cognitive
process share neural substrates. Indeed, there is evidence
that mental rotation (e.g., Farah, 1988; Finke, 1980) and
attention associated with global–local tasks (Rafal &
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Robertson, 1985; Robertson, Egly, et al., 1993) rely on
similar brain structures as those that generate saccades.
Evidence supporting a pure neurological dual-task hy-
pothesis is far from complete, however, since the rela-
tionship between brain areas controlling saccades and
those involved in memory search and enumeration (other
suppressed tasks) is much less clear.

Another difficulty with the neurological dual-task hy-
pothesis is raised by the data presented in this report.
Global–local discriminations exhibit hemispheric asym-
metries in that local judgments are processed in the left
hemisphere and global judgments are processed in the
right hemisphere (Delis, Robertson, & Efron, 1986; Lamb,
Robertson, & Knight, 1990; Martin, 1979; Robertson,
Lamb, & Zaidel, 1993; Van Kleek, 1989). Given this dif-
ference, one could expect different forms of suppression
to have emerged, depending on the direction of the sac-
cade. For example, if switching to a local process en-
cumbers the left hemisphere, the suppression might be
observed for GL shifts when the eyes move to the right,
but not when they move to the left (saccade direction is
controlled by the contralateral hemisphere). Similarly, if
the right hemisphere is encumbered by switching to global
processing, LG shifts should be suppressed during left-
ward saccades, but not during rightward saccades. No
such interactions were observed in the data, however,
suggesting that hemispheric asymmetries may not un-
derlie the suppression of global–local shifts of attention
solely.

The attentional suppression hypothesis and a neuro-
logically based dual-task hypothesis may not necessarily
be mutually exclusive, however. Rather, they may be
viewed as different levels of explanation. Brain regions
responsible for a particular form of attention are likely
involved in many manifestations of attention used in var-
ious cognitive tasks. Thus, it is possible that task demands
at the neural level cause the suppression of attention dur-
ing saccades. That is, dual-task interference may reflect
the mechanism that produces cognitive suppression,
which results in the behaviorally observed inhibition of
higher order cognitive functions. In order to address these
issues, further research on cognitive suppression must
aim at falsifying either the attentional suppression hy-
pothesis, by f inding attended tasks that are not sup-
pressed during saccades, or a neurologically based dual-
task hypothesis, by finding suppression of an attentional
task that clearly does not rely on brain structures that
control saccades.
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NOTES

1. To avoid confusion on this point, we characterize the use of atten-
tion by voluntary saccades as involuntary, because attention moves to
saccade targets even if subjects try to attend to a different region of a vi-
sual display away from the saccade target (e.g., Deubel & Schneider,
1996; Hoffman & Subramaniam, 1995; Irwin & Gordon, 1998). Even
though executing a saccade is a voluntary act, the way attention is en-
gaged by the saccade is not under volitional control.

2. Ward’s (1982) figures were different from those illustrated in Fig-
ure 1 and described by this text. They were, however, hierarchical in the
same sense.

3. It is interesting that saccade latencies differed with respect to sac-
cade direction. Differences in the physical/motor characteristics of
rightward and leftward saccades, such as velocity, were not observed.
Saccade latency, however, is also affected by the salience or discrim-
inability of the saccade target. Although the same apparatus was used
for rightward-saccade subjects and leftward-saccade subjects, the room
in which the two groups were tested was different. Subtle changes in the
environmental lighting may have changed the luminance of the display
slightly, so that the target was more difficult to perceive for the subjects
in the rightward-saccade condition.

4. The results of Experiment 2 could arise if the simple change in
spatial location of the stimuli, independent of saccades, interferes with
the global–local attention shift. However, Robertson (1996) demon-
strated no effect of changing stimulus location on this task when the
eyes remain at constant f ixation.
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APPENDIX

There is a disadvantage to using ANOVA models to estimate
the point at which the RT2 curve reaches an asymptote, in that the
estimates are restricted to RSI values that were chosen a priori.
The true estimate for the time required to complete global–local
shifts of attention, however, is likely to fall between the selected
RSI values. One way to address this limitation is to use linear
spline regression analyses.

Spline regression fits continuous piecewise functions to data.
Rather than observing a single linear trend throughout the entire
data space, this procedure allows many linear trends to be ob-
served by dividing the data space into segments. Segment bound-
aries are defined by the joints of the piecewise function. To find
appropriate segment boundaries, the x values of the joints are
systematically chosen. For each selection, a set of linear functions
that minimizes the error in prediction across the whole of the data
space is calculated. The best-fitting piecewise function yields
the smallest error term. In order to assess specific hypotheses
with spline regression, various functions within the piecewise
set can also be defined a priori. For example, between certain
joints, the function can be defined to be a horizontal line.

This procedure was used to estimate the point at which the
RT2 curve reached asymptote. Because we used spline regres-
sion to fit linear functions to curvilinear data, RT2 scores were

first logarithmically transformed, since this procedure tends to
linearize nonlinear data patterns. Two-part piecewise functions
with the following form were fit to the data:

ìmx + b if x < x¢
f (x) = í (A1)

î c if x ³ x¢,

where x¢ defines the joint of the piecewise function and c is a
constant defined by the value of f (x¢ ):

c = mx¢ + b. (A2)

Phrased in terms of the experimental design, x¢ is the point at
which RT2 no longer differs by RSI. When RSI is less than x¢,
the spline regression procedure calculates the best-fitting re-
gression line for the RT2 data; however, for RSIs greater than
x¢, the RT2 data trend is considered to be a horizontal line. In 5-
msec intervals, all values of x¢ were selected from between 300
and 450 msec. The overall piecewise function that minimized
the mean-square error in prediction was accepted, and the value
of x¢ for that function was interpreted as the estimated time re-
quired to shift global–local attention. Spline regression analy-
ses determined that the estimated time to shift global–local at-
tention was 390 msec.


