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Abstract

There have been a number of reports of preserved face imagery in prosopagnosia. We put this issue to experimental test by comparing
the performance of MJH, a 34-year-old prosopagnosic since the age of 5, to controls on tasks where the participants had to judge faces of
current celebrities, either in terms of overall similarity (Of Bette Midler, Hillary Clinton, and Diane Sawyer, whose face looks least like
the other two?) or on individual features (Is Ronald Reagan’s nose pointy?). For each task, a performance measure reflecting the degree of
agreement of each participant with the average of the others (not including MJH) was calculated. On the imagery versions of these tasks,
MJH was within the lower range of the controls for the agreement measure (though significantly below the mean of the controls). When the
same tasks were performed from pictures, agreement among the controls markedly increased whereas MJH’s performance was virtually
unaffected, placing him well below the range of the controls. This pattern was also apparent with a test of facial features of emotion (Are the
eyes wrinkled when someone is surprised?). On three non-face imagery tasks assessing color (What color is a football?), relative lengths of
animal’s tails (Is a bear’s tail long in proportion to its body?), and mental size comparisons (What is bigger, a camel or a zebra?), MJH was
within or close to the lower end of the normal range. As most of the celebrities became famous after the onset of MJH'’s prosopagnosia, our
confirmation of the reports of less impaired face imagery in some prosopagnosics cannot be attributed to pre-lesion storage. We speculate
that face recognition, in contrast to object recognition, relies more heavily on a representation that descibes the initial spatial filter values
so the metrics of the facial surface can be specified. If prosopagnosia is regarded as a form of simultanagnosia in which some of these filter
values cannot be registered on any one encounter with a face, then multiple opportunities for repeated storage may partially compensate
for the degraded representation on that single encounter. Imagery may allow access to this more complete representation.
© 2002 Published by Elsevier Science Ltd.
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1. Introduction deficits in imagery and perception would result from im-
paired shared processes, such as those involved in accessing
Evidence from different domains of investigation suggests previously stored material. In contrast, isolated imagery
that visual imagery and visual perception share represen-deficits would result from impairment of processes specific
tations and processes (§@6] for a review). In the neuro-  to the imagery activity (such as the image generation pro-
psychological domain, cases of patients showing parallel cesses) and isolated perceptual deficits would result from
impairments in imagery and perception have been consid-impairment of processes specific to the perceptual activity
ered as evidence that these activities share neural structuregsuch as edge detection and feature grouping). Imagery in
However, dissociated impairments have also been reportedjndividuals with a perceptual deficit could still be mani-
with individuals manifesting impaired perception with in- fested by using visual representations processed and stored
tact imagery[4,5] or vice versg29,38]. Such observations  before the lesion occurred. In the face recognition domain,
have led some authof5s,18,26,271to propose that although @ few cases of preserved face imagery in prosopagnosia
imagery and perception activate the same store of repre-have been reporte[8,15]. As expected from the standard
sentations, they can differ in terms of processes. Parallelaccount, these individuals could only imagine faces of
persons learned before the lesion.
" * Corresponding author. Tek:1-314-935-4138; fax1-314-935-7588. Two broad types of prosopagnosia are usually distin-
E-mail addressespmichelo@artsci.wustl.edu (P. Michelon), guished: apperceptive (or perceptual) and associative (or
bieder@usc.edu (1. Biederman). mnesic) prosopagnosja6]. Apperceptive prosopagnosia is
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defined by a perceptual deficit affecting the visual process- mild learning disability involving arithmetic, spelling, and
ing of faces. In associative prosopagnosia the deficit is at thehandwriting, slowed reading speed, poor sense of direction,
memory level: faces can be correctly processed but associimpaired motor speed and coordination and a history of tics.
ated information (personality, name, etc.) can no longer be MJH is above average at naming object pictures, miss-
retrieved. As Young et a[43] suggest, only patients with  ing only three in the Boston Naming Test. He manifests no
apperceptive agnosia may show preserved face imagery. Paproblem in recognizing people from the sound of their voice
tients with associative prosopagnosia could not access visuabut he is extremely poor at recognizing familiar faces and
representations of faces from names. matching or distinguishing unfamiliar faces. Given a forced
In this study, we report the case of an appercep- choice testin which one had to select a celebrity from a pair
tive prosopagnosic patient, MJH, whose pattern of of pictures, the other being a noncelebrity, MJH was correct
performance—less impaired imagery, relative to his per- on only 22 out of 40, or 55%. The celebrities were limited to
ceptual recognition, of faces acquired after the onset of his those that were highly familiar according to MJH, according
prosopagnosia—is not readily, prima facia, reconciled with to his self repor{30]. Normal controls averaged 39 out of
the standard accounts of the relation between perceptiond0, or 97.5%. Whereas normal subjects were almost always
and imagery. We do, however, offer a speculation as to how able to respond immediately, MJH often required approx-
these results might be accommodated by a general modeimately 10s to make his choice. In attempting to identify
of face representation. individuals from pictures of their faces, MJH relies on lo-
cal cues. In Mangini and Biederman’s test, he was able to
name five of the celebrities based on such cues, e.g. Woody
2. Case description Allen: hair, hairline, and big glasses; Goldie Hawn: mole on
lip and long blonde hair; Pope John Paul: no one wears a
At the age of 5, MJH fell off an 8ft high platform and “cap” like that. (If we eliminate these five instances, then he
sustained lesions in his left visual cortex (Area 18) and right was 17 out of 35, or 48.6%.) In another test, MJH required
fusiform gyrus, as confirmed by an MRI scan. At the time several minutes to identify a picture of Albert Einstein from
of testing, MJH was 34. MJH underwent several neuropsy- a set of 10 distractor picturd2]. Normal individuals were
chological evaluations (in 1979 at local hospitals, in 1986 able to perform the task at RSVP rates (one picture every
at Harvard Medical School, and in 1996 at the University 200 ms). He succeeded in this task solely on the basis of
of Southern California (Biederman and coworkers, unpub- Einstein’s long hair.
lished data). Results of these evaluations are presented in In a forced choice match-to-sample task in which one of
Table 1 They suggest that MJH is now alert, attentive, so- two pictures is identical to the sample and the distractor is on
cially functional, and has no general intellectual deficit. He a morphed dimension of being a different individual of the
has a degree from a college oriented to individuals with vari- same sex and same expression, MJH requires far more stim-
ous kinds of disabilities. He is quite outgoing and has a good ulus “energy” (i.e. image differences) than normal subjects
sense of humor. Previously, he was employed as a writerto reach an accuracy level by staircase threshold method of
for television sitcoms and he currently performs as a mo- 75%[30]. Insofar as the three pictures were presented simul-
tivational speaker for various corporations. However, MJH taneously with no pressure to respond quickly, neither mem-
suffers from several problems such as tunnel vision beyondory nor familiarity nor retrieval of a person identity node
approximately 10 in the right visual field (stemming from  [10] are required to perform this task. Indeed, one does not
his lesion in Area 18), particularly in the lower portion of that even have to employ any aspect of face processing to per-
field. He has difficulty comprehending abstract drawings, a form this task insofar as the task only requires matching two

Table 1

MJH'’s performance on 12 classical neuropsychological tests

Test MJH's score

WAIS Average range, except difficulty with complex constructions

WISC Average range

Boston Naming Test Average range

Benton Judgment of Line Orientation Test Average range

WRAT 11.8 (reading), 9.5 (spelling), 7.8 (arithmetic)

Rey Auditory Verbal Learning Test 11/15 words encoded after five presentations, nine words produced on immediate recall and
seven words after a delay

Gray Oral Reading test 46th percentile; 73rd when given more time to read the text in the comprehension test

Rey-Osterrieth Complex Figure Disorganized and distorted copy, delayed and immediate recalls about the same

Hooper Visual Organization test Nine failed out of first 21. MJH identified the isolates of images, but could not integrate them

Groove Peg Board 25 pegs placed in 79s with his right hand but only seven with his left hand (same time span)

Random Letter Cancellation Test One target omitted in the lower right and two targets in the lower left (which he later self corrected)
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stimuli for physical identity. MJH’s deficit is thus of a funda-  3.1.2. Materials and apparatus
mental inability to employ visual information fodividuate In the Imagery task, participants saw 60 nhames of Amer-
faces. When the difference between matching and distractorican celebrities, grouped into triad8gpendix A. We se-
faces are on a dimension of expression (happy—unhappy) orected only celebrities for whom MJH reported that he “knew
gender, then MJH is far less deviant compared to normal what they look like.” He also said that he could form a
subjects. This accords well with MJH’s more normal ca- mental image of the faces of these celebrities even though
pacity to judge gender, attractiveness, age, expression, andie knew he most likely would not be able to recognize
direction of gaze from pictures of faces (Kalocsai and Bie- them from a picture. The presentation of these celebrities on
derman, unpublished dafa0,32). television and film is often accompanied by introductions,
In the discussion we will propose a neural computational voice, and other identifying cues which would allow MJH to
account of face recognition (that proposed by Biederman code specific identifying features for those celebrities, e.g. a
and Kalocsa[7]) to provide a framework for understanding mole above the left side of the jaw for Dolly Parton. We as-
MJH’s deficit. sumed that control participants would know the celebrities
we selected, as these were very famous. This was confirmed
by their results to a rating task where the mean percentage
3. Experiment 1: judgment of whole faces of “not known” celebrities was 2.5%,.8. = 2.6. In the
perceptual tasks, 60 color photographs of the faces of the
To assess the functioning of configural aspects of MJH's celebrities used in the Imagery task were used, as illustrated
face perception and imagery, we first studied MJH’s and in Fig. 1 These photographs were scanned from magazines.
controls’ ability to perceive and imagine highly similar faces. Each face image subtended a visual angle°didizontally
The Imagery task we used was modeled after a task previ-and 7 vertically. Photographs in the H task represented faces
ously used to test configural imagd;15,43] In this task with hair. Photographs in the NH task were presented within
participants were presented with triads of names of celebri- ovals that occluded the hair, showing only the faces. Names
ties familiar to those tuned to US popular culture in the or faces (depending on the task) were organized by triad.
year 2000. For each triad, they decided which of these peo-In each triad, faces were of the same sex, approximate age
ple looks least like the other two. In the triads we created, (except for one triad with Leonardo DiCaprio), and similar
all faces were fairly similar, in that the individuals were of hair color and hair cut. A pre-test with six judges was run
the same gender, race, hair coloring, and without any obvi- to check that visual mental imagery was necessary to per-
ously distinguishing facial feature (e.g. Bette Midler, Hillary form the task. Judges were presented with triads of names
Clinton, Diane Sawyer). The assumption is that such highly of celebrities and for each triad, decided which face was
similar triads induce reliance on holistic processing of the the least similar to the other two. All the judges said they
faces, rather than a search for isolated facial features.
Two perceptual tasks were also created in which pho-
tographs of the faces of the same celebrities were used. The
design of the perceptual tasks was identical to that of the

Imagery task except that the participants were also asked tc Imagery Mel Michael J. Pierce
name the faces. In a first perceptual task, the No Hair task Task Gibson Fox Brosnan
(NH), the participants were presented with only the oval 1 2 3

shape of the faces from forehead to chin, without hair. In
a second perceptual task, the Hair task (H), we used the
full photographs of the faces with hair. MJH, as many other

prosopagnosic patients, reports that hair is one of the morePerceptual e [ s =
important cues he uses to identify a person, so it was possibleT 4 gk \ ¥ ,-}; ;
that MJH would rely on the configuration of the hair rather No Hair -

than the face. Using the same faces in these two perceptua 1 2 3

tasks allowed us to isolate performance with or without hair
as a cue.

3.1. Method Perceptual = =
Task ‘“ 4 \
3.1.1. Participants - Hair o
We tested MJH and a group of 10 control participants (four 1 2 3

females; 20-34 years) who participated voluntarily in the
exze”megt' In all tge exdperlmentz, the ?OntrOI!ISUSjQCtS v.verefFig. 1. Example of stimuli used in the three Imagery and Perceptual tasks
undergra Uat_e an_ graduate students from the University o in Experiment 1. Top row: Name task; middle row: No Hair task; bottom
Southern California. row: Hair task.
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imagined the three faces to compare them in every triad. Al- Clinton, Diane Sawyer,” four out of the six judges chose
though a majority of judges chose the same deviant face perBette Midler as the least similar person, two chose Hillary
triad, some variation appeared which was taken as evidenceClinton and no one selected Diane Sawyer. If the majority
that faces were fairly similar within triads. was the criterion, then Bette Midler would be considered as
In a triad, names or faces were positioned horizontally, the correct (i.e. least deviant) response. However, if MJH
as illustrated inFig. 1 Below each name or face was a had chosen Hillary Clinton, it would be difficult to consider
number: 1, 2 or 3. The order of presentation of the 20 triads his response as incorrect as other normal people would have
was randomly varied between the three tasks. The spatialmade the same choice.
arrangement of the names or faces in each triad was balanced To derive a more general measure of performance, we
in such a way that every name or face was presented oncecomputed for MJH, as well as for each control participant,
in the left most position, once in the center and once in the a mean percentage of deviation from the consensus. The

right most position. deviation score was computed according to the proportion
for each choice made by the 10 normal participants (not
3.1.3. Design and procedure counting MJH). If six participants had chosen Bette Midler,

All the participants performed the Imagery task first, then three Hillary Clinton and one Diane Sawyer, the propor-
the NH task, and finally the Hair task. Instructions were tion of participants choosing Bette Midler was 60%, Hillary
presented on the screen before each task. Clinton 30%, and Diane Sawyer 10%. If MJH had chosen

In the Imagery task, each trial started with a fixation point Hillary Clinton then the percentage of his deviation from the
presented for 1000 ms. Then, after a blank screen of 500 msconsensus would be 160 30, or 70%. In the same triad,
the stimulus (three names) was presented and remained oithe percentage of deviation of a participant choosing Diane
until participants responded. With the stimulus, at the bottom Sawyer would be 100%, as he would have been the only one
of the screen, a question (“Which person looks least like the to make this choice.
other two?”) was presented. Participants were asked to imag-
ine the three faces and to answer the question by pressing
the numerical key (1, 2 or 3) corresponding to their choice. 4. Results
Response times were recorded. The instructions stressed the
importance of using only the face to answer the question Table 2shows the mean percentage of deviation and the
and no other attributes such as hair, profession, etc. (evenmean response time (RT) for MJH and for the controls in
though an attempt was made to keep these factors relativelyeach task. First, to assess whether MJH was in the controls’
homogeneous within each triad). After participants had re- range, for each task, we compared MJH'’s results to those
sponded, a blank screen of 500 ms ended the trial. of the controls. Then, to test whether MJH benefited from

Trials in both perceptual tasks were composed of the seeing faces, which was expected for controls, the difference
same events as in the Imagery task except that photograph®etween imagery and perceptual tasks were measured for
of faces were presented instead of words. A second eventboth MJH and controls.
was also added 500 ms after participants had decided which
face was least like the other two: The stimulus appeared4.1. Imagery task
again with a different question (“Can you name these
celebrities?”). Responses were recorded by the experimenter In the Imagery task, MJH’s RTs were about 9.3 s longer

who then initiated the next trial. that those for the controlg(9) = 6.44, P < 0.001. MJH’s
percent deviation score, 62.00%, was within the range of the
3.1.4. Measure of agreement controls (range of 50.55-68.43%) and within 1 S.D. from the

We did not consider responses given by the judges in the controls’ average score. It was however significantly greater
pre-test or even our own judgments as correct responses, athan the mean deviation score of the contro{8) = 2.38,
had been done in previous studi@s15,43] We wanted a P < 0.05. Two control participants showed more deviation
measure of “agreement” that would reflect variation between from the consensus than that shown by MJH. A possible lim-
individuals. For example, for the triad “Bette Midler, Hillary itation of the inference that MJH’s percent deviation was in

-Il\-lla:alli f)ercentage of deviation from the consensus and RT (s) in the Imagery task and the two perceptual tasks (No Hair and Hair tasks) of Experiment :
Percent deviation from consensus RT (s)
Imagery task No Hair task Hair task Imagery task No Hair task Hair task

MJIH 62.00 58.50 60.50 22.172 24.083 9.243

Control participants 57.59 (5.85) 44.85 (4.33) 46.15 (4.18) 12.885 (4.557) 13.185 (6.210) 10.063 (5.375)

Standard deviations are given in parentheses.
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the controls’ range may be that both the controls and MJH MJH, however, responded faster in the Hair task in compar-
performed only slightly better than chance, which would ison to the No Hair task,(19) = 4.76, P < 0.05, as well as
have been 66%. Howevertdest showed that controls per- in comparison to the Imagery task17) = 2.70, P < 0.05.
formed significantly better than chana€9) = 4.31, P < The d.f. for this test is 17 instead of 19 because in the Im-
0.01. Nonetheless, we cannot rule out the possibility that agery task MJH was unable to imagine one of the faces for
the relatively small difference between MJH and the con- two of the 20 triads.
trols can, in part, be attributable to a ceiling effect on the  Although there was no correlation in the deviation scores
deviation scores. over the individual items between MJH and the controls in
An item analysis was performed in the Imagery task to the Imagery task, there was (surprisingly) a positive correla-
assess whether items that were of low agreement for thetion, r = 0.593, between MJH and controls in the No Hair
controls were also of low agreement for MJH. This yielded a task,z(20) = 2.81, P < 0.01, but no correlation between

positive, but non-significant correlation= 0.332,z(18) = MJH and the controls’ performance in the Hair tagk=£
13, ns. —0.04).
We also performed an item analysis across tasks for MJH
4.2. Perceptual No Hair task and the controls, separately. For MJH, there was a negative
correlation,r = —0.69, between the Imagery and the No

In the perceptual No Hair task, MJH’s mean response time Hair tasksz(18) = 3.34, P < 0.01. There was no correla-
was much longer, by about 10.9's, than that of the controls, 10N between the Imagery and the Hair tasks=(0.12) or

1(9) = 5.55, P < 0.01. His percent deviation score, 58.5% Petween the two perceptual tasks< 0.07). In contrast, for
was outside the controls’ range (38.39-52.82%), more than € controls, there was a positive correlatiors 0.78, be-

3 S.D. from the controls’ mean score and was significantly Ween the two perceptual tasks, Hair and No Hai20) =
higher than the mean deviation of the controt§) = 9.96, 4.39, P < 0.01, and no correlation between the Imagery
P < 0.01. In addition, MJH correctly named only 6.66% of task and the two perceptual tasks (No Hair task: 0.14;
the celebrities, compared to 96.16% correct for the control Har taskir = 0.11).

group. The misidentifications made by MJH were mostly
“I do not know” responses rather than naming the wrong

person. 5. Discussion

Our results confirmed MJH’s impairment in face recog-
nition in that he was only able to name 4 out of the 60
) ) celebrities in the No Hair task whereas the controls were
In the perceptual Hair task, MJH's mean response time g6 1 name, on average, 58 out of the 60 pictures. Naming
was not different from that of the controis9) < 1. HOw- 5 tace requires an extra stage beyond that required for just
ever, his percent deviation score, 60.5%, was again outside;eognizing the face as familiar or not. When he could not

the controls: range (38.69-50.94%), more than 3 S.D. froM o me the face (incorrect answer) MJH never indicated even
the controls’ average score, and significantly higher than the 5 t5int feeling of familiarity for that face. This observation is

mean deviation score of the controlg9) = 1085, P < consistent with the results of Mangini and Biedernja@]
0.01. Moreover, MJH correctly identified only 20% of the i, yhe celebrity—non celebrity forced-choice task, in which
celebrities, compared to 97.5% correctly identified by the eqings of familiarity could have guided a correct choice. A
control participants. Note that misidentifications made by subsequent experimefg4] also indicates that MJH mani-
MJH were mostly, as in the No Hair task, “I do not know” ¢ocic no covert recognition.
responses. However, MJH also responded with an incorrect  perhaps the most remarkable result of this investigation is
name on a larger proportion of the Hair trials (26%) than in yhat MJH claims to have imagery of faces at all. But is there
the No Hair trials (15%). any information in his imagery, at least with respect to per-
formance on this task? Whereas his deviation scores were
4.4. Imagery versus Perceptual tasks markedly greater than those of the controls on the perceptual
tasks, with no control showing greater deviance than him,
In comparison to their performance in the Imagery task, his deviation score on the Imagery task was only moder-
controls reduced their proportion of disagreement both in ately, though significantly, greater than that of the controls,
the No Hair tasky(9) = 7.68, P < 0.01, and in the Hair  with two of the control participants having deviation scores
task,7(9) = 4.35, P < 0.01. Controls’ RTs did not differ  greater than his. However, to the extent that the percent
between the three tasks. agreement scores provide evidence of informative imagery
An item analysis over the 20 triads showed that, in con- for the perceptual conditions, the data may indicate that there
trast to controls, the availability of the pictures for MJH is virtually no information in the face imagery of thmor-
produced only a negligible lowering of his deviation scores mal participantsin that there is no correlation over items
compared to that which he obtained on the Imagery task. for the normal participants between the agreement scores

4.3. Perceptual Hair task
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of the Imagery and Perceptual tasks. It is possible that theNo Hair ) which may show that controls were using the same
low correlation between the Imagery and Perceptual taskstype of facial cues to make their judgement in both tasks.
for the normal participants represents high variability on the MJH did not show the same pattern of results. For him, there
imagery tasks, but this would confirm that the Imagery task, was a negative correlation between the Imagery and the No
even for the normal participants, may contain little useful Hair perceptual tasks and no correlation between the two
information for this task. A possible reason for the low cor- perceptual tasks. The absence of a correlation between the
relations is that the face images generated in imagery did nottwo perceptual tasks suggests that MJH may not have been
match the particular pictures of that celebrity selected in the using the same cues in the two tasks, consistent with our
present experiment. It is also possible that the above chanceconjecture of greater variability in face encoding for MJH.
deviation scores for the normal participants and MJH, indi- He may have been unable to refrain from using hair in the
cating that the agreement was greater than what would beHair task but was forced to use facial cues in the No Hair
expected from chance, did not arise from imagery about thetask. That MJH was trying to use facial cues in the No Hair
face but knowledge about the personality, profession, etc. oftask may be evidence by the finding that items of low agree-
the celebrities. However, reliance on such non-face informa- ment in this task tended to be the same for both MJH and
tion would have been expected to produce stronger correla-controls. Insofar as there were few local features that could
tions between the Imagery and Perceptual tasks. distinguish the faces in the triad, the perceptual impairment
These results thus leave some ambiguity as to whether theof MJH is consistent with the hypothesis that his prosopag-
smaller difference in the agreement scores for MJH and the nosia results from a deficit in configural processing.
controls on the Imagery task relative to the perceptual tasks MJH’s deviation from the consensus was not different
should be interpreted as: (a) indicating some preservation ofbetween the two perceptual tasks. This result may suggest
information in MJH'’s facial imagery; or (b) merely a con- that, in the Hair task, MJH could focus on the faces and avoid
sequence of the imagery of normal participants containing using the hair to perform the task. However, MJH answered
little of the information that that is obtained when actually more quickly in the Hair task than in the No Hair task.
looking at a face. It is possible that the consensus for the He seemed more confident although his percent deviation
controls increased in both perceptual tasks compared to thescore did not improve. Also, although very impaired, MJH'’s
Imagery task, because judgments were based on the samaaming performance was better in the Hair task (20%) than
pictures rather than on somewhat different memory and/or in the No Hair task (6.66%), consistent with the classical
imagery skills for the imagery tasks. But this possibility observation that prosopagnosics use hair as a major cue to
would be consistent with the proposition that the relatively individuation. The improvement of performance could also
low discrepancy between MJH and the controls reflects not be attributed to the repetition of the faces. However, MJH
MJH’s preserved imagery but the absence of informative im- made more wrong guesses in the Hair task than in the No
agery (or at least, more variability in imagery skills) in the Hair task. When guessing MJH used names he had seen in
controls. (We note that the evidence for preserved imagerythe Imagery task and tried to match them with facial cues.
is stronger in Experiment 2.) For instance, when presented with Mel Gibson’s face in the
So whether this first experiment should be interpreted as Hair task MJH’s answered “Bruce Willis, because of the hair
indicating preserved face imagery is, admittedly, arguable. line.” It thus seems more likely that MJH did not benefit
We present these data because they are consistent witlirom the repetition of the faces but tried to use the hair cut
previous observationpt,5] using a method that has been to identify faces, which helped him but was not an overall
employed by other investigatof3,15,43] Moscovitch and successful strategy.
Moscovitch[35] adopted a criterion of impairment perfor- If it is accepted that MJH showed relatively less impair-
mance that is beyond 2 S.D. from the mean of the controls. ment in face imagery than face perception, our results repli-
Because MJH’s performance on the Imagery task was cate previous reports of preserved configural imagery in
within 1 S.D. of the controls, it would thus not be classified prosopagnosig8,15]with one major difference. In these pre-
as impaired (MJH’'s performance on the perceptual tasksvious studies, the authors proposed that configural imagery
was greater than 2 S.D. from the mean and thus would was preserved because mental images of faces were gener-
be regarded as impaired). However, because of the highated from representations of faces stored before the lesion.
variability of the controls on that task, the near floor level However, in contrast to these other cases, MJH's prosopag-
of their agreement scores and because MJH's agreemenhosia began so early in life that his knowledge of most of
score, given the variability of the controls, was still signif- the celebrity faces used in our experiment had to be acquired
icantly lower than the mean of the controls, it may not be after the lesion occurred. Only about one-third of our pre-
reasonable to accept the 2 S.D. criterion for classification sented celebrities (13 of 39) might have been famous before
of MJH as unimpaired on the Imagery task. 1970 and those individuals would not have been well known
As noted previously, for the controls, items of low agree- to a 5-year-old. IrBection 13ve proposed an explanation as
ment in the Imagery task were not necessarily of low to how MJH might have acquired facial representations after
agreement in the perceptual tasks. There was a correlatiorhis lesion that could be accessed through imagery despite
between the agreement in the two perceptual tasks (Hair anchis impaired perceptual processes. This explanation holds
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that percepts of a face that are degraded or limited to only afaces/names and the order of the questions for each face was
few features could be integrated over repeated exposures taeversed for half the control participants.

partially correct for degraded or missing information in any

one percept. If imagery could access such representation$.1.3. Design and procedure

then performance on an Imagery task might rival that of a  MJH as well as the 10 control participants performed the
perceptual task for a prosopagnosic. Imagery task first, and after a break of 15 min, the Perceptual
task.

In the Imagery task each trial began with the name of a
celebrity presented for 1000 ms. Looking at a blank screen,
participants were asked to imagine the face of the celebrity.
Once they had as good an image as possible of the face they
pressed a key. Response time was registered. After 500 ms
the first question appeared and stayed on the screen until par-
ticipants responded. To respond, participants pressed either
the key marked ‘yes’ or the key marked ‘no’. After 500 ms
the second question appeared. Participants responded using
the same procedure. After the six questions were presented
using this procedure, the message “next person” appeared
for 1000 ms. The next trial began after a 1000 ms interval.

_ Trials in the Perceptual task were composed of exactly the

6. Experiment 2: judgment of facial features

In this experiment we tested MJH’s ability to judge fa-
cial features both from perception and from memory. We
assessed whether MJH would be impaired in a task requir-
ing perceptual judgments about individual facial features but
might be in the normal range when judging the same features
from imagery. We used a task modeled after Bartolomeo
et al.[4] and Young et al[43]. In the imagery version of
the task, MJH and controls were instructed to imagine faces
of American celebrities. Each participant was then asked six

uestions about the features of each face (e.g. Ronald Rea i
q (e.g same events as in the Imagery task except that photographs

gan, “Is his nose pointy?”). There were six questions specific .
to each face although some questions were posed for seyOf faces were presented instead of names. For each face, the

eral of the facesAppendix A). In the perceptual version of photog_raph first staygd on the_ screen until the participant
the task, the participants were presented with photographsrecogmzed the celebrity. Participants pressed a key as soon
' s they recognized the face and then said aloud the name

of faces and were asked the same six questions as the one  th lebrit hich ded by th . i
asked in the Imagery task. In this perceptual version of the ot the celebnily, which was recorded by the experimenter.

task, MJH and the control participants were also asked to The six questlon§ were then presented one gfter the other
name the celebrities. on the screen using the same procedure as in the Imagery

task.

6.1. Method

7. Results
6.1.1. Participants
MJH was compared to a group of 10 control participants  |n this experiment, as in Experiment 1, responses could
(six females; age range: 19-25 years) who participated vol- not pe considered as absolutely correct or incorrect. So,
untarily in the experiment. None of the controls participated again, we computed, for MJH as well as for each control

in Experiment 1. participant, a mean percentage of deviation from the consen-
) sus and mean RTs for each task. Results are summarized in
6.1.2. Materials and apparatus Table 3 To assess whether MJH was in the controls’ range,

In the Imagery task, 12 names of American celebrities \ye compared mean percentages of deviation from the con-
were used. These celebrities constituted a subset of thos&ensus and mean RTs for both MJH and controls in each task.
used in Experiment 1. In the Perceptual task, 12 color pho- Finally we tested: (a) whether MJH and controls’ perfor-
tographs of the faces of the celebrities used in the Imagery nances were different depending on the nature of the ques-
task were used. For each face, six questions about individ-jons (questions about facial features or non-facial features)

ual features of the face were designed. The same questiongTaple 4: and (b) whether MJH’s imagery performance was
were used in the imagery and perceptual versions of the task.

Half of the questions required a “no” answer and the other
half a “yes” answer. Each question required a “yes” and a
“no” answer an equivalent number of times. For example
the question “Is his—her nose pointy?” required a “no” an-
swer when asked about Ronald Reagan, and Sylvester Stal-

Table 3
Mean percentage of deviation from the consensus and RTs (s) for an-
' swering questions about facial features of famous people (Experiment 2)

Deviation from consensus RT (s)

lone but a “yes” answer when asked about Clint Eastwood Imagery  Perception Imagery Perception
gnd Julia Robe.rts. 'Quejstlons were designed gnd then useq; 21 26.5 3257 3173
in a pre-test with five judges to check that visual mental control 27.8 (2.5) 18 (2.3) 1.452 (0.264) 1.770 (0.412)

imagery was needed to answer them. All judges confirmed participants
that imagery was needed. The order of presentation of theStandard deviations are given in parentheses.
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Moreover, these judgments were made more slowly than that

Mean percentage of deviation from the consensus for answering questionsgf the controls¢(9) = 10.21, P < 0.01.

about facial and non-facial features of famous faces (Experiment 2)

Face questions Non-Face questions

Imagery Perception Imagery Perception
MJH 37.08 31.46 18.75 16.66
Control 31.09 (5.27) 20.22 (2.68) 16.9 (3.37) 10.5(1.86)

participants

Standard deviations are given in parentheses.

different depending on whether he recognized the faces in
the perceptual taskréble 5.

7.1. Imagery task

In the Imagery task, MJH’s mean latency for generating
the image of a celebrity’s face was 2 s fastef £ 1.273 s)
than that of the control participant3/(= 3.627s, SD. =
3.324 s), although the difference, because of high variability
among the controls, fell just short of significane€d) =
2.23, P = 0.05. However, MJH needed more time than
the controls to answer questions about individual features
of the imagined faces,(9) = 2162, P < 0.001. MJH'’s
percentage of deviation in the Imagery task, 31%, was within
the control range (23.4-33%) and 1.5 S.D. from the controls’
average deviation. It was however significantly greater than
the mean deviation of the controlg9) = 4.24, P < 0.01.
One control participant showed more deviation from the
consensus than did MJH.

7.2. Perceptual task

When shown the pictures, MJH identified only 50% of
the faces compared to 100% for the controls and his naming
RTs, when correct, were considerably slow#r £ 5.774 s)
than those of the controlsy{ = 1.193s, SD. = 0.4605s),
t(9) = 29.87, P < 0.01. Very likely MJH was benefiting
from the exposure to the faces and names in the prior expe
iment. In the perceptual task, MJH'’s percentage of deviation
in answering questions about individual facial features was
outside the controls’ range (15-22%), almost 4 S.D. above
the controls’ average score and significantly higher than the
mean deviation of the controls(9) = 11.08, P < 0.01.

Table 5

Mean percentage of deviation from the consensus for answering questions

about facial and non-facial features of recognized famous faces (Experi-
ment 2)

Face questions Non-face questions

Imagery Perception Imagery Perception
MJH 27.3 27.3 17.1 214
Control 31.1 (56.3) 20.22 (2.7) 16.9(3.4) 10.5(1.9)

participants

Standard deviations are given in parentheses.

r-

7.3. Imagery versus perceptual tasks

Control participants were in markedly greater agreement
in the perceptual task compared to the Imagery ta§y, =
3349, P < 0.01. However, they responded faster in the Im-
agery task than in the perceptual tas)) = 2.46, P <
0.05. An item analysis over the 72 trials showed that, in
contrast, the reduction in MJH’s deviation score on the per-
ceptual task relative to the Imagery task was not significant,
t(71) < 1. His speed of responding did not differ reliably
on the two tasks;(52) = 1.1.

We performed an item analysis to see whether items of
low agreement in the Imagery task were also of low agree-
ment in the perceptual task. Results showed a correlation
between the imagery and perceptual tasks for both MJH,
r = 0.27,z(72 = 231, P < 0.03, and the control par-
ticipants,r = 0.56, z(72) = 5.25, P < 0.01. Additional
correlation tests were computed to see whether MJH and
controls’ judgements were correlated within the same task.
Results showed a positive correlation both in the Imagery
task,r = 0.56, z(72) = 5.27, P < 0.01, and in the percep-
tual task,r = 0.41,z(72) = 3.66, P < .01.

7.4. Face versus non-face features

The 72 questions consisted of 48 that concerned facial
features, and 24 that concerned non-face features namely
hair (22 questions) and glasses (2 questiorele 4shows
mean performance as a function of feature type. The con-
trol participants were in substantially greater agreement for
the non-face questions than the face questions both on the
Imagery tasks(9) = 7.55, P < 0.01, and in the Perceptual
task,7(9) = 8.24, P < 0.01. The greater agreement overall
for the Perceptual task compared to the Imagery task was
evident for both facer(9) = 7.02, P < 0.01, and non-face
questionst(9) = 4.72, P < 0.01. For MJH, despite the
2:1 ratio in agreement scores between face and non-face
items, this difference was not significant, neither in the Im-
agery taskz (23) = 1.54, nor in the Perceptual task23) =
1.68, suggesting low power in this comparison. The mod-
erately greater agreement shown by MJH in the Perceptual
task compared to the Imagery task was not significant ei-
ther for face questions(47) < 1, or for non-face questions,
t(23) < 1.

On the Imagery task, although in the controls’ range and
within 2 S.D. from the controls’ average score, MJH’s scores
were significantly more deviant than the controls for face
questions only (range- 20.02—39.41%, with one participant
more deviant than MJH),(9) = 3.41, P < 0.01, but not
for non-face questions (range 13.41-24.31%, with three
participants more deviant than MJH)9) = 1.64.

As in Experiment 1, the discrepancy between MJH and
the controls was more marked on the Perception task. MJH'’s
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score was more than 4 S.D. above the controls’ averagemean). This pattern of results suggests less impaired im-
score and was more deviant than the controls for both theagery than perception. In this Imagery task, performance
face questions (range 17.37-25.82%):(9) = 1258, P < was much better than chance (unlike Experiment 1), so there

0.01, and non-face questions (ranger.86—14.8%)¢(9) = is little uncertainty that MJH (and controls) could perform
9.93, P < 0.01, with no control participants showing more these judgments of facial features from imagery. Moreover,
deviance than MJH on either task. unlike Experiment 1, there was information in the imagery
of the control participants in that their imagery responses
7.5. Recognized versus non-recognized faces were significantly positively correlated with their responses

in the Perceptual tasks. In the Perceptual task, MJH was not
Insofar as MJH recognized only half of the celebrities’ only slower than controls but his performance was out of the
faces (and the control subjects recognized all of them) we normal range. Relative to controls, he performed better in
compared MJH and controls only for those faces which MJH the Imagery task than in the Perceptual task, a pattern that
did recognize, separately for face and non-face questions.was particularly clear when the data were restricted to those
Results are shown ifiable 5 On the Imagery task, for both ~ faces that MJH could recognize. The controls had better per-
face and non-face questions, MJH’s mean deviation scoreformance in the Perceptual task but responded more slowly
was in the normal range—in fact his score wadowthe than they did in the Imagery task. This result suggests that
mean of the controls for the face questions—and less thanit was difficult to make the required judgments based on the
1 S.D. from the average controls’ score but he was well photographs even for normal participants.
above the normal range and more than 2 S.D. from the For both MJH and the controls, items of low agreement
controls’ average score in the perceptual tasks for both typesin the Imagery task were also of low agreement in the Per-
of questions. MJH was in substantially greater agreementceptual task, although the correlation was weaker for MJH
with the controls on the non-face questions than the face than for controls. In the same way, items of low agreement
guestions but, unlike the controls, he showed no reductionfor MJH were also of low agreement for controls in both
(instead, a slight increase) in his agreement scores in thethe Imagery and Perceptual tasks. These results suggest that,
perceptual tasks. in both tasks, MJH used similar facial information as that
used by controls. Although some of this information might
have been so strongly associated with the celebrity (e.g. Jay

8. Discussion Leno’s protruding chin, Marilyn Monroe’s blond hair) as to
be accessible without imagery, much of it was not.

MJH had longer latencies and was half as accurate as the Both in the Imagery and Perceptual tasks, controls and
control participants for naming celebrities, despite his prior MJH were markedly better in the non-face questions about
experience with these photos in Experiment 1. This result hair and glasses than in the questions about face features.
confirms his difficulties in identifying people from a picture MJH'’s imagery for these non-face features was approxi-
of their faces. That MJH's naming performance in this ex- mately equivalent to those of the controls. These results al-
periment (50% correct) was much better than in Experiment low the possibility that the reduced impairment of MJH'’s
1 (20%) is understandable in light of his prior experience. imagery was a consequence of equivalent performance on
In both the experiments, MJH had seen the names of all thethe non-face questions. But, once non-face questions were
celebrities in the Imagery task before he performed the per-removed from the analysis, MJH’s performance in imagery
ceptual naming task. Another important factor in his greater was still less impaired than his performance in perception
naming accuracy in Experiment 2 was that fewer celebrities compared to controls, which suggest relatively preserved
(12) were used in Experiment 2 than the 60 used in Experi- Imagery for both types of features.
ment 1. Consequently, MJH may have been able to remem- Relative to controls, MJH’s judgments about facial fea-
ber more names from the Imagery task in Experiment 2 than tures are impaired in perception but somewhat preserved in
in Experiment 1. As MJH can imagine faces, he may be imagery. As is proposed iBection 13these results can be
able, when a limited pool of names is available, to use his described in terms of the model proposed by Biederman and
visual knowledge of the faces as an aid in a naming task. Kalocsai[7]. To our knowledge, such a dissociation between

MJH's performance in judging facial features from mem- intact imagery and damaged perception for facial features
ory was less impaired, relative to the controls, than when he has been reported only once previougy. In Bartolomeo
was judging the pictures themselves. As in Experiment 1, et al.’s study, the Perceptual task required matching a fa-
MJH’s mean deviation score was significantly greater than cial feature to the corresponding item out of three distrac-
that of the controls and his RTs were considerably and signif- tors, which were features either isolated or in the context of
icantly greater than those of the control participants. By the a face. This perceptual task thus differed from the imagery
Moscovitch and Moscovitcf35] criterion, MJH's imagery task, which consisted in answering questions about facial
score was within the normal range in that it was less than 2 features from memory. This task difference makes it difficult
S.D. away from the controls’ mean score (whereas in the Per-to draw inferences as to the level of performance shown on
ceptual task it was more than 2 S.D. away from the controls’ the two tasks. Other than that study, no previous studies have
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systematically compared perception and imagery of facial assessed whether visual imagery was needed to answer them.
features in prosopagnosia. Thus, it is unclear whether theAll judges confirmed that imagery was needed.

dissociation observed could also happen in other patients.

Indeed, in two other studies of prosopagnosia, preserved fa-9.1.3. Design and procedure

cial feature-based imagery was observed but no Perceptual MJH as well as the 10 control participants performed the

task testing feature-based processing was cond{t2e4i3] Imagery task first, and after a break of 15 min, the Perceptual
Conversely, a report of impaired perception of facial features task. The procedure was identical to that used in Experiment
did not assess imagery of facial featufas]. 2 except that words referring to facial expression (Imagery

As only one previous study reported a dissociation be- task) or faces expressing emotions (Perceptual task) were
tween imagery and perception for facial features we de- used as stimuli. In the Perceptual task, participants were
signed a third experiment to be able to replicate our findings. asked to name the expressions before they answered the

guestions. The order of presentation of the emotions and the

order of the questions for each emotion was reversed for
9. Experiment 3: judgment of features of emotions half the control participants.

In this experiment we evaluated MJH’s ability to imagine
and perceive features of faces expressing emotions. All faces10. Results
were unfamiliar to the participants. We used such stimuli to
test whether MJH'’s perceptual deficit would extend to un-  Results are summarized ifable 6
known faces. The task was modeled after Bowers d04l.
In the imagery version of the task, participants were asked 10,1, |magery task
to imagine faces expressing an emotion and for each face,
six questions about the features of the face were asked (e.9.: |, the Imagery task, MJH’s mean latency for generating
angry face, “Are the eyes squinted?”). In the perceptual ver- images of faces expressing an emotion was faster=
sion of the task, photographs of faces expressing emotions, g3 s) than that of the control participantdl (= 6.120s,
were used. Participants were first asked to name the emogp _"4411 s),1(9) = 2.35, P < 0.05. However, MJH
tion expressed by each face and then to answer the samg,s sjower than controls to answer questions about individ-
six questions as the ones used in the Imagery task. To each, 5 features of the imagined expressiang) = 14.57, P <
face corresponded a specific set of six questions, althoughy 51 MJH’s score of deviation in the Imagery task, 31.6%,
some questions were repeated from one face to another, s within the lower range of the control participants’
(Appendix A). score (24-33.3%) and within 1 S.D. from the controls’ av-
erage score. It was however significantly different from the
mean controls’ score,(9) = 3.16, P < 0.02. Three par-

o ticipants showed more deviation from the consensus than
9.1.1. Participants did MJH.

MJH was compared to the same group of 10 control par-
ticipants who participated in Experiment 2.

9.1. Method

10.2. Perceptual task

9.1.2. Materials and apparatus

In the Imagery task, six-word prompts were used: sad
face, happy face, surprised face, fearful face, angry face,
disgusted face. In the Perceptual task, six black and white
digitized photographs from Ekman and Friedéi] were
used. Each face subtended a visual angle’did¥izontally
and 7 vertically. Each of these faces expressed one of the
six emotions used in the Imagery task. To characterize each
emotion we used the classification scheme proposed by Ek-Table 6
man and Frieseiil7]. For each face, six questions about Mearj percentgge of deviatior_1 from the consensus and RT_s (s) for_an-
L . swering questions about facial features of faces expressing emotions
|nd|vu_jual features of t_he face were designed. The SaMme £, heriment 3)
guestions were asked in the Imagery and Perceptual tasks:
Half of the questions required a “no” answer and the other

In the Perceptual task, MJH accurately identified less
emotions (50%) than controls (90%,05 = 11.65, range:
66.67—100, with half the participants at ceiling) according
to the classification provided by Ekman and Frie§&n],
t(9) = 10.85, P < 0.01. However, MJH, as the controls,
were 100% accurate in identifying a happy face. Most of

Deviation from consensus RT (s)

half a “yes” answer. Each question required a “yes” and a Imagery Perception Imagery Perception
“no” answer an equivalent number of time. For instance, the 5 317 278 5022 4501
question “Are the eyes squinted?” required a “no” answer control 28,5 (3.2) 12.8 (3.4) 2.330 (0.584) 2.216 (0.391)

when asked about a fearful face but a “yes” answer when participants
asked about a disgusted face. A pre-test with five judges Standard deviations are given in parentheses.
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the errors that MJH made were confined to the same emo-and 15-50% for recognized and non-recognized expres-
tions that some of the normal participants confused. MJH sions, respectively) and within 1 S.D. from the controls’
was also considerably sloweM( = 6.016s) than control  average score. In contrast, in the Perceptual task, MJH’s
participants ¢ = 1.998s, SD. = 1.217s) to name emo- performance was outside the normal range (8-18.5 and
tions,7(9) = 10.44, p < 0.01. When answering questions 2-22% for recognized and non-recognized expressions,
about individual features of the perceived facial expressions, respectively) and more than 2 S.D. from the controls’
MJH was slower than control$(9) = 18.64, P < 0.01. average score for both recognized and non-recognized
Moreover, MJH’s percentage of deviation in the Perceptual expressions.

task was outside the controls’ range (8.6—-19%), more than

4 S.D. above the controls’ average score and significantly

higher compared to the mean of the contro(8) = 13.95,

P < 0.01. 11. Discussion

Results again revealed a dissociation between relatively
preserved imagery and impaired perception. In the Imagery

Control participants had greater consensus (lower devia-,taSk’ the same pattern of result as the one observed in Exper-

tion scores) in the Perceptual task than in the Imagery task, MENts 1 and 2 indeed suggests relatively preserved imagery.
1(9) = 4546, P < 0.01, but were not faster on the Per- 'MJH’s mean deviation score was different from that of the

ceptual task(9) < 1. An item analysis over the 36 trials controls and his responses were slower. However, MJH’s

showed that, in contrast, MJH did not enjoy greater consen- Score was within the control range. Three control partici-
sus on the P,erceptual t<’;13|<33 — 1 nor was he faster on _ Pants had greater deviation scores than MJH. In the Percep-
that task (27) = 1.3 ' tual task, MJH was not only slower but his judgments were

We performed an item analysis to see whether, for both not consistent with those of the control participants and con-
' siderably outside the range of the controls. MJH, in contrast

MJH and the control participants, there was a correlationt trol participant better in the | task th
between the Imagery and Perceptual tasks in term of per-_O control participants, was better in the Imagery task than

centage of agreement per item. There was no correlation'” Ithe Petrce{):ual ;a?k. b dinE . 2 It
between the two tasks either for MJH £ —0.06), or for h contrast to what was observed In Experiment <, Fesults

the control participants-(= 0.03). Additional correlations showed no correlation between agreement for a specific item

were computed to assess whether MJH and controls’ perfor-'n the Imagery task and agreement for the same item in the

mance over items correlated within a task. Results showed aPerceptuaI task, neither for the controls nor for MJH. This

positive correlation in the Imagery task= 0.46, z(36) = result may suggest that representations used in the Imagery
2.86, P < 0.01, but not in the Perceptual task—, 0.08 task were different, both for MJH and controls, from images

presented in the Perceptual task. In contrast to Experiment
2, items of low agreement for MJH were the same as for
10.4. Recognized versus non-recognized facial controls in the Imagery task only, which stress the dissoci-
expressions ation between imagery and perception for MJH.
Imagery for single features of faces expressing emotions
MJH recognized onIy 50% of the facial expressions. Half was re|ati\/e|y preserved in MJH, though slower, but per-
of the controls also made recognition errors. This allowed Ception of these features was impaired_ This was true inde-
us to compare MJH and five of the controls for both rec- pendently of whether the facial expression was recognized
ognized and non-recognized facial expressions. Results areyr not. This result shows that for MJH, perception of facial
illustrated inTable 7 features is impaired even when unknown faces are perceived
Results did not differ between recognized and non- and the task is not that of individuation. So, the pattern of
recognized facial expressions. For both, in the Imagery task, results observed in Experiment 2 with famous faces was
MJH’s deviation score was within the normal range (23-32 replicated here and extended to unknown faces. It may be
surprising that a prosopagnosic patient manifests difficul-
Table 7 ties in perceiving facial features because: (a) prosopagnosia
Mean percentage of deviation from the consensus for answering ques-is often thought of as a configural deficit; and (b) many
tions about features of faces expressing emotions for recognized andProsopagnosics use such features as an identification aid.
non-recognized expressions (Experiment 3) However, the local features employed by MJH and other
Recognized expressions Non-Recognized expressions ~ Prosopagnosics tend to be of high contrast and qualitative,
i.e. a beauty mark, a distinctive hairline. In our experiment,
judgments on facial features required processing fine metric
MJH 25.5 244 37.7 311 aspects. It may be possible that such fine metric properties
Controls 27.5(38) 127(42) 27 (143) 125(9.2) are provided or make sense only in the context of the whole
Standard deviations are given in parentheses. face, which cannot be represented by MJH.

10.3. Imagery versus Perceptual tasks

Imagery Perception Imagery Perception
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In this experiment, MJH’s accuracy in naming emotions artifacts). Our aim was: (a) to test whether MJH could
was lower than that of controlsHowever, his impairment  imagine non-face visual objects in the same way he could
seems less severe than for naming celebrities. When asked timagine faces; and (b) if he could, to test whether he was
describe how he identified facial expressions, MJH reported slower and somewhat less accurate from controls, as was
a strategy that suggests the use of facial features rather thathe case when he was imagining faces.
facial configurations: “I only need one or two aspects to get
an expression.” As identifying emotions seems to require 12.1. Experiment 4a
configural processinfl1], MJH’s strategy may need more
time to be successful. This would explain why, when given  In this experiment, we tested MJH'’s visual imagery for
as much time as needed, MJH seems to perform almost agolor. We used a classical neuropsychological task that asks
well as controls in an emotion naming task (Kalocsai and participants to retrieve the color of common items from
Biederman, unpublished daf&0]). However, when time is ~ memory[21].
limited, as it is the case in this experiment and in real life
in general, MJH makes errors and although above chance12.1.1. Method
cannot reach the level of control participants. In all three experiments, MJH’s performance was com-

Bruce and Young'$10] model of face perception posits pared to the performance of the same 12 control participants
independent routes for the processing of facial expressions(11 females; age range: 17-21 years) who participated vol-
and face identity. Single unit recordings in the macaque untarily.
also suggest that individuation of faces and perception of We used 21 common items that had characteristic colors
emotions are subserved by separate cortical[R&i. Some but were not verbally associated with their colors (e.g. foot-
prosopagnosic patients show preserved abilities at identify- ball, lettuce). Items were read by the experimenter one after
ing facial expression$§33,40], whereas others, like MJH, the other. MJH and control participants were asked to name
show some deficif33]. Associated deficits do not neces- the characteristic color of each object. The experimenter
sarily imply that facial expression processing and identity recorded the responses.
processing are computed by the same system. It is possible
that a lesion damages two independent systems at the sam&2.1.2. Results and discussion

time if they are anatomically related. Alternatively, the le-  MJH gave the same response as the majority of the con-
sion could damage an earlier stage that provides perceptuatrol participants for 80.95% of the items. For each control
input to both systems. participant we calculated how many responses were identi-

cal to the responses given by the majority of the 11 other

control participants. Controls gave the same response as
12. Experiments 4a, 4b and 4c: imagery for non-face the majority for 90.5% of the stimuli (8. = 7.6) (range:
objects 76.19-100%, four participants were at ceiling, i.e. >95%).
As in face imagery tasks, MJH’s performance was within
the controls’ performance range and less than 2 S.D. from
the controls’ average score. Moreover, two participants gave
less congruent responses that did MJH. However, MJH'’s

T Tris resul . ) ) . 4 dood score was significantly worse than the controls’ mean score,
This result was surprising as in previous testing MJH seemed good at t(ll) — 435, P < 0.01.

identifying emotions (Kalocsai and Biederman, unpublished data). In our

experiment, an emotion was expressed by one particular face only. To

give MJH the possibility to identify the same emotion on several faces we 12.2. Experiment 4b
designed a control experiment in which each emotion was expressed by

five different faces. We used 60 faces from Ekman and FrigisgnFacial In this experiment we tested MJH's visual imagery for
expressions were surprise, happiness, fear, disgust, anger, and sadnes?ﬁetriCS of non-face visual obiects. usind questions about the
Faces were presented for 3s each. Participants (MJH and a group of 14 . S . | ! aq . .
controls) were asked to name the emotion expressed by each face. length of animals’ tails re|at_|Ve to th? lengths of their bodies
Results showed that the naming accuracy of controls was high: 83.4% (long versus short), a classical test in neuropsycho|ag}:
(SD. = 7.96). However, some emotions were more difficult to iden- Coarse metrics would be distinguished from fine metrics
tify than others were: happiness (100% correct identificationd, S of facial features assessed in Experiment 2. To be able to
7.96), sadness (95.7%,[3 = 6.46), surprise (91.4%,.5. = 11), anger record response times we designed a computerized version
(77.14%, SD. = 10.7), disgust (76.48%, 8. = 18.23), and fear (63.57%, p desig p :
S.D. = 22.05). MJH correctly identified only 50% of the emotions. How-  Of the t_GSt- We used_ 20 anlmaIS_ names not verbally assocl-
ever, he was above chance level (16.66%) for all the facial expressions ated with tails, 10 with a long tail (e.qg. lizard) and 10 with a
except anger: happiness (100%), sadness (40%), surprise (80%), angeshort tail (e.g. bear). A pre-test done with five judges helped
(10%), disgust (50%), and fear (20%). MJH was significantly less ac- ;s tg decide which animals belonged to which category. For

curate P < 0.01) than controls for five emotions out of six: sadness, h . | th tici ts' task to decid heth
1(13) = 31.26, anger; (13) = 2347, fear,1(13) = 7.39, disgust; (13) = €ach animal, the parlicipants’ task was 1o decide whether

5.43, and surprise;(13) — 3.87. These results confirmed that MJH was  the animal’s tail was long in proportion to its body size.
impaired at naming facial expressions. To make sure participants understood the task, an example

In the following three experiments we tested MJH's
ability to imagine non-face visual stimuli (i.e. animals,
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(peacock) was given with the instructions. It is usually as- (high, medium, and low). Results in a size comparison task
sumed that participants only have visual knowledge to help revealed a linear increase of response times as a function of
them perform such a task. As a consequence, imagery isthe size ratio, which was taken as an evidence for the use

required. of visual images representing relative size of objects.
Twelve pairs of each type, high, medium and low size ra-
12.2.1. Method tios, were selected. Each pair was presented on the screen

Animals’ names were presented one by one on the screeruntil the participants answered. A number, 1 or 2, corre-
until the participant answered by pressing a key marked Yessponded to each name in a pair. Participants indicated their

or a key marked ‘no’. Response times were registered. response (i.e. which one is bigger) by pressing either the
key marked 1 or the key marked 2. For half of the trials
12.2.2. Results and discussion the biggest object of the pair corresponded to the number 1

MJH’s mean percent correct of 85% was within the and for the other half to the number 2. Response times were
controls’ range, less than 1 S.D. from the controls’ mean registered.
score and not different from the controls’ mean of 89.58%
(S.D. = 10.76) (range: 65—-100%j,(11) = 1.47. Note that 12.3.2. Results and discussion
two participants gave less correct responses than MJH did Mean RTs and percent errors are summarizethiole 8
and that three were at ceiling, i.e. >95%. However, MJH’s Given that the function linking RT and size ratio has been
mean RTs for correct responses (3.775s) was longer thanwell established, for both MJH and controls we performed
the mean response tima/(= 1.529s, SD. = 0.563s) of planned comparisons (one-tailetests with alpha corrected
the control participants;(11) = 13.82, P < 0.01. As the according to Rom’s procedure).
same controls participated in Experiments 4a and 4b we For the control group, there was a monotonic increase in
tested whether participants who were less accurate in Exper-RTs with a reduction in the size ratio replicating Paivi36]
iment 4a were also less accurate in Experiment 4b. Resultsresults,F (2, 22) = 15.12, P < 0.001. RTs were longer to
showed no correlation between the two experiments. medium size ratio trials than to high size ratio triald,1) =
So although MJH’s performance accuracy was not differ- 3.52, P < 0.01 and were longer to low size ratio trials than
ent from that of controls, his use of object imagery, as his use to medium size ratio trials(11) = 3.1, P < 0.01. Although
of face imagery, was slower than that the control participants. accuracy was high overallM{ = 90.97% correct) for the co-
ntrols, there was a significant effect of size rafi@2, 22) =
12.3. Experiment 4c 19.13, P < 0.01. Planned comparisons showed that error
rates on medium size ratio trials were lower than those for

In this experiment we tested MJH's visual imagery for |OW Size ratio trials,/(11) = 5.23, P < 0.01, however,
non-face visual objects using a size comparison task. Pairsmedium and high size ratio trials did not diffet11) < 1.
of names of objects were presented one by one on the screen. As the same controls participated in Experiments 4a-c,
MJH and control participants were to decide which object W€ tested whether performance and RTs were correlated
of each pair was bigger. Previous results showed that in befween experiments. The only significant correlation ap-
such a task, the closer the objects’ size, the longer it takesPeared between responses times in the Tail task (Experiment
to compare theni27,36] Since this function is similar to 4b) and the Size task (Experiment 4c). Controls who were
the one obtained when participants make direct perceptualfaster in the Tail task were also faster in the Size task,
comparisons, the task is assumed to be mediated by the usé-6; P < 0.01. However, there was no correlation between
of internal analog representations that contain relative sizethe two tasks in terms of correct responses.

information; that is, visual mental imag§8s]. Overall, MJH performed the comparisons more slowly
(M = 3.984 s) than controlsi{ = 1.529 s, SD. = 0.5635s),
12.3.1. Method t(11) = 15, P < 0.01. MJH’s longer RTs were true of all
We used Paivio’Y36] normative data. Paivi¢36] col- three levels of size similarity, high size ratio triat§11) =

lected mean size ratings for 176 items. Based on these23.11, P < 0.01, medium size ratio trials,(11) = 7.18,
ratings, he created different types of pairs of objects that P < 0.01, and low size ratio trials,(11) = 1237, P <
varied depending on the size ratio between the objects0.01.

-II\-AaebeI\(rel Ergesponse time (s) and mean percentage errors in the size comparison task (Experiment 4c)
RTs (s) Error rates (%)
High Medium Low High Medium Low
MJIH 5.683 4.050 6.337 8.34 25.00 16.67
Control participants 1.793 (0.583) 2.156 (0.874) 2.559 (1.058) 4.17 (5.62) 2.78 (5.43) 20.14 (10.33)

Standard deviations are given in parentheses.
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MJH’s overall error rate was within the controls’ perfor- “moderately” impaired was: (a) that MJH was within the
mance rangeM = 9.03, SD. = 4, range: 16.67-2.78%, control range; (b) that at least one of the control partic-
one participant was at ceiling (>95%) and four were close ipants had an agreement/accuracy score that was worse
to ceiling with 94.44%). One participant had a higher over- than MJH's; and (c) that MJH was within 2 S.D. from
all error rate than MJH. MJH's error rates were, however, the controls’ mean score. In every experiment MJH’s ac-
significantly higher than those of the contralgl1l) = 5.17, curacy/agreement score was within the controls’ range in
P < 0.01. MJH's error rates exceeded those for the con- imagery but that was never true in the perceptual tasks.
trols for high,#(11) = 2.57, P < 0.05, and medium size  Moreover, in every experiment, in imagery tasks, MJH’s
ratios,r(11) = 14.17, P < 0.01, but not for low size ratio, score was within 1 S.D. away from the controls’ mean score
t(11) = 1.16. However, MJH’s error rates were within less whereas in perceptual tasks, his score was more than 2 S.D.
than 1 S.D. from the controls’ average error rates for high away from that of the mean of the controls.
and low size ratios and more than 4 S.D. above the controls’ Somewhat complicating this interpretation of MJH'’s pre-
average for medium size ratios. served imagery (compared to perception) relative to the

MJH’s RTs and error rates did not increase monotonically controls, is the variability indicated by the poor agreement
with a decreasing ratio in the sizes of the objects. An item scores for the controls on the face imagery task in Exper-
analysis over the 36 trials (12 per size ratio) showed that iment 1. But the same pattern was found in Experiment 2
MJH’s mean RTSs to low size ratio trials tended to be longer where the controls had much greater agreement when per-
than to medium size ratio trial$(8) = 1.56, P = 0.07. forming the face imagery tasks.

However, in contrast to the expected relation between size Note that RT pattern showed that MJH’s imagery was
ratio and performance, medium size ratio trials were actually slower than normal. It is unlikely that such a deficit can be
shorter than those to high size ratio trials, although this effect completely attributed to MJH’s motor problems. Instead it
fell short of significancey(8) = 2.26, P = 0.97. This may reflect a degraded memory representation.

departure from monotonicity may be explained by a speed An arguable result from the first experiment is a dissoci-
for accuracy tradeoff in that the error rates for the medium ation between impaired perception and possibly preserved
size ratio items were markedly higher than those for the low imagery for facial configurations. Some previously reported
size ratio objects. case studies observed a similar dissociaf®i5]. A sec-

The pattern of results shown by MJH in this non-face im- ond, more consistent, result from Experiments 2 and 3 is
agery experiment is similar to that observed in face imagery a dissociation between impaired perception and relatively
experiments. MJH’s performance was slower and less accu-preserved imagery (or less impaired imagery) for facial fea-
rate (or in lower agreement) than that of the controls. How- tures. Such a dissociation has been reported once in the lit-
ever, MJH’s percent correct score was in the range of the erature by Bartolomeo et aJ3]. These authors proposed
control participants and only 1 S.D. away from the controls’ that imagery for facial configurations and/or features was
mean score. Moreover, results suggest that the function link- preserved because: (a) face representations stored before the
ing RTs and size ratio may be preserved for MJH. lesion were still available; and (b) imagery and perception

share representations.
Such reasoning cannot hold in MJH's case as his

13. General discussion prosopagnosia occurred so early in life that he could not
have a pre-lesion intact store of face representations. Yet
13.1. Summary of the results MJH’s performance was relatively preserved in facial im-

agery tasks. Below we offer a speculation as to how these
The main results of this case study can be summarized agesults might be accommodated by a general model of face
follows. MJH, a prosopagnosic since the age of 5, showed: recognition. We first discuss why faces may be processed
(a) severely impaired perception but possibly less impaired in a manner that differs from most object processing, even
imagery of facial configurations (Experiment 1); (b) severely when the to-be-discriminated objects are as similar as the
impaired perception but somewhat preserved imagery of to-be-discriminated faces.
single facial features (Experiments 2 and 3); (c) severe
impairment in naming familiar faces but less severe impair- 13.2. Why a deficit specific to faces?
ment in naming facial expressions (Experiments 1-3); (d)
somewhat impaired imagery for color and non-facial visual ~ The processing of faces is often described as configu-
objects (Experiments 4a—c); and (e) a general reduced speedal, i.e. as dealing with the interrelation between features
in making judgments from imagery for both faces and non- in contrast to feature- or part-based proces$itj19,37]
face objects. Part-based processing is thought to be important for the
Although in imagery tasks MJH’s mean accuracy/agree- shape-based identification of basic-level and most instances
ment scores were always lower than those of the controlsof subordinate-level classification of nhon-face objdét8]
and his responses always slower, it must be emphasizedut not for the identification of faces, although it does play
that the criterion for designating that his imagery was only a role in face processing as wgli3].
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But how could a “configural representation” be concep- This accords with the prosopagnosic’'s complaint that “all
tualized in neurocomputational terms? And why would a faces look the same.” Greater exposure to instances of a
different form of representation be employed for faces and particular gender and expression allow more accurate recon-
objects? Biederman and Kalocg@j have argued that the struction, as all faces are but one of two genders and can be
requirements for representing the fine metrics of the sculpt- classified in terms of a dozen or so expressions.
ing of a complex surface such as a face can be met by a Object recognition would employ the same Gabor jet rep-
representation initially computed by a V1 hypercolumn-like resentation in its initial stages (V1-V4). However, the out-
array that records and stores the multiscale, multioriented put of the jets would be mapped onto units modeled as a
values of spatial (Gabor) filters in a two-dimensional co- structural description. Such a description would be based
ordinate space, as proposed in thet model of von der on nonaccidental (qualitative) differences in parts and rela-
Malsburg and his colleagug28,41] The activation values tions, themselves based on contours at orientation and depth
of medium- and larger-scale kernels whose receptive fieldsdiscontinuities. In the case of fine subordinate-level discrim-
are centered on one part of a face are affected by variationsinations, this process would be achieved at a small scale
in contrast occurring in distant regions of the face, leading [8]. A structural description describes the parts and relations
to the configural phenomena evident in face recognition. among these parts and these elements can be mapped onto

It is important to note that the memorial representation of language and employed for object reasonj@p A struc-

a face, while preserving aspects of the original Gabor activa- tural description would also be activated when looking at a
tion values computed in V1 itself (and some neurons in V2 face, although it would typically be insufficient for distin-
and V4) would be in a non retinotopically mapped area, such guishing among similar faces. It would, nonetheless, specify
as IT in the macaqupt5] or the fusiform face area (FFA)  aspects of the face area such as whether the person was wear-
in humang?25]. Unlike neurons at the earlier retinotopically ing glasses or had a texture region (mustache or beard) or a
mapped stages (V1-V4), these neurons would manifest amole or scar in a particular location or hair of a particular
high degree of translation and size invariancethus the ac-color and style. In general, both types of representation—
tivation values would have to be relative in scale and po- spatial and structural description—would be computed for
sition, defined in terms of cycles per object (face) rather both objects and faces but the structural descriptions would
than cycles per degree, and defined in object-centered, rathetypically be insufficient to distinguish similar faces from a
than retinotopic-centered, coordinates. The lesion that pro-large and unspecified set of faces.

duces prosopagnosia then, would not be at the earlier stages The gain in the ability to represent the metric variations of
where the initial filtering was performed, which would re- a complex surface, enabled by a spatial representation such
sult in deficits in both face and non-face processing, but as that described in the present account, comes with a num-
in the mapping of these activation values to the later stageber of costs[7]. These costs constitute the signature phe-
or at the later stage itself (or both). The apparent preser-nomena of face recognition: In contrast to object recogni-
vation of MJH’s and other prosopagnosics’ facial imagery, tion, the recognition of faces greatly suffers from: (1) planar
both by subjective report and as evidenced here and in priorrotation (assuming that humans cannot mentally recompute
studies, suggests that for such individuals there is a deficitthe kernel values produced by a two-dimensional rotation);
in the mapping, with some preservation of storage. Such a(2) changes in contrast polarity; and (3) moderate changes in
deficit would also accommodate Mangini and Biederman’s three-dimensional orientation and lighting direction. These
[30] results in which MJH revealed sizable deficits relative three types of changes all affect the filter values but not
to controls in a simultaneous match-to-sample task with face the orientation and depth discontinuities that allow an ob-
stimuli in which the matching and distractor choices were ject to be readily recognized from its line drawifij. The

of different individuals of the same sex and same neutral inability to describe verbally differences in similar faces de-
expression. When the matching and distractor faces differedrives from the incapacity to map thousands (if not millions)
in gender or expression, MJH'’s performance was toward the of Gabor coefficients and their positions directly onto lan-
lower end of those of the normal controls. Adding noise to guage. Biederman and Kalocqdi tested the dependence
the images resulted in much larger costs for MJH, relative of face recognition on the spatial composition of an image
to the controls, for all three tasks (gender, expression, andand found that whereas the matching of highly similar faces
individuation), but markedly so for the individuation task.  was very much affected by a change in the precise spatial

Mangini and BiedermafB1] have recently extended Bie- composition, the matching of equally similar chairs was not.
derman and Kalocsai'F] proposal to provide a more ex-
plicit account of later-stage face processing, particularly in 13.3. Less impaired face imagery than face perception
prosopagnosia. They argue that the deficit can be modeledn prosopagnosia: a speculation
in terms of a noisy covariance matrix by which the early
stage representations, i.e. Gabor kernel activation values, are From the foregoing analysis, the difference between ob-
combined to form faces. If faces are reconstructed from the ject and face representations is that the latter places greater
covariance matrix, adding noise does not make the recon-reliance on the spatial representation to capture the metrics
structed faces look noisy, only more similar to each other. of a complex surface, viz. the face. If the full surface is to
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be represented in terms of the Gabor jet model, then jetsmoderately high accuracy (72%, although with very long
whose receptive fields are centered throughout the surfaceresponse times) in a name—picture verification task (Is this
have to be registered and stored. We speculate that MJH’sBIll Clinton?) (Mangini, unpublished data).
prosopagnosia may be a condition in which he cannot si- Another possible interpretation of the results comes from
multaneously map the full lattice of jets to a representation Moscovitch and Moscovitch’§35] proposition that in nor-
that is sufficient for individuating faces, so only a subset mal subjects the object and face systems interact to achieve
of the jets is represented. This limitation could properly be recognition of inverted faces. The object system would build
regarded as a form of simultanagnosia. Indeed, MJH of- a facsimile of a face including parts of the face and their
ten complains that cluttered scenes, in general, cause hinrelations and transfer it to the face system, where it is used
great difficulty. With faces, MJH searches for local distinc- to achieve recognition of the inverted face. Such a collab-
tive features, such as the hairstyle or a beauty mark, whichoration between the two systems may explain the perfor-
would be specified by a structural description. Note that mance of MJH. Indeed, he may be using face representations
this explanation of prosopagnosia may be limited to casescomputed initially in the object system rather than in the
of apperceptive prosopagnosia, where there is a presentaface system. In the terms of Biederman and Kalocdai's
tion of perceptual deficits, in contrast to cases of associative model this would amount to using a structural description
prosopagnosia, where there is a presentation of more concepef a face rather than a spatial representation. MJH’s better
tual deficits[16]. We do not regard the phenomenon of pre- performance in imagery than in perception would then be
served face imagery in prosopagnosia as a test of Biedermarexplained by the fact that such facsimile representations (i.e.
and Kalocsai'g7] theory. The theory merely offers a frame- structural descriptions) may be more efficient in imagery
work within which one might understand the phenomenon. tasks than in perceptual tasks because no identification is
Standard accounts of the imagery and perception interac-needed in imagery. That MJH's imagery is in the range of
tion predict that face imagery and perception share the samecontrols but not completely normal would be explained by
representations. So how could face imagery, as assessethe fact that, even in imagery tasks, facsimile representations
by tasks that require configural and metric processing, beare less adequate than configural ones.
preserved in prosopagnosia, particularly for faces that were
learned after the onset of the malady? We speculate thatl3.4. Could such a dissociation be observed in other
on any one encounter, only a subregion of the face may beindividuals?
represented in high resolution so that a single feature (or a
few features) might be extracted from the attended regions. Our results are supported by previous results from studies
However, with repeated encounters with a face, noisy or of covert face recognition in prosopagnosic patients show-
missing kernel values in one image may not be the sameing covert recognition of faces encountered after the onset
values that are missing on subsequent encounters. Consesf the illness[14]. Such a result suggests that perceptual
qguently, the prosopagnosic individual has an opportunity to representations can be created for new faces that can be
improve his representation in memory through integration used covertly but not overtly for face recognition. However,
of these partial percepts, although on any one encounterMJH’s performance may reflect a different type of mecha-
his perception is impaired. Although the memory represen- nism for two reasons. First, in contrast to MJH, the patients
tation may be improved with repeated encounters, as it is reported in these studies were people who had had prior nor-
with all of us, it would by no means provide a high fidelity mal experience with faces. Second, we observed no covert
representation of the face for the prosopagnosic. Often theface recognition in MJH34] which suggests that represen-
context or voice in which a famous or familiar face is ex- tations build by MJH can not be used for covert recognition
perienced provides strong cues to the identity of the personalthough they seem to be usable for imagery.
so there is little ambiguity as to which person identification  Itis unclear whether the dissociation we observed between
node (to usg10], terminology) the facial features are to be imagery and perception could be found again with other
associated. Indeed, MJH’s prosopagnosia is most stronglyindividuals who have no pre-lesion storage.
manifested in situations that exclusively provide face in-  Additional evidence to MJH’s case would come from
formation (without other cues such as voice and gait) as to cases of developmental (by contrast to acquired) prosopag-
the particular individuals that he might encounter. Once he nosia with intact face imagery. Unfortunately, there are only
knows the composition of a small group of familiar people a few studies of developmental prosopagnosia and as far
(as when he visits the laboratory), he is successful in distin- as we know none have tested for face imagery. Ariel and
guishing them by using such cues as hair color, gender, andSadeh[1] reported a case of congenital visual agnosia and
facial features such as a mustache or location of a mole.prosopagnosia in an 8-year-old child. They tested visual im-
However, as he notes, this process is effortful, “like doing agery for non-face objects only. Their results are consistent
difficult mental arithmetic.” The use of contextual cues to with ours. Indeed, this child who was agnosic since his birth
access distinguishing features can be readily assessed bgould draw and recall shape and color of objects from mem-
his chance performance in a forced-choice celebrity task ory as well as other children. Ariel and Saddh did not
(“Which of these two individuals is famous?”) but his propose an interpretation for this observation which they
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described as puzzling. However, an explanation can be pro- The case of MJH adds evidence supporting associated
posed using the framework described earlier. In this frame- deficits. However, mere association of deficits is not strong
work, both face and object perception start with a Gabor neuropsychological evidence. Indeed, two different systems
jet representation from which a structural description is de- can be damaged at the same time if they are anatomically re-
rived. Face perception would rely more on the stored Gabor lated. So associated deficits in identity and facial expression
representation and object perception on the structural de-processing do not necessarily mean that the two are pro-
scription[7]. As the child described by Ariel and Sadgh cessed by the same system. Moreover, in the case of MJH,
is prosopagnosic we can infer that he may present a per-the deficit for identifying facial expressions seemed not as
ceptual deficit at the level of the activation of a (complete) great as the deficit for identifying faces. There are several
Gabor representation in the latter face representation areaspossible explanations for this dissociation. One is that indi-
such as the FAA. So, object perception may also be impairedviduation requires classification into one of thousands, if not
at the same level (whether or not agnosia can be characteriens of thousands, of classes whereas expression discrimi-
ized as a deficit in simultaneously registering Gabor jets is nation requires less than 15. As a consequence, MJH may
beyond this discussion). Object imagery, presumed to sharehave had an opportunity to store facial expression represen-
the same representations as object perception, would thugations but only a few familiar face representations before
be impaired. However, an opportunity to improve the rep- the lesion occurred. Another explanation is that there may
resentation in memory may exist with repeated encountersbe more stimulus energy supporting expression differences
with the same object, which would explain why object im- than individuation of faces. However, with strict controls of
agery may be relatively well preserved in that child. If Ariel these variables, Mangini and Biedermi@®] showed that
and Sadeljl] had recorded response times they may, how- MJH still shows a markedly greater deficit for individuation
ever, have observed longer imagery latencies for that child than expression or sex discrimination. Finally, the dissocia-
compared to controls. tion may be explained by the existence of two independent
That face and object perception, and thus imagery, may systems, one being less impaired than the other.
use the same type of Gabor representations would also ex-
plain why MJH showed a mild impairment (longer laten- _
cies and higher error rates in some tasks than controls) in14. Conclusions

object imagery tasks, although he is not object agnosic. In- i
deed, damaged Gabor representations used in object per- To conclude, we reported the case of a prosopagnosic who

ception, although not central to object perception, may lead has some imagery for faces that he has difficulty perceiv_ing.
to a slower object imagery. Note that whether faces are 1nese are faces thathe would not have learned prior to his le-
“special” and processed by a specific system or by a more SION- This a priori paradoxical pattern of results Is e>_<p|a|n_ed
general visual system dealing with all types of visual ob- N the context of a new account of prosopagnosia in which
jects (face and non-face) is still under debf26,22] In iny subsets of Gabor jets can b_e represented dur|n.g percep-
the framework developed here, we assume that both facest,'on' We propose that these partial percepts can be improved

and objects share the same first stage of the recognition'™ memory through the error correction afforded through re-
system. peated exposures to the face. This improved memorial rep-

resentation would allow a prosopagnosic patient to visualize
13.5. Recognizing face identity versus recognizing facial —faces encountered after the onset of the lesion.
expressions
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Imagery task (I), No Hair task (NH) and Hair task (H).
Choices made by MJH are indicated by an asterigk (

Stimulus 1 Stimulus 2

Stimulus 3

Whoopie Goldberg Whitney Houston Oprah Winfrey

60 (1) 40 (1)
30 (NH) 70° (NH)
30* (H) 70 (H)
Mel Gibson Michael J. Fox
40 (I 40° (1)
20 (NH) 70 (NH)
10 (H) 80 (H)
Bette Midler Hillary Clinton
86" (1) 14 (1)
30 (NH) 40 (NH)
20 (H) 60 (H)
Goldie Hawn Dolly Parton
20 () 20° ()
10 (NH) 0 (NH)
10 (H) 0 (H)
Jim Carrey Elvis Presley
30 (I) 30° ()
20* (NH) 0 (NH)
20 (H) 10 (H)
Sharon Stone Madonna
80" (I) 0
70 (NH) 10° (NH)
60* (H) 10 (H)
Magic Johnson Bryan Gumbel
44 (1) 28 (1)
80" (NH) 20 (NH)
70 (H) 30 (H)
Sean Connery Billy Cristal
10% (I) 80 ()
10 (NH) 90° (NH)
10* (H) 90 (H)
Roseanne Barr Jane Pauley
o 50* (I)
40 (NH) 50 (NH)
20 (H) 80° (H)
Joe Pesci John Goodman
11 (1) 67 (1)
0 (NH) 90" (NH)
0 (H) 100 (H)
John Travolta Bruce Willis
40* (1) 20 (I
70 (NH) 0" (NH)
50* (H) 0 (H)
Heather Locklear  Jennifer Aniston
11% (I 11 ()
0 (NH) 10 (NH)
0 (H) 30 (H)
Tom Cruise Kelsey Grammer
50 () 50 (1)

o ()

0 (NH)

0 (H)
Pierce Brosnan
20 (I

10 (NH)

10 (H)

Diane Sawyer

0 (I)
30 (NH)
20 (H)

Joan Rivers

60 (1)

90 (NH)

90 (H)

Tim Allen

40 (1)

80 (NH)

70 (H)
Marilyn Monroe
20 (I

20 (NH)

30 (H)

0.J. Simpson
28 (1)

0 (NH)

0 (H)

Burt Reynolds
10 (1)
0 (NH)
0 (H)

Monica Lewinsky
50 (1)
10 (NH)
0 (H)
Richard Nixon
22 ()
10 (NH)
0 (H)

Harrison Ford

40 (I)

30 (NH)

50 (H)

Julia Roberts
78 (I)

90 (NH)

70 (H)

Jack Nicholson

0 (D)
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Appendix A. (Continued

Stimulus 1 Stimulus 2 Stimulus 3
60 (NH) 30 (NH) 16 (NH)
67 (H) 33 (H) 0 (H)
Ronald Reagan Danny Devito Sylvester Stallone
10 (1) 80 (1) 10 (1)
0* (NH) 20 (NH) 80 (NH)
10 (H) 10 (H) 80 (H)
Sandra Bullock Cher Demi Moore
30* () 60 (1) 10 (1)
50 (NH) 30 (NH) 20 (NH)
20 (H) 40 (H) 40 (H)
Donal Trump David Letterman Robin Williams
20 () 50 (1) 30 ()
50 (NH) 30° (NH) 20 (NH)
50 (H) 30 (H) 20 (H)
Leonardo DiCaprio Robert Redford  Rod Stewart
50 (1) 10 (1) 40 (I
70 (NH) 0 (NH) 30 (NH)
50 (H) 0 (H) 50 (H)
Kim Bassinger Barbara Streisand Pamela Anderson
10 () 70 (1) 20 (I
0 (NH) 80 (NH) 20 (NH)
0 (H) 80 (H) 20° (H)
Bill Clinton Clint Eastwood Tom Brokaw
38* (1) 62 (1) o
50 (NH) 50 (NH) 0 (NH)
60" (H) 40 (H) 0 (H)
George W. Bush Richard Gere Jay Leno
20 () 30 () 50 (1)
0 (NH) 50 (NH) 50 (NH)
0* (H) 50 (H) 50 (H)

List of questions used in Experiment 2 with the propor-
tion of each answer made by the control participants in the
Imagery task (l) and the Perceptual task (P). Choices made

by MJH are indicated by an asterisk)(

Imagery Perception
Y N Y N
Jay Leno
Is his hair gray? 100 0 1000 O
Are his eyes hig? 40 60 10¢ 90
Is his chin protruding? 100 0 1000 O
Does he have sideburns? 6040 100 90
Is his nose short and straight? 20 *8030* 70
Does he have thick eyebrows? *8020 90 10
Marilyn Monroe
Is her hair dark? 0 100 0 100
Does she have full lips? 90 10 100 O
Does she have a mole? 00 0 1000 O
Are her eyebrows thick? 20 80 O0* 100
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Appendix A. (Continued Appendix A. (Continued
Imagery  Perception Imagery  Perception
Y N Y N Y N Y N
Is her chin square? 20 8020 8O Is his hair dark? 100 0 1000 O
Is her hair blond? 100 0 100 O Does he have a pointy chin? 30 *70 0 100
Clint Eastwood Are his eyebrows bushy? 2060 20 80
. . Is his nose pointy? 60 40 30 7O
Are his eyes big? 20 80 0 100 LT :
IS his nose pointy? 90  10100° 0 Is there a part in his hair? 90 10 100 O
Is his hair blond? 0 100 O 100 Robert Redford
Does he have thin lips? 90 10100¢ O Is his hair blond? 80 20 100 O
Does he have a pointy chin? 8020 30 70 Is his chin square? 80 20 10060 O
Does he have a wide mouth?  *5050 20* 80 Do his ears stick out? 20 8010 9O
Are his eyebrows bushy? 50 %0 0 100
WOOdY Allen . Does he have sideburns? 40 *6050 50
Is his nose big? % 10 100 0 Is his hair dark? 0 100 0 100
Is his hair blond? 10 90 0" 100
Are his eyebrows bushy? 5050 20 80 J.F. Kennedy
Is there a part in his hair? 70 30 40° 60 Does he have a large forehead? 80 *2@0 80
Is there a dimple in his nose? 20 8020 80 Is his chin protruding? 20 80 40 60
Does he have glasses? *9010 100 O Is there a part in his hair? 90 10 100 O
Goldie Hawn Is his face round? 70 30 80 20
Is his hair dark? 50 50 60° 40
Is her hair blond? 100 0 1000 O : i *
Does she have a wide mouth? 90 *1000° O Is his nose short and straight? *6040 60 40
Does she have glasses? 0 1000 100 Elvis Presley
Is her chin square? 0 10040 60 Is his hair dark? 100 0 100 O
Does she have big eyes? *9010 706 30 Does he have thin lips? 20 8060 40
Is her nose big? 0 160 0 100 Is his chin protruding? 80 20100 O
Richard Nixon Does he have sideburns? 00 0 1000 O
Is his chin protruding? 60 40 20 8O :Dso;;z EZiP Z\r/:ygrmpy eyes? 060 1004048 135

Is there a dimple in his nose? 40 *6050 50

2 *
Does he have a large forehead? *8®0 90" 10 List of questions used in Experiment 3 with the propor-

i . "
Sohfish:grglgggk out? 600 igo 9% 13% tion of each answer made by the control participants in the
Does he have sideburns? 4060 10 90 Imagery task (I) and the Perceptual task (P). Choices made

by MJH are indicated by an asterisi) (

Sylvester Stallone

Does he have droopy eyes? *9010 100 O Imagery ~ Perception
Is his hair dark? 100 0 90° 10 Y N Y N
Is his nose pointy? 30 70 40 60
Does he have a wide mouth?  *3070 10° 90 Sadness
Is his chin square? 80 20 1060 O Are the corners of the lips 90* 10 90 10
Is there a part in his hair? 10 90 60 40 turned down?
Julia Robert Are the lips opened? 30 7010 9O
ullah overts e 90 10 100 3 Is the nose wrinkled? 10 9030 70O
S Nernose pointy: Are the corners of the eye$00* 0 100 o
Does she have a mole? 10 *90 0 100 t dd o
Are her eyebrows bushy? 0 00 0 100 urhed down -
i : Are the eyebrows drawn 20 80 100 6]
Does she have big eyes? *9010 100 O together?
Does she have a wide mouth? 90 *1000* O A ot%e er: inted? 10 9060 40
Is her face round? 10 90 10 9O re the eyes squinted:
Disgust
Ronald Reagan Is the nose wrinkled? 80 20 100 O

Does he have full lips? 30 70 0 100 Are the eyes opened wide? 2080 10 90
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Appendix A. (Continued [2] Arnaud M (Producer), Morel D. (Director). La Fin des Secrets.

Program aired on ARTE television channel (France and Germany),

Imagery  Perception

Y N Y

N
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