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Abstract

The exeriments reported in this chapter investigated whether objects’ appaent size, unlike
their retinal size, is coded in pre-attentive vision. Observers searched for a target test circle
that was either larger or smaller thanthe distractor test circles, with bah types of test circle
surrounded by context circles modulating their appaent size (Ebbinghaus ill usion). The size
ratio between the test and context circles was manipulated such that, for example, the test
circles were surrounded by smaller contex circles (making, e.g., the larger target appear
even larger) or by larger context circles (making, e.g., the smaller distractors appear even
smaller). These experimental conditions were mntrasted with control conditions without
contex circles, in which the retinal size of the test circles corresponded to the apparent size
of the test circles in the experimental condtions. The search times were independent of the
number of Ebbinghaus corfigurations in the display, and the Ebbinghaus appaent-size
illusion moduated the search timesin amanner similar to the retinal size manipulation in the
control condtions. Taken together with earlier findings (Busch & Miller, 2000), this pattern
of results is consistent with pre-attentive, efficient processing d objeds apparent size.

In visual seach, a target object that differs from the distracor objeds in retina size can be
discerned efficiently, that is, the seach readion times (RTs) are independent of the number of
items in the seach dsplay (e.g., Mlller, Heller, & Ziegler, 1995. This finding suppats the
conclusion of spatially parallel, pre-attentive processng d retina objed size. In a series of
seach experiments, we (Busch & Miiller, 2000 2007) investigated whether display objeds
apparent size, too, is derived and represented pre-attentively (similar to their retina size). The
experiments varied the objeds apparent size by introdwing the geometric-opticd
‘Ebbinghaus’ illusion. This figure, described by Ebbinghaus (1913, consists of an inner test
circle surrounded by several context circles. Smaller context circles make the test circle
appea larger than an identical comparison circle, whereas larger context circle make the test
circle gpea smaler (Figure 1). The magnitude of the misudgement increases with
increasing size difference between test and context circles (Massaro & Anderson, 1971).
Previous sarch experiments showed that, under optimal conditi ons, with the (to-be-deteced)
target test circle being larger than the distractor test circles, RTs were independent of the
number of Ebbinghaus figures in the display and, importantly, that the manipulation o
apparent size by smaller context circles can fadlit ate the detedion o the target in comparison
with a cntrol condtion without context circles (Figure 2). In contrast, RTs were slowed
when test circles were surrounded by larger context circles, perhaps because the size of the
target test circle was ‘in-between’ the size of the distracor test circles and that of the context
circles and therefore harder to deted (Wolfe, 1998.



Figure 1. Ebbingheusill usion.

The expedited detection RTs for target test circles surrounded by smaller context circles can
be explained by assuming that the manipulation d the test circles’ apparent size reinforces the
(retinal) size difference between target and dstractor test circles, thereby increasing the
sdiency of the target. The two experiments reported below were designed to test this
asaumption. In Experiment 1, a psychophysicd experiment, we determined the gparent sizes
(the magnitude of misjudgement) of the test circles in the search condtions used by Busch
and Miller (2000). These estimated perameters were then introduced as direct control
condtions in Experiment 2, a visual seach experiment. If the expedited detedion of a target
test circle surrounded by smaller context circles can in fad be atributed to a pre-attentive
representation of the test circles’ apparent size, the dficiency of target detedion undr cortrol
condtions (without context circles) should dredly correspondwith that under experimental
condtions (with context circles, i.e., with the influence of the sizeill usion).
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Figure 2. Results of Busch & Miller (2000).

Experiment 1. Method

Twenty four observers participated in Experiment 1. Their task was to dedde, on ead trid,
which dof two fill ed black circles — the test circle surrounded by six outlined context circles or



a @omparison circle without context circles — was the larger circle (Figure 3). In line with the
parameters in the search experiments of Busch and Mdller (2000 2001), test circles were
either 6 o 10 mm and context circles either 3, 6, 10, or 16 mm in dameter. The
correspondng comparison circles were varied in steps of 0.5 mm between 3 and 9 mm or
between 9and 13mm, for 6-mmand 10mm test circles, respectively.
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Figure 3. Example display in the psychophysicd Experiment 1.

Experiment 1: Results and Discussion

Figure 4 presents the frequencies of the responses ‘test circle larger than comparisoncircle’ as
afunction o the size of the comparison circle for the four context-circle sizes, separately for
two test-circle mndtions. In a particular experimental condtion, a test circle's apparent size
was estimated as the size of the comparison circle for which the response frequency was 50%
(i.e., the ‘paint of subjedive equality’). For instance, a 6-mm test circle gopeaed 6.30 mm in
diameter when surrounced by 3mm context circles, but 5.63 mm in dameter when
surrounded by 16mm context circles. A 10-mm test circle gopeared 1025 mm in dameter
when surrourded by 3mm context circles, but 9.13 mm in dameter when surrounded by 16
mm context circles.

Thus, the gparent size of the test circles varies according to the size of their surroundng
context circles. A test circle surrounded by smaller context circles appears larger, whereas a
test circle surrounded by larger context circles appeas snaller (Ebbinghausill usion). Table 1
summarizes the parameters of the test circles introduced in the cntrol condtions of the
subsequent visual search experiment (Experiment 2).

Table 1. Apparent sizes of test circles asjudged in Experiment 1, that served as parameters for
Experiment 2.

Context Circles (mm) Test Circles (mm)
6 10
0 6.12 10.00
3 6.30 1025
6 5.80 1010
10 5.75 9.70
16 5.63 9.13
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Figure 4. Results of Experiment 1.

Experiment 2: Method

12 observers participated in Experiment 2. Search displays consisted of three, five, or seven
gure 5). For each experimental
condition (with context circles), a corresponding control condition (without context circles)
i.e, of both the target and the
distractor test circles) was matched with the apparent size of the test circles in the

test circles with or without context circles, respectively (Fi
was realized, in which the retinal size of the test circles (

experimental conditions.
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Figure 5. Example display in the visual search Experiment 2.

Experiment 2: Results

Figure 6 presents the group mean target-present search RTs as a function d the number of
items in the display (the ‘display siz€'), separately for the experimental and control
condtions. Under bath condtions, the seach RT functions were independent of the display
size providing evidence of efficient target detection.

Control Conditions Experimental Conditions
——3mm
550 — X— &mm 550
525 4 — %=~ 10mm 525 4
gSOO— - &--16mm /gSOO— K“»% ------ A
: 475 : 475+ - "\':_‘§
@ 450 4riocccA-e--.. a @ 450 ¢ e
425 1 = ; 425 1
400 400
3 5 7 3 5 7
Display Size Display Size

Figure 6. Results of Experiment 2.

The results of the experimental condtions confirm the results of our previous ®ach
experiments (Busch & Midller, 200Q 2001): Seach for a large target test circle anongst
smaller distractor test circles proceelds faster when test circles are surrounded by smaller
context circles than when they are surrounded by larger context circles.



In the @rrespondng control conditions, seach RTs exhibited a very similar pattern to the
experimental condtions. under control condtions that matched the experimental condtions
with smaller context circles, RTs were faster than urder control conditions that corresponded
with experimental condtions with larger context circles.

Experiment 2: Discussion

This pattern of results confirms that visual search for an ‘apparently’ larger target object
proceeds independently of display size (Busch & Miller, 200Q 2001). Flat seach RT
functions indicate that the gparent size of target and dstrador objeds is derived pre-
attentively.

The pattern of RTs in the experimental and control condtions exhibited very similar trends,
indicating that visual seach performance in the experimental condtions was influenced by
the manipulation d the test circles apparent size However, RTs in the eperimenta
condtions were some 30 ms dower compared to the mntrol condtions. This suggests that,
under experimental condtions, the search invdves addtional processes, most likely
suppression d the task-irrelevant context circles. Suppresson d the cntext circle may be
necessary because, while giving rise to the Ebbinghaus apparent-size ill usion facilit ating the
seach, they also ad as harmful ‘distractors’ diverting size @mparisons away from the test
circles. Consistent with this, we (Miller & Busch, 2001) have foundthat, when the cntext
circles are presented prior to the test circles permitting them to be suppressed in advance, the
distrading effed of the mntext circles are reduced alongwith their facilit atory eff ects.
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