
Author's personal copy

Research report

Acquired prosopagnosia abolishes the face inversion effect
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a b s t r a c t

Individual faces are notoriously difficult to recognize when they are presented upside-

down. Since acquired prosopagnosia (AP) has been associated with an impairment of

expert face processes, a reduced or abolished face inversion effect (FIE) is expected in AP.

However, previous studies have incongruently reported apparent normal effects of inver-

sion, a decreased or abolished FIE, but also a surprisingly better performance for inverted

faces for some patients. While these discrepant observations may be due to the variability

of high-level processes impaired, a careful look at the literature rather suggests that the

pattern of FIE in prosopagnosia has been obscured by a selection of patients with associ-

ated low-level defects and general visual recognition impairments, as well as trade-offs

between accuracy and correct RT measures. Here we conducted an extensive investigation

of upright and inverted face processing in a well-characterized case of face-selective AP, PS

(Rossion et al., 2003). In 4 individual face discrimination experiments, PS did not present

any inversion effect at all, taking into account all dependent measures of performance.

However, she showed a small inversion cost for individualizing members of a category of

non-face objects (cars), just like normal observers. A fifth experiment with personally

familiar faces to recognize confirmed the lack of inversion effect for PS. Following the

present report and a survey of the literature, we conclude that the FIE is generally absent,

or at least clearly reduced following AP. We also suggest that the paradoxical superior

performance for inverted faces observed in rare cases may be due to additional upper

visual field defects rather than to high-level competing visual processes. These observa-

tions are entirely compatible with the view that AP is associated with a disruption of

a process that is also abolished following inversion: the holistic representation of indi-

vidual exemplars of the face class.

ª 2009 Elsevier Srl. All rights reserved.

1. Introduction

Individual faces are notoriously difficult to discriminate and

recognize when they are presented upside-down (e.g.,

>Hochberg and Galper, 1967; Yin, 1969). This phenomenon has

been known for decades and has generated tens or perhaps

hundreds of studies in cognitive (neuro)science comparing

behavioral performance and/or neural responses to upright

and inverted face stimuli. While researchers still debate the

cause(s) of this face inversion effect (FIE), most if not all

authors in the field would acknowledge that inversion

disrupts fundamental processes underlying our expertise at
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processing faces. Understanding the nature of the FIE is thus

a major challenge for researchers in this field (Rossion, 2008).

Another potential way to understand the nature of face

processes through their disruption is by studying the behavior

of brain-damaged patients who can no longer recognize

individual faces, i.e., acquired prosopagnosia (AP). Proso-

pagnosia is classically defined as the inability to recognize

individual faces following brain damage, an impairment

which cannot be attributed to intellectual deficiencies or low-

level visual problems (Quaglino and Borelli, 1867; Bodamer,

1947; Rondot and Tzavaras, 1969). The nature of the face

processing impairment in prosopagnosia has also been

debated in the literature for decades (e.g., Rondot and Tza-

varas, 1969; Damasio et al., 1982; Sergent and Signoret, 1992).

While some authors have emphasized the variety of func-

tional deficits among patients (Sergent and Signoret, 1992;

Schweich and Bruyer, 1993), there are striking similarities

among many cases of prosopagnosia, even when the locali-

zation of their brain lesions differs greatly. In many reports,

AP has been associated with a deficit in holistic/configural

face processing, i.e., a defect at integrating simultaneously the

multiple features of a face into a single global perceptual

representation (e.g., Galli, 1964; Levine and Calvanio, 1989;

Sergent and Villemure, 1989; Sergent and Signoret, 1992;

Saumier et al., 2001; Boutsen and Humphreys, 2002). More

recently, it has also been found that prosopagnosic patients

have particular difficulties at extracting diagnostic informa-

tion from the eyes (Caldara et al., 2005; Bukach et al., 2006),

a region of the face that is made of multiple elements, or at

perceiving relative distances between features (Barton et al.,

2002). These two aspects of prosopagnosiamay also be related

to a loss of holistic face processing (Rossion, 2008).

How do AP patients process upright and inverted faces?

In principle, clarifying this relationship between proso-

pagnosia and inversion is potentially important because it

could shed light on both the nature of face inversion and

prosopagnosia, in particular reinforcing or questioning the

view that the (in)ability to process individual faces holistically

is at the heart of the AP syndrome.

If the outcome of brain damage on putative expert face

processes is as detrimental as inverting the face stimulus for

normal observers, so to speak, one would expect that AP

patients do not show a normal FIE: it should be seriously

reduced or even abolished. However, even when considering

only the experiments performed with whole upright and

inverted faces in individual discrimination/recognition tasks,

four different outcomes have been observed: (1) an absence of

inversion cost in several cases (McNeil and Warrington, 1991,

case 2 in accuracy and RTs; Boutsen and Humphreys, 2002,

patient HJA in accuracy; Delvenne et al., 2004, patient NS in

accuracy and RTs); (2) a reduced FIE in two cases tested with

manipulations of local and relational cues for individualizing

faces (Barton et al., 2003, patient TS in accuracy; Bukach

et al., 2006, patient LR in accuracy); (3) a normal effect in one

patient (Anaki et al., 2007, patient DBO in accuracy and RTs);

and (4) a reverted inversion effect, namely a better performance

for inverted faces in some cases (Farah et al., 1995a, 1995b; de

Gelder and Rouw, 2000a, 2000b, patient LH in accuracy and

RTs; de Gelder et al., 1998, patient AD in accuracy). In addi-

tion, there are ambiguous cases (e.g., Riddoch et al., 2008,

patient FB, reverted trend in RTs for same responses, but

normal effect with different responses) and inconsistencies

in the results reported for the same patients in the literature.

For example, the (prosop)agnosic patients CR, SM and RN

were tested in several studies (Gauthier et al., 1999; Marotta

et al., 2002; Behrmann et al., 2005). Gauthier et al. (1999)

reported large inversion effects in both accuracy and RTs for

CR and SM. In another study (Marotta et al., 2002), CR still

performed better with upright faces, but was significantly

faster for inverted faces, contrary to controls, suggesting

a speed-accuracy trade-off. In that study, the patient RN did

not show any effect in accuracy but a normal inversion effect

in RTs (Marotta et al., 2002). However, most recently, all three

patients, considered as a group, were reported as performing

slightly better and faster with inverted faces (Behrmann

et al., 2005).

Thus, overall, the outcome of inversion on individual face

processing in AP remains unclear. One way to account for the

variability across patients is by acknowledging the great

variability in terms of functional impairments of AP, following

different lesion localization(s) and aetiologies, as well as

putative compensatory strategies (Sergent and Signoret, 1992;

Schweich and Bruyer, 1993). However, when considering the

literature on face inversion and prosopagnosia attentively,

one cannot help noting a number of methodological issues in

patient selection, tasks performed, variables measured and

analyzed, as well as possible overinterpretations of some

observations. As a result, the variety of outcomes reported

about inversion effects in prosopagnosia may equally well

have been created by the different kinds of experiments per-

formed rather than reflecting a true functional variability in

terms of face processes. This argument is supported by several

observations. First, as noted above, there are inconsistencies

in the results reported for the same patients in the literature

(e.g., Gauthier et al., 1999; Marotta et al., 2002; Behrmann et al.,

2005). These opposite patterns across studies, observed during

individual face matching tasks in the same brain-damaged

patients, cast doubts on the conclusions that can be drawn

from these studies at least regarding the FIE in prosopagnosia.

It is worth noting also that these cases were close to chance

level with upright faces in several experiments, making diffi-

cult to draw clear conclusions. Second, many studies do not

measure or report correct RTs during individual face pro-

cessing tasks (e.g., de Gelder et al., 1998; de Gelder and Rouw,

2000a, 2000b; Boutsen and Humphreys, 2002). Yet, it is known

that when having to match/discriminate individual faces,

prosopagnosic patients can achieve reasonably high scores by

using unnatural (i.e., analytical) strategies (Davidoff and

Landis, 1990; Farah, 1990), which may be revealed by abnor-

mally long RTs. Moreover, correct RTs are a highly sensitive

measure of the effects of face inversion in normal observers

(see Rossion, 2008). Most importantly, when RTs aremeasured

in studies of face inversion in prosopagnosia, they are rarely

considered with respect to accuracy to rule out potential

speed-accuracy trade-offs effects (e.g., Marotta et al., 2002), or

combined with accuracy to obtain a global face inversion

index. Third, most studies do not compare the processing of

upright and inverted faces to non-face objects presented at

the two orientations (McNeil and Warrington, 1991; Farah

et al., 1995a, 1995b; Marotta et al., 2002; Delvenne et al., 2004;
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Behrmann et al., 2005; Anaki et al., 2007). However, it may be

important to monitor for general effects of picture inversion,

which may not be directly related to the ability to process

faces. For instance, LH, the only patient who clearly presents

a better performance for inverted than upright faces both in

accuracy and RTs (Farah et al., 1995a, 1995b), shows the exact

same pattern for pictures of non-face objects (shoes; de Gelder

and Rouw, 2000a). Strangely enough, these non-face objects

do not even lead to inversion costs for normal observers (de

Gelder et al., 1998). This suggests that LH’s relative inversion

superiority in processing inverted items may be due to

a general visual impairment rather than face processes per se

(e.g., his massive upper visual field defects, see Levine and

Calvanio, 1989). Fourth, tasks and stimuli used differ greatly

across studies: same/different (AX) discrimination or 2-alter-

native forced choice paradigms (ABX), with simultaneous

presentations of all items or delayed presentations (AX; ABX),

etc. During same/different (AX) discrimination tasks,

response biases can arise (e.g., the patient responding

systematically that the faces are identical), making impossible

to interpret the results on ‘‘different’’ trials (e.g., Gauthier

et al., 1999; Boutsen and Humphreys, 2002). Moreover, large

variations in presentations times have been used during

delayed matching tasks [from 400 msec (Anaki et al., 2007) to

10 sec (Farah et al., 1995a, 1995b)]. Fifth, another major factor

limiting the interpretation of the outcome of previous exper-

iments is that all the patients tested with upright and inverted

faces so far present clear general visual recognition problems,

in particular with objects (excepted FB, Riddoch et al., 2008)

besides their face recognition impairments, preventing to

assess clearly the relative inversion costs for faces and non-

face objects. Finally, as noted above, these patients present

important low-level visual defects (McNeil and Warrington,

1991; Farah et al., 1995a, 1995b; Boutsen andHumphreys, 2002;

Delvenne et al., 2004; Anaki et al., 2007), as often found in

cases of prosopagnosia following brain damage.

Given all these reasons, we aimed at reinvestigating the

question of how AP patients process upright and inverted

faces, in order to shed light on both the nature of the FIE and

AP. We took advantage of the opportunity to test extensively

a well-described case of AP with no object recognition

impairment, and largely preserved low-level visual abilities

(PS, Rossion et al., 2003). The patient was tested in 5 different

behavioral experiments with upright and inverted faces and

her results were contrasted with a carefully selected pop-

ulation of age-matched controls for each experiment.We used

different stimuli and paradigms, avoided response biases

(2-alternative forced choice matching tasks), measured both

accuracy rates and correct response times to assess speed-

accuracy trade-offs and display global indexes of inversion

costs, and compared the effect of inversion to another cate-

gory of mono-oriented stimuli (Experiments 3 and 4). Finally,

given that the patient is in daily contact with a large set of

homogenous faces (children of a kindergarten), we also had

the opportunity to assess for the first time the FIE in proso-

pagnosia during familiar face recognition. Over all experi-

ments, the results were highly consistent, showing an

absence of face inversion cost for the prosopagnosic patient

PS. There was no hint of inversion superiority. We discuss

these observations in the context of previous case studies and

the nature of the FIE, arguing that a significant reduction of

the FIE in prosopagnosia is not only the most observable

pattern following a careful look at the literature, but it is also

the most plausible, from a theoretical point of view.

2. Participants

2.1. PS

The prosopagnosic patient PS’ behavioral and neural profiles

have been described in details in several previous studies (e.g.,

Rossion et al., 2003; Caldara et al., 2005; Sorger et al., 2007).

Briefly, PS was born in 1950 and sustained a closed head injury

in 1992 that left her with extensive lesions of the left mid-

ventral (mainly fusiform gyrus) and the right inferior lateral

occipital cortex [see (Sorger et al., 2007) for all information

about the patient’s lesions]. PS’ only continuing complaint is

a profound difficulty in recognizing familiar faces, including

those of her family when they are presented out of context

[see Table 1 in (Rossion et al., 2003) for the neuropsychological

profile of the patient]. This impairment in face recognition and

individual face discrimination has been formally established

in several behavioral studies with classical neuro-

psychological tests (Benton Face Recognition Test, Benton

et al., 1983; Warrington Recognition Memory Test, Warring-

ton, 1984) as well as individual face matching and recognition

computer tasks (see Rossion et al., 2003; Caldara et al., 2005;

Schiltz et al., 2006; Orban de Xivry et al., 2008). Importantly, PS

does not present any difficulty in recognizing and discrimi-

nating non-face objects, even at the subordinate level and

when response times are considered (Rossion et al., 2003;

Schiltz et al., 2006). Her visual field is almost full (small left

paracentral scotoma, see Sorger et al., 2007), her visual acuity

is below normal but good (.8 for both eyes as tested in August

2003) and her color perception is in the normal lower range

(see Sorger et al., 2007).

2.2. Control participants

Healthy control participants tested in this study were age-

matched with PS. None of them had a history of neurological

or vascular disease, head injury or alcohol abuse, nor did they

display cognitive complaints. All of them signed a consent

form explaining the general goal of the experiment. The

number of control participants and their age differ slightly

across the experiments and are consequently referenced in

the methods of each experiment.

3. Experiments

PS and the control participants were administered with a set

of 5 experiments. Apart for the first experiment, the stimuli

were presented using E-prime 1.1 (Schneider et al., 2002) on

a 15in laptop display, with participants being located

approximately 40 cm from the screen. Participants were

generally asked to provide a binary response using the

keyboard of the laptop computer. Percentages of correct

responses and average response times on correct trials were
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analyzed. RTs that were longer than 2 SDs of the mean were

discarded. For intra-subject and intra-group statistical anal-

ysis, we used respectively classical independent sample

t-tests and paired sample t-tests. These analyses were con-

ducted by Statistical Package for the Social Sciences 14.0 (SPSS

14.0) within the framework of one-tailed hypothesis (.05

p value). To compare the results of PS to the control partici-

pants, we used the modified t-test of Crawford and Howell

(1998) for single-case studies. This procedure decreases the

type 1 error as it tests whether a patient’s score is significantly

below controls by providing a point estimate of the abnor-

mality of the score. Here we used a .05 p value within the

framework of a unilateral hypothesis. Consequently, all

scores associated with a p value under .05 were considered as

reflecting an abnormal result. Analyses were conducted with

a computerized version of the Crawford and Howell’smethod:

SINGLIMS.EXE: Point estimate and confidence limits on the abnor-

mality of a test score (Crawford and Garthwaite, 2002).

3.1. Experiment 1: BFRT upright and upside-down

Experiment 1 consists in the administration of the classical

Benton Face Recognition Test (BFRT) (Benton et al., 1983),

presented infra. The reasons why this test was administered

are the following. First, it is a classical test of individual face

discrimination, reported in many cases of AP. Second, it is

highly sensitive at revealing face impairments in such

patients. Benton and colleagues classify the results of this task

in four types of profiles: normal (score between 41 and 54),

borderline (39–40), moderately impaired (37–38) and severely

impaired (<37), chance level being 25/54. Most cases of AP

have severely impaired scores in the BFRT (e.g., SM: 36/54, CR:

36/54, Gauthier et al., 1999; TS: 22/54, Barton et al., 2003; 008:

25/54, 004: 32/54, 005: 35/54, 006: 32/54, Barton et al., 2004).

However, as noted by Benton himself (1980), some patients

can reach close to normal or normal performance at the BFRT

(e.g., Case 2: 40/54, McNeil and Warrington, 1991; CR: 40/54,

Marotta et al., 2002; 007: 39/54, 009: 43/54, Barton et al., 2004;

NS: 40/54, Delvenne et al., 2004; LR: 49/54, Bukach et al., 2006;

DBO: 42/54, Anaki et al., 2007). Yet, when response times are

taken into account, these patients often appear to rely on

a slow analysis of the faces (Case 2: mean RT by trial 82 sec,

McNeil and Warrington, 1991; NS: mean RT by trial 55 sec,

Delvenne et al., 2004; LR: mean RT by trial 55 sec, Bukach et al.,

2006; for information, normal controls perform this test in

5–7 min, or 13–19 sec by trial on average, see e.g., Joubert et al.,

2008). Thus, even though this test has been criticized by some

authors (Duchaine and Weidenfield, 2003), the BFRT appears

to be a highly sensitive test to diagnose prosopagnosia,

providing that both accuracy rates and global RTs are

considered, and acknowledging that the BFRT is not a test of

face memory (see Benton, 1980).

PS performed the BFRT for the first time shortly after her

accident as part of her neuropsychological assessment, and

obtained a dramatic score of 27/54 (Rossion et al., 2003). Here,

PS was administered with the BFRT once again, in the two

orientations, for the goal of the present study. The first test

was one in the upright orientation (23/11/2006), and the

second test in the inverted orientation (12/06/2007). In both

cases, she took more than 30 min to perform the test, while

normal participants performed the test in 6–8 min on average.

3.1.1. Materials and methods

3.1.1.1. CONTROL PARTICIPANTS. Eleven healthy control partici-

pants (8 females) were selected (mean age: 57.55; SD: 7.7).

3.1.1.2. STIMULI. The stimuli used in the experiment consisted

in the original version of the BFRT (Fig. 1). We presented the

test in the original upright orientation and a second time

(one day later for the controls) in the inverted position. The

order for orientation was not counterbalanced because we

wanted control participants to perform the BFRT in the same

order as PS. If anything, presenting the test at inverted

orientation the second time the next day could only have

improved their performance for the inverted relative to

upright orientation, which runs counter to our hypothesis of

finding a strong inversion effect in these participants than

for the patient PS.

3.1.1.3. PROCEDURE. The BFRT is divided into two parts. In the

first part (6 trials), the participant has to match an unknown

face with the same face amongst five distracters. The probe is

exactly the same photograph than the target (same viewpoint,

same lighting). The answer is an oral answer and consists in

a number from 1 to 6 corresponding to the position of the

probe. In the second part (16 trials for the long version), the

participant has to match an unknown face with three other

pictures of this face amongst three distracters. In this section,

either the viewpoint or the direction of the lighting changes,

making the task more difficult. The participant has to provide

orally three numbers that correspond to the position of the

selected probes.

3.1.2. Results

Analyses of average accuracy rates (paired sample t-test)

revealed a massive FIE for the control participants: 84.7% for

upright faces and 69.4% for the inverted orientation (t10¼ 8.94,

p< .001). In contrast, PS obtained a lower score in the upright

condition in comparison to the control participants (72.2%,

t¼ 1.99, p< .05), but she performed in the normal range for the

inverted condition (70.4%, t¼ .12, p¼ .45). Importantly, PS did

not present any difference between the upright and the

inverted orientation (t21¼ .271, p¼ .39) (Fig. 2).

3.1.3. Discussion

PS’ score at the test in the normal orientation (39/54; 72.2%)

reveals a mild impairment compared to the BFRT norms, but

she was extremely slow and impaired relative to the partici-

pants’ average performance in our sample (84.7%, corre-

sponding roughly to 46/54 on average). While, as expected,

participants showed a massive decrease of performance with

inverted faces, PS’ score with inverted faces was virtually

identical as for upright faces, to the point that it did not longer

differ (in terms of accuracy rates) from the normal population

for inverted faces. We also note that her score was clearly

above chance level in the BFRT test, so that her absence of

inversion effect could not be attributed to a floor effect. To our

knowledge, the BFRT was not presented before in the inverted
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orientation to prosopagnosic patients, except by McNeil and

Warrington (1991). Case 2 of their study obtained the same

results in the upright and in the inverted orientation

(respectively 40/54 and 41/54), compatible with the present

observations. The next experiment was aimed at testing this

lack of FIE with face photographs presented in a computer

screen, measuring RTs for each trial.

3.2. Experiment 2: delayed matching of faces upright

and upside-down

3.2.1. Materials and methods

3.2.1.1. CONTROL PARTICIPANTS. Eleven healthy control partici-

pants (9 females) were tested (mean age: 57.45; SD: 7.62).

3.2.1.2. STIMULI. Sixteen color faces (8 females) were used,

with two sets of photographs for each face (target and probe

stimuli were always 2 different full front photographs of the

same person). Each photograph was placed in an oval in order

to remove the external cues (hair, ears, accessories,.) (Fig. 3).

Each photograph was used in upright and inverted orienta-

tion. Stimuli subtended approximately 9.2� in height and 7.1�

in width, on a white background.

3.2.1.3. PROCEDURE. The procedure used was an ABX delayed

matching task. Each trial beganwithawhite screen (1000 msec),

followed by the target (3000 msec), an ISI (2000 msec), and the

Fig. 1 – Examples of stimuli used in the BFRT (Benton et al., 1983).

Fig. 2 – Percentages of correct responses of PS and the

control participants in Experiment 1. The control

participants show a massive FIE, whilst PS does not show

any advantage to process the faces when they are upright.

Bars represent the standard errors.

c o r t e x 4 6 ( 2 0 1 0 ) 9 6 5 – 9 8 1 969
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probe screen (infinite) (Fig. 3). Each new trial was initiated after

the response of the participant. Participants were instructed to

select one of the two faces that was the same as the previously

shown target, by pressing a keyboard key (left or right) corre-

sponding to the locationof the target face.Theywereasked tobe

asaccurateaspossible, andrespondas fastas theycould.The32

photographs were used two times in both orientations. The

experimentwas divided into two blocks of 64 randomized trials

and 7 trialswere presented as examples (not analyzed). In total,

64 trials were used for both orientations. The experiment was

performedtwo timesby thepatientPS toensure reliability of the

findings.

3.2.2. Results

Control participants performed significantly better for upright

than inverted faces (95.3% vs 88.4%, t10¼ 4.52, p< .001).

In comparison to normal controls, PS was impaired both for

upright (78.9%, t¼ 4.33, p< .01) and inverted faces (77.3%,

t¼ 2.67, p< .05). Most importantly, she did not present any

inversion effect (t254¼ .30, p¼ .38) (Fig. 4A).

Control participants showed a strong FIE in RTs (respec-

tively 1562 msec and 1984 msec for upright and inverted faces;

t10¼ 4.43, p< .001). Compared to control participants, PS was

slowed down for upright (3669 msec, t¼ 3.15, p< .01) and

inverted faces (3353 msec, t¼ 2.43, p< .05). Again, she did not

present a FIE (t187¼ .86, p¼ .19) (Fig. 4B).

We also computed an index of inversion effect that

combines the accuracy rates and correct RTs, in order to take

into account possible speed-accuracy trade-offs and to assess

the magnitude of the FIE for PS and each control participant.

First, we computed the inverse efficiency (average response

times of the correct trials divided by accuracy; Townsend and

Ashby, 1983). Next, we calculated the percentage of FIE for

each participant using the following formula: (Inverse effi-

ciency Uprightÿ Inverse efficiency Inverted)/(Inverse effi-

ciency Uprightþ Inverse efficiency Inverted). The results

showed that PS had a significantly lower face inversion index

(ÿ3.51%) in comparison to the control participants (mean:

16.55%; t¼ 2.36, p< .05) (Fig. 4C).

3.2.3. Discussion

Normal observers show a strong FIE both in accuracy and

correct response times. In contrast, PS is impaired at the task

(albeit performing well above chance level), and she does not

show any difference between upright and inverted faces,

neither in accuracy rates nor in correct RTs. This experiment

replicates the finding of Experiment 1 with the BFRT, taking

into account the response times for correct responses. The

only notable difference was that PS’ performance with inver-

ted faces was not equal to the control participants, who were

still better than the patient with inverted faces. This issue will

be addressed in the General discussion section.

In the next experiment, we aimed at strengthening these

results and compare the inversion effect for faces to the

effect for a non-face highly familiar category, namely

Fig. 4 – Results of PS and the control participants in Experiment 2. A. Accuracy rates (%). The control participants show

a massive FIE, whilst PS does not show any advantage for upright faces. B. Average response times on correct trials.

Contrary to the controls, PS is not faster in the upright condition in comparison to the inverted condition. C. Magnitude

of the FIE for each participant. This measure is based on inverse efficiency scores (average response times of the correct

trials divided by accuracy; Townsend and Ashby, 1983). The magnitude of FIE was calculated for each participant using the

following formula: (Inverse efficiency UprightL Inverse efficiency Inverted)/(Inverse efficiency UprightD Inverse efficiency

Inverted). Bars represent the standard errors.

Fig. 3 – Example of trial used in Experiment 2.

c o r t e x 4 6 ( 2 0 1 0 ) 9 6 5 – 9 8 1970



Author's personal copy

pictures of cars. It is known that non-face categories also

elicit inversion costs in matching or recognition tasks, albeit

less strongly than faces (e.g., Yin, 1969; Scapinello and

Yarmey, 1970; Valentine and Bruce, 1986; Leder and Carbon,

2006; Robbins and McKone, 2007). The question here was to

test whether the patient presents a general abnormal inver-

sion effect that extends to other mono-oriented object cate-

gories, or if this peculiar effect is specific to the category of

faces.

3.3. Experiment 3: simultaneous matching of faces and

cars upright and upside-down

3.3.1. Materials and methods

3.3.1.1. CONTROL PARTICIPANTS. Nine healthy control partici-

pants (6 males) were tested (mean age: 61.89; SD: 7.2).

3.3.1.2. STIMULI. One full front and one 3/4 profile grey scaled

photographs of 36 individuals (18 women) and 36 cars were

used. The target picture was always a full front picture, and

the probe a 3/4 profile picture (Fig. 5). Each photograph was

presented in the upright and inverted orientation. The stimuli

subtended approximately 7.1� � 5.7� for the faces and 5� �

7.8� for the cars, on a white background. We used pictures of

cars to compare to faces because cars are a set of mono-

oriented objects, from a highly familiar and visually homog-

enous category, and they have multiple parts, just like faces

(‘‘internal’’: lights, radiator grill, window, bumper; ‘‘external’’:

mirrors, wheels, .). Also, pictures of cars have been used as

control stimuli of faces in numerous studies, including Yin

(1969)’s seminal study of the FIE.

3.3.1.3. PROCEDURE. We used an ABX simultaneous matching

task. Participants had to choose between two 3/4 profile

probes located at the bottom of the screen which one was

the same than the full front target presented at the top of the

screen (Fig. 5). Each trial ended by the response of the

participant and was followed by a 1000 msec ISI. Participants

were instructed to select one of the two faces or cars that was

the same as the previously shown target, by pressing

a keyboard key (left or right) corresponding to the location of

the target face. Each photograph was presented in both

orientations. The experiment was divided into two blocks of

72 randomized trials preceded by 7 practice trials (not

analyzed). In total, 72 trials were used for the two orientations

(36 per condition).

3.3.2. Results

Regarding faces, the control participants presented a strong

FIE in accuracy (upright faces: 93.2%, inverted faces: 67.9%;

t8¼ 8.29, p< .001) and in correct response times (upright faces:

3112 msec, inverted faces: 4986 msec; t8¼ 3.24, p< .01) (Fig. 6A

and B). Compared to normal controls, PS was impaired in the

upright condition (63.9%; t¼ 5.53, p< .001) and she was in the

lower range for response times (5339 msec; t¼ 1.59, p¼ .075).

With inverted faces, her accuracy was in the normal range

(61.1%; t¼ .70, p¼ .252) and she was not significantly slower

than controls (6162 msec; t¼ .39, p¼ .353), due to the fact that

two normal controls were slower than her in this condition

(Fig. 7). She did not present any FIE (accuracy: t70¼ .24, p¼ .41;

RTs: t41¼ 1.09, p¼ .14) (Fig. 6A and B; Fig. 7).

For pictures of cars, control participants did not show

a significant inversion effect in accuracy (upright cars: 95.1%,

inverted cars: 94.1%; t8¼ 1.00, p¼ .174) but they did so in RTs

(upright cars: 2299 msec, inverted cars: 2633 msec; t8¼ 3.08,

p< .01). PS performed extremely well in the upright cars

condition, but not significantly better than controls (97.2%;

t¼ .52, p¼ .310). She also obtained a relatively low score in

accuracy in the inverted cars condition, so that she was

almost below normal range in that condition (88.9%; t¼ 1.68,

p¼ .065). Consequently, she had a car inversion effect that

was almost significant in accuracy (t70¼ 1.39, p¼ .084).

Regarding RTs for cars, PS did not differ from the controls at

any orientation (upright cars: 2355 msec, t¼ .05, p¼ .482;

inverted cars: 2719 msec, t¼ .08, p¼ .471). Hence, she also

Fig. 5 – The 4 different conditions used in Experiment 3 (simultaneous matching). The same stimuli were also used in

Experiment 4 (delayed matching task).
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presented a significant inversion effect in correct RTs for cars

(t61¼ 1.81, p< .05) (Fig. 6A and B).

The indexes of inversion effects for faces and cars based on

the inverse efficiency (cfr supra) indicate that PS is the only

participant who shows a tendency for a larger inversion index

for cars than faces (Fig. 6C). In contrast, every single partici-

pant presents a larger inversion effect for faces than for cars.

Notably, PS’ car inversion index is in the normal (upper) range,

while her face inversion index is clearly abnormal (t¼ 2.17,

p< .05).

3.3.3. Discussion

PS has a response profile that is comparable to the normal

observers when matching pictures of cars across viewpoint

changes. In contrast, she behaves completely differently than

these controls when she has to process faces. This demon-

strates once again the high selectivity of her impairment for

faces, which cannot be attributed to a general difficulty of

visual discrimination, even when having to match exemplars

of a visually homogenous category across viewpoint changes

(Rossion et al., 2003; Schiltz et al., 2006). Regarding the interest

of the present study, PS does not present an effect of inversion

for faces, in line with the two previous experiments reported.

This absence of effect cannot be explained by a general

absence of costs of performance following inversion since, if

anything, she presented a normal inversion effect for photo-

graphs of cars. Thus, these data support the view that the

particularly large FIE observed in normal viewers when indi-

vidualizing faces is not present at all for the acquired proso-

pagnosic patient PS. In the next experiment, we used the exact

same stimuli, this time during a delayed matching task, to

reinforce these observations.

3.4. Experiment 4: delayed matching of faces and cars

upright and upside-down

3.4.1. Materials and methods

3.4.1.1. CONTROL PARTICIPANTS. Twelve healthy control partici-

pants (9 females) were selected (mean age: 58; SD: 7.51).

3.4.1.2. STIMULI AND PROCEDURE. The stimuli were the same as

those in the previous experiment. The procedure was iden-

tical to the previous experiment, but for the delay between

Fig. 6 – Results of PS and control participants in Experiment 3. A. Accuracy rates (%). Controls participants show a strong FIE

but no inversion effect for the category of cars. PS does not show a significant effect neither for cars, nor for faces. B. Average

response times on correct trials. The controls present a significant effect of inversion in both faces and cars conditions. PS

only shows a significant inversion effect for cars. C. Magnitude of the FIE for each participant. In contrast to all of the control

participants, PS is the only participant who presents a larger inversion effect for cars than for faces.

Fig. 7 – Magnitude of the inversion effect in accuracy as

a function of speed for the upright face condition of

Experiment 3. Each control participant is represented by

a grey diamond. While 7 participants were faster than PS,

two control participants were as slow as PS to respond.

Importantly, these normal participants presented an

inversion effect which was as large as the faster controls.

The magnitude of the inversion effect was unrelated to the

speed of the participants at upright orientation (linear

regression analysis: F(1,8)[ .126, p[ .37).
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probe and target items. Each trial began with a white screen

(1000 msec), following by the target (2000 msec), an ISI

(1000 msec), and the probe screen (infinite). Each new trial was

initiated after the response of the participant.

3.4.2. Results

For faces, control participants obtained again a massive

inversion effect in accuracy (upright faces: 89.9%, inverted

faces: 72.9%; t11¼ 9.7, p< .001) and in RTs (upright faces:

1811 msec, inverted faces: 2230 msec; t11¼ 6.93, p< .001).

PS obtained low scores in accuracy in the upright condi-

tion, even though the difference with normal controls was

only marginally significant (73%; t¼ 1.37, p¼ .099). She was

significantly slowed down for upright faces relative to controls

(4193 msec; t¼ 4.44, p< .01). For inverted faces, she obtained

similar results as the control participants in accuracy (75%;

t¼ .19, p¼ .426) but she was also slowed down (4290 msec;

t¼ 3.63, p< .01) (Fig. 8A and B). Again, contrary to normal

controls, PS showed no FIE, neither in accuracy (t67¼ .19,

p¼ .426), nor in response times (t46¼ .19, p¼ .426).

Regarding pictures of cars, the controls showed the exactly

same profile than in the previous experiment: no inversion

effect in accuracy (upright cars: 95.2%, inverted cars: 94.1%;

t11¼ .636, p¼ .269) but a significant inversion effect in correct

response times (upright cars: 1612msec, inverted cars:

1776msec; t11¼ 3.74, p< .01). PS was as accurate as normal

controls for the upright cars condition (92.1%; t¼ .65, p¼ .265)

and for the inverted condition (91.9%; t¼ .41, p¼ .344). Similarly

to the controls, her car inversion effect was not significant

(t73¼ .034, p¼ .487). On the other hand, PS’ response timeswere

significantly longer thanthecontrols inbothconditions (upright

cars: 3317msec, t¼ 2.49, p< .05; inverted cars: 3585msec,

t¼ 2.38, p< .05) but she did not present a significant car inver-

sion effect (t62¼ .66, p¼ .255) (Fig. 8B). Thus, the only difference

between the results of this experiment and the previous one is

that PSwas slowed down at responding for car pictures relative

to controls.

Finally, the indexes of inversion effects calculated for faces

andcarson thebasisof the inverseefficiencyshowthat, as in the

previous experiment, PS obtained a larger (although not signifi-

cant) inversion index for cars than for faces (Fig. 8C). Again, PS is

the only participant to present such a profile, all the controls

showing a disproportionate larger inversion effect for faces than

for cars. As in the previous experiment, PS’ s car inversion index

is in the normal range, while her face inversion index is close to

zero, and thus clearly abnormal (t¼ 3.02, p< .01).

3.4.3. Discussion

Overall, this fourth experiment replicates the conclusions of

the three previous experiments and show that PS presents

a profile that is extremely different from the control partici-

pants concerning face processing only: her FIE is completely

inexistent, and this effect cannot be accounted for by

a general factor related to the orientation of the stimulus.

Here, for pictures of cars, she was as accurate as normal

controls, but she was significantly slower, whether the stimuli

were presented upright or upside-down. Such response delays

were observed for PS previously in some tasks for non-face

objects (Rossion et al., 2003), but contrary to what is found for

faces, they are not consistent and do not appear to be related

to the object category (e.g., pictures of cars were responded as

fast as controls in Experiment 3), the presentation mode

(delayed or simultaneous presentation, see Rossion et al.,

2003; Schiltz et al., 2006), or the change of viewpoint between

Fig. 8 – Results of PS and the control participants in Experiment 4 (delayed matching of faces or cars). A. Accuracy rates (%).

Normal controls show a significant inversion effect for faces but not for cars. PS does not show a significant inversion

effects, neither for faces, nor for cars. B. Average response times on correct trials. Control participants obtained significant

inversion effects for both cars and faces, whilst PS does not show any significant inversion effect. C. Magnitude of the Face

and Car Inversion Effect for each participant. As in Experiment 3, PS obtained a larger inversion effect for cars than for faces,

and she did not differ from normal controls for pictures of cars, but did so for faces.
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target and probe item (which was identical in Experiments 3

and 4). Given this inconsistency and the excellent perfor-

mancewith non-face objects, in contrast to faces, we attribute

these observations to the patient’s being particularly conser-

vative in taking her decision in certain tasks.

In our final experiment, we aimed to replicate our obser-

vations in a familiar face recognition task, with a large set of

personally familiar faces.

3.5. Experiment 5: familiarity judgment with upright

and inverted faces

The patient PS is not only a particularly interesting patient for

her deficit restricted to the category of faces and her pattern of

occipito-temporal lesions sparing the right middle fusiform

gyrus (‘fusiform face area’, ‘FFA’, see Rossion et al., 2003;

Sorger et al., 2007), but also because of her excellent memory

and ability to perform complex tasks for long durations, as

well as her active social and professional life. In this experi-

ment, we took advantage of the fact that, despite her proso-

pagnosia, the patient is still working as a kindergarten

teacher. Over the course of the entire year (3 days per week)

she supervises a group of about 25 children (3–4 years of age),

which changes annually. Even though she reports a few

anecdotes of misidentification, PS deals extremely well with

the situation of having to efficiently discriminate and recog-

nize the individual children (half of the group at a time, either

in the morning or the afternoon) in the limited classroom

environment. To do so, she admits requiring a high degree of

concentration, and claims to rely on multiple cues besides

faces, such as the voice, the gait, the height of the children, the

hair color, etc. Yet, when the set of stimuli is not mixed with

unfamiliar faces, her recognition from static full photographs

of the children is quite good, and still well above chance level

for cropped faces revealing only internal features (Orban de

Xivry et al., 2008). Here we used this opportunity to charac-

terize PS’ inversion effect during a familiarity decision task,

using the set of highly familiar and homogenous faces of her

kindergarten pupils, which is ideal for several reasons. First,

the patient’s degree of familiarity with the faces is both

quantitatively and qualitatively much more important than

with learned photographs of unfamiliar faces or famous faces.

This is because she is repeatedly and extensively exposed to

these children faces in real life, under various viewing condi-

tions. Second, the patient’s amount of exposure and degree of

familiarity is roughly equal with the different faces, which

would not be the case if we used famous face photographs for

instance. Third, the set of faces is quite homogenous, with

children of that age having less or no individual cues that

characterize adults’ faces (e.g., make-up, piercing, spots,

pilosity .) and could influence recognition performance. To

our knowledge, this is the first investigation of personally

familiar face recognition in AP across the two orientations.

3.5.1. Materials and methods

3.5.1.1. CONTROL PARTICIPANTS. To assess the effect of inversion

in the task and with these stimuli, we tested PS’ only two

female colleagues of the kindergarten, C1 (60 years old) and C2

(24 years old). Both of them had no history of neurological or

vascular disease, head injury, alcohol abuse, or cognitive

complaints.

3.5.1.2. STIMULI. The stimuli used in the experiment were a set

a 26 photographs of familiar faces and 26 photographs of

unfamiliar faces. The familiar faces consisted in the pictures

of the 26 children from 3 to 4 years-old belonging to the

classroom of PS. The unfamiliar faces were photographs of

unknown children of the same gender, age and ethnical

origin. The photographs were colored pictures and were

placed in an oval in order to remove the external cues (hair,

ears, accessories, .). Each photograph was used in upright

and inverted orientation. The stimuli subtended approxi-

mately 6.4� in height and 5.7� in width, on awhite background.

3.5.1.3. PROCEDURE. The procedure used here was a familiarity

task. The participants had to decide for each picture if the face

was familiar or not (‘‘a child belonging to the kindergarten’’).

Each trial began with a central black cross (1500 msec),

following by an ISI (250 msec) and the target (infinite). Each

new trial was initiated after the response of the subject. PS

and the two controls were instructed to decide for each

picture presented if the face was familiar (i.e., from the

kindergarten) or not by pressing a corresponding key (right for

familiar, left for unfamiliar). They were asked to be as accu-

rate as possible, and respond as fast as they could. The 26

photographs of familiar and unfamiliar faces were used in

both orientations. The experiment was presented as a single

block of 104 randomized trials. In total, 52 trials were used for

each orientation (26 per condition).

3.5.2. Results

The two control participants (C1 and C2) were very accurate to

judge the familiarity of the children faces in the upright

condition (respectively 94% and 96% of correct responses), but

their scores were much lower in the inverted condition

(respectively 60% and 67%) (Fig. 9A). Consequently, both of

them obtained a very strong FIE, significant at the single-

subject level (C1: t102¼ 4.55, p< .001; C2: t102¼ 4.06, p< .001).

The d’ scores also show a strong advantage for upright faces

(C1: 3.75 for upright faces, .97 for inverted faces; C2: 3.19 for

upright faces, .49 for inverted faces). This FIE was confirmed in

the analysis of correct response times: C1 and C2 were

significantly faster in the upright condition (C1: t73¼ 1.81,

p< .05; C2: t78¼ 2.34, p< .05) (Fig. 9B).

PS obtained very low scores on accuracy both for the

upright condition and the inverted condition (respectively 60%

and 52%; no significant inversion effect, t102¼ .78, p¼ .218). She

detected more familiar faces in the upright than in the inver-

ted orientation (11/26 vs 4/26), but she also presented more

false alarms in the upright condition (6/26 vs 3/26), leading to

very low d’ scores (d’ of .54 and .18, respectively). Similarly, in

correct response times PS did not show any difference

between upright and inverted faces (t54¼ .68, p¼ .249).

3.5.3. Discussion

During familiarity decisions on personally familiar faces, we

found highly significant effects of face inversion at the single-

subject level (about 30% decrease of performance). In contrast,

PS did not show an advantage at recognizing faces of the
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children she is used to see every day when they were pre-

sented in the classical upright orientation as compared to

when the pictures were inverted. Overall, one is struck by the

particularly low performance of the patient PS, both with

upright and inverted faces, as compared to the previous

4 experiments. However, this is not particularly surprising:

even with unlimited presentation duration, this task in which

familiar and unfamiliar faces are mixed is extremely difficult

for a prosopagnosic patient. Rather than comparing two

unfamiliar presented faces in detail, PS has to compare the

displayed picture with a series of mnesic representations of

faces (to decide whether the depicted face is familiar or not).

She is faced with a very complex problem, closer to her real

life difficulties, and fully revealing the extent of her proso-

pagnosia. The major point and interest of this experiment

here is that while this task leads to huge inversion effects in

single normal subjects, there was no such effect at all for the

patient PS: she was neither able to take advantage of the

normal orientation of the faces, nor did she perform better

with inverted faces.

4. General discussion

The objective of this study was to clarify how AP affects the

processing of upright and inverted faces, in order to shed light

both on the nature of the prosopagnosic impairment and the

FIE. For the first time to our knowledge, this question was

investigated here in depth with a case of AP who is not

impaired at object recognition and discrimination of indi-

vidual exemplars of non-face object categories (Rossion et al.,

2003; Schiltz et al., 2006), a fact that was also supported in the

present study (Experiments 3 and 4). Most importantly, the

strengths of the present study also lie in the consistency of

observations made in 5 different experiments, varying the

stimuli and the presentation conditions (delayed or simulta-

neous matching, with or without change of viewing condi-

tions), ruling out general effects of orientation, and taking into

account both accuracy and response times to consider any

possible speed-accuracy trade-off and obtain a globalmeasure

of the FIE for each individual participant. PS’ performance

with upright and inverted faces was also compared to care-

fully selected normal controls. For these reasons, we would

like to argue that the present report is, to the best of our

knowledge, the most complete and systematic investigation

of the FIE in AP to date. From the first to the last experiment,

PS did not show any advantage at processing upright as

compared to inverted faces. She never presented significant

FIEs, neither on accuracy, nor on response times, whilst the

control participants showed very strong effects in all experi-

ments. Even though shewas, obviously, not as accurate and as

fast as normal participants for upright faces, PS also per-

formed well above chance level in these experiments, ruling

out a lack of FIE being due to floor effects. Moreover,

comparing the category of faces to another category of mono-

oriented stimuli, PS was the only participant who presented

a smaller effect for faces. Finally, also for the first time in the

literature, these results were found in a recognition task with

highly familiar faces, for which extremely large effects of

inversion can be found in single observers (Experiment 5).

With respect to the data of the present study, two relatively

small issues are worth mentioning here. First, we note that

when the faces were presented upside-down, the normal

controls still performed slightly better than the patient PS in

some but not all experiments. Thiswas the case in Experiment

2 (accuracy rates and RTs), Experiment 4 (RTs) and for the

familiarity decision task in Experiment 5 (accuracy and RTs).

However, this was not the case in Experiments 1 and 3. Thus,

our data cannot lead us to conclude that PS’ processing of an

inverted face is perfectly normal. These observations may

suggest that expert (holistic) face processes are not completely

abolished by inversion (Murray, 2004; Rossion and Boremanse,

2008). Alternatively, we cannot exclude that there may be

some additional general factors worsening the impaired face

processing of the prosopagnosic patient PS, making her

performance with inverted faces slightly below normal range

(e.g., lower normal range for color perception, small para-

central left scotoma, visual acuity slightly below normal

range, see Sorger et al., 2007). Importantly, these factors were

at play for faces (and cars) presented at both orientations, and

cannot account for themain findings of the present study: the

lack of inversion effect for the patient PS.

Second, onemaywonder if the patient’s lack of FIE could be

due to her slowing down at processing faces in general. Of

course, since it reflects a lack of expert face processing, the

slowing down of the patient at matching or recognizing faces

at upright orientation somehow has to be related to the

absence of inversion effect: she has to rely on unusual strat-

egies to individualize faces, these are costly in time, and they

do not appear to be affected by inversion. However, it is not

the slowing down per sewhich accounts for the absence of FIE

in this patient, at least for two reasons. First, themagnitude of

Fig. 9 – Results of PS and the control participants in Experiment 5 (familiarity decision). A. Accuracy rates (%). C1 and C2

show a strong FIE, whilst PS does not show any effect. B. Average response times on correct trials. C1 and C2 also present,

contrary to PS, a significant FIE in response times.
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the FIE was unrelated to the speed of normal participants in

these experiments. In fact, some control participants were

also particularly slow, but showed a large inversion effect. For

instance, in Experiment 3, the control participant C1 was even

slower than PS at upright orientation (5534 msec vs

5339 msec). However, while this control participant tookmore

than twice that time to do the same task with inverted faces

(11254 msec), PS showed only a small, non-significant,

increase of response times (6162 msec). In general, the

magnitude of the inversion effect as computed in accuracy

rates or correct RTs was unrelated to the speed of the partic-

ipants at upright orientation, as we illustrated in Experiment 3

(Fig. 7). Second, there is evidence for clear inversion effects in

memory for faces (old/new discrimination tasks) or face

matching tasks in normal children (e.g., Mondloch et al., 2002)

for instance, despite the fact that children are notoriously

much slower than adults, and do not perform at ceiling in

these tasks (see Crookes and McKone, 2009).

Overall, these observations lead to the conclusion that the

inversion effect is abnormal for the prosopagnosic patient PS,

being in fact completely cancelled out: the patient is no longer

better and/or faster at individualizing upright than inverted

faces. However, and importantly, we would like to stress out

that, across our five experiments, there was no evidence

whatsoever that PS performed better with inverted than

upright faces. As indicated in the introduction, such a reversal

of the inversion effect has been previously observed clearly in

only two cases of AP [LH (Farah et al., 1995a, 1995b; de Gelder

and Rouw, 2000a) and AD (de Gelder et al., 1998)]. While this

idea that prosopagnosic patients perform generally better

with inverted faces remains quite influential in the field, this

view is in fact not supported by the bulk of the evidence.

Precisely, before discussing the theoretical implications of the

present findings, how do they compare with the existing

literature on AP and face inversion?

4.1. The absence of FIE in prosopagnosia

As indicated in the introduction, several prosopagnosic

patients generally tested in a single experiment showed an

absence of inversion effect (one case in McNeil and Warring-

ton, 1991; Boutsen and Humphreys, 2002; Delvenne et al.,

2004), compatible with the present findings. Also mentioned

in the introduction, several other cases present an ambiguous

pattern of results with respect to processing upright and

inverted faces: the patients CR, SM and RN, reported in several

studies (Gauthier et al., 1999; Marotta et al., 2002; Behrmann

et al., 2005). However, considering these 3 latter studies alto-

gether and both accuracy rates and correct RTs, it is clear that

these 3 prosopagnosic patients do not present a normal FIE,

and one would rather conclude that their FIE is strongly

reduced or even abolished compared to normal observers.

A reduced inversion effect was also observed for a recently

described case of prosopagnosia with no object recognition

impairment, albeit in a complex whole versus part matching

task (Riddoch et al., 2008). All these reports indicate an

absence of FIE in prosopagnosia and are compatible with the

present observations, even though the data of these previous

studies were usually obtained in a single experiment, and

without a full and systematic investigation of upright and

inverted face processing as carried out in the present study.

To our knowledge, only two cases of prosopagnosia have

been reported in the literature with a significant advantage at

processing upright as compared to inverted faces. In the first

report (Bukach et al., 2006), the patient LR showed a normal

inversion effect when the mouth was diagnostic for discrim-

inating faces, but it was reduced or abolished when faces

differed at the level of the eyes. Thus, his overall FIE was

weaker than in normal controls, albeit not fully abolished.

This observation is in agreement with an abnormally reduced

FIE in prosopagnosia, but would deserve further investigation.

In contrast, the recently described patient DBO showed

a completely normal inversion effect, both in accuracy rates

and RTs during individual face discrimination (Anaki et al.,

2007). However, this patient had unilateral damage to the left

occipito-temporal cortex and presented a rather unusual

neuropsychological profile compared to other cases of proso-

pagnosia. Strictly speaking, he was defined as a case of AP

because of his impairment in famous face recognition.

However, he was impaired at identifying all kinds of familiar

nonface items presented visually, on top of his inability to

recognize visually presented words. He also presented great

difficulties at associating semantically related objects, and

general (visual and verbal) memory impairments. Hence, he

should rather be referred to as a case of general semantic

agnosia (Riddoch and Humphreys, 1987) rather than proso-

pagnosia. Importantly, contrary to all cases of prosopagnosia

referred to above, this patient was perfectly able to match

(upright) faces, at normal speed. In the same vein, a normal

inversion effect can be observed in patients who are unable to

identify faces and objects following right anterior fronto-

temporal dementia with predominant– but not exclusive–

symptoms in the visual modality, but who have normal

unfamiliar upright face matching (Busigny et al., 2009). This

indicates that patients with general semantic memory

impairments prevalent in the visualmodalitymay not present

the reduced/abolished inversion effect which characterizes

classical acquired prosopagnosic patients. This pattern would

be observed only if matching of unfamiliar upright faces is at

least below normal range in accuracy and/or speed, as in the

vast majority of cases.

In summary, the present observations and an overview of

the literature indicate that prosopagnosic patients who are

impaired at matching upright individual faces do not show

a further decrease of performance when faces are inverted, or

at least to a lesser extent than normal observers. Importantly,

we showed here with the experiments carried out on PS that

this abnormal FIE is not due to chance level performance for

upright faces or floor effects, that it is specific to faces,

concerns both accuracy rates and correct RTs, and is observed

for both unfamiliar and familiar faces.

4.2. FIE and prosopagnosia: loss of holistic processing

Why is the FIE reduced or abolished following prosopagnosia,

and what does this tell us about the nature of the face

impairment of these patients? Behavioral, electrophysiolog-

ical and neuroimaging studies indicate that the locus of the

FIE is at perceptual encoding (Farah et al., 1998; Freire et al.,
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2000; Jacques et al., 2007; Jacques and Rossion, 2007; Mazard

et al., 2006; Yovel and Kanwisher, 2005), which is in line with

the fact that all prosopagnosic patients present impairments

at perceptual face processes (Farah, 1990; Davidoff and Landis,

1990; Delvenne et al., 2004). While the nature of the diagnostic

cues for individualizing faces that are more or less affected by

face inversion is still a matter of debate (e.g., shape vs texture,

Russell et al., 2007; mouth vs eyes, Barton et al., 2001; relative

distances between features vs local details, Freire et al., 2000;

vertical vs horizontal distances between features, Goffaux and

Rossion, 2007; Sekunova and Barton, 2008), most authors

agree that a primary cause of the FIE is the loss of the ability to

perceive a face holistically (Farah et al., 1995b; Rossion, 2008).

That is, inversion prevents the ability of the face processing

system to integrate simultaneously the multiple features of a face

into a unified perceptual representation. This view is supported by

evidence that the interdependence among facial features for

upright faces is strongly affected by inversion (Sergent, 1984;

Tanaka and Farah, 1993; Tanaka and Sengco, 1997; Young

et al., 1987; Rossion and Boremanse, 2008).

Consequently, the absence of FIE following prosopagnosia

does not only reinforce the view that these patients do not

process faces holistically: it strongly suggests that this

problem is at the heart of their face processing impairment. As

indicated briefly in the introduction, there is wide evidence in

the literature that brain-damaged prosopagnosic patients

suffer from an inability to perceive faces holistically, a rather

old proposal inspired by the Gestaltist view of perception

(Galli, 1964). For instance, Levine and Calvanio (1989) defined

the prosopagnosic patient LH as being unable to ‘‘get an over-

view of an item as a whole in a single glance’’. Rather, LH was

described as using a sequential visuospatial processing,

attending to single features. Similarly, Sergent and Signoret

(1992) described one of their prosopagnosic patient as unable

‘‘to process the internal facial features and their relationships, which

precluded a reliable extraction of the physiognomic invariants’’.

Saumier et al. (2001) also interpret the deficit of their proso-

pagnosic patient as the ‘‘incapacity to process multiple face part

information into integrated visual wholes’’ (see also Boutsen and

Humphreys, 2002). In all these cases, the patients were tested

with various paradigms measuring the integration between

facial features, and showed abnormal patterns of perfor-

mance. In line with these observations, we have collected

independent evidence of the patient PS, showing that she has

also lost her ability to process faces holistically: she presents

no composite and whole-part face effects and has to focus

exactly on each feature (mouth, right or left eyeball) when

identifying a face (Orban de Xivry et al., 2008) rather than

fixating the uppermiddle part of the face, as normal observers

do (Hsiao and Cottrell, 2008).

Taken altogether, these observations suggest that AP is

generally characterized by an inability to process individual

faces holistically, leading to a loss of the advantage at pro-

cessing the face when it is presented in its normal upright

orientation. When the face is presented upside-down, normal

observers cannot rely on holistic processes anymore, resort-

ing to an analytical approach that is costly in time and leads to

inaccurate responses (e.g., Sergent, 1984; Tanaka and Farah,

1993). However, this manipulation does not affect further

a brain-damaged patient who is already unable to process an

upright face holistically. Thus, the lack of FIE in AP is an

important observation because it indicates that the expert

faces processes that are damaged following brain lesions

causing prosopagnosia are specific to the upright face orien-

tation and that the deficit of these patients lies primarily in the

inability to process the individual face as a holistic

representation.

4.3. Generalization of face inversion impairments and

the issue of developmental prosopagnosia

The present observations are largely in agreement with the

literature, and indicate that acquired prosopagnosic patients

generally show an absence of inversion costs when having to

individualize faces. However, importantly, we do not claim on

the basis of the results obtained here and our review of the

literature that all cases of prosopagnosia would not present

any inversion effect at all in any given experiment. First of all,

we have shown an absence of inversion effect during the

processing of individual faces (i.e., identity judgments), not

during other face categorization tasks. It may well be that

inversion affects the detection of a face in a visual scene, facial

expression, age or gender categorization in prosopagnosic

patients who are not impaired at these tasks, just as it does for

normal observers (e.g., Purcell and Stewart, 1988; McKelvie,

1995; Santos and Young, 2008). As a matter of fact, the patient

PS is able to categorize upright and invertedMooney stimuli as

faces and nonfaces respectively (Dricot et al., 2008). Her ability

to categorize facial expressions is relatively well preserved as

well (Rossion et al., 2003) so that she may present a normal

inversion effect for categorizing facial expressions.

Second, even during individual facematching tasks, it may

be that a relatively weak advantage at processing upright over

inverted faces is found in some patients who do not process

faces holistically, insofar as inversion affects also the pro-

cessing of local facial features, or parts (nose,mouth, eyes,.),

evenwhen they are isolated from thewhole face (Rakover and

Teucher, 1997; Bartlett et al., 2003).

Third, our findings and review only concern cases of pro-

sopagnosia following brain damage in adulthood, i.e., people

who presumably developed a normal face recognition system

prior to their lesion. A number of patients presenting impor-

tant lifelong impairment in face recognition, and referred to as

cases of congenital (or developmental) prosopagnosia (CP)

have been reported in the literature, in particular over recent

years (for a review see Behrmann and Avidan, 2005). These

subjects do not report any injury and do not show visible brain

damage as in cases of AP, but anatomical abnormalities have

been observed at least in some cases (significantly smaller

anterior fusiform gyrus and/or reduced white-matter fibers in

ventral occipito-temporal cortex, Behrmann et al., 2007;

Thomas et al., 2009). With respect to face inversion in cases of

CP, the data are also mixed. Some studies report an absence of

inversion cost (Nunn et al., 2001, patient EP in accuracy; Duch-

aine et al., 2006, patient Edward in accuracy and RTs). One

study reports the case of a patient with a reduced FIE (de Gelder

and Rouw, 2000c, patient AV in accuracy and RTs). Another

study on a group of four CPs (Righart and de Gelder, 2007) also

shows a reduced FIE in two patients (HV and JS in accuracy

and RTs), but a normal effect in the other two (GR in RTs and
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CB in accuracy and RTs). As for AP, the same patients are also

sometimes reported with different patterns. The patient RP

was first reported as presenting a reverted inversion effect in

accuracy and RTs (de Gelder and Rouw, 2000c), but this patient

was reported latter without any significant inversion effect,

neither in accuracy, nor in RTs (Rouw and de Gelder, 2002).

Behrmann et al. (2005) tested 5 developmental prosopagnosic

patients (TM, KM, NI, MT and BE). Considered as a group, the

patients were reported to be slightly faster with inverted

faces. However, it was not the case for each of them individ-

ually (KM for example was clearly faster for upright faces) and

four of them did not show any inversion effect (neither

normal, nor reverted) in term of accuracy.

Thus, overall, the outcome of inversion on individual face

processing in CP remains largely unclear. Thismay also be due

to different paradigms used, but more likely reflect the fact

that the definitions and criteria used to classify normal

observers as presenting congenital prosopagnosia are not

uniform at all across studies. We also note that the nature of

the impairment for cases of AP as described here and subjects

characterized with CP does not seem to be equivalent. For

instance, cases of CP generally have impairments in visual

recognition which extend largely beyond faces (Behrmann

et al., 2005), compatible with their reducedwhite-matter fibers

in ventral occipito-temporal cortices important for general

shape recognition (Thomas et al., 2009).

4.4. Inversion superiority in AP: a visual field defect

explanation?

In an influential study, the patient LH has been reported at

performing better with inverted than upright faces (Farah et al.,

1995a, 1995b), an observation replicated later with the same

patient (de Gelder and Rouw, 2000b). However, in light of the

review of the literature above, there appear to be strong doubts

about the validity and generalizability of this paradoxical

reverted inversion effect in prosopagnosia, which seems to be

the exception rather than the rule. Moreover, the rather far-

stretched interpretation of the authors that this paradoxical

reverted inversion effect was due to a ‘‘negative interference of

amalfunctioning holistic processor when the face is presented upright,

preventing the patient to use the feature-by-feature processing he

employs for inverted faces’’ (Farah et al., 1995a, 1995b) is highly

unlikely. This is a rather complex high-level visual account of

apatient’sperformance,whichmakesat least twounwarranted

assumptions: (1) that holistic processes can be only partly but

not fully impaired in these patients, and most importantly (2)

that these residual processes do not help the patient but rather

interfere with the feature-by-feature analysis of the face. The

lower performance of prosopagnosic patients in processing

whole faces thatdifferbyapartasopposed to theirprocessingof

the isolated face part has sometimes been used as a support for

the second assumption (‘‘interference effect’’, e.g., de Gelder

and Rouw, 2000b; Boutsen andHumphreys, 2002; Riddoch et al.,

2008). However, we would like to argue that there is no need to

call upon a putative ‘‘interference’’ between holistic and

analytic (part-based) processes to account for such observa-

tions. According to a much simpler account, the advantage at

processing faceparts relative towhole facesobservedwith such

patients (e.g.,Delvenneetal., 2004) isdue toa lossof theability to

process faces holistically, without any interference factor at

play. Indeed, a primary advantage of normal holistic face pro-

cessing is that it allows identifying rapidly and efficiently the

locationandnatureof thediagnostic cues to individualize faces,

i.e., to resolve ambiguity. The face is seen as awhole at once, so

there is noneed to analyze each feature in turn. If this process is

impaired, the patient doesnot knowwhich feature is diagnostic

in awhole face and the task is difficult. However, if a single part

is presented rather that the whole face, the experimenter has

donetheselectionprocess for thepatient.Hence,prosopagnosic

patients, includingPS, performmuchbetter and faster for single

isolated parts that whole faces (de Gelder and Rouw, 2000b;

Boutsen and Humphreys, 2002; Delvenne et al., 2004; Riddoch

et al., 2008) yet there is no need to interpret this observation as

resulting from a putative interference effect (of the whole face

on the parts). Supporting this view, even when whole faces are

presented, these patients also improve their performance

dramatically when there is no ambiguity as to which feature of

the face is diagnostic (Barton et al., 2002; Joubert et al., 2003;

Delvenne et al., 2004; Ramon and Rossion, 2010).

If inversionsuperiority inAP is rare andunlikely tobecaused

by interference effects, how can one then account for such

observations? One difficulty that may arise when comparing

upright and inverted individual face processing in brain-

damaged patients is that if there is no difference of difficulty of

processingbetween the twoorientations, another impairment –

unrelated to face processing – may tilt the balance of observa-

tions in one direction or another. One basic principle of science,

which should typically apply toNeuropsychology, suggests that

one should never seek to explain a psychological fact by

a mechanism at a higher level if it can be explained by one at a

lower level (Morgan, 1894). Here, the rare studies that reported

a relative advantage at processing inverted faces in proso-

pagnosia did not consider a much simpler, low-level, explana-

tion of this phenomenon: acquired prosopagnosic patients

generally suffer from large loss of sensitivity in the upper visual

field, in particular in the left side (Hécaen and Anguerlergues,

1962;Meadows,1974;BouvierandEngel, 2006).Thesevisualfield

defects can be explained by the fact that prosopagnosia is

generally caused by posterior ventral lesions extending to early

visual areas (e.g., Damasio et al., 1982; Barton et al., 2002; Sorger

et al., 2007). Moreover, since the optic radiations carrying

informationcoming fromtheupperpartof thevisualfield run in

the depth of the temporal lobe, even lesions rostral to V1, but

affecting the white matter of the temporal lobe, may lead to

upper visual field defects (Levin, 1999; Nilsson et al., 2004;

Yogarajah et al., 2009). More precisely, a superior homonymous

quadrantic defect can be the consequence of damage to the

inferior fibers of the optic tract, the optic radiation in the

temporal lobe, or in the inferior occipital cortex (Levin, 1999).

Interestingly, the two visual agnosic patients who have

been reported as having a clear superiority for processing

faces presented upside-down were characterized by such

upper visual field defects. This is particularly the case for the

patient LH, who has important upper visual field defects

(Levine and Calvanio, 1989). In the experiments in which

a superiority for inverted stimuli was found (Farah et al.,

1995a, 1995b; de Gelder and Rouw, 2000a), the stimuli were

presented for limited durations. Hence, LH may have found it

easier to answer when more local details at the level of the
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eyes and eyebrows were readily available to him in the

inverted orientation. Interestingly, when stimuli were pre-

sented for a longer time, LH did not longer show this signifi-

cant advantage at processing inverted faces (Experiment 4 in

Farah et al., 1995a, 1995b). Most importantly, LH showed the

exact same advantage for inverted pictures of non-face

objects (shoes; de Gelder and Rouw, 2000a), for which diag-

nostic local information is located in the upper part of the

stimulus. Given that pictures of shoes do not even lead to

inversion costs for normal observers (de Gelder et al., 1998)

and are not known to be processed holistically, it is very

unlikely that a high-level explanation – i.e., malfunctioning

holistic processor for pictures of shoes interfering with

analytical processes – could account for this finding. Rather,

the patient may have simply been able to perform better with

inverted pictures due to his upper visual field defect and the

fact that most diagnostic features are located in the superior

area of such stimuli.

The other patient who presented a clear advantage at

processing inverted faces (AD, de Gelder et al., 1998) in accu-

racy (no RTs reported) had bilateral occipito-temporal lesions,

leading to visual agnosia, achromatopsia and pure alexia in

addition to her severe prosopagnosia. Even though this

patient was reported with largely normal upper visual fields

(Bartolomeo et al., 1998), Goldman perimetry also showed

a large paracentral scotoma which concerned almost exclu-

sively the upper visual field in central vision (up to 4� in the

left, more than 10� in the right, see Figure 2 in Bartolomeo

et al., 1998). Furthermore, identical observations as for LH

were made with this patient on non-face objects, the patient

AD showing a reverted inversion effect with pictures of shoes

(de Gelder et al., 1998). Since the size of the stimuli was not

reported in that study, we do not know if the upper visual field

scotoma of AD covered the top part of faces and shoes pictures

which were presented to the patient, but this is likely.

In summary, the common belief in the face processing

literature that acquired prosopagnosic patients performbetter

with inverted than upright faces (Farah et al., 1995a, 1995b; de

Gelder and Rouw, 2000a, 2000b) is not justified because such

cases are the exception rather than the norm, and they all

present impairments in recognizing visual forms and upper

visual field defects. Most importantly, the view that such an

advantage at processing inverted faces in AP patients would

be due to an interference of malfunctioning holistic processor

over part-based processes (Farah et al., 1995a, 1995b) is prob-

ably incorrect.

Rather, we suggest that paradoxical inversion superiority

in prosopagnosia may reflect nothing more than the effect of

a low-level visual impairment superimposed on an equal

processing of upright and inverted faces by high-level face

processes. If anything, these observations reinforce again the

interest of testing single cases of prosopagnosia who present

normal object recognition and minimal or no low-level visual

impairments.

5. Conclusions

Here we report an extensive and complete investigation of

upright and inverted individual face processing in a case of

selective AP. The results indicate an absence of inversion

effect in this patient. An overview of the literature supports

the view that acquired prosopagnosic patients present an

abolished or reduced inversion effect, rather than a rare

pattern of inversion superiority that is likely due to low-level

visual defects. Our findings reinforce the view that a key

aspect of the impairment in AP lies in the inability to form

a holistic representation of the individual face.
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