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In the present study, the authors examined age-related differences in saccade curvature as older and
younger adults looked to an X target that appeared concurrently with an O distractor. They used a fixation
gap procedure to introduce variance into the saccadic latencies of both groups. Consistent with earlier
findings, younger adults’ early onset saccades curved toward the distractor (as the distractor competed
with the target for response selection), while late-onset saccades curved away from the distractor (as the
distractor location became inhibited over time). In contrast, older adults’ saccades gradually decreased in
curvature toward the distractor, but at no point along the latency continuum did they show deviations
away. These results suggest that while the local inhibitory mechanisms responsible for decreases in
curvature toward distractors may be preserved with age, aging may lead to a selective decline in the
frontal inhibitory mechanisms responsible for deviations away from distractors.
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Objects in the environment rarely occur in isolation and as such
successfully gazing to a stimulus of interest necessarily requires
one to avoid looking at other distracting stimuli in the visual scene.
Saccades, the rapid ballistic eye movements that are used to
reorient gaze, are often influenced by distractors, and several
studies have shown that saccadic trajectories tend to curve toward
distractors before the eyes reach their target destination (e.g.,
Godijn & Theeuwes, 2002; McPeek & Keller, 2001; Walker,
McSorley, & Haggard, 2006). There is also evidence, however, of
circumstances under which saccadic trajectories curve away from
distractors (for a review, see Van der Stigchel, Meeter, & Theeu-
wes, 2006). For instance, Doyle and Walker (2001) showed that an
irrelevant distractor presented to the left or right of fixation could
cause both voluntary and reflexive saccades to veer in the opposite
direction from the distractor’s location.
Whether saccades deviate toward or away from distractors de-

pends on an interplay between top-down and bottom-up processes
within the neural oculomotor map thought to reside in the superior
colliculus. Trajectory deviations toward distractors are thought to

result from an averaging process within that map, through which
the disparate peaks of neural activity that correspond to individual
saccade goals are combined to form a single vector directed toward
an intermediate location (McPeek & Keller, 2001; Tipper,
Howard, & Paul, 2001). If circumstances allow, top-down inhibi-
tion can be applied to the nontarget regions of the map in an effort
to reduce the influence of distractor-related activity on the gener-
ated saccade. In some cases, inhibition may reduce activity at
distractor locations to below baseline levels, leading the saccade to
curve away from the distractor location (Godijn & Theeuwes,
2002). This top-down inhibitory process, likely projected from the
frontal eye fields onto the superior colliculus (Godijn & Theeuwes,
2002; Guitton, Buchtel, & Douglas, 1982; Schlag-Rey, Schlag, &
Dassonville, 1992), takes time to exert its effects on saccade
programming. Hence, there is a clear time course to saccadic
trajectory deviations that can be observed by comparing the cur-
vature for saccades of varying latencies. When little time has
passed between the appearance of a distractor and the initiation of
a saccade, the saccade will curve toward the distractor. As inhibi-
tion is applied over time, however, longer latency saccades will
show decreasing curvature toward the distractor and eventually
begin to curve away (McSorley, Haggard, & Walker, 2006;
Walker et al., 2006).
If saccade trajectory deviations away from distractors largely

depend on frontally mediated inhibitory mechanisms, then one
population that may be expected to not show this effect is older
adults. A wide body of work suggests that older adults are less able
than younger adults to inhibit unwanted distraction (for a review,
see Lustig, Hasher, & Zacks, 2007). This inhibitory deficit appears
to be remarkably pervasive, as not only has it been observed on
tasks relating to higher order functions such as memory (e.g.,
Zacks, Radvansky, & Hasher, 1996), attention (e.g., Gazzaley,
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Cooney, Rissman, & D’Esposito, 2005), reading (e.g., Connelly,
Hasher, & Zacks, 1991), and problem solving (e.g., May, 1999)
but also on more low-level tests of motor control, such as the stop
signal task (May & Hasher, 1998), antisaccade task (Munoz,
Broughton, Goldring, & Armstrong, 1998), and studies of atten-
tional capture in visual search (e.g., Kramer, Hahn, Irwin, &
Theeuwes, 1999). Of particular relevance to the discussion of
trajectory deviations is older adults’ reduced ability to restrain
prepotent responses when those responses are deemed incorrect
(Hasher, Zacks, & May, 1999). Thus, older adults may be less able
than younger adults to inhibit distractor locations when producing
a saccade to a target and therefore they may not show saccadic
deviations away from those distractors.
In the present study, we aimed to determine whether saccade

trajectory deviations differ between older and younger adults.
More specifically, we asked whether the two groups differ in terms
of the time course of their trajectory deviations. In order to address
this question, we adapted the paradigm used by McSorley et al.
(2006). Older and younger participants fixated a central fixation
dot and then moved their eyes to an X target that appeared
simultaneously with an O distractor. Participants were aware that
targets would always be located on the vertical or horizontal axes
and distractors would always be located to the left or right of
targets on the diagonal axes (see Figure 1). In order to observe
trajectory deviations over an extended time course, we experimen-
tally manipulated saccade latency using a fixation gap procedure
(e.g., Ross & Ross, 1980; Saslow, 1967). Namely, the fixation dot
was removed from the display at varying stimulus offset asynchro-
nies (SOAs) relative to target onset (–200, –100, –50, 0, 50, 100,

and 200 ms). Removing the fixation dot 200 ms before the target
and distractor appear (–200 ms SOA) should produce a robust gap
effect (very short saccade reaction times, or SRTs). As the SOA
increases, the gap effect should be gradually reduced, and SRTs
should gradually increase. Importantly, older adults exhibit a com-
parable gap effect to that of younger adults (Pratt, Abrams, &
Chasteen, 1997) and, thus, the SOA manipulation was expected to
have a similar effect on the latencies of both groups.
We expected to replicate the findings of McSorley et al. (2006)

with our younger group. That is, younger adults were expected to
demonstrate a linear relationship between saccade latency and
trajectory deviations, with faster saccades deviating toward the
distractor and slower saccades deviating away. If older adults
simply require more time to inhibit distractor locations, then we
would expect them to demonstrate a different time course to that of
younger adults, with deviations away from distractors only occur-
ring at the longest saccade latencies. If, however, older adults are
incapable of inhibiting distractors before moving their eyes, then
we would expect them to show few deviations away from distrac-
tors and instead produce deviations toward distractors across the
entire range of saccade latencies.

Method

Participants

Participants were 8 younger adults (aged 17–25; M � 20.13,
SD � 2.59) and 8 older adults (age 60–74; M � 68.50, SD �
6.07). Younger adults were undergraduate students at the Univer-
sity of Toronto and received partial course credit for their partic-
ipation. Older adults were recruited from the community and
received $12/hr for their participation. Two younger adults and 1
older adult were replaced because their eyes could not be tracked
reliably (yielding a total 8 adults for each group). All participants
reported having normal or corrected-to-normal vision.
Younger adults had an average of 14.25 (SD � 1.67) years of

education and a mean score of 28.75 (SD � 5.20) on the Shipley
Vocabulary Test (Shipley, 1946). Older adults did not differ from
younger adults in years of education (M � 15.50, SD � 5.01);
however, and as is common in the literature, they did score
higher on the vocabulary test (M � 35.63, SD � 2.13), t(14) �
3.46, p � .01.

Apparatus

We recorded eye movements by monitoring pupil position and
corneal reflectance using a camera-based eye tracker (SR Research
Eyelink 1000, Mississauga, Ontario, Canada) with a temporal
resolution of 1,000 Hz and a root-mean-square spatial resolution of
0.01° of visual angle. We established gaze position using a 9-point
calibration and validation. The beginning and end of saccadic eye
movements were determined using a 30°/s threshold with the
additional criteria that the eye exceeded an acceleration of 8,000°/
s/s during the movement. Experimental displays were presented on
a 19-in. (48.26-cm) flat cathode ray tube at a refresh rate of 85 Hz
and a resolution of 1,024 � 768 pixels. A chin rest was used to fix
participants’ heads 80 cm from the monitor.

Procedure

Older participants were tested in the morning (9–11a.m.) and
younger participants were tested in the afternoon (12–5 p.m.).

Figure 1. A: Depiction of the potential target (Xs) and distractor (Os)
locations. B: A typical trial sequence. Participants fixated the central circle
until a target appeared, at which point they were required to move their
eyes to the target using a single saccade. The target always appeared
concomitantly with a distractor in one of the two target-adjacent locations.
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Previous work has shown that inhibitory control follows a circa-
dian pattern, with older adults experiencing peak control in the
morning and younger adults experiencing peak control in the
afternoon (Hasher et al., 1999). Thus, in order to maximize older
adults’ ability to inhibit distractors on the eye movement task, we
tested participants at their respective age group’s optimal time of
day.
Each experimental session began with eye-tracker setup during

which a calibration and validation were performed repeatedly until
a minimum average accuracy of 0.5° was attained. Participants
then completed one block of eight practice trials, followed by eight
blocks of 41 experimental trials. Between blocks, the experimenter
could elect to recalibrate the eye tracker.
Every trial began with a fixation stimulus (a white ring with an

outer diameter of 0.35° and an inner diameter of 0.16°) that was
presented in the center of the display on a light gray background
(see Figure 1 for a typical trial sequence). Once participants moved
their gaze to within 1.5° of the fixation stimulus (all reported
distances are from the center of a stimulus), they were required to
maintain fixation within this region for a randomly determined
duration between 800 and 1,300 ms, after which both the target
and distractor stimuli appeared simultaneously. The target was a
white cross and always appeared 8.0° above, below, to the left of,
or to the right of the fixation stimulus. The distractor was a white
circle that could appear in the four locations that were 8° from the
fixation stimulus and equidistant from adjacent target locations.
The distractor was always presented in one of the two locations
directly adjacent to the target. Both the target and the distractor
subtended 1.0° horizontally and vertically and were drawn with
line widths of 0.1°.
Once the target was present, participants were required to move

their gaze to within 3° of the target stimulus using a single saccade.
If participants failed to maintain fixation before the target was
presented, a 200-Hz error tone sounded for 100 ms, the display
items were extinguished for 750 ms, and then the trial recom-
menced. If fixation failed three times consecutively, the experi-
menter could choose to recalibrate the eye tracker. After the target
was presented, if participants failed to initiate a saccade within
1,000 ms or failed to move their eyes to the target location first, the
error tone sounded and the trial was counted as an error. At the end
of a trial, the display items remained on the display for 250 ms and
were then extinguished for an intertrial interval of 600 ms. In order
to produce a range of SRTs, the fixation stimulus was offset during
each trial at different times relative to the onset of the target. The
SOA between the onset of the target and the offset of the fixation
stimulus on each trial was randomly determined to have one of
seven possible values: –200, –100, –50, 0, 50, 100, and 200 ms.
Therefore, this experiment had one within-subject factor (SOA)
that had seven levels and one between-subjects factor (age) that
had two levels.

Measures

We used two dependent measures to evaluate age-related
changes in the time course of saccadic trajectory deviations: SRT
and saccadic curvature. SRT was calculated as the latency between
the onset of the target stimulus and the onset of the target directed
saccade. Saccadic curvature was calculated using the quadratic
method outlined by Ludwig and Gilchrist (2002). Namely, the

trajectory of each saccade was scaled and translated to travel a
common absolute distance, and the best fitting quadratic polyno-
mial to the trajectory was determined. The coefficient of the
quadratic term of the resulting polynomial provides the measure of
the amplitude of curvature, which is reported in hundredths of a
degree of visual angle. To reveal the time course of inhibition, we
collapsed each participant’s responses across the SOA conditions
and then vincentized them into five SRT bins (Vincent, 1912).
Each bin contained one quintile of a participant’s SRTs, and the
mean curvature for the responses in each bin was calculated.
Changes in mean curvature across bins were used to infer changes
in saccadic curvature over time (McSorley et al., 2006). The
number of bins was chosen to balance variability in the mean
curvature for each bin against accuracy in the depiction of the
curvature time course.

Results

Error trials of younger (M � 8.61%, SD � 8.16) and older (M �
16.65%, SD � 5.52) participants were excluded from the reported
analyses. As well, we recursively trimmed trials from each partic-
ipant’s data set using a three standard deviation cutoff, first based
on SRT and then curvature, for both younger (6.44%) and older
(7.01%) participants. Before investigating whether there are age-
related changes in trajectory deviations, we first evaluated the
effect of the SOA manipulation using a 2 (age) � 7 (SOA) mixed
analysis of variance on SRT. As can be seen in Figure 2, although
older adults generally responded more slowly than younger adults,
both groups showed an SOA effect, and the magnitude of the effect
did not change with age. These three observations were confirmed
by significant main effects of age, F(1, 14) � 5.19, MSE �
48,899.73, �2 � .270, p � .039, and SOA, F(6, 84) � 71.03,
MSE � 7,752.14, �2 � .835, p � .001, but a nonsignificant
two-way interaction, F(6, 84) � 1.36, MSE � 148.46, �2 � .089,
p � .240, respectively. As such, the gap effect was comparable
between younger and older adults, allowing us to collapse across

Figure 2. Saccadic reaction time by stimulus offset asynchrony (SOA)
condition. Error bars are 1 SE of saccade reaction time for each SOA
condition.
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SOA and evaluate the time course of trajectory deviations by
observing the measure of curvature vincentized by SRT.
The time course for older and younger adults is presented in

Figure 3. As can be seen, there is little difference in saccadic
curvature between older and younger adults at short latencies (i.e.,
�200 ms), with the trajectories of both age groups curving toward
the distractor. In contrast, there are marked differences in curva-
ture between older and younger adults at longer latencies. While
the trajectories of younger adults’ saccades change quickly from
being curved toward the distractor to being curved away, this
change never fully occurred in older adults, even at the longest
latencies. To evaluate the significance of this difference, we per-
formed a linear regression of curvature onto SRT for each partic-
ipant using the vincentized means, and we compared the mean
slope of these lines between age groups. In accordance with
Figure 3, the mean slope (in hundredths of a degree per ms) was
significantly steeper for younger adults (M � –0.12, SD � 0.09)
than older adults (M � –0.03, SD � 0.05), as revealed using an
independent samples t test, t(14)� 2.50, d � 1.10, p � .025. Even
at the longest SRT bin, the curvature of older adults’ saccades did
not differ from zero (i.e., a straight trajectory), t(7) � 0.98, d �
.35, p � .361, whereas younger adults’ saccades for this time bin
showed significant deviations away from the distractor, t(7) �
2.58, d � .91, p � .037. Thus, on the average, older adults failed
to show trajectory deviations away from distractors, even when
they took longer than 350 ms to move their eyes.

Discussion

In the present study, we asked whether the nature of saccadic
trajectory deviations differ between older and younger adults. We
experimentally manipulated SRT using a fixation gap procedure
(e.g., Ross & Ross, 1980; Saslow, 1967), and this manipulation
successfully introduced similar amounts of variance into the SRTs
of both older and younger adults. Despite an overlapping range of

saccadic latency, the two groups clearly differed in terms of the
time course of their trajectory deviations. While both groups’
saccades deviated toward distractors at shorter latencies, there
were notable differences in curvature between older and younger
adults at longer latencies. Replicating the findings of McSorley et
al. (2006), we found that young adults quickly transitioned from
deviating toward distractors to deviating away. Older adults, how-
ever, demonstrated a shallower relationship between SRT and
saccade curvature: As they took longer to move their eyes, their
saccadic trajectories gradually became less curved, but at no point
along the SRT continuum did older adults’ saccades significantly
deviate away from the distractor. Thus, the current findings not
only suggest a difference in the time course of saccade curvature
between older and younger adults, but they also point to the
stronger conclusion that older adults do not show this inhibitory
eye movement effect, at least within the typical range of SRTs
found in this study.1

Although the older group did not show deviations away from the
distractor, both groups showed an initial decline in deviations
toward it with increasing saccade latency, albeit at markedly
different rates. This initial decline in curvature toward the distrac-
tor is thought to result from lateral inhibition within the oculomo-
tor map, which gradually leads to the suppression of distractor-
related activity in favor of the target location (McSorley et al.,
2006; Port & Wurtz, 2003). Our results suggest that this local
inhibitory mechanism is preserved in older adults, although it may
decline in efficiency with age, as evidenced by the slower time
course of this effect in the older group. In contrast, deviations
away from distractors are thought to result from below-baseline
levels of activity at distractor locations and most likely require
top-down inhibition from a source external to the motor map itself,
possibly the frontal eye fields (Godijn & Theeuwes, 2002; Guitton
et al., 1982; Schlag-Rey et al., 1992). This top-down inhibitory
process takes time to exert its effects and, thus, is only evident at
longer saccade latencies in the younger group. The lack of devi-
ations away from distractors in the older group suggests that it is
this cortically generated inhibitory mechanism that suffers most
with age. Thus, local competitive inhibition between superior
colliculus neurons may be relatively preserved with age, while
cortically generated inhibition, via connections projected from the
frontal lobes, may decline (Colcombe, Kramer, Erickson, & Scalf,
2005; Head et al., 2004; Raz, 2000). Although future work is
needed to determine the relative contribution of these inhibitory
mechanisms to saccade curvature and how their weightings change
with age, this hypothesis certainly fits with current theories of
age-related frontal decline (e.g., West, 1996). At a behavioral
level, older adults’ lessened ability to dampen down irrelevant
information via frontally mediated inhibitory control mechanisms
(e.g., Gazzaley et al., 2005) ultimately leads to their greater knowl-
edge of distracting information that is irrelevant to the task at hand
(for a review, see Healey, Campbell, & Hasher, 2008).

1 We cannot rule out the possibility that older adults may show this
effect at extraordinarily long SRTs. However, even when the SRTs are
vincentized into eight bins (pulling older adults’ longest average reaction
time out to 400 ms), older adults still do not show significant deviations
away from the distractor, t(7) � 0.79, p � .457.

Figure 3. Trajectory deviations vincentized by saccadic reaction time.
Each participant’s trials were divided into five bins based on reaction time,
one for each quintile of the participant’s reaction time distribution. Each
point reflects the mean reaction time (x-axis) and mean curvature (y-axis)
for one bin. Also plotted for each age group is the linear regression line of
curvature onto saccadic reaction time.
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The results reported here are also in accordance with several
other studies reporting age-related declines in the inhibitory con-
trol of eye movements. For instance, compared to younger adults,
older adults are impaired on the antisaccade task (Munoz et al.,
1998), are more distracted by irrelevant onsets during visual search
(Kramer et al., 1999), and spend more time looking at objects that
they were previously told to ignore (Ryan, Leung, Turke-Brown,
& Hasher, 2007). Interestingly, work on aging and inhibition of
return (the observation of slowed responses to previously attended
objects and regions of space; IOR) presents a very different pic-
ture, with older adults demonstrating similar IOR effects to those
of younger adults (e.g., Hartley & Kieley, 1995), even with mul-
tiple sequential cues (Pratt & Chasteen, 2007). Although trajectory
deviations and IOR occur under similar circumstances, the two
effects may ultimately rely on separate inhibitory processes
(Godijn & Theeuwes, 2004). Saccadic deviations are most likely
caused by inhibition projected from frontal eye fields, while IOR
may depend on a secondary inhibitory process arising from the left
inferior parietal lobe and the supramarginal gyrus bilaterally
(Bowles, Ferber, & Pratt, 2005; Lepsien & Pollman, 2002). While
these parietal regions have also been associated with the inhibition
of involuntary eye movements (i.e., antisaccades; Connolly,
Goodale, DeSouza, Menon, & Vilis, 2000; Matsuda et al., 2004;
although see Merriam et al., 2001), the fact that older adults
demonstrate one inhibitory effect (IOR) and not the other (trajec-
tory deviations away) reinforces the notion that these effects are
tied to different underlying mechanisms. Taken together, these
results also suggest that aging may selectively disrupt the inhibi-
tion stemming from frontal areas but not the inhibition arising
from parietal or subcortical areas.
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