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Abstract. The aim of the study was to reveal how aging affects eye movements in visual tasks of varying complexity. Young
healthy volunteers (17-30 years) and older healthy volunteers (50-75 years) took part in the study. The volunteers were asked
to perform visually-guided and self-paced eye movements. According to our data, aging affects eye movements in simple
visual tasks, which mainly involves bottom-up attention. On the contrary, we found no significant difference between the two
age groups in more complicated tasks involving predominantly top-down control. We suggest that older individuals engage
amore distributed neocortical network during complex tasks to maintain the same level of saccadic performance as in younger
persons.
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Introduction

Are young and old people equally efficient in oculomotor
task performance? This question remains open. The most
common age-related changes in eye movement character-
istics are the following: an increase in saccadic latencies,
velocity alteration, saccadic hypometria, and an increase
in the number of errors (Irving, Steinbach, Lillakas, Babu,
& Hutchings, 2006; Litvinova et al., 2011). On the other
hand, the effects of aging are not so definite in natural
scenes eye-tracking (Dowiasch, Marx, Einh4user, & Brem-

mer, 2015). The aim of our study was to reveal how aging
affects eye movements in visual tasks of varying complex-
ity. We suppose that oculomotor performance in different
tasks depends upon the prevailing attention system (bot-
tom-up or top-down). To verify this assumption, we used
several tasks with different conditions of visual stimula-
tion and various degrees of movement volition. The most
reflexive saccadic eye movements take place in the classic
‘Gap’ visual stimulation paradigm. ‘Overlap’ conditions
complicate saccadic preparation and execution and actively
involve visual attention (Mayfrank, Mobashery, Kimmig,

The Russian Journal of Cognitive Science

Vol. 2, Issue 2-3, September 2015

www.cogjournal.org


http://www.cogjournal.org/
mailto:litvinova%40neurobiology.ru?subject=
mailto:patricia%40neurobiology.ru?subject=
mailto:napalkov%40neurobiology.ru?subject=
http://creativecommons.org/licenses/by/4.0/

Alexandra Litvinova, Patricia Ratmanova, Dmitry Napalkov

Attention during Oculomotor Task Performance: Effects of Aging

& Fischer, 1986). Furthermore, we introduced a self-paced
saccade task to increase movements voluntariness (Abel
& Douglas, 2007). Eye movement characteristics allow
the estimation of various levels and structures of oculomo-
tor system contributions to saccadic performance (Munoz,
Broughton, Goldring, & Armstrong, 1998; Litvinova et al.,
2011). Moreover, the tasks were supposed to engage bot-
tom-up and/or top-down processes to a different extent.

Method

Participants

Two groups of healthy volunteers took part in the study:
a younger group (17 - 30 years, mean age 22+ 3 (SD) years,
n=21) and an older group (50-75 years, mean age 63+6
(SD) years, n=20). The study conformed to the principles
of the Declaration of Helsinki and was approved by the Bio-
ethics Committee of M.V. Lomonosov Moscow State Uni-
versity. Every participant provided written informed con-
sent before taking part in the study.

Procedure

Participants took part in two separate experimental ses-
sions. In the first session, participants performed visu-
ally-guided saccades looking at red light-emitting diodes
(LEDs). The target lights were located at 6.7° to the right
and left, up and down from the central LED (0°). Partici-
pants were instructed to fix their gaze on the central LED
and to look to an eccentric target as soon as it appeared.
Duration of the central LED exposure varied from 700 ms
to 1000 ms, while the duration of the eccentric LEDs expo-
sure varied from 1000 ms to 1300 ms. Three visual stimula-
tion paradigms were used (see Fig. 1):

» ‘Gap: the eccentric LED appeared 200 ms after
the central LED was switched off;

Figure 1. The paradigms used in the visually-guided saccades
session. T, = central stimulus appearance; T, = eccentric target
appearance.

= ‘No delay’: the eccentric LED appeared immediately
after the central LED was switched off; and

= ‘Overlap’: the eccentric LED appeared 500 ms before
the central LED was switched off.

There were 180-216 trials of each condition. Target
location and stimulation paradigms were pseudorandomly
interleaved throughout the session. Visually-guided
saccades were recorded by electrooculography. The signal
was filtered (0.1-60 Hz) and digitized at a rate of 512 Hz.

In the second session, participants performed
self-paced saccades. The following sets of black dots
(diameter 0.6°) were presented on the computer screen:

= 3 dots located on the horizontal axis;

= 3 dots located on the vertical axis;

= 3 dots located in the vertices of an imaginary triangle;

= 4 dots located in the vertices of an imaginary square;
and

= 6 dots located in the vertices of an imaginary hexagon.

Each set was presented for 20 seconds. The distance
between neighbor dots was 6.7°. Participants were
instructed to shift their gaze from dot to dot as frequently
as possible. The procedure was similar to that used by
Litvinova and Bogdanov (in press). Fast digital camera
(FastVideo 250V, NPO Astek, Russia) was used for eye
movement tracking. Eye position was digitized at a rate
of 250 Hz. Further details of the equipment can be found
in the references (Ermachenko, Ermachenko & Latanov,
2011; Anisimov, Fedorova & Latanov, 2014).

Data analysis. We analyzed the latencies of visually-
guided saccades and the number of dots scanned in the
self-paced saccade task. Statistical analysis was performed
with Statistica 6.0 software. We used a nonparametric
Mann-Whitney U-test, ANOVA Kruskal-Wallis analysis
and Spearman’s rank correlation. The statistical significance
threshold was set at p <.05. Nonparametric statistics were
chosen due to deviations from normal distribution of the
visually-guided saccadic latencies and the small sample size
in the self-paced saccade task.

Results

The latencies of visually-guided saccades depended on age
and the visual stimulation paradigm. Saccadic latencies (see
Figure 1 and Table 1) in the ‘Gap’ and ‘No delay’ paradigms
were longer in the older group in comparison with younger
persons (Z=4.99, p<.001 and Z=11.94, p<.001 respec-
tively, U-test). Meanwhile, there was no significant differ-
ence between the age groups in the more complicated ‘Over-
lap’ paradigm (Z=0.54, p=.590, U-test). Age affected eye
movement latencies in ‘Gap’ (H(1, N=4494)=25.0, p<.001,
ANOVA Kruskal-Wallis; R=0.074, p<.001, Spearman’s
rank correlation) and ‘No delay’ (H(1, N=4854)=142.5,
p<.001, ANOVA Kruskal-Wallis; R=0.171, p <.001, Spear-
man’s rank correlation) paradigms, but not in the ‘Overlap’
paradigm (H(1, N=4356)=0.3, p=.590, ANOVA Kruskal-
Wallis; R=0.008, p=.590, Spearman’s rank correlation).
Self-paced saccade performance varied through
the images presented (see Figure 2 and Table 2). Older
persons scanned fewer dots in the tasks with three dots on the
horizontalorverticalaxis (Z=2.30,p =.022,U-test; R=0.558,
p=.016, Spearman’s rank correlation and Z=2.12, p=.034,

The Russian Journal of Cognitive Science

Vol. 2, Issue 2-3, September 2015

www.cogjournal.org


http://www.cogjournal.org/
http://www.cogjournal.org/
http://www.ncbi.nlm.nih.gov/pubmed/?term=ermachenko%2520aa%255bauthor%255d&cauthor=true&cauthor_uid=22145339
http://www.ncbi.nlm.nih.gov/pubmed/?term=latanov%2520av%255bauthor%255d&cauthor=true&cauthor_uid=22145339
http://www.ncbi.nlm.nih.gov/pubmed/?term=anisimov%2520va%255bauthor%255d&cauthor=true&cauthor_uid=25711096
http://www.ncbi.nlm.nih.gov/pubmed/?term=fedorova%2520ov%255bauthor%255d&cauthor=true&cauthor_uid=25711096
http://www.ncbi.nlm.nih.gov/pubmed/?term=latanov%2520av%255bauthor%255d&cauthor=true&cauthor_uid=25711096

Alexandra Litvinova, Patricia Ratmanova, Dmitry Napalkov

Attention during Oculomotor Task Performance: Effects of Aging

Figure 2. Latencies of visually-guided saccades in ‘Gap’, ‘No
delay’ and ‘Overlap’ visual stimulation paradigms in the two age
groups. ™ - p<.001, U-test.

Figure 3. The number of dots scanned by participants
within 20 seconds in different conditions of visual stimulation.
* - p<.05, U-test.

Table 1. Saccadic latencies (ms) in visually-guided saccade task: descriptive statistics

Age group Paradigm Median Minimum Maximum Percentile 25% Percentile 75%
Gap 154 90 370 129 190

17-30 years No delay 192 93 482 164 220
Overlap 256 93 497 223 294
Gap 159 90 478 135 194

50-75 years No delay 205 93 500 176 244
Overlap 260 93 495 209 314

Table 2. The number of dots scanned within 20 seconds in self-paced saccade task: descriptive statistics

Age group Paradigm Median Minimum Maximum Percentile 25% Percentile 75%
1 45 32 63 34 52
2 44 36 60 41 53

17-30 years 3 45 27 54 39 45
4 46 32 60 42 52
5 48 33 63 39 51
1 33 28 46 31 38
2 37 26 48 32 41

50-75 years 3 35 27 50 28 42
4 40 31 58 32 48
5 39 36 78 36 50

U-test; R=0.516, p=.028, Spearman’s rank correlation
respectively). There was no significant difference between
younger and older participants when they scanned the dots
located in the vertices of the imaginary geometric figures.

Discussion

We manipulated the degree of voluntary control of eye
movements, varying the number of stimuli and the way
of their presentation. We assumed that bottom-up atten-
tion was more active in the ‘simple’ task with less volun-
tary movements, although we could not absolutely exclude
the involvement of top-down processes. According to our

data, oculomotor performance decreased in the older
group in the simple tasks only. Saccadic latencies increased
in the ‘Gap’ and ‘No delay’ paradigms, when the partici-
pants could see only one stimulus at a time. In this case,
saccades were generated reflexively to a target, which
appeared suddenly. We suppose that bottom-up attention
was engaged to a greater extent in these tasks. We obtained
similar results in the self-paced saccades task. Pronounced
age-related changes were observed in the tasks with fewer
stimuli.

The ‘Overlap’ paradigm requires activation of selective
visual attention and involves the parietal and frontal cortices
in saccade preparation (Mayfrank et al, 1986). In the
‘Overlap’ conditions, there was no difference in saccadic
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latencies between younger and older persons. Moreover,
the older participants were as efficient as younger ones
when they scanned more complicated sets of dots perceived
as geometric figures. We suppose that the parietal cortex
was more involved in this kind of complex task.

Bottom-up and top-down processes depend
on age (Agik, Sarwary, Schultze-Kraft, Onat, & Konig,
2010). Presumably, top-down attention becomes more
important with age, while bottom-up attention weakens
during the lifespan. Apparently, functional reorgani-
zation in brain activity is associated with these changes.
Previous fMRI studies of saccadic performance showed
that older participants had increased cortical activation
in parietal and frontal eye fields compared to younger ones
(Nelles, de Greift, Pscherer, & Esser, 2009). An age-related
shift in activity from posterior to frontal brain regions
was demonstrated in another study (Raemaekers, Vink,
van den Heuvel, Kahn, & Ramsey, 2006). The observed
increased activation pattern of older participants suggests
a different strategy in advanced age for maintaining
the same performance during the saccade task. There may
be an additional recruitment within the frontoparietal
network to support neuronal processing and maintain task
performance despite degeneration of gray and white matter
components (Nelles et al., 2009).

Conclusions

Our study showed that the effects of aging on oculomo-
tor performance are revealed in simple visual tasks pre-
sumably engaging bottom-up attention. More complicated
experimental conditions involve mostly top-down attention
which could be accompanied by enhanced activity of the
frontal and parietal cortices. We suggest that older individ-
uals engage a more distributed neocortical network during
complex tasks to maintain the same level of saccadic per-
formance as in younger persons.
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AHHOTaHI/I}I. MCCHQHOB&HI/IC IIOCBAIIEHO BO3PAaCTHDBIM M3MEHEHNAM IIapaMETPOB 3pUTETbHO-BbI3BAHHDIX U IIPON3BOIbHbBIX
ﬂBI/I)KeHI/Iﬁ I71a3 B 3aBUCMMOCTU OT CJIIOJKHOCTU 3p]/[T€IIbHOI7I Cpennbl. HOKa3aHO, YTO BO3paCTHbIE N3MEHEHNA IIapaMEeTPOB
ﬂBI/I)KeHI/Iﬁ I71a3 B 6O/bIIIelT CTENIEHN BbIpa’X€HbI B 6onee IIPOCTDBIX YCIIOBUAX 3pI/IT€IIbHOI7[ CTUMYIANNN, CBA3aHHDBIX C 6071b-
IIVIM BOBJIEYEHMEM IIPOLECCOB HETIPON3BOJIbHOT'O BHMAaHWA. HaHpOTI/IB, C YBEIMYIEHMEM KO/INYECTBA CTUMYJIOB, OTHOBpE-
MEHHO IIPUCYTCTBYIOIINX B 3pUTE/IBHOM II0/I€, TO €CTb B CUTyalluu, Tpe6y101_ue171 TIOAK/ITIOYEHN S IIPON3BO/IbHOTO BHUMAaHNA,
pa3mnanA B YCIIEMTHOCTN BBIIIOTHEHNA 3aJaHNMs MEXIY MOTOAbIMUI HO6POBOIII)I_laMI/I " yJaCTHMKaMM CTapLIero BO3pacTa
HUBEINPOBAINCD. O6cy>1<;u;aeTc;1 AaKTUBanysA CUCTEMbBI IIPOM3BOJIBHOIO BHVYMAHMA B CTApIIEM BO3pacCTe, COIIPOBOXAI0-
mrasaca 60J1ee aKTUBHBIM BOBJICYEHIEM KOPKOBBIX I71a30ABUTaTE€/IbHbIX IoJIeN B IIponecc MoATOTOBKM M BBINIOTHEHNA CaK-
Kaf, 9TO, IIPEAIIO/TI0KUTENDbHO, II03BOIAET KOMIIEHCYPOBATh HETAaTVIBHbIE BO3PACTHDIC MISMEHEHNA ITPY BbIITIOJIHEHUN CI0XK-
HbIX I7Ta30ABUTAaTC/IbHBIX 3aaaY.
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