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Abstract

Processing a famous face involves a cascade of steps including detecting the presence of a face, 

recognizing it as familiar, accessing semantic/biographical information about the person, and 

finally, if required, production of the proper name. Decades of neuropsychological and 

neuroimaging studies have identified a network of occipital and temporal brain regions ostensibly 

comprising the ‘core’ system for face processing. Recent research has also begun to elucidate 

upon an ‘extended’ network, including anterior temporal and frontal regions. However, there is 

disagreement about which brain areas are involved in each step, as many aspects of face 

processing occur automatically in healthy individuals and rarely dissociate in patients. Moreover, 

some common phenomena are not easily induced in an experimental setting, such as having a 

sense of familiarity without being able to recall who the person is. Patients with the semantic 

variant of Primary Progressive Aphasia (svPPA) often recognize a famous face as familiar, even 

when they cannot specifically recall the proper name or biographical details. In this study, we 

analyzed data from a large sample of 105 patients with neurodegenerative disorders, including 43 

svPPA, to identify the neuroanatomical substrates of three different steps of famous face 

processing. Using voxel-based morphometry, we correlated whole-brain grey matter volumes with 

scores on three experimental tasks that targeted familiarity judgment, semantic/biographical 

information retrieval, and naming. Performance in naming and semantic association significantly 

correlates with grey matter volume in the left anterior temporal lobe, whereas familiarity judgment 

with integrity of the right anterior middle temporal gyrus. These findings shed light on the 

neuroanatomical substrates of key components of overt face processing, addressing issues of 
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functional lateralization, and deepening our understanding of neural substrates of semantic 

knowledge.

Keywords

Face processing; Semantic knowledge; Neurodegenerative disorders; Primary progressive aphasia; 
Voxel-based morphometry

1. Introduction

While usually occurring automatically and effortlessly, face processing is critical in many 

aspects of our daily life, and its breakdown is highly debilitating. When encountering some-

one we know, it is not uncommon to experience a sense of familiarity but fail to immediately 

recall relevant semantic attributes or their name. Successful face recognition relies on a 

cascade of processes that are at least partially dissociable: from analyzing the apparently 

simple visual stimulus to accessing rich semantic and biographical information. The early 

framework for person identification processing was significantly influenced by the cognitive 

model of Bruce and Young (Bruce & Young, 1986), which included two crucial steps. First, 

voice, face, and name information, processed in modality-specific units, lead to feelings of 

familiarity (e.g., I know I have seen her before). Second, the activation of the so-called 

person identity node (PIN) enables identification and grants retrieval of person-specific 

semantic information (e.g., she is the 1911 chemistry Nobel Prize winner) (Ellis, Jones, & 

Mosdell, 1997; Gainotti, 2015). Functional neuroimaging evidence and lesion studies have 

enabled increasingly refined adaptations of the original cognitive model: several cortical 

areas, mostly in the temporal and occipital lobes, appear to play a key role in humans unique 

face processing abilities (Blank, Wieland, & von Kriegstein, 2014; Gobbini & Haxby, 2007). 

However, the precise anatomical localization of the different cognitive steps involved in face 

processing has yet to be fully determined.

Functional neuroimaging findings suggest a subdivision of this distributed network into a 

‘core’ system responsible for primarily perceptual processing and an ‘extended’ network 

that underpins cognitive aspects of processing, including accessing person knowledge and 

making inferences about the person’s state and intentions (Haxby, Hoffman, & Gobbini, 

2000). Posterior occipital and temporal regions, such as the fusiform face area (FFA), the 

occipital face area (OFA), and the posterior superior temporal sulcus (pSTS), appear to 

comprise a core face processing system (Gobbini & Haxby, 2007; Natu & O’Toole, 2011). 

Proceeding along a posterior-to-anterior axis, responses become increasingly tuned to more 

complex feature combinations and abstracted from low-level perceptual features, ultimately 

ending with higher-order semantic processing within the anterior temporal lobe (ATL) 

(Brambati, Benoit, Monetta, Belleville, & Joubert, 2010; Binney, Parker & Lambon Ralph, 

2012; Collins & Olson, 2015; Rajimehr, Young, & Tootell, 2009). Recently, the adoption of 

information-based pattern analyses has led to the observation that face identity information 

can be read out from (right anterior) temporal and occipital regions (Kriegeskorte, 

Formisano, Sorger, & Goebel, 2007; Nestor, Plaut, & Behrmann, 2011; Verosky, Todorov, & 

Turk-Browne, 2013). However, functional neuroimaging studies suffer from three key 
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limitations. First, disentangling the neural substrates of lexical, semantic, and familiarity-

related processes is nontrivial given that the presentation of a known face presumably 

triggers all three automatically. Second, they offer correlational evidence at best: they do not 

allow assessment of whether a given region activation is necessary for a given process or 

plays only an ancillary role. Third, conventional EPI techniques used for fMRI are 

vulnerable to artefacts that greatly impact sensitivity to signal in the ATL, hindering 

investigation of this area (Devlin et al., 2000).

Conversely, neuropsychological observations have the potential to dissociate cognitive 

processes and their critical neural substrates. For instance, evidence of separate and 

dissociable routes to access semantic information about people has come from patients with 

prosopagnosia. Such patients might fail to recognize familiar faces while still being able to 

identify the corresponding voices (De Renzi, Faglioni, Grossi, & Nichelli, 1991; Tranel, 

Damasio, & Damasio, 1988), or vice versa (Luzzi et al., 2017). Similarly, a loss of person-

specific knowledge, regardless of stimulus modality, can be accompanied by intact visual 

processing faculties and abovechance performance on forced-choice familiarity tasks 

(Hanley, Young, & Pearson, 1989). Finally, some studies have described patients with 

selective impairment of proper name retrieval from face stimuli (Lucchelli & De Renzi, 

1992; Mckenna & Warrington, 1980). However, while lesions of posterior face network are 

more common, those affecting the ATL are rare, limiting our ability to discern the role of the 

entire network on the basis of stroke. Evidence from patients who underwent anterior 

temporal lobe resection due to drug-resistant epilepsy offer some insight (Drane et al., 2013; 

Glosser, Salvucci, & Chiaravalloti, 2003; Seidenberg et al., 2002). For example, a recent 

study suggests that the left and right ATL resection are associated with greater relative 

impairments in famous face naming and recognition, respectively (Rice, Caswell, Moore, 

Hoffman, Ralph & Matthew, 2018). However, inferences are limited by the potential for pre-

surgical functional reorganization of temporal lobe function, such that the population might 

not reflect typical lateralization profiles. Focal neurodegenerative conditions offer a unique 

opportunity to investigate the neural network underpinning face processing (Hutchings, 

Palermo, Piguet, & Kumfor, 2017), as different clinical syndromes are associated with fairly 

circumscribed atrophy affecting, and spreading within, specific anatomical and functional 

networks (Mandelli et al., 2016; Seeley, Crawford, Zhou, Miller, & Greicius, 2009). For 

instance, Alzheimer’s dementia (AD) patients’ performance in face recognition tasks 

illustrates the dissociation between discriminating unknown and familiar faces predicted by 

cognitive models such as that of Bruce and Young (Della Salla, 1995; Wilson, Kaszniak, 

Bacon, Fox, & Kelly, 1982). A recent literature review detected disruptions to the face 

processing network in virtually all frontotemporal dementia (FTD) subtypes, highlighting 

that specific symptomatology depends on the neuroanatomical region affected by the disease 

(Hutchings et al., 2017). In some conditions, atrophy is limited to regions of the extended 

face network (i.e., ATL, amygdala, insula, frontal lobe and the limbic system), while in 

others it involves areas of the core system as well (e.g., superior temporal sulcus, lateral 

occipital cortex). The comparison of patients behavioral symptoms, while confirming that 

the core system is involved in both low-level and higher-order conceptual processing, 

suggests a dynamic bidirectional interaction, where a breakdown in one system can affect 

the other (Hutchings et al., 2017). Moreover, these conditions differentially impact upon the 
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left and right hemispheres. For example, the semantic variant of primary progressive aphasia 

(svPPA, or semantic dementia) can present with either left-predominant or right-

predominant ATL atrophy (Edwards-Lee et al., 1997; Seeley et al., 2005; Chan et al., 2009). 

Comparisons of these two presentations have associated atrophy of the left ATL with greater 

face naming impairments, and the right ATL with greater face recognition impairments 

(Evans, Heggs, Antoun, & Hodges, 1995; Gainotti, Barbier, & Marra, 2003; Gefen, 

Wieneke, Martersteck, & Whitney, 2013; Gentileschi, Sperber, & Spinnler, 2001; Gorno-

Tempini et al., 2004; Thompson et al., 2004). Indeed, greater impairments in visual tasks 

more generally appear as a key feature of predominantly right ATL atrophy, while more 

severe deficits in verbal tasks are observed in cases with predominantly left atrophy (Binney 

et al., 2016; Woollams and Patterson, 2017; Snowden et al., 2012, 2017). These observations 

have been instrumental in developing models of the semantic system where the ATL acts as 

a transmodal hub, primarily operating bilaterally but with crucial asymmetries (Lambon-

Ralph et al., 2017). Finally, evidence from non-invasive brain stimulation technique such as 

transcranial magnetic stimulation (TMS) complements the neuropsychological findings. By 

creating virtual, temporary, lesions of the ATLs, these studies suggest that both temporal 

poles play a pivotal role in semantic processing of both pictures and words (Pobric, Jefferies, 

& Ralph, 2010), with naming being particularly impaired by stimulation of the left 

hemisphere (Woollams et al., 2017).

In summary, converging evidence from neuropsychological and neuroimaging findings 

indicates that 1) perception takes place primarily in the right fusiform gyrus (Gorno-Tempini 

et al., 1998; Kanwisher, McDermott, & Chun, 1997), 2) multimodal person-specific 

semantic information is stored in the anterior/lateral temporal lobe, possibly bilaterally 

(Brambati et al., 2010; Gefen et al., 2013; Gorno-Tempini & Price, 2001), and likely 3) 

naming involves the left anterior temporal lobe (Gefen et al., 2013) while familiarity 

checking the right one (Gainotti, 2007a, 2007b).

In the present study, we sought to identify the cognitive and neuroanatomical substrates 

involved in the different stages of famous faces processing. We capitalized on the variability 

offered by our cohort of neurodegenerative patients in terms of both brain atrophy site and 

cognitive profiles. A large, heterogeneous set of volunteers, including patients and healthy 

controls, underwent neuropsychological testing as well as structural imaging data 

acquisition. Cortical volumetric data was correlated with participants’ performance in three 

tasks that examined familiarity judgment, semantic association, and naming of famous faces. 

In line with previous neuropsychological evidence (Gainotti, 2007a, 2007b), we predicted 

that naming and semantic association task performance would correlate with the left anterior 

temporal gray matter volume while performance in familiarity judgements would correlate 

with the right ATL.

2. Materials and methods

2.1. Participants

We selected all subjects from the University of California, San Francisco’s Memory and 

Aging Center (UCSF MAC) who underwent the UCSF Famous Face Recognition Battery 

(Gorno-Tempini & Price, 2001; Gorno-Tempini, Rankin, et al., 2004) between 2002 and 
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2014. These included 18 healthy normal controls and 105 patients whose diagnosis fell in 

one of three clinical spectra, for a total of 123 participants (the map of atrophy over all 

participants can be appreciated in Suppl. Fig. 1). Twenty participants met criteria for 

Alzheimer’s disease (AD) or Mild Cognitive Impairment (MCI) (McKhann, Drachman, 

Folstein, & Katzman, 1984) (hereafter: AD spectrum). Twenty-five participants met criteria 

for behavioral variant frontotemporal dementia (bvFTD) (Rascovsky et al., 2011), 

Corticobasal Degeneration (CBD), or Progressive Supranuclear Palsy (PSP) (Boxer et al., 

2006) (hereafter: FTD spectrum). Finally, sixty participants met criteria for PPA (Gorno-

Tempini et al., 2011), 43 of whom were classified as svPPA, 7 as log-openic variant (lvPPA) 

and 10 as nonfluent variant (nfvPPA ). The consensus diagnoses were based on the clinical 

findings and the neuropsychological profiles obtained through neuropsychological screening 

and speech and language assessment administered to all participants (see below). The 

eighteen older normal controls (NCs) were recruited from the University of California San 

Francisco Memory and Aging Center healthy aging cohort, a collection of participants with 

normal cognitive and neurological exam and MRI scans without clinically evident strokes. 

Inclusion criteria required the absence of any psychiatric symptoms or cognitive deficits 

(i.e., Clinical Dementia Rating-CDR = 0, Mini-Mental State Examination-MMSE ≥28/30, 

and verbal and visuospatial delayed memory performance ≥ the 25th percentile). We 

included patients from different diagnostic groups as well as NCs for two main reasons. 

First, greater variance in neuropsychological testing scores and grey matter volume increases 

the statistical power to detect brain-behavior relationships across the whole brain. Second, 

inclusion of NCs ensures that the normal end of the regression line is represented in all 

analyses, regardless of the brain region or behavior in question. Each participant signed 

informed consent documents in accordance with the Declaration of Helsinki and the study 

was approved by the UCSF Committee for Human Research.

2.2. Neuropsychological evaluation

2.2.1. Screening battery—All subjects underwent neuropsychological testing with a 

comprehensive battery of language, memory, visuospatial, executive functions, and behavior 

that has been described extensively in Kramer et al., 2003.

2.3. Famous faces processing tasks

Famous face processing was assessed using an experimental battery, the UCSF Famous 

Faces Battery, which comprises three different tasks. The first one, Famous Face 

Confrontation Naming, prompts subjects to name sequentially presented headshots of 

celebrities (Fig. 1a). Thus, successful performance on this task requires both access to the 

PIN and retrieval of the proper name. In the second one, Famous Face Semantic Association, 

subjects are instructed to match two famous faces — among three choices—according to 

their profession. In each trial, the three famous faces are carefully matched for perceptual 

characteristics and facial expression (Fig. 1b). This ensures that inferences based on 

perceptual similarity alone would not be sufficient to differentiate between the targets and 

the distractor. Instead, identification of the celebrities and retrieval of semantic/biographical 

details is necessary to perform the task correctly. Hence, this task requires access to the PIN, 

yet not necessarily the retrieval of the proper name. Finally, in the Famous Face Familiarity 

Judgment task, subjects perform a forced choice task between four faces in which only one 
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is famous. In this task, retrieval of proper name or of semantic/biographical details is not 

required: it can be performed even if access to the PIN is compromised, as long as 

familiarity units are preserved. Faces are framed with a black oval mask to avoid any 

possible cueing effects from the pictures’ background (Fig. 1c). Each task includes 20 trials. 

The famous faces came from a pool of 200 black-and-white photographs of celebrities in 

different professional categories whose familiarity was determined by a behavioral study 

previously described in Gorno-Tempini & Price, 2001. The non-famous faces were matched 

to the famous ones for mean age, sex and facial expression. All faces were matched for 

mean luminance. It should be noted that, inevitably, the chance level is not equated across 

tasks; the chance level is 20% for the Famous Face Familiarity Judgment task (i.e., detect a 

target vs three foils) and 50% for Famous Face Semantic Association (i.e., detect a target vs 

one foils).

2.4. Statistical analysis

Demographic characteristics, as well as cognitive, speech and language performance, were 

examined using the Shapiro-Wilk test for normality. The Kruskal-Wallis non-parametric test 

was used to determine overall group differences. Statistical significance was examined based 

on .05 significance level. These analyses were executed using SPSS 20.0 software and R 

program for Scientific Computing.

2.5. Neuroimaging

2.5.1. MRI acquisition—T1 images were acquired for all subjects with sequences, 

previously described, on either 1.5T (n = 87, Gorno-Tempini et al., 2004), 3T (n = 20, 

Mandelli et al., 2014), or 4T (n = 16, Tosun et al., 2013) systems equipped with a standard 

quadrature head coil. MRI scans were acquired within 1 year of each visit and in each case 

the first available image was used for analysis.

2.6. Voxel based morphometry (VBM)

T1-weighted images processing and statistical analyses were performed using the VBM8 

Toolbox implemented in Statistical Parametric Mapping (SPM8, Wellcome Trust Center for 

Neuroimaging, London, UK, http://www.fil.ion.ucl.ac.uk/spm) running under Matlab 

R2013a (MathWorks). The images were segmented into grey matter, white matter, and CSF 

based on an adaptive maximum posterior technique (Rajapakse, Giedd, & Rapoport, 1997) 

that takes into account intensity inhomogeneity and other local variations of intensity. This 

segmentation approach also uses partial volume estimation with a simplified mixed model of 

two tissue types (Rajapakse et al., 1997). The images were then registered to the Montreal 

Neurological Institute (MNI) space through an affine and a non-linear deformation. The non-

linear deformation parameters were calculated with the high dimensional diffeomorphic 

anatomical registration through exponentiated lie algorithm and the predefined templates 

with the diffeomorphic anatomical registration through exponentiated lie toolbox (DARTEL, 

Ashburner, 2007). The images were modulated by multiplying the voxel values by the 

Jacobian determinant derived from the spatial normalization to ensure that relative volumes 

of grey matter were preserved. Finally, the images were smoothed with a full-width at half-

maximum (FWHM) Gaussian kernel filter of 10 × 10 × 10 mm in order to make the data 
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more normally distributed and to compensate for inexact spatial normalization. Data were 

then analyzed with a multiple regression model entering famous faces naming, semantic 

association, and familiarity judgment scores as covariates of interest. Additional covariates 

of no interest included age, gender, handedness, MR scanner field strength, and total 

intracranial volume (TIV). All participants were entered as a single group, an approach 

successfully adopted by previous studies looking at voxel-wise brain-behavior correlations 

(Amici et al., 2007; Henry et al., 2016; Shdo et al., 2018). Three contrasts were set to 

examine GM volume association with naming ([1 0 0] t-contrast), semantic retrieval ([0 1 0] 

t-contrast), and familiarity judgment ([0 0 1] t-contrast) performance. Whole-brain statistical 

maps were first examined at voxel-wise significance level of p < .001 uncorrected. 

Correction for multiple comparisons was then performed by controlling the family-wise 

error (FWE) rate at p < .05 at the cluster level.

3. Results

3.1. Behavioral results

3.1.1. Demographics and screening battery—The results of the screening battery, 

as well as demographic information, are reported in Table 1. CDR total score and MMSE 

did not differ between patient groups. Patient groups differed from controls in various 

domains. Among the PPA variants, the lvPPA were slightly younger and had longer disease 

duration although they were not significantly different from the other groups. SvPPA 

demonstrated significantly worse performance in language testing on the Abbreviated 

Boston Naming Test and Peabody Picture Vocabulary Test. No differences were seen among 

the groups on the visuospatial tests or the Benton Face Recognition or Face Matching. In 

language testing, lvPPA demonstrated significantly worse performance on syntax 

comprehension and repetition while nfvPPA demonstrated significantly worse performance 

on lexical fluency.

3.2. UCSF Famous Faces Battery

Patients classified as svPPA showed the worst performance, with significantly lower scores 

than nfvPPA on all three tasks and lower scores than lvPPA on the famous faces naming 

task. Moreover, lvPPA patients showed worse performances on the famous faces naming and 

semantic association tasks as compared to nfvPPA (Fig. 2 and Table 1).

3.3. Imaging results

Participants’ scores on the famous faces naming task correlated with grey matter volume in 

the left temporal pole and left superior, middle, and inferior temporal gyri (Fig. 3 and Table 

2). Furthermore, an additional cluster is observed on the right ATL. Similarly, scores on the 

famous faces semantic association task correlated with grey matter volume in the left 

temporal pole, as well as left middle and inferior temporal gyri (Fig. 4 and Table 2).

In sharp contrast, famous faces familiarity judgment scores correlated with grey matter 

volume in the right middle temporal gyrus (Fig. 5 and Table 2).
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3.4. Post hoc analysis

Observing such a striking functional distinction between the left and the right hemisphere 

(see Fig. 6), and considering the known clinical distinction between left and right temporal 

variant of svPPA, we conducted a supplementary analysis that focused on the svPPA patients 

in our sample. In particular, we sought to address two possible interpretation of our results: 

(1) that the results are driven by svPPA patients alone, and (2) that the lateralization of 

familiarity to the right hemisphere is driven by the most severe among our svPPA patients. 

First, it could be argued that svPPA patients alone, exhibiting the most severe ATL atrophy 

(Suppl. Fig. 2), are driving the results. To confute this hypothesis, we tested whether the 

observed correlations between ATL volume and behavioral scores would survive once 

svPPA patients are removed from the analyses. This analysis confirmed the significant 

correlation of left ATL volume with naming (R2 = .33, p < .001) and semantic association 

(R2 = .21, p < .001), as well as the significant correlation of right ATL volume with 

familiarity (R2 = .28, p < .001) (Suppl. Fig. 3). Second, one could hypothesize that advanced 

cases with bilateral atrophy would be affected in both naming and familiarity judgment: the 

more widespread the atrophy, the more severe the cognitive impairment. A distinction 

between right (n = 15) and left (n = 28) svPPA was made by consensus diagnosis of the 

Language Neurobiology Laboratory at UCSF based on overall clinical profile (Seeley et al., 

2005). Overall, left-sided svPPA demonstrated significantly worse scores in animal fluency, 

Abbreviated Boston Naming Test, and Peabody Picture Vocabulary Test. With respect to the 

UCSF Famous Faces Battery, no differences were seen between these two groups in 

performance on the famous faces naming or semantic association tasks, while right-sided 

svPPA showed worse performances on the famous faces familiarity judgment (Supp. Table 

1). These results suggest that in our sample, left svPPA patients were slightly more severe 

than right svPPA, with the latter only showing marked impairment in famous faces 

familiarity judgment. As a matter of fact, the key difference between the two groups 

appeared to be the relationship between their overall naming performance (as measured with 

Boston Naming task) and the famous faces familiarity judgment (Suppl. Fig. 4). Contrary to 

right svPPA patients, left svPPA ones, even if profoundly impaired in naming, scored fairly 

well in the famous faces familiarity judgment task due to the (relatively) spared right ATL.

4. Discussion

In the present study, we isolated the cognitive and neural substrates of three stages of the 

famous faces processing cascade (i.e., naming, semantic processing, and familiarity 

judgment) in a large cohort of neurodegenerative patients. We linked naming to the left ATL 

extending to MTG; semantic/biographical information retrieval to the left ATL, extending 

posteriorly and ventrally in the ITG; and familiarity processing to the right anterior middle 

temporal gyrus.

Famous faces are complex, semantically and lexically relevant, visual stimuli that trigger 

crucial cognitive functions at the intersection of perceptual, semantic and lexical processes. 

Hence, the results of our study significantly contribute to the understanding of the 

neuroanatomical correlates of such systems, with important theoretical and clinical 

implications as discussed below.
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4.1. Famous face processing: from knowing to naming

Neurocognitive models of famous face analysis were built upon behavioral evidence, in 

healthy subjects, of failures at different levels of processing: judgment on familiarity (e.g., 

this is a young white man, but I don’t know if he is afamous or not), retrieval of semantic 

information (e.g., I know this face, but I don’t know who he is), and finally naming (e.g., he 

is the president who was shot in Dallas, but I cannot remember his name). The cognitive 

tasks we designed allow the evaluation of each of these three phenomena in patients with 

neurodegenerative disorders.

None of our participant groups demonstrated specific deficits in visuospatial analysis of 

unfamiliar faces (see Table 1). This is particularly true for patients with svPPA who have 

severe difficulties in semantic processing and proper name retrieval of famous faces, but do 

not have the classical syndrome of visual prosopagnosia and are not able to retrieve 

biographical information even when presented with proper names (e.g., Snowden, 

Thompson, & Neary, 2004). Instead, we observed different degrees of impairments in 

naming, semantic/biographical attributes retrieval, and familiarity feeling across clinical 

spectra. Crucially, we detect significant associations between scores on familiarity 

judgments and right temporal volume loss, and between performance on famous face 

semantic processing and naming with left temporal volume loss. It should be noted that the 

detection of a small cluster correlating naming with right ATL is expected given that the 

neurodegenerative diseases included in the study show highly asymmetrical patterns of 

atrophy, yet are intrinsically bilateral in nature.

Our findings provide empirical evidence of the cognitive and neuroanatomical decoupling 

between the classically described familiarity and identification units (Bruce & Young, 1986). 

Moreover, our results support a model in which the concerted functionality of both 

hemispheres is required for the successful identification of famous people. In right svPPA 

patients, damage to the right ATL is associated with deficits in all tasks. These patients 

explicitly complain of face recognition deficits, likely because they cannot compensate their 

semantic loss with a sense of visual familiarity. Instead, in left svPPA patients, poor scores 

in semantic/biographical knowledge and naming can co-occur with spared feelings of 

familiarity. This retained sense of familiarity, especially for personally known faces, could 

be the reason why left svPPA patients usually do not complain of people identification or 

face recognition deficits despite their severely impaired performance on formal testing. The 

right ATL would thus function as key interface between purely visual processing in fusiform 

regions and retrieval of verbally-based biographical and lexical information in the left ATL.

We could speculate that the familiarity feelings automatically generated in the right ATL 

enable (or at least facilitate, as already elaborated in Gainotti, 2007a, 2007b) downstream 

processes such as person-specific information retrieval. A parallel could then be drawn 

between telling real words versus pseudowords (the first step towards meaning access) and 

familiar versus unfamiliar faces (the first step towards identifying people). The first one 

appears to be a function of the left temporal lobe (Binney et al., 2016), while the second one 

would be its right hemisphere counterpart. This type of visual semantic information is 

critical for rapid social/ emotional processing and might have evolved together, as further 

discussed below.
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4.2. Taking sides on the semantic system

Our results of a distributed bilateral ATL network for the identification of famous people 

provide evidence for the overall organization of the semantic system.

The most influential models on the neural substrate of semantic memory acknowledge the 

need for peripheral, modality specific nodes, as well as multimodal convergence zones 

supporting merging and binding of information into conceptual representations independent 

of input modality (Borghesani and Piazza, 2017; Lambon-Ralph et al., 2017). It is also well-

described how concepts are composed of many features (e.g., prototypical shape, color, 

function, location), whose salience varies across different domains. For example, visual/

sensory features are critical for the identification of animals and emotions (e.g., a big striped 

cat-like animal is a dangerous predator), while action affordances are most important for 

manipulable tools (e.g., anything with a blade can be used to cut) ( Cree & McRae, 2003). 

The relative weight of each feature is further modulated by the task at hand, and the 

identification of people is a special case: it requires high-level visual perception and intra-

category identification of one specific exemplar among millions. Moreover, it is a link to 

highly verbal, encyclopedic knowledge, and promotes the retrieval of a pure referring 

expression (the proper name) not shared by any other item (Wittgenstein, 1953). Famous 

faces are thus the ideal stimuli to study non-verbal access to semantic and lexical 

knowledge. As already highlighted by Snowden et al. (2004), with famous faces, researchers 

can rule out any effect of perceptual affordance, as the links between face, name, and 

semantic attributes are arbitrary. With other visual stimuli (e.g., the picture of a pitcher), the 

perceptual information would be intrinsically linked with its functional meaning (e.g., being 

handled and poured). Moreover, famous faces allow to reliably isolate the sense of 

familiarity, the elusive feeling of knowing, an operation virtually impossible with other 

visual stimuli such as tools or animals.

Neuropsychological data stemming from studies of svPPA patients, indicate the ATLs as the 

most important hub for semantic processing (Hodges, Patterson, Oxbury, & Funnell, 1992). 

The crucial role of the ATL has now been widely accepted thanks to converging evidence 

from other neurological disorders, such as stroke, herpes simplex virus encephalitis, and 

epilepsy (Noppeney et al., 2007; Rice et al., 2015, Rice et al., 2018a, Rice, Caswell, Moore, 

Ralph, Matthew & Hoffman, 2018; Schwartz et al., 2009). However, the relative role of the 

right versus left ATL is still highly debated. Crucial findings come from svPPA cases, where 

early diagnosis is allowing the study of more selective (predominantly) left versus right ATL 

atrophy. Overall, the typical clinical presentation of right svPPA patients is characterized by 

behavioral symptoms (e.g., cold interpersonal behavior, loss of empathy) and difficulty with 

person identification and semantic knowledge for persons (Gorno-Tempini et al., 2004; 

Snowden et al., 2012; Thompson, Patterson, & Hodges, 2003), with less severe naming 

deficits and surface dyslexia compared to left svPPA cases (Binney et al., 2016). 

Consequently, the left temporal lobe has been associated with processing of words and 

objects (Hodges et al., 1992; Mummery et al., 2000), while the right appears to be associated 

with processing of socio-emotional stimuli (Rankin et al., 2006; Zahn et al., 2009, 2017). 

Given the known interplay between handedness and lateralization of domain specific areas 
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(Willems, Peelen, & Hagoort, 2009), the picture is further complicated by the evidence of 

increased non-right-handedness in svPPA population (Miller et al., 2013).

Overall, three main hypotheses have been put forward to explain the representational 

differences between left and right ATL, that focus, respectively, on the type of input (verbal 

vs pictorial stimuli), the content of the representation (charged with socio-emotional 

implications or not), and the format of the representation (language mediated vs sensory-

motor) (Gainotti, 2015a, 2015b). Our finding of a difference between right ATL damage 

(associated with deficits in familiarity judgments) and left ATL damage (associated with 

deficits in naming and semantic/biographical information retrieval), provides empirical 

support for those perspectives that highlight differential functional specialization of the left 

and right ATL based on type of semantic features and task (Gainotti, 2015a, 2015b; 

Lambon-Ralph et al., 2017). It is worth noticing that, given to the highly-controlled stimuli 

we adopted, neither semantic/biographical information retrieval nor familiarity judgments 

could rely on low level perceptual features. Face triplets were matched for general 

appearance, thus requiring not only perceptual recognition but also retrieval of specific 

verbally-based biographical information, while the forced-choice familiarity judgment only 

required a feeling of visual familiarity. Most of our left svPPA patients reported “guessing” 

who was the famous one among the 4 similarly looking faces (see Fig. 1). The observed 

divergence cannot be ascribed to input modality differences as the same pictorial stimuli 

were used across the three tasks. Hence, the difference can only derive from distinct 

representational formats (i.e., familiarity feelings do not require a verbal, language-mediated 

code, Gainotti, 2012), or be due to the content of the representation (i.e., familiarity feelings 

have tighter ties with emotions and social aspects than information on occupation and name, 

Olson, Plotzker, & Ezzyat, 2007). It should be noted that these views are not incompatible 

and should rather be seen as complementary: many socio-emotional aspects of semantic 

knowledge cannot be easily represented with a language-mediated code (Gainotti, 2015a, 

2015b).

The role played by the right ATL in facial familiarity processing calls for further 

investigations into the relation between familiarity and frequency, as well as between 

familiarity and socio-affective processing. Famous faces could be conceived as low 

frequency unique entities on the same continuum as objects. To test if and how stimuli 

category (e.g., celebrities vs landmarks) interacts with task requests (e.g., naming vs 

recognizing), future empirical work should aim to compare unique entities belonging to 

different semantic categories, while controlling for the frequency in which participants 

encounter them (Gainotti, 2007a, 2007b; Montembeault et al., 2017; Rice, Hoffman, Binney, 

& Ralph, 2018). Additionally, it has been suggested that the right temporal lobe binds 

sensory representations recruited for social and emotional processes due to its connections 

with the limbic system (Oishi et al., 2015; Olson et al., 2007). This would explain the 

combination of deficits in person identification and impairments in social and behavioral 

domains observed in patients with damage to the right temporal atrophy, including bvFTD 

and right variant of svPPA (Kumfor and Piguet, 2012; Rankin et al., 2006; Zahn et al., 2009, 

2017). Recognizing a face as familiar has cognitive implications (promoting retrieval of 

person-specific information), as well as behavioral ramification (allowing selection of the 

appropriate course of action) and emotional consequences (impacting social interaction and 
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personal feelings).Therefore, a second line of research would investigate possible 

correlations between patients’ performance in familiarity judgment tasks and measures of 

social cognition, such as emotional face comprehension (Rosen et al., 2002). These kind of 

data will be instrumental in testing models that associate the right hemisphere with non-

verbal, automatic, primitive, emotional processing heavily relying on sensorimotor 

functions, in contrast with the verbal, conscious and intentional, phylogenetically younger, 

cognitive processing anchored in the left hemisphere (Gainotti, 2018).

4.3. Clinical implications

Our results have one main clinical implication: deficits in semantic tasks that do not require 

verbal processing could indicate a predominantly right ATL damage. To date, 

notwithstanding the growing number of descriptions of right svPPA cases (e.g., Edwards-

Lee et al., 1997; Gorno-Tempini et al., 2004; Joubert et al., 2006), there are no established 

diagnostic criteria to help differential diagnosis. Patients with right ATL atrophy are 

inconsistently diagnosed either as svPPA-when they reach clinical attention lamenting word-

finding or object recognition problems, or bvFTD-when loss of empathy and deficits in 

emotion recognition are first noticed. Although individual variation exists within each 

subgroup (Woollams and Patterson, 2017), dissociations in neuropsychological performance 

between predominantly right and predominantly left svPPA patients have been consistently 

reported, especially when examining not only the overall accuracy but also the type of error 

committed (Snowden et al., 2017). However, left and right variants of svPPA progress into 

similar clinical profiles as atrophy spreads (Brambati et al., 2009; Kumfor et al., 2016; 

Seeley et al., 2005) thus only cases detected early enough can be easily distinguished. 

Crucially, right svPPA patients often present with behavioral traits such as rigidity and 

apathy, which are routinely detected in bvFTD patients. It should be noted that the 

overwhelming majority of svPPA cases (83%) is associated with FTLD-TDP type C 

pathology (Spinelli et al., 2017), while bvFTD cases present more variability across FTLD 

subtypes (Perry et al., 2017). Identification of right svPPA patients has thus significant 

relevance in the prediction of the underlying pathology, a pivotal step as pharmacological 

interventions become available. Our results suggest that, in order to help the detection of 

predominantly right ATL pathology in early stages of the disease, deficits in non-verbally 

mediated semantic knowledge should be carefully noted. To this end, specific tests should be 

conceived enabling the dissociation of semantic representations in terms of both content and 

format (e.g., verbally-mediated vs sensory-based).

4.4. Limitations

The main limitation of the present investigation is the relatively small - and unbalanced 

across clinical spectra-number of patients, a consequence of the rareness of these diseases. 

Converging evidence from fMRI and TMS studies will help ruling out potential confounding 

factors that cannot be fully addressed when comparing these rare cases (e.g., disease severity 

and duration). We carefully designed the three tasks to allow separate assesment of key 

processing steps and selected the stimuli as to avoid perceptual confunds. However, only 

non-verbal, visual inputs were used (i.e., famous people faces). Hence, the results cannot be 

generalized to famous person identification as achieved through other sensory modalities 

(Gainotti, 2015a, 2015b). Future studies shall aim to integrate non-verbal auditory inputs 
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(i.e., famous people voices), while comparing performance across tasks explicitly addressing 

different cognitive processes, as done here. This will be instrumental in understanding the 

interaction between input format (auditory vs visual) and cognitive process (e.g., familiarity 

judgment vs semantic retrieval).

4.5. Concluding remarks

This study showed that different stages of famous faces processing rely on distinct neural 

substrates in the right (famil-iarity judgment) and left (semantic/biographical information 

retrieval and naming) anterior temporal lobe. These findings reconcile theories on the 

lateralization of face processing and on the neural correlates of semantic knowledge. Finally, 

we offer that these observations will be instrumental in refining the distinction between left 

and right variant of temporal degeneration.
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Fig. 1 –. 
UCSF Famous Faces Battery. a) Two examples of the stimuli used in the Confrontation 

Naming task, where subjects are asked to retrieve the proper name of each famous face 

presented. b) Two examples of the stimuli used in the Semantic Association task, in which 

subjects have to select, among three famous faces, the two sharing a semantic connection 

(i.e., being in the same profession). c) Two examples of the stimuli used in the Familiarity 

Judgment task, where subjects are asked to select the familiar face among three unfamiliar 

distractors.
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Fig. 2 –. 
Famous face processing breakdown in neurodegenerative disorders. The results of the three 

tasks of the UCSF Famous Faces Battery allow descriptive comparisons of famous face 

processing deficits across different clinical profiles [average across clinical spectra, error 

bars represent standard deviation]. See Table 1 for details. AD = Alzheimer’s disease 

spectrum; FTD = frontotemporal dementia spectrum; svPPA = semantic variant Primary 

Progressive Aphasia; lvPPA = logopenic variant Primary Progressive Aphasia; nfvPPA = 

nonfluent variant Primary Progressive Aphasia.
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Fig. 3 –. 
Brain regions associated with famous face naming performance. a) Voxel-based 

morphometry identify regions of GM atrophy that correlated with performance in the 

Confrontation Naming task across all 123 participants (p < .001, FWE-corrected at the 

cluster level). b) For descriptive purposes, behavioral scores are plotted as a function of grey 

matter volumes at the most significant cluster [colors indicate the different clinical groups].
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Fig. 4 –. 
Brain regions associated with famous face semantic retrieval. a) The results of the voxel-

based morphometry analyses conducted across 123 participants demonstrates the correlation 

between left-sided temporal pole GM volume and the performance in the Semantic 

Association task p < .001, FWE-corrected at the cluster level). b) For descriptive purposes, 

behavioral scores are plotted as a function of grey matter volumes at the most significant 

cluster [colors indicate the different clinical groups].
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Fig. 5 –. 
Brain regions associated with famous face familiarity judgment. a) Voxel-based 

morphometry identify regions of GM atrophy that correlated with performance in the 

Familiarity Judgment task across all participants (p < .001, FWEcorrected at the cluster 

level). b) For descriptive purposes, behavioral scores are plotted as a function of grey matter 

volumes at the most significant cluster [colors indicate the different clinical groups].
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Fig. 6 –. 
Isolating naming, semantic retrieval, and familiarity judgment. The three effects are overlaid 

on five axial slices and a rendered template brain (left and right hemisphere).
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