NEUROPSYCHOLOGIA

ELSEVIER Neuropsychologia 42 (2004) 597-612

www elsevier.com/locate/neuropsychologia

Evidence for perceptual deficits in associative visual
(prosop)agnosia: a single-case study

Jean-Francois Delven@é, Xavier Serof¢, Francoise Coyetfe Bruno RossioftP

2 Faculté de Psychologie et des Sciences de I'Education (PSP), Unité de Neurosciences Cognitives (NESC),
Université Catholique de Louvain (UCL), Place du Cardinal Mercier 10, B-1348 Louvain-la-Neuve, Belgium
b Laboratoire de Neurophysiologie (NEFY), UCL, Brussels, Belgium
¢ Centre de Rééducation Neuropsychologique, Cliniques Universitaires Saint-Luc, Brussels, Belgium

Received 11 September 2003; received in revised form 22 October 2003; accepted 23 October 2003

Abstract

Associative visual agnosia is classically defined as normal visual perception stripped of its meaning [Archiv fur Psychiatrie und Ner-
venkrankheiten 21 (1890) 22/English translation: Cognitive Neuropsychol. 5 (1988) 155]: these patients cannot access to their stored visual
memories to categorize the objects nonetheless perceived correctly. However, according to an influential theory of visual agnosia [Farah,
Visual Agnosia: Disorders of Object Recognition and What They Tell Us about Normal Vision, MIT Press, Cambridge, MA, 1990], visual
associative agnosics necessarily present perceptual deficits that are the cause of their impairment at object recognition Here we report a
detailed investigation of a patient with bilateral occipito-temporal lesions strongly impaired at object and face recognition. NS presents
normal drawing copy, and normal performance at object and face matching tasks as used in classical neuropsychological tests. However,
when tested with several computer tasks using carefully controlled visual stimuli and taking both his accuracy rate and response times into
account, NS was found to have abnormal performances at high-level visual processing of objects and faces. Albeit presenting a different pat-
tern of deficits than previously described in integrative agnosic patients such as HJA and LH, his deficits were characterized by an inability
to integrate individual parts into a whole percept, as suggested by his failure at processing structurally impossible three-dimensional (3D)
objects, an absence of face inversion effects and an advantage at detecting and matching single parts. Taken together, these observatior
guestion the idea of separate visual representations for object/face perception and object/face knowledge derived from investigations of
visual associative (prosop)agnosia, and they raise some methodological issues in the analysis of single-case studies of (prosop)agnosit
patients.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction considered as being able to construct a normal visual percept
that cannot be adequately associated with visual representa-
Visual agnosia is a deficit in object recognition confined tions of objects stored in memory. This distinction has been
to the visual modality, despite intact elementary visual pro- extended to a particular type of visual agnosia, the inabil-
cesses such as visual acuity, visual field, visual scanningity to recognize faces, or prosopagnosindamer, 194y
and attention, and which is not due to general problems apperceptive prosopagnosiasannot elaborate a correct
in language, memory or deficiency in intellectual abilities. percept of a face, whereassociative prosopagnosiese
Neuropsychological investigations have described casesunable to give any meaning to a correctly elaborated visual
of visual agnosia belonging to the two broad classes of representation of an individual fac®€ Renzi, Faglioni,
disorders introduced blissauer (189Q)namely visuabp- Grossi, & Nichelli, 199).
perceptiveand visuahssociativeagnosia. As defined in the Humphreys and Riddoch (198Have elaborated upon
literature, apperceptive agnosics present visual deficits,the basic distinction of apperceptive and associative ag-
which prevent them to elaborate a correct percept of the nosia, drawing a clear boundary between perceptual and
stimulus. Associative agnosics, on the other hand, aremnesic processes involved in object recognition. Referring
to a classical hierarchical cognitive architecture of visual
* Corresponding author. Tek:32-10-47-91-49; fax:+32-10-47-37-74. object recognition, these authors have described different
E-mail addressjean-francois.delvenne@psp.ucl.ac.be (J.-F. Delvenne). forms of apperceptive and associative agnosias, depending
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on the stage at which the visual object processing is (prosop)agnosia, should necessarily show some visual im-
impaired. pairments that are the cause of his/her deficit. Our inves-
A different view has been put forward bdyarah (199Q) tigation was motivated by recent studies of prosopagnosic
Although this author also described a taxonomy of apper- patients and normal subjects, which have raised a number
ceptive agnosias and acknowledged the heterogeneity ofof issues regarding the conclusions that are usually drawn
associative agnosidsa review of 99 cases of associative from analyses of patterns of errors alone, using classical ob-
agnosias described over the century in the English-speakingect and face recognition tests. For instance, recent evidence
literature led her to conclude that there was no clear evi- indicates that normal subjects can perform reasonably well
dence of the sparing of high-level visual processes in the at the Benton facial matching test as well as at the face
cases of associative visual (prosop)agroseported. She  recognition test ofVarrington (1984)-two standards in the
argued that all cases of associative visual agnosia presentiterature—when they have to rely exclusively on external
perceptual deficits that are the cause of their impairment atfeatures, and the time to perform the test is not taken into
object recognition, and thus that perceptual and mnesic rep-account Duchaine & Weidenfeld, 200%ee alsdavidoff
resentations involved in object recognition were not clearly & Landis, 1990; Sergent & Signoret, 199Zlaims for nor-
distinct. Farah’s account is based on the observation thatmal abilities in object recognition have also been made in
very few of the patients who have been described as assoseveral cases in which the quality of the stimuli set used was
ciative agnosics have been adequately tested for perceptuaboor, allowing the patient to attend to a single salient fea-
abnormalities. In the rare cases where particularly demand-ture of the object or its background to perform the task (e.g.
ing visual tasks have been presented to associative agnosi®IcNeil & Warrington, 1993. In addition to a lack of control
patients, their results have suggested some critical deficitsin the use of stimuli, most studies report performance score
at high-level visual processeBgrah, 1990 only, without any precise information about the time taken
Since these two theoretical proposals have been formu-by the patients to perform the object matching tasks, for in-
lated, a number of acquired cases of visual agnosias forstance. However, recent studies have shown that measuring
objects (e.g.Behrmann & Kimchi, 2003 Behrmann, response times was critical in revealing abnormal perfor-
Moscovitch, & Winocur, 1994; Behrmann, Winocur, mances at object perception tasks in cases of visual agnosia
& Moscovitch, 1992 Humphreys & Rumiati, 1998 and prosopagnosi&@authier, Behrmann, & Tarr, 1999
Moscovitch, Winocur, & Behrmann, 1997Turnbull & Given these concerns, we tested our patient extensively
Laws, 2000 and for faces (e.goe Renzi & di Pellegrino, with different visual tasks performed on computer, measur-
1998; De Renzi et al., 199Henke, Schweinberger, Grigo, ing accuracy rates and RTs. We compared the performance
Klos, & Sommer, 1998 McNeil & Warrington, 1991; and RTs of our patient to normal subjects matched for age
Schweich & Bruyer, 1998have been reported, that may and level of education. Doing these tests, we were also
be classified as the ‘associative’ type. However, these stud-particularly aware to the fact that apparently slight abnor-
ies investigated a number of different theoretical questions mal performances in tests of visual perception may arise of
related to object and face recognition, without explicitly difficulties in accessing stored visual representations or to
testing the hypothesis of the necessary visual impairmentsdamage to these representations themselves. Accordingly,
in the ‘associative’ cases that they described. in addition to the use of RTs measures, a distinctive char-
Here we report the case study of NS, a case of acquiredacteristic of the present study was the use of novel objects
visual agnosia for objects and faces with intact knowledge of in several visual tasks. This strategy allowed us to cancel
object function as well as object recognition through tactile any support for matching tasks that could be extracted from
and auditory modalities. NS’ case is particularly interesting prior knowledge of the stimuli for control subjects, and
because he has no low-level visual deficits, and his perfor- would thus make them perform relatively better than NS.
mances at copying and matching objects appears remarkably
normal. Furthermore, tested with a classical face recognition
battery Bruyer & Schweich, 1991 he was found to be nor- 2. Case study
mal at all tasks of perceptual processing of faces but dramat-
ically impaired at recognition processes. In this report, we 2.1. NS: clinical history
investigate NS’ high-level visual processes in detail, in order
to test the claim that a patient defined as a visual associative NS (born 1951) is a right-handed man who was 40 years
old when he was hit by a car while cycling, and remained
1 Although Farah (1990, 1991akes a clear distinction between visual ~Unconscious for 23 days. He was first evaluated in Septem-
associative agnosia, on the one hand, and on the other hand, the cases dder 1991, a few days after recovery. The neuropsychological
visual modality-specific anomia (“optic aphasia”) and the loss of general examinations revealed sensory transcortical aphasia, a se-
sgme}ntic knowledge_ (not confined to the yisual modal_ity). Seeti(_)n 4 vere dyslexia and dysgraphia, signs of apraxia, anterograde
Since Farah’s view concerns both visual agnosia for objects and . . . . -
prosopagnosia, and our patient suffers from clear deficit at both object amnesia, E_mOS()gnOSIE_l’ a bllat_eral superior quadranop5|a and
and face recognition, we will use the term visual agnosia in the larger & S€vere visual agnosia for objects, faces, colors and places.
sense, i.e. including prosopagnosia. Over the next 2 years, NS underwent cognitive rehabilitation,
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Fig. 1. T-1 weighted images (TR 25ms, TE= 6ms, flip angle= 25, slice thickness= 1.5 mm) were obtained in the bicommissural (AC-PC). 3D

MRI anatomical data were also obtained on a GE 1.5T unit using the spoiled grass (SPGR) technique. Orientation, coronal, transversal armgsagittal sli
showing the extent of the lesions in the occipito-temporal junction of NS’ brain (transformed in Talairach and Tournoux’s brain atlas in Bram Voyage
2000).

at a rate of 4 or 5 sessions a week. A recent MRI scanner ofpersons from their names. He was perfectly accurate (30/30
NS’s brain showed NS lesions concern mainly the bilateral decisions) at a task in which he had to match a target word
occipito-temporal junctionKig. 1), but posterior regions of  to one of three possible words including a semantic and a
the occipital lobe appeared to be anatomically intact. Con- non-semantic distractor, thus showing that he has no seman-
tusions were also found at left parietal and frontal sites. tic impairments. His verbal short-term memory is in the nor-
mal range (se®esenti et al., 20Q0His visual short-term
2.2. Initial investigations of non-visual functions memory is below the normal range of performances as indi-
cated by avisual span testising meaningless shapes (from
The evaluation of the non-visual functions of NS 2 years Vanderplas & Garvin, 1999(NS: 2; controls: 4.39; S.D.:
after his accident has been reported in detail previously 1.85), theBenton multiple-choice recognition t&80% cor-
in a study investigating his calculation abilitieBgsenti, rect; controls: 93-100%) and tt@orkin test(below 3 S.D.
Thioux, Samson, Bruyer, & Seron, 200thus we will only in the full interval version of the test). He is also impaired in
summarize the main points here. In 1998-1999, NS was verbal long-term memory as assessed by the verbal learning
re-evaluated on all functions for which his performance was of the Buschke tesfaverage recalled words: 8.1; controls:
below the normal range a few years before, to describe the12.8; S.D.: 0.91; list learning score: 29.6%; controls: 79.8%;
following summary. S.D.: 11.9). His long-term visual memory is also strongly
Concerning his language and semantic abilities, NS’ spon- impaired épan and supra-spar 15 trials, controls: 6; S.D.:
taneous speech is fluent and his aphasia has disappeared. H&1; the doors part of thdoors and people tes8/12 and
writing only presents a surface dysgraphia, and his reading4/12), but he has no deficits in attentional tests {@egenti
aloud of words is correct but slower than normals. In order to et al., 2000.
assess more precisely whether NS is impaired in word read-
ing, he was also asked to read some words presented one bg.3. Visual functions
one on a computer screen during a very short time (50 ms).
Three types of words were used according to the number of NS has a full visual field, and the investigations of visual
letters making up them: short words (3 to 5 letters), interme- functions showed no deficits for elementary visual percep-
diate words (6 to 8 letters), and long words (9 to 11 letters). tion (normal scores on: the Cambridge low contrast grat-
Thirty-four familiar words were used for each type and the ing test Wilkins, Della Sala, Somazzi, & Nimmo-Smith,
task was to read them aloud. The results revealed that NS1988; the Regan low contrast letter charts teRegan &
was nearly able to read all words flawlessly. Among the 102 Neima, 198%; and the Pelli-Robson letter sensitivity charts
presented words, NS was not sure about only seven of thentest Pelli, Robson, & Wilkins, 1988 His color perception
(one intermediate and six long words), but still gave in all is hormal (Ishihara), and his visual acuity is excellent.
cases the right answer. NS was in the normal range in a test Tested with several sub-tests of the Birmingham object
of phonological fluency (NS: 17; controls: 22.55; S.D.: 7.04) recognition battery (BORBRiddoch & Humphreys, 1993
but under the norms in a semantic fluency task (NS: 12; con- he performed well (normal range) at all perceptual tasks:
trols: 22.76; S.D.: 6.13) in which he had to give different length match tasktest 2);size match tasktest 3); orien-
instances of categories such as animals, fruits and furniture.tation match tasKtest 4);position of gap match tasiest
NS does not show any evidence of semantic deficits in real 5); minimal feature view taskest 7);foreshortened match
life and he is able to give semantic information about famous task(test 8). He apprehended correctly forms, volumes and
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knowledge about objects in the BORB, being largely im-
paired at theobject decision tasiest 10),item match task
(class recognitiontest 11),associate match tasfseman-

tic association test 12) ancbicture naming He was also
strongly impaired at an object decision taglerformed on

a computer (10s presentation; 53.5% objects classified as
objects, 2903 ms; 6 age-matched controls: 99%, 705ms),
and at a common object naming task (56.5% of correct
response on drawings, 60% on photographs and 83% on
real objects!, controls: 100% in all three conditions). He
was also very consistent of his failure and success at object
recognition: when given 100 objects from the Snodgrass and
Vanderwart’s object databaniSifodgrass & Vanderwart,
1980, he correctly and spontaneously named 30 of them,
was in difficulty (i.e. he was often able to name them but
only after a long and perilous effort) with 40 objects, and
was unable to recognize 30 objects. Interestingly, when
given the same 100 objects one month later, only one from
the 30 objects previously recognized was not identified,

+ 0o *+ 4 wo ! &ﬁ, and only three from the 30 objects previously unrecognized
[l . e
d I

were, this time, correctly named, thus showing the stability

of his visual recognition abilities.
Face processing was tested by the Bruyer and Schweich
: battery (1991) and NS performed flawlessly in the following

tasks in which only score accuracy was measuiatdal de-
cision (to classify colored photographs as faces or non-face
objects, 30 items)isual analysis of facial featurgso find
a target feature—mouth, eyes, nose—among four possibil-
ities, nine items)yisual analysis of unknown fac¢lnd a
perspective, making no errors when asked to judge two pho-target face from among a set of 10, despite a change of ex-
tographs of objects as exactly the same or different, and onlypression or pose, 24 item$agial expressiomndlip-reading
a few for line drawings of geometrical forms. He made no analysig(to classify photographs of unknown people accord-
error in a task of figure-ground segregation of geometrical ing to whether they express a feeling of happiness, sadness,
forms (based on Gottschaldt hidden figure t€stftschaldt, or they pronounce the phoneme [o0], 12 items). He was al-
1929. His drawing copy is very good als&if. 2 see also  most flawless orsex decision$18/20, controls mean 19.6)
Pesenti et al., 20Q0thus suggesting normal perceptual abil- andage decision$27/30 correct, controls 29.1) on unfamil-
ities at first glance. Although NS did all the visual tests of jar faces. He was however severely impaired face recog-
the BORB flawlessly, as a control, we administrated him njtion task classifying correctly as famous or unknown only
three of these tests for which we checked his rapidity: the 31/48 items (Contro|3 mean 462) but being unable to name
overlapping letters tasktest 6, realized leisurely in 1995), any of the famous faces. When we presented a subset of
the ‘minimal feature view(test 7) and the foreshortened  these faces to him during a limited time (10 s maximum) and
views (test 8). These last two tests require matching a pro- with all external cues, he was completely unable to discrim-
totypical view of a target object with one of two sample ob- jnate a famous from an unknown face (1/25). Furthermore,
jects; one being the same object as the target but depicteche was largely below the normal range at the Warrington
from an unusual view; the other being a different object face recognition test (27/50). We administrated him also the
(distractor). In the foreshortened viewsthe sample view Benton and van Allen face recognition teBefiton & Van
of the target foreshortened the object’s principal axis (see
Riddoch & Humphreys, 1993in the ‘minimal feature view =~ ———— _ .
test, the sample view reduces the saliency of the object's _~ Elghty-eight pictures of objects taken from thBnodgrass and
N Vanderwart (1980)attery, and 88 non-objects taken from teoll and
most distinctive feature. NS was 100% correct, and fast for ... (1984)set.

Fig. 2. Copy of geometric shapes and drawingst(1from the BORB)
by NS. Original drawings are on the left, copies are on the right.

these tasks. 4 Even when he managed to name the object, this process was very
slow for most of them: only 19% of all objects were correctly named in
2.4. Object and face recognition less than 2s. For example, when having to recognize a saltshaker, NS

started to describe what he saws ‘that a little bottle? Hmm .. one

part of the object is like a glass and another part contains holes .15
By contrast to his normal visual abilities, NS has striking nholes. .. it might serve to mash fruits, to get orange juice oh yeah

difficulties in tasks demanding access to visual semantic that's a saltshaker
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Allen, 1969, and he had a pretty high score for a neuropsy- had to make their decision as accurately and quickly as
chological patient (40/54), a performance that would put possible and by pressing one of two keys on the computer
him just below the normal range of normal subjects (‘mildly keyboard. Stimuli were presented during 10 s maximum (or
impaired’). However, he was particularly slow at doing the until response; 8s for experiment 2).
test (mean response time by item: 555s).
3.1. Experiment 1: overlapping drawings detection task
2.5. Summary
o ) ) o Although associative agnosics such as NS are able to de-
ConS|der|ng the extent of his neuropsychological deficits g¢ripe the visual appearance of objects they cannot recog-
after the accident, NS has remarkably recovered 10 yearsyjze previous investigations of such patients have revealed
later, to the point that he is now back to working full time as - herceptual impairments not apparent in describing objects or
a resea}rch.er in a laboratory. Yet, he presents severe impairgopying drawingsKarah, 199 The patient HIARiddoch
ments in visual short-term memory as well as in long-term ¢ Humphreys, 198y, defined as an apperceptive agnosic,
memory for verbal and visual material. However, the most \yas also able of correct matching of objects and correct
striking impairment of NS is his inability to recognize com- grawings, although particularly slow, but presented large
mon objects and people by their faces. His deficit cannot ifficulties at several tasks testing the integration of visual
be defined in terms of optic aphasia since he does not havestimyji, and was characterized as a case of apperceptive in-
only object naming problems but he is also unable to mime (eqrative agnosia (see also the patient\juin, Bub, &
the utilization gesture or to give a verbal description of the p,gek 1996 Butter & Trobe, 199% HJA was dispropor-
objects he cannot name. Likewise, an account in terms of j5nately impaired at recognizing overlapping drawings, rel-
semantic agnosia can be excluded since NS does not presentiive to normal subjects, a task that taps visual segmentation
any semantic deficits. His failure at a simple object deci- processesRiddoch & Humphreys, 1987 Although NS is
sion task indicates that he does not have access to a propegpje o read overlapping letters perfectly, we tested his abil-
visual structural representation of common objects. Regard-ity t cluster segments of line together properly by means of
ing his perceptual processing of objects, he is fl_awless andoverlapping drawingsHig. 3A). Two sheets of paper were
fast at the two sub-tests of the BORB testing object match- hresented to NS. Three overlapping drawings were located
ing under different viewpoints (tests 7 and 8). Furthermore, o, one sheet, and six non-overlapping drawings were shown
his copying of drawings is good, arguably better than some o the other one, of which three of them were identical to
patients who have been defined on the same criterion as asghose from the first sheet. NS was simply asked to desig-
sociative agnosics (e.grarah, 1990p. 17;Humphreys &  pate the three objects that overlapped, among the six pre-
Rumiati, 1993. He was also reported normal at matching sented individually. He was flawless (20/20) and fast in the
task on faces, as well as gender, age, and expression progyiraction of three objects from the six overlapped figures.
cessing (although we do not have information about his re- Lowever, NS could have performed the overlapping objects
sponse times), despite being largely impaired at recognizingsimply using the features that are not superimposed such as
famous and familiar people. Yet, he sometimes made oneihe end of the key producing from the central mass. A vari-
or two errors at object and face matching tasks where con-ant of this experiment was thus administrated to the patient.
trols were correct without any hesitation and was slightly |, this task, the figures were not those from the three over-
below the normal range (and slow) at the Benton face match- 35 ped objects, but were created by putting together different
ing test. Furthermore, he was fast in the object perception a5 of the overlapped objecig. 3B). If the patient based
tasks that we administrated to him, but was reported slow s jydgments on local features that are not superimposed,
a few years before. In the following section, we report the pe should be impaired at this task. We built 90 overlapped
testing of NS in a number of experiments (mostly on com- iqyres and displayed one by one on the top of a computer
puter) a!med at tgstmg the integrity of his hlghl—level visual gereen. At the same time, one figure was displayed at the
processing of objects and faces. Importantly, since we mea-pottom of the screen and the patient was asked to decide,
sured response times in many tasks during this investigation,as fast as possible, whether this figure was one of the three
we first ensured that NS was as quick as normal subjectSqyerjapped. For half of the trials, the figure presented below
at a phasic alert task (detecting a cross in the center of amatched one of the three overlapped figures. NS performed
computer screen), for which he scored in the normal range nger normal range (86.67%; controls: 95.36%; S.D.: 21.05;
(231 ms, percentile 62). Z = 0.413, P = 0.660) and was not slower (5890 ms; con-
trols: 3304 ms; S.D.: 26327 = 0.983, P = 0.163) com-

. ared to eight age-matched controls.
3. Experiments P ghtag

Inall . 5 The Z-score is the ratio of the difference between NS’ score and the
n all experiments, controls were matched fOI’. Sex, age (be' normal controls average score by the standard deviations of the normals.
tween 45 and 55 years old) and level of education. These eX-a z.score >2 means that NS’ performance is above or below 2 S.D. of
periments used a binary decision task for which the subjectsthe normals.
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Fig. 3. Example of three overlapping drawings used in the first part
(A) and the second part (B) of the overlapping drawings detection task
(experiment 1).

3.1.1. Conclusion

Unlike other previously reported cases of visual agnosia,
such as HJA, NS is not impaired at visual segmentation
processes required to identify overlapping objects.

3.2. Experiment 2: object decision task with original
drawings, silhouettes, and outlines

A distinctive characteristic of HJA is that he was para-
doxically better at recognizing objects that were depicted

J.-F. Delvenne et al./Neuropsychologia 42 (2004) 597-612
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Fig. 4. Example of original drawing, silhouette and outline used in the
object decision task with original drawings, silhouettes, and outlines
(object on the left, non-object on the right) (experiment 2).

The results (accuracy and correct response latencies) are
shown inTable 1 As expected, NS was strikingly impaired

at this task compared to seven age-matched contibls (
1.655, P < 0.5 for the accuracyZ = 7.65, P < 0.001 for

the correct response latencies). There was a significant effect
of formatfor the controls concerning both the accuracy and
the correct response latenciés (> = 4.779, P < 0.05, and

F> 12 = 8.583, P < 0.005, respectively), with an advantage
of the original drawings over the silhouettes for the accu-
racy (P < 0.05), and an advantage of the original drawings
over the outlines and the silhouettes for the correct response
latencies P < 0.05 and 0.005, respectively). In contrast, de-
spite a tendency to be better at original drawings, there was
no significant difference between these three formats for NS
in both accuracy £2,113 = 1.691, P = 0.189) and correct
response latencies 67 = 2.345, P = 0.104).

3.2.1. Conclusion

Contrariwise to HJA, NS does not perform better with
silhouettes or outlines. Instead, he tends to be even better at
recognizing drawings with internal details.

in silhouettes than as line drawings, suggesting that he hadTable 1

troubles to perceive or integrate the internal details of a stim-
ulus Riddoch & Humphreys, 1987 Similarly, we tested
NS at an object decision task on computer with objects
in three formats: original drawing, silhouette, and outline
(Fig. 4). There were a total of 240 stimuli: 40 objects taken
from the Snodgrass and Vanderwart (1980) battery, and 40
non-objects taken from thiéroll and Potter (1984pattery,
each in the three different formats. All of the stimuli were
mixed and displayed in random order. The patient had to
decide whether the stimulus represented a real object or not

Accuracy and correct response latencies of NS and control subjects at
the object decision task of original drawings, outlines, and silhouettes
(experiment 2)

NS Controls ¢ = 7)
Correct RTs  Correct (%) RTs (ms)
(%) (ms)
Original 71.05 4417 99.25 (S.D. 08.65) 629 (S.D. 145)
drawings
Outlines 50 3630 94.96 (S.D. 21.93) 757 (S.D. 401)
Silhouettes 59.09 2810 92.21 (S.D. 26.85) 819 (S.D. 766)
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Fig. 5. The three conditions used in the visual search task (experiment 3) are shown in (A). In the first condition (on the left), the target is the 45
oriented line, whereas in the second (in the center) and the third condition (on the right), the target is the inverted “T". Results (correciatesg@se |
of NS and control subjects are shown in (B).

3.3. Experiment 3: visual search task the presence versus the absence of the target, as well as the
number of distractors, was presented randomly.

Although NS presented different patterns of performance  Accuracy rates and RTs for correct trials for NS and six
than HJA at experiments 1 and 2, he might still have slight age-matched controls are presentedable 2andFig. 5B.
difficulties at integrating features in a coherent percept. For the first and second task, control subjects were quick
The third experiment is a visual search task inspired from and insensitive to the number of distractorg 4 = 0.036,
Treisman and Gelade (1980and with which HJA also P = 0.858 andFy 4 = 1.049, P = 0.364, respectively) and
shown an abnormal pattern of performanéddfloch & to the presence or the absence of the targel (= 1.262,
Humphreys, 1987 Three conditions were rurfFig. 5A): P = 0.324 in the first condition and 4 = 0.518, P =
(1) detection of an oblique line (tilted 4bamong vertical 0.511 in the second condition). Response times in the third
lines; (2) detection of a combination of two lines forming condition, however, were slower and indicated an effect of
an inverted “T”, displayed amongst homogeneous distrac- the number of distractorsF{ 4 = 84.694, P < 0.001, set
tors forming an upright “T”; and (3) detection of a “T” size 5< set size 9) and of the presence or the absence of
among heterogeneous distractors (upright;a®d 270 the target 1,4 = 35882, P < 0.005, presence: absence).
“T"). Classically, normal subjects are quite efficient and NS showed a different pattern of performance. His response
relatively insensitive to the numbers of distractors presentedtimes in the first condition were as quick as control subjects
when these distractors are homogenous (conditions 1 andand were not affected by the number of distractors. How-
2) thanks to parallel grouping operations. In contrast, they ever, in the second condition, he was significantly slower
are less efficient and sensitive to the numbers of distractorsthan controls £ = 4.87, P < 0.001), especially when there
present when distractors are heterogeneous (condition 3)were nine distractors and no target present in the display. In
(Humphreys, Quinlan, & Riddoch, 198 selective deficit the third condition, he was also slower than control subjects
in feature integration, which prevents any parallel grouping, (Z = 2.95, P < 0.01). However, as indicated by an analy-
would foretell poor performances and/or increases in RTs sis of the differential RTs between conditions 2 and 3, the
particularly at the condition 2, for which items are combi- increase of RTs between these two tasks was of the same
nations of two features, and distractors are homogeneousmagnitude for NS and for control subject & 0.687, P >
In each condition, we used 80 trials in each condition for 0.05).
which the target was present in 50% of the trials. The num-  This pattern of results is highly interesting. First, it
ber of distractors in an array was 5 or 9. Although they confirms that NS is able to respond quickly in simple at-
knew in advance the condition in which they were tested, tentional tasks (task 1). But most importantly, although he
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Table 2
Scores and correct response latencies of NS and control subjects at the visual search task (experiment 3)
Distractors Target NS Controh (= 6)
Scores RTs (ms) Scores RTs (ms)
Condition 1 5 Yes 20/20 559 19-20/20 628 (S.D. 114)
No 20/20 601 19-20/20 590 (S.D. 93)
9 Yes 20/20 570 19-20/20 621 (S.D. 105)
No 20/20 593 20/20 626 (S.D. 85)
Condition 2 5 Yes 20/20 999 19-20/20 699 (S.D. 80)
No 20/20 1045 19-20/20 728 (S.D. 123)
9 Yes 20/20 1061 19-20/20 711 (S.D. 73)
No 20/20 1487 19-20/20 770 (S.D. 112)
Condition 3 5 Yes 18/20 1767 15-20/20 1064 (S.D. 158)
No 20/20 2675 20/20 1829 (S.D. 327)
9 Yes 13/20 2287 15-20/20 1531 (S.D. 272)
No 20/20 3449 20/20 2557 (S.D. 443)

performed at ceiling, he was dramatically slowed down to nine age-matched controls, scoring at 76% (significantly
at the second task—which requires the integration of the better than at chance? = 0.0018) with a mean correct
two features—relative to the performance of control sub- response time of 5477 ms (controls: 91%, 3003in1H048).
jects. This was particularly the case with a larger number

of distractors (9). Interestingly, this last effect cannot be 3.4.1. Conclusion

attributed to a mere increase of task difficulty, because his Although NS performed better than at chance at this
increase of response times between the second and the thirdomputer task (with limited time presentation) whereas the
task—which does not require the integration but request a patient of Ratcliff and Newcombe (1982)vas unable to
serial selection of stimuli one at a time—was of the same perform the task, he scored clearly below the normal range
order of magnitude than control subjects (Jeble 2.

3.3.1. Conclusion

Although NS performs in the normal range and relatively
quickly, this experiment suggests that he may be in diffi-
culty when having to integrate several visual features to
form a coherent percept of an object.

3.4. Experiment 4: possible/impossible object decision
task

Given the outcome of experiment 3, NS was tested in a
task—inspired fronRatcliff and Newcombe (1982}which
required the integration of multiple lines in space, to form
a coherent percept of a three-dimensional (3D) object. NS
was presented with complex volumetric figurdsg( 6),
with the task to decide whether they were structurally pos-
sible (i.e. could exist in the real world as a 3D structure) or
impossible. Thirty-five possible and 35 impossible figures
were used (for the whole set of objects, d&dliams &
Tarr, 1997 http://www.cog.brown.edu/tarr/stimuli.htm)
and displayed one by one in the center of the screen. For
normal subjects, the structural impossibility of some of
these figures is perceived rapidly, without having to check
every single line joints for any incoherence. NS was dis-

proportionately impaired4 = 2.64, P < 0.01) at this task, Fig. 6. Example of possible figure and impossible figure used in the
and slowed down (RTSZ = 2.36, P < 0.005) compared  possible/impossible figure decision task (experiment 4).
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Fig. 7. The three conditions used in the structural encoding of novel objects task (experiment 5).

set A

-

and was slowed down compared to controls. A deficit at this volume, but with different parts were used. In all three tasks,
task suggests that the complex integration of object parts atfive versions of each object, which correspond to five dif-
the level of the three-dimensional structural description sys- ferent viewpoints (0, 30, 45, 60, and*90were used. Two
tem (Schacter, Cooper, & Delaney, 1998 at least partly =~ objects were presented simultaneously and the task was to
damaged. Importantly, this task is performed on novel ob- decide whether the objects were identical or different. Forty
jects, and thus the control subjects were put in the samepairs were presented in the first task (set A), and 60 pairs
conditions as NS, unable to use any sort of prior knowledge in the other two tasks (sets B and C). In each task, half of
about how these objects appear in real life to take their the trials presented the same object. In the first and third
decision. task (sets A and C), the objects in a pair were presented
under different viewpoints, whereas in the second task (set
3.5. Experiment 5: structural encoding of novel objects ~ B). they were presented under the same viewpoint.
For the ‘identical’ trials, there was no significant differ-
In order to test further the integrity of NS’ structural en- €nce between the performance and the speed of NS and the

coding system, we tested him in simultaneous object match-nine age-matched controls to perform the tr_lree con(_jitions
ing tasks of structurally similar (but not identical) 3D novel (Table 3 all P > 0.05). However, NS was disproportion-
object€ presented during a limited time. In contrast to the ately impaired in all conditions fqr fche @fferent trials. Thls
tasks from the BORBninimal feature view taskoreshort- ~ Was observed when he had to distinguish two novel objects
ened match tagkin which objects presented in different p_resented under different viewpoints, whether they had a
viewpoints were also used in order to be matched, thesedifferent central part (set CZ = 5.04, P < 0.001) or not
tasks were particularly demanding because all objects were(S€t A; Z = 2.48, P < 0.01). He performed also below the
highly similar structurally, and no surface cues could be n_ormallrange for the set of objects presented under the same
used to discriminate between them. Moreover, because allViewpoint (set B;Z = 4.93, P < 0.001), and was slowed
were non-existent objects, normal subjects could not use anydoWn in the three conditions compared to controls (set A:
knowledge-based strategy to perform the task and thus didZ = 562, P < 0.001; set B:Z = 1.85, P < 0.05; set C:
not have any advantage over NS. Z =3136,P < 0.001).

In a first task (set A), 10 objects, each with a differ- _
ent vertically-oriented central volume, and four smaller 3-9-1. Conclusion _ _
horizontally-oriented volumes attached to it (“parts”), were NS is clearly impaired relative to controls at matching
used Fig. 7). In the other two tasks (sets B and C), 12 tasks that require exclusively the integrity of high-level

objects, each with the exact same vertically-oriented central ViSual processes, without any involvement of previous
knowledge about objects. His response times also reflect

6 Objects from the Brown University Object Data Bank (Tarrlab): his difficulty at perfo_rmlng these.taSksl' There does not
http:/Avww.cog.brown.edu/tarr. seem to be a dramatic effect of viewpoint change on NS’
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Table 3
Accuracy and correct response latencies of NS and control subjects at the structural encoding of novel objects task (experiment 5)
NS Controls ¢ = 9)
Correct (%) RTs (ms) Correct (%) RTs (ms)
Set A (identical central part) different viewpoint Same 75 4323 71 (S.D. 12.4) 3414 (S.D. 1496)
Different 85 4828 98.1 (S.D. 2.6) 1771 (S.D. 544)
Set B (different central part) same viewpoint Same 96.7 2560 99.2 (S.D. 1.57) 2028 (S.D. 728)
Different 75.1 2294 96.9 (S.D. 4.42) 1416 (S.D. 280)
Set C (different central part) different viewpoint Same 69 7018 75 (S.D. 12.4) 5339 (S.D. 1970)
Different 69 7431 88.3 (S.D. 7.76) 4763 (S.D. 1439)

3.7. Experiment 7: perceptual processing of upright and
inverted faces

Just how good is NS with perceptual aspects of face pro-
cessing? In a previous report, he had been reported as normal
at all tasks requiring a visual analysis of unfamiliar faces
and thus classified as an associative prosopagnBsiefiti
et al., 2000. However, he was tested with unlimited pre-
sentation time, and external cues (haircut, rings, etc.) were
present in the stimuli (seBruyer & Schweich, 1991 He
also achieved a reasonable score at the Benton face match-
ing test, but several authors have criticized this test as a cor-
rect measure of prosopagnosic abilities at face perceptual
tasks, at least when the response time is not considered (e.g.
3.6. Experiment 6: matching structurally similar objects ~ Davidoff & Landis, 1990; Duchaine & Weidenfeld, 2003;
task Sergent & Signoret, 1992
The previous experiments on novel objects have suggested

The previous experiments have suggested that NS presentfat NS presents difficulties at the perception of an object
deficits at extracting an integrated or perceptually coherent@S @n integrated structure, and thus it is particularly diffi-
representation of a whole object. Given this, he should also Cult for him to discriminate these objects when they have
be impaired at recognizing structurally similar real objects. SiMilar features and organization. Compared to other cate-

In this experiment, we tested NS with a simultaneous match- 90ri€s of obje(':ts, faces form, arguably, the most ‘visually
ing of cars presented under different viewpoints (one full Nomogeneous’ categoripgmasio, Damasio, & Van Hoesen,

front, one 3/4 profile). Seventy-two pairs of gray-level pic- 1982: all members of the face category share the same types
tures of carsKig. 8 were used and displayed in the center of features, and the same basic organization of these fea-
of the screen. NS’ performance he was below normal con- Ures (a central elongated nose below two eyes and above
trols, and slowed down relative to controlEaple 4 accu- mouth). Furthermore, behavioral studies in normal subjects

Fig. 8. Example of cars used in the matching structurally similar objects
task (experiment 6).

performance and RTs since the patient presents large diffi-
culties even when the viewpoint is kept constant (set B).

racy: Z = 2.34, P < 0.01, RTs:Z = 2.14, P < 0.05). have shown that face_; are perceived holis_tically, i.e._ with
little or no decomposition in parts=@rah, Wilson, Drain,
36.1. Conclusion & Tanaka, 1998 This holistic hypothesis is mainly based

This experiment confirms that NS presents some deficits ©" the whole/part advantage effect—the fact that face parts

at the perceptual level for structurally similar objects, which 2r€ better recognized when presented in the whole face than
extend to real, known objects. isolated Tanaka & Farah, 1993Interestingly, when faces

are presented upside-down, this effect is not observed, sug-
gesting that the holistic perception of faces is disrupted by

Table 4 ; .

Accuracy and correct response latencies of NS and control subjects atlnvers,lon Maurer’ Le G,rand’ ,& Mondloch, Zo_og—anaka

the matching structurally similar objects task (experiment 6) & F"?‘rah1 1_993 Thus, given hI_S perceptual deficits at "_“e'
NS Controls 4 — 8) grating object features and his massive prosopagnosia, we

ontrols & = hypothesize that NS, despite his normal performance at face
Correct RTs  Correct RTs (ms) matching tasks as measured by the Bruyer and Schweich
™ (ms) (%) battery (1991) and the Benton face matching test (lower
dentical trials 97 3802 97 (S.D.3.2)  2595(S.D.1025) rgnge), should present also large deficits at the extraction of
Different trials 78 3478 92.3 (S.D. 4.95) 1229 (S.D. 371)

coherent individual face representations. In addition, since
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Upright faces

Upside-down faces
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Fig. 9. The three conditions used in the perceptual processing of upright and inverted faces task (experiment 7).

NS cannot rely on any configural (holistic or metric, see  The results at these tests are presentethlsie 5 When
Maurer et al., 200Rinformation to process faces, he should both faces of the pair were presented simultaneously, NS’s
not present an advantage for upright faces, and thus a reperformance was inferior to controls for both upright£
duced difference between upright and inverted faces or no15.59, P < 0.0001, RTs:Z = 2.54, P < 0.01) and inverted
difference at all, as it has been shown for other prosopag-(accuracy:Z = 3.93, P < 0.001) faces. Moreover, there
nosics Boutsen & Humphreys, 2002; Gauthier et al., 1999 was no difference between upright and inverted faces for NS
Marotta, McKeeff, & Behrmann, 20Q0Maurer et al., 200R (t-test on items; accuracy rategi4 = 0.442, P = 0.659;
Sixty pairs of facesKig. 9 were presented in three differ- RTS:ro = 1.316, P = 0.191) while there was a signifi-
ent tasks. In the first task, the two faces of a pair were pre- cant difference for the control subjects (accuracy rates:
sented full front. In the second task, one face was presented2.127, P < 0.066; RTs:t4 = 3.144, P < 0.05). Two other

full front and the other as a 3/4-profile view. In the last task tests confirmed the absence of inversion effect for NS either
(ABX), one target full front face was presented on top of a when the 2 faces were presented under different viewpoints
pair of 3/4 profile faces, the same person as the target andaccuracy rategg = 0.890, P = 0.376: RTS:t102 = 1.07,

a distractor. In all three tasks, 2 conditions were compared, P = 0.285) or when one of two faces had to be matched
namely upright and upside-down faces. to a simultaneously presented target (accuracy raies:

;?:tcﬂ:}r:cy and correct response latencies of NS and control subjects at the perceptual processing of upright and inverted faces task (experiment 7)
NS Controls f = 5)
Correct (%) RTs (ms) Correct (%) RTs (ms)
Full face matching
Upright faces 78 2769 96.7 (S.D. 1.18) 1808 (S.D. 379)

Inverted faces 75 2441 92.7 (S.D. 4.50) 2411 (S.D. 200)
Face matching across viewpoint

Upright faces 56 5720 79.4 (S.D. 6.22) 3120 (S.D. 422)

Inverted faces 64 6046 76.2 (S.D. 7.22) 3397 (S.D. 615)
Face matching across viewpoint (ABX)

Upright faces 65 6124 87.4 (S.D. 6.00) 2718 (S.D. 828)

Inverted faces 54 5839 77.1 (S.D. 3.78) 4149 (S.D. 1007)
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(A) (B)
Fig. 10. Example of stimuli used in the perceptual processing of whole (A) and parts (B) faces matching task (experiment 8).
0.890, P = 0.376: RTS:t102 = 1.07, P = 0.285). In both Table 6

cases, his performance for upright faces was largely below Accuracy and correct response latencies of NS and control subjects at
the normal range (paiI’S' accuracy rat@s:= 1.74, P < the perceptual processing of whole and parts faces matching task (exper-

0.05, RTs:Z = 6.16, P < 0.001; triplets: accuracy rates: iment 8)
7Z =3.66, P < 0.001, RTs:Z = 1.68, P < 0.05). NS Controls ¢ = 7)
Correct  RTs Correct (%) RTs (ms)
3.7.1. Conclusion (%) (ms)
The results of these simultaneous face matching taskswhole face 50 4257 90.42 (S.D. 10.5) 2126 (S.D. 566)
are crystal clear: NS presents large difficulties at perceptualParts 75 4216  85.91 (S.D. 02.8) 1842 (S.D. 351)

aspects of face processing, and his former classification as an
associative prosopagnosic on the basis of his performances

at the Bruyer and Schweich battefgrgyer & Schweich,

1991; Pesenti et al., 2000; Schweich & Bruyer, 108@s

incorrect. Moreover, neither NS’ performance rate nor his 100
average response time suffered at all from the upside-down  gg -

inversion of the face, whereas normal controls showed the _  gg -
classical face inversion effect. This confirms the hypothesis£ ;|
that, contrary to controls, NS is not using relational features § 50 - B Whole
at all when matching upright faces. E 50 1 O Parts
<
3.8. Experiment 8: perceptual processing of whole and 40 1
parts faces matching task 30 1
20 + T
The last experiment tests more directly the hypothesis that(®) Controls NS
NS presents a deficit at extracting a holistic perception of
a face. NS and normal controls were presented with simul- 4700
taneous triplets of either whole faces differing by a single 4200 -
part (the eyes), or the parts presented in isolation (eyes), 3700 -
with the task of matching the upper stimulus to one of the &
lower stimuli (90% of size of the stimulus presented above) £ 3200 1 @ Whole
(Fig. 10. In the two conditions, the physical difference be- E 2700 A O Parts

tween the two stimuli was thus identical. Forty trials were ~ 55qq -
used in each condition and displayed one by one in the cen-
ter of the screen. Accuracy rates and RTs for correct tri-

als for NS and seven age-matched controls are presented 1200
in Table 6andFig. 11 Controls did not show any advan- ® Controls NS

tage' performing slightly better with whole faces compared Fig. 11. Accuracy (A) and correct response latencies of NS and control

to isolated featuresq = 1.313, P = 0.237), but also slower  supjects at the perceptual processing of whole and parts faces matching
(ts = 2.201, P = 0.07), both effects being non-significant. task (experiment 8).

1700 A

il
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Overall, NS was lower in that task compared to controls in  However, we observed that when tested with matching

accuracy ¥ = 4.176, P < 0.001) and correct response la- tasks for structurally similar objects and possible/impossible
tencies £ = 5.132, P < 0.001), but more importantly, he  decision tasks (experiments 4-6), NS was disproportionately
was much better than at chance for isolated patts-(0.02) impaired and slowed down compared to controls. Further-
but not for whole faces. When compared directly, the first more, although he performed at ceiling and reacted as fast
condition was also performed better than the second oneas controls for a simple line detection task, he was dispro-
(t78 = 2.36, P < 0.05), but there was no difference for the portionately slowed down when two lines had to be com-

correct response latenciegg(= 0.934, P = 0.355). bined to detect distractors (experiment 3). This result and
the outcome of the other experiments show the importance
3.8.1. Conclusion of measuring RTs during object perception tasks in visual

NS performs better with matching face parts than whole agnosics to reveal deficits at object perception, which would
faces differing by single parts. This can be interpreted in two have been most likely hidden if only accuracy scores had
ways. On the basis of a similar result in HBgutsen and been measured (s&xuthier et al., 1999
Humphreys (2002%uggested that there was an interference  Overall, these observations strongly reinforce Farah’s
of contextual information (the whole face) on the processing view (Farah, 199D that a perceptual impairment neces-
of face parts, in the line of Farah and colleagues (Farah, sarily subtends the deficits at object recognition presented
Wilson, Drain, & Tanaka, 1995; see alddarotta et al., by associative visual agnosic patients. A number of other
2002. On the other hand, it may well be that face parts in cases have been described as associative visual agnosics in
isolation are easier to match simply because the patient doeshe literature, thus supposedly with preserved perception
not have to scan the whole face to detect differences or check(e.g. Butter & Trobe, 1994; Humphreys & Rumiati, 1998;
for identity when presented with face parts. In other words, Turnbull & Laws, 200Q. However, while being in the nor-
there may not be any interference mechanisms at work heremal range, they actually perform below the patient reported
but simply a loss of holistic face processing abilities in NS here at the object matching tasks (for instance, the minimal
and a reliance on an analytical strategy that is more efficient feature views and foreshortened views) of the BORB, and
when the parts to look at have been selected for the patienttheir drawings are arguably not as good as those realized
The fact that isolated face parts are also easier to match thar{quickly) by NS. Moreover, no information regarding the
whole faces also when all stimuli are presented upside-downtime taken by the patients for matching tasks are given.
(Boutsen & Humphreys, experiment 2), supports this latter NS’ case can also be related to the extensively studied
(and simpler) explanation. patient LH (e.g.Levine & Calvanio, 1989; Farah et al.,
1995 and HJA Boutsen & Humphreys, 2002; Humphreys
& Riddoch, 1987. However, NS’ perceptual deficit appears

4. General discussion even less severe and is thus harder to characterize. HJA has
visual agnosia, prosopagnosia and alexia without agraphia,

We reported the detailed case study of a visual agnosic,but also achromatopsia and topographical impairments (see
measuring his performance and response times on a numbeRiddoch & Humphreys, 1997 His drawings of objects
of object and face perceptual tasks. In a nutshell, this inves-from copies are relatively good although slow and servile,
tigation in a patient who performs normally at classical tests he is also able to match objects presented under different
of high-level visual processing, led us to conclude neverthe- viewpoints and he recognizes real objects better than line
less that his deficits lay at the perceptual level. More pre- drawings Riddoch & Humphreys, 1987 However, unlike
cisely, NS appears to have troubles integrating features asNS, he presents large deficits at recognizing overlapped
a whole percept, for both faces and objects. These observaietters and objects (test 6 of BORB, and experiment 1, this
tions have both theoretical and methodological implications paper), and shows an advantage at recognizing objects de-
for studies of associative visual (prosop)agnosia. picted as silhouettes (experiment 2). Accordingly, HJA has

been classified as an apperceptive agnosic presenting prob-
4.1. Evidence for perceptual deficits in visual associative lems at feature integratiorR{ddoch & Humphreys, 1997
agnosics LH (Farah et al., 1995; Levine & Calvanio, 198%uvine,

Calvanio, & Wolfe, 198D has a massive prosopagnosia

According to the classification criteria of agnosias gen- and object agnosia, being especially impaired at recogniz-
erally used to distinguish apperceptive from associative ag-ing living things Cevine & Calvanio, 1989; Levine et al.,
nosia Humphreys & Riddoch, 1987; Lissauer, 1§9there 1980. He is severely impaired at tasks in which he has
is no doubts that NS should be categorized as an associativéo complete fragmented objects or words to identify them
agnosic. Indeed, while presenting large difficulties at recog- (Levine et al., 198]) which suggested a deficit at holistic
nizing a variety of visually presented objects, he does not perception of objects, including facesefine & Calvanio,
present any low-level visual deficits and performs normally 1989. He presents however additional deficits at the lower
at tasks such as visual matching (e.g. tasks from the BORB)level (color vision, low acuity, left superior quadranopsia),
and copying of drawings. which certainly play a role in his performances at object and



610 J.-F. Delvenne et al./Neuropsychologia 42 (2004) 597-612

face processing. Arguably, these patients do not provide anyHowever, in the three first studies, we have no indication
serious challenge to the claim that a case corresponding toof the time taken by the patients to perform the task or
the classical definition of visual associative agnosia, namely any description of the strategies used, whereas in the last
“a normal perception stripped of its meaning”, does not ex- two studies, the patients realized high scores, but were de-
ist, unless the patient presents deficits at the semantic levekcribed as particularly slow and using a feature-by-feature
which thus concern the recognition of items through other strategy. In addition, a humber of prosopagnosic patients
modalities (se€arah, 199Y. NS, the patient described here, (6/9) have also been described as performing in the normal
presents similar patterns of performances with both HJA range at face matching tasks tapping the structural encod-
and LH (or other cases of integrative agnosia, Bugter & ing stage bySchweich and Bruyer (1993and have thus
Trobe, 1993, but the excellent preservation of his low-level been interpreted as associative prosopagnosics, supporting
visual abilities and neuropsychological functions allowed the distinction from apperceptive prosopagno§iahiweich

him not only to match and copy common objects accurately & Bruyer, 1993. Yet, this conclusion was based on the
and quickly, but also to perform at a normal level at some outcome of tests of the six patients at which our patient
tasks tapping visual integration processes, and thus madealso succeeded flawlessly, despite his important deficit at
him a very good case to test whether ‘associative’ agnosic perceptual aspects of face processing. How can two similar
patients necessarily present perceptual deficits causing theitypes of tests that are supposed to assess the same func-
deficits at object recognition. In sum, the present study sup-tions give completely different outcomes? The reason most

ports this view, advocated Wyarah (199Q)although it still probably lies in both the fact that the face stimuli used in
might be possible to describe a visual agnosic without any the clinical battery were presented under completely natural
perceptual deficits in the future. conditions, with all external cues (glasses, earrings, etc.)

and facial hair not removed or masked from the stimuli (see
4.2. Is prosopagnosia also due necessarily to perceptual alsoSergent & Signoret, 1992Furthermore, we presented
problems? our face matching tasks to NS for a limited time (10 s max-

imum) and recorded his RTs, which were much longer than

The conclusion that associative agnosics necessar-normals. Even when external cues are removed or masked,

ily present perceptual problems should be extended toit is well known that most prosopagnosics have developed
prosopagnosiaHarah, 1990 impairments in face recogni- feature-by-feature analytic strategies that allows them to
tion are most likely to be due to an inability to construct discriminate face stimuli, and achieve a reasonable level
a correct individual representation of a face. Similarly to of performance, for instance, at the Benton face matching
the debate concerning object agnosias, it has been arguedest. In any case, it is clear that NS presents large deficits
that the preservation of the ability to match faces in some at perceptual aspects of face processing when careful in-
prosopagnosics excludes a perceptual defect as the explavestigations are conducted. This observation casts serious
nation of prosopagnosid®é Renzi et al., 1991 However, doubts on the report of normal face perception in some
the early cases upon which this proposal has been madgrare) prosopagnosic patients based on results at these bat-
(e.g.Assal, 1969; Benton & Van Allen, 197have beenre-  teries (e.g.De Renzi et al., 1991; McNeil & Warrington,
ported as achieving face matching tasks particularly slowly 1991; Schweich & Bruyer, 199&nd thus on the very exis-
and with sequential strategies, strongly suggesting that theirtence of associative prosopagnosia, as a deficit concerning

perception of faces was abnormal (4e®ine & Calvanio, the stored representations of faces with normal perception
1989. Over the last decade, a number of new cases of (e.g.De Renzi et al., 1991
acquired prosopagnosia have been described Bagon, The absence of inversion effedtif, 1969 in NS is also

Press, Keenan, & O’Connor, 200Benke et al., 1998;  consistent with a deficit at the visual level since behavioral,
Sergent & Signoret, 1992The face perceptual abilities of neuroimaging and electrophysiological studies all suggest
these patients are usually assessed through the Benton anthat the origin of this ‘face inversion effect’ lies at the per-
van Allen facial matching test or a variant. Although this ceptual encoding level of faces, rather than at the storage
test may not be the best indicator of the sparing of percep- of face representations in memory ($ession & Gauthier,

tual aspects of face processing (elpvidoff & Landis, 2002 for a review). The processing of inverted faces has
1990; Farah, 1990; Sergent & Signoret, 199%specially been investigated previously in cases of prosopagnosia (e.g.
when no time constraint is imposed to the patients, it is Boutsen & Humphreys, 2002; Farah et al., 1995; Gauthier
striking that almost all reported cases of prosopagnosiaet al., 1999; Marotta et al., 20p2Some patients present a
have presented scores below the normal range at this pernormal” face inversion effect, although being largely im-
ceptual face matching test (and below our patient NS). To paired with matching upright face§&éuthier et al., 1999

our knowledge, over more than 30 cases reported in theothers show an absence of face inversion effect, consistent
last decade, the only exceptions described are the casesvith NS’ data (e.gBoutsen & Humphreys, 2002; Marotta
from the following studies e Renzi & di Pellegrino, et al., 2002, and the prosopagnosic patient LH has been
1998; De Renzi et al., 1991; Henke et al., 1998; McNeil reported to perform even better with inverted faces than up-
& Warrington, 1991 Nunn, Postma, & Pearson, 2001 right faces, although his performance with inverted faces
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remains below normal control&#rah et al., 1995 There by a part-by-part analysis, but becomes then excessively
is thus no general pattern of performance for prosopagnosicslow, and could certainly not be performed within the 10s
subjects at tasks of matching individual upright and inverted allowed for most trials. By contrast, for normal controls,
faces, although a majority of such patients present a reducedhe inadequacy of impossible objects is striking and can be
or an absence of difference between upright and inverted apprehended rapidly, not by a part-by-part analysis but by
faces Boutsen & Humphreys, 2002; Marotta et al., 2002 referring to the global structure of the object (d€g. 7).
the present study). Furthermore, all these patients are simi-Similarly, NS’ disproportionate impairment and slowing
lar in that they are all clearly impaired at perceptual aspectsdown at discriminating structurally similar novel objects
of face processing, and they also present object recognition(experiment 5) is consistent with the inability to perceive
problems Gauthier et al., 1999; Levine & Calvanio, 1989  objects as a whole structure in a glance. Finally, his poor
Their different pattern of performance with upright and in- performances at perceptual face processing, the absence of
verted faces may be thus due to different tests and stimuli,a decrease of performance for upside-down faces and his
but more likely to different degrees of low and high-level advantage at processing isolated face parts all point out to
visual impairments. the idea that his deficit concerns the inability to process
In sum, the present case study and the previous literatureobjects that are perceived holisticallyafah, 199
supports the idea that ‘associative’ prosopagnosia refers ac-
tually to a deficit at the perceptual level, that is at high-level
visual processes necessary to extract a correct individualAcknowledgements
representation of a face.
The research reported in this article was conducted by
4.3. A deficit in the holistic perception of objects and faces Jean-Francgois Delvenne in partial fulfillment of the require-
ments for a Master degree at the University of Louvain
At which functional stage(s) of perceptual processing of (UCL) under the supervision of Xavier Seron and Bruno
object is NS impaired? From his pattern of results at the Rossion. J.F.D. and B.R. are currently supported by the Bel-
various experiments, it must be clear that he presents somegian National Fund For Scientific Research (FNRS). We are
deficits at extracting a structural representation of objects deeply indebted to NS for his time, willingness and efforts
and faces, i.e. a complete visual representation of the ob-to do the experiments, and his insights about the nature of
ject or face parts and of the relationships between thesehis difficulties at recognizing objects and people. We also
parts. According td-arah (1990, 1991}he construction of  thank Michael J. Tarr for making available the novel ob-
such a representation can be divided in two main capaci-jects used in the experiment 5, Thomas James and an anony-
ties or processing systems, one—localized mainly in the left mous reviewer for their comments on previous version of
hemisphere—being the ability to decompose objects into this manuscript.
multiple parts, and the other—right lateralized—to represent
the parts themselves or the whole object if it cannot be de-
composed into parts. Depending on which of these two abil-
iti?S is i.mp&_lired and to Whajt deg_ree, the_ associative agnOSiCArguin, M., Bub, D., & Dudek, G. (1996). Shape integration for visual
will be in difficulty recognizing either objects that undergo object recognition and its implication in category-specific visual
little or no part decomposition (such as faces), or objects agnosiaVisual Cognition 3, 221-275.
that needs to be divided into multiple parts for their recog- Assal, G (1969). Régression deg troubles de_ la reconnaissance des
nition (such as words). According to this framework, these ~ Physionomies et de la mémoire topographique chez un malade
. . . opéré d'un hématome intracérébral pariéto-temporal dri@gvue
two types qf stimuli represent two extremes of a contin- Neurologique 121, 184-185.
uum, on which other types of objects would be represented, Barton, J. J. S., Press, D. Z., Keenan, J. P., & O’Connor, M. (2002). Lesions
depending on their relative reliance on part decomposition  of the fusiform, face area impair perception of facial configuration in
or holistic processes. Depending on the type of ability im- BeE:;S;npnagnﬁSia;eu}E?rlﬁcg% 53;22%3) What does visual agnosia
palred_and the degree of Vlsual_ impairment, the patient V\_”" tell us ’abOL.J’t perceptualy oréanizatioﬁ and its relationship to object
thus either suffer from one of five syndromes: pure alexia,  perception2Journal of Experimental Psychology: Human Perception
alexia+ object agnosia, pure prosopagnosia, prosopagnosia and Performance29, 19-42.

+ Object agnosia, or the three deficits if the two processing Behrmann, M., Winocur, G., & Moscovitch, M. (1992). Dissociation
abilities are damaged:(arah 199)1_ between mental imagery and object recognition in a brain-damaged

; - L . patient.Nature 359, 636-637.
NS can be relat'vely eaS”y mterpreted within this frame- Behrmann, M., Moscovitch, M., & Winocur, G. (1994). Intact visual-

work since he presents a massive prosopagnosia and an imagery and impaired visual-perception in a patient with visual
object agnosia, but no alexia, following bilateral posterior  agnosiaJournal of Experimental Psychology: Human Perception and
lesions with a right predominance. These observations are_ Pfffo”zanfezg %/068;1”087 M. W. (1968). Impairment in facia

. . ; : enton, A. L., an Allen, M. W. . Impairment in facial
fully con5|stent Wl_th the nature of his prqblems at the_ object recognition in patients with cerebral diseagmartex 4, 344-358.
perception experiments that we administrated to him. The genton, A. L., & Van Allen, M. W. (1972). Prosopagnosia and facial

possible/impossible object decision task can be performed discrimination.Journal of Neurological Scienced5, 167-172.

References



612 J.-F. Delvenne et al./Neuropsychologia 42 (2004) 597-612

Bodamer, J. (1947). Die-Prosop-agnoskechiv fir Psychiatrie und Maurer, D., Le Grand, R., & Mondloch, C. J. (2002). The many faces of

Nervenkrankheitenl79, 6-54, partial English translation by Ellis, H. configural processinglrends in Cognitive Science, 255-260.
D., & Florence, M. (1990)Cognitive Neuropsychology, 81-105. McNeil, J. E., & Warrington, E. K. (1991). Prosopagnosia: A

Boutsen, L., & Humphreys, G. W. (2002). Face context interferes with reclassification.The Quarterly Journal of Experimental Psychology
local part processing in a prosopagnosic patiéfeuropsychologia 43A 267-287.

40, 2305-2313. McNeil, J. E., & Warrington, E. K. (1993). Prosopagnosia: A face specific

Bruyer, R., & Schweich, M. (1991). A clinical test battery of face disorder. The Quarterly Journal of Experimental Psychologhp, 1—
processinglnternational Journal of Neurosciencél, 19-30. 10.

Butter, C. M., & Trobe, J. D. (1994). Integrative agnosia following Moscovitch, M., Winocur, G., & Behrmann, M. (1997). What is special
progressive multifocal leukoencephalopat@prtex 30, 145-158. about face recognition? Nineteen experiments on a person with visual

Damasio, A. R., Damasio, H., & Van Hoesen, G. W. (1982). object agnosia and dyslexia but normal face recognitltmurnal of
Prosopagnosia: Anatomic basis and behavioral mechaniéesology Cognitive Neuroscien¢®, 555-604.

32, 331-341. Nunn, J. A, Postma, P., & Pearson, R. (2001). Developmental

Davidoff, J., & Landis, T. (1990). Recognition of unfamiliar faces in prosopagnosia: Should it be taken at face valte®rocase 7, 15—
prosopagnosiaNeuropsychologia28, 1143-1161. 27.

De Renzi, E., & di Pellegrino, G. (1998). Prosopagnosia and alexia without Pelli, D. G., Robson, J. G., & Wilkins, A. J. (1988). The design of a new
object agnosiaCortex 34, 403-415. letter chart for measuring contrast sensitiviBfinical Vision Science

De Renzi, E., Faglioni, P., Grossi, P., & Nichelli, P. (1991). Apperceptive 2, 187-199.
and associative forms of prosopagnosiartex 27, 213-222. Pesenti, M., Thioux, M., Samson, D., Bruyer, R., & Seron, X. (2000).

Duchaine, B. C., & Weidenfeld, A. (2003). An evaluation of two Number processing and calculation in a case of visual agnOsidex
commonly used tests of unfamiliar face recognitibieuropsychologia 36, 377-400.

41, 713-720. Ratcliff, G., & Newcombe, F. (1982). Object recognition: Some deductions

Farah, M. J. (1990)Visual agnosia: Disorders of object recognition and from the clinical evidence. In A. W. Ellis (Ed.)Normality and
what they tell us about normal visio©ambridge, MA: MIT Press. pathology in cognitive functionsNew York: Academic Press.

Farah, M. J. (1991). Patterns of co-occurrence among the associativeRegan, D., & Neima, D. (1984). Low-contrast letter charts in early diabetic
agnosias: Implications for visual object representati@ognitive retinopathy, ocular hypertension, glaucoma and Parkinson's disease.
Neuropsychology8, 1-19. British Journal of Ophthalmology68, 885-889.

Farah, M. J. (1997). Distinguishing perceptual and semantic impairments Riddoch, M. J., & Humphreys, G. W. (1987). A case of integrative visual
affecting visual object recognitiorvisual Cognition 4, 199—206. agnosiaBrain, 110, 1431-1462.

Farah, M. J., Wilson, K. D., Drain, H. M., & Tanaka, J. W. (1995). The ~Riddoch, M. J., & Humphreys, G. W. (199330RB: The Birmingham
inverted face inversion effect in prosopagnosia: Evidence of mandatory, ~ Object recognition batteryHove, UK: Lawrence Erlbaum.

face-specific perceptual mechanisiiion Researghss, 2089—2093. Rossion, B., & Gauthier, I. (2002). How does the brain process upright
Farah, M. J., Wilson, K. D., Drain, H. M., & Tanaka, J. W. (1998). What is and inverted facesBehavioral and Cognitive Neuroscience Reviews
“special” about face perceptior?sychological Reviewi05 482—-498. 1, 63-75.

Gauthier, I., Behrmann, M., & Tarr, M. J. (1999). Can face recognition Schacter, D. |— COO_DE", L. A, & Delaney, S. M. (1990). Implicit memory
really be dissociated from object recognitiod@urnal of Cognitive for unfamiliar objects depends on access to structural descriptions.
Neurosciencell, 349-370. Journal of Experimental Psychology: Generall9, 5-24.

Gottschaldt, K. (1926). Uber den Einfluss der Erfahrung auf die Schweich, M. & Bruyer, R. (1993). Heterogeneity in the cognitive
Wahrnehmung von Figuresychologische Forschung, 261-317. manlfgstatlons of prosopagnosia: The study of a group of single cases.

Henke, K., Schweinberger, S. R., Grigo, A., Klos, T., & Sommer, W. Cognitive Neuropsychologit0, 529-547. ) o
(1998). Specificity of face recognition: Recognition of exemplars of Sergent, J., & $lgnoret, J.-L. (1992). Varieties of functional deficits in
non-face objects in prosopagnosortex 34, 289—296. prosopagnosiaCerebral Cortex 2, 375-388. )

Humphreys, G. W., & Riddoch, M. J. (1987). The fractionation of Snodgrass, J. G., & Vanderwart, M. (1980). A standardised set of

visual agnosia. In G. W. Humphreys, & M. J. Riddoch (Edsijual 260 pictures: Norms for name agreement, familiarity and visual
object processing: A cognitive neuropsychological approd@mdon: complexity. Journal of Experimental Psychology: Human Perception
Lawrence Erlbaum. and Performance6, 174-215.

Humphreys, G. W. & Rumiati, R. I. (1998). Agnosia without Tanaka, J. W., & Farah, M. J. (1993). Parts and wholes in face recognition.

prosopagnosia or alexia: Evidence for stored visual memories specific The Quarterly Journal of Experimental Psycholpg§6A 225-

to objects.Cognitive Neuropsychologyl5, 243-277. 2_45' . )

Humphreys, G. W., Quinlan, P. T., & Riddoch, M. J. (1989). Grouping Trelsmar_l, A, &_C_%elade, G. (1980). A feature integration theory of
attention.Cognitive Psychologyl2, 97-136.

Turnbull, O. H., & Laws, K. R. (2000). Loss of stored knowledge of
object structure: Implications for “category-specific” deficCagnitive
Neuropsychologyl7, 365-389.

Vanderplas, J. M., & Garvin, E. A. (1959). The association value of
random shapeslournal of Experimental Psycholog§7, 147-163.

Warrington, E. K. (1984).Recognition memory teswWindsor: NFER-
Nelson.

Wilkins, A. J., Della Sala, S., Somazzi, L., & Nimmo-Smith, |. (1988).
Age-related norms for the Cambridge low contrast gratings, including
details concerning their design and us&inical Vision Science2,
210-212.

Williams, P., & Tarr, M. J. (1997). Structural processing and implicit
memory for possible and impossible figurdsurnal of Experimental
Psychology: Learning, Memory, and Cognitj@8, 1344-1361.

Yin, R. K. (1969). Looking at upside-down face®urnal of Experimental
Psychology 8, 141-145.

processes in visual search: Effects with single-and combined-feature
targets.Journal of Experimental Psychology: Generall8 258-279.

Kroll, J. F., & Potter, M. C. (1984). Recognizing words, pictures and
concepts: A comparison of lexical, object and reality decisidosrnal
of Verbal Learning and Verbal Behavio?23, 39-66.

Levine, D. N., & Calvanio, R. (1989). Prosopagnosia: A defect in visual
configural processingBrain and Cognition 10, 149-170.

Levine, D. N., Calvanio, R., & Wolfe, E. (1980). Disorders of visual
behaviour following bilateral posterior cerebral lesioRsychological
Research41, 217-234.

Lissauer, H. (1890). Ein Fall von Seelenblindheit nebst einem beitrage
zur Theorie derselberArchiv fir Psychiatrie und Nervenkrankheiten
21, 22-270. English translation by Jackson, M. (1988). Lissauer on
agnosia.Cognitive Neuropsychologp, 155-192.

Marotta, J. J., McKeeff, T. J., & Behrmann, M. (2002). The effects of
rotation and inversion on face processing in prosopagn@gnitive
Neuropsychologyl9, 31-47.



	Evidence for perceptual deficits in associative visual (prosop)agnosia: a single-case study
	Introduction
	Case study
	NS: clinical history
	Initial investigations of non-visual functions
	Visual functions
	Object and face recognition
	Summary

	Experiments
	Experiment 1: overlapping drawings detection task
	Conclusion

	Experiment 2: object decision task with original drawings, silhouettes, and outlines
	Conclusion

	Experiment 3: visual search task
	Conclusion

	Experiment 4: possible/impossible object decision task
	Conclusion

	Experiment 5: structural encoding of novel objects
	Conclusion

	Experiment 6: matching structurally similar objects task
	Conclusion

	Experiment 7: perceptual processing of upright and inverted faces
	Conclusion

	Experiment 8: perceptual processing of whole and parts faces matching task
	Conclusion


	General discussion
	Evidence for perceptual deficits in visual associative agnosics
	Is prosopagnosia also due necessarily to perceptual problems?
	A deficit in the holistic perception of objects and faces

	Acknowledgements
	References


