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Abstract 

Older adults typically have more difficulties
than younger ones in situations that require
attention in the visual periphery, such as driv-
ing a car or riding a bicycle. Previous studies
accordingly found that the breadth of attention
decreases in old age when one attention-
demanding task is presented at fixation and
simultaneously another one in the visual
periphery. The present work evaluates the role
of eye position for the observed deficit by pre-
senting both tasks in the visual periphery
(condition peripheral-peripheral) or by leaving
it up to the subjects where in the visual field
the tasks appear (condition free-gaze). Our
data indicate that attention breadth decreases
by 27% from the age of early 20 to the age of
late 60 in both conditions. This outcome gen-
eralizes previous findings about age-related
attention deficits to scenarios that were not
explored in previous studies, yet are relevant
for everyday behavior.

Introduction

Many situations of everyday life require us
to spread attention across an extended area of
space, e.g., when driving a vehicle, participat-
ing in team sports, or monitoring technical
equipment. The performance of older adults in
such situations is typically inferior to that of
young adults,1 which is a troublesome perspec-
tive for our graying society. The age-related
decrease of attention breadth cannot be
explained by known impairments of basic visu-
al functions such as static visual acuity,2,3

dynamic visual acuity,4 contrast sensitivity,5,6

and peripheral visual field size,7 and therefore
seems to reflect a deficit of distributed atten-
tion as such. Indeed, it has been documented
that the area of space to which attention can
be devoted shrinks in old age.8-10

The breadth of attention is typically estab-
lished by asking participants to perform one
attention-demanding task at fixation, and
simultaneously a second one in the visual

periphery; eye and head movements are dis-
couraged by presenting the peripheral task for
only a brief time.11,12 The size of the visual
field in which subjects respond correctly on
≥75% of trials is called the useful field of view
(UFoV),13,14 and is usually smaller than the
field of view determined by conventional
perimetry.15,16

The purpose of our study was to find out
whether the age-related shrinkage of UFoV is
limited to the above scenario - one task at fix-
ation and the other in the periphery - or rather
extends to other situations as well. To this end,
we selected two situations which are also rele-
vant for everyday life: subjects fixate mid-
between the two tasks in one, and are free to
move their eyes as they desire in the other. In
our view, the latter situation is particularly
characteristic for everyday life.

We expected that the attention breadth in
our study will be smaller for older adults than
for young subjects, thus endorsing the general
validity of the deficit reported in literature. We
further expected that this deficit is particular-
ly pronounced when subjects are free to move
their eyes, since old age is associated with
oculomotor problems such as reduced saccadic
speed and accuracy and increased saccadic
reaction times.17-20

Materials and Methods

Participants
Twelve male young adults (22.92±2.02 years

of age) and twelve older adults (7 female,
69.00±4.69 years of age) participated. All lived
independently in the community and reported
to be in good general health and to have no eye
problems besides corrected vision. Subjects
who wore corrective eyeglasses or contact
lenses upon arrival continued to wear them
during the experiments. Written informed con-
sent was obtained from each subject prior to
participation in this study. The study was car-
ried out in accordance with the Helsinki
Declaration of 1975.

Materials and Procedure
Subjects sat at a distance of approximately

1.30 m from a white silver projection screen of
2.80 m width and 2.20 m height (i.e., visual
angle of about 94¥80°). Stimuli were generat-
ed with E-Prime® and consisted of two clus-
ters, displayed symmetrically about the screen
center either on the horizontal, the vertical,
the right diagonal or the left diagonal meridi-
an. The distance between the two clusters of a
stimulus was 10°, 20°, 30° or 40° (i.e., clusters
were 5°, 10°, 15° or 20° from the screen cen-
ter). Cluster meridians and distances varied
randomly between the 192 trials of each condi-

tion. As an example, Figure 1 illustrates a stim-
ulus that consists of two clusters on the right
diagonal meridian (we used an experimental
task developed by Stefanie Hüttermann,
Daniel Memmert, Daniel Simons and Otmar
Bock).

Each cluster was composed of four 9¥9 cm
elements, and thus had a size of 18¥18 cm.
The elements had one of two forms (circle, tri-
angle) and one of two shades (light gray, dark
gray), i.e., there were four possible elements.
Form and shading varied randomly from trial to
trial, such that the probability of presenting
zero, one, two, three or four light gray triangles
in a stimulus was 20% each. The subjects’ task
was to report the number of light gray triangles
in each cluster, a conjunction search which is
known to be attention-demanding.21,22

The serial order of events is illustrated in
Figure 1. Trials began with the presentation of
a fixation cross in the screen center for 1000
ms. Two circles of 8 cm diameter were present-
ed as pre-cues at the locations of the subse-
quent stimulus clusters for 200 ms. Following a
200 ms blank screen, a cluster pair appeared at
the pre-cued locations for 300 ms. Subjects
then gave unspeeded verbal reports about the
number of light gray triangles first in one, and
then in the other cluster. The reports were
rated as correct only if the numbers given for
both clusters were correct. 

In condition peripheral-peripheral, subjects
had to fixate the cross in the screen center and
watch the cluster pairs by peripheral vision. In
condition free-gaze, subjects were free to
direct their gaze as desired. The order of these
two conditions was counterbalanced across
subjects. Each session started with a warm-up
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phase of 16 trials in each condition, followed
by three blocks of 64 trials in one, and by
another three blocks in the other condition.
Blocks were separated by rest breaks of 30s.

Eye position was monitored with a head-
mounted eye tracking system (Eye Mobile®,
Applied Science Laboratories, Bedford, U.S.)
which maps the gaze direction onto a video
image of the surroundings with a sampling
rate of 30 Hz and a resolution of 1°. In condi-
tion peripheral-peripheral, trials in which sub-
jects failed to maintain fixation were discard-
ed (5% of trials in young adults, 3% of trials in
older adults).

The experiment was preceded by a perime-
try test. Subjects fixated straight ahead, and a
single visual object was moved from the sub-
jects’ visual periphery towards the center until
it was detected. Each eye was tested separate-
ly, with the other eye covered.

Data analysis
The effects of age on attention performance

were analyzed by a 2¥2¥4¥3 (age group
[young, older] ¥ condition [peripheral-periph-
eral, free-gaze] ¥ cluster distance [10°, 20°,
30°, 40°] x meridian [horizontal, vertical,
diagonal]) analysis of variance (ANOVA) with
repeated measures on the last three factors.
Greenhouse-Geisser procedures were used to
correct for violations of sphericity assumption.
The measured attention window was defined
as the stimulus distance at which subjects cor-
rectly identified both simultaneously present-
ed stimuli in 75% of trials.

Results

In the perimetry test, we found that partici-
pants could identify objects at distances up to
55.92±4.24° from the fixation mark, which fits
with previous data and is well beyond the
range of cluster distances in our experiment.23

The perimetry data from young and older
adults were not significantly different
(57.50±4.52° versus 54.33±3.42°, F(1, 22)
=3.743, P=0.066), which is again consistent
with earlier findings.13

Figure 2 illustrates the success rates of young
and older subjects as a function of cluster dis-
tance, separately for condition peripheral-
peripheral (top graph) and free-gaze (bottom
graph). The ANOVA confirmed that success rate
was significantly higher for young than for older
adults, F(1, 22)=149.896, P<0.001, η2=0.872,
for peripheral-peripheral than for free-gaze,
F(1, 22)=53.939, P<0.001, η2=0.710, and for
small than for large cluster distances, F(1,
22)=181.202, P<0.001, η2=0.892. 

ANOVA also revealed a significant effect of
the meridian, F(1, 22)=10.331, P<0.001,
η2=0.320. This is illustrated by Figure 3, which

shows the attention window as determined by
the 75%-correct criterion: that window was
largest along the horizontal, and smallest
along the vertical meridian. Across all meridi-
ans and conditions, the attention window aver-
aged 29.74±1.82° cluster distance in young
and 21.70±1.98° in older subjects, which rep-
resents an age-related decrease of 27%. 

ANOVA yielded no significant interaction
terms. Specifically, age x distance, F(2.066,
45.459)=2.836, P=0.067, and age ¥ condition ¥
distance, F(2.897, 63.730)=0.640, P=0.587,
were both non-significant.

To determine whether older adults’ perform-
ance in one condition was related to their per-
formance in the other condition, we z-trans-
formed their data separately for each cluster
distance and meridian to remove the consis-
tent effects of stimulus location, and then cal-
culated the Pearson correlation between con-
ditions. The resultant value of r=-0.09 was not
significant (P=0.286).

Discussion

Our study evaluated the attention breadth of
young and older subjects that fixate mid-
between two attention-demanding tasks (con-
dition peripheral-peripheral), or are free to
direct their gaze at either task (condition free-
gaze). We used the 75%-correct criterion to

delimit subjects’ attention window and found
this window to be smaller than the perimetri-
cally defined visual field, which confirms the
observations of others.13 The attention window
had an ellipsoid shape and extended further
into the periphery along the horizontal than
along the vertical meridian. This shape reflects
well the requirements of our daily life, where
objects of interest are typically more widely
distributed in the horizontal than in the verti-
cal dimension. 

Since condition free-gaze did not constrain
eye movements and thus allowed subjects to
look straight ahead as in condition peripheral-
peripheral, we expected that subjects’ perform-
ance in free-gaze will be equal or better than in
peripheral-peripheral. Actually, however, their
performance turned out to be worse. A possible
explanation of this surprising outcome is that
stimuli in free-gaze but not in peripheral-
peripheral triggered reflexive saccades,24,25

which bind neural processing resources and
suppress vision,26-29 and that these oculomotor
demands interfered with attentive processing.
This tentative interpretation could also explain
the lack of a significant correlation between
both conditions: eye movements possibly intro-
duced a source of variability to free-gaze that
was absent in peripheral-peripheral.

The most interesting outcome for the pur-
poses of our study is the effect of age, i.e., the
attention window of our older subjects was
27% narrower than that of young participants.

Article

Figure 1. Sequence of events in a trial with stimuli along the right diagonal meridian.
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An age-related decrease of attention breadth
has also been observed in earlier work with a
somewhat different paradigm, using one task
at fixation and the other in the periphery.
However, the effect size was substantially larg-
er there: a survey of published data reveals
that the attention window shrank by about
67%, which is more than double the amount
documented in the present study.12,30,31 This
discrepancy cannot be explained by age differ-
ences between studies. The mean age of older
subjects was 69 both in the present and in the
cited earlier studies; that of young subjects
was 23 in the present and 25 or 29 in the ear-
lier studies, that is, it could explain a larger but
not a smaller effect in our data. It therefore

appears that the age-related decrease of atten-
tion breadth depends on the viewing condition:
it is larger when one of the two tasks is steadi-
ly fixated, possibly because a fixated task
attracts attention and thus withdraws it from
the periphery.

Conclusions

Summing up so far, we posit that the effects
of age on attention breadth are not uniform,
but rather depend on the presence or absence
of eye movements and of a steadily fixated task.
If so, the practical implications are obvious.

Since everyday life requires attentive process-
ing under varying viewing conditions, training
programs aimed at expanding the attention
window of older persons should not be limited
to one,32,33 but rather should include multiple
conditions. We therefore suggest to scrutinize
our assumption by further experiments and, if
the outcome is confirmatory, to modify the
available training programs accordingly.

A final point deserves mentioning: if the
notion of a shrinking attention window is cor-
rect, the performance of older subjects should
equal to that of young ones at small cluster dis-
tances and be inferior only at large distances,
that is, we should yield an age x distance
effect. In contrast to this expectation, however,

Article

Figure 2. Frequency of correct responses from condition periph-
eral-peripheral (top) and free-gaze (bottom) for young and older
adults, as a function of distance between clusters. Symbols repre-
sent across-subject means, and error bars standard deviations.

Figure 3. Size of the attention window, determined by the 75%-
correct criterion, for young and older adults, as a function of clus-
ter distance. The top graphs show data from the peripheral-
peripheral, and the bottom graphs those from the free-gaze con-
dition. Since each cluster pair was presented symmetrically about
the center, the data are also symmetrical. Symbols represent
across-subject means, and error bars standard deviations.
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we found a significant main effect of age but
no significant interaction. Figure 2 illustrates
that the difference between age groups existed
already at the smallest cluster distance,
increasing only slightly (and non-significant-
ly) at larger distances. Retaining the metaphor
of an attention window, our data suggest that
this window does not shrink in old age, but
rather becomes blurry. This again leads to
practical implications. Since attentive process-
ing is needed in everyday life not only in the
far but also in the near periphery, training pro-
grams should include not only large, but also
small cluster distances.
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