Exp Brain Res (2008) 187:595-601
DOI 10.1007/s00221-008-1328-6

RESEARCH ARTICLE

The speciXity of learned associations in visuomotor
and perceptual processing

L. Desanghere - J. J. Marotta

Received: 19 December 2007 / Accepted: 15 February 2008 / Published online: 28 February 2008
Springer-Verlag 2008

Abstract Learned associations between object propertieskeywords Learned perceptual cues -

such as weight and size, allow for quick and accuratgisuomotor control - Perceptual estimations -
manipulations of objects that we encounter repeatedly. Thi8pecitity - Categorization - Sensorimotor

integration of learned sensory information reduces the

overall computational load of our visuomotor system when

interacting with familiar objects. In the laboratory, evenintroduction

novel associations can be quickly established after only

brief training. H&¥enden and Goodale in J Cogn NeuroscMWe move about and interact with objects in our environ-
12:950-964 2000 found that learned associations betweemment so ¥ortlessly that the complexities of these interac-
color and size \ected grip scaling for manual estimationstions are rarely noticed. When picking up our favorite
of size and visually guided grasping. But, how spé@re coVee mug or pen, it is a simple matter to look where we
these learned associations? In the current study, lightenlemember leaving it, reach out, and accurately pick it up.
shaded “untrained” target objects were added tdeHden But is it really that simple? When we reach out to pick up
and Goodale’s color-size association paradigm to detefamiliar objects, the posture of our hand asders r&Xect
mine if the learned associations made by the perception atfte orientation, shape, size, and function of the object, as
action systems are equally toletdo within-category color well as what we plan to do with it. Our visuomotor system
changes. During perceptual estimations, training was gemtilizes well established associations between object prop-
eralized within ctor categories—manual estimations oferties and movement kinematics for anticipatory control of
size were iXuenced by both the trained and lighter-shadednovement. This anticipatory control allows for quick and
untrained colors. In contrast, grasping was néuiénced accurate manipulations of familiar objects without requir-
by the untrained colored blocks. These results demonstrateg a complete dependence on “moment-to-moment” sen-
how the perception and action systeméediin their incor-  sory feedback control about object properties (Gordon et al.
poration of learned perceptual information. In contrast td4993.

the object speWi associations needed for grasping, our Two distinct, but interconnected, cortical visual streams
perceptual system is more categorical and uses generalizealve evolved to process the information needed for visual
perceptual grouping strategies when relying on learnegerception and visually guided action (Goodale and Milner
color information. 1992 Milner and Goodalel995. The ventral stream,
which projects from the primary visual cortex (V1) to the
temporal lobe (Ungerleider and Mishkif82), provides us

L. Desanghered( ) - J. J. Marotta with visual perception of objects and events in the world as
Ei:&gg;&”oﬁﬁaﬁﬁgzg}szbgE%iggﬁ:g;;sych°|°gy' well as codes this information for storage and for use in
190 Dysart Rd, Winnipeg, MB R3T 2N2, Canada cognitive processes like imagining, planning, and recogni-
e-mail: umrhode@cc.umanitoba.ca tion (Goodale1998 Milner 1998 Milner and Goodale
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1982), deals with moment to moment information about the
location of objects and is primarily involved in the visual
control of skilled movements directed at those objects
(Goodale 1998; Goodale and Milner 1992; Milner and
Goodale 1995).

Past research has shown how visual information can
differentially affect the ventral (perceptual) and dorsal
(action) visual systems. For example, dissociations between
perception and action have been demonstrated behaviour-
ally in healthy individuals through the use of visual illu-
sions. These studies have shown that while perceptual
judgments of location (Bridgeman etal. 1997) and size
(Aglioti etal. 1995; Grave etal. 2005; Haffenden and
Goodale 1998) are susceptible to perceptual illusions,
actions such as saccades (Bridgeman et al. 1997; Wong and
Mack 1981) and reaching and grasping kinematics are not
(Kroliczak et al. 2005; Milner and Goodale 2006). This
research supports the theory that the representations that
guide our actions are different from those that guide our
perceptions of the world, although alternative explanations
for these dissociations have been offered by other research-
ers (Carey 2001; Franz etal. 2000, 2003; Pavani et al.
1999).

Despite a clear division of labour between the perception
and action systems, visual information from both streams
work together in our everyday interactions with the world.
Properties such as texture, temperature, compliance, and
weight may not be fully known when viewing novel
objects, but can be learned through direct experience with
those objects, thus influencing various kinematic responses
such as movement time and grip force prior to contact (Bre-
ener and Smeets 1996; Dubrowski et al. 2004; Gordon et al.
1991, 1993). Indeed, different motor responses are elicited
depending on the sensory information associated with that
action. Incorporating learned perceptual information about
object properties allows for the initial parameters for hand
posture and grip scaling to be quickly selected, thus reduc-
ing the need for precise metrical calculations about the goal
object, while at the same time increasing the overall
efficiency of the visuomotor system (Gordon et al. 1993;
Haffenden and Goodale 2000).

Research has shown that learned associations can occur
relatively quickly, even with uncommon or experimentally
derived associations. For example, associations between
color and texture (Fikes et al. 1994), weight (Dubrowski
et al. 2004), or size (Haffenden and Goodale 2000) have
been shown to influence movement time, grip force and
maximum grip aperture (MGA; maximum difference
between index finger and thumb), respectively during
object manipulation. In addition to influencing movement
kinematics, Haffenden and Goodale (2000) also demon-
strated that learned associations between color and size
influence perceptual processes as well. Using color-size

@ Springer

associations, Haffenden and Goodale (2000) repeatedly pre-
sented participants with large yellow and small red blocks.
Participants quickly developed learned associations
between block color and block size. At a later stage when
two medium sized blocks were presented, one of which was
matching in color to the large yellow blocks and one match-
ing in color to the small red blocks, they found that grip
scaling and size estimations were scaled to the color-size
association rather than the actual size of that object. That is,
after undergoing color-size training, subjects produced
smaller grip apertures and perceptual estimations for the
yellow medium block than the red medium block, despite
these two blocks not differing in size. Haffenden and
Goodale (2000) term this effect a “relative size contrast
illusion”. Presumably, because yellow had been associated
to the larger sized category, the medium yellow block (which
was the smallest object in that color category) was perceived
as smaller when compared to the medium sized red block
(which was the largest object in that color category).

In everyday life, the associations built up by our visuo-
motor system occur naturally through interactions with
objects that we encounter on a regular basis, such as our
toothbrush or favorite coffee mug. Our unconscious reli-
ance on learned associations not only allows for quick and
accurate manipulations of objects, but also biases our per-
ceptual responses to those objects as well. These built up
associations reduce the need to consistently and habitually
calculate the precise properties of every object that we
encounter when interacting with them. However, a funda-
mental question concerning this sensorimotor process
remains unanswered: How specific is the integration of
learned associations during perceptual and visuomotor
tasks?

Adapting a color-size paradigm from Haffenden and
Goodale (2000), we established an association between
block size and block color. In a later phase we introduced
both color matched “trained” probe blocks and lighter-
shades of the trained target colors (untrained colored probe
blocks) that were equal in size. Based on previous research
(Haffenden and Goodale 2000), it was expected that after
training differences between the trained colored probe
blocks (dark red and dark blue) would emerge in both the
estimation and grasping conditions. Specifically, the probe
block matched in color to the “large” category (dark red)
would elicit smaller estimations of size and smaller MGA’s
while grasping when compared to the probe block matched
in color to the “small” category (dark blue) which would
elicit larger size estimations and grip apertures. For the
untrained lighter colors, if the perception and visuomotor
systems show good specificity for training on the darker
colors, then differences in manual estimations and grip
aperture while grasping were not expected to emerge. How-
ever, if these two systems generalize learned information to
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similar colors, then training on the darker colors could
carry over to the lighter shades and manual estimations of
size and grip aperture while grasping would show the same
color-size association effects as the trained colors.

Methods
Participants

After obtaining informed consent, participants were
assigned to either a perceptual “estimation” condition
(N =24, 19 females, five males; mean age = 21) or a visuo-
motor “grasping” condition (N=23, 18 females, five
males; mean age = 22). All participants were screened for
color blindness (Dvorine pseudo-isochromatic plates;
Dvorine 1953), were shown to be strongly right-handed
as determined by a modified version of the Edinburg
handedness inventory (Oldfield 1971), and had normal
or corrected-to-normal vision. This research was approved
by the Human Research Ethics Board at the University of
Manitoba.

Materials and procedure

In the estimation condition, participants were instructed to
manually estimate the size of the testing stimuli (square
wooden blocks modeled after Haffenden and Goodale
2000) by opening their thumb and index finger to match the
width of the block while their hand stayed in position on the
table. In the grasping condition, participants were
instructed to reach out and pick up the target blocks using
their index finger and thumb. All participants were
instructed to pick up these objects as quickly, but as natu-
rally, as possible.

Manual estimations and reaching and grasping move-
ments and were recorded with an OPTOTRAK Certus 3-D
motion tracking system (Manufactured by Northern Digital,
Waterloo, Ontario). Movements were recorded via infrared
light emitting diodes (IREDs; 200 Hz sampling rate) that
were secured on the subject’s index finger (positioned on
the left side of the cuticle), thumb (positioned on the right
side of the cuticle), and wrist (positioned on the radial por-
tion of the wrist) with small pieces of medical tape. All par-
ticipants were seated at a black table; their starting position
was indicated by a white start button which was positioned
10 cm from the edge of the table. Participants in the estima-
tion condition kept their hand stationary on the start button
with their index finger and thumb together and their eyes
closed. Participants in the grasping condition started each
trial with their index finger and thumb resting on a start but-
ton and their eyes closed. The experimenter signaled the
beginning of each trial with verbal instructions for the par-

ticipant to open their eyes. At this point they had to either
make a size estimation of the block, which was placed with
its far edge 40 cm from the start button, or reach out and
pick up the block. To reduce the noise in the estimation
data, participants first viewed the object and then made a
verbal signal to the experimenter when their estimation was
complete. At that time a 1.0 s recording was taken of their
finger position. In the grasping task, a 2.5 s recording was
taken from when the experimenter instructed participants to
open their eyes. This time frame allowed for the task to be
completed and the reach to grasp parameters to be col-
lected. Although viewing times were not controlled in the
estimation condition, time to complete the whole experi-
ment did not differ in either the estimation or grasping con-
ditions (approximately 45 min). After the required task was
complete, participants in the grasping condition returned to
the starting position with their index finger and thumb on
the start button with their eyes closed, while participants in
the estimation condition simply closed their index finger
and thumb and closed their eyes until the verbal command
to start the next trial was given. Each participant underwent
three different sets of trials, pre-training, training, and post-
training, for a total of 172 trials. The testing stimuli con-
sisted of three different groups of blocks, distractors, probe,
and key blocks. These blocks were painted one of five col-
ors (reported in C.LLE xyY color coordinates; color readings
obtained with a Cambridge Research Systems OP-200E
Photometer): dark red (x=0.5688, y=0.3692, Y=31.1),
dark blue (x=0.3215, y=0.3546, Y=37.1), light red
(x=0.5749, y =0.3634, Y =43.6), light blue (x = 0.3526,
y=0.3836, Y =64.6), and yellow (x =0.5135, y =0.4476,
Y =121). All blocks were 15 mm in height.

Pre-training: The first set of 45 trials established a base-
line measure for grip aperture across colors. Five medium
sized probe blocks were randomly presented five times
each alternated between presentations of ten different dis-
tractor blocks. The probe blocks, which were 45 mm in
width, were colored dark red, dark blue, light red, light
blue, and yellow. The distractor blocks consisted of five
blocks that were 50 mm in width and five blocks that were
40 mm in width. Each of these distactor groups had a dark
red, a dark blue, a light red, a light blue, and a yellow col-
ored block. The purpose of these trials was to ensure that
size estimations and grasping of the probe blocks were not
influenced by the color of the blocks before training began.
It was expected that after color-size training, differences in
grip aperture and size estimations for the 45 mm probe
blocks would emerge.

Training: The next set of trials established the color-size
relationship. Six key blocks were randomly presented five
times each, for a total of 30 trials. These blocks consisted of
three large dark red key blocks (65, 70, and 75 mm in
width) and three small dark blue key blocks (15, 20, and
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