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Vergence eye movements are frequent in every day life and important for depth percep-
tion. Yet, studies of vergence in elderly are rare. We examined convergence and diver-
gence between targets placed along median line at 20, 40 or 150cm. Thirteen elderly
(70£11years) and ten young (25+3years) adults participated in the study. The gap para-
digm (i.e., the fixed stimulus is extinguished prior to target onset) and the overlap para-
digm (the fixed stimulus remains illuminated after target onset) were used to elicit reflex-
ive or voluntary eye movements. Latency of convergence and divergence increased with
age in both gap and overlap conditions. Both young subjects and elderly showed shorter
latency of vergence under the gap condition than under the overlap condition. In the over-
lap condition, for elderly only, convergence resulted in longer latencies than divergence.
In the gap condition express convergence was rare, while express latencies (80-120ms)
were frequent for divergence starting from a near fixation point (at 20cm). The rates of
express divergence were similar for young (23%) and elderly (21%). These results were in
line with prior studies of saccades and indicated different aging effects on regular and
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Introduction

Fine Both stereopsis and bifoveal fixation of object of
interest require precise alignment of the visual axes,
which depend on vergence eye movements (Leigh & Zee,
2006). Vergence eye movements are necessary to change
fixation from a far to a near target (convergence), or vice
versa (divergence). The initiation of vergence eye move-
ments has been studied at the early 1970’s; most of these
studies concerned the disparity driven vergence move-
ments, e.g. by use of prisms. The latency for a disparity-
driven vergence movement is about 160ms (Leigh & Zee,
2006). More recent studies concerned vergence eye
movements with targets in natural 3D space for which
both disparity, accommodation and other high level prox-
imal cues are involved (Kumar, Han, Garbutt & Leigh,
2002; Rambold, Neumann, Sander & Helmchen, 2006;
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Yang, Bucci & Kapoula, 2002). Latency of such ver-
gence is about 200 ms. For young adults, there is differ-
ence between latencies of convergence and divergence
(Alvarez, Semmlow & Pedrono, 2005; Hung, Zhu & Ci-
uffreda, 1997; Krishnan, Farazian & Stark, 1973; Sem-
mlow & Wetzel, 1979; Yang et al., 2002). For elderly,
only one study (Rambold et al., 2006) reported no latency
difference between convergence and divergence, which
needs further investigation.

Here we are also interested in the role of attention on
vergence latency for young and elderly adults. The laten-
cy of eye movements can be influenced by the temporal
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relationship between the offset of the fixation point and
the onset of the target (Saslow, 1967). Latency is de-
creased in the gap paradigm (fixation light turns off be-
fore the onset of the target), i.e. gap effect. This was first
confirmed for saccades by Saslow (1967), then extended
to anti-saccades (Fischer & Weber, 1997; Goldring &
Fischer, 1997), to smooth pursuit (de Hemptinne, Lefevre
& Missal, 2006; Knox, Davidson & Anderson, 2005),
and to vergence (Bucci, Pouvreau, Yang & Kapoula,
2005; Coubard, Daunys & Kapoula, 2004; Takagi, Froh-
man & Zee, 1995; Tam & Ono, 1994). For saccades, such
gap effect shows both general decrease of regular laten-
cies between 150 and 400 ms (Fischer, Weber, Biscaldi,
Aiple, Otto & Stuhr, 1993; Weber & Fischer, 1995) and
increase of the rates of express latencies between 80 and
120 ms (Fischer et al., 1993; Munoz, Broughton, Goldr-
ing & Armstrong, 1998). For both convergence and di-
vergence the gap paradigm reduces similarly the mean
latency (Coubard et al., 2004; Takagi et al., 1995). How-
ever, the rates of express latencies are higher for diver-
gence than for convergence (Bucci et al., 2005; Coubard
et al., 2004; Kapoula, Isotalo, Muri, Bucci & Rivaud-
Pechoux, 2001).

It should be noted that knowledge of the cortical and
subcortical substrate of vergence is continuously increas-
ing in the recent years. For example, in FEF there are
neurons that discharge for convergence or divergence eye
movements made in response to step displacement of a
target in depth (Gamlin & Yoon, 2000). Some neurons in
the parietal lobe were found to encode retinal disparity
that drives changes of fixation in depth (Genovesio &
Ferraina, 2004). Transcranial magnetic stimulation
(TMS) over the right PPC increased the latency for ver-
gence movements (Kapoula et al., 2001; Kapoula, Yang,
Coubard, Daunys & Orssaud, 2005a; Kapoula, Yang,
Coubard, Daunys & Orssaud, 2005b) while TMS over
DLPC decreased the latency of convergence movements
(Coubard & Kapoula, 2006). In midbrain, vergence burst
cells display a discrete burst of activity just before and
during vergence eye movements (Mays, Porter, Gamlin
& Tello, 1986)). There is evidence in a patient (Ohtsuka,
Maeda & Oguri, 2002) or in cats (Suzuki, Suzuki & Oht-
suka, 2004) that the rostral superior colliculus is also in-
volved in the control of vergence. Unlike saccadic eye
movements (Abel, Troost & Dell'Osso, 1983; Huaman &
Sharpe, 1993; Irving, Steinbach, Lillakas, Babu & Hutch-
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ings, 2006; Munoz et al., 1998; Yang et al., 2002; Yang,
Kapoula, Debay, Coubard, Orssaud & Samson, 2006), to
our knowledge, the only study with objective measures of
vergence eye movements in healthy elderly is that of
Rambold et al. (2006).

The present study aims to explore aging effects on
convergence and divergence latency in two tasks (gap
and overlap); vergence movements start from different
initial positions (20cm and 40cm for divergence, 40cm
and 150cm for convergence). The study aims to provide a
more complete view of vergence performance in 3D
space with age and to understand aging effects for differ-
ent neurophysiologic mechanisms and circuits controlling
such eye movements. Based on prior work on saccades
(Yang et al., 2006) we expected latencies of vergence to
be longer for elderly. However, to what extend express
type of vergence can still be possible in elderly is not
known. As in the past we expected different aging effects
on different types of latencies for vergence.

Methods and Materials

Subjects

Thirteen subjects aged between 60 and 93 years
(mean 70+11) and ten young adults aged between 20 and
32 years (mean 25+3) participated in the study. All young
subjects were students from the laboratory and had nor-
mal visual acuity. Elderly subjects were recruited either
among senior laboratory workers, or in the ophthalmolo-
gy service in the hospital, coming for routine examination
and spectacle correction or at sport centers for elderly in
the proximity of the laboratory. They had corrected visual
acuity more than 5/10, i.e. normal for their age. The cog-
nitive performance as measured by Mini Mental State
Examination (MMSE, was better than 26 of 30 points for
elderly subjects. No subject showed visual, neurological,
psychiatric disorders or received medication. For both
groups binocular vision was assessed with the test of ste-
reoacuity (the Netherlands Organization of Applied
Scientific Research); all individual scores were normal,
60" of arc or better. The investigation adhered to the te-
nets of the Declaration of Helsinki and was approved by
the institutional human experimentation committee. In-
formed consent was obtained from all subjects after the
nature of the procedure had been explained.
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Visual display

The visual display on a horizontal table consisted of
LEDs (each LED on 2.9 mm) placed at three viewing
distance in middle line, one at 20 cm from the subject,
and the others at 40 cm and 150 cm. Fixation to one of
three LEDs at center requires vergence angle of 17.1°,
8.6° and 2.3° for targets at 20, 40 and 150 cm, respective-
ly (Figure 1A). In a dark room, subject was seated in an
adapted chair with a chin and frontal rest. He/she viewed
binocularly and faced the visual display of the LEDs.
Vertically, all target LEDs were placed at eye level.

Fixation and oculomotor tasks: gap and overlap
conditions

Each trial started by lighting a fixation LED at the
center. The fixation LED stayed on for a random period
between 1.5 and 2 sec. In the gap task, there was a time
interval of 200ms between the offset of the fixation point
and the onset of the vergence target. The target LED was
kept on for 1.5 sec (Figure 1B). In the overlap task, the
fixation point remained illuminated for 200 ms after the
target LED appeared. The target stayed on also for anoth-
er 1.5 sec (Figure 1C). Subjects were required to make a
vergence to the other central target LED as rapidly and
accurately as possible. A black period of 500ms separated
trials. Subjects were instructed to use this period for
blinks. The total mean length of each trial was about 4
sec. In each block divergence (from 20 cm to 40 cm or
from 40 cm to 150cm) and convergence (from 150 to 40
cm or from 40 cm to 20 cm) were interleaved randomly
at equal rates. Each block contained 60 trials and lasted 4
min. each subject performed two blocks, one in the gap
condition and another in the overlap condition.

A calibration sequence was performed at the begin-
ning and at the end of each block; the target made the
following predictive sequence for each viewing distance:
center, 5° to left, center, 10° to left, center, 5° to right,
center, 10° to right, center; the target stayed at each loca-
tion for 2 sec. From these recordings we extracted cali-
bration factors.
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Figure 1. (A) Three LEDs (light emitting diodes) along median
line were place on the horizontal table at 20cm, 40cm and
150cm in front of subject for eliciting convergence and diver-
gence. (B) The paradigm used for the gap condition, the central
fixation point disappears 200 ms before the appearance of the
eccentric target. (C) For the overlap condition, the central fixa-
tion point remains illuminated when an eccentric target appears.
(D) Typical recordings of vergence are obtained by difference
of the position signal of the two eyes LE-RE. The arrows at ‘i’
indicate the onset of vegence.

ISSN 1995-8692

Creative Commons Attribution 4.0 International license.



Journal of Eye Movement Research
1(3):3,1-12

Eye movement recording

Horizontal movements from both eyes were recorded
simultaneously with the IRIS, SKALAR device for six
young and four elderly subjects. Eye position signals
were low-pass filtered with a cut-off-frequency of 200 Hz
and digitized with a 12-bit analogue-to-digital converter
and each channel was sampled at 500 Hz. For the other
four young adults and nine elderly subjects, eye move-
ments were recorded with the Chronos rapid video eye
tracker, which is based on high-frame rate CMOS sensors
(Clarke, Ditterich, Druen, Schonfeld & Steineke, 2002).
With the video eye tracker, eye position data were sam-
pled at 200 Hz and stored on the hard disk for off-line
analysis. This system allowed recording of both horizon-
tal and vertical components while the IRIS system al-
lowed recording of horizontal components only. Never-
theless, by placing the LED table at the eye level, vertical
eye movements were minimized for all experiments. The
head was always stabilized by a chinrest and/or a fore-
head rest.

Data analysis

From the two individual calibrated eye position sig-
nals we derived the disconjugate signal (left eye - right
eye). The onset of the vergence eye movements was de-
fined as the time point when the vergence velocity ex-
ceeds 5°s (Figure 1D, point ‘i’). This criterion is standard
(Takagi et al. 1995; Yang et al. 2002). The process was
performed automatically by the computer, and the verifi-
cation was made by visual inspection of the individual
eye position and velocity trace.

For both convergence and divergence, we measured
the latency, i.e. the time between target onset (0 ms) and
vergence onset (marker ‘i’ in Figure 1D), and we also
evaluated the percentage of express type of short latency
(80-120ms).

Eye movements in the wrong direction, with latency
shorter than 80 ms (anticipation) or longer than 800 ms,
or contaminated by blinks were rejected. For adults seven
percent of trials and for elderly subjects nine percent of
trials had to be rejected using these criteria.

A multiple analysis of variance (ANOVA) was per-
formed on individual mean values of each parameter with
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the factor between subjects - the age (young, elderly), and
the factors within subjects - the oculomotor task (gap,
overlap), the starting point (near, far) and vergence (con-
vergence, divergence). Post-hoc comparisons were done
with the Least Significant Differences test. For the per-
centages of express vergence, the non-parametric test
Wilcoxon test was used for within-subjects comparisons
between different conditions; the U-Mann-Whitney test
was used for comparisons between young and elderly
subjects.

Results

Individual and group latencies

The individual mean latencies of vergence and the
standard errors (SE) were shown for the gap and the
overlap conditions in adults and elderly in Figure 2 (con-
vergence starting from 40 cm and divergence from 20
cm) and Figure 3 (convergence starting from150 cm and
divergence from 40 cm). With a few exceptions indicated
by arrows (in Fig.2 and 3) all subjects showed shorter
latency in the gap condition than in the overlap condition.

The multiple ANOVA applied on the latency values
with showed the following main effects: a significant
effect of age (F,,=11.31, p<0.01), i.e. longer latencies
for elderly than for young subjects; a significant effect of
gap task (F;2,=53.85, p<0.001), i.e. shorter latency in the
gap than in the overlap condition; a significant effect of
type of vergence (F,,;=7.81, p<0.01), i.e. longer latencies
for convergence than for divergence, but no effect of
starting point (F;,=3.94, p>0.05). All significant effects
are summarized in Figure 4 (A, B and C).

A significant interaction was found between task and
vergence (F,,;=7.14, p<0.01), i.e. longer latency for con-
vergence than for divergence in the overlap condition
only (Figure 4D). Further post-hoc comparisons showed
that the age effect was significant in all conditions (all
p<0.05) except for divergence starting from near (at
20cm) in the gap condition (p=0.29). The gap effect was
significant for all conditions in both young and elderly
adults (all p<0.01). The vergence effect was significant in
the overlap condition in elderly only (p<0.001 for ver-
gence starting from near, p<0.05 for vergence starting
from far point).
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Figure 2. Individual and group mean latency with standard errors for convergence or divergence starting from near fixation point
(two LEDs at 20 cm and 40 cm in front of subject, respectively) in the gap and the overlap conditions for both young and elderly
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Figure 3. Individual and group mean latency with standard errors for convergence or divergence starting from far fixation point (two
LEDs at 40 cm and 150 cm in front of subject, respectively) in the gap and the overlap conditions for both young and elderly sub-
jects.
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Figure 4. Main effects of the age (A), of the gap (B), of the
vergence (C), and interaction between task and vergence (D).
Vertical lines indicate the standard errors. Asterisks indicate
statistically significant effects.
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As mentioned in Introduction, there are different
types of latencies of saccades (Fischer & Weber, 1997;
Gezeck & Timmer, 1998): express type (80-120ms), fast
regular (121-150ms) and slow regular (151-400ms),
which were used for vergence here also. A second
ANOVA analysis was done on mean latency values ex-
cluding express type of latencies (these will be further
presented later). Because one young subject produced
100% express type near divergence in the gap condition,
analysis on mean latencies without express latency was
made on nine young adults and thirteen elderly subjects.
The ANOVA showed again significant effects of age
(F1.16=12.10, p<0.01), and of gap task (F;;,=38.13,
p<0.0001). Further post-hoc comparisons showed that
the age effect was significant for all conditions (all
p<0.05) including for divergence starting from near.
Thus, it is the regular type of latency of vergence which
is slowed by aging.

Express latencies

Express latencies are between 80-120 ms as estab-
lished by analogy with express saccades. In the gap con-
dition 6 of 10 young adults and 8 of 13 elderly subjects
produced a substantial number of express type of ver-
gence (ranging between 0% and 100%). The mean per-
centages were 4%, 23%, 0% and 7% for convergence or
divergence starting from near, and for convergence or
divergence starting from far in young subjects; the cor-
responding values in elderly were 0%, 21%, 5% and 8%
(Figure 5). The Mann-Whitney U test showed no signifi-
cant difference of the percentage of express vergence
between young and elderly (all p>0.05). The Friedman
test showed significantly different percentage of express
latencies among different type of movements in both
young (F;;0=10.11, p<0.05) and elderly F;;;=12.1,
p<0.01). Further Wilcoxon test showed statistically high-
er percentage for divergence starting from near than for
other types of vergence in both young and elderly sub-
jects (all Z>1.9, p<0.05). There was no statistically sig-
nificant difference among other types of vergence (diver-
gence starting from near, convergence starting from near
or far), neither in young nor in elderly subjects (all Z<1.8,
p>0.05). Under overlap condition express vergence was
rare; only two elderly produced express latencies (1 or 2
trials, respectively) for divergence starting from near.
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Thus, express type latency occurring specifically for di-
vergence is not affected by aging.

Gap paradigm

35 4

30 A
25 A

20 A

; mﬁﬁﬁ

near divergence

Oyoung
Oelderly

percentage of express latency (%)

near convergence far divergence far convergence

Figure 5. Percentages of express latencies of convergence and
divergence for both young and elderly subjects. Near diver-
gence starting from point at 20 cm; near convergence starting
from point at 40 cm; far divergence starting from point at 40
cm; far convergence starting from point at 150 cm. Percentages
of express latency of near divergence are significantly higher
than those of other type of vergence for both young and elderly
subjects (both p<0.05).

Discussion

The main findings of this study are: 1) Regular laten-
cies of vergence are longer for elderly than for young
subjects in both gap and overlap conditions. 2) Like
young subjects, elderly, show shorter latency of vergence
under the gap condition than under the overlap condition
(gap effect). 3) Convergence shows longer latencies than
divergence in the overlap condition for elderly only. 4)
Express type of latencies are frequent under the gap con-
dition, particularly for divergence starting from near;
this is the case for both young and elderly subjects.

Increase of regular vergence latency in elderly

The only prior study of latency of vergence in elderly
using simultaneous offset of fixation and onset of ver-
gence target showed an age-related increase in latency
(Rambold et al., 2006). Our data extend this observation
to both gap and overlap conditions and provide a new
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insight for the aging effect on regular versus express type
of latency. Indeed, elderly showed longer regular laten-
cies of vergence under both gap and overlap conditions
than young subjects. Slowing of the motor reaction time
is a well-documented general phenomenon with aging
(Katzman & Terry, 1983; Rambold et al., 2006). The
present results are in line with our prior studies of sac-
cades (Yang & Kapoula, 2006; Yang et al., 2006), and all
show that elderly had longer latency for both types of eye
movements, saccades and vergence. The increase of la-
tencies of eye movements could be related to the in-
creased processing time at any or all stages from sensory
process of stimulus to the eye-movement output (Knox et
al., 2005).

Several hypothetical processes are involved in the
control of latency of saccades and vergence, e.g. release
of ocular fixation, shift of visual attention, computation
of the metrics of the eye movements, and decision to
move the eyes. Such hypothetic processes take place in
the cortical areas including frontal and parietal cortexes
(Leigh & Zee, 2006); the role of such areas on eye-
movement control had been confirmed by many studies
in patients with cortical lesions (Pierrot-Deiseilligny et al.
2003, 2005), in monkeys with cortical ablation (Gamlin
& Yoon, 2000; Schiller, Sandell & Maunsell, 1987), and
in normal subjects by use of TMS (Kapoula et al., 2001;
Kapoula et al., 2005a; Kapoula et al., 2005b; Muri, Ver-
mersch, Rivaud, Gaymard & Pierrot-Deseilligny, 1996;
Yang & Kapoula, 2004). Physiological brain aging is
characterized by a loss of synaptic contacts and neuronal
apoptosis that provokes aging-dependant decline of sen-
sory processing, motor performance and cognitive func-
tion (Rossini, Rossi, Babiloni & Polich, 2007), which
could slow the reaction time of eye movements. During
normal aging, histological analysis showed widely spread
atrophy in cerebral cortex including both gray and white
matter (Creasey & Rapoport, 1985). Magnetic resonance
imaging (MRI) studies confirmed that both the frontal
lobe and parietal cortex underwent progressively dege-
nerative changes with aging in humans (Head, Buckner,
Shimony, Williams, Akbudak, Conturo, McAvoy, Morris
& Snyder, 2004; Salat, Kaye & Janowsky, 2001). Supe-
rior colliculus and brainstem oculomotor generator could
also be related to the processes of latency although histo-
logical studies have failed so far to detect age-related
neuronal losses in these structures (Henson, Staunton &
Brett, 2003; Katzman & Terry, 1983; Vijayashankar &
Brody, 1977a; Vijayashankar & Brody, 1977b).
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Another possible explanation of the prolongation of
eye-movement reaction time in elderly could be delibe-
rate adoption of a slower global mode of functioning, e.g.
allowing for extra time to attend better where to look
next. This idea is in line with theoretical studies that have
suggested that aging would not be due to local errors, but
would be inherent to the global organization of a complex
system (Rosen, 1978), in which the local and global sys-
tems can influence each other. To summarize, the slow
latency of vergence in elderly could be related to hypo-
function of cerebral oculomotor areas, and/or to adoption
of general slower mode of functioning. However, the
results on express type of latency discussed next go
against the global theory as they indicate the existence of
specific mechanisms and differential aging effects.

Gap effect

For gap effects, latency decreases in the gap task rela-
tive to non-gap task, and express latency have been wide-
ly studied for saccades but for vergence. We report that
healthy elderly also show a gap effect for vergence laten-
cies and are capable of producing express type of latency
for vergence. Moreover, the percentages of reduction of
regular vergence latency under the gap condition relative
to the overlap condition were similar in young (30%) and
elderly subjects (33%). The results are comparable to
those we reported previously for horizontal saccades
(35% vs 32%) and vertical saccades (29% vs 27%). The
gap effect on regular saccade latency has been attributed
to various hypothetical mechanisms: the offset of fixation
prior to target onset could act as warning signal facilitat-
ing the disengagement of fixation and motor system
preparation thereby shortening the reaction time of eye
movements (Kingstone & Klein, 1993; Reuter-Lorenz,
Hughes & Fendrich, 1991; Ross & Ross, 1980; Ross &
Ross, 1981). This gap effect may be the result of several
factors (Csibra, Johnson & Tucker, 1997), including the
disengagement of visual fixation prior to target onset
(Munoz et al., 1998). In the overlap task, fixation is ac-
tively engaged at the time of target presentation and its
disengagement requires volitional control leading to the
increase of latencies. According to the recent model of
Findlay and walker (Findlay & Walker, 1999) during the
gap duration the activity in the fixate centre is decreased
because of the absence of stimulus (neither fixation nor
target) and thereby saccade triggering is enhanced. All
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these hypothetical mechanisms for the gap effect could
be similar for saccades as well as for vergence. Thus, our
results suggest that elderly, similarly to young adults, can
benefit from early offset of visual fixation and thereby
generating shorter latency of vergence.

Express divergence

Another important result is that elderly can produce
frequently express latencies of vergence, especially for
divergence starting from near, in the gap condition. Note
that the rates of such latencies in elderly are similar to
those in young adults (21% vs 23% for divergence start-
ing from near; 9.2 vs 8.6% for divergence starting from
far, for elderly and young adults, respectively). In con-
trast, both young and elderly subjects have very few cas-
es of express type of convergence. What are the specific
mechanisms facilitating express type of divergence? The
relaxation of convergence from near, or the warning and
disengagement of attention because of the offset of fixa-
tion or the predictability of new target could be involved
in promoting express divergence latencies. Yang et al.
(2006) showed that in the gap condition when fixating at
near viewing distance (20 cm) express latencies for hori-
zontal saccades are more frequent compared to when
fixating at far viewing distance for both young (23% vs
9%) and elderly (21% vs 1%). Divergence in the present
study induces always relaxation of convergence. In gen-
eral, when divergence starts from near point many factors
could contribute to shorten latency, e.g. fixation offset
(gap), attention disengagement of ocular fixation, relaxa-
tion of convergence and prediction of divergence

Models of express latency

Isa and Kobayashi (2004) emphasize that express sac-
cades are mediated by ‘short-loop’ brainstem pathway
(retina — SC — extraocular muscles). Other investigators
proposed that cortical areas, such as occipital cortex
(Schiller & Tehovnik, 2005), parietal posterior cortex
(Fischer & Weber, 1993; Pierrot-Deseilligny, Muri, Plon-
er, Gaymard & Rivaud-Pechoux, 2003) and frontal eye
field (Brown, Bullock & Grossberg, 2004) are also in-
volved in the express-loop. No matter which neural cir-
cuit is involved in the control of express latency, we sug-
gest that the circuit is similar for express saccades and
express vergence; this is in line with a TMS study by
Coubard and Kapoula (2006), showing high express la-
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tencies for both vergence and saccades after interference
of the dorslateral prefrontal cortex by TMS.

Here we will emphasize that express latencies corres-
pond to minimal afferent and efferent conduction (Car-
penter, 1981; Munoz et al., 1998). Their occurrence in
elderly similarly to young subjects indicates that there is
no downstream difficultly to generate express-type laten-
cies with age. Such result is also in line with the idea of
‘short-loop’ for producing express saccades and perhaps
also for express vergence (Isa & Kobayashi, 2004). Note
that stimulation in the rostral pole of superior colliculus
can induce vergence eye movements and the activity of
rostral neurons can be modulated by pure vergence (Cha-
turvedi & Van Gisbergen, 2000). Moreover, there is evi-
dence suggesting no degeneration of brainstem structures
in general with aging (Henson et al., 2003; Katzman &
Terry, 1983; Vijayashankar & Brody, 1977a;
Vijayashankar & Brody, 1977b). Finally, it is possible
for a complex system to exhibit global modes of failure
which are not associated with local subsystem failure
(Rosen, 1978). The capacity to generate express type of
eye movements in 3D space is an example at such local
subsystem preserved. The fact that express divergence
latency was more frequent for divergence starting from
near (20 cm) than for divergence starting from far (40
cm) suggests that convergence relaxation is indeed one of
the factors contributing to such short latency, together
with a warning effect and with target predictability. In-
deed, when the fixation point was present at 20 cm the
only possible target location was at 40cm, i.e. calling for
divergence. The present study does not allow to distin-
guish the relative importance of convergence relaxation
versus target predictability for triggering express diver-
gence.

Convergence vs divergence latency

Latency of convergence was longer than that of di-
vergence for elderly under the overlap condition only.
For young subjects, reports in the literature are contradic-
tory in the latency between convergence and divergence.
Using targets in natural 3D space, Rambold et al. (2005)
reported that there was no the difference of latency be-
tween convergence and divergence in subjects in the age
range of 19-73 years; Semmlow & Wetzel (1979) stated
that convergence latency is less than divergence latency,
while other researchers have reported the opposite, e.g.
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convergence has a longer latency than divergence (Krish-
nan et al., 1973; Yang et al., 2002). For disparity driven
vergence, the results for latency difference between con-
vergence and divergence are also contradictory (Alvarez
et al., 2005; Hung et al., 1997; Rashbass & Westheimer,
1961). Contradicting findings could be partially related to
differences between individuals. Another factor influen-
cing vergence latency is the initial starting position, par-
ticularly for divergence (Alvarez et al., 2005). In addi-
tion, different thresholds of velocity used by different
authors to identify the onset of vergence could also influ-
ence the evaluation of such difference between conver-
gence and divergence. The present study compares ver-
gence latency between young and elderly subjects in gap
and overlap tasks using the same criteria for determining
the onset of vergence. The gap task promoting a rather
reflexive mode of triggering of eye movements showed
no differences in latency between convergence and di-
vergence. In contrast, the overlap paradigm involved
higher volitional control of fixation and attention disen-
gagement and revealed difference in latency between
convergence and divergence in elderly. Indeed, in the
overlap condition, for 11 out of 13 elderly subjects the
latency differences between convergence and divergence
were substantial (80 ms for vergence movements between
20cm and 40cm, and 36 ms for vergence movements be-
tween 40cm and 150cm). Such increased latency for con-
vergence in elderly is consistent with an EEG study (Tze-
lepi, Lutz & Kapoula, 2004) showing massive central and
posterior cortical activation prior to convergence move-
ments in young subjects.

In conclusion, this study indicates differential
aging effects on vergence: slowing of regular type of la-
tency, particularly for convergence, and good preserva-
tion of express type of latency.
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