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The con®gural processing hypothesis proposes that prosopag-
nosia results from a domain-general impairment in con®gural
processing, and so predicted that all prosopagnosics would
have impaired con®gural processing. In order to test this
prediction, tests of face recognition and con®gural processing
were presented to a developmental prosopagnosic. He was
severely impaired in face recognition, but his normal perform-
ance on three tests of con®gural processing discon®rmed the

con®gural processing hypothesis. Additional tests of low-level
vision and object recognition found no evidence of impairments
with material other than faces. The pattern of spared and
impaired face recognition indicates that this case of develop-
mental prosopagnosia is caused by a domain-speci®c inability to
match novel views of faces with previously derived representa-
tions. NeuroReport 11:79±83 & 2000 Lippincott Williams &
Wilkins.
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INTRODUCTION
Prosopagnosia, a loss in the ability to recognize faces, is
easy to diagnose but dif®cult to explain. Some investigators
argue that it is caused by an impairment of a recognition
system specialized for faces [1±3] Others argue, in contrast,
that it is caused by an impairment of a system or systems
essential for face recognition, but not specialized for it
[4,5]. The resolution of this debate is important for two
reasons: it will illuminate the nature of the cognitive
de®cit(s) that cause prosopagnosia, and it will reveal the
extent to which normal face recognition is performed by
cognitive processes that are domain-speci®c and function-
ally specialized for that task.

Recently, a number of cases that strongly argue for the
existence of a face-speci®c system have been published
[1,6], but this evidence has been challenged by new
empirical ®ndings and methodological arguments that are
consistent with a more domain-general causal account
[4,7]. Herein, I report a case that contradicts one of the
leading domain-general accounts: the con®gural processing
hypothesis (CPH).

According to the CPH, the visual system contains no
components that are specialized for processing faces. It
does, however, have procedures specialized for con®gural
processing: procedures that allow the recognition of an
item as a whole in one glance. Tests of con®gural proces-
sing require identi®cation of objects with deleted portions
so that the perceiver must combine a number of individu-

ally meaningless parts to form a structured percept. Ac-
cording to the CPH, prosopagnosia results from a loss of
con®gural processing [5]. In consequence, it predicts that
all prosopagnosics should be severely impaired in tests of
visual closure [5]. This prediction applies to all cases of
prosopagnosia whether acquired or developmental, be-
cause the CPH is concerned with explaining the cause of
prosopagnosia regardless of a case's particular genesis. In
support of the CPH, Levine and Calvanio's review of the
literature revealed no cases of prosopagnosia without
con®gural processing dif®culties [5], and an updated re-
view [4] also failed to ®nd any dissociations between
con®gural processing and prosopagnosia.

Although no cases of prosopagnosia with detailed evi-
dence for intact con®gural processing have been reported,
a number of cases indicate the possible existence of this
dissociation. One prosopagnosic performed normally on
the Street completion test [8], two were normal with
Gollin's incomplete drawings [2,9], and one was normal on
both the Street test and Gollin's drawings [9]: these tests
assess con®gural processing. Unfortunately, all of these
®ndings were presented unaccompanied by the data from
the control subjects, and these prosopagnosics were not
given a range of tasks probing their con®gural processing.
Therefore, it is premature to reject the prediction that all
prosopagnosics will evidence dif®culties in con®gural
processing.

Herein, I report ®ndings from B.C., a developmental



prosopagnosic, that thoroughly test the CPH. Unlike
acquired prosopagnosia, the face recognition impairments
of developmental prosopagnosics are not the result of brain
damage occurring since birth. Only three cases of develop-
mental prosopagnosia have been reported in detail, so in
addition to its theoretical value, this case provides informa-
tion about a rarely studied condition.

In fact, the paucity of reported cases may not properly
represent the prevalence of developmental prosopagnosia.
The individual reported upon in this article cofounded an
internet support group for prosopagnosics with approxi-
mately 50 members, and the great majority of these
individuals are developmental prosopagnosics. While
many of these individuals have not been formally tested
and so their diagnosis is not assured, their numbers
indicate that developmental prosopagnosia merits more
attention than it has received. Socially, developmental
prosopagnosia can be a crippling de®cit, and unfortunately
it often goes undiagnosed due to its obscurity. Theoreti-
cally, it may provide us with crucial evidence regarding
the developmental course, computational speci®city, and
genetic basis of face recognition.

CASE HISTORY
B.C. is a 52-year-old ambidextrous male with no history of
head trauma who has been unable to recognize faces his
entire life. When he does successfully recognize someone, it
is through identi®cation of his hairstyle, facial hair, or jeans.
I say `his' because B.C. is almost completely unable to
recognize women: B.C. recognized male elementary school-
mates via their jeans, and he reports still being able to
imagine each male classmate's jeans. He recently attended a
street fair with numerous longhaired men and was able to
recognize many of the longhaired men upon re-encounter-
ing them. He also reports that the presence of long hair and
facial hair on men allows him to lipread and recognize
facial expressions much better than he normally can.

Although he reports no other visual dif®culties, his
prosopagnosia is accompanied by central auditory proces-
sing de®cit (CAPD) and motor dif®culties. His CAPD
makes it dif®cult for him to understand speech in noisy
settings. His motor dif®culties are most clearly manifest in
a gait abnormality, and as a boy, he never enjoyed playing
sports. Both conditions, as well as his prosopagnosia,
appear to have a genetic rather than a prenatal origin,
because other family members were reported to share these
impairments. Unlike many prosopagnosics, B.C. has no
navigational dif®culties and in fact is an avid hiker.
Previous testing of his eyesight showed him to have 20/20
vision, but he became farsighted in his forties.

His prosopagnosia has caused great dif®culties through-
out his life. B.C. is a very personable man, but his inability
to recognize faces resulted in him continually losing
friends. Upon entrance in the Navy, his reliance on facial
hair, long hair, and jeans left him unable to cope with his
colleagues' uniform appearances and he had a nervous
breakdown after 5 days. Throughout B.C.'s life, he knew
that he was different from others but was unable to
determine what this difference was. With the help of
friends, he identi®ed his prosopagnosia in his late forties,
and this realization has been very comforting for B.C. He is
now quite interested in aiding other prosopagnosics, and

he has constructed a very detailed website about his
experiences with prosopagnosia (http://www.choisser.
com/faceblind) as well as cofounding the internet support
group mentioned earlier.

B.C. possesses a quite remarkable intelligence. On a
recent IQ test, he scored 131, and on college and law school
entrance examinations he scored extremely well on both
verbal and mathematical tests. He received a BSc in
electrical engineering and graduated from law school.
Following an unsuccessful stint as a lawyer, he engaged in
a very successful career as an electrical engineer.

TESTS AND RESULTS
To con®rm B.C.'s prosopagnosia and determine whether
de®cits in con®gural processing were the cause of it, I
tested him with a number of tasks probing his face
recognition, and a battery of con®gural processing tasks.
Following discussion of these tasks I report tests of low-
level vision and object recognition used to assess the face
speci®city of his visual impairments. All of the tasks were
presented on a computer screen except for the commer-
cially available tasks. Control means were obtained for the
commercially available tests from their respective manuals;
for the tasks created in the laboratory, control means were
obtained from undergraduate and graduate student sub-
jects.

Is B.C. prosopagnosic? Consistent with his personal his-
tory, B.C. displays severe impairments on some tests of
face recognition, even though he can perform normally on
tasks that rely solely on mechanisms that operate early in
the face recognition process (as de®ned by Bruce and
Young's [10] model of face perception). Accordingly, he
scored 50/50 on the word portion of the Warrington
Recognition Test [11] and 46/50 on the face portion of the
test. His normal performance on these tasks indicates that
he has no trouble recognizing identical patterns of words
and faces (which requires only the ability to match indivi-
dual features in a spatial array).

He was mildly impaired on a test created in our
laboratory in which he was presented with a frontal view
of a face and then required to choose one three-quarter
pro®le photo out of three that depicted the individual. The
controls averaged 27.1/30 (s.d. 1.3); B.C.'s score of 24/30
placed him more than 2 s.d. below the control mean.
Benton's Facial Recognition Test [12] requires matching
target individuals with 1±3 identical photographs taken
from different perspectives or under different lighting
conditions. Although B.C.'s score of 43/54 on this task
places him in the normal range, the test revealed his
impairment. His matching was extremely slow (he usually
took more than 1 min per item) and he reported using a
feature matching strategy, focusing in particular on the
eyebrows, rather than matching facial con®gurations.

In order to test B.C. with a more ecologically valid task,
I created the One in Ten task. This requires the subject to
recognize 15 photographs of a target individual, which
differ in illumination, out of 150 photographs that are
presented one at a time. In the study phase, three photo-
graphs of the target individual were cycled through three
times for 3 s per photograph. Following this, he was
presented with 150 test faces, one at a time, and he was

NEUROREPORT B. C. DUCHAINE

80 Vol 11 No 1 17 January 2000



asked to respond as quickly as possible with a mouse click
whether or not the photograph displayed the target indivi-
dual. The 150 test photographs were broken into three
groups of 50. There were an average of ®ve photographs of
the target individual in each set of 50 and none of the 150
test photographs were repeated following a target. A signal
detection analysis was used to determine B.C.'s ability to
discriminate between target and distracter individuals.
Compared with the control subjects, B.C. was signi®cantly
less able to discriminate between the individuals, and he
was also much slower. The mean d9, the measure of
discrimination, was 3.61 (s.d. 0.486) for the controls and
2.15 (z�ÿ3.0) for B.C., indicating far less ability to
discriminate targets from distracters. Control subjects' `yes'
responses averaged 774 ms (s.d. 121) and their `no' re-
sponses averaged 530 ms (s.d. 87); B.C. took almost twice
as long, averaging 1399 ms (z� 5.17) for yes and 1012 ms
(z� 5.54) for no. B.C.'s normal performance on other timed
tasks, discussed below, demonstrate that his slow reaction
times were not produced by a general psychomotor slow-
ness, but rather re¯ect his de®cit in face recognition.

As a ®nal test of his face recognition abilities, he was
asked to name famous faces, each of which was presented
for 10 seconds. B.C. was severely impaired on this task,
naming only six of 25 photographs (24% correct). Control
subjects averaged 94.4% correct (23.6/25; s.d. 1.41), placing
B.C.'s score more than 12 s.d. below the control mean.
Following this, a paper and pencil matching task was
presented to B.C. which asked him to match the names of
the individuals in the famous faces task with their profes-
sion or another distinguishing characteristic. B.C. scored
25/25 (100%), demonstrating that he was familiar with all
of the individuals on whom he had been tested. This
means his poor performance on the photo task resulted
from problems with face recognition, rather than from a
lack of knowledge about the identity of the test targets.

Is B.C.'s prosopagnosia caused by de®cits in con®gural
processing?: To test the CPH prediction [5] that prosopag-
nosia is a byproduct of defective con®gural processing, I
presented B.C. with the same three tasks from the Kit of
Factor-Referenced Cognitive Tests [13] that Levine and
Calvanio used with the prosopagnosic they tested. On the
Gestalt Completion Test (which is very similar to the Street
test), subjects have to identify a common object from a
group of black blotches created by deleting parts of the
object. (See Fig. 1 for examples from the three tasks.) B.C.'s
score of 18 places him almost 1 s.d. above the control mean
of 15.2 (s.d. 3.6). In the Concealed Words task, in which
subjects must identify a word based on fragments of a
printed word, B.C. scored 23 whereas controls averaged
23.6 (s.d. 6.4). Finally, on the Snowy Pictures task, subjects
must identify objects from an outline drawing that is partly
obliterated by snow-like splatters. B.C.'s score of 13 places
him almost 2.5 s.d. above the control mean of 5.7 (s.d. 3.0).
In summary, B.C. scored at or above the mean on the three
tests of con®gural processing. He manifested no de®cits in
con®gural processing; therefore, his prosopagnosia cannot
be the result of defective con®gural processing. This
impaired face recognition with intact con®gural processing
cannot be reconciled with the con®gural processing hy-
pothesis.

Does B.C. manifest any visual de®cits other than proso-
pagnosia?: The results so far eliminate one domain-gen-
eral explanation for B.C.'s prosopagnosia: the CPH. They
do not, however, establish that his prosopagnosia is caused
by a defect in a recognition system that is specialized for
faces. To establish this, other domain-general hypotheses
must be eliminated. For example, if B.C. were to display
de®cits in tasks using materials other than faces, then one
would have to seriously consider the possibility that his
prosopagnosia was the result of a more general, non-face
speci®c de®cit, although not one involving con®gural
processing. (Of course, such data would also be consistent
with an impairment of multiple independent systems, one
of which is specialized for faces). His normal scores on the
Warrington word and face tasks, as well as his perform-
ance recognizing the objects and words in the con®gural
processing tasks, suggest that his non-face speci®c pro-
cesses are normal. To investigate domain-general alterna-
tive hypotheses further, I presented him with a variety of
tasks testing low-level vision and object recognition.

On tests of perceptual matching drawn from the Bir-
mingham Object Recognition Battery (BORB) [14] B.C.
scored slightly above the control mean for each test. He
scored 29/30 on the Length Match task, 29/30 on the Size
Match task, 28/30 on the Orientation Match task, and 38/
40 on the Position of Gap Match task.

On the BORB's Overlapping Figures task, dif®culty with
®gure±ground segmentation is indicated by greatly ele-
vated times for the naming of overlapping ®gures com-
pared with times for non-overlapping ®gures. The ®gures
consist of letters, geometrical shapes, and common objects.
B.C.'s performance was normal on ®ve of the six tasks. The

Fig. 1. Sample items from the Gestalt Completion task (hammer), the
Concealed Words task (parents), and the Snowy Pictures task (anchor).
Copyright 1976 Educational Testing Service, Princeton, NJ 08541 Repro-
duced under license.
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one anomalous score was not the result of dif®culty with
®gure±ground segmentation. Although B.C.'s difference
score for one of the two pages of common objects was
high, this resulted from his dif®culty with just one item on
that page, and his performance on the other page of
overlapping common objects was quite normal. In addi-
tion, although his difference score for this page was not
normal, his time to name the overlapping ®gures on this
page was still 6 s faster than the control average. He made
no naming errors on any of the pages.

B.C. also scored normally on tasks from the Kit of
Factor-Referenced Cognitive Tests [14] which require ¯ex-
ibility of closure. These timed tasks require the subject to
hold a percept in short-term memory in order to disembed
it from other more complex ®gures. His scores on these
three tasks (Hidden Figures, Hidden Patterns, and Copying
Task) placed him well above the control means.

On a variety of tests of object recognition, B.C. displayed
no dif®culties. He answered quickly and correctly named
256/259 objects from Snodgrass and Vanderwart's [15]
corpus of line drawings. His scores on four tests of object
recognition from the BORB were all within the normal
range. He scored 25/25 on the Minimal Feature Match, 25/
25 on the Foreshortened View Match, 26/32 on Part A
(Hard) of the Object Decision task, and he drew objects
from memory normally. In summary, B.C. displayed no
dif®culties with any of the tasks tapping low-level vision
or object recognition. This indicates that B.C.'s visual
de®cits are restricted to the recognition of faces, and so
places the locus of his de®cits in face-speci®c mechanisms.

DISCUSSION
B.C.'s impaired performance on the face recognition tasks
that require recognition of individuals in novel views, as
well as his severely impaired performance on the famous
faces task, demonstrate his prosopagnosia. In order to test
the claim of the con®gural processing hypothesis [5], which
states that prosopagnosia is caused by dif®culties in con®g-
ural processing, such that all prosopagnosics will fail tasks
involving con®gural processing, I tested him with the
Gestalt completion task, the Concealed Words task, and
the Snowy Pictures task. His performance on these tasks
clearly shows that B.C. does not have con®gural processing
dif®culties, and thus demonstrates that prosopagnosia can
exist without con®gural processing deci®ts.

It is certainly plausible that con®gural processing de®cits
may be the cause of prosopagnosia in some individuals.
However, B.C.'s results indicate that this is not invariably
the case: higher-level impairments can cause prosopagno-
sia as well. B.C. has no evidence of de®cits in low-level
vision, in object recognition, or in con®gural processing;
indeed, no visual de®cits other than his dif®culty recogniz-
ing faces. This strongly suggests that the cause of B.C.'s
prosopagnosia is an impairment in mechanisms specialized
for face recognition.

As other authors have suggested [4,16], it would be
quite surprising if a process as complex as face recognition
could be impaired in only one manner. The heterogeneity
of face recognition impairments and lesion loci indicates
that prosopagnosia is not a unitary disorder [17], and
therefore any hypothesis specifying one underlying cause
is unlikely to be correct.

B.C.'s performance on the different face recognition
tasks indicates that he is able to structurally encode faces
and recognize identical views, but that he has dif®culties
recognizing a face when it is presented in a novel view.
B.C. scored normally on the Warrington Recognition Mem-
ory Test, which requires recognition of identical photos,
whereas he displayed de®cits with the famous faces task
and the two tasks requiring recognition of novel views.
This dif®culty contrasts with his normal ability to match
different views of objects in the Minimal Feature Match
and the Foreshortened View Match, as well as his ability to
recognize individuals through non-face routes. Although
the evidence points to pure prosopagnosia, it is still
premature to conclude that he has normal object recogni-
tion capabilities, because some authors [4] have argued
that standard object recognition tasks (on which B.C.
performed normally) test recognition at the level of basic
categories, whereas face recognition requires subordinate
level recognition.

The level of B.C.'s face recognition de®cit is unlike that
of the three other pure developmental prosopagnosics that
have been thoroughly investigated. The inability of A.B.
[18,19] and Y.T. [2] to recognize new faces in the Warring-
ton task and their poor performance on the Benton task
indicate an inability to structurally encode faces. Dr S [20],
like B.C., performed normally on the Warrington task; but
unlike B.C., Dr S also performed normally on the Benton
Face Recognition task, thus demonstrating that she can
recognize faces over changes of viewpoint and illumina-
tion. A famous faces task was the only test that Dr S failed.
Thus, it appears that B.C..s inability to achieve face
constancy with novel views places his impairment at a
stage between that of A.B. and Y.T. in structural encoding
and that of Dr S in accessing person-speci®c information.

CONCLUSION
The con®gural processing hypothesis proposes that proso-
pagnosia is not produced by face-speci®c de®cits, but
rather is produced by a more general de®cit in con®gural
processing. B.C.'s prosopagnosia with intact con®gural
processing contradicts the con®gural processing hypoth-
esis. His prosopagnosia appears to be the result of impair-
ments in a face-speci®c recognition system. His normal
ability to recognize faces when presented with identical
photos, along with his inability to recognize faces across
changes of viewpoint and illumination, implicate an im-
pairment in matching novel views of faces with previously
derived representations. This de®cit is unique among the
developmental prosopagnosics reported in the literature,
and so reinforces the view [2] that, like acquired prosopag-
nosia, developmental prosopagnosia is not a unitary dis-
order.

REFERENCES
1. Farah, MJ. Behav Brain Res 76, 181-189 (1996).

2. Bentin S, Deouell LY and Soroker N. Neuroreport 10, 823±827 (1999).

3. McNeil JE and Warrington EK. Q J Exp Psychol 46A, 1±10 (1993).

4. Gauthier I, Behrmann M and Tarr MJ. J Cogn Neurosci (in press).

5. Levine DN and Calvanio R. Brain Cogn 10, 149±170 (1989).

6. Moscovitch M, Behrmann M and Winocur G. J Cogn Neurosci 9, 555±604

(1997).

7. de Gelder B, Bachoud-Levi A-C and Degos J-D. Vis Res 38, 2855±2861

(1998).

NEUROREPORT B. C. DUCHAINE

82 Vol 11 No 1 17 January 2000



8. Henke K, Schwienberger SR, Grigo A et al. Cortex 34, 289±296 (1998).

9. De Renzi E and di Pelligrino G. Cortex 34, 403±415 (1998).

10. Bruce V and Young A. Br J Psychol 77, 305±327 (1986).

11. Warrington EK. Recognition Memory Test. Windsor: NFER-Nelson,

1984.

12. Benton AL, Hamsher K, Varney NR et al. Contributions to Neuropsycholo-

gical Assessment. New York: Oxford University Press, 1983.

13. Ekstrom R, French JW and Harman HH. Manual for Kit of Factor-

referenced Cognitive Tests. Princeton, NJ: Educational Testing Service.

14. Riddoch MJ and Humphreys GW. BORB: Birmingham Object Recognition

Battery. Hove, UK: Lawrence Erlbaum Associates, 1993.

15. Snodgrass JG and Vanderwart M. J Exp Psychol Hum Learn Mem 6,

174±215 (1980).

16. Davidoff JB, Matthews WB and Newcombe F. Observations on a case of

prosopagnosia. In: Ellis HD, Jeeves MA, Newcombe F et al., eds. Aspects

of Face Processing. Dordrecht: Martinus Nijhoff, 1986: 279±290.

17. Schweich M and Bruyer R. Cogn Neuropsychol 10, 529±547 (1993).

18. McConachie HR. Cortex 12, 76±82 (1976).

19. de Haan EHF and Campbell RA. Cortex 27, 489±509 (1991).

20. Temple CM. Developmental memory impairments: Faces and patterns.

In: Campbell R, ed. Mental Lives: Case Studies in Cognition. Oxford:

Blackwell, 1992: 199±215.

PROSOPAGNOSIA WITH NORMAL CONFIGURAL PROCESSING NEUROREPORT

Vol 11 No 1 17 January 2000 83


	INTRODUCTION
	CASE HISTORY
	TESTS AND RESULTS
	Is B.C. prosopagnosic?
	Is B.C.'s prosopagnosia caused by deficits in configural processing?
	Does B.C. manifest any visual deficits other than prosopagnosia?
	DISCUSSION
	CONCLUSION
	REFERENCES

