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Abstract Even though there have been extensive investi-
gations of the temporal integration limits of binocular
vision in perceptual tasks, relatively little is known about
temporal integration limits during the completion of visuo-
motor tasks. To assess the temporal integration limits of
binocular disparity within the action domain, accuracy of
reach kinematics in a reaching and grasping task under con-
tinuous binocular and monocular viewing conditions were
compared with those obtained under alternating monocular
viewing conditions with interocular delays ranging from 14
to 58 ms. Even the shortest of the interocular delays
resulted in larger grip apertures than those in the continuous
monocular and binocular viewing conditions. The short
temporal integration interval of stereovision obtained in
this study cannot be accounted for by diVerential visual
feedback in the binocular and interocular delay conditions,
nor is it likely to be a consequence of visual disruption due
to the interocular delays. Our Wndings suggest that the visu-
omotor system has little tolerance to interocular delay.
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Temporal integration limits of stereovision in reaching 
and grasping

It has been suggested that the visual system performs 
distinct but equally crucial tasks: vision for perception a
vision for the control of action. Goodale and Milner (1992)
have proposed that these two ‘streams’ of vision map o
separate cortical pathways (also see Goodale et al. 1991;
Goodale and Milner, 2004; Faillenot et al. 1997; Milner
and Goodale 1995; Parker 2007; Ungerleider and Mishkin
1982): a ventral (“perception”) stream, which sends its pr
jections from the primary visual cortex to the tempor
lobe, and a dorsal (“action”) stream, which sends its proj
tions from the primary visual cortex to the posterior parietal
cortex. Both streams clearly employ information about 
object’s size and location. However, each stream uses 
information in diVerent ways and may perform diVerent
computations to determine these object properties (
Goodale and Westwood 2004; Parker 2007 for reviews).

Accurate perceptual judgments require an allocentric
frame of reference (independent of the viewer), so th
object properties, such as size, can be recognized regard
of the observer’s perspective. These types of proper
play a critical role in learning and identiWcation by produc-
ing durable representations of the world. Given that object
properties calculated from an allocentric frame of referen
rarely change, the perceptual stream may not requ
updated representations of targets. Consistent with 
idea, the perceptual stream has been shown to temporally
integrate information across a relatively long period of tim
(Coltheart 1980) and the integration of information
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between the two eyes necessary for binocular depth percep-
tion occurs for periods of 45–100 ms (Cogan et al. 1993;
Efron 1957; Engel 1970; Julesz and White 1969; Ludwig
et al. 2007; Ogle 1963; Wist and Gogel 1966; although see
Gheorghui and Erkelens 2005).

In contrast, guiding one’s arm towards an object during a
reach requires that calculations of object characteristics,
such as distance, shape and size, be completed from an ego-
centric (viewer-centered) perspective. While our previous
experience with an object may predispose us to act upon it
in a certain way (Desanghere and Marotta 2008; Goodale
and HaVenden 2003; Hartung et al. 2005; HaVenden and
Goodale 2000), these computations are largely carried out
each time a reach is made towards the object of interest
(Westwood and Goodale 2003). Since the egocentric frame
of reference changes from one moment to the next, repre-
sentations underlying depth computations are not likely to
be enduring and the temporal integration of information
about objects and between the two eyes might be expected
to be absent or very limited in duration. Although many
studies have examined the temporal integration limits of
binocular depth perception, we are only aware of one study
that assessed temporal integration of information between
the two eyes in a visuomotor task (Bennett et al. 2006). In
this study, in which participants had to catch a ball under
binocular, continuous, or alternating monocular viewing
conditions, no evidence of temporal integration of informa-
tion between the two eyes was obtained. This suggests that
the temporal integration limit was less than 20 ms. How-
ever, binocular disparity information may not inXuence per-
formance in such interceptive tasks (Bennett et al. 2006;
Servos and Goodale 1998; but see DeLucia 2005). More-
over, the impairments associated with alternating monocu-
lar viewing in this task were also obtained relative to
continuous monocular viewing suggesting that it may be
the introduction of no-vision periods that accounts for their
Wnding. For both of these reasons, it is not clear whether the
estimates obtained reXect the temporal integration limits of
stereovision in a visuomotor task (see Bennett et al. 2006
and the “Discussion” for further information on this possi-
bility). The aim of our study was to assess the temporal
integration of stereovision in a reaching and grasping task.

Experiment 1

We sought to characterize the temporal integration limits of
binocular vision in a visually guided task in which binocu-
lar vision has clearly been shown to have an eVect on per-
formance. The role of binocular vision on the visuomotor
system is clearly evident in the diVerences seen in move-
ment kinematics produced under monocular and binocular
viewing (Knill 2005; Marotta and Goodale 1998; Marotta
et al. 1997; Watt et al. 2007). For example, maximum grip

aperture and maximum lift of the foot have been shown to
be smaller under binocular than monocular viewing (Bennett
et al. 2003b; Chajka et al. 2007; Loftus et al. 2004; Marotta
et al. 1997; Melmoth and Grant 2006; Patla et al. 2002;
Watt and Bradshaw 2000, 2003: although see Jackson et al.
1997; Servos et al. 1992; Servos 2000) and movement
velocity has been shown to be higher under binocular than
monocular viewing (Chajka et al. 2007; Melmoth and
Grant 2006; Servos et al. 1992; Servos and Goodale 1994;
but see Watt and Bradshaw 2000).

To investigate the temporal integration of binocular dis-
parity information in a reaching and grasping task, we have
adopted a method commonly employed in previous percep-
tual studies of temporal integration of visual information:
assessment of the inXuence of delays between the input to
the two eyes. Ogle (1963) proposed that if an image is pre-
sented to the second eye before the information in the Wrst
eye dissipates, stereovision will be achieved. Therefore, the
longest interocular delay for which binocular vision is evi-
denced is taken to be a measure of the interval over which
information from the two eyes is integrated. In our study,
we assessed the inXuence of interocular delays ranging
from 14 to 58 ms on participants’ reaching and grasping
movements.

Methods

Participants

Forty-four right-handed subjects (29 female, 15 males; age
range 18–31 years old; mean age = 20.6 years) with normal
or corrected-to-normal vision were recruited from the Uni-
versity of Manitoba Undergraduate Subject Pool. Partici-
pants were given partial course credit for their time and
provided written informed consent. All participants were
strongly right-hand dominant, as determined by a modiWed
Edinburgh Handedness Inventory (OldWeld 1971), and had
normal stereoscopic vision (40’ of arc or better), as deter-
mined by the RANDOT stereogram acuity test (Stereo
Optical, Chicago).

Apparatus

Reaching and grasping data were recorded at a sample rate
of 200 Hz using the OPTOTRAK Certus 3d motion track-
ing system to monitor the position of infrared light emitting
diodes (IREDs) aYxed to participants in the following con-
Wguration: 2 placed on the index Wnger of the right hand
near the base of the left side of the cuticle, 2 placed on the
right thumb near the base of the right side of the cuticle,
and 2 placed on the left side of the wrist, directly in front of
the top of the ulna bone. Data were Wltered using a 7 Hz
second order Butterworth Wlter.
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