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WHAT MAKES US HUMAN? FACE 

IDENTITY RECOGNITION
Bruno Rossion

Introduction

The human brain is an organ weighing 1.2–​1.5 kg that, together with the spinal cord, forms the 
central nervous system. It contributes to regulating body functions, processing sensory inputs of the 
environment, and controlling bodily actions. It is widely considered to be the most complex bio-
logical organ of the human body, consisting of about 86 billion nerve cells, or neurons, which present 
an astonishing level of morphological and functional variability. Each neuron is connected to other 
neurons by tens of thousands of synaptic connections, making this system extremely complex and 
difficult to understand. While the human brain is the product of a long biological evolution, it differs 
considerably from the brain of other animal species at multiple micro-​ and macroscopic levels of 
anatomo-​functional organization (Bryant & Preuss, 2018; Gazzaniga, 2009; Herculano-​Houzel, 2016; 
Kaas, 2019).

In its interaction with the environment, the brain can essentially be considered as a biological 
organ of recognition (Edelman, 2004): its primary function is to discriminate a myriad of sensory 
stimuli coming from a diverse, inherently ambiguous, and dynamic environment, and to generalize 
(or reproduce) these discriminative/​selective responses across various instances of these stimuli based 
on their physical properties, as well as the brain’s own biological constraints and past experience. 
For example, the adult human brain is able to recognize a wide range of stimuli as edible fruits, or 
different instances of insects as dangerous or harmless, and behave adaptively when facing them in 
daily life.

In psychology, the term “recognition” usually implies a judgment of previous occurrence (specif-
ically “the ability to identify information as having been encountered before,” according to the APA 
Dictionary of Psychology; see also Mandler, 1980). This is problematic if only because it confines rec-
ognition to experience, ruling out the contribution of phylogenetic memory. With such a restrictive 
semantic definition, recognition usually refers to a function different from categorization –​ two terms 
that are used preferentially by relatively independent scientific communities in psychology and cog-
nitive (neuro)science (Palmeri & Gauthier, 2004). Here, I adopt a more general biological perspec-
tive, considering that recognition is essentially a categorization function that, in human adults, is 
largely automatic and associated with different levels of consciousness (Rossion & Retter, 2020). 
Without this recognition/​categorization function (i.e., if each stimulus were treated as unique at 
every moment in time), we would be overwhelmed by the amount of sensory inputs received, 

9780367509163pre-end_pi-413.indd   3259780367509163pre-end_pi-413.indd   325 02-Aug-22   00:07:3102-Aug-22   00:07:31



326

Bruno Rossion

and lost in our interaction with the world. Hence, recognition/​categorization is arguably the most 
important brain function, providing a key platform for learning, memory, attention, decision-​making, 
language, and social communication, among other faculties (Murphy, 2002).

Inputs from the environment are dealt with by various sensory receptors in biological organisms, 
with vision being largely considered in the scientific community as the most elaborate sensory 
modality in humans (and primates in general). Visual stimuli vary substantially across time and space, 
with variations of luminance and wavelength providing extremely rich inputs. In humans and other 
primates, considerable brain portions deal mainly, or only, with visual inputs (Felleman & Van Essen, 
1991) and the experimental studies in cognitive (neuro)science devoted to vision largely outnumber 
studies performed with stimuli suited to other sensory modalities (Hutmacher, 2019).

Among all sensory inputs to the human visual system, human faces constitute arguably the most 
important in our environment: they convey many cues for social communication and are frequently 
encountered, especially in modern societies and in the age of (social) media. Further, a face is a com-
plex stimulus, containing multiple nameable parts (e.g., eyes, mouth, nose) and internal sources of 
physical variations interpreted in terms of shape, texture, and color. The face is thus extremely well 
suited for investigating the most refined mechanisms of recognition. In particular, often considered as 
the quintessential whole, or Gestalt, the face appears as the ideal stimulus to understand the complex 
relationships between wholes and parts in (visual) recognition (Rossion, 2013). For all these reasons, 
the human face undoubtedly holds a special place in scientific research, having become possibly the 
most widely studied stimulus in cognitive (neuro)science (Calder et al., 2011).

The key point of this chapter is that face recognition is specific to the human species in terms 
of expertise and neural mechanisms. This is not only because a human face is a powerful nonverbal 
stimulus communicating meaning, but more fundamentally because its recognition based on visual 
inputs only, in the adult human brain, originates from and is built upon multimodal (including verbal) 
associations. The recognition of identity from the face, face identity recognition (FIR), is used here 
as the primary example to illustrate this view. Since facial identity is not an objective conveyor of 
information to decode, but rather a sign to interpret based on semantic knowledge, understanding 
the biological bases of FIR is important for the agenda of neurosemiotics, and a neurosemiotic per-
spective can inspire future research on this topic.

Following this brief introduction, the chapter is divided into five further sections to first introduce 
the face as a stimulus, followed by insights on FIR, its development, and its fundamental difference 
between humans and other animal species. The next section will describe the human-​specific neural 
circuitry subtending this function, highlighting key differences in cortical face networks with the best 
available animal model in cognitive neuroscience, the macaque brain. Following this analysis, an ori-
ginal model for the developmental origin and structuring of human cortical memories of face iden-
tities based on reentrant semantically driven identity representations will briefly be proposed before 
concluding remarks are made on this neurosemiotic perspective of human face (identity) recognition.

The human face as a powerful sign of social communication

Faces emerged through evolution in animal species over half a billion years ago as a biological inter-
face between the central nervous system and the physical environment (McNeill, 2000). From a 
biophysical perspective, a face is a collection of sensory receptors –​ typically the eyes, nose, mouth, 
and ears –​ positioned together at the front of the body and in proximity to the brain. Importantly 
for an animal’s survival, this arrangement enables information from the outside world to be reacted 
to appropriately and rapidly (Rossion & Retter, 2020). Many animal species have a face, with the 
sensory receptors organized in an overall quasi-​symmetric configuration that often bears a striking 
resemblance to the human face (Bruce & Young, 1998). Despite this similarity, the human face has 
many characteristics that make it unique, even when compared with our closest cousin, the chim-
panzee: a large head size relative to the body, a flat face due to the development of the prefrontal 
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cortex, tooth size reduction, a prominent nose, a chin, less facial hair, thinner eyebrows, and a rela-
tively small distance between the nose and the eyes.

Since populations of modern humans –​ Homo Sapiens –​ started to leave Africa around 100,000 years 
ago and settle on different continents, their body morphology, including the face, transformed in 
response to different natural selection pressures –​ that is, different physical and social environments 
(Ruff, 2002). Consequently, despite the extremely high genetic similarity between different modern 
human populations (Cavalli-​Sforza & Cavalli-​Sforza, 1995), there are important and markedly vis-
ible differences between their faces, both in terms of the bone structure and the reflectance of light 
on the skin (Bruce & Young, 1998). For instance, sub-​Saharan Africans have darker skin and wider, 
more bulbous noses than Asians or Western Europeans, with the latter being characterized by thinner, 
pointier noses (Farkas, 1994; Zaidi et al., 2017).

In modern human populations, the face evolved to have primary importance for social functioning, 
conveying both quickly changeable cues to recognize/​categorize emotion from the expression, the 
direction of attention from the position of the head and gaze, and the state of health from the skin 
tone –​ as well as relatively invariant cues to recognize/​categorize age, sex, race, attractiveness, and 
personality traits such as dominance and trustworthiness (Bruce & Young, 1998; Todorov, 2017). The 
face is thus a multifaceted, ecologically valid construct with extreme importance for human social 
life. In this sense, the human face is an extremely powerful sign conveying meaning to the observer, 
and should be a primary object of study of (neuro)semiotics.

Face identity recognition: A human-​specific expertise

The challenge and quality of human face identity recognition

Recognizing a face as belonging to a specific identity, or FIR, is particularly challenging in humans. 
This difficulty follows from two main factors. First, while individual faces certainly differ more in 
humans than in other animal species (Sheehan & Nachman, 2014), all human faces, particularly 
within a genetically homogenous group, share similar features and their overall configuration, so FIR 
requires fine-​grained visual discrimination processes. Second, the same face identity can vary sub-
stantially under different viewing conditions (Figure 21.1), to the point where two views of the same 
identity may often differ physically more than two different facial identities (Burton et al., 2016).

A third factor, usually neglected, is that in most modern human societies, the number of different 
people encountered (in real life or through the media) is extremely large and variable over time. For 
this reason, the number of categories of human facial identities is, if not infinite, extremely large and 
undetermined. Hence, contrary to other face recognition functions (e.g., emotional expression, sex, 
age), for which there is a small and relatively stable number of categorizations to make, FIR is a wide-​
open flexible recognition function, making it extremely challenging. This challenge explains why 
there is so much natural interindividual variability in this ability in the normal population (Wilmer, 
2017), and why this ability is easily lost in many neurological, neurodevelopmental and psychiatric 
disorders (Barton et al., 2021).

These three factors also explain why, despite major investments in technology and substantial 
progress over the past decades, artificial algorithms for FIR still struggle to come close to human 
performance and can be fooled relatively easily.1 Since early 2020 and the COVID-​19 pandemic, 
artificial FIR has also struggled to surmount the new challenges posed by face masks.2

Despite this challenge, in humans identity recognition is based primarily on the face, which among 
body parts carries by far the largest morphological and genetic diversity (Sheehan & Nachman, 
2014). Young adults in modern societies are able to accurately identify thousands of faces on average 
(Jenkins et al., 2018), rapidly –​ that is, at a glance, and within a few hundreds of milliseconds of pro-
cessing (Hsiao et al., 2008; Yan & Rossion, 2020) –​ and largely automatically (i.e., without volition). 
Thanks to these characteristics (accuracy, speed, automaticity, large and variable number of exemplars 
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to recognize), neurotypical human adults can be considered genuine experts at FIR (Carey, 1992; 
Rossion, 2018a).

Expertise in FIR is thought to be based on the ability of the neurotypical adult brain to rec-
ognize a face identity holistically/​configurally –​ that is, as a single unit rather than a collection of 
independent features (Tanaka & Farah, 1993). This recognition mode is well illustrated by visual phe-
nomena such as the composite face illusion, in which identical top face halves aligned with differing 
bottom face halves, produce the vivid impression of different top face halves (Figure 21.2). This visual 
illusion provides compelling evidence that the recognition of the identity of a face part is mandatorily 
affected by the identity of the other parts (Rossion, 2013; Tanaka & Farah, 1993; Young et al., 1987) 
and that FIR goes well beyond the stimulus given. The importance of holistic face identity recog-
nition is supported, among other observations (e.g., Van Belle et al., 2010), by the disruption of the 
composite face illusion following stimulus inversion (Rossion, 2013; Young et al., 1987; Figure 21.2) 
and in cases of prosopagnosia (Ramon et al., 2010), a sudden, massive, and category-​selective impair-
ment of FIR following brain damage (Bodamer, 1947; for a recent review, see Rossion, 2018b).

Development, genetics, and experience

To what extent is human FIR genetically predetermined and to what extent does it arise due to visual 
experience? On the one hand, developmental difficulties at FIR –​ most often called “developmental 
or congenital prosopagnosia” (Behrmann & Avidan, 2005), but more correctly “prosopdysgnosia” 

Figure 21.1  A face identity recognition (FIR) as categorization

FIR requires producing a selective response to a view of a face (e.g., George Clooney) compared with other 
(familiar or unfamiliar) face identities and to generalize this response across widely different signals –​ for example, 
very different views of George Clooney’s face as in the display. Due to large changes in viewing conditions 
but also facial appearance during the lifetime, the objective physical difference can be much smaller between 
one view of a face identity and another facial identity (e.g., Clooney and a Clooney lookalike) than between 
two views of the same face identity. According to the neurosemiotic view advocated here, generalization across 
different views of a face identity is not based on invariant unimodal visual representations derived from an 
objective analysis of facial features, but is necessarily rooted in multimodal semantic memory. Pictures licensed 
under the Creative Commons Attribution –​ Share Alike 3.0 Unported. Attribution: Georges Biard. See e-​book 
for a full-​color version of this figure.

9780367509163pre-end_pi-413.indd   3289780367509163pre-end_pi-413.indd   328 02-Aug-22   00:07:3102-Aug-22   00:07:31



329

What makes us human?

Fi
gu

re
 2

1.
2 

T
he

 c
om

po
sit

e 
fa

ce
 il

lu
sio

n

T
hi

s p
ow

er
fu

l i
llu

sio
n 

sh
ow

s t
ha

t F
IR

 g
oe

s b
ey

on
d 

th
e 

st
im

ul
us

 g
iv

en
. A

. A
ll 

fiv
e 

to
p 

ha
lv

es
 (a

bo
ve

 th
e 

th
in

 li
ne

) a
re

 p
hy

sic
al

ly
 id

en
tic

al
. Y

et
, w

he
n 

th
ey

 a
re

 a
lig

ne
d 

w
ith

 
di

st
in

ct
 b

ot
to

m
 h

al
ve

s 
(a

ll 
of

 d
iff

er
en

t 
id

en
tit

ie
s, 

ne
ut

ra
l e

xp
re

ss
io

n,
 t

ak
en

 u
nd

er
 t

he
 s

am
e 

lig
ht

in
g 

co
nd

iti
on

s)
, t

he
y 

ar
e 

pe
rc

ei
ve

d 
as

 b
ei

ng
 d

iff
er

en
t. 

B
. I

f 
th

e 
bo

tt
om

 
ha

lv
es

 d
iff

er
 b

ut
 a

re
 s

pa
tia

lly
 m

isa
lig

ne
d 

w
ith

 t
he

 t
op

 h
al

ve
s, 

on
e 

ha
s 

no
 d

iffi
cu

lti
es

 in
 p

er
ce

iv
in

g 
th

e 
to

p 
fa

ce
 h

al
ve

s 
as

 b
ei

ng
 in

de
ed

 id
en

tic
al

. C
. T

he
 s

am
e 

as
 in

 A
 b

ut
 

th
e 

di
sp

la
y 

ha
s 

be
en

 v
er

tic
al

ly
 fl

ip
pe

d,
 s

ho
w

in
g 

in
ve

rt
ed

 fa
ce

s. 
A

ll 
5 

“t
op

” 
ha

lv
es

 (
he

re
 a

t t
he

 b
ot

to
m

 o
f t

he
 d

isp
la

y 
be

lo
w

 th
e 

th
in

 li
ne

) 
ar

e 
ph

ys
ic

al
ly

 id
en

tic
al

 a
nd

 o
ne

 
do

es
 n

ot
 s

ee
 t

he
m

 a
s 

be
in

g 
di

ffe
re

nt
. S

ee
 e

-​b
oo

k 
fo

r 
a 

fu
ll-

​co
lo

r 
ve

rs
io

n 
of

 t
hi

s 
fig

ur
e.

9780367509163pre-end_pi-413.indd   3299780367509163pre-end_pi-413.indd   329 02-Aug-22   00:07:3102-Aug-22   00:07:31



330

Bruno Rossion

(see Rossion, 2018c) –​ may run in families (Susilo & Duchaine, 2013), and monozygotic twins’ per-
formance at FIR tasks are more strongly correlated than dizygotic twins’ performance (Wilmer et al., 
2010). These observations have led to claims that genetics largely determine FIR ability. On the other 
hand, early visual experience appears to be critical for the development of FIR based on holistic 
representations (Le Grand et al., 2004) and also leads to the fine-​tuning of FIR ability; at nine months 
of age, infants show lower FIR performance for non-​experienced than frequently experienced faces –​ 
for example, other-​species faces (Pascalis et al., 2002) and other-​race human faces (Kelly et al., 2007). 
Nevertheless, even after nine years of age a predominant exposure to other-​race faces can reverse such 
an early bias in FIR (Sangrigoli & de Schonen, 2004). Thus, experience appears to be necessary and 
influential for FIR, which continues to improve during development until adulthood (Carey, 1992). 
While some authors consider that this long development is essentially explained by the maturation of 
general cognitive factors (Crookes & McKone, 2009), there is substantial behavioral and neural evi-
dence for a progressive, specific improvement of FIR. For instance, the face inversion effect, measured 
as the difference in performance for recognizing the identity of upright versus inverted faces, emerges 
only at a few years of age and increases until adulthood (Hills & Lewis, 2018). Moreover, the spatial 
extent and degree of face-​selectivity in the human ventral occipito-​temporal cortex, as described in 
the next section, continues to develop past age seven into adulthood (Golarai et al., 2017).

Importantly, although the notion of expertise has been around for decades in the field of human 
face recognition (Diamond & Carey, 1986; Carey, 1992), it is generally conflated with the view that 
expertise necessarily arises from visual experience only, and that it could be developed in a similar 
way for virtually any kind of non-​face stimuli learned during development or even in adulthood 
(Diamond & Carey, 1986; Gauthier & Tarr, 1997). In this vein, “acquired” domain-​general expertise 
has often been radically opposed to “innate” domain-​specific (i.e., only for faces) expertise (McKone 
et al., 2007). Instead, current evidence suggests that, despite a large amount of interindividual vari-
ability in FIR ability (Wilmer et al., 2010), neurotypical human adults possess a domain-​specific 
expertise in FIR, which emerges both from genetic factors and experience. The level of expertise that 
humans reach in FIR appears particularly salient when compared with FIR performance of other 
animal species.

A human-​specific expertise in FIR

Animal species other than humans undoubtedly rely on faces of conspecifics for social communi-
cation, with the face of non-​human primates, in particular, conveying important cues for recog-
nizing emotional expression and attention from gaze and head direction (e.g., Emery et al., 1997). Yet 
whether the face is used as a (primary) cue for identity recognition in non-​human species is much 
more debatable. Behavioral studies have shown that many non-​human species, such as sheep (Peirce 
et al., 2000), fish (Wang & Takeuchi, 2017), and even wasps (Sheehan & Tibbetts, 2011) can discrim-
inate pictures of faces of different conspecifics, drawing parallels to human performance. However, 
FIR performance of non-​human species often follows long operant-​conditioning procedures and, 
despite the use of a small number of individual exemplars (with often the exact same images repeated 
extensively), remains relatively modest (Rossion & Taubert, 2019; Figure 21.3A). Moreover, successful 
performance on such tasks appears to be based on low-​level image characteristics (with limited 
across-​image generalization) and/​or external traits of the face –​ for example, antennae for wasps or 
ears for sheep; see respective references above (Figure 21.3A).

Importantly, this limited ability also holds for the species often considered as offering the best 
available animal model for the human visual system (and even for complex visual object recogni-
tion –​ see DiCarlo et al., 2012): the macaque monkey. Interestingly, macaques are poor at behavioral 
FIR tasks, requiring hundreds of trials to reach acceptable levels of performance on simple image 
discrimination tasks, with little generalization over new images (Parr et al., 2008) (Figure 21.3B). This 
is also the case for other monkey species, such as Capuchin monkeys (Pokorny & de Waal, 2009; see 
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the extensive review of Rossion & Taubert, 2019). Importantly, since monkeys’ performance drops 
after the introduction of new images, this modest performance is not due to difficulties at specific 
task acquisition. Moreover, monkeys do not rely on qualitatively similar processes to humans for 
FIR. That is, they rely primarily on external features (Parr et al., 2008), and generally fail to show a 
decrease of performance with stimulus (picture-​plane) inversion (Bruce, 1982; Griffin, 2020; Rossion 
& Taubert, 2019), one of the most compelling effects in human studies (Rossion, 2008). Moreover, 
unlike humans (e.g., Bruce et al., 2001), they do not perform better for matching pictures of familiar 
than unfamiliar faces for their identity (Micheletta et al., 2015; Pokorny and de Waal, 2009).

Overall, these observations cast strong doubt as to the appropriateness of the (macaque) monkey 
as a model for understanding the neural basis of human FIR. Although behavioral studies suggest that 
chimpanzees, and perhaps other apes, are better than macaques at FIR and might rely on more quali-
tatively similar processes to humans (Taubert et al., 2012), humans may be the only animal species 
living in a large social group to naturally use the face as the primary source of information for FIR (as 
opposed to smell, vocalization, non-​facial body cues and so on), reaching expertise levels that appear 
unparalleled in the animal world.

Face identity recognition: A human-​specific neural circuitry

What are the neural mechanisms supporting human FIR? For the reasons presented above, answering 
this question would go a long way towards understanding recognition/​categorization, arguably the 
most fundamental brain function. As we shall see below, the answer to this question is also important 
for the agenda of neurosemiotics, which should be concerned not only with how semantic know-
ledge about people’s identity is associated with visual constructs in the human brain, but by how 
semantic knowledge constrains and even generates face recognition based on visual inputs.

A right-​lateralized network of face-​selective regions

The neural bases of human FIR were first hinted at in patients presenting prosopagnosia –​ that is, 
after lesions to the ventral occipito-​temporal cortex (VOTC), in particular the right fusiform gyrus 
(Cohen et al., 2019; Meadows, 1974). Since the mid-​1990s, functional magnetic resonance imaging 
(fMRI) studies have identified clusters of voxels (of a few cubic millimeters) responding significantly 
more to pictures of faces than nonface objects, especially along the VOTC (in particular, the lateral 
fusiform gyrus) and the superior temporal sulcus (STS) (Figure 21.4) –​ for reviews and models, see 
Duchaine & Yovel (2015), Grill-​Spector et al. (2017), and Haxby et al. (2000). While the human 
VOTC network has been associated with the recognition of relatively stable aspects of a face, in par-
ticular its identity, the more dorsal STS network is thought to be involved in the recognition of rap-
idly changing (i.e., dynamic) aspects of faces, such as eye gaze direction, head orientation, and facial 
expression (Allison et al., 2000; Bernstein & Yovel, 2015).

limited performance that, unlike in humans, is based on piecemeal information, especially external features (from 
Peirce et al., 2000, with permission). C. Left. Example of a sequential 2 alternative forced-​choice or match-​to-​
sample task used in the studies of Parr and colleagues (Parr et al., 2000, 2008) in which a target face is presented 
on top, and disappears when the monkey contacts it with a cursor driven by a joystick. After the target face is 
contacted, it is cleared from the monitor, and the two comparison stimuli appear below. In some versions of the 
task, the target face remains on the screen. Note that the two images to match are strictly identical. Right. Results 
of the four macaques tested at this trivial task with blocks of 100 trials, showing that they need between 1100 
and 3300 trials to reach criterion (>80% performance). Introducing a new image set after reaching criterion 
leads to a significant drop of performance, even though the task still requires a simple image comparison (from 
Parr et al., 2008, with permission under a PMC Creative Commons License). See e-​book for a full-​color version 
of this figure.

Figure 21.3  (Continued)
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Neurofunctional models of human face recognition have been generated, with modular roles 
attributed to clusters of voxels (usually referred to as face-​selective areas) in the VOTC and STS 
(Duchaine & Yovel, 2015; Haxby et al., 2000) (see Figure 21.4). The face-​selective cluster in the lateral 
middle fusiform gyrus, known as fusiform face area (FFA; Kanwisher et al., 1997) has been divided 
into several subclusters, such as the pFus-​faces/​FFA-​1 and mFus-​faces/​FFA-​2, which have been 
linked to cytoarchitectonically distinct regions (Grill-​Spector et al., 2017).

In recent years, there has been a rise in fMRI studies using multivariate pattern analysis to 
“decode” the representations of (unfamiliar) individual faces in the cortical face network in order 
to localize and better define the neural bases of FIR. Unfortunately, these studies often report weak 
and inconsistent effects essentially driven by image-​based cues (Nestor et al., 2011; see Rossion, 
2014). In comparison, fMR-​adaptation studies (Grill-​Spector & Malach, 2001), which are based on 
reduced fMRI signal to repeated facial identities as compared with different stimuli, have reported 
more consistent effects in face-​selective VOTC regions (Davies-​Thompson et al., 2009; Gauthier 
et al., 2000).

However, such effects have not been reported in more anterior regions of the VOTC, which are 
affected by large magnetic susceptibility artifacts in fMRI (Rossion et al., 2018; Wandell, 2011). This 
drop in signal-​to-​noise ratio creates a “gap” between posterior VOTC regions and more anterior 
regions in the temporal pole (e.g., between regions 3 and 4 in Figure 21.4B), this latter region 
being linked to multimodal semantic associations, in particular knowledge about people (Collins 
et al., 2016; Gainotti, 2013; Lambon-​Ralph et al., 2010). Interestingly, at the functional level, this gap 
caused by methodological factors corresponds to the advocated dissociation between “perception” 
and “semantic memory” for faces (Duchaine & Yovel, 2015; Haxby et al., 2000). However, lesion ana-
lyses of prosopagnosia (Cohen et al., 2019) as well as focal electrical intracerebral recordings (Jacques 
et al., 2020; Jonas et al., 2016) and direct stimulation (Jonas & Rossion, 2021), point to a key role of 
populations of neurons throughout the anterior ventral temporal cortex, rather suggesting a con-
tinuous cortical representation of faces along the whole VOTC.

The lack of a ventral face-​selective network in macaque monkeys

Since there is no reason to expect, and no evidence whatsoever, that each facial identity would 
be uniquely associated with a specific brain region or even a neuronal population at the level of 
a single voxel in fMRI (containing millions of neurons; Logothetis, 2008), it is generally assumed 
that a full understanding of the neural mechanisms of human FIR requires complementary neural 
measures at finer spatial scales of brain organization, all the way down to the level of single 
neurons. This is where rhesus monkeys have served as a non-​human primate model, potentially 
bridging what we learn from human lesion studies and neuroimaging to activity at the level of 
the single cell.

the lateral section of the inferior occipital gyrus (IOG) to the posterior (pFG), middle lateral (lFG) and anterior 
fusiform gyrus (aFG) up to the temporal pole. In comparison, the posterior ventral occipito-​temporal cortex 
of the macaque brain is limited to one sulcus, with little gyrification, and no fusiform gyrus (Bryant & Preuss, 
2018). B. Inflated segmented brains showing typical locations of posterior face-​selective regions in macaques 
and humans (adapted from Weiner & Grill-​Spector, 2015; with permission under a PMC Creative Commons 
License). In macaques, these regions are essentially found in the STS, whereas humans have regions in both the 
STS and the VOTC (1, 2, 3, 4 on the figure). C. Ventral surface of individual human brains, showing the wide 
variability across five individuals in terms of the number and size of face-​selective responses (data unsmoothed, 
obtained here with a highly sensitive and specific fMRI face localizer, Gao et al., 2018). This ventral network of 
face-​selective regions is found primarily in the lateral fusiform gyrus and does not exist in monkeys. See e-​book 
for a full-​color version of this figure.

Figure 21.4  (Continued)
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Single neurons responding selectively to faces were found in the macaque temporal cortex ori-
ginally by Gross et al. (1972). Further single cell studies performed during the 1980s reported large 
numbers of these face-​selective neurons, describing their response properties in detail (e.g., Perrett 
et al., 1982; see Desimone, 1991 for review). Since early studies reported variability in the firing 
rate of single neurons in response to images of different individual faces, this variability has been 
proposed as a mechanism for FIR (Rolls, 1992). Specifically, each face-​selective neuron of a small 
population does not respond only to one face, but has a different relative response, in terms of the 
number of spikes/​second, to each of the members of a set of facial identities. Thus, the firing rate 
across a population of such neurons can convey information about different individuals –​ that is, a 
distributed neural code (Rolls, 1992). Importantly, this information is thought to relate directly to 
physical properties of the stimuli: faces that are physically similar/​different appear to be represented 
by similar/​different distributed patterns of spike rates across the neuronal population –​ a “face space” 
(Leopold et al., 2006; Young & Yamane, 1992). In recent years, this seminal work has been extended to 
target, and compare, the coding of different facial identities in fMRI-​defined face-​selective regions of 
the macaque brain (Tsao et al., 2006). For instance, an influential study reported that the firing rates 
of approximately 200 neurons sampled from face-​selective regions in two macaque brains could be 
used to decode visual similarity among 2000 humanoid pictures of faces and claimed to have finally 
cracked the neural code that allows the human brain to perform FIR (Chang & Tsao, 2017; see also 
Freiwald, 2020; Hesse & Tsao, 2020).

However, this claim is unsubstantiated (Rossion & Taubert, 2017), and the view that variable spike 
rates in a small population of neurons in the monkey brain offer a mechanistic account of human 
FIR is fatally flawed for several reasons. First, as described above, monkeys are poor at recognizing 
the identity of conspecifics from their faces only. Moreover, even if the animals tested in experiments 
are usually raised in captivity, there is no reason to expect that they would be better at identity rec-
ognition of human faces (as used in most of these studies). Second, when they succeed at learning to 
recognize a modest number of facial identities in photographs, monkeys rely on different cues and 
qualitatively different processes compared with humans, most likely using a part-​based analysis of 
low-​level visual characteristics rather than extracting a holistic, fine-​grained representation to indi-
viduate the face at a glance. Third, there are major relevant differences at the neural level between 
humans and macaques (Figure 21.4), who last shared a common ancestor 25–​30 million years ago 
(Kaas, 2019). For a start, the human brain contains about 13.5 times more neurons than the macaque 
brain (Herculano-​Houzel, 2016) and this difference is not homogenous across regions. For instance, 
the primary visual cortex is relatively much larger in macaques than humans –​ 10 percent of the total 
cortical surface versus 3 percent, respectively (Van Essen, 2005). In contrast, the temporal lobe is much 
smaller and thinner in macaques than humans, even accounting for body size differences (Bryant & 
Preuss, 2018; Rilling & Seligman, 2002).

Beyond (relative) size, they are also major differences in gyrification between the brains of 
macaques and humans (Zilles et al., 2013). In humans, the VOTC is divided by two major sulci: the 
collateral sulcus (CS) more medially, and the occipito-​temporal sulcus (OTS) more laterally, these 
two sulci defining the borders of the fusiform gyrus, the most important structure for human FIR, as 
noted above. In contrast, monkeys possess only one main ventral sulcus, labelled as the OTS, there-
fore lacking a fusiform gyrus –​ among other substantial neuroanatomical differences with the human 
VOTC (Figure 21.4A–​B).

Given their lack of the hominoid-​specific fusiform structure (Weiner & Zilles, 2016), it is not 
surprising that macaque monkeys do not hold a ventral face-​selective cortical network (Bryant & 
Preuss, 2018). Rather, their face-​selective regions are found more dorsally, mainly in the STS, where 
face-​selective neurons have been recorded in this species since the earliest studies. Critically, bilat-
eral removal of the entire STS in macaque monkeys has no or little effect on their learned ability to 
discriminate faces of conspecifics for their identity, but disrupts their sensitivity to gaze orientation 
(Heywood & Cowey, 1992). This latter observation supports the view that these face-​selective STS 
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regions in the monkey brain are involved in recognizing dynamic aspects of faces, such as eye gaze 
direction, head orientation, and facial expression, rather than identity (Allison et al., 2000; Bernstein 
& Yovel, 2015; Perrett et al., 1985; Taubert et al., 2020).

Finally, in humans, face-​selective cortical regions are typically larger in size and level of activation 
in the right as compared to the left hemisphere (Rossion et al., 2012; Sergent et al., 1992). While 
the factors driving this right hemispheric lateralization remain largely unknown (Rossion & Lochy, 
2022), regions of the right but not the left hemisphere appear critical for FIR (Cohen et al., 2019; 
Jonas & Rossion, 2021; Sergent & Signoret, 1992). This contrasts with the strictly bilateral cortical 
face network observed in monkeys (Tsao et al., 2008).

Overall, these anatomo-​functional differences between species, together with the lack of human-​
like ability at FIR in macaque monkeys as reviewed in the previous section, support the exciting 
view that the ventral face-​selective recognition system –​ which is mainly found all along the lateral 
fusiform gyrus and adjacent sulci (Figure 21.4) –​ emerged relatively recently in evolution, and may 
even have developed specifically in the human species.3

The key role of reentrant semantically driven identity representations

If the monkey brain offers only an inadequate model of human FIR, how can we clarify the neural 
mechanisms of this key function in our species? One answer is technical: neuroscientists should focus in 
the coming years on electrophysiological recording of neuronal populations and single neurons in the 
human cortical face-​network. Human recordings of single neurons have been performed for decades 
with microelectrodes in patients with epilepsy refractory to medication (Fried et al., 2014). Yet this 
approach remains very rare and technically challenging. Moreover, for technical and clinical reasons, 
these studies focus on specific brain structures such as the medial temporal lobe (e.g., hippocampus, 
amygdala), where so-​called concept cells (i.e., neurons responding to multimodal inputs defining a 
famous person, scene, or object) have been reported (Quian-​Quiroga, 2020; Quian-​Quiroga et al., 
2005). Notwithstanding these limitations, recent studies have started to explore multi-​ and single-​unit 
spiking activity in face-​selective human VOTC regions (Khuvis et al., 2021), providing hope to make 
progress in our understanding of the neural basis of human FIR in the years to come. However, per-
haps more fundamentally, another answer to the question above is conceptual: to make sense of future 
findings at this level, and integrate them with the large corpus of data collected at multiple levels 
of brain organization with various techniques of cognitive neuroscience, the prevalent theoretical 
framework in human face recognition research needs to be fundamentally reevaluated. This is where 
a neurosemiotic perspective, as advocated in this book and briefly discussed below, can be inspiring.

Human face recognition is generally considered a problem of vision, according to which we 
need to resolve how the analysis of physical features of a face stimulus impinging on the eye’s 
retina leads to a hierarchical succession of visual representations in the cortex until an invariant 
visual representation of facial identity is extracted (DiCarlo et al., 2012; Freiwald, 2020; Hesse & 
Tsao, 2020). It is only after this invariant unimodal (visual) representation is built from objective 
features of the stimulus that it would be associated with semantic knowledge about that face 
(Bruce & Young, 1986; Jiang et al., 2006; Duchaine & Yovel, 2015). In fact, despite the use of 
various (and often confusing) terminologies, this dissociation goes well beyond face (identity) 
recognition and reflects a general conceptual gap that is made in human cognitive (neuro)science 
between “(visual) perception” and “(semantic) memory,” or between “perceptual/​visual categor-
ization” (i.e., categorization thought to be based on the decoding of objective physical attributes 
of stimuli) and “conceptual/​semantic categorization” (i.e., abstract categorizations based on our 
knowledge of the world).

Usually originating from a tradition of research that started with early stages of visual processing 
(Hubel & Wiesel, 1962), and the first influential computational approach of vision of Marr (1982), 
monkey neurophysiologists have adopted this hierarchical view of visual recognition, including face 
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recognition, to the core. These researchers consider the visual recognition system as being essentially 
hierarchical, with increasingly complex visual representations progressively built from the computa-
tional analysis and (linear or nonlinear) combination of objective physical features of stimuli (DiCarlo 
et al., 2012; Freiwald, 2020; Hesse & Tsao, 2020). Since representations of facial identities are thought 
to be computationally extracted, independently of any previous encounter with these faces, and are 
based on physically objective features, the inputs (i.e., face images) can even be well-​reconstructed 
from the pattern of neural activity at a specific stage in the system (Chang & Tsao, 2017). According 
to this hierarchical computational view, memory representations of familiar faces located in more 
anterior regions of the system, such as the anterior temporal lobe or the parahippocampal gyrus 
(Landi & Freiwald, 2017), are contacted only following computational extraction of invariant visual 
representations. The goal of this research program, based on this standard framework, is therefore to 
elucidate the nature (content) of visual representations at each of the stages of the system and the 
computations applied to these representations.

However, in our species at least, FIR goes well beyond vision and fully incorporates semantics, 
including verbal representations. Take the face stimuli of Figure 21.1, for instance: in many instances, 
physical similarity is much higher between one view of a face identity (George Clooney’s face) and 
another (unfamiliar or familiar) face identity than between two views of George Clooney’s face. This 
is even clearer when comparing veridical facial identities to their caricatures or their lookalikes. In 
this context, how could the visual recognition system build an invariant representation of all views 
of a face identity (e.g., George Clooney), independently of knowledge (semantic memory) about 
this person? And while there is probably no lookalike that we would seriously confuse with Donald 
Trump’s inimitable face, how do we readily recognize him as a Parisian trash bin?4 These examples 
serve to illustrate that conceptualizing FIR as a problem of vision only, with (semantic) memory 
representations intervening afterwards, is not tenable. This standard position in human face recogni-
tion research, according to which a series of perceptual stages precedes access to semantic knowledge, 
leads to fundamental incoherencies, such as the rejection of unfamiliar FIR to non-​expert low-​level 
visual processes (Megreya & Burton, 2006; Young & Burton, 2018), despite overwhelming evidence 
that such faces are processed holistically in high-​level human visual cortical areas (Jacques et al., 2020; 
see Rossion, 2018b). Moreover, this standard position of a dissociation between perceptual processing 
stages and semantic memory makes it virtually impossible to understand how unfamiliar faces can 
(rapidly) become familiar.

To resolve these issues, an alternative view is proposed here according to which semantic 
representations –​ that is, the source of information we possess that enables us to bring meaning 
to words, objects, and all other nonverbal stimuli such as smell or sound (Lambon-​Ralph et al., 
2010) –​ in the ventral anterior temporal lobe developmentally precede and build unimodal (i.e., visual) 
face-​selective representations of identity in the posterior VOTC, constraining these representations 
throughout lifetime via reentrant neuronal connections. That is, one learns that different views of 
a face belong to the same identity not only because they often occur in close temporal succession 
(Wallis & Bülthoff, 2001), but because they are associated with the same context, affects, auditory, 
and even olfactory inputs (Rekow et al., 2021), as well as abstract verbal cues –​ for example, names 
and all kinds of semantic associations (Dixon et al., 1998; Eick et al., 2020;  Schwartz & Yovel, 2016). 
This is how two completely different views of an unknown George Clooney can become associated 
in our brain: thanks to their non-​visual semantic commonalities, they both initially lead to the firing 
of a largely overlapping population of neurons in the ventral anterior temporal cortex because we 
encounter them in common multimodal contexts. And, contrary to the standard model of human 
face recognition, this multimodal person representation is not contacted after the extraction of view-​
invariant visual representations: to the contrary, it constitutes the earliest –​ in terms of developmental 
origin and learning –​ and (only fully) invariant representations of “facial” identity. In humans, these 
multimodal person representations are located in anterior regions of the VOTC –​ that is, the ventral 
anterior temporal lobe (Collins et al., 2016) –​ being heavily constrained by language-​related inputs.
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Through re-​entry –​ that is, bidirectional rapid exchange of inputs along reciprocal axonal fibers 
(Edelman & Gally, 2013) –​ these selective populations of neurons synchronize their activity with 
populations of neurons located more posteriorly in the VOTC, down to non-​retinotopic visual 
regions of the inferior occipital gyrus, posterior and midfusiform gyrus (Figure 21.5). If multi-
modal recognition in ventral anterior temporal regions is successful, this leads to strengthening of 
connections with selective populations of neurons in posterior VOTC regions –​ a process occurring 
through Hebbian associative learning mediated by the hippocampus (Squire et al., 2015). Since these 
posterior VOTC regions receive concurrent direct inputs from (retinotopic) low-​level visual areas, 
there is a progressive selection of their neuronal populations receiving the patterns of low-​level 
visual inputs associated with successful recognition. Through this associative process, in these pos-
terior VOTC regions, facial identities become progressively distinguishable based on low-​level visual 
inputs only. Thus, unimodal (i.e., visual) cortical memories (Fuster, 2009) are built “inside-​out,” from 
semantics to vision. In a mature system, these cortical visual memories are essential to immediately 
distinguish novel faces from one another, even in the absence of semantic associations, and facilitate 
learning –​ that is, transforming unfamiliar faces into familiar ones.

Importantly, this dynamic recurrent process leads to distributed cortical memories (of facial iden-
tities) all along the human VOTC (Figure 21.5). Rather than fixed hierarchical computational stages 
with an invariant, purely visual representation extracted from the input and subsequently associated 
with semantic memory, there is an antero-​posterior gradient of selected semantic-​visual feature 
representation (Figure 21.5). Hence, even “visual” posterior VOTC face-​selective regions can be 
modulated in their early activity by multimodal inputs linked to faces and facial identities, such as 
human voices (Blank et al., 2015), identity-​related names (Ambrus et al., 2019), semantic associations 
(e.g., “job title” –​ Eick et al., 2020) or even face-​related words (García et al., 2020). Yet, in a fully 

Figure 21.5  Face identity recognition in the human ventral occipito-​temporal cortex

Different face-​selective populations of neurons (“clusters”) are linked by reentrant connections. Through a 
gradient of sensitivity from purely visual to semantic features along the VOTC, different facial identities could be 
represented by partly overlapping groups of neurons within these clusters, providing increased invariance across 
physical variations in the antero-​posterior direction. Note that while five clusters of roughly similar sizes are 
represented here, their number and spatial extent vary across individual brains (Figure 21.4C). See e-​book for a 
full-​color version of this figure.
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developed neurotypical adult brain, their main source of inputs to distinguish identities comes from 
low-​level visual regions. This is the reason why, in a mature system, selective destruction of these pos-
terior VOTC face-​selective regions –​ such as the “FFA” in the right hemisphere –​ may cause proso-
pagnosia, a modality-​specific memory impairment limited to face identity (Rossion, 2018a).

Finally, another implication of this visuo-​semantic inverse gradient is that, although there are gen-
eral anatomical constraints for these selective populations of neurons to end up roughly in the same 
cytoarchitectonic VOTC regions –​ for example, the lateral rather than the medial fusiform gyrus 
(Grill-​Spector et al., 2017) –​ they also vary tremendously in terms of variability, size, spatial distribu-
tion, and number across individual brains (Figure 21.4C) (Gao et al., 2022), reflecting specific cultural 
and idiosyncratic visuo-​semantic experiences with faces. Consequently, any scientific attempt to 
define general computational/​representational stages at each level of a well-​defined hierarchy of brain 
areas across all individual brains is bound to fail.

While a full elaboration of this original view goes beyond the scope of this chapter, if proved 
correct it would firmly place human face (identity) recognition beyond the realm of vision, as part of 
the larger field of neurosemiotics.

Conclusions: Towards a neurosemiotics of human face recognition?

A fundamental function of the central nervous system is to recognize stimuli of the environment in 
order to generate adaptive behavior. This function is not achieved by a series of computations applied 
to well-​defined distinct representational stages but “merely” by associating specific populations of 
neurons to specific stimuli and being able to reproduce these selective responses across variable 
instances of the stimuli. At this very coarse level of description, there is no fundamental difference 
between the recognition of the identity of conspecifics from the face, FIR, across a number of animal 
species –​ for example, Polistes fuscatus wasps, sheep, macaque monkeys and humans. In humans, 
however, FIR requires a very fine-​grained level of visual discrimination among many exemplars and, 
especially immense generalization abilities that go well beyond objective physical features. Thanks to 
extensive experience during development and the social pressure to rapidly and accurately recognize 
the identity of a large and variable number of face identities, this leads to an unparalleled level of 
expertise at FIR in neurotypical human adults, characterized by high accuracy levels, speed, auto-
maticity and holistic recognition. This FIR expertise is supported by a distributed category-​selective 
right-​lateralized network in the VOTC, a network that is not found in macaque monkeys and that, 
across individual human brains, presents with a large amount of interindividual variability in size, 
localization, and number of cortical nodes (Gao et al., 2022). The VOTC face network originates as 
a semantic selective neural response in the ventral anterior temporal lobe, gradually generating and 
driving visual face-​selectivity in posterior regions through re-​entrant connections to support human-​
specific expertise at FIR (Figure 21.5).

According to this view, face (identity) recognition, even for unfamiliar faces, necessarily concerns 
meaning in the nervous system rather than a reactive information processing decoding, making it a 
semiotic process (Queiroz & El-​Hani, 2006). That is, what determines the diagnosticity of low-​level 
visual inputs (i.e., their “ability” to lead to successful recognition of a face or of a specific face iden-
tity) is not only their objective content (i.e., features to “decode”), but how these inputs are (and have 
been) successfully associated with semantic knowledge (in the past). Since it is not merely an object to 
decode visually, but a sign that is always interpreted based on past and present successful associations 
in the nervous system, this perspective puts the human face firmly in the field of neurosemiotics.
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Notes

1	 www.theg​uard​ian.com/​uk-​news/​2018/​may/​15/​uk-​pol​ice-​use-​of-​fac​ial-​reco​gnit​ion-​tec​hnol​ogy-​fail​ure
2	 National Institute of Standards and Technology Interagency or Internal Report 8311.
3	 Despite these obvious differences, a number of prominent scientists in the field consider that the monkey 

brain holds the exact same number of face-​selective regions as the human brain (Tsao et al., 2008; Weiner 
& Grill-​Spector, 2015) and that the STS cortical face network in the monkey brain should be divided into 
two parts: (1) a dorsal part, homologous to the face-​selective STS network in humans; and (2) a ventral part, 
corresponding to the human face-​selective VOTC network (Freiwald et al., 2016; Tsao et al., 2008; Weiner & 
Grill-​Spector, 2015; Yovel & Freiwald, 2013) (Figure 21.4). According to this view, the putative ventral part of 
the monkey STS system would have been “pushed” onto the ventral cortical surface over the course of human 
evolution by the expansion of regions engaged in language and social cognition, in particular the temporal 
parietal junction. However, the hypothesis of a one-​to-​one homology of regions across the two species and of 
a ventral displacement of lower STS clusters through human evolution is far-​fetched and contradicted by con-
siderable anatomo-​functional evidence (Gao et al., 2022; Rossion & Taubert, 2019), falling flat in comparison 
with the wealth of converging evidence supporting the view that the face-​selective VOTC network is indeed 
specific to the human lineage.

4	 www.bor​edpa​nda.com/​funny-​don​ald-​trump-​bin-​photos​hop-​bat​tle/​?utm​_​sou​rce=​goo​gle&utm​_​med​ium=​
orga​nic&utm_​c​ampa​ign=​orga​nic
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