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Following brain damage (trauma, stroke ...), some people may present with great difficulties at 
recognizing familiar faces, and encode new faces in memory. This visual recognition impairment 
does not appear to be due to sensory visual defects or intellectual disorders. Recognition of other 
people through other modalities, the voice for instance, is preserved. This condition was termed 
prosopagnosia by Bodamer (1947) and first described by Wigan in 1844, and then Quaglino & 
Borelli in 1867 (paper translated by Ellis & Florence, 1990). 

 
Cases of acquired prosopagnosia with preserved visual functions are extremely rare. In 

particular, most cases of prosopagnosia following brain damage also present with impairments at 
object recognition. Thus, prosopagnosia is generally observed in the context of visual agnosia. 
For instance, we reported a case of acquired prosopagnosia in the context of a visual agnosia: NS 
(Delvenne et al., 2004). Similarly, the visual agnosic patients LH (Levine & Calvanio, 1989), 
HJA (Riddoch & Humphreys, 1987), SM, RN, CR (e.g., Behrmann & Kimchi, 2003) have been 
investigated in several studies for their face recognition impairment (e.g., LH: Farah et al., 1995; 
HJA: Boutsen & Humphreys, 2002; SM, CR: Gauthier et al., 1999), which is often severe. 

 
Because of that, and more generally because it is difficult to believe that only face recognition 

could be impaired following brain damage, the question of whether prosopagnosia can be 'pure' 
(without object recognition impairments) is still debated. However, there are a few patients who 
do not complain of object recognition difficulties at all (unlike the cases mentioned above, who 
are well aware of their difficulties). More importantly, these patients perform like normal 
observers at object recognition tasks. We provide a summary of such cases (Busigny et al., 2010). 

 
In that paper, we also show that acquired prosopagnosia in such cases cannot be simply 

explained by a difficulty at recognizing and discriminating visually similar items (still a popular 
account of prosopagnosia). Here, PS, a well-known case of prosopagnosia, can discriminate 
visually similar items just as well and as fast as normal controls: simple geometric shapes, 
morphed pictures of common objects, and morphed photographs of cars, as illustrated above. 

 
 
                                                

1 Author’s note: this text summarizes the research and research program pursued in the author’s laboratory (face 
categorization lab) at the University of Louvain. It is not meant to provide a review of (acquired) prosopagnosia, and 
the text also reflects the author’s personal view on theoretical and methodological issues concerning this topic. 
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In that paper, we also show that acquired prosopagnosia in such cases cannot be simply 

explained by a difficulty at recognizing and discriminating visually similar items (still a popular 
account of prosopagnosia). Here, PS, a well-known case of prosopagnosia, can discriminate 
visually similar items just as well and as fast as normal controls: simple geometric shapes, 
morphed pictures of common objects, and morphed photographs of cars, as illustrated above. 

 

 
 
However, if the items are faces, impairments are found even at the easiest levels of 

discrimination (individual faces “easy” to distinguish). 
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From Busigny et al., 2010, Neuropsychologia, 48, 2051-2067. 

 
Recently, we also reported an extensive investigation (24 experiments) of another case of 

acquired prosopagnosia, GG, who also presents with normal object recognition and fine-grained 
discrimination of non-face objects (but not faces) (Busigny et al., 2010, Neuropsychologia, 48, 
4057-4092). 

 
 
Such studies provide clear evidence that acquired prosopagnosia can be ‘pure’ in some rare 

cases. Thus, there are certain processes in the human brain that are necessary for face recognition 
but not for object recognition. 
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Besides this issue of specificity, studying cases of prosopagnosia can be particularly 
interesting, for two reasons at least: 

 
1. The kind of visual cues that they still can, or cannot, extract and remember from faces may 

help us understanding better how normal people recognize faces (what kind of information 
processes are important) (see e.g., Caldara et al., 2005; Van Belle et al., 2010). 

 
2. Such studies can help us understanding better the location and the critical role(s) of the 

brain areas involved in normal face recognition (see e.g., Rossion et al., 2003; Schiltz et al., 2006; 
Rossion et al., 2011). 

 
Because the patients are extremely rare and all have different associated impairments, we 

advocate the detailed investigations of single-cases of acquired prosopagnosia rather than group 
studies. 

For instance, since 2000 we have been studying a fascinating case of prosopagnosia, PS, who 
sustained brain damage in 1992 at the age of 41. She has recovered all neuropsychological 
functions but presents with a severe prosopagnosia. Unlike the majority of cases of 
prosopagnosia, PS recognizes objects without any difficulties (accurate and fast), including living 
things, and she never complains of any object recognition difficulties. She can even discriminate 
visually similar objects at the individual level (e.g. discriminating two pictures of cars, or birds) 
like normal people, at a normal speed (see above, and Busigny et al., 2010). Unlike many cases of 
prosopagnosia, she is not achromatopsic either, nor does she suffer from topographical agnosia. 
She has a small left paracentral scotoma and a low but normal range color vision (Sorger et al., 
2007), and these slight deficits cannot account for her prosopagnosia. 

 
By presenting PS with small pieces of information sampled randomly on face pictures during 

hundreds of trials ('Bubbles', Gosselin & Schyns, 2001) and measuring her performance, we 
showed that she suffers from a deficit at extracting information at the level of the eyes of the 
faces, and mostly relied on the mouth (Caldara et al., 2005).  

 

 
 
In another study, eye movement recordings showed that PS fixates mainly the mouth during 

identification of personally familiar faces. Moreover, the location of eye gaze fixation indicates 
a feature-by-feature strategy, with fixations landing exactly on each feature. In contrast, normal 
observers fixate in the center of the face slightly below the eyes (Orban de Xivry et al., 2008). 

 



 5 

 
 
Note that the two studies do not provide the same kind of information, and are 

complementary: while response classification determines which areas of the face are diagnostic 
for recognizing faces, eye movement recordings tell us where people look. Interestingly, it is not 
the same for normal observers: they eyes are highly diagnostic, but the optimal area of fixation 
seems to be located in between features. For PS, the two converge: she seems to have to fixate 
exactly on the feature that she wants to use to recognize the face. 

 
It seems that this loss of ability to extract diagnostic information at the level of the top part of 

the face, in particular the eye region, is a dominant aspect of prosopagnosia. Studies of cases of 
acquired prosopagnosia by other researchers using unfamiliar face matching tasks (Bukach et al., 
2006; 2008; see also Rossion et al., 2009 for converging evidence in PS using unfamiliar face 
matching), as well as a study on another case of prosopagnosia studied in our laboratory (GG, 
Busigny et al., 2010b), support this view. 

 
We believe that the reason why patients with prosopagnosia (with different lesions) show the 

same behavior, relying less on the eyes of faces than normal observers, is because of their 
inability to perceive faces holistically. This inability to perceive individual faces holistically can 
be shown by the absence (or reduction) of face inversion effect (Busigny & Rossion, 2010).  
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In this study for instance, we showed in five experiments that PS does not present with a 

decrease of performance when matching inverted faces as compared to upright faces (Busigny & 
Rossion, 2010). Importantly, we used tasks that she always performed above chance-level at 
upright orientation. Note that with PS or other cases of acquired prosopagnosia (NS, Delvenne et 
al., 2004; GG, Busigny et al., 2010b), we never observed a superiority of performance for 
inverted faces (Farah et al., 2005), a rare observation which we believe to be due to low-level 
visual impairments (superior visual field defects, see Busigny & Rossion, 2010). 

 
This inability to perceive individual faces holistically is also shown by abnormal composite 

and whole-part effects (Ramon et al., 2010; see also Ramon & Rossion, 2010; Busigny et al., 
2010b): when they have to match facial parts (the eyes, or half of the face), prosopagnosic 
patients’ performance is not affected by the presence and identity of the other face parts. 

 
 
Why would this abnormal holistic processing be related to the reduced diagnosticity (and 

fixation) of the region of the eyes in prosopagnosia?  
 
We have no reason to believe that this behavior is related to a form of autistic behavior, in 

which the patient would avoid looking at the eyes. In fact, they do look at the eyes (in normal life 
or even in experimental tasks), but this area seems to have lost its diagnosticity to recognize 
faces. There is no reason to believe either that this behavior would be due to specific low-level 
properties of the eyes vs. the mouth for instance, as this pattern can be observed in different 
patients, whose low-level vision is largely preserved (or intact in some cases). Moreover, the lack 
of diagnosticity of the eyes can be observed across multiple spatial scales (Caldara et al., 2005). 

 
Rather, our view is the following. The region of the eyes of the face contains a lot of 

diagnostic information to individualize faces. However, this information is distributed among 
several elements (2 eyes, 2 eyebrows, ...) and their relations (relative distances, such as 
interocular distance), all potentially diagnostic of facial identity. If one is able to extract this area 
as a whole template, it can be extremely diagnostic of facial identity, allowing rapid 
individualization of the face. However, in itself, each element carries little information. Hence, 
the diagnosticity of this area would depend heavily on the integrity of holistic processing 
(Caldara et al., 2005; Orban de Xivry et al., 2008; Ramon & Rossion, 2010). If holistic 
processing is disrupted, a good strategy is to rely the mouth, a single element relatively well 



 7 

isolated on the lower part of the face, and potentially quite diagnostic of identity by itself (as 
compared to one eye for instance). 
 

With eye movements and behavioral measures, our most recent and original work rely on a 
gaze contingency method to show directly that acquired prosopagnosia is related to a feature-by-
feature analysis of individual faces (Van Belle et al., 2010). With gaze-contingency, we tested PS 
in a delayed matching task in 3 conditions: faces in full view, faces limited to a central window 
around PS’ fixation spot (window condition) and faces with the area around the fixation spot 
covered by a mask (mask condition). 

 
 
Very interestingly, PS had a pattern of response which was opposite to normal observers: she 

did not show a major decrease of performance in the window condition, but was largely impaired 
and slow (almost 12 seconds by trial !) in the mask condition. It is as if she was almost 
unimpaired when forced to use one feature at a time (the feature that she could choose to fixate) 
in the window condition.  And, at the same time, it seems she could hardly match the individual 
faces if she was prevented from applying her feature-by-feature strategy (in the mask condition). 
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These findings with gaze-contingency shed new lights on the understanding of the nature of 

acquired prosopagnosia (and thus on what is critical in our expert ability to individualize faces): 
these people cannot perceive an individual face as a whole. Whereas normal observers can 
fixate on one eye and still extract diagnostic information from the mouth and other parts of the 
face, patients with prosopagnosia have to fixate the mouth, or the part that they want to use to 
individualize the face. 

 
Importantly, this impairment is not due to a low-level visual defect (peripheral vision) (see 

Van Belle et al., 2010). Moreover, even holistic perception of nonface patterns (Navon 
hierarchical letters, see Busigny & Rossion, 2011) or holistic perception of faces just to detect 
these faces (face detection, Mooney or Arcimboldo faces) is preserved (Busigny et al., 2010b; 
Rossion et al., 2011). It is only when she has to individualize a face that PS shows a reduced 
perceptual field, relying on a feature-by-feature strategy and being unable not to do that. 
 

Later on, we found that another case of prosopagnosia following a different pattern of brain 
damage, the case of GG reported by Busigny et al., 2010b, also showed the same profile of 
response: relative to normal controls, he was more impaired at recognizing faces in the mask 
condition than in the window condition (Van Belle et al., 2011). 
 

 
 
GG also showed the same pattern of eye gaze fixations as described for PS above (fixations on 

the mouth or eye, while normal observers fixate in the centre of the face), and so did the patient 
LR, yet another case of acquired prosopagnosia (Busigny et al., 2014). 

 
Altogether what these studies suggest is that faces form a special class of visual stimuli for the 

typical adult human brain: we are able to quickly individualize a face, and thus discriminate 
individual faces, based on a holistic percept. What makes faces special when it comes to facial 
identity is not that they are processed holistically – it is the case for other objects also – or that we 
can individualize them despite their high visual similarity: it’s the necessary combination of the 
two factors. That is, we can perceive a face holistically, even at a degree of resolution that is 
sufficient to individualize it. In contrast, when nonface objects have to be individualized, we 
appear to rely on specific local features or a single property of the object. 

 
Remarkably, this impairment in holistic individualization of the face is observed in several 

cases of prosopagnosia with different brain damage. Consider for instance the different lesions of 
PS and GG, who show little overlap with each other (Van Belle et al., 2011). 
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Interestingly, the studies performed with the prosopagnosic patients described in our papers 

suggest that this ability is very fragile, and depends on a network of areas in the right ventral 
occipito-temporal cortex. In order to understand this aspect better, we should turn to studies 
performed with cases of prosopagnosia at the neuro-functional level… 

At the neural level, we have performed (f)MRI studies of PS mainly, and learned a number of 
things. 

 
First, much to our surprise (initially), we found that PS has a right middle fusiform area 

responding much more to faces than other objects. Hence, she presents with a right FFA 
(Rossion et al., 2003). 

 

 
 

In fact, her main lesion in the right hemisphere destroyed part of the inferior occipital cortex, 
where preferential processing for faces is usually observed in neuroimaging studies of normal 
subjects ('occipital face area', OFA), and which appears to be a region often damaged in cases of 
prosopagnosia (see Bouvier & Engel, 2006). This observation has been made also with the visual 
agnosic patient DF, who presents with a bilateral FFA without any OFA (Steeves et al., 2006) 

 
These observations suggest that in the normal brain face-related activity in the middle fusiform 

gyrus (i.e., the FFA) is not necessarily dependent on inputs from the posteriorly located OFA, as 
advocated by feedforward hierarchical models of face processing (e.g., Haxby et al., 2000; Ishai, 
2008) (see Rossion, 2008, Neuroimage, 40, 423-426). 
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In other words, there must be direct connections from early visual areas to the FFA. Such 

connections could lead to the initial perception of a visual stimulus as a face. Such a direct 
pathway would make sense because a face appears to be initially perceived as a global – or 
holistic – generic representation rather than a collection of facial parts. PS is perfectly able to see 
a face as a face, even when the parts alone are not diagnostic of a face (“Mooney faces”, 
“Arcimboldo faces”; Rossion et al., 2011). 

 

 
 

How early in time is this face-sensitive response in PS’ brain? One may thought that the 
absence of face-sensitivity in the right occipital cortex would slow down the latency of face-
sensitivity for PS. This is not the case: if you record EEG or MEG on PS’ scalp, you will observe 
a N170 face component in the right (but not the left) hemisphere (Alonso-Prieto et al., 2011). 
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Now, let’s come back to fMRI. Even if PS’ (right) FFA is present, other studies of our group 

show that PS' FFA does not discriminate between individual faces, in line with the behavior of 
the patient (Schiltz et al., 2006; Dricot et al., 2008): it shows adaptation when different individual 
faces are presented. 

 

 
 

These last findings have also been replicated with the visual agnosic patient DF (Steeves et al., 
2009).  

They suggest that other areas than the FFA might be important to derive an individual 
representation of a face, such as the OFA, perhaps through reentrant connections. 
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Hence, a region such as the OFA might be involved specifically in face processing after the 
initial face-related activation in the FFA, in order to refine the representation of a face (Rossion, 
2008). 

 
Mapping of the visual cortex of the prosopagnosic patient PS provides clues about the reasons 

why PS' deficit is specific for that category: while her main lesion in the right hemisphere 
destroyed part of the inferior occipital cortex, the lesion spared the ventral and dorsal part of the 
lateral occipital complex (LOC), as well as parahippocampal areas, where recognition of non-face 
objects may take place (Sorger et al., 2007). 

 

 
 
That the ventral section of the LOC in the right hemisphere is structurally and functionally 

intact is amazing, given the localization of the right hemisphere lesion. Interestingly, while the 
FFA does not show release from adaptation to individual faces for PS, we found such an effect in 
the vLOC of the patient (Dricot et al., 2008)! The effect was also found for control participants in 
that study, indicating that it cannot be defined as a specific reorganization for PS: 
individualization of faces in the intact brain is also supported by regions that do not, as a whole, 
show a larger response to faces than objects. 
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These observations indicate that individualization of faces for the patient is not based on the 

face processing system, but on areas that are not optimally (i.e., specifically) tuned to process 
face stimuli (Dricot et al., 2008). 

 
Eliciting transient prosopagnosia using intracerebral electrical stimulation 
 
To be completed … 
 

 
BIBLIOGRAPHY (lab papers on this topic) and main finding(s) of each paper 
 
All papers available as pdfs here: 
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