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a Université de Lorraine, CNRS, IMoPA, Nancy F-54000, France
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A B S T R A C T

There is long-standing confusion in the scientific literature as to whether macaque monkeys show, like humans, a 
large decrease of performance for recognizing the identity of faces presented upside-down. Clarifying this issue is 
important because performance decrease for inverted faces is a hallmark of our species’ expertise at face identity 
recognition (FIR), and the macaque monkey is widely considered as the reference animal model to clarify the 
neural mechanisms of this function. Here I report a theoretically-oriented critical review of behavioral and neural 
studies regularly cited as having tested the effect of inversion on FIR in macaque monkeys. I show that the 
confusion originates essentially from studies in macaques showing a mere behavioral or neural preference for 
upright over inverted faces independently of identity recognition, or confounding effects of stimulus inversion 
with training and stimulation constancy. Considering studies that properly tested the effect of inversion on FIR 
makes it clear that there is no behavioral or neural cost of such stimulus manipulation in macaques. This 
conclusion is congruent with a wide source of neurofunctional evidence indicating that the macaque monkey is 
not a valid animal model for human face identity recognition.

1. Introduction

Humans have an astonishing ability to discriminate, i.e., provide a 
differential response (to), conspecifics based on their faces alone, and to 
generalize this specific response across widely variable views of the 
same face identity. In neurotypical human adults, this face identity 
recognition (FIR) function which, as defined above, applies to both 
familiar and unfamiliar faces, is generally considered as being efficient, 
fast and automatic (Rossion, 2018). Nevertheless, due to the extremely 
large number of individual faces to differentiate (Jenkins et al., 2018), 
their high physical resemblance, as well as the considerable changes that 
can occur in viewing conditions for a given face identity, FIR is 
extremely challenging, thus requiring extensive experience during a 
long developmental period (Carey, 1992; Mondloch et al., 2002; Law
rence et al., 2008; Laurence and Mondloch, 2016; Hills and Lewis, 2018) 
and showing considerable interindividual variability in the normal adult 
population (Wilhelm et al., 2010; Wilmer et al., 2012). Understanding 
how the human brain achieves FIR, arguably its ultimate recognition 
function (Rossion, 2022), is generally considered as of primary impor
tance in the (neuro)scientific community and has generated 

considerable interest and research for decades (Young and Ellis, 1989; 
Calder et al., 2011; Behrmann et al., 2016; Young and Bruce, 2024).

Here I review scientific evidence showing that rhesus macaques do 
not present with a key aspect of human FIR: the massive decrease of 
behavioral performance and identity-related neural activity when faces 
are presented upside-down (i.e., 180◦ rotated, or flipped along the 
horizontal axis). I consider that addressing this issue, which may appear 
perhaps limited in scope to the naïve reader, is in fact both important 
and timely, for several reasons. First, rhesus macaques (Macaca 
mulatta), a primate genus often called rhesus monkeys that are sepa
rated from our species by about 25–30 million years of evolution (Kay 
et al., 1997; Kaas, 2014), are widely considered as the best available 
animal model of human brain function, in particular of visual recogni
tion (Passingham, 2009; DiCarlo et al., 2012). In fact, in the common 
parlance of neuroscientists, rhesus monkeys and other macaques are 
often referred to as simply ‘monkeys’ (Preuss, 2000). In face recognition 
research specifically, an influential line of research is based on the view 
that recording the activity of (face-selective) neuronal populations in the 
macaque brain will fully clarify – or has even already largely clarified 
according to some authors - the neural mechanisms of human face 
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(identity) recognition (Chang and Tsao, 2017; Hesse and Tsao, 2020; 
Freiwald, 2020; Kanwisher, 2025; for earlier studies see e.g., Rolls et al., 
1984; Perrett et al., 1984; Leopold et al., 2006). This view seems to be 
widely accepted in the (neuro)scientific community (e.g., Leopold and 
Rhodes, 2010; Duchaine and Yovel, 2015; Barton, 2023; Kanwisher, 
2025). Second, as developed below (Section 2), the drop of identity 
recognition performance for inverted faces in humans is not a trivial 
effect. It is particularly large and has been consistently observed for 
decades across a wide variety of stimuli and experimental paradigms, 
constituting arguably the most robust effect in human face (identity) 
recognition research, and one of the most robust in experimental psy
chology in general. Regardless of its theoretical account, the drop of 
performance for inverted faces is also clearly associated with human 
expertise at FIR, being significantly reduced or even absent in cases of 
prosopagnosia due to brain damage acquired at adulthood (Busigny and 
Rossion, 2010 for review). Thus, whether the best available animal 
model of human face recognition shows a humanlike effect of face 
inversion appears to be of utmost importance to assess the validity of 
this model. However, and this is the third reason why a critical review on 
this issue is timely and important, despite a number of studies and re
views, there is continuous confusion in the scientific community as to 
whether macaque monkeys present with such an effect, let alone a 
comparable effect to humans (Section 3). A comprehensive critical ac
count of this issue may therefore be particularly welcome.

How does the present review differ from previous accounts (e.g., 
Parr, 2011; Rossion and Taubert, 2019), in particular a relatively recent 
meta-analysis on the topic (Griffin, 2020)? First, the present paper does 
not provide a meta-analysis, i.e., a statistical procedure with effects sizes 
based on aggregated data reported in a number of studies, and is 
therefore not limited to studies that provide sufficient data information. 
Instead, all relevant studies are identified, with key studies selected and 
critically analyzed. Second, for reasons detailed below (Section 2), the 
review focuses on the drop of FIR performance associated with inversion 
and is not concerned by whether this effect is larger for faces than other 
mono-oriented stimuli (the initial and typical definition of the ‘face 
inversion effect’ (FIE); Yin, 1969). Third, the review does not include all 
non-human primates (i.e., other monkeys, or apes) studies, being limited 
to face inversion effects tested in macaques (Section 3). This is not only 
due to the fact that the vast majority of behavioral face inversion studies 
in non-human primates have been performed in macaques, but also due 
to the privileged status of macaques in understanding the neural 
mechanisms of human FIR. Fourth, and importantly, the present review 
goes beyond an analysis of behavioral performance by also considering 
the effect of inversion on neural markers of face identity recognition 
(tested only in humans and macaques to my knowledge; Section 4). 
Finally, the theoretical implications of this in-depth critical analysis are 
drawn in the last Section (5).

2. The behavioral cost of inversion in human FIR

While the large drop of performance in human FIR for inverted (i.e., 
180 degrees rotated or flipped around the vertical axis) pictures is 
generally attributed to Yin (1969), it was in fact noticed and even re
ported even before this author’s landmark paper (Khöler, 1940; Hoch
berg and Galper, 1967). Technically, following Yin (1969), the 
‘inversion effect’ refers to the larger cost of inversion for recognizing 
individual exemplars of faces than other mono-oriented objects (cars, 
planes, etc.). This often leads to confusion and endless debates about 
which types of stimuli provide adequate comparisons to faces, how they 
should or not be controlled for certain stimulus features, etc. As 
mentioned above, partly for this reason, but also in order to provide a 
more comprehensive and clearer theoretical account here, the present 
review is not restricted to studies that compare faces to other stimuli.

2.1. A large consistent effect

In humans, large costs of inversion have been found for (7) decades 
with a wide variety of face stimuli (i.e., familiar and (usually) unfamiliar 
faces, full or transformed photographs, schematic stimuli, same and 
other-race faces, etc.) and FIR tasks (i.e., simultaneous or delayed paired 
discrimination tasks, matching to sample with variable number of dis
tractors, old/new decision tasks, familiarity decisions, etc.) (Fig. 1; e.g., 
Hochberg and Galper, 1967; Yin, 1969; Valentine, 1988; Barton et al., 
2001; Freire et al., 2000; Le Grand et al., 2001; Mondloch et al., 2002; 
Barton et al., 2003; Riesenhuber et al., 2004; Megreya and Burton, 2006; 
Leder and Carbon, 2006; Goffaux and Rossion, 2007; Rhodes et al., 
2007; Russell et al., 2007; Busigny and Rossion, 2010; Prete et al., 2015; 
Balas et al., 2019). It is important to acknowledge that picture-plane 
inversion is not a trivial stimulus manipulation, and that it signifi
cantly affects all types of face recognition functions in humans (e.g., 
emotional expression recognition, gender, age, etc.; McKelvie, 1995; 
White, 1999; Durand et al., 2007; Chatterjee and Nakayama, 2012). In 
fact, even the basic recognition of a sensory stimulus as a face is affected 
by inversion, in particular when the stimulus is degraded or ambiguous 
(e.g., Lewis and Edmonds, 2003; Liu-Shuang et al., 2015; pareidolia: e. 
g., Pavlova et al., 2020).

However, the effect of inversion is particularly large in all tasks that 
tap into FIR (even familiar/nonfamiliar or old-new decisions, for which 
a specific identity does not have to be explicitly identified). Quantifying 
the behavioral effect of inversion on FIR is difficult because depending 
on the task performed, the time constraints and the measured variables, 
it can be expressed in accuracy rates, sensitivity, and/or (correct) 
response times. However, large drops of accuracy rates and RT increases, 
on the order of 20 %, are typically observed (see studies cited above). 
For instance, in a recent study involving a simultaneous two-alternative 
forced-choice task with natural images of faces (task described in Volfart 
and Rossion, 2024; Fig. 1A), inversion reduced young adults’ percent 
accuracy by 10–12 % for both unfamiliar and familiar (famous) faces, 
also increasing correct RTs by about 40–53 %.

2.2. Brief theoretical note

Contrary to previous reviews on the topic, I do not go deeply here 
into the theoretical reason(s) advanced for the significant drop of per
formance in human FIR for inverted faces. In a nutshell, in line with, 
and/or inspired by other authors, I think that this drop of performance is 
essentially due to an inability to readily match an inverted sensory face 
input (coming from primary visual cortices) to a visual memory representa
tion (in the association cortex) built from experience (with upright faces). 
This visual memory representation is holistic, i.e., a face is not stored in 
memory as a collection of independent parts (e.g., an eye, a mouth, a 
nose, …) but rather as a single unit, with both its parts and their specific 
configural relationships (i.e., the relative position and distances between 
the parts) being integral to the representation (Farah et al., 1995a; 
Rossion, 2008; Young et al., 1987; Yovel, 2009). In neurotypical human 
adults, this holistic visual memory representation of faces, distributed in 
specific regions of the human association cortex (e.g., the fusiform 
gyrus), is essential for efficient, fast and automatic FIR. Since an inverted 
low-level face input cannot readily match a holistic memory-based vi
sual representation, it has to be analyzed part-by-part. This leads to a 
reduction of the perceptual field for inverted faces (Rossion, 2009). This 
particular loss, or severe disruption, of holistic/configural processing for 
inverted faces, was already proposed by the Gestalt psychologist 
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Wolfgang Khöler (1940), as well as by Yin (1969) based on verbal re
ports of his participants.1 It is supported by numerous sources of evi
dence (e.g., Sergent, 1984; Young et al., 1987; Bartlett and Searcy, 1993; 
Rhodes et al., 1993; Tanaka and Farah, 1993; Hole, 1994; Farah et al., 
1995a; Searcy and Bartlett, 1996; Tanaka, Sengco, 1997; Murray et al., 
2000; Barton et al., 2001; 2003; Freire et al., 2000; Boutsen and Hum
phreys, 2003; Rossion and Boremanse, 2008; see Rossion, 2008; 2009
for reviews) including experiments with gaze-contingency providing 
direct evidence that the perceptual field of vision shrinks to parts for 
inverted faces (Van Belle et al., 2010, 2015; see also Poltoratski et al., 
2021 for neural evidence).

It is fair to say that not every researcher in human face recognition is 
convinced about this theoretical account of the FIE (e.g., Civile et al., 
2014; Murphy et al., 2020; Gerlach and Mogensen, 2024), which has 
admittedly suffered from lack of clarity and authors’ agreement about 
the definition of configural/holistic processing, what constitutes a (face) 
part, etc. (Rhodes et al., 1993; Rossion, 2008, 2009; Yovel, 2009; Piepers 
and Robbins, 2012). It is certainly less controversial to claim that 
picture-plane inversion affects human FIR qualitatively, in the sense that 
different facial cues are affected differently by this manipulation (i.e., a 
difference of a difference, or interaction): internal and external face 
parts, different internal face parts, relative distances between these parts 
in the vertical and horizontal axes, surface or shape cues, etc. (e.g., 

Sergent, 1984; Searcy and Bartlett, 1996; Rhodes et al., 1993; Murray 
et al., 2000; Freire et al., 2000; Goffaux and Rossion, 2007; Sekunova 
and Barton, 2008; Jiang et al., 2009). While rare studies have reported 
quantitative effects of inversion (Riesenhuber et al., 2004; Sekuler et al., 
2004; Murphy et al., 2020), they are a very small minority and they 
essentially reveal a lack of sensitivity of the methods used in the specific 
studies (i.e., their conclusion cannot be generalized).

2.3. A hallmark of expertise at FIR

In any event, the theoretical account of the effect of inversion on FIR 
is not very important for the present review. What is important is to 
emphasize the robustness of the negative effect of inversion (Section 2.1
above) and that this effect constitutes a hallmark of human (adult) 
expertise at identity recognition based on facial cues. Supporting this 
last statement, cases of visual agnosia following brain damage (in the 
association cortex), and even more specifically prosopagnosia, do not 
present with a cost of inversion in FIR tasks, even when these tasks are 
adjusted to allow these patients to perform well above chance level with 
upright faces (e.g., McNeil and Warrington, 1991; Farah et al., 1995b; 
Boutsen and Humphreys, 2002; Delvenne et al., 2004; for review: 
Busigny and Rossion, 2010). Importantly, it is not the case in people who 
have severe difficulties recognizing familiar face identities due to gen
eral episodic or semantic memory deficits, as in e.g., Alzheimer’s disease 
or fronto-temporal semantic dementia or (Busigny et al., 2009; Lavallée 
et al., 2016). The cost of inversion also follows a relatively long devel
opmental course, with some behavioral studies showing that it appears 
significantly only around 10 years of age and keeps increasing until 
adulthood (Schwarzer, 2000; Hills and Lewis, 2018; but see Cashon and 

Fig. 1. Effect of stimulus inversion on human face identity recognition. A. Pictures of different unfamiliar faces, here devoid of external features, appear as being 
extremely similar perceptually when presented upside-down. Figure adapted from Rossion (2009), with permission. B. Illustration of a 2 alternative-forced choice 
(2AFC) face identity task with natural images of unfamiliar faces (left) or (right) celebrities (from Volfart and Rossion, 2024, with permission; Face photographs are 
licensed under Creative Commons, attribution left to right for each triplet: For license information, Sylvi Listhaug: https://flic.kr/p/DJAdYE (CC BY 2.0), Kom
munesektorens organisasjon; Wikimedia Commons (CC BY 3.0), FrPMedia; Mélanie Joly: https://flic.kr/p/2nN386y (CC BY-SA 2.0), Richard Koek; François Hol
lande: Wikimedia Commons (CC BY 2.0), A. Bouirabdane; Wikimedia Commons (CC BY-SA 3.0), C. Truong-Ngoc; Jean Reno: https://flic.kr/p/7XYrq2 (CC BY 2.0), 
David Shankbone. C. Performance of a group (N = 18) of human adult participants in the task depicted in B, showing substantial decreases for inverted faces 
(unfamiliar or familiar), and RT increases (below) (Volfart and Rossion, 2024).

1 ‘They seemed to use two alternative strategies, either searching for some dis
tinguishing feature or attempting to get a general impression of the whole picture. The 
first tended to be used for most of the materials; the second was used mostly for faces. 
None of the subjects, however, reported being able to use the second strategy when 
looking at the inverted face (Yin, 1969, p.145).
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Holt, 2015). While this is in line with a critical role of memory-based 
representations progressively built from experience in driving the 
inversion effect, the strongest argument in favor of the involvement of 
such visual memory representations is that upright and inverted faces do 
not differ in terms of the amount of sensory cues provided for identity 
recognition (that is, they contain the same amount of sensory ‘infor
mation’ to discriminate face identities). This shows that recognition - 
even for unfamiliar faces - does not depend only on sensory information 
given but on an interaction between this sensory information and 
perceptual knowledge (Gregory, 1997), here referred to as associative 
cortical memories.

3. Lack of behavioral inversion effect in macaque monkeys

Charles Bruce, a prominent neurophysiologist who led the first 
recording studies of face-selective neurons in the monkey temporal lobe 
(Bruce et al., 1981; Desimone et al., 1984) also reported the first, and 
arguably the most significant behavioral study of the effect of inversion 
on FIR in macaque monkeys (Bruce, 1982). In his study, 6 macaques 
performed a large number of trials on the same 4 tasks (2 simultaneous 
discriminations, 2 learning and transfer to the same faces differing in 
expression, size and lighting) with upright or inverted images of 16 
unfamiliar monkey faces. The orientation and valence (positive or 
negative) associated with each the face identities were counterbalanced 
across stimuli and individual monkeys tested. While the monkeys were 
able to learn the task (i.e., the specific identities associated with positive 
reinforcements) and transfer their acquired knowledge, the results of the 
experiment were clear, both at the learning and transfer stages: there 
was no advantage for upright over inverted faces, not even a trend, on 
monkeys’ recognition performance. The title of the paper is unequivo
cal: ‘Face recognition by monkeys: absence of an inversion effect’ (Bruce, 
1982).

Yet, decades after this landmark study, as mentioned above, the 
presence of an effect of inversion on FIR in macaque monkeys remains 
somewhat ambiguous in the literature, as mentioned by several authors 
throughout the years (e.g., Keating and Keating, (1993), p.138: ‘labo
ratory studies of facial inversion effects in monkeys have produced such 
diverse results’; Vermeire & Hamilton, 1998, p.1010: ‘The existence of an 
inversion effect in monkeys has been controversial since Bruce first reported 
its absence’; Pascalis and Bachevalier, (1998), p.88: ‘Research in monkeys 
(regarding the face inversion effect) has provided mixed results’; Pascalis 
et al., 1999, p.10: ‘Overall, while monkeys can discriminate their conspe
cifics from a face picture, the effect of stimulus inversion is still somewhat 
uncertain’; Weiss et al., (2001), p.192–193: ‘…, we have summarized in 
Table 1 some of the studies that have tested for inversion effects in nonhuman 
primates … given the mixed evidence for an inversion effect, …’. Such 
statements of ‘mixed results’, or even of similar effects in macaques as in 
humans, have been repeated over the years, often carelessly in my 
opinion, including in review papers (Leopold and Rhodes, (2010), p. 4: 
‘the effect of rotational inversion on face recognition in monkeys has been 
mixed’; Dahl et al., (2013), p.2: ‘The findings from studies testing chim
panzees (with inverted faces) … are more consistent than findings from 
monkey studies’; Hesse and Tsao, (2020), p.696: ‘in monkeys, the face 
inversion effect has been controversial, with some studies claiming that 
monkeys do show recognition differences between upright and inverted faces 
and others claiming that they do not’ (see also Parr et al., 1999; Guo et al., 
2003; Gothard et al., 2004; Adachi et al., 2009; Dahl et al., 2010). The 
most recent review on the neural mechanisms of face recognition in 
non-human primates even stated that ‘Humans and macaques both show 
better performance on upright faces than on inverted faces’ (Amita et al., 
2024, p.2), as if there were comparable inversion effects in the two 
species indeed.

Unfortunately, these incorrect statements rest on superficial analyses 
of the paradigms and outcomes of the relevant studies, with 3 factors 
contributing to the confusion.

Table 1 
A full list of published behavioral studies (n = 21) to date that have compared 
the processing of upright and inverted faces in macaque monkeys. Besides the 
studies of Parr and colleagues, which tested a rotation effect rather than an 
inversion effect (also Gothard et al., 2009), only 8 of these studies (in bold) truly 
tested a FIR task (Rosenfeld and Van Hoesen, 1979; Bruce, 1982; Overman and 
Doty, 1982; Swartz, 1983; Keating and Keating, 1993; Wright and Roberts, 
1996; Vermeire & Hamilton, 1998). Among those, the only three studies that do 
not suffer from a methodological bias failed to report any cost of inversion in FIR 
(Bruce, 1982; Swartz, 1983; Weldon et al., 2013).* Infant monkeys; ** 
Split-brain monkeys.

Study N Stimuli & Task(s) Outcome

Rosenfeld & 
Van 
Hoesen 
(1979)

4 Learning to discriminate 9 
pairs of face identities 
upright (conspecific faces)

Fast transfer to inverted 
images of the same faces 
(Fig. 3), indicative of no 
inversion cost

Overman and 
Doty (1982)

6 Simultaneous 2 AFC match- 
to-sample task 
(human and conspecific 
faces)

9 % drop of performance 
for inverted faces (after 
biased training only with 
the same upright faces)

Bruce (1982) 6 − Simultaneous 
discriminations of 
identity (2) (conspecific 
faces)

− Learning and transfer to 
same faces differing in 
expression, size, lighting 
(2) – conspecific faces

No inversion cost at 
learning and any of the 
tasks

Swartz (1983) 24* Habituation task to 
discriminate different 
conspecific individuals or 
species of macaques

Significant 
discrimination between 
macaque species at 
upright but not inverted 
orientations 
Failure to discriminate 
within macaque species

Perrett et al. 
(1988)

2 − Face vs. nonface objects/ 
body parts 
discrimination

− Face vs. jumbled face 
discrimination

− No inversion cost
− Inversion cost

Dittrich 
(1990)

4 − - Discrimination of 
conspecifics’ emotional 
expression (schematic 
faces)

No effect of inversion

Keating and 
Keating 
(1993)

4 Recognition of one learned 
human schematic face 
among others

Drop of discrimination 
when the same face 
appears upside-down (3 
monkeys)

Tomonaga 
(1994)

5 Viewing duration to monkey 
faces (Rhesus and Japanese 
monkeys)

Reduced viewing 
duration to inverted faces 
Reduced difference in 
viewing duration 
between human and 
monkey faces with 
inversion

Wright and 
Roberts 
(1996)

3 Same/different 
simultaneous identity 
discrimination task

No inversion effect for 
monkey faces. Inversion 
effect for human faces. 
Extensive training on 
upright images before 
testing inversion

Vermeire and 
Hamilton 
(1998)

20** − Discrimination of 
identity (conspecific 
faces)

− Discrimination of facial 
expression (conspecific 
faces)

Drop of performance for 
inverted faces (after 
extensive (re)training 
only with the same 
upright faces); larger 
inversion cost for facial 
expression

Parr et al. 
(1999)

4 Sequential matching to 
sample identity task. In 
inverted trials, sample 
presented upright while two 
comparisons upside-down. 
Conspecific faces.

Performance decrease 
(rotation effect) – similar 
effect for faces of other 
species and pictures of 
cars

(continued on next page)
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3.1. Biased training/familiarization

The first factor was in fact already correctly addressed by Bruce 
(1982) himself, who referred to a paper published just before his own 
study, apparently reporting an effect of face inversion on monkeys’ 
performance (Overman and Doty, 1982). As noted by Bruce (1982, 
p.516), ‘Face inversion was not balanced across the tasks in that study … 
monkeys were trained to match-to-sample human and monkey faces. 
Following two consecutive days of meeting a 90 % criterion and an additional 
day of training, all with the same set of upright faces, the monkeys were tested 
for one day with all stimuli inverted. Average performance declined from 
91 % to 82 % correct but it is unknown whether a similar decline would occur 
if monkeys were first trained with inverted faces and then tested once with 
upright ones. Therefore, although the experiment shows that monkeys are 
affected by the orientation of the face stimuli, in the absence of a balanced 
design it does not demonstrate an intrinsic superiority for recognition of up
right faces’. In line with this criticism, in Bruce (1982)’s own study, the 
monkeys did have some difficulty generalizing for faces learnt upright to 

the same stimuli presented upside-down, which could have been inter
preted as a face inversion effect. However, the monkeys had just as much 
difficulty generalizing in the opposite direction, i.e., faces that had been 
learnt in the inverted orientation and then tested upright.

This basic methodological bias, i.e., (extensively) training monkeys 
with (a specific set of) upright faces only then comparing performance 
for (the same set of) upright and inverted faces (Fig. 2), can be found in 
at least three other studies that claimed significant inversion effects in a 
face identity discrimination task in macaques (Keating and Keating, 
1993; Wright and Roberts, 1996; also Vermeire & Hamilton, 1998, who 
in fact acknowledged the procedural asymmetries bias in their results 
section, p. 10062).

Yet, all of these reports, in particular (Overman and Doty, 1982), 
keep being cited as provided supportive evidence for an effect of 
inversion on macaques’ FIR performance (e.g., Gothard et al., 2004; 
Pokorny et al., 2011; Hesse and Tsao, 2020), contributing to the ‘mixed 
results’ view.

3.2. Orientation change effects

The second factor/bias is even clearer: a number of studies have 
reported significant drop of performance for inverted faces in two- 
alternative forced-choice tasks requiring discrimination between two 
conspecifics’ faces (Parr, 2011; Parr et al., 1999, 2000, 2008; Parr and 
Heintz, 2008). In these tasks, a picture is presented to the monkeys 
during the initial encoding phase (the “sample”) followed by a 
match-distractor stimulus pair. However, in the inverted conditions, the 
picture- plane orientation of the sample and the match-distractor pair 
differs by 180 degrees, whereas in the upright condition, all three stimuli 
appear at a constant orientation (Fig. 2b). As pointed before (Dahl et al., 
2013; Rossion and Taubert, 2019; Griffin, 2020), this paradigm (which 
is never used in human studies) therefore measures a “face rotation ef
fect” rather than a “face inversion effect”. The same limitation applies to 
studies measuring such a face rotation effect in a habituation/novelty 
paradigm in rhesus monkeys (Gothard, et al., 2009, see Fig. 3 in that 
study). Contrary to what was done in these studies, fairly assessing the 
effect of inversion on monkey’s FIR performance would have required 
all stimuli to be presented either upright or upside-down (as in Gothard 
et al., 2004, in which no effect of inversion on face identity discrimi
nation was found)

Given the methodological bias, unsurprisingly, in these studies, 
“rotation effects” are found for all stimuli tested in monkeys, such as 
human and chimpanzee faces or pictures of automobiles (Parr et al., 
1999), with no evidence of a larger effect for conspecific faces. Based on 
this lack of specificity and other findings, Parr and colleagues (2008) in 
fact concluded that rhesus monkeys lack human-like expertise at face 
identity recognition.

3.3. Identity-independent inversion sensitivity

The third source of confusion comes from studies showing that 
inversion of faces affects monkeys’ performance and/or eye movements 
in tasks or measures that are unrelated to identity recognition. For 

Table 1 (continued )

Study N Stimuli & Task(s) Outcome

Guo et al., 
(2003)

2 Passive viewing on upright 
and inverted faces, eye 
movement recordings. 
Conspecific faces, human 
faces.

Longer viewing times and 
more fixations for upright 
than inverted faces

Gothard et al. 
(2004)

4 Eye movement fixations on 
pairs of conspecific faces – 
habituation paradigm 
(conspecific faces)

Novel images of faces 
explored longer 
regardless of orientation

Parr and 
Heintz 
(2008)

5 Sequential matching to 
sample identity task. In 
inverted trials, sample 
presented upright while two 
comparisons upside-down. 
Conspecific faces.

Performance decrease 
(rotation effect) – similar 
effect for other species’ 
faces and pictures of 
houses

Parr et al. 
(2008)

8 Sequential matching to 
sample identity task. In 
inverted trials, sample 
presented upright while two 
comparison stimuli upside- 
down. Conspecific faces.

Performance decrease 
(rotation effect) – similar 
effect for all species faces, 
not significant for 
nonface stimuli

Adachi et al. 
(2009)

4 Habituation paradigm with 
the ‘Thatcher’ illusion. 
Conspecific faces.

More dishabituation to 
Thatcherized monkey 
faces upright than 
inverted or to intact faces

Dahl et al. 
(2009)

3 Gaze fixations to upright 
and inverted faces (humans 
& conspecifics)

Reduction of fixations on 
the eyes for both human 
and monkey faces 
presented upside-down

Gothard et al., 
(2009)

3 Eye movement fixations on 
pairs of faces – habituation 
paradigm (conspecific & 
human faces)

Familiarization to 
upright faces, test of 
discrimination to the 
same inverted faces 
(rotation effect). 
Inconclusive because no 
direct comparison to the 
same task with upright 
faces.

Dahl et al. 
(2010)

3 Habituation paradigm with 
‘Thatcher’ illusion (human 
& conspecific faces)

More dishabituation to 
Thatcherized monkey 
faces upright than 
inverted

Parr (2011) 6 Sequential matching to 
sample identity task. In 
inverted trials, sample 
presented upright while two 
comparisons upside-down. 
Conspecific faces

Performance decrease 
(rotation effect) – similar 
effect for nonfaces 
(houses, shoes) and 
chimpanzee faces

Weldon et al., 
(2013)

6 Sequential matching to 
sample identity task, upright 
and inverted faces, 
‘Thatcherized’ or not. 
Conspecifics’ faces.

Better performance for 
Thatcherized than 
unaltered stimuli, but no 
effect of inversion for 
either type of stimuli

2 ‘This experiment precludes a definitive comparison of the number of errors made 
when learning to discriminate the upright and inverted faces. The monkeys originally 
learned the upright faces about four years earlier and since then had received 
extensive practice on these discriminations. Thus, the inverted discriminations were 
learned under quite different conditions than the original upright ones. Whereas the 
relearning of upright faces reported here immediately preceded the inverted learning, 
and thus was made under similar conditions, the errors for relearning upright faces 
are not directly comparable to learning them inverted because of the monkeys’ 
extensive practice with upright faces and because the degree of transfer from per
formance with upright faces to performance with inverted faces is not independently 
known’ (Vermeire & Hamilton, 1998, p.1006).
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instance, presenting pictures upside-down reduces monkeys’ perfor
mance at (primate) species categorization (Swartz, 1983; see also 
Tomonaga, 1994), discrimination between a normal face and a face with 
jumbled features (Perrett et al., 1988), or facial expression recognition 
(Dittrich, 1990; see also Vermeire & Hamilton, 1998) (Table 1). These 
studies are undoubtedly interesting, showing that macaques clearly and 
spontaneously differentiate between upright and inverted images of 
conspecifics’ faces, and present an advantage for upright stimuli in 
functions that are ecologically relevant for this species (e.g., recognizing 
a face stimulus as being a conspecific, its emotional expression, 

gender/attractiveness, gaze direction, health, kinship etc.). This is in 
line with macaque monkeys living predominately on the ground, like 
humans, and thus primarily being exposed to upright as compared to 
inverted faces.

While there is nothing wrong with these studies’ results apparently, 
they are surprisingly regularly cited as evidence in favor of an inversion 
effect (on identity recognition) in macaque monkeys, contributing to the 
‘mixed’ or ‘controversial’ results conclusions that currently prevail in 
the literature (Keating and Keating, 1993; Gothard et al., 2004; Leopold 
and Rhodes, 2010; Pokorny et al., 2011; Dahl et al., 2013; Hesse and 

Fig. 2. Examples of methodological biases in measures of the effect of inversion in face identity recognition tested with macaque monkeys. A. Several studies train 
macaques extensively with a specific set of upright faces of conspecifics to learn or discriminate at the individual level, following by a test of the same images either at 
(trained) upright or (untrained) inverted orientations, confusing the effects of training with orientation (Overman and Doty, 1982; Keating and Keating, 1993; 
Vermeire & Hamilton, 1998; see also Gothard et al., 2009). Even when new images are introduced at testing, prior extensive training with upright faces only at a 
specific task can provide an unfair advantage for the upright orientation (Wright and Roberts, 1996). B. In the experiments of Parr and colleagues (Parr et al., 1999, 
2000, 2008; Parr and Heintz, 2008), macaques usually have to match a face presented (slightly before) on top of the fixation cross to either one of two images 
presented below the cross (usually the exact same image to match is used, with different images used in some subtests; see Parr, 2011). Rather than presenting all 
stimuli upright vs. all stimuli inverted, the ‘inverted’ condition has the target on top at upright orientation, confusing an effect of inversion with an effect of 
orientation (see criticisms in Dahl et al., 2013; Rossion and Taubert, 2019). C. As in B, evidence of failed discrimination of a novel from an habituated monkey face 
identity (Gothard et al., 2009) suffers from a rotation confound, with the habituation images and test images shown at different orientations. This task is compared to 
a task in which all stimuli are presented at upright orientation, failing to properly measure an inversion effect in FIR (adapted with permission from Gothard 
et al., 2009).
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Tsao, 2020; Amita et al., 2024). In fact, even the mere preference for 
upright faces over inverted faces (Tomonaga, 1994; see also Tomonaga, 
2018a; 2018b) or differences in eye movement exploration between 
upright and inverted faces (Guo et al., 2003; Adachi et al., 2009; Dahl 
et al., 2009; Dahl et al., 2010) are often considered and cited as evidence 
for ‘inversion effects’ on FIR in macaque monkeys, against Bruce (1982)’ 
initial findings of a lack of effect (Dahl et al., 20133; Amita et al., 2024). 
This is unfortunate because these findings have nothing to do with the 
issue at stake, which is whether the discrimination and matching 
(generalization) of facial identity, i.e., its recognition function, is affected 
by inversion in monkeys (as in humans).

3.4. Intermediate conclusions

Even if the number of animals tested is usually relatively small, many 
(i.e., 21 published to my knowledge) studies have compared the pre
sentation of upright and inverted (usually conspecific) faces in rhesus 
monkeys (Table 1). All but four of these studies (Rosenfeld and Van 
Hoesen, 1979; Bruce, 1982; Dittrich, 1990; Weldon et al., 2013) re
ported that inversion of the face stimuli affected monkeys’ performance 
(or eye movement exploration). Thus, once again, monkeys appear to 
readily perceive that (conspecific) faces are presented upside-down, and 
this manipulation affects their behavior. However, only 8 of these 
studies are directly relevant for the issue at stake, namely face identity 
recognition. Three of them (Overman and Doty, 1982; Vermeire & 
Hamilton, 1998; Wright and Roberts, 1996) presented a clear method
ological bias favoring performance for upright faces, and the last one 
even failed to find an inversion effect for conspecific faces. A fourth 
study had the same flaw and only showed a trivial effect of a lack of 
discrimination for an inverted (human) face due to biased sampling of 
the upper and lower parts of stimuli (Keating and Keating, 1993). 
Importantly, the only studies that were performed with a counter
balanced design, i.e., no unfair advantage given to specific images of 
upright faces, showed no cost of inversion at all on FIR in 6 monkeys 
each (Bruce, 1982; Weldon et al., 2013). Finally, two studies deserve 

special mention. First, Swartz (1983) tested infant pigtail macaques’ 
discrimination of 4 faces using an habituation paradigm. Although 75 % 
of the macaques failed to reach the habituation criterion of the study, the 
author reported longer fixation times to faces of different macaque 
species, this effect disappearing in a second experiment for stimuli 
upside-down. However, crucially, macaques showed no discrimination 
at all between a new picture of the habituation stimulus and a picture of 
another female of the same species as the habituation stimulus, i.e., no 
ability to individuate conspecifics (see Fig. 1 in Swartz, 1983). Second, 
the study of Rosenfeld and Van Hoesen (1979) deserves mention not 
only because it is the very first published study reporting ‘successful’ 
learning of (a few) conspecifics face identities in (4) monkeys, but also 
since it is sometimes cited in favor of an effect of inversion in macaque 
monkeys (Keating and Keating, 1993). In reality, this effect was not 
tested in that study, which simply evaluated generalization of learned 
upright full front colour faces to a series of transformations of the same 
face stimuli, including inversion (Fig. 3). If anything, generalization was 
better (i.e., performance criterion reached earlier) to faces presented 
upside-down than faces depth-rotated by 30◦ or simply presented 
without colour cues (Rosenfeld and Van Hoesen, 1979; Fig. 3). Such an 
outcome would never be found in humans and suggest indeed that 
stimulus inversion has virtually no effect on monkeys’ FIR performance.

In short, the repeated claim that face inversion leads to ‘mixed’ or 
‘controversial’ results across studies with macaque monkeys is incorrect 
and misleading. In reality, behavioral studies are generally consistent in 
showing a viewing preference for upright vs. inverted faces, sensitivity 
to first-order configuration of features (e.g., ‘Thatcherized’4; faces), as 
well as better performance for upright faces. However, this superior 
performance is found only in tasks that are unrelated to face identity 
recognition, with no effect at all found in studies that properly tested this 
cognitive function. Note that for reasons advanced at the outset of the 
present review, the above analysis focuses on non-human primate 
studies performed on macaques only, which constitute the large ma
jority of studies. However, the few experiments performed in other 

Fig. 3. Stimuli and results from the first behavioral study of FIR in macaque monkeys (adapted from Rosenfeld and Van Hoesen, 1979, with permission). Left, A and 
B: example images of a pair of monkeys presented at learning, with one of them reinforced positively, the other negatively. Original images were presented in full 
color mode. Below, C and D, the two monkeys presented at ¾ orientation (task F on the right). Note that beyond the face, the upper part of the body could also 
provide identity cues for discrimination. On the right (F), number of days to reach criterion (>90 % performance at choosing the positively reinforced monkey across 
9 pairs) for various tasks (E to M). Pair I and Pair II refer to two pairs of monkeys tested. F-Face (task E) is the original learning task. Following learning, all other tasks 
are performed much faster, including discrimination of the upside-down faces (task L), which is faster to learn than the transfer to greyscale images (task K).

3 Dahl et al. (2013)’s claim that ‘there is plenty of evidence from scientifically 
valid assessments in monkeys of various species that FIE exists in those species and 
FIE reflects configural processing of facial features’ (p.2) is supported by 7 studies 
as cited by the authors. Yet, only one of them, not performed in macaques, 
measured a face identity recognition effect.

4 The ‘Thatcher illusion’ refers to faces in which the eyes and the mouth are 
locally flipped at 180◦, causing a salient grotesque look. These changes are 
much less detectable when the whole face is presented upside-down, presum
ably because each part of a loss of holistic/configural face perception. The 
illusion was first demonstrated on a face picture of the former prime minister of 
England, Margaret Thatcher (Thompson, 1980).
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monkeys (New World Monkeys) tested with upright and inverted faces 
are clearly unconvincing and suffer from the same methodological issues 
as studies performed in macaques (Phelps and Roberts, 1994; Weiss 
et al., 2001; Neiworth et al., 2007; Pokorny et al., 2011; Calcutt et al., 
20175). As for behavioral experiments performed in Chimpanzees, they 
tend to suggest the presence of an inversion effect in FIR in our closest 
primate relatives, although this effect is relatively weak (compared to 
humans) and inconsistent across studies (e.g., Tomonaga, 1999; Dahl 
et al., 2013; Kret and Tomonaga, 2016; Griffin, 2020).

4. The neural cost of face inversion

In line with the large behavioral effects of inversion in humans, 
neural measures of FIR are significantly affected by this simple stimulus 
manipulation.

4.1. Global electrophysiological inversion effects in humans

With electroencephalography (EEG), reliable measures of FIR have 
been provided by comparing neural signals evoked by a repeated face 
identity in comparison to a novel identity (since Barrett et al., 1988).

4.1.1. Time-domain measures: N170 and N250r
The N170 is the most consistent face-selective negative event-related 

potential (ERP), peaking over occipito-temporal sites at around 170 ms 
post-stimulus onset (Bentin et al., 1996; for reviews Rossion and Jac
ques, 2008; 2011). A significant reduction of N170 voltage amplitude to 
an immediately (i.e., without intervening stimuli) repeated face identity 
as compared to a different identity has been observed in numerous 
studies (Barrett et al., 1988; Schweinberger et al., 1995; Guillaume and 
Tiberghien, 2001; Itier and Taylor, 2002; Heisz et al., 2006; Jacques 
et al., 2007; Caharel et al., 2009a; Caharel et al., 2009b; Caharel et al., 
2011; Vizioli et al., 2010; Caharel et al., 2015; Shen et al., 2017; Fig. 4). 
This effect depends on methodological parameters, with long duration 
of an adapting face, but brief and variable (i.e., jittered) delays between 
the first and the second (i.e., repeated) face stimulus being optimal to 
disclose clear N170 amplitude reduction to face identity repetition 
(Jacques et al., 2007; Caharel et al., 2009a; Caharel et al., 2009b; 
Caharel et al., 2011; Caharel et al., 2015; Fig. 4). It has also been 
observed most consistently for pictures of unfamiliar faces, being pre
sent but modulated in various ways by (long-term) face familiarity 
(Barrett et al., 1988; Jemel et al., 2003; Heisz and Shedden, 2009; 
Caharel et al., 2011). Nevertheless, the N170 amplitude reduction to a 
repeated face identity is usually larger in the right hemisphere, in line 
with the well-known advantage of this hemisphere in human FIR, and 
can be found across substantial changes in stimulus size (Jacques et al., 
2007; Caharel et al., 2009a) and even head orientation (Caharel et al., 
2009b; Caharel et al., 2011; Caharel et al., 2015).

Strikingly, but in line with the behavioral effects briefly reviewed 

above, this amplitude decrease of the N170 for repeated face identities is 
abolished by stimulus inversion (Heisz et al., 2006; Jacques et al., 2007; 
Fig. 4). This finding is important since it rules out an interpretation of 
the repetition effect on the N170 as being due to low-level visual cues (e. 
g., mere repetition of basic sensory features, independently of visual 
knowledge). It is also impressive given that the N170 is, somewhat 
paradoxically, increased in amplitude to pictures of inverted faces (e.g., 
Rossion et al., 1999; 2000; Itier and Taylor, 2002; Itier and Taylor, 2004; 
Jemel et al.;, 2009; Sadeh and Yovel, 2010; Civile et al., 2018; Brunet, 
2023; Yamada et al., 2025), thus potentially leaving even more room for 
a repetition (suppression) identity effect. Importantly, this latter basic 
increase of N170 amplitude (and latency) to clearly visible pictures of 
inverted faces, which remains largely unexplained (Rosburg et al., 2010; 
Brunet, 2023), or the reverse larger N170 to upright than inverted faces 
in poor conditions of stimulus visibility (e.g., George et al., 2005; 
Schneider et al., 2007), should not be taken as an effect of inversion on 
face identity recognition.

Effects of face identity repetition on the N170 are particularly 
important because the time-window during which this ERP component 
takes places (i.e., about 120/130–200 ms, ms) indexes the first reliable 
category-selective neural responses in humans (Bentin et al., 1996; 
Rossion and Jacques, 2008; see also Jeffreys, 1996). Nevertheless, the 
effect of face identity repetition is larger, more consistent post-200ms, in 
the form of an enhanced posterior negativity for repeated faces also 
already observed early on (Barrett et al., 1988) (Fig. 4). This N250r (‘r’ 
for repetition) emerges approximately 220 ms after stimulus onset, is 
also maximal at (right) occipito-temporal electrodes, and is accompa
nied by a positivity at frontocentral electrode sites (see Schweinberger 
and Neumann, 2016, for review). It is larger for repetitions of familiar 
than unfamiliar faces (e.g., Barrett et al., 1988; Schweinberger et al., 
2002; Herzmann et al., 2004; Herzmann and Sommer, 2007) and is not 
only elicited by repetitions of physically identical unfamiliar face stim
uli, but also when different pictures of the same individual are presented 
in succession (e.g., Bindemann et al., 2008; Zimmermann and Eimer, 
2013; Wirth et al., 2015; Fisher et al., 2016; Wiese et al., 2019; Wiese 
et al., 2024). Importantly, the N250r is also substantially reduced by 
stimulus inversion (Itier and Taylor, 2004; Schweinberger et al., 2004; 
Jacques et al., 2007; Towler and Eimer, 2016; Fig. 4), providing another 
electrophysiological index of the effect of inversion on FIR.

4.1.2. Frequency-domain measures of fast periodic visual stimulation
While time-domain analyses of EEG data following relatively slow 

(temporally jittered) and isolated stimulation provide useful informa
tion regarding the time-course of FIR and its modulation by inversion, 
they generally lead to relatively low signal-to-noise ratio (SNR) mea
sures, as well as substantial ambiguities in identification and quantifi
cation of ERP components/time-window of interest. An alternative 
approach is to present visual stimuli at a fixed rate, focusing on EEG 
activity recorded exactly at that (known) rate in the frequency domain 
(after Fourier transform; ‘steady-state visual evoked potentials’, SSVEPs; 
Regan, 1966). This ‘frequency-tagging’ approach provides substantial 
advantages in sensitivity and objectivity of identification and quantifi
cation of neural responses (Regan, 1989; Norcia et al., 2015). In the first 
applications of this approach to EEG measures of human face (identity) 
recognition, a large effect of inversion (i.e., amplitude reduction) was 
already observed (Rossion and Boremanse, 2011; Rossion et al., 2012). 
A significant reduction of the 1.2 Hz neural index of FIR over the 
occipito-temporal cortex has been also systematically reported in a 
subsequently developed and well-validated oddball-like paradigm in 
which different unfamiliar face identities periodically (i.e., every 5 
faces) interrupt the repetition of the same face identity at a fixed 6 Hz 
rate (166 ms stimulus-onset asynchrony; Liu-Shuang et al., 2014; Retter 
et al., 2021; Hagen et al., 2024). With this paradigm, the effect of 
inversion on the neural face identity discrimination signal has been 
quantified to more than half of the neural signal, i.e., 53 %, in young 
neurotypical adults (as reviewed in Rossion et al., 2020; Fig. 5A).

5 Of all these studies, three claimed to find a face inversion effect on an 
identity task in their monkey species. Phelps and Roberts (1994) tested one 
monkey in each of two experiments, with no effect of inversion for monkey 
faces, but an effect for human faces. Neiworth et al. (2007); Tamarins)’study 
had an order bias (upright always tested before inverted faces) and a face 
discrimination task that involved large head orientations changes for distractor 
faces (see Rossion and Taubert, 2019). A significant inversion effect for 
conspecific faces only was also reported by Pokorny et al. (2011) in Capuchins, 
but the animals were trained with upright conspecific faces only (and had been 
trained and tested only with these types of stimuli for years). Moreover, FIR 
performance at a trivial odd one out task was limited (70 %)(see Rossion and 
Taubert, 2019). Calcutt et al. (2017: Capuchins) did not test face identity 
recognition. Finally, Parron and Fagot (2008) showed sensitivity to detection of 
swapping the position of the eyes and mouth in baboons, without any effect for 
detecting local inversion of these features. No face identity task was involved in 
that study.
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This observation implies that more than half of the neural FIR 
response in this paradigm cannot be attributed to objective physical 
differences between face stimuli. Critically, this does not mean that 
47 % of neural FIR response, common to upright and inverted faces, is 
elicited by low-level visual cues (a common misinterpretation) because 
inverted faces are structured stimuli that also activate high-level visual 
regions of the human brain, including face-selective areas (Haxby et al., 
1999) or non-face high-level visual brain regions (Rosenthal et al., 
2017).

This reduction of neural signal to inverted images of faces is even 
considerably larger when measuring selective responses to natural im
ages of familiar (famous) faces among unfamiliar faces (only 16–17 % of 
signal for inverted faces as compared to upright faces in Yan et al., 2020; 
Yan and Rossion, 2020). Compared to the typical size of inversion effects 
reported in human behavioral studies (Section 2), the neural effects are 
thus particularly large, potentially due to the fast presentation rate in 

these paradigms preventing detailed exploration of local features (i.e., 
single-glance recognition), but also because, as mentioned in Section 2, 
behavioral effects may be spread onto several variables.

4.2. Human neuroimaging

Functional magnetic resonance imaging (fMRI) studies have consis
tently shown that repeating the same face identity significantly de
creases amplitude of the blood oxygen level dependent (BOLD) response 
as compared to the presentation of different faces in face-selective re
gions of the ventral occipito-temporal cortex (VOTC) (e.g., Gauthier 
et al., 2000; Grill-Spector and Malach, 2001; Eger et al., 2004; Schiltz 
et al., 2006; Gilaie-Dotan and Malach, 2007; Ewbank et al., 2013; 
Gentile and Rossion, 2014; Coggan et al., 2022; see Rossion, 2014 for 
review). Regardless of its neuronal basis (see Grill-Spector et al., 2006; 
Sawamura et al., 2006), this ‘adaptation’, or ‘repetition suppression’, 

Fig. 4. Effect of stimulus inversion on face identity repetition effects as measured with human event-related potentials (from Jacques et al., 2007, with permission). 
A. Left (PO7 electrode) and right (PO8) waveforms following the presentation of an unfamiliar face identity preceded either by a different or the same face identity. 
The N170 occipito-temporal component is reduced in amplitude for a repeated face identity, but only for upright faces. B. Illustration of the differential waveforms 
(Different – Same) for upright and inverted faces, showing the larger and earlier difference for upright as compared to inverted faces. The amplitude of the face 
identity repetition effect is shown on the bar graphs, with a larger effect in the right hemisphere. The repetition effect is also expressed after 200 ms in the form of a 
N250r (for repetition effect), which is also much larger for upright than inverted faces. C. Scalp topographies of the difference between different and repeated (same) 
faces during the N170 and N250r time-windows. Note the clear occipito-temporal difference, larger in the RH, a marker of face identity recognition, which is delayed 
and smaller for inverted faces.
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effect demonstrates that the populations of neurons in these regions can 
tell apart the different face identities. The effect has been typically 
shown for pictures of unfamiliar faces (references above; see e.g., Wei
bert et al., 2016; Rogers et al., 2022 for evidence with familiar faces), 
supporting evidence from lesion studies (e.g., Barton et al., (2002); 
Bouvier and Engel, (2006); and direct intracranial electrical stimulation 

(Jonas and Rossion, 2021) of the role of these ventral face-selective 
regions (i.e., in the inferior occipital gyrus, IOG, ‘occipital face area’, 
OFA; middle fusiform gyrus, MidFG, ‘fusiform face area’, FFA) in human 
FIR.

Several fMRI studies have shown that picture-plane inversion de
creases or even abolishes this face identity adaptation effect in the 

Fig. 5. Quantifying the neural face inversion effect with fast periodic visual stimulation in EEG. A. Face stimuli are typically presented through sinusoidal contrast 
modulation against a uniform grey background at a base frequency of 6 Hz or (as here) 5.88 Hz (170 ms SOA; Liu-Shuang et al., 2014). The base stimulus is one 
randomly selected face (A) repeating throughout the sequence. The oddball stimuli are different faces (B, C, D…) shown every 5th base face, or at a frequency of 
5.88 Hz/5 = 1.18 Hz. A stimulation sequence is structured as follows: AAAABAAAACAAAADAA… Face size varies randomly between 74 % – 120 % in 2 % steps in 
order to control for low-level pixel-wise overlap differences between base and oddball stimuli. B. Trial structure of a sequence for upright and inverted face con
ditions: a fixation cross appears for 2 – 5 s (duration randomly jittered), followed by the periodic stimulation during 60 s. At the end of trial, the periodic stimulation 
fades out during 5 s by gradually decreasing the contrast modulation depth from 100 % (full contrast) to 0 % (background only). C. Frequency spectra showing the 
response to upright faces left) and inverted faces (right). While the response to the repeated face at 5.88 Hz is substantial in both conditions, discrimination of face 
identities as expressed at 1.18 Hz and harmonics (2.36 Hz, 3.53 Hz, etc.) is clear for upright faces but barely visible for inverted faces (A, B, C, from Liu-Shuang et al., 
2014, with permission). D. The sum of baseline-corrected harmonics shows a much larger (unfamiliar) face identity recognition response for upright than inverted 
faces, focused over (right) occipito-temporal regions. E. The size of the neural face inversion effect as estimated from n = 53 human adults tested in this paradigm (D 
& E from Rossion et al., 2020, with permission).
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bilateral face-selective VOTC (FFA, and OFA to a lesser extent; Yovel and 
Kanwisher, 2005; Mazard et al., 2006; Gilaie-Dotan et al., 2010; see also 
Schiltz and Rossion, 2006) (Fig. 6). This effect of inversion on face 
identity repetition is large and quite specific, being absent in 
face-selective regions of the superior temporal sulcus (STS) or in 
non-face selective regions (Lateral Occipital Cortex, LOC; Yovel and 
Kanwisher, 2005; Fig. 6).

4.3. Human intracerebral recordings

Finally, using the same frequency-tagging paradigm as described 
above, the effect of inversion on FIR has also been localized and 

quantified inside the human brain with intracerebral recordings per
formed with a large sample of epileptic patients (N = 69; Jacques et al., 
2020). In that study, large decreases of the proportion of significant 
electrode contacts and amplitude in the VOTC (inferior occipital gyrus, 
lateral fusiform gyrus) for inverted faces were found, particularly in the 
right hemisphere (Fig. 7).

In summary, studies that have recorded neural signals reflecting FIR 
in humans with reliable stimulus repetition effects have reported large 
decreases of (differential) amplitude when the same stimuli are pre
sented upside-down. These effects of inversion are found without 
explicit task, in spatial locations and time windows that are compatible 
with an early dominant role of the right ventral occipito-temporal cortex 

Fig. 6. The effect of inversion on face identity repetition in fMRI (from Yovel and Kanwisher, 2005, with permission). Both the fusiform face area (FFA) and occipital 
face area (OFA) showed reduced amplitude to repetition of the dame (unfamiliar) face identities, this effect being absent for the same images presented upside-down. 
The posterior portion of the STS, also a face-selective region, does not show a face identity repetition reduction (but an overall reduction for pictures of inverted faces, 
regardless of identity).
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in human FIR. 4.4. Lack of neural inversion effect in macaque monkeys

A number of studies are regularly cited as showing inversion effects 
on neural activity to faces in monkeys (Perrett et al., 1988, 1998; Pineda 

Fig. 7. Spatial distribution of the face inversion effect with intracerebral recordings (adapted from Jacques et al., 2020, with permission). A. Map of 3825 VOTC 
recording contacts across 69 individual brains displayed in the Talairach space using a transparent reconstructed cortical surface of the Colin27 brain (ventral view). 
Each circle represents a single recording contact. Color-filled circles correspond to contacts showing a significant face individuation (FID) response, at upright (UP) 
(left map, N = 220, see Venn diagram inset on the right) or inverted (INV) orientation (right map, N = 134). UP and INV contacts are color-coded according to their 
anatomical location in the original individual anatomy . White-filled circles correspond to contacts on which no significant FID responses was recorded. Values along 
the Y axis of the Talairach coordinate system (antero-posterior) are shown near the interhemispheric fissure. B. Ventral and right lateral maps of the local proportion 
of UP contacts (left) and INV contacts (middle) relative to number of recorded contacts, and statistical comparison between the local proportions of UP and INV 
contacts across the VOTC (right, only significant differences of proportions at p < 0.01 are displayed). For left and middle maps, black solid contours outline 
proportions significantly above zero at p < 0.01 panels. For the ventral map on the right, the dashed black contour lines show the location of the proportion dif
ference between UP and INV contacts that are significantly (p < 0.01) larger in one hemisphere. This indicates that the higher proportion of UP compared to INV 
contacts in the IOG and latFG is significantly larger in the right hemisphere.
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and Nava, 1993; Tsao et al., 2006; Bell et al., 2009; Freiwald et al., 2009; 
Pinsk et al., 2009; Taubert et al., 2018; Table 2). However, whether 
these studies show inversion effect on the recognition of facial identity, 
let alone comparable to humans quantitatively and qualitatively, is an 
entirely different story. The first study cited above reported that about 
60 % of face-selective neurons in the monkey STS had delayed onset 
latencies for inverted faces (Perrett et al., 1988). Yet, as shown in pre
vious reports, there was no reduction in response amplitude (Perrett 
et al., 1982, 1985; see also Perrett et al., 1998). The delayed response to 
inverted faces was confirmed by Tsao et al. (2006) in face-selective re
gions located in the middle portion of the STS (lateral bank and fundus; 
regions labelled ML and MF respectively), this time together with a 

substantial reduction (a factor of 2.2) of spiking activity. The substantial 
reduction in spike rate was later confirmed in ML as well as to a lesser 
extent in the anterior lateral face-selective STS, in a study controlling for 
selection biases of the neurons and showing position tolerance of the 
inversion effect (Taubert et al., 2015a; see also Taubert et al., 2018). 
Overall, these neurophysiological findings in monkeys are in line with 
the large reduction of activity for inverted faces in these middle STS as 
well as temporal anterior face-selective regions as found in fMRI (Bell 
et al., 2009; Pinsk et al., 2009 – note however, the inconsistency be
tween the findings of these two studies in terms of location of the 
effects).

Some studies have also found a reduction of sensitivity to differences 
between face stimuli when images are presented upside-down, although 
without relating these measures to recognition (i.e., generalized 
discrimination) of identity. With EEG recordings, Pineda and Nava 
(1993) showed larger negative ERPs between 400 ms and 800 ms to 
monkey faces preceded by monkey faces than human faces, this effect 
disappearing for inverted stimuli. Back to single neuron recordings, 
Freiwald and colleagues (2009) reported that cells in the face-selective 
regions the middle STS (ML, MF) reduce their tuning to features of 
cartoon (human) faces, especially eyebrows, with inversion. In line with 
these observations, Taubert et al. (2015b) found differences in spike rate 
in the same region between an upright and inverted version of the same 
‘Thatcherized’ faces.

Overall, it is clear that picture plane inversion of faces affects neural 
activity of face-selective populations of neurons in the monkey brain, 
particularly decreasing response amplitude and increasing latency. 
Decreased or altered sensitivity to stimulus manipulations with inver
sion has also been found in a handful of studies (Pineda and Nava, 1993; 
Freiwald et al., 2009; Taubert et al., 2015b). However, critically, there is 
no evidence of reduced sensitivity to the coding of identity within these 
populations of neurons. This is particularly surprising in light of the 
numerous monkey physiology studies that have investigated differences 
in spike rate of face-selective neurons between different facial identities, 
generally arguing that these differences provide a reliable code to 
recognize facial identities in sparse populations of neurons (Rolls, 1992; 
Young and Yamane, 1992; Leopold et al., 2006; Chang and Tsao, 2017). 
Presumably, if inversion decreased monkeys’ FIR, shouldn’t the 
discriminative power of spike rates be substantially reduced for inverted 
faces?

To my knowledge, only two studies directly addressed directly this 
question. In the first study, a decrease in discriminative power of spike 
trains was found when faces (monkeys and humans) were presented 
upside-down (Sugase-Miyamoto et al., 2014). The effects were very 
large, but found only for discrimination between 4 faces (monkeys or 
humans). Most importantly, neurons in that study were pre-selected 
based on their positive responses to the very same upright faces that 
served for the discriminative analysis. Hence, the study suffers from the 
same methodological issue (sometimes called ‘double dipping’) as many 
behavioral studies that used the same (upright) stimuli to train and then 
test the effect of inversion (Section 2; Fig. 2). Another limitation of that 
study is that the neurons were not drawn from face-selective regions in 
the monkey STS. In contrast, Taubert and colleagues (2018) defined 
neurons as face-selective in the ML region of two monkeys based on an 
independent face localizer experiment (Fig. 8). Activity of these neurons 
was then measured in response to novel images of upright and inverted 
(human) faces. In that study, different (12) faces elicited distinct pat
terns of activity across face-selective neurons that were reliable (i.e., 
predictable with a classifier) within a specific size and orientation 
condition (Fig. 8). Interestingly, a classifier trained with one orientation 
condition and tested on the other did not lead to performance above 
chance level, indicating that the spike rate pattern changed completely 
with picture-plane orientation of the faces. However, and despite the 
expected substantial reduction in the average response magnitude of 
face-selective neurons to inverted faces, the classifier performance was 
not superior for upright than inverted faces. In other words, despite 

Table 2 
List of studies that have compared neural responses to upright and inverted faces 
in the macaque brain. While inverted faces appear to reduce neural activity to 
faces in general, there is no evidence of a decreased sensitivity to differences 
between facial identities. This has been tested only in two studies (in bold). The 
first one (Sugase-Miyamoto et al., 2014) showed decrease discriminative power 
of spike trains for inverted faces, but with a sample bias similar to behavioral 
studies. The second one (Taubert et al., 2018) used an independent selection of 
face-selective neurons and showed no advantage of upright faces in terms of 
spike rate discriminative power between individual faces (despite reduced 
spiking activity overall).

Study N Neural 
measures

Outcome

Perrett et al. (1982) 3 (21 
cells)

Single 
neurons 
(spikes)

Upright and inverted faces: no 
difference in response 
magnitude in STS (fundus) face- 
selective cells

Perrett et al. (1985) 3 (10 
cells)

Single 
neurons 
(spikes)

Delayed onset time for inverted 
faces (60 % face-selective cells), 
no change of amplitude

Perrett et al. (1988) 3 (25 
cells)

Single 
neurons 
(spikes)

Delayed onset time for inverted 
faces (60 % face-selective cells), 
no change of amplitude

Pineda and Nava 
(1993)

2 EEG (ERPs) Disappearance of a cross-species 
priming effect at 400–800 ms 
for inverted monkey faces

Tsao et al. (2006)
(Supp. Material)

2 (69 
cells)

Single 
neurons 
(spikes)

Delayed onset time and large 
reduction of spiking rate for 
inverted faces (STS: fundus and 
lower bank)

Bell et al. (2009) 4 fMRI Significant reduction of raw 
activity to inverted faces in 4/6 
face-selective STS regions. 
Larger effects in anterior than 
posterior (ML/MF) regions

Freiwald et al. (2009) 3 (64 
cells)

Single 
neurons 
(spikes)

Reduction and change of tuning 
to features of cartoon (human) 
faces, especially eyebrows, with 
inversion (STS: fundus and 
lower bank)

Pinsk et al. (2009)
Expt.2

2–3 fMRI Reduction of activity to inverted 
faces in STS face-selective 
regions, with larger effects in 
the fundus than lateral bank.

Sugase-Miyamoto 
et al., (2014)

2 (120 
cells)

Single 
neurons 
(spikes)

Reduced spiking activity and 
discrimination power among 
individual faces to inverted 
faces (4 monkey faces, 3 human 
faces). Biased sampling.

Taubert et al., 
(2015a)

2 (179 
cells)

Single 
neurons 
(spikes)

Reduced spiking activity to 
inverted faces in lateral STS 
face-selective areas (ML, AL)

Taubert et al., 
(2015b)

2 (211 
cells)

Single 
neurons 
(spikes)

Interaction in face-selective 
middle STS (ML) between the 
global orientation of a face and 
the local orientation of its eyes

Taubert et al., (2018) 2 (57 
cells)

Single 
neurons 
(spikes)

Reduced spiking activity of 
independently defined face- 
selective cells to inverted faces 
(ML) but equal discrimination 
power among individual faces
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having more room for variation, the different face identities were not 
discriminated better at upright than inverted orientation, i.e., a com
plete absence of neuronal inversion effect on FIR (Taubert et al., 2018; 
Fig. 8).

In conclusion, monkeys, generally like humans (except for N170 
amplitude), show a reduction of (face-selective) neural activity in their 
temporal lobe to inverted pictures of faces (together with a delayed 
response) (Table 2). However, evidence for a reduction of sensitivity to 
differences between face identities with inversion as in humans, as 
reviewed in Section 3, has not been provided in macaque monkeys. 
Thus, the view that ‘at the neural level, evidence is consistent that cells in 
face patches do show an inversion effect’ (Hesse and Tsao, 2020, p.696) is 
incorrect, at least when it comes to face identity recognition. Admit
tedly, part of the discrepancy could be due to the use of different 
recording methods and neural signals in the two species (i.e., EEG/fMRI 
in humans; single neuron activity in macaques). While single neuron 
recording in face-selective cortical regions of the human brain is 
particularly challenging and still in its infancy (e.g., Quian Quiroga 
et al., 2023), this issue could and should have been at least be investi
gated in macaque fMRI and EEG studies testing face identity repetition 

effects across upright and inverted orientations.

5. Lack of face inversion effect in macaques: theoretical 
implications

The published data extensively reviewed here indicates that, unlike 
humans, macaque monkeys do not suffer from any drop of performance, 
or reduced neural sensitivity, for recognizing the identity of conspecifics 
(or of humans) when they are presented upside-down. While there are 
much fewer studies performed in monkeys than in humans, and monkey 
studies generally involve a few subjects only (Table 1 & 2), the relatively 
large number of published studies, which span over 7 decades, seems to 
be sufficient to conclude that monkeys lack a face inversion effect, let 
alone a very large effect as found in our species. This conclusion is in line 
with relatively recent reviews that focused only on behavioral effects 
(Rossion and Taubert, 2019; Griffin, 2020), and dismisses the perpetu
ally repeated claims that face inversion effects are present (e.g., Amita 
et al., 2024), or even ‘controversial’ or ‘inconsistent’ in monkeys (e.g., 
Keating and Keating, 1993; Pascalis and Bachevalier, 1998; Vermeire 
and Hamilton, 1998; Parr et al., 1999; Guo et al., 2003; Gothard et al., 

Fig. 8. Population-level larger response to upright than inverted faces, with equal variance in spike rate for various (human) face identities (adapted from Taubert 
et al., 2018, with permission). A. Face-selective region of the STS (ML) sampled in two monkeys presented with the same pictures of upright and inverted faces as 
illustrated on the right. B. Normalized responses of the 57 neurons for upright (left) and inverted (right) faces, showing an overall larger response to upright faces for 
a majority of neurons, and a substantial amount of variability of response across individual faces. C. This variability is also found in the averaged population response 
across 57 neurons for the different faces, also showing the lower response for all but one face identity (#4) with stimulus inversion. While this variability in spike 
rates is usually taken as reflecting a powerful code to distinguish different face identities, it was not larger for upright than inverted faces, i.e. no inversion effect in 
discriminative power between face identities.
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2004; Adachi et al., 2009; Dahl et al., 2010; Leopold and Rhodes, 2010; 
Pokorny et al., 2011; Dahl et al., 2013; Hesse and Tsao, 2020; Pascalis 
et al., 2021).

Admittedly, the present review focuses on studies performed on 
macaques, not only for consistency and because they constitute the vast 
majority of studies, but especially given the privileged status of this 
genus as an animal model of the human brain, in particular for face 
recognition (Desimone, 1991; DiCarlo et al., 2012; Freiwald, 2020; 
Hesse and Tsao, 2020; Kanwisher, 2025). Nevertheless, as noted above, 
rare studies performed in other monkeys (New World Monkeys) tested 
with upright and inverted faces are unconvincing and suffer from the 
same methodological issues as discussed in Section 3 (squirrel monkeys: 
Phelps and Roberts, 1994; Tamarins: Weiss et al., 2001; Neiworth et al., 
2007; Capuchins: Pokorny et al., 2011; see footnote 5), supporting the 
view that monkeys in general do not show a cost of stimulus inversion in 
face identity recognition. An outstanding and obvious question then is 
why do monkeys fail to show a significant inversion effect in FIR when 
this effect is so prominent in our species? Here I want to briefly contrast 
two possibilities.

5.1. Are monkeys equally efficient at FIR for upright and inverted faces?

The first possibility is that monkeys recognize the identity of 
(conspecific) faces as humans do. Yet, unlike humans, they readily 
transfer this ability to faces presented upside-down. This is a highly 
unlikely, for a number of reasons. First, macaques do not have a pre
hensile tail, nor any specific adaptation for suspensory behaviour or 
arboreal locomotion such as brachiation. Like humans, they live pre
dominately on the ground. Thus, there is no particular reason to believe 
that they are exposed nearly as often to inverted as upright faces. Sec
ond, and related to that, they do show clear differences, both at the 
behavioral and neural levels, between upright and inverted faces, often 
expressed in terms of preferences for upright faces (i.e., preferential 
selection, longer exploration times, larger neural responses; see the list 
of studies in Table 1 & 2; Fig. 8). Significant advantages in performance 
have also sometimes been found in monkeys for upright over inverted 
faces in tasks that are unrelated to face identity (e.g., Perrett et al., 1988; 
Vermeire & Hamilton, 1998). Third, as mentioned at the beginning of 
the present review, the cause of FIE in humans is largely thought to be a 
drop of holistic perception: while an upright face is processed as an in
tegrated unit, an inverted face is processed in a (more) piecemeal 
fashion, feature-by-feature (Farah et al., 1995a; Rossion, 2008, 2009). 
Even if this latter view is not fully adopted in the scientific community 
(mainly due to what is thought to be a lack of direct evidence), humans 
undoubtedly show a number of behavioral effects with face stimuli, 
interpreted in terms of holistic processing/representation, that are 
reduced or absent when these stimuli are presented upside-down 
(Bartlett and Searcy, 1993; Barton et al., 2001, 2003; Farah et al., 
1995a; Hole, 1994; Murray et al., 2000; Rhodes et al., 1993; Searcy and 
Bartlett, 1996; Sergent, 1984; Tanaka and Farah, 1993; Tanaka and 
Sengco, 1997; Young et al., 1987; Freire et al., 2000; Boutsen and 
Humphreys, 2003; Rossion and Boremanse, 2008). It is unclear at pre
sent that monkeys present with such effects, not only because the few 
studies that have addressed this issue have drawn negative conclusions 
or are inconsistent with each other (Adachi et al., 2009; Dahl et al., 
2010; Weldon et al., 2013; Dahl et al., 2007; Taubert et al., 2012; see 
Rossion and Taubert, 2019), but also because monkeys’ performance in 
face identity matching task appear to rely essentially on external fea
tures and/or features devoid of configural organization (Parr et al., 
2008; Weldon et al., 2013). Finally, across the studies surveyed here and 
other studies, it seems pretty clear that monkeys are just not very good at 
identity recognition of conspecifics based on their faces in general, 
leading to the second possibility, as discussed below.

5.2. Monkeys lack human face identity recognition expertise supported by 
the ventral occipito-temporal cortex

The second possibility is indeed that monkeys are largely inefficient 
at FIR, in particular when compared to us humans. That is, unlike 
humans, monkeys would not present with a natural, or rather naturally 
developed (from experience), ability to rapidly individuate numerous 
conspecifics based on their faces only. Therefore, presenting faces 
upside-down in a given experimental setting does not change much or 
anything for monkeys: their performance at such tasks is limited anyway 
and based essentially on image-specific features that are useful only for a 
specific task and stimulus set. While the claim that monkeys lack a 
natural(ly developed) ability to efficiently recognize conspecifics based 
on their faces only may appear very strong, it is actually supported by a 
series of arguments (Parr et al., 2008; Parr, 2011; Rossion and Taubert, 
2019): (1) the trivial picture discrimination or matching tasks that have 
been generally used to probe monkey’s FIR ability (e.g., Swartz, 1983; 
Parr et al., 2008; Weldon et al., 2013; Moeller et al., 2017); (2) the 
relatively long training sessions usually required for monkeys to learn to 
explicitly discriminate pictures of conspecific faces for their identity (e. 
g., Rosenfeld and Van Hoesen, 1979; Parr et al., 1999; Parr et al., 2008; 
Weldon et al., 2013); (3) the limited performance level of monkeys at 
such tasks, sometimes barely above chance level (e.g., Parr et al., 2008; 
Weldon et al., 2013; Moeller et al., 2017); (4) the very small stimulus 
sets (e.g., Rosenfeld and Van Hoesen, 1979; Swartz, 1983; Dittrich, 
1990; Keating and Keating, 1993; Vermeire & Hamilton, 1998; Vermeire 
et al., 1998; Adachi et al., 2009); (5) that are often repeated without or 
little generalization across variable views (Parr et al., 1999; Moeller 
et al., 2017); (6) the poorly controlled stimulus discriminations used 
with implicit measures in habituation/dishabituation paradigms (Guo 
et al., 2003; Gothard et al., 2004); (7) the overreliance on external 
features in face identity matching tasks (Parr et al., 2008; Weldon et al., 
2013). Considered altogether, of these elements support the view that 
while monkeys are primates for which social interactions, in particular 
based on faces, are undoubtedly important (e.g., Emery et al., 1997; 
Deaner et al., 2005; Freiwald et al., 2016; Sliwa et al., 2011), they do not 
possess a naturally developed ability to efficiently recognize the identity 
of many conspecific faces, let alone an ability remotely comparable to 
humans (i.e., as a holistic snapshot).

This conclusion is in line with monkeys’ relatively underdeveloped 
temporal lobe compared to humans (Bryant et al., 2019; Roumazeilles 
et al., 2020; Braunsdorf et al., 2021; Rilling and Seligman, 2002), in 
particular lacking critical (right-lateralized) ventral brain structures for 
FIR (Fig. 9).

Specifically, monkeys lack a fusiform gyrus, a hominoid-specific 
structure (Weiner and Zilles, 2016; Bryant et al., 2019) that undoubt
edly holds the most important populations of neurons supporting human 
FIR (Sergent et al., 1992; McCarthy et al., 1997; Kuskowski and Pardo, 
1999; Barton et al., 2002; Keller et al., 2017; Jacques et al., 2020; Jonas 
and Rossion, 2021; Rossion et al., 2024). As a matter of fact, monkeys 
lack the whole ventral face-selective network of regions supporting FIR 
in our species (Rossion and Taubert, 2019; Rossion, 2022; Laurent et al., 
2023; Fig. 9). While face-selective regions of the monkey superior 
temporal sulcus (STS) and/or anterior temporal lobe have been tenta
tively related to ventral face-selective regions supporting human FIR 
(and the inversion effect) (Tsao et al., 2006; Yovel and Freiwald, 2013; 
Fisher and Freiwald, 2015), this claim of homology is largely unsub
stantiated at present and unlikely to be correct (Rossion and Taubert, 
2019). Instead, both behavioral and neural evidence converge to suggest 
that monkeys do not possess the adequate ventral neural circuitry to 
support rapid recognition of a conspecific face based on holistic visual 
memory representation. Hence, their lack of a humanlike face inversion 
effect, which will therefore need to be clarified in terms of neuronal 
mechanisms in future single neuron level recordings performed directly 
in face-selective regions of the human brain.
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Fig. 9. Sulcal and gyral differences of the human and macaque temporal lobe. A. Above, lateral view of a human and macaque temporal lobe (not at respective sizes), 
showing the additional middle temporal gyrus (MTG) in humans, as defined by the inferior temporal sulcus (dotted line in red). One sulcus only, the STS (in blue) is 
visible in macaques. Below, ventral view of the temporal lobe to highlight the fusiform gyrus (FG) in humans, not present in the macaque brain. Brains not to scale. 
Adapted from Roumazeilles et al., (2020), with permission. B. Ventral views of a human and macaque brain, highlighting the fusiform gyrus defined by the 
occipito-temporal sulcus (OTS) and the collateral sulcus (Cos). The human fusiform gyrus is subdivided in occipital (oFG), middle (mFG) and anterior parts (aFG). 
The middle fusiform gyrus is additionally subdivided in lateral and medial parts by the midfusiform sulcus. AMTS, Antero-Medial sulcus; RhS: rhinal sulcus. Note the 
massive expansion of the ventral (occipito-)temporal cortex in humans as compared to macaques, who lack a fusiform gyrus.
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