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Synopse of the presented studies and theses 

In the four studies presented in the thesis we investigated the neural background and efficacy 

of the processes related to the core region of the inferior-temporal lobe (IOG-FFA-STS; 

Haxby, Hoffman, & Gobbini, 2000) operating in  the structural encoding phase (Bruce & 

Young, 1986) of face recognition. We investigated control samples, and samples with 

congenital prosopagnosia by means of an extended neuro-psychological test battery, 

electrophysiological measurements and imaging paradigms.  

 In the acquired form of prosopagnosia (acquired prosopagnosia; AP) face recognition 

function is normal until certain brain trauma elicits the face recognition deficit. During 

developmental prosopagnosia (DP) the development of brain circuitry and the related 

functions which are responsible for face recognition do not follow the neurotypical way from 

the early postnatal period. 

The developmental form of the disorder affects 2-3% of the population, generally owing to 

de-novo mutation (sporadic form). In the rare familiar form, the disorder manifests in several 

members and generations of the affected family (Kennerknecht et al., 2006).  

Investigating the developmental form of the disorder gives rise to have valuable information 

about the neural circuitry as well as genetic background of face recognition.  

However, owing to the rare incidence of DP, the number of investigations is limited, 

furthermore, the accomplished studies did not exploit the potential of the state-of-the-art 

electrophysiological and imaging techniques; the genetic background of the neural 

representation of face recognition is yet to be clarified. Though the incidence of the disorder 

is relatively high, most of the experimental data, concerning this topic, originates from studies 

of low sample size (n<10). Not suprisingly, the conclusions suffer from limitations. 

Because of the heterogenity of the cases described in the literature the therapeutic procedure 

of prosopagnosia is not determined. Similarly to the functional grouping of object recognition 

disorders in one part of the AP patients the perception phase of face processing is abnormal  

(apperceptive type). In the remaining cases further memory and access processes are involved 

(associative type) (De Renzi, Faglioni, Grossi, & Nichelli, 1991). It is still not clear, whether 

the classification of object recognition disorders is suitable for the classification of  face 

recognition disorders. 

A verifying study about the classification of developmental prosopagnosia along perceptual 

and associative processes have not been performed yet.  
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In the first experiment we tested the perceptual phase of visual processing and related 

electrophysiological correlates in neurotypical sample. According to former studies, 

complications of general or visual stimulus processing are reflected differentially in the early 

visual responses (Bankó, Gál, Körtvélyes, Kovács, & Vidnyánszky, 2011; Philiastides, 

Ratcliff, & Sajda, 2006). Effect of stimulus uncertainty and additional stimulus noise and the 

related category sensitivity were tested with the aid of an evoked response paradigm. These 

two kind of manipulations are appropriate „stress test” tools with which category-specific 

efficacy of stimulus processing can be evaluated. Long-range plan of this experiment was to 

develop a diagnostic tool suitable for DP functional differential diagnosis. The next two series 

of experiments are related to each other; face-sensitivity of the core regions has been 

evaluated with the aid of neuropsychological tests, block-design fMRI and evoked response 

EEG experiments, in two generations of the same family suffering from  hereditary DP. 

Formerely, only the non-hereditary form of DP was studied  with low sample size fMRI 

and/or EEG studies(Avidan & Behrmann, 2009; Avidan, Hasson, Malach, & Behrmann, 

2005; DeGutis, Bentin, Robertson, & D'Esposito, 2007; Kress & Daum, 2003; C. Thomas et 

al., 2009), so the priory aim of our experiment was to investigate the function of the core 

regions of the face recognition system in three members of the family with hereditary DP. As 

we stated above, the former studies suffer from the limitations of low sample size and thus the 

functional classification is hard to perform. In the last study we investigated the feasibility of 

the classification of congenital prosopagnosia into apperceptive and associative subtypes in a  

large sample of prosopagnosic volunteers (uniquely in the literature) using complex 

neuropsychological test battery and a face detection ssVEP paradigm. Face detection is one of 

the first stage of face recognition process which operates extremely effective (Crouzet, 

Kirchner, & Thorpe, 2010). Face detection abnormality may be proportional with the severity 

of prosopagnosia. In our study we investigated face detection performance and its 

electrophysiological correlates in prosopagnosic subjects showing decreased performance in 

the perceptual test of face recognition, and of those showing control level performance in this 

test. 
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Thesis point number one: Added noise and the uncertainty of stimulus age affects 

behavioural and evoked responses of faces and non-face stimuli differently in 

neurotypical sample. 

In the first experiment we investigated the category-sensitivity of neural processes during the 

early phase visual processing  measuring the evoked responses (P1-N170-P2) in healthy subjects. 

Based on previous studies (pl. Allison, Puce, Spencer, & McCarthy, 1999; Bentin, Allison, Puce, 

Perez, & McCarthy, 1996; McCarthy, Puce, Belger, & Allison, 1999) we expect to measure 

higher N170 response to face stimuli, as compared to non-face stimuli. Recent results, however, 

contradict the face-selectivity of N170 response (Dering, Martin, Moro, Pegna, & Thierry, 2011; 

Kloth, Itier, & Schweinberger, 2013; Rossion et al., 2000; Thierry, Martin, Downing, & Pegna, 

2007).  In these studies images of cars have been also used as control stimuli, along with face 

stimuli. Formerly, effect of noise on face stimulus processing has been tested (Bankó et al., 2011; 

Jemel et al., 2003; Schneider, DeLong, & Busey, 2007). However, it was not clarified whether 

added noise affects the processing of non-face stimulus categories in a similar way as it modulates 

the processing of faces. Therefore, in our experiments we tested the effect of additional stimulus 

noise and complications of the stimulus in a common dimension (age) on different visual 

categories. We found classic face-effect on P1 and P2 amplitudes and on P2 latencies, however, 

we did not find any differences between N170 amplitudes evoked either by face stimuli or by 

images of cars. This founding corresponds to the above mentioned literature data. Additional 

stimulus noise elevated the P1, P2 and N170 amplitudes, furthermore  P1 and N170 latencies were 

also increased. Though the stimulus noise robustly altered the responses to images of cars in the 

N170 time window, we did not found category specific noise modulation of P2. P1 amplitudes 

proved to be noise-modulated dependent on brain hemisphere and category-specificity. In the left 

hemisphere  the stimulus noise elevated the response to face stimulus and left the car image 

responses unaltered. In the right hemisphere we found the opposite pattern.  

The paradigm proved to be suitable to test the category specificity of noise processing, 

furthermore, involving prosopagnosic sample, the paradigm may serve as a suitable tool for 

investigating the neural background of face recognition disorder. We would like to emphasize that 

the category selectivity of N170 can not be stated if frontal images of cars are used as control 

stimulus category. This phenomena is yet to be clarified. Possible explanation may be, that frontal 

car images and faces are rather similar in configuration (Kloth et al., 2013), and/or cars possess 

low inter-stimulus perceptual variance similar to those of faces (Thierry et al., 2007). 
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Thesis point number two: The face-sensitive neural response of the core regions of face 

processing is altered in hereditary prosopagnosia. 

The results of MRI studies aiming the description of  the neural background of prosopagnosia 

are inconsistent. In one part of the studies serious structural alterations (e.g. decreased volume 

of the temporal lobe (Bentin, Deouell, & Soroker, 1999) or the fusiform gyrus (Behrmann, 

Avidan, Gao, & Black, 2007), damaged occipital face region  (Rossion et al., 2003)) do not 

result in altered face-sensitivity of the unaffected core regions. In other studies insufficient 

face-sensitivity has been described in patients with prosopagnosia without any visible 

structural malformation (Bentin, Degutis, D'Esposito, & Robertson, 2007; Hadjikhani & de 

Gelder, 2002). Using neuropsychological tests and magnetic resonance imaging technique we 

investigated the face-sensitivity of the core regions in three family members (father, son and 

daughter)  suffering from hereditary developmental prosopagnosia and, that in matched 

control subjects. During blood oxygen level dependent response measurements faces, 

artificial objects and noise images were presented. In the neuropsychological test we found 

serious disturbance of face perception and face recognition in the three family members. The 

decreased performance was most severe in the famous faces test  (CFFT; B. Duchaine & 

Nakayama, 2005) and in the face memory test  (CFMT; B. C. Duchaine & Nakayama, 2006), 

furthermore, age decision performance on the PFPB sub-tests (A. L. Thomas, Lawler, Olson, 

& Aguirre, 2008) was also decreased. Compared to control subjects, subjects with 

prosopagnosia had decreased blood oxygen dependent activity at the areas of FFA, OFA and 

lateral occipital complex. Analysing the hemodynamic responses we can conclude, that the 

neural response is not only decreased, but the decay is more intensive in the core regions 

compared to LO regions in the prosopagnosic subjects. In summary, we can conclude that, the 

core regions of face recognition and the dysfunction of LO are strongly involved in the 

aetiology of hereditary prosopagnosia. 
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Thesis point number three: failed face-sensitivity of core face processing areas, revealed 

by fMRI, can confirm in an ERP experiment. The cause of the impaired face-sensitivity 

can be specified and this is informative regarding the neural properties of the disease. 

The electrophysiological correlates of congenital prosopagnosia are not consistent. In several 

experiments face-sensitivity in prosopagnosic subjects seems to be the same as that of control 

subjects (Harris, Duchaine, & Nakayama, 2005; Minnebusch, Suchan, Ramon, & Daum, 

2007; Towler, Gosling, Duchaine, & Eimer, 2012). However, in other experiments 

electrophysiological responses generated by face and non-face stimuli were the same in the 

120-200 ms wide time window (Bentin et al., 2007; Bentin, Deouell, & Soroker, 1999; Kress 

& Daum, 2003). Common feature of the examined cases of developmental prosopagnosia, 

where N/M170 face-sensitivity failed, is the cause of the impaired face-sensitivity. In these 

subjects the non-face-evoked response was elevated, while the face response remained at 

normal level. This phenomena indicates the damage of a brain area (and related function) 

which is involved in the preliminary information filtering just before the information would 

reach the core area "dedicated" to face processing (B. Duchaine, 2011). 

In accordance with the previous theory, we measured the face-sensitive N170 parameters in 

an ERP experiment. With this experiment we wanted to analyse the decreased face-sensitive 

fMRI performance of the prosopagnosic family members (see above) in detail. 

During the measurement we recruited age, gender and IQ matched control subjects. Face and 

Fourier phase-randomised noise images were used as stimuli. In accordance with previous 

studies, when face stimulus was presented to healthy subjects, the N170 amplitudes recorded 

on the occipito-temporal channels were larger than those of registered after noise image 

presentation. This phenomena was completely lacking in the prosopagnosic members of the 

family. The cause of the impaired category-sensitivity was the increased amplitude of the 

noise evoked responses in all family members. Further data analysis clarified that these 

changes occur due to elevated time-synchrony of single responses and due to the elevated 

amplitudes of theta oscillations measured in the 130-200ms time window. Our results suggest 

that the ultimate N170 generator neuron populations, located in the core regions of face 

processing network receive incorrectly selected information during the hierarchical 

processing. Other possibility is that these neurons can not be activated selectively. Owing to 

this abnormality face processing utilizing these systems can not operate correctly. 
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Thesis point number four: Investigating large sample of congenital prosopagnosia and 

using complex behavioural test battery and a ssVEP face detection paradigm the 

apperceptive and the associative type of the congenital prosopagnosia can reliably 

dissociated. 

According to the classification of  Lissauer (1890)  one can distinguish between the two 

subtypes of  object recognition disorders: in the apperceptive form the early visual-perceptual 

processes are harmed, while in the associative form the access of semantic representations 

(name, art of usage etc.) is hampered. Hundred years after Lissauer, Benton (1984) and De 

Renzi et al. (1991) considered a similar classification suitable to distinguish between 

apperceptive (prosopagnosia) and associative (prosopamnesia) subtypes of face processing 

disorders. They emphasized also the clinical utility of such grouping. Recently, even more 

researcher states a clear need for subgrouping of developmental prosopagnosia (Barton, 

Cherkasova, Press, Intriligator, & Connor, 2003; B. C. Duchaine & Nakayama, 2006b; Fox, 

Moon, Iaria, & Barton, 2009). However, the number of studies investigating the possible 

subgrouping of  DP is very low. In the fourth series of experiments we tested the  possibilities 

of functional classification of developmental prosopagnosia. In these experiments a large 

sample of prosopagnosic volunteers and uniquely matched control subjects were involved. In 

one half of the prosopagnosic group the perceptual performance of face processing showed 

marked impairment (apperceptive type), while in the other group we measured a performance 

matching to healthy subjects (associative type). Since face detection is one of the first order 

face recognition processes which operates extremely effective, we investigated how face 

detection operates in prosopagnosic subject grouped by perceptual performance. Behavioural 

test results and EEG, ssVEP test results were analyzed along the apperceptive/associative 

grouping. Face detection threshold was adjusted with a ssVEP paradigm. During 6Hz noise-

image stimulation a  3 HZ face stimulation was introduced with gradually increased visibility. 

In our analysis we used the performance-modulation effect of the 3Hz oscillation to adjust 

detection threshold. In the apperceptive prosopagnosic subjects we found decreased 

performance in the majority of behavioural tests  (CFFT performance; (B. Duchaine & 

Nakayama, 2005). Reaction time (fitting the inner parts of the face), face-inversion effect 

(CFPT (B. C. Duchaine, Germine, & Nakayama, 2007)), recognition of sadness and disgust 

during emotion recognition tasks, were also impaired, compared to matched control subjects. 

In the associative prosopagnosic subjects we measured control level performance all except 

memory processes (decreased performance in the CFMT test (B. C. Duchaine & Nakayama, 
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2006)). In the ssVEP study, we found higher face detection threshold values registered from 

the right hemisphere in apperceptive prosopagnosic subjects. This phenomena indicates that 

in certain proportion of congenital prosopagnosia the first order processes are responsible for 

abnormal face recognition. However, in subjects, showing normal face detection the latter 

associative processes are impaired. Our results may be indicative for the functional grouping 

of congenital prosopagnosia. These results may also serve as a base for further group-specific 

training programs. 

 

References 

Allison, T., Puce, A., Spencer, D. D., & McCarthy, G. (1999). Electrophysiological studies of human 

face perception. I: Potentials generated in occipitotemporal cortex by face and non-face 

stimuli. Cereb Cortex, 9(5), 415-430.  

Avidan, G., & Behrmann, M. (2009). Functional MRI reveals compromised neural integrity of the face 

processing network in congenital prosopagnosia. Current Biology, 19(13), 1146-1150. doi: 

10.1016/j.cub.2009.04.060 

Avidan, G., Hasson, U., Malach, R., & Behrmann, M. (2005). Detailed exploration of face-related 

processing in congenital prosopagnosia: 2. Functional neuroimaging findings. J Cogn 

Neurosci, 17(7), 1150-1167. doi: 10.1162/0898929054475145 

Bankó, E. M., Gál, V., Körtvélyes, J., Kovács, G., & Vidnyánszky, Z. (2011). Dissociating the effect 

of noise on sensory processing and overall decision difficulty. Journal of Neuroscience, 31(7), 

2663-2674. doi: 31/7/2663 [pii] 

10.1523/JNEUROSCI.2725-10.2011 

Behrmann, M., Avidan, G., Gao, F., & Black, S. (2007). Structural imaging reveals anatomical 

alterations in inferotemporal cortex in congenital prosopagnosia. Cereb Cortex, 17(10), 2354-

2363. doi: bhl144 [pii] 

10.1093/cercor/bhl144 

Bentin, S., Allison, T., Puce, A., Perez, E., & McCarthy, G. (1996). Electrophysiological Studies of 

Face Perception in Humans. J Cogn Neurosci, 8(6), 551-565. doi: 10.1162/jocn.1996.8.6.551 

Bentin, S., Degutis, J. M., D'Esposito, M., & Robertson, L. C. (2007). Too many trees to see the forest: 

performance, event-related potential, and functional magnetic resonance imaging 

manifestations of integrative congenital prosopagnosia. J Cogn Neurosci, 19(1), 132-146. doi: 

10.1162/jocn.2007.19.1.132 

Bentin, S., Deouell, L. Y., & Soroker, N. (1999). Selective visual streaming in face recognition: 

evidence from developmental prosopagnosia. Neuroreport, 10(4), 823-827.  

Bruce, V., & Young, A. (1986). Understanding face recognition. Br J Psychol, 77, 305-327.  

Crouzet, S. M., Kirchner, H., & Thorpe, S. J. (2010). Fast saccades toward faces: face detection in just 

100 ms. J Vis, 10(4), 16 11-17. doi: 10.1167/10.4.16 

De Renzi, E., Faglioni, P., Grossi, D., & Nichelli, P. (1991). Apperceptive and associative forms of 

prosopagnosia. Cortex, 27(2), 213-221. doi: 10.1016/S0010-9452(13)80125-6 

DeGutis, J. M., Bentin, S., Robertson, L. C., & D'Esposito, M. (2007). Functional plasticity in ventral 

temporal cortex following cognitive rehabilitation of a congenital prosopagnosic. J Cogn 

Neurosci, 19(11), 1790-1802. doi: 10.1162/jocn.2007.19.11.1790 

Dering, B., Martin, C. D., Moro, S., Pegna, A. J., & Thierry, G. (2011). Face-sensitive processes one 

hundred milliseconds after picture onset. Front Hum Neurosci, 5, 93. doi: 

10.3389/fnhum.2011.00093 



 

 

9 

 

Duchaine, B. (2011). Developmental prosopagnosia: Cognitive, neural, and developmental 

investigations. In A. J. Calder, G. Rhodes, M. H. Johnson & J. V. Haxby (Eds.), The Oxford 

Handbook of face perception. Oxford: Oxford University Press. 

Duchaine, B., & Nakayama, K. (2005). Dissociations of face and object recognition in developmental 

prosopagnosia. J Cogn Neurosci, 17, 249-261.  

Duchaine, B. C., Germine, L., & Nakayama, K. (2007). Family resemblance: ten family members with 

prosopagnosia and within-class object agnosia. Cogn Neuropsychol, 24(4), 419-430. doi: 

778982695 [pii] 

10.1080/02643290701380491 

Duchaine, B. C., & Nakayama, K. (2006). The Cambridge Face Memory Test: results for 

neurologically intact individuals and an investigation of its validity using inverted face stimuli 

and prosopagnosic participants. Neuropsychologia, 44(4), 576-585. doi: S0028-

3932(05)00249-6 [pii] 

10.1016/j.neuropsychologia.2005.07.001 

Hadjikhani, N., & de Gelder, B. (2002). Neural basis of prosopagnosia: an fMRI study. Hum Brain 

Mapp, 16(3), 176-182. doi: 10.1002/hbm.10043 

Harris, A. M., Duchaine, B. C., & Nakayama, K. (2005). Normal and abnormal face selectivity of the 

M170 response in developmental prosopagnosics. Neuropsychologia, 43(14), 2125-2136. doi: 

S0028-3932(05)00147-8 [pii] 

10.1016/j.neuropsychologia.2005.03.017 

Jemel, B., Schuller, A. M., Cheref-Khan, Y., Goffaux, V., Crommelinck, M., & Bruyer, R. (2003). 

Stepwise emergence of the face-sensitive N170 event-related potential component. 

Neuroreport, 14(16), 2035-2039. doi: 10.1097/01.wnr.0000092465.31470.2f 

Kennerknecht, I., Grueter, T., Welling, B., Wentzek, S., Horst, J., Edwards, S., & Grueter, M. (2006). 

First report of prevalence of non-syndromic hereditary prosopagnosia (HPA). American 

Journal of Medical Genetics Part A, 140(15), 1617-1622. doi: 10.1002/ajmg.a.31343 

Kloth, N., Itier, R. J., & Schweinberger, S. R. (2013). Combined effects of inversion and feature 

removal on N170 responses elicited by faces and car fronts. Brain Cogn, 81, 321-328.  

Kress, T., & Daum, I. (2003). Event-related potentials reflect impaired face recognition in patients 

with congenital prosopagnosia. Neurosci Lett, 352, 133-136.  

McCarthy, G., Puce, A., Belger, A., & Allison, T. (1999). Electrophysiological studies of human face 

perception. II: Response properties of face-specific potentials generated in occipitotemporal 

cortex. Cereb Cortex, 9(5), 431-444.  

Minnebusch, D. A., Suchan, B., Ramon, M., & Daum, I. (2007). Event-related potentials reflect 

heterogeneity of developmental prosopagnosia. European Journal of Neuroscience, 25(7), 

2234-2247. doi: EJN5451 [pii] 

10.1111/j.1460-9568.2007.05451.x 

Philiastides, M. G., Ratcliff, R., & Sajda, P. (2006). Neural representation of task difficulty and 

decision making during perceptual categorization: a timing diagram. Journal of Neuroscience, 

26(35), 8965-8975. doi: 26/35/8965 [pii] 

10.1523/JNEUROSCI.1655-06.2006 

Rossion, B., Caldara, R., Seghier, M., Schuller, A. M., Lazeyras, F., & Mayer, E. (2003). A network of 

occipito-temporal face-sensitive areas besides the right middle fusiform gyrus is necessary for 

normal face processing. Brain, 126(Pt 11), 2381-2395. doi: 10.1093/brain/awg241 

awg241 [pii] 

Rossion, B., Gauthier, I., Tarr, M. J., Despland, P., Bruyer, R., Linotte, S., & Crommelinck, M. 

(2000). The N170 occipito-temporal component is delayed and enhanced to inverted faces but 

not to inverted objects: an electrophysiological account of face-specific processes in the 

human brain. Neuroreport, 11(1), 69-74.  



 

 

10 

 

Schneider, B. L., DeLong, J. E., & Busey, T. A. (2007). Added noise affects the neural correlates of 

upright and inverted faces differently. J Vis, 7(4), 4. doi: 10.1167/7.4.4 

Thierry, G., Martin, C. D., Downing, P., & Pegna, A. J. (2007). Controlling for interstimulus 

perceptual variance abolishes N170 face selectivity. Nat Neurosci, 10(4), 505-511. doi: 

10.1038/nn1864 

Thomas, A. L., Lawler, K., Olson, I. R., & Aguirre, G. K. (2008). The Philadelphia Face Perception 

Battery. Archives of Clinical Neuropsychology, 23(2), 175-187. doi: S0887-6177(07)00216-8 

[pii] 

10.1016/j.acn.2007.10.003 

Thomas, C., Avidan, G., Humphreys, K., Jung, K. J., Gao, F., & Behrmann, M. (2009). Reduced 

structural connectivity in ventral visual cortex in congenital prosopagnosia. Nat Neurosci, 

12(1), 29-31. doi: nn.2224 [pii] 

10.1038/nn.2224 

Towler, J., Gosling, A., Duchaine, B., & Eimer, M. (2012). The face-sensitive N170 component in 

developmental prosopagnosia. Neuropsychologia, 50(14), 3588-3599. doi: 

10.1016/j.neuropsychologia.2012.10.017 

 

 


