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Michaels’s (2000) reassessment of the relation between action and perception is en-
dorsed. In alignment with Milner and Goodale (1995), she proposed a separation be-
tween action (i.e., control of movement) and perception (i.e., the explicit knowledge
of environmental properties, including animal-referential ones), the separation being
based on the reliance on different optical variables. However, how should the concept
of affordances be incorporated into this scheme? We present data showing that
affordances, both when perceived and acted on, are not susceptible to optical illu-
sions. Because action and perception are distinguished on the basis of information
used, but are also proposed to interact, it is hypothesized that, dependent on the task
goal, “information for action” may be used in perception, and “information for percep-
tion” may be used in action. Participants may become more attuned to information for
action when perception serves to acquire explicit knowledge about what the environ-
ment affords for action.

Requests for reprints should be sent to John van der Kamp, Faculty of Human Movement Sciences,
Vrije Universiteit, Van der Boechorststraat 9, 1081 BT Amsterdam, The Netherlands. E-mail:
J_van_der_Kamp@fbw.vu.nl
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Vision serves to regulate the organism’s encounters with the environment. Obvi-
ously, there are different types of encounters. For instance, you may look at a cup of
coffee to grasp it or look at the cup to see if you should ask for a refill. Milner and
Goodale’s (1995; Goodale & Haffenden, 1998; Goodale & Humphrey, 1998) argu-
ment can be summarized by stating that for these different encounters vision may be
distinct. On the basis of neurological and behavioral evidence, Milner and Goodale
argued that the dorsal stream of the visual cortex, which is proposed to support vi-
sual control of movement (i.e., action), is separate from, but interacts with, the ven-
tral stream, proposed to support perception. Michaels (2000) argued that this
putative separation is foremost an empirical issue, and an evaluation of the evi-
dence so far led her to conclude that the separation between action and perception
is justified. She was led (and not misled, we argue) to this conclusion by a study of
hers in which she examined the information-based control of timing a punch to hit
falling balls (Michaels, Zeinstra, & Oudejans, 2001).

We were led to a similar conclusion when examining the timing of hand closure
in one-hand catching (Bennett, van der Kamp, Savelsbergh, & Davis, 1999; van
der Kamp, 1999). Following Lee (1976), numerous authors have assumed that for
interceptive-timing tasks information about time to contact is needed. This infor-
mation is specified by the relative rate of change of optical size, possibly in combi-
nation with the relative rate of change of target vergence (e.g., Rushton & Wann,
1999; Savelsbergh, Whiting, & Bootsma, 1991). In a series of experiments, the as-
sumption that optical variables specifying time to contact controlled the timing of
hand closure in one-hand catching was tested (Bennett et al., 1999; Bennett, van
der Kamp, Savelsbergh, & Davis, 2000; van der Kamp, 1999; van der Kamp,
Bennett, Savelsbergh, & Davis, 1999; van der Kamp, Savelsbergh, & Smeets,
1997). We found that the timing of hand closure was affected by ball size in monoc-
ular conditions only (cf. Michaels et al., 2001), by ball velocity in both monocular
and binocular viewing conditions, and by an increase in interocular separation.
Therefore, we concluded that the timing of hand closure was controlled by some
combination of the rates of change of optical size and target vergence, not by their
relative rates of change as is found in perceptual judgment tasks (e.g., Gray &
Regan, 1998).

Interceptive timing, unlike perceptual judgments, is not controlled by optical
variables specifying time to contact. Hence, an information-based distinction be-
tween action and perception is suggested, a position quite similar to that of
Goodale and Milner (1995).1 However, ecological psychologists who accept the in-
formation-based separation between action also need to deal with the issue of
affordances: “Are affordances perceived or acted on ... [that is] ... whether

'Tn their earlier contributions, the emphasis was on the different transformations of information car-
ried out by the ventral and dorsal system (e.g., Milner & Goodale, 1995), whereas in the more recent arti-
clesit has been the different types of information that are stressed (e.g., Marotta, Behrmann, & Goodale,

1997).
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affordances should be viewed as ventral-stream or dorsal-stream activity” (Mi-
chaels, 2000, p. 253). Or, alternatively, should affordances be viewed as a reflec-
tion of the interaction between the two streams? We report two experiments and
attempt to provide a provisional answer to the issue of affordances.

A telestereoscope consists of two pairs of parallel mirrors positioned perpendic-
ular to each other. It effectively increases the interocular separation between a par-
ticipant’s eyes, resulting in an increase of the angle of target vergence. We built a
telestereoscopic device to examine the role of binocular information in the control
of timing the one-handed catch (Bennett et al., 1999; van der Kamp et al., 1999).
To our astonishment, looking through the telestereoscope made the objects appear
not only smaller but also farther away. When catching a tossed ball, however, the
hand was closed too early, which is consistent with the increase in the angle of tar-
get vergence. Participants, therefore, were not only required to catch balls but also
made verbal judgments on reachability and provided a verbal report on what they
perceived during the telestereoscopic viewing condition compared to normal view-
ing. Here we report on these two different verbal reports only (for a more elaborate
analysis see van der Kamp et al., 1999; van der Kamp, Savelsbergh, & Bennett,
1998). For the reachability judgments the experimenter slowly moved an illumi-
nated ball to the participant in a darkened room. The participants (N = 19) had to
indicate verbally when the ball became reachable, which was defined as the dis-
tance that would enable it to be reached with an outstretched arm. The di-
rected-choice question related to distance was “Do you perceive the ball as closer,
farther, or at the same distance under telestereoscopic viewing as compared to nor-
mal viewing?” The average distance judged as reachable was larger for
telestereoscopic viewing (M = 93 cm) than for normal viewing (M = 69 cm), indi-
cating that the participants judged the ball as closer when wearing the telestereo-
scope. This is consistent with the observation that all participants closed their
hands earlier when catching under telestereoscopic viewing. However, the di-
rected-choice question indicated otherwise: Only 2 participants reported the ball
to appear closer. Eight participants reported that they saw the ball farther away un-
der telestereoscopic viewing, whereas the remaining 9 participants did not see any
difference. It is important that both the reachability and the directed-choice ques-
tion require perceptual judgments, that is, telling about “explicit knowledge or
awareness of environmental properties, including animal-referential ones” (cf. Mi-
chaels, 2000, p. 241). So how should these findings be interpreted? The
reachability judgment is consistent with the use of the angle of target vergence,
whereas the distance comparison is not. Because 12 participants reported that they
saw the ball as smaller under telestereoscopic viewing, they may have reasoned
along the lines of the size—distance paradox, reasoning that because the ball ap-
pears smaller it has to be farther away (cf. Mon-Williams & Tresilian, 1999).
Hence, the difference between the two perceptual judgments may be information
based. When telling about what the environment affords for action, participants
may be more attuned to information that also serves to control movement (and
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vice versa). Does this imply (more) dorsal-stream involvement when telling about
action than when telling about environmental properties in general?

The tentative answer to the latter question might be affirmative; at least, such is
suggested by preliminary results from an experiment in which we examined whether
an object affords one- or two-hand grasping (van der Kamp & Savelsbergh, 2000).
Participants (N = 6) were randomly presented 20 disks (3 cm in height) with diame-
ters ranging from 12.0 to 22.0 cm with steps of 0.5 cm. The disks were presented four
times in three conditions: (a) only the disks were presented, (b) the disks were pre-
sented within a circle of 5 large disks (23 cm), and (c) the disks were presented within
a circle of 11 small disks (11 cm). The circles of large and small disks create the
Titchenerillusion: The center disk appears smaller in the presence of the large outer
disks and vice versa. It has been shown that perception, but not action, is affected by
this illusion (Aglioti, Goodale, & DeSouza, 1993; Goodale & Haffenden, 1998).
However, in these studies, perceptual judgments were not related to action. Hence,
in one series we asked participants whether they would have picked up the disks with
one or two hands (does the disk afford one-hand or two-hand grasping?), and in the
other series we required participants to actually grasp and lift the disk. Figure 1 shows
the average number of two-handed grasps in relation to the diameter of the center
disk and the circle disks. It was anticipated that in the case of the large (small) outer
disks, the center disk would appear smaller (larger), and hence the number of
two-handed grasps would decrease (increase). Neither for action nor for perception
was the commonly observed effect of the Titchener illusion found. (Exceptions were
for the 19.5-cm disk in perception and for the 15.5- and 19.5-cm disks in action.)

Again, how should these results be interpreted? It could be argued that no sepa-
ration between action and perception exists. However, given the present state of
affairs, such an interpretation will not do (cf. Michaels, 2000; Milner & Goodale,
1995). A second interpretation would be that information about affordances,
whether acted on or perceived, is exclusively supported by dorsal-stream activity.
This cannot be ruled out, but it makes the perception of affordances an exception
within Milner and Goodale’s framework. A third alternative follows from Milner
and Goodale’s assumption that the dorsal and ventral visual streams always inter-
act—an argument that has often been neglected. In other words, perception is pri-
marily but not exclusively supported by ventral-stream activity, whereas action is
primarily but not exclusively supported by dorsal-stream activity. An informa-
tion-based distinction between action and perception, therefore, implies that, de-
pending on the goal of the task, information for action may be used in perception,
and information for perception may be used in action. We hypothesize that the re-
liance on information for action depends on what perception, the explicit knowl-
edge, is about. Information for action becomes more important (as reflected by
dorsal-stream activity?) when perception serves to tell about what the environ-
ment affords for action and less so when perception serves to acquire explicit
knowledge of environmental properties in general, hence the insensitivity to the
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FIGURE 1 The effect of the Titchener illusion on the transition from one- to two-handed
grasping in perception (top) and action (bottom).
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optical illusions created by the telestereoscope or the Titchener circles in the per-
ception of affordances.

REFERENCES

Aglioti, S., Goodale, M. A., & DeSouza, J. F. X. (1993). Size-contrast illusions deceive the eye but not
the hand. Current Biology, 5, 679-685.

Bennett, S .J., van der Kamp, ., Savelsbergh, G. ]. P., & Davis, K. (1999). Timing a one-handed catch: I.
Effects of telestereoscopic viewing. Experimental Brain Research, 129, 362-368.

Bennett, S. J., van der Kamp, J., Savelsbergh, G. . P., & Davis, K. (2000). Discriminating the role of bin-
ocular information in the timing of a one-handed catch: The effects of telestereoscopic viewing and
ball size. Experimental Brain Research, 135, 341-347.

Goodale, M. A., & Haffenden, A. (1998). Frames of reference for perception and action in the human vi-
sual system. Neuroscience and Biobehavioral Reviews, 22, 167-172.

Goodale, M. A.; & Humphrey, G. K. (1998). The objects of action and perception. Cognition, 67,
181-207.

Gray, R., & Regan, D. (1998). Accuracy of estimating time-to-collision using binocular and monocular
information. Vision Research, 38, 499-512.

Lee, D. N. (1976). A theory of visual control of braking based on information about time-to-collision.
Perception, 5, 437-459.

Marotta, . J., Behrmann, M., & Goodale, M. A. (1997). The removal of binocular cues disrupts the cali-
bration of grasping in patients with visual form agnosia. Experimental Brain Research, 116, 113-121.

Michaels, C. F. (2000). Information, perception and action: What should ecological psychologists learn
from Milner and Goodale (1995). Ecological Psychology, 12, 241-258.

Michaels, C. F., Zeinstra, E., & Oudejans, R. R. D. (2001). Information and action in punching a falling
ball. Quarterly Jowrnal of Experimental Psychology, 54A, 69-93.

Milner, A. D., & Goodale, M. A. (1995). The visual brain in action. Oxford, England: Oxford University
Press.

Mon-Williams, M., & Tresilian, J. R. (1999). The size—distance paradox is a cognitive phenomenon. Ex-
perimental Brain Research, 126, 578-582.

Rushton, S. K., & Wann, J. P. (1999). Weighted combination of size and disparity: A computational
model for timing a ball catch. Nature Neuroscience, 2, 186-190.

Savelsbergh, G. J. P., Whiting, H. T. A., & Bootsma, R. J. (1991). Grasping tau. Journal of Experimental
Psychology: Human Perception and Performance, 17, 315-322.

van der Kamp, J. (1999). The information-based regulation of interceptive timing. Nieuwegein, The
Netherlands: Digital Printing Partners Utrecht.

vander Kamp, J., Bennett, S. ], Savelsbergh, G. J. P., & Davis, K. (1999). Timing a one-handed catch: II.
Adaptation to telestereoscopic viewing. Experimental Brain Research, 129, 369-377.

van der Kamp, J., & Savelsbergh, G. J. P. (2000). [One- or two-hand grasping: The effects of the
Titchener illusion]. Unpublished raw data.

van der Kamp, J., Savelsbergh, G. J. P, & Bennett, S. J. (1998). Do we report what we see and do? In B.
Bril, A. Ledebt, G. Dietrich, & A. Roby-Brami (Eds.), Advances in perception—action coupling (pp.
45-49). Paris: Editions EDK.

van der Kamp, J., Savelsbergh, G.]J. P, & Smeets, J. (1997). Multiple information sources in interceptive
timing. Human Movement Sciences, 16, 787-821.



