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Abstract

The extent 1o which the presence of color in a visual display {perceptual or surface color) assists object
recognition has been much debated. Whereas edge-based theories argue that perceptual color is not helpful,
surface-based theories claim that color is a valuable and salient clue. Consistent with the edge-based
account, we showed that surface color piays a minimal role in aiding object recognition in a brain-damaged
patient with an object recognition deficit (visual agnosia) but normal color processing. We found, however,
that under certain conditions, such as when shape is ambiguous, stored knowledge of color can help
disambiguate the object. Based on these results, we argue that the contribution of perceptuai color is small
but that long-term color knowledge plays an important top-down role in object recognition.

introduction

The extent to which the presence of color in a display
assists object recognition has been a matter of much debate.
Whereas some theoties argue that perceptual or surface
color is not helpful, others claim that color is a vatuable and
salient clue and facilitates object recognition. The findings
thus far are controversial and there is, as yet, no clea
consensus on this issue. A refated issue concerns the con-
tribution of stored color knowledge to object recognition,
and the question is whether long-term knowledge of an
object’s color assists recognition of the object in the
absence of perceptual color (such as when the display is
presented in black and white). We present data from a
brain-damaged patient with a marked object recognition
deficit (visual agnosia) who has well preserved color
processing. We show that perceptual color assists his object
identification minimally in a bottom-up fashion but that he
is able to use his long-term semantic knowledge of color in
a top-down fashion to disambiguate objects and that this is
especially so when faced with structural uncertainty about
the presented objects. We briefly discuss the pertinent
findings from studies of perceptual color and stored color
before describing the patient and our own experiments.

Perceptual color and object recognition

In vision research, two accounts of object recognition
can be distinguished according to the emphasis each places

on the role of surface information (such as color, bright-
ness and texture) in defining the physical description of a
stimulus.  Fdge-based theories claim that objects are
initially recognized solely on the basis of their shape and
that surface characteristics play a secondary role in primal
access between a perceptual input and its underlying
representation. For example, Biederman and his colleagues
(Biederman, 1987; Biederman and Ju, 1988) maintain that
edge-based components are critical for recognition and that
three-dimensional volumetric primitives or geons, used
in later stages of visual processing, are derived from two-
dimensional edge-based representations of objects.
Accounts fike this emphasize the centrality of an edge-
based or contour representation of an object but generally
acknowledge that, under conditions of degradation or
occlusion or where objects have identical volumetric
descriptions, surface information may become important
for recognition (Witkin and Tenenbaum, 1983; Grossberg
and Mingolla, 1985; Riddoch and Humphreys, 1987,
Ullman, 1984),

In contrast to these edge-based accounts, surface-based
theories propose that surface information is critical eatly on
in visual processing and plays an important role in estab-
lishing a primal and a 242D sketch of an image (Marr,
1982). Thus, the recognition of visual entities may be based
on multiple cues, in which both contour and surface
information provide simultaneous, possibly interactive,
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routes to recognition (Bruner, 1957, Gibson, 1969; Farah,
[990; Farah er al, 1994). In contrast to edge-based
accounts, then, surface-based theories argue for a central
role for surface information and predict that recognition
will benefit when objects are depicted along with their
surface details, relative to a display in which the surface
features are absent

One surface characleristic that has received considerable
attention is that of color. Surface-based theories predict that
chromatic pictures should be recognized faster than
achromatic pictures, but edge-based theories predict no
difference between them. Consistent with the edge-based
theories, several studies have demonstrated no differences
in performance with color and achromatic versions of the
same stimuli: subjects are not faster when naming or veri-
fying (trueffalse judgments) pictures of common objects
when they are presented in color compared with black-and-
white (B/W) pictures (Biederman and Ju, 1988); categorial
judgments (such as size or living/non-living judgments) are
not facilitated with color stimuli relative to their B/W
counterparts (Davidoff and Ostergaard, 1988), and subjects
are not slowed in recognizing inappropriately colored
objects (e.g. a blue tomato) compared with the appropri-
ately colored object (e.g. a red tomato) (Ostergaard and
Davidoff, 1985) In fact, Davidoff and Ostergaard (1988)
conclude that “We can think of no other visual character-
istic of an object with so little effect on object recognition’
(p. 541).

In contrast to the findings of a null effect of color in
recognition, data from other experiments have shown that
color processing may indeed play some role, For example,
when objects are presented clearly and unmasked, a color
advantage has been observed (Ostergaard and Davidoff,
1985; Davidoff and Ostergaard, 1988; Brodie er al, 1991;
Wurm er al,, 1993). Furthermore, Price and Humphreys
(1989) showed that both object naming and superordinate
classification were facilitated by congruent surface color
and inhibited for incongruent color The influence of color
was particularly noticeable for objects from structurally
similar classes for which fine discriminations were neces-
sary to differentiate important details,

One possible resolution to this inconsistent set of
findings is that color information may not be useful for
the recognition of all objects, but may play a valuable role
under a restricted set of circumstances. For example, as
shown by Price and Humphreys (1989), surface dimensions
may become more informative when objects from struc-
turally similar categories need to be disambiguated. A
further possible condition under which color may be useful
is when identifying objects from natural categories; these
objects are more likely to be difficuit to differentiate
perceptually from each other and color may then be a
useful source of information (Price and Humphreys, 1989;
Humphrey ef al, 1994). But objects from natural categories
might benefit from color not only because there is overlap
in the structural aspects of the display but because they also

have stronger associations with color than do objects from
artifactual (manufactured) categories Therefore, it is these
stronger associations between shape and color that might
also bring about a stronger influence of color on object
identification for natural objects,

The extent to which an object is associated with a
particular color is referred to as diagnosticity. For an object
like a BANANA, color is highly diagnostic because
bananas have a characteristic color whereas for objects
like CHAIR or MITTEN, color is not predictive of the
object’s identity. One might expect then that color might be
more helpful for high- than for low-diagnostic objects even
when the objects are presented as B/W displays. The results
on diagnosticity, however, like those on color in general,
are not consistent. Whereas Biederman and his colleagues
{Biederman, 1987; Biederman and Tu, 1988) demonstrated
no difference in performance as a function of diagnosticity,
Tanaka and Bunosky (unpublished results) found that
diagnosticity facilitates performance across a wide range of
tasks including object classification, naming and visual
search Tanaka and Bunosky suggest that whereas some
objects may be represented and recognized exciusively on
the basis of their shape (low color diagnostic objects), other
objects may be recognized on the basis of their color and
their shape (high color diagnostic objects).

However, diagnosticity or the extent of the association
between an object and its color is not simply a perceptual
effect. While the presence of color in a display may cue the
viewer (o a particular object in a bottom-up fashion, long-
term knowledge might also be involved Thus, when a
subject sees a high diagnostic object repeatedly, the
association of color and shape is strengthened and color
likely becomes an integral atiribute of the object’s fong-
term representation {Tanaka and Bunosky, unpublished
results). Diagnosticity, then, can be used in both a bottom-
up and a top-down fashion. The presence of color in a
display might cue and constrain a potential subgroup of
candidate objects and thus activate the corresponding
object more quickly for high- than for low-diagnostic
objects. However, the association between an object and its
color may also be more strongly activated in a top-down
fashion for high- than low-diagnostic objects. This top-
down effect operating alone may be seen when comparing
high- and low-diagnostic objects when the display is
monochromatic. Finally, interactions might be observed
such that the presence of color in a display might be
particularly helpful for objects for which stored color
knowledge is strong. This would predict that performance
will be best for high-diagnostic objects in color displays
and poorest for low-diagnostic objects in monochrome
displays, an issue we will return to in our experiments

Stored color knowledge and object recognition

In this section we describe some existing data concerning
stored color and its contribution to object recognition. A




particularly clear series of studies demonstiating the con-
ribution of stored color knowledge 1o object recognition
have been reported 1ecently by loseph and Proffitt (1996)
They demonstrated that the presence of coior in a display
may be helpful in object recognition but that stored
knowledge of object color may play an even greater role
than perceptual color. In the first experiment they showed
that perceptual color daes facilitate recognition: in a verifi-
cation task, they presented subjects with a congruently (red
apple) or incongruently (purple apple) colored line drawing
which was followed by a label which either matched the
picture (the written label ‘apple’) or did not (the label
‘dog’}. Subjects were significantly faster to verify the label
when it was preceded by a congruently coloted object than
by an incongruently colored object. In the second experi-
ment, they showed that stored color knowledge (semantic
information of the prototypical color of objects) also
significantly affected recognition; when subjects were
shown a B/W picture of an apple, subjects responded
faster when the subsequent label depicted an object that
shared stored color with apple (e.g. cherry) than when it did
not share stored color {e.g. blueberry), even though cherry
and bineberry were judged to be equally visually similar to
apple

The crucial result, however, came in the final experiment
in which they compared verification time for a pictured
object, such as an apple, followed by a written label which
could refer to (a) the identical object (label: apple), (b} an
object with the same shape and color (cherry), {c) an object
that shared shape but not color (blueberry) and (d) an object
that shared neither shape nor color (hippo). They found
that, first, shape information was critical and that the more
discrepant the two items were in shape (e.g. apple, hippo),
the casier it was to reject the pairing. They argued that if
shape is not a sufficiently powerful cue (as in conditions
b and ¢), stored knowledge of an object’s color might play
a crucial role and even override the contribution of surface
color Indeed, when the ircongruently colored purple apple
was followed by the label ‘cherry’, subjects took longer
(123 ms) to reject and made more errors (6%) than when
the label was ‘blueberry’. This result is particularly
counferintuilive; even though the surface color of the apple
(purple} was shared with blueberry and one might predict
that this similarity might make it harder to reject the label
‘blueberry’, there was greater interference from the fact
that, in the world, apples and cherries share stored color
(red) In another example, subjects confused a picture of an
orange-colored asparagus more with the label ‘celery’
{shared stored color with asparagus) than with ‘carrot’
(shared perceptual color with this display of asparagus).
These findings suggest that object decisions are more
influenced by semantic color knowledge — that apple and
cherry and asparagus and celery are known to share
color — than by the visvally presented color, especially
when shape is ambiguous. The major result from this work
is that the stored color associated with more conceptual
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stages of processing and likely mediated by the ventral
temporal lobe anterior to the region involved in color
perception {Martin ef al ., 1995), plays a more powerful role
than perceptual color (for related work, see Hanna and
Remington, 1996).

Color and object recognition in agnosia

As is evident from the above discussion, there are potential
contributions from both surface and stored color know-
ledge. At present, the exact extent of the contribution of
surface color to object recognition stiil remains unclear;
some claim that it is facilitating and some claim that it is
not. Even of those who claim that it does facilitate,
however, its contribution appears to be small relative to
that of top-down knowledge of color. One source of
evidence that might help clarify the contribution of surface
and stored color comes from neuropsychological patients
who have a selective deficit in form or shape recognition
(visual object agnosia) despite adequate elementary visual
functions, including visual acuity, visual fields, visual
scanning and attention, as well as preserved general mental
ability (Farah, 1990; Humphreys e al., 1994). A number of
such patients have preserved color processing (Adler,
1950; Benson and Greenberg, 1969; Efron, 1968; Farah,
1990; Grossman er al,, 1997) and, as such, allow us to
examine the effects of color on their object identification
ability. These patients are particularly interesting and may
be dissociated from those patients who have impaired coler
but intact shape processing (see Tranel, 1997, for review).

Some neuropsychological evidence favoring the con-
¢ribution of perceptual color comes {rom a study of one
agnosic patient, DF, who had poor object recognition but
preserved color processing. Interestingly, DF showed
significantly better recognition of color than monochrome
objects, both when these were presented as real objects as
well as in 2D depictions (Humphrey et al., 1994). Although
Humphrey er al showed the beneficial effect of color in
object naming {particularly for natural objects) in DF as in
their normal subjects, we do not know whether stored color
knowledge might have been as useful, or even perhaps
more useful, for her.

To extend this line of research, we first examine the role
of surface color in an agnosic patient, JW, who, like patient
DF, has well preserved color recognition but is markedly
impaired in shape recognition and discrimination. We then
examine the extent to which top-down knowledge of color
could be used by JW. We found that surface color was only
minimally helpful for FW but that top-down knowledge
could assist in recognition, especially under conditions
when shape was uninformative and where stored color
knowledge was strong

Subject

W is a 3B-year-old left-handed English-speaking white
male with a Master’s degree in computer programming. In
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September 1992, he suffered a severe cardiac event while

exercising on a Nordic Track. He collapsed in a state of

ventricular  fibrillation with pulmonary edema and
remained unconscious for ~30 min. Following this inci-
dent, he was diagnosed with anoxic encephalopathy. Two
CT scans of the head (muitiple axial cuts obtained without
comntrast), one performed during the week of the incident
{September 1992) and a second performed | month iater
{October 1992), showed no focal mass, no hemorthage and
no obvious infarct. An EEG performed at around the same
time revealed the presence of intermittent generalized
slowing and persistent slowing of the posterior background
thythm; the EEG also documented an intermittent spike
and wave activity emanating from the right central parietal
region. A later CT scan of the head, performed in October
1994, showed the ventricles to be symmetrical in size and
position. Multiple hypodensities were noted in both
occipital lobes, consistent with remote ischemic infarction.
There was no sign of acute hemorrhage The final diagnosis
was of generalized atrophy and ischemic infarction in both
occipital lobes, extending into the right parictal region. The
EEG, performed during this same period (Qctober 1994),
showed diffuse slowing in the theta range with focal
intermittent delta activity of a non-rhythmic nature emanat-
ing from the left fronto-temporal region. The diagnosis was
an abnormal EEG with diffuse slowing, which is a non-
specific indicator of generalized cerebral dysfunction, and
with a superimposed intermittent delta slowing in the left
cerebral hemisphere. The diffuse brain changes are con-
sistent with muitiple anoxic episodes.

W recovered well and regained speech and motor
skills but was left with a persistent and severe deficit in
visual processing. Goldmann perimetry (central 76 point
screening test and kinetic test) revealed a left upper
quadrantanopsia, consistent with a lesion in the right
hemisphere. A vision examination (April 1995) revealed
acuity of OU 20/200. Pupils were responsive to light and
eye movements full although somewhat hesitant in all
quadrants. No apparent pathological changes were noted in
the internal evaluation of the eye. IW has been unable to
work since the incident He has, however, re-learned to
touch type on a computer and has acquired an optiscanner
that converts text into speech. He currently works as a
volunteer at a center for the blind JW has been described in
other publications and the reader is referred to those for
more information on his perceptual abilities (Mapelli and
Behrmann, unpublished results; Vecera and Behrman,
1997) and his reaching performance and depth perception
(Marotta et al, 1997).

Neuropsychological examination

The testing reported here was conducted between July 1994
and February 1995, JW consented to participate in this
study. JW’'s language compichension and spontaneous
speech expression were normal, as confirmed by the scores

on the non-visual subtests of the Boston Diagnostic
Aphasia Examination (Goodglass and Kaplan, 1972), He
was well oriented in time and space and was very coopera-
tive during the testing. He did not show any obvious short-
term memory problem, and his span was 8 forward and
4 backward for digits and 5 forward for words. He has no
problem recalling events that occurred either prior to or
after the incident, although his recollection of the events
immediately preceding and following the incident is
impaired.

W recognized only 21 of 39 three-dimensional common
objects presented to him. While a few of his errors were a
result of his mild anomia, for example, OCTOPUS - ‘it's
a sea creature’, he generally failed to recognize the object
and was unable even to guess at the object’s identity He
could not describe (nor gesture)} the functions of the objects
he failed to recognize nor did he appear to possess semantic
information for these obiects, ruling out the diagnosis of
optic aphasia. To confirm that the deficit was restricted to
visual input and was not the result of a more general
semantic deficit, we asked JW to provide definjtions in
response to the auditory label for the 18 objects that he
failed to recognize when presented visually He provided
excellent definitions of all the objects He also recognized
correctly 38 of the same 39 objects when they were
presented to him in the tactile modality. His good recog-
nition from tactile or auditory input (even of the very
objects that he failed when presented visually) suggests that
his abject recognition deficit is restricted to the visual
modality.

TW’s visual recognition was worse with B/W two-
dimensional line drawings than with three-dimensional
objects and he named correctly only two out of 34
randomly selected line drawings (Snodgrass and Vander-
wart, 1980). Again, the verbal descriptions of the failed
items, in response to their auditory label, were all appropri-
ate and detailed. The superiority in recognizing 3D objects
over 2D objects as shown by JW has been documented
repeatedly both for brain-damaged and normal subjects
(Campion, 1987; Humphrey er al, 1994; Humphreys and
Riddoch, 1987; Jankowiak et al, 1992) but whether the
relative difference is due to the absence of color in the
drawings or to the absence of other surface information
such as depth is not yet known.

Color processing

Because the goal of this study was to investigate the role
that color plays in object recognition, we first demonstrated
that JW’s color perception was well preserved. We
administered the Farnsworth-Munsell 100-hue test for
color discrimination (1957) using the standardized proced-
ure that requires ordering of colors on hue In addition,
25 additional caps for the testing of the black-white
(grayscale) continuum were administered. JTW performed
this task well and his error score was 82, reflecting



performance within normal limits. An error score of 20 to
106 is achieved by 68% of the normal population in the first
administration of the test JW made only three errors on the
grayscale caps, again showing competence in the dis-
crimination of subtle changes in hue. These results suggest
that, for the colors tested and for grayscale hues, JTW’s
discrimination is well within normal limits These data are
consistent with our previous finding that JW, like normal
subjects, showed preattentive color ‘pop-out’ on a visual
search paradigm - his reaction time to detect the presence
of a target defined by color (for exampie, a red horizontal
bar amongst yellow horizontal distractors) was unaffected
by the number of distractors present in the field (Mapeiii
and Behrmann, unpublished results). Although his base
reaction time was somewhat siower than that of the
matched normal conirol subjects, target detection occurted
in parallel across the display and was independent of the
size of the display. These findings confirm the integrity
of TW's color processing and fit with the many previous
reports  in which patients with visual agnosia have
preserved color vision.

Experiment 1: Naming color and B/W objects

As previously documented, JW performs poorly when
asked to identify three-dimensional real objects, but the
deficit is even more exaggerated when he is presented with
two-dimensional B/W line drawings. What contributes to
this difference is not known, given that many surface
dimensions such as depth, color, luminance and texture
may all differ in the two- and three-dimensional testing
conditions. To examine the extent to which the presence of
perceptual color assists in recognition, JW was required to
name several sets of pictures presented in B/W on one
occasion and in color on a second occasion.

Method
Three different sets of stimuli were used in this experiment:

1. Line drawings depicting the 39 three-dimensional
common objects previously presented to JW (see Case
report) were hand-drawn. Each object was drawn once
in black and white and once in the correct color {e.g. the
‘can of coke’ was colored in red and white and the
‘pear’ in browns and greens), for a total of 78 line
drawings. This set of line drawings not only provides a
means of comparing the same color versus B/W pictures
but also a means of comparing the 21D pictures with their
corresponding real 3> objects.

The 60 line drawings taken from the Boston Naming
Test (BNT; Goodglass et al., 1985) (average size
9 x 9 cm) were presented either in their original B/W
format or were colored in the appropriate colors using
pencil crayons. This experiment was also repeated a
year gfter the initial administration using the exact same
stimuli and procedure.

o]

Color processing and visual agnosia 24

3. Twenty-four pictures. all of which were shaded and
contained fine detail of the internal structure of the
object, were selected from the MacMillan Visual
Dictionary (Corbeil and Archambault, 1992). The
chromatic pictures were used from the dictionary and
the corresponding B/W versions were constructed by
photocopying the colored objects in high-resolution
menochrome and removing the extraneous written {ext,

The procedure was the same for all the sets of pictures:
pictwres were presented individually for an unlimited
period of time and JW was required to name them. For
each set, the B/W and colored pictures were blocked and
tested in separate sessions at least a month apart. Accuracy
of recognition across the B/W and corresponding colored
objects was compared To ensure that JW’s failure to
identify the objects was attributable to a visual recognition
deficit per se rather than to a problem in the semantic or
conceptual knowiedge of the item, at the end of each
session, JW was asked to describe items that he failed to
recognize visually when the verbal label was provided to
him auditorily

Results and discussion

W recognized correctly only 78 out of the iotal 366
pictures (219%). Most of his errors were ‘no response’
although occasional visual confusions were noted: A PAIR
OF SCISSORS — ‘eyeglasses’, a PRETZEL -+ ‘a sponge’
and a HELICOPTER — ‘bike’. Consistent with previous
findings, JW did better with the 3D real objects (21/39; see
above) in set I than with the 2D depiction of the very same
objects, whether shown in B/W (7/39} or in color {12/39).
Of most relevance to the present study is the comparison
between JW's performance on color and monochrome
displays. These findings are shown in Table 1 along with
the results of the statistical tests. As is evident from this
table, none of the comparisons across the four sets of
pictures revealed a statistical advantage for the color over
the B/W displays when tested individually. An analysis of
the findings collapsed across all four sets, however, shows
a wend towards a benefit for color over monochrome
displays, ¥*(1) = 3.06, P = 0.06, although this does not
reach significance. Across the interval of a year separating
the two administrations of the BNT (set 2), JW showed a
significant improvement in performance, x°(1) = 23.1,
P < 0.0001, but, importantly, there was no difference

Table 1. JW's accuracy in recognition of monochrome and colored
pictures

Test set Monochrome  Color Chi-square
Set t 7139 12/39 1.1

Set 2 {Ist presentation) 3/60 o0 23

Set 2 (2nd presentation)  17/60 22160 06

Set 3 4124 4/24 0

Total 31/183 (179}  47/183 (26%)
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between monochrome and color in either of the two
sessions [session 1@ ¥7(1) = 2.3, P > 0.05; session 2,
21y = 06, P> 0.05]. These findings suggest that the
perceptual color in the display plays a minimal role in
object recognition for TW.

Interestingly, when attempting to identify the colored
pictures, W often focused on the colors first. Although the
colors were invariably named correctly, he still failed to
recognize mast of the objects and this ‘color first’ strategy
which JW adopted when confronted with a color picture
was obviously not of much value in object identification.
This is consistent with the view that almost no objects are
defined uniquely by color and that knowing the color of an
object ahead of time does not necessarily restrict the
number of possible interpretations of the display. Wurm
et al. (1993), for example, showed that explicit knowledge
about color does not help in knowing what an object is;
subjects were poor at guessing what a particular target
object was when told its color (for example, green) even
when they were also told what category the target belonged
to {for example, food).

Experiment 2: Recognition of high-
and low-diagnostic objects

The results thus far suggest that surface color only
minimally aids JW’s object recognition over and above
monochrome displays. One outstanding possibility is that
color is not generally useful in object recognition, but
rather that its impact depends on the diagnosticity or degree
to which color information is useful in identifying and
recognizing objects. Although virtually no object can be
identified by color alone, the colors of some objects (high
diagnostic) are more symptomatic of an object than others
{low diagnostic) and may therefore restrict the set of
possible alternatives. It might be under these more limited
conditions that the benefit from color is manifest.

To test whether TW's recognition performance improves
for color over B/W line drawings when diagnosticity is
taken into account, we presented to JW the high- and low-
color diagnostic pictures used by Tanaka and Bunosky
{unpublished results). If surface color plays some role in
TW’s object recognition (although the previous experiment
suggests that it is limited), then we might expect to see that
performance will be better with colored pictures than with
their achromatic counterparts. If stored color plays a role
then we might see better performance for high- than low-
diagnostic objects even on the B/W displays. Finally, we
might also expect to see better performance with high- than
low-diagnostic objects for color displays both because of
the bottom-up cues and because of the contribution of
stored top-down knowledge.

Method
A set of 24 pictures depicting 12 high- and 12 low-
diagnostic objects was selected from the MacMillan Visual

Dictionary {(Corbeil and Archambault, 1992) Each picture
was presented in two different versions: a color version and
an achromatic version, for a total of 48 pictures. The color
version consisted of pictures of the objects in the colors in
which they naturally or typically appear. The pictures were
digitized using a MicroTek scanner and prepared for
presentation using Adobe Photoshop graphics software.
None of these pictures was the same as any used in
previous experiments with JTW. See Appendix A for the list
of objects and Tanaka and Bunosky (unpublished results)
for more details.

In one session, IW was presented with the achromatic
version of the pictures, and, in the second session, he was
presented with the colored version. The objects were
presented individually on a Macintosh Powerbook 540c
computer screen for an unlimited duration and TW named
each one. In each session, high- and low-color diagnostic
pictures were shown in 1andomized order and accuracy was
recorded.

Results and discussion

IW recognized only 3/24 B/W and 5/24 colored pictures.
These findings are consistent with the previous experiment
in which there is a slight but non-significant improvement
in IW’s recognition of color over B/W drawings,
73 (1) = 0.15, P > 0.1 Of the eight correctly recognized
objects, TW recognized four high- and four low-diagnostic
pictures, respectively, with no significant bias favoring
high-diagnostic objects, y*(I) = 0.15, P = 0.1. There was
also no interaction with the color of the display (color
versus B/W) and no bias favoring high-diagnostic color
objects. These results suggest that the contribution of
surface color to identification is small, and that
diagnosticity (whether through predictive bottom-up cues
or through long-term association) does not significantly
influence JW's object recognition.

Experiment 3: The role of color in object verification

The findings from Experiments 1 and 2 reveal little (if any)
assistance from the presence of color in a display as shown
in equivalent recognition of objects in color and B/W
displays. Also, to the extent that color and object shape are
bound in long-term knowledge, we see no obvious
influence of diagnosticity on object identification as
reflected in equivalent performance for high- and low-
diagnostic objects (both in color and B/W displays). There
is one final condition, however, in which we might still see
color having an effect on JW’s object recognition — when
objects need to be finely differentiated from each other. As
mentioned previously, there is general acceptance (even
from edge-based theorists) that color may play a role when
structurally similar objects need to be disambiguated or
under conditions of degradation. In these cases, shape alone
is not a sufficiently powerful cue and additional informa-
tion is recruited to assist in recognition. Based on this



reasoning, one might have expected colorto be particularly
helpful to JW as items are structuraily ambiguous and
degraded for him abmost all the time. Apparently this is not
the case. One possible explanation is that his object recog-
pition might be too poor to generale a sufticiently useful
shape description in the fist place. in which case. using
other sources ol information, like color, might not be
terribly helpful {a type of floor effect). When there is some
shape information, however, albeil coarse, then color might
come into play, as has been demonstrated before {Price and
Humphreys, 1989).

The paradigm we used was similar to that of Joseph and
Proffitt (1996) in that a picture was presented followed by a
verbal label and the task was to determine whether they
matched or not As in Jeseph and Proffitt, one condition
contained a perfect match between the picture and the fabel
(identity condition: e g. lettuce, fettuce). In a second con-
dition, the label depicted an object that was neither similar
in color nor in shape to the picture (the dissimilar con-
dition: e.g. lettuee, squirrel) and fnally, in the third, similar
condition, the label referred to an object that was
structurally similar to the target but typically differed in
color from the target (e.g lettuce, cauliffower). The first
and third conditions were the important ones and contained
objects and labels for objects that were structurally similar
Moreover, for each condition, half of the objects were high
and half tow in dingnosticity. The question was whether, in
a verification paradigm when structurally similar objects
need to be differentiated, JW could resolve the ambiguity.
Under these conditions, the two alternatives (label vefers to
same object or structurally similar object) were known to
him and we were interested in whether the presence of
color in the display and the manipulation of diagnosticity
would be used (o seitle in favor of the correct verification
response  In this study, then, we examine how well JW
verifies object—label pairs when color is present in the
display (perceptual color: B/W versus monochiome), when
color is associated with an item (high/low diagnosticity),
and when items are structurally confusable or not (same,
similiar and dissimilar conditions).

Method
The 24 pictures, 12 high- and 12 low-diagnostic, used in
the previous experiment, were also used in this experiment.
Again, each picture was presented in two different versions,
one color and one achromatic, for a total of 48 pictures. For
each picture, there was a triad of labels: the correct label
{identity), the name of a similar object {similar) and the
name of a dissimilar object (dissimilar), making for a total
of 144 picture—label trials, For example, for the object
‘brick’, the identity label was ‘brick’, the similar object
label was ‘sponge’ and the dissimilar object label was
‘mouse’ (see Appendix A for a complete list).

The experiment was run twice with an interval of a year
between the two testing periods. For each administration,
two sessions were required, one each for the presentation of

s
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the B/W and colored displays. During each session the same
picture was presented three times, in pseudo-random order
such thal af least three pictures intervened between succes-
sive presentations of the same picture. Each item was
coupled once with the wdentity label, ance with the similar
label and once with the dissimilar label. No label was used
to refer to more than one object. On each trial, the picture
appeared on the computer screen and the experimenter
asked whether it matched the Iabel: for example, when the
picture of the brick appeared, the question posed was ‘is this
a brick? . JW simply responded ‘ves’ or ‘no” and accuracy
was recorded. Because JW is poor at reading, the labels
were presented to him auditorily rather than visually, as was
the case in the Joseph and Proffitt study. The pictures were
presented individually on a Macintosh computer screen for
an unlimited duration until a response was made

Results and discussion
As reviewed previously, in the Joseph and Proffiyt study,
subjects were able to 1efect pairing from dissinlar objects
very easily and the main effects of color only came in when
the pictured object and the object referred to by the label
were structurally similar. The first question we asked in
this experiment, then, was whether JW had sufficiently
preserved (even if rather coarse) recognition to accurately
reject the labels from the dissimilar condition and whether
color {perceptual or stored) played any role in this process.
More relevant, though, was whether, in the condition where
the label referred to a structurally similar object, he might
be able to use surface color to verify the match between the
label and picture and, moreover, whether this was more
likely to occur in the high- than in the low-diagnostic cases.

IW performed equally well on the two separate admin-
istrations of the experiment with correct identification on
120/144 and 119/144 trials on the first and second sessions,
respectively, »z*(1) =0.15, P > 0.1. For subsequent
analyses, therefore, the data are collapsed across the two
periods, for a total of 288 trials. The error rates as a
function of surface color and diagnosticity for the three
object—labe! pairings are presented in Fig I

To determine whether presentation (B/W versus color),
diagnosticity (high versus low) and/or picture-label pair-
ing {identity, similar, dissimilar) influenced JW’s perform-
ance, a multivariate logistic regression was used. As in the
standard chi-square procedure, comparisons are made
between observed and expected cell frequencies. This pro-
cedure, however, also allows various candidate models to
be fit to the data and provides measures of goodness (or
poorness, as reflected in a likelihood-ratio chi square) of
fit. Different models, in hierarchical order, are fit to the
data and interaction terms are systematically dropped from
the fully saturated model until the most parsimonious
model (i.e. has' a non-significant P value) with the least
number of parameters is obtained (see Kleinbaum, 1994,
for theoretical discussion, and Buxbaum ef al., 1996, for an
example of this method).
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Fig. 1. Error rate for JW as a function of perceptual color and
diagnosticity for the three object~label pairings (1 = 24 per cell)

This procedure, applied to the present data, yielded
a model which included all three experimental factors,
presentation, diagnosticity and picture—label pairing inter-
acting with the dependent measure of accuracy (G* =076,
df = 1, P = 0.38). Impostantly, color, diagnosticity and
label type jointly influenced performance (G* = 0.04,
df = 2, P = (.97), suggesting that this model adequately
accounts for the data. When this three-way interaction is
broken down, we see that performance in the dissimilar
(95%) condition was better than in either the identity or
similar condition, while these latter conditions did not
differ from each other (identity 75%, similar 67%).
The most important finding, however, was that the high-
diagnostic colored objects were identified best in the
identity and similarity conditions and that the B/W low-
diagnostic objects were identified most poorly. This inter-
action between perceptual color and diagnosticity for the
structurally overlapping picture~label conditions (includ-
ing the identity and similar conditions) suggests that both
color in the display and stored color knowledge play a role
in TW’s performance. There are also significant joint
effects, reflected in poor fits of the two-way models, of
perceptual color and diagnosticity, (G* = 0.71, df == I,
P =0.4), color and object—label pairing, (G* = 1.95,
df = 2, P == 0.38), and of diagnosticity and object~label
pairing, (G* =16,df =2, P =04)

These findings suggest, first, that in a verification task,
TW was able to reject the dissimilar object—label pairs well
and that color was unnecessary in this process given that he
rejected pairs equally well for color and B/W displays
when the objects denoted by the labels were structurally
different from the target (e.g. biick, mouse). Secondly, his
performance in the identity and similar conditions were not

different in overall accuracy and he made more errors in
these conditions than in the dissimilar condition, reflecting
his poor object recognition. Most important, however, was
that, in both conditions in which he had to make fine
differentiations to determine whether the label referred to
the structurally similar depicted object or not (e.g. lettuce—
lettuce or lettuce~caulifiower), both perceptual color and
diagnosticity in the display serve as a useful heuristic. This
gives rise to best performance in the high-diagnostic color
condition and poorest performance in the low-diagnostic
B/W condition.

The benefit of color over achromatic displays under
conditions of structural similarity is consistent with the
findings of some verification. studies (Joseph and Proffitt,
1996) and suggests that perceptual color does play some
role in object identification. The benefit, however, is more
obvious for high-diagnostic objects for which both stored
and perceptual color is semantically salient and predictive,
and the effect of color is particularly useful under circum-
stances in which the label refers to objects that are similar
in shape to the target object. These findings suggest that
perceptual color may serve as an additional cue inter-
actively with long-term knowledge of color,

One important question is why we only see the emerg-
ence of positive findings of perceptual color and diag-
nosticity in Experiment 3 but not in Experiment 2. As
alluded to previously, in Experiment 2, TW is performing a
naming task and because of his profound impairment
in object recognition, he is unable to derive sufficient
shape information to produce a candidate as a response. In
Experiment 3, even though the stimuli are identical to those
used in Experiment 2, the task is a verification task and JW
is provided auditorily with the label of an object and he
decides whether the label refers to the presented object. JTW
has well preserved mental imagery for shape and color
(Mapelli and Behrmann, unpublished results) and this long-
term knowledge of shape may assist him in deriving suffi-
cient shape information. This coarse information suffices to
reject markedly discrepant pairs as in the dissimilar con-
ditfion but is insufficient, on its own, for the structurally
stmilar pairings. In these latter conditions (similar and
identity), both perceptual color and stored color can then
come into play. When both these factors are at work,
performance is best; when neither is available, performance
is poor.

General discussion

The question addressed in this study concerns the
contribution of color information during object recognition
and more specifically, whether color assists in object
recognition. The benefit from color may arise in two
potentially different ways: one is bottom-up when color is
present in a display and the second is top-down from long-
term stored color knowledge even in the absence of
perceptual color. The findings on perceptual color have



remained somewhat inconclusive despite the wealth of
studies on normal subjects There does, however, seem to
be an emerging consensus that stored color knowledge
may play an important role in object identification and, in
some cases, may be sufficiently powerful to override the
contribution of surface color (Joseph and Proffit, 1996)
Additionally, it appears that the contribution of both
perceptual and stored color may be enhanced when shape is
not a sulficiently powerful cue on its own (Biederman and
Tu, 1988, Price and Humphreys, 1989)

The focus of the present paper is to investigate the
contribution of perceptual and stored color to the object
recognition performance of a patient, JW, who has a pro-
found object recogaition impairment but preserved color
processing following acquired brain damage. We reasoned
that if perceptual color plays an important part in object
recognition, JW might be expected to recognize and hence
identify more objects when dispiayed in color than when
displayed in B/W. Furthermore, to test for the contribution
of stored color knowledge, we presented objects that were
strongly predicted by color or not (high/low diagnostic). In
a naming task, JW showed a minimal advantage with color
displays over B/W (Experiments 1 and 2) and was not
better at identifying high- over low-diagnostic objects
(Experiment 2}, We did, however, observe the joint effects
of perceptual and stored color in Experiment 3 and this
joint effect was particularly evident when objects were
potentially confusable. In a verification task in which JW
was supphied with a label and was required to decide
whether this referred to the previously presented object or
not, JW performed better with color than B/W displays,
especially for the high-diagnostic objects and especially in
conditions in which the label referred to a structurally
similar (or identical) object. He also performed most pootly
when neither perceptual color nor stored color was
available to him (B/W low-diagnostic objects)

The joint effects of perceptual and stored color, however,
only arose when JW had sufficient information about the
objects’ shape so that he was not totally debilitated. In a
naming task in which an object was presented for identifi-
cation, neither perceptual nor stored color was useful to
him. It was only in a verification task in which he had
sufficient shape information by virtue of having been
provided with a label (although this shape information was
still very degraded) that he was able to make use of color.
When color became a viable heuristic, both perceptual
and stored color knowledge had positive influences on his
performance.

Taken together, these results suggest then that even
though surface color is a seemingly salient perceptual
dimension of the visual world and even though JW often
uses this (0 bootstrap his impoverished recognition and
makes ‘color first’ guesses, object recogmition is not
obviously helped by the presence of color in a display.
The absence of a color advantage in all but the verification
experiment is consistent with those studies that have argued
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that contour and edge-based information is central in object
recognition and that color plays only a secondary role. The
results also suggest that diagnosticilty alone is not pari-
icularly helpful for IW (Biederman and Ju, 1988) We have
argued, therefore, that surface color on its own is not a
particularty useful cue in object recognition and, as such,
the data are more consistent with edge-based theories of
recognition where the primary information about the
object’s identity is conveyed through its boundary and
configural information. Color diagnosticity is also not
terribly helpful on its own but can be engaged when there is
sufficient data-driven activation from a display.

The fndings from the verification experiment are
consistent with the claim of some computational vision
systems that top-down color knowledge can be used as an
indexing or matching device. In one such system when an
item is presested, it is matched (via a histogram of the
color) on the basis of color and shape to alternative stored
possibilities in a large database of potential models. In this
system, then, stored knowledge as well as perceptual
knowledge contributes to object identification. Based on
the success of a color algorithm like this for identifying
what the target object is, Swain and Ballard (1991} argue
that even if color is not useful in recognition in general, it
can serve a useful top-down heuristic for robots.

There is one final consideration, and that concerns
the difference between the two agnosic patients, DF
(Humphrey et al.,, 1994) and JW. For DF, the presence of
color (and other surface properties} aided recognition by
19% refative to a monochrome display This difference was
even larger when only natural objects were counted. This
benefit from surface color was not observed for JW. We
have claimed that color only becomes a useful heuristic
when there is sufficient shape information (thereby
accounting for the difference between JW’s naming and
verification performance). One possibility then is that the
critical difference arises in the amount of bottom-up or
data-driven information available to DF compared with
JW. JW has rather more widespread cortical damage than
does DF (see Marotta er al., 1997, for details) and perhaps
is less able to derive a sufficient bottom-up description of
the contours in the display. DF, on the other hand, may
have sufficient bottom-up activation of shape information
that her stored color knowledge may be engaged along with
perceptual color and assist in object recognition. Whether
or not the severity of the agnosia will determine the extent
to which color can be truly useful remains to be confirmed.
In any event, the study of agnosic patients who have
preserved color processing can shed light on how surface
properties influence object recognition.
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Appendix A: Listing of high- and low-color dingnostic objects as well as
the object fabels (similar and dissimilar) as used in the verification fask

High diagnostic

Consistent Similar Dissimilar
Banana Stapler Mug
Brick Sponge Mouse
Broccoli Bougquet Bottle
Casrot Peneil Ring
Corn Yase Hand

Fire engine Faxi Glove
Lemon Buil Pen
Lettuce Cautiftower Squirrel
Lime Bowl Floppy disk
Radish Cherries Telephone
Stop Sign Bage Egg

Taxi Sporiscar Computer
Low diagnostic

Consistent Similar Dissimilar
Bird Hen Radio
Chair Sofa Book

Dog Cat Table
Fish Airplane Television
Fork Spoon Lion
Hammer Toothbrush Door
Lamp Mushroom Key

Nail Pen Apple
Saw Scissors Flower
Screwdiiver Knife Orange
Sportscar Taxi Bicycle
Round table Umbrella Strawberry
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The role of color in object recognition:
Evidence from visual agnosia

D. Mapelli and M. Behrmann
Abstract

The extent to which the presence of color in a visunl display assists object
recognition has been much debated Whereas edpe-based theories argue
that perceptual color is not hedpful, serface-based theories claim that
color is a valuable and salient clue Consistent with the edge-based
account. we showed that surface color plays a minimal role in aiding
object recognition in a brain-damaged patient with an object recognition
deficit {visual sgrosia) and normal color processing We found, however,
that when the identity of a shape is difficult 1o determine, stored know-
ledge of color can help disambiguate the object Based on these resuits,
we argue that the contribution of percepiuat color is smali but that long-
term color knowledge plays an important role in top-down processing

Journal
Neurocase 1997, 3: 23747

Neurocase reference number:
Q80

Primary diagnosis of inferest
Apperceplive sgnosia

Author’s designation of case
w

Key theoretical issue

o The contribution of color in a display only minimally helps cbject
identification but stored knowledge can disambiguate objects in a top-
down fashion

Key words: agnosia; color; object recognition; surface cues

Scan, EEG and related measures
CT, EEG

Standardized assessment
Goidmann perimetry, Boston Disgnostic Aphasia Examination, Boston
Naming Test, Farnsworth—Munsell 100-hue test for color discrimination

Other assessment

Nil

Lesion location

e Multiple hypodensities bilaterally in oceipital lobes and extending into

right parietal lobe.
o Gereralized atrophy

Lesion type
Infarction

Language
English



