NEUROPSYCHOLOGIA

Neuropsychologia 42 (2004) 1488-1495

www.elsevier.com/locate/neuropsychologia

Covert processing of visual form in the absence of area LO
R. W. Kentridgé, C. A. Heywood, A. D. Milner

Department of Psychology, Cognitive Neuroscience Research Unit, University of Durham, South Road, Durham DH1 3LE, UK
Received 19 June 2003; received in revised form 19 February 2004; accepted 22 March 2004

Abstract

The patient D.F., who suffers from severe visual form agnosia, has been found to have a bilateral lesion of area LO, an area known to b
intimately involved in the perception of object shape. Despite her perceptual impairment, however, D.F. retains residual form processing
abilities that can provide distal visuomotor control, for example in the configuration of her grasp when reaching to pick up objects of
different shapes and sizes. This dissociation has been interpreted as reflecting the sparing of a dedicated system for processing the physi
properties of objects solely for purposes of guiding action. Here we test this hypothesis in two studies designed to examine whether o
not spared shape processing capacities might be revealed under other kinds of indirect test conditions. First, we exploited the fact that
redundant shape cue will speed search for a coloured stimulus within an array, and vice versa. Unlike our control subjects, D.F. showed n
facilitation effect of either kind. Second, we used two Stroop tasks in which single coloured uppercase letters were presented. Our intentiol
was to determine (a) whether naming the colour would be influenced by whether the letter was the initial letter of the correct or incorrect
colour name (e.g. ‘R’ or ‘G’); and (b) whether the reverse might be true, that is that D.F.’s guesses at letter identity might be influenced by
their colour. We found no evidence for a Stroop effect of the former (standard) kind in D.F., but we did find evidence for reverse-Stroop
effects. This result may reflect a partial sparing of ventral stream areas specialised for letter-form processing.
© 2004 Elsevier Ltd. All rights reserved.
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1. introduction purposes of object identification have anatomically distinct
bases Milner & Goodale, 199%h

Visual form agnosia is a neurological disorder of visual  In particular, Milner and Goodale (1995hypothesised
perception which manifests itself in the laboratory as an im- that perceptual processing and the online visual guidance
pairment in making judgements about the shape of visually of action were linked with the two broad divisions of the
presented stimuli. A patient with a particularly clear-cut ex- cortical visual systemingerleider & Mishkin, 198p the
ample of this condition, D.F., has been studied extensively occipito-temporal “ventral” stream and the occipito-parietal
over a 15 year period, because of the insights her behaviour‘dorsal” stream, respectively. Recent detailed examination
has provided into the organisation of visual processing in of D.F.’s brain using magnetic resonance imaging lends
the normal human brain. It has been shown that D.F., who support to this interpretation. First, high-resolution struc-
cannot give correct reports of the shape, size or orientationtural MRI has revealed that D.F.’s lesions have bilaterally
of simple visual stimuli, nevertheless makes entirely appro- destroyed a region that corresponds closely to the location
priate manual responses to their physical characteristics,in healthy control subjects of the lateral occipital area (LO:
showing for example appropriate anticipatory hand shaping Malach et al., 1995<ourtzi & Kanwisher, 200Q This brain
and digit positioning while reaching to grasp thelilGer area is defined by the difference between the activation pat-
et al.,, 1991 Goodale, Milner, Jakobson, & Carey, 1991 tern elicited by images of objects and the pattern elicited by
Goodale et al., 1994 In conjunction with complementary  fragmented versions of those images, and it may be approx-
evidence from another neurological deficit, optic ataxia, imately homologous with TE/TEO in the monkey’s ventral
these data strongly support the view that the processing ofstream Malach et al., 1995; Tanaka, 199Tootell, Tsao,
visual information for the purposes of action and for the Vanduffel, 2003. When D.F. was presented with images

of intact and fragmented line drawings of objects, she

mpondmg author. Tel44-191-334-3261: showed no net activity .at all in her ventral streadarqes,
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of area LO that has precipitated D.F.’s visual form agnosia. might exert a top—down influence to amplify an imperfect
In contrast to her ventral-stream dysfunction, when D.F. but partial processing of stimulus form within the ventral
was scanned while reaching to grasp a series of orientedstream. This might then raise the probability of appropriate
rectangular blocks, she showed clear activity in the anterior letter identification above chance when the letter was pre-
intraparietal area of the dorsal stream (ABinkofski et sented in a congruent colour, even though the subject still
al., 1998; Culham et al., 2093 reported that their responses were guesses. This effect was

Milner and Goodale have interpreted their findings in D.F. not one of implicit form perception, but rather one that ap-
as reflecting a non-functioning system for shgmeecep- peared when the patient explicitly paid attention to stimulus
tion, but a functioning system for shape processing for ac- form.
tion (Milner & Goodale, 1995; Goodale & Milner, 20p4 Our aims in this paper are twofold. We wish to see whether
In other words, their suggestion is that the implicit shape the reverse letter-naming Stroop task is also capable of re-
processing shown by D.F. is only available for purposes of vealing hitherto unidentified residual form processing abili-
guiding action. No shape processing should be available forties in D.F. not specifically engaged in the service of action.
playing any role in the perceptual processing of the ventral We also wish to investigate whether a task-irrelevant colour
stream. A recent report b&glioti, Bricolo, Cantagallo, and  cue can also facilitate form processing in a task that does not
Berlucchi (1999pn another patient with visual form agnosia draw on long-term memories for colour-form associations
provides partial confirmation of this hypothesis. Their pa- such as those between colours and the initial letters of their
tient (S.F.) could not name objects, and failed in formal tests colour-words. In our first experiment, we report the results
of object form discrimination. Like D.F., howeveM{ner of experiments in which D.F. either had to search among
& Heywood, 1989, the patient retained the ability to recog- an array of coloured shapes for a target item matching the
nise and name colours. This allowed them to construct a colour of a previously shown sample or had to search among
test forimplicit visual perception of shape. Aglioti and his an identical array of coloured shapes for a target item match-
colleagues used two variants of the classic Stroop effect ining the shape of the sample. We had found in pilot studies
order to look for an implicit effect of form on the responses that healthy subjects showed improved search times in both
of their patient. They first used the standard Stroop task, in tasks when the task irrelevant feature, be it shape or colour,
which the reaction time for a subject to identify the colour was common to the sample and the target. This task can
of a stimulus is increased if the stimulus is the word for a be seen as one in which associations to properties held in
different colour. For example, subjects are slower to respondworking memory, rather than long-term memory, influence
‘green’ to the word ‘red’ printed in green ink than they are a performance despite the fact that attending to those prop-
to green-ink presentations of the word ‘talk’, the non-word erties does not aid in execution of the task. In this sense it
‘vulp’ or the character string ‘xxxx’ Aglioti et al. (1999) is an analogue of forward and reverse-Stroop tasks where
used a reduced version of this task, in which the stimuli irrelevant properties of letter-form or letter-colour influence
were the initial letters of the words ‘red’ and ‘green’, ‘R’ discrimination of the colour or letter, respectively. Our sec-
and ‘G’, which could be written in red or green ink (their ond and third experiments test two variants of forward and
subject was lItalian, so in fact they used ‘R’ and ‘V’, the ini- reverse single letter Stroop tasks in replicationAgflioti
tial letters of ‘rosso’ and ‘verde’). They found no effects of et al. (1999)
letter/colour congruity on either accuracy or speed of reac-
tions in the classic colour naming Stroop task.

Although Aglioti and colleagues found no evidence for 2. Subjects
covert access to form information in S.F. using the standard
Stroop task, they did find a curious positive result usingare- D.F. was aged 46 (shape part of Experiment 1, plus Ex-
verse version of the task. In the reverse-Stroop task, the subperiment 2) and 48 (orientation part of Experiment 1, plus
ject must name the word rather than the ink colour. Again, Experiment 3) at the times of testing. Her clinical picture
an incongruity between a word’s colour and its semantics has been described in detail elsewhevirer et al., 1991
retards reaction time, although to a much lesser extent thanGoodale & Milner, 200% including MRI scans of her brain
in the classic Stroop task (séacleod, 199%or a review). damage Wilner et al., 1991; James et al., 2003t the
On the face of it, one would expect a visual form agnosic to times of testing, respectively 12 and 14 years after incur-
be incapable of this reverse-Stroop task, because s/he woulding her brain damage, D.F. continued to show severe vi-
not be able to identify the words to which they had to re- sual form agnosia, although her condition has improved over
spond. Aglioti et al., however, found effects both on accuracy the years. To a large extent this improvement is probably
and reaction time in the reverse-Stroop letter identification due to acquired skills such as self-cueing from her func-
task, despite the fact that the patient performed steadfastlytioning visuomotor systemMurphy, Racicot, & Goodale,
at chance when asked to name the letters presented in blackk996 Dijkerman & Milner, 1997, rather than to a genuine
on white (see als®erlucchi, 2003 They suggest that the improvement in perceptioroodale & Milner, 2004
colour of the stimulus elicited a representation with asso- In Experiment 1, we also tested 15 healthy control sub-
ciations to the colour name, and that this representationjects, all students or staff of the University of Durham.
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3. Experiment 1 search array of five stimuli arranged pseudorandomly within
an area from 5to the left of the midline on the horizon-
3.1. Methods tal meridian, to 8 to the right of the midline and°Sbelow

the horizontal meridian. The locations were chosen so that

In each of two tasks, subjects were briefly presented with the minimum spatial separation between stimuli wasThe
a sample stimulus, followed by a set of five stimuli, and search array remained present until a response indicating the
the subject had to indicate whether any of these five stimuli presence or absence of a target was made. The response was
matched the sample. The search property to be matched waaccompanied by a tone from the button-box. The next trial
either form or colour, the other dimension being irrelevant started after a 1.5 s inter-trial interval.
to the task. Target stimuli were actually present on 50% of
trials. On half of these occasions (25% of the whole set of 3.2. Results
trials) the target matched the sample in both the task dimen-
sion and the irrelevant dimension, while in the other target The dependent measure was the mean reaction time for
trials (25% of the whole set) the target matched the sam- correct responses to trials with a target present, and the ques-
ple in the search dimension, but not in the other dimension. tion was whether search was speeded by having a second
We tested D.F. on two versions of the experiment, one with stimulus property common to both sample and target stim-
colour and shape as the two dimensions, and the other withulus. Fig. 1adepicts the results when the search target was
colour and orientation as the two dimensions. Four blocks defined by shape. There was no effect of colour-congruence
of 64 trials were conducted for each task. [1(54) = 0.052, n.s.]: that is, D.F. was no quicker to find the

Stimuli were produced using a Cambridge Research Sys-target when it shared colour as well as shape with the sam-
tems VSG 2/3 graphics system and displayed on an Eizople. D.F., however, responded correctly on only 28/64 (44%)
F784 21 colour monitor calibrated using a Cambridge Re- incongruent trials with a target present and 28/64 (44%)
search Systems ColorCal chromameter and checked using &ongruent trials with a target present. Congruence clearly
Minolta LM-100 photometer. Responses were recorded with did not affect accuracy, but accuracy did not differ from
a Cambridge Research Systems CB2 button-box. chance.

Three different shapes, each in two orientations, were Fig. 1bshows the effect of shape congruence on colour
used in the ‘shape’ version of the experiment. The shapessearch, the main comparison of interest in this experi-
were a ? x 2° rectangle oriented horizontally or vertically, ment. Shape congruence did not affect the speed of search
an isosceles triangle of basé R height T with the apex [¢(105 = 0.530, n.s.] nor its accuracy [55/64 (86%) incon-
pointing either upwards or downwards and a hemi-circle gruent, 52/64 (81%) congruent; Fisher exdct= 0.147].
from a disc of radius 2with the curved edge pointing ei- Thus there was no evidence either for above-chance dis-
ther upwards or downwards. For the ‘orientation’ version of crimination of shape (in the shape search task), nor for any
the task the stimuli were.8 x 1.8° bars oriented at 0, 30, effect of shape congruence on colour search, although this
60, 90, 120 or 150to the vertical. Six colours were used was reasonably accurate.
to draw the stimuli. These colours were taken from equally  Fig. 2ashows the effects of colour congruence on orien-
spaced angles around a colour circlelinu’, v' colour tation search times. Again colour congruence did not affect
space (a colour-space in which colours at equal distancesthe speed of search(67) = 0.913, n.s.] nor its accuracy
are approximately equally discriminable from one another), [37/64 (58%) incongruent, 32/64 (50%) congruent, Fisher
centred on the grey point [CIE(y) coordinates 0.33, 0.33] exactP = 0.096], which again did not exceed chance per-
with anL, U, v eccentricity of 0.1, yielding the following  formance. Similar results as before were found for colour

colours: search Fig. 2b): there was no significant effect of orienta-
tion congruence on the speed of sear¢@q) = 0.236, n.s.]

o v Colour nor on its accuracy [49/64 (77%) incongruent, 48/64 (75%)
congruent, Fisher exadt = 0.16].

0.3103 0.4795 Pink For healthy observers, irrelevant matches in the non-task

0.2554 0.5630 Orange-yellow dimension were found to speed both colour-matching and

0.1555 0.5572 Lime-green form-matching tasks. Subjects were discarded from anal-

0.1107 0.4678 Turquoise yses if their error rates exceeded 10%. Harmonic mean

0.1657 0.3843 Lilac reaction times were then computed for each subject’s cor-

0.2655 0.3901 Magenta rect responses in each condition. Pairetksts show a

significant reaction time advantage for congruent targets in
All colours had a luminance of 20 cdTh, and the black  both the shape matching task[1l) = 5.079, P < 0.001;
background had a luminance of 0.2 cdfn colour-congruent mean RT 746ms, colour-incongruent
At the start of each trial, the sample stimulus was pre- mean RT 860 ms], and the colour-matching tasi?) =
sented for 1s at a point on the vertical meridian afid 7 4.325, P < 0.001, shape-congruent mean RT 694 ms,
above the horizontal meridian. It was then replaced by the shape-incongruent mean RT 742 ms].
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Fig. 1. Experiment 1: (a) the effect of colour congruence on shape search; (b) the effect of shape congruence on colour search. Mean RTs and standard
errors are shown. In neither task was there any significant effect.
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Fig. 2. Experiment 1: (a) the effect of colour congruence on orientation search; (b) the effect of orientation congruence on colour search. Méan RTs an
standard errors are shown. In neither task was there any significant effect.

4, Experiment 2 (the normal Stroop task). In the second set of four blocks
(conducted the following day) her task was to report (if
4.1. Methods necessary by guessing) whether the letter presented was an

‘R’ or a ‘G’ (reverse-Stroop task). In all cases we discarded
The subject was presented with one of two letters on a any RTs more than two standard deviations away from the

display screen, an uppercase ‘R’ or ‘G’, with each letter in mean prior to analysis.

one of two equiluminant colours. The letters were presented

in a 72-point Arial font. They measured 3.8igh, and the 4.2. Results

maximum width of both the ‘R’ and ‘G’ was 3°9though

the width of the closed loop at the top of the ‘R’ was only In the standard Stroop task, D.F. made no errors of colour

3.4. The colours used were 26.0 cdfred and green with  identification, as would be expected from her largely pre-

CIE(x, y) coordinates (0.624, 0.342) and (0.276, 0.611), re- served colour perception. Yet her reaction times to name

spectively, set against a 0.2 cdfblack background. the colours were quite unaffected by the congruence be-
The four letter-colour combinations were scheduled with tween letter and colourr(246) = 0.837, n.s.]. Mean RTs

equal frequency and in pseudorandom sequence. Trials beand standard errors are shown Fig. 3. Evidently there

gan with a short warning tone, with the stimulus letter then was no influence at all of the identity of the letter on

appearing at a location varying randomly from trial to trial her colour-naming performance, thus again providing no

within an 8 square area at the centre of the screen. The evidence for implicit shape perception.

subject’s task was to press as quickly as possible one of two In the reverse-Stroop task, the data were more complex.

keys presented side by side on the button-box in order to Unlike Aglioti et al.’s patient S.F., D.F. proved able to

report her decision on the letter’s colour or its identity (in discriminate between the ‘R’'s and ‘G’s to some extent,

different experiments). Testing was conducted in blocks of whether they were congruently or incongruently coloured.

64 trials. In both cases, however, she responded incorrectly more
D.F. completed two versions of the single letter Stroop often than correctly. She was incorrect on 86/128 (67%)

task. In the first four blocks, her task on each trial was of incongruent trials and 70/128 (55%) of congruent ones.

to report whether the stimulus was coloured red or green This difference just fails to reach significance either on a
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Fig. 3. Experiment 2: mean RTs and standard errors for naming colours Fig. 5. Experiment 3: mean RTs and standard errors for naming colours
in a red/green Stroop task. There was no significant difference betweenin a blue/green (b/g) Stroop task. There was no significant difference
congruent and incongruent trials. between congruent and incongruent trials.

5. Experiment 3

chi-square testf?(1) = 3.692, P = 0.055 with continuity
correction] or on a Fisher exact probability teBt£ 0.054). We repeated Experiment 2, but now using the lowercase
D.F.’s average level of performance (100/256, 39% correct) letters ‘b’ and ‘g’ presented in equiluminant blue and green,
was significantly worse than chance, although separateinstead of the red and green ‘R’s and ‘G’s used in Exper-
assessment showed this to be true only of the incongru-iment 2. The reason for using this new task was that we
ent trials (33% correct; binomial two-taiP < 0.0001). wished to use letter stimuli that D.F. could not distinguish
No Stroop effect was evident when the RTs on the incor- explicitly. This would be necessary in order to use Stroop
rect trials were analysed(l46) = 1.289, n.s.], as shown data to argue for anymplicit interference or facilitation ef-
in Fig. 4a As shown inFig. 4h however, there was a fects of letter form on colour judgements, and also in or-
significant Stroop effect on the minority of correct trials der to replicate the results @fglioti et al. (1999)on the
[£(95) = 3.389, P = 0.001]. reverse-Stroop task.

As D.F. was clearly discriminating better than chance,
though responding incorrectly, we then tried providing 5.1. Methods
verbal feedback (correct/incorrect) for a small number of
trials. She reported that although she felt she could tell The ‘b’ and ‘g’ stimuli were presented, as before, in a
the difference between the two types of stimuli (one was 72-point Arial font. The letters measured 3.Bigh, and
“taller and thinner than the other”) she was unsure which the maximum width in both cases was 3.0 he colours
was which. After this feedback training, she completed two used were 14.0 cdn? blue and green with CIE coordinates
blocks of trials where the letters were all coloured orange (0.150, 0.065) and (0.276, 0.611), respectively, presented
(a 50:50 mixture of the previous red and green colours), against a 0.2 cd ii? black background. In all other respects
and she now responded correctly on 99/128 (77%) of the stimuli and procedures used were identical to those of

trials. Experiment 2.
1750 1750 -
incorrect correct
3 3 |
g 1500 I :5,’7 1500 -
~— T ~ _
L I
I
1250 1250 -
(a) incongruent congruent (b) incongruent congruent

Fig. 4. Experiment 2: mean RTs and standard errors for naming letters in a red/green (R/G) Stroop task. (a) There was no significant difference betweel
congruent and incongruent RTs on incorrect trials (which were the majority), but (b) there was a significant difference between congruent aedtincongr
RTs on correct trials.



RW. Kentridge et al./ Neuropsychologia 42 (2004) 1488-1495 1493

1750 1750
incorrect correct
3 3 I
3 1500 - 3 1500 -
Z L3 :
[ T
I I
1250 1250 -
= ~
(a) incongruent congruent (b) incongruent congruent

Fig. 6. Experiment 3: mean RTs and standard errors for naming colours in a blue/green Stroop task. (a) There was no significant difference between
congruent and incongruent RTs on incorrect trials, but (b) there was a significant difference between congruent and incongruent RTs on correct trials

5.2. Results with the failure ofAglioti et al. (1999)to find evidence of
standard Stroop effects in their patient S.F. and their demon-
On the standard Stroop colour identification task, D.F. stration of a reverse-Stroop effect in the same patient. Our
made only two errors, which were subsequently discarded.first experiment, however, gave no indication of any resid-
Analysis of her latencies again revealed no significant stan- ual processing of stimulus shape or orientation for target
dard Stroop effect, as shownhig. 5[#(240) = 1.306, n.s.]. identification in a task of explicit search for form. D.F. was
On the reverse-Stroop task, D.F. discriminated significantly quite unable to search successfully for a particular shape or
and now correctly (73/128: 57% correct) between ‘b’s and orientation she had been shown as the sample, and colour
‘g’'s when they were congruently coloured. Her responses to congruence had no effect on her accuracy or speed in this
incongruently coloured stimuli were predominantly incor- task. In normal observers task-irrelevant colour did affect
rect (54/128: 42% correct). On a2 x? test this difference  the speed with which items matching the sample were de-
is significant [%(1) = 5.063, P = 0.024 with a continuity tected, suggesting that automatic processing of colour was
correction; Fisher exact tegt = 0.024]. Overall, however,  unavoidable and aided target detection.
D.F.’s performance (127/256) is at chance, indicating that We can contrast these negative findings with the clear
she was unable to distinguish the two letters explicitly. In- reverse-Stroop effects found Byglioti et al. (1999) which
deed, when she was tested with neutrally coloured ‘b’s and we too found in Experiments 2 and 3 and discuss in detail
‘g’s (using an equal mixture of the blue and green), D.F. in the following paragraphs. There are of course a number
discriminated correctly on only 135/256 (52.7%) of trials, of potentially critical differences between our search tasks
which does not differ significantly from chance. and the reverse-Stroop task. First, it must be stressed that the
These percentage correct data alone could be explainedsearch tasks impose demands beyond the discrimination of
as resulting from a response bias of the kind “respond ‘b’ specific forms. The target shape, and the target colour, if it
when the letter is blue, and ‘g’ when it is green”, with- is to have any effect on performance, must be held in work-
out any need to assume that shape was being discriminateding memory during visual search (although we attempted to
However, analysis of her reaction times allows us to dis- minimise the cost using the shortest possible, single-frame,
count this interpretation. Here again D.F. showed a strong delay between target offset and search array onset). Our fail-
reverse-Stroop effect(123) = 2.966, P = 0.004] on trials ure to find an effect with D.F. in this task might, therefore,
where she responded correctly ($€¢g. 6b). No significant reflect a deficit in encoding form into visual working mem-
Stroop effect is apparent, however, when her incorrect tri- ory rather than an absence of residual faezognition abil-
als are considered(fl22) = 1.399, n.s.], as illustrated in ities per se. It may also be the case that a shape-matching
Fig. 6a task with five alternatives in the search array is inherently
harder than a two-alternate discrimination task using once
familiar letter stimuli. Alternatively, however, it may be that
6. Discussion letter processing takes place in brain areas outside those used
in the processing of shape per se or those used in the recog-
What do these studies tell us about the nature of D.F.’s hition of objects. The results of the reverse-Stroop tasks in
visual form agnosia? In all three experiments, our indirect Experiments 2 and 3, which used only letters, may therefore
tests, in which D.F. was asked to respond to ¢hleur of provide clues as to the differential processing of shapes and
stimuli failed to reveal any evidence for implicit processing letters within the ventral stream.
of form. We did, however, find the reverse effect in Exper-  The first aspect of the data from the reverse-Stroop tasks
iments 2 and 3—the colour of stimuli did influence perfor- that must be discussed is D.F.’s ability to discriminete
mance in form discrimination tasks. This is in full agreement plicitly between uppercase ‘R’s and ‘G’s. This was initially
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manifest as significantlpelow-chance performance in the incongruent trials were pooled, or when colour was not
reverse-Stroop task, where she was asked to guess at letteaivailable as a differential cue. This task therefore provides a
identity when the letters were presented in congruent or in- close analogue to the ‘R’ versus ‘G’ task used with patient
congruent colours. However, when she was given feedbackS.F. by Aglioti et al. (1999) D.F.’s responses to ‘b’s and
about the correctness of her guesses, she was able to turfg’s were now above-chance when appropriately coloured,
this into a clearlyabove-chance rate of correct guesses. D.F. and below-chance when inappropriately coloured. The
protested that she was merely guessing throughout, thoughreverse-Stroop effect was again found only on correct trials,
she did admit to a feeling that the letters differed in the ‘tall exactly as in Aglioti et al.’s report. Presumably when tested
and thin’ dimension. They were actually of equal height with the ‘b’s and ‘g’s, D.F. was not able to use whatever
and maximum width, and differed in area by less than 2%. low-level feature might have been permitting discrimination
Inevitably, they did, however, differ in a variety of low-level between ‘R’s and ‘G’s.
properties that it may be possible to exploit in the absence of The clear reverse-Stroop effect that we found (both in
true form perception. For example, the letter ‘G’ turns outto terms of percent correct and reaction times) suggests that
have approximately equal power after convolution with ver- there really was some genuine processing of the shapes of
tically or horizontally oriented filters, whereas the letter ‘R’ letters in D.F.Aglioti et al. (1999)surmised that the colour
produces much more vertical power than horizontal. Thus of the stimulus elicited a semantically-rich representation
although D.F. could not be said to have demonstrated shapehat included associations to the colour name, and that this
perception in this task, at least she seems to have been ableepresentation could exert a top—down influence on percep-
to latch on to some rudimentary property of these stimuli. tual processing. Evidently D.F. too has some spared capac-
When in Experiment 3 we used lowercase ‘b’s and ‘g’s, her ity, despite her bilaterally damaged area LO, to process letter
ability to discriminate fell to chance. D.F.’s latencies to re- shape at sub-threshold level, and this activity can be facili-
port on both ‘R’ versus ‘G’ and ‘b’ versus ‘g’ letter discrim-  tated or interfered with by top—down semantic influences.
inations were of the order of 1500 ms, about twice the time  Two interpretations of these data in terms of specialised
she needed her to make colour discriminations. This would processing areas for letters are possible. First, it has been
be consistent with her assertion that her letter-shape deci-suggested that there may be distinct brain regions for visual
sions were not based on conscious discrimination (as theyprocessing of words or letters and for processing of objects
were in the colour task) but truly were (educated) guesses. (e.g. Polk & Farah, 1998; Polk et al., 20p2lt is possi-
Strong effects of letter-colour congruity were exhibited ble that D.F.’s damage in the vicinity of area LO spares
by D.F. on both of our two reverse-Stroop tasks. These enough of a specialised visual letter processing area (e.g.
effects bear a strong similarity to the data reported previ- in left-hemisphere inferior occipitotemporal cortex near the
ously byAglioti et al. (1999)on their patient S.F. The most  fusiform gyrus) to support visual letter recognition aided by
surprising aspect of these effects emerged in the red/greertop—down cues derived from associations with colour. This
reverse-Stroop task, in which D.F. was partially able to interpretation is consistent with D.F.’s performance when
discriminate ‘R’s from ‘G’s, but did sdncorrectly. Yet given object recognition tasks. She performs consistently
despite this below-chance performance, the reverse-Stroopbetter when provided with additional cues such as colour,
effect was only evident on the minority of trials where she shading, and visual texture, than when given plain outline
respondedtorrectly. There was no reverse-Stroop effect on drawings Humphrey, Goodale, Jakobson, & Servos, 1994
the incorrect trials, although one might have expected to We now know from functional MRI studies that these sur-
find a negative effect there if the letter ‘R’ was eliciting a face cues result in scattered ventral-stream activations in
representation of greenness and the letter ‘G’ one of red-D.F. where none exist otherwisdames et al., 2003We
ness. The strong positive reverse-Stroop effect found on theassume that top—down processes are always at work in ob-
correct trials indicates that responding R to ‘R’s and G to ject recognition tasks, and that perhaps in D.F. these are
‘G’s must have been affected by colour-appropriate associ- able to activate ventral-stream networks that extend beyond
ations on those trials, but that these covert effects were notarea LO.
strong enough to drive D.F.’s overt responses on a majority The second, slightly different, interpretation would be
of trials. We suppose that these overt responses were driverthat the overlap between specifically visual letter and object
by an entirely superstitious association of colour identity recognition areas is too great to allow such sparing (see e.g.
with some low-level visual feature of ‘R’s or ‘G’s. The fact Joseph, Gathers, & Piper, 2Q03nstead, letter processing
that the covert letter representation elicited by the letters andin areas remote from LO, such as the area in inferior parietal
revealed by the reverse-Stroop effects and the overt, if super-cortex normally used in the service of phonological recoding
stitious, visual identification of the letters could act indepen- and activated by visual stimuli, may mediate reverse-Stroop
dently of each other thus suggests that the veridical coverteffects in D.F. and S.F. This notion is attractive for two rea-
representation was not part of the same visual letter identifi- sons. First, it is easier to reconcile the dissociation between
cation process mediating D.F.’s overt visual discrimination. overt visual letter (mis)identification and covert colour-letter
In Experiment 3 the letter stimuli ‘b’ and ‘g’ were not  congruity effects if the two processes might rely on different
discriminable explicitly by D.F., either when congruent and areas, and second, it seems likely from recent structural MRI
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data James et al., 20Q3nat the parietal letter-activated area Dijkerman, H. C., & Milner, A. D. (1997). Copying without perceiving:
p
(see e.g.Price et al., 2008is spared in D.F. Motor imagery in visual form agnosi&euroReport, 8, 729-732.

In conclusion, we have found no evidence from a series G°0dale, M. A., Milner, A. D., Jakobson, L. S., & Carey, D. P. (1991).
of studies for anv covert perceptual processing of form that A neurological dissociation between perceiving objects and grasping
y perceptual p g them. Nature, 349, 154—156.

can influence D.F.’s behaviour when she is performing an goodale, M. A., Meenan, J. P., Bilthoff, H. H., Nicolle, D. A., Murphy,
overtly colour-related task. Thatis, when hertaskisto attend K. J., & Racicot, C. I. (1994). Separate neural pathways for the visual
to colour, we can detect no sign of residual form processing analysis of object shape in perception and prehenslarrent Biology,

in her perceptual system. However, when she is given tasks _* 604-610.

. .. Goodale, M. A., & Milner, A. D. (2004)Sight unseen: Explorations in
that require her to attend eprICItIy toform rather than colour, conscious and unconscious vision. Oxford: Oxford University Press.

it becomes possible to detect signs of form processing, albeitiumphrey, G. K., Goodale, M. A., Jakobson, L. S., & Servos, P. (1994).
only with the assistance of (presumed) downstream modula- The role of surface information in object recognition: Studies of a
tion derived from semantic representations of colour names.  visual form agnosic and normal subjeckerception, 23, 1457-1481.
We did not find an analogous colour-congruity advantage in James. T. W., Culham, J., Humphrey, G. K., Milner, A. D., & Goodale,
. . .. M. A. (2003). Ventral occipital lesions impair object recognition but
our shape-search .ta:;k. O.ne interpretation of this is that qnly not object-directed grasping: A fMRI studgrain, 126, 2463-2475.
colour-form associations in long-term memory have a facil- joseph, J. E., Gathers, A. D., & Piper, G. A. (2003). Shared and
itatory effect rather than colour cues per se, although an al- dissociated cortical regions for object and letter processlagnitive
ternative explanation in terms of a working-memory deficit  Brain Research, 17, 56-67. _ o _
is possible. It may, however, be more likely that D.F.’s dam- Kourtzi, Z., & Kanwisher, N. (2000). Cortical regions involved in

. o perceiving object shapdournal of Neuroscience, 20, 3310-3318.
age to LO has spared certain letter-specific processes anql/lacleod, C. M. (1991). Half a century of research on the Stroop

that these processes, although usually operating at a Sl_lb' effect—An integrative review.Psychological Bulletin, 109, 163—
threshold level in her perceptual system, can have a signif- 203.
icant effect upon her behaviour given explicit attention to Malach, R., Reppas, J. B., Benson, R. B., Kwong, K. K., Jiang, H.,

letter-form and top—down modulation by colour cues. Kennedy, W. A., et al. (1995). Object-related activity revealed by
functional magnetic resonance imaging in human occipital cortex.

Proceedings of the National Academy of Science of the United Sates
of America, 92, 8135-8138.
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