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Face recognition depends upon the ability to match a visual image to a representation stored in memory. During natural viewing,
observers fixate centrally on faces, resulting in face parts appearing in specific spatial locations. We examined whether this perceptual
experience influences the cognitive and neural mechanisms involved in face recognition. Participants viewed left/right or upper/lower
face halves presented in typical (egleft face half in left visual field) or atypical (egleft face half in right visual field) locations. For familiar
faces, familiarity judgments were faster and more accurate when face halves were displayed in typical locations. To examine the neural
correlates of this recognition bias, fMRI was used to measure responses to familiar face halves presented in typical or atypical spatial
locations. Early visual areas (V1-V4) showed responses primarily determined by visual field and were not sensitive to typical spatial
presentation. In contrast, the occipital face area and the fusiform face area exhibited greater activations for face halves presented in
their typical spatial location. This bias was also evident in regions beyond the visual brain. These findings suggest that higher-level
representations used in the perceptual processing of familiar faces are influenced by statistical regularities in real-world face viewing.
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Introduction

A growing body of evidence indicates that the visual regions
involved in object recognition are not only tuned to the diagnos-
tic features of object categories, but also to their characteristic
spatial configurations (DiCarlo and Maunsell 2003; Kravitz et al.
2008; Kravitz et al. 2010). Neural responses in these regions reflect
statistical regularities in the retinal positioning of objects (Levy
et al. 2001; Hasson et al. 2002). This suggests that the typical
spatial location of objects plays a crucial role in the functional
organization of higher-level visual areas (Arcaro and Livingstone
2017; Arcaro et al. 2019; Gomez et al. 2019).

During face perception, observers—on average—fixate slightly
below the eyes, near the horizontal midpoint (Hsiao and
Cottrell 2008; Walker-Smith et al. 2013). This strategy optimizes
recognition by positioning informative facial features within the
high-acuity foveal region (Peterson and Eckstein 2012, 2013).
Consequently, as shown in Fig. 1, individual facial features are
systematically projected to distinct regions of the visual field,
which are mapped retinotopically in the early visual cortex
(Wandell et al. 2007). The upper half of the face projects to ventral
visual areas (eg V1v, V2v, and V3v), while the lower half projects
to dorsal visual areas (eg V1d, V2d, and V3d). Additionally, the left
and right halves of the face project to contralateral hemispheres

(Hsiao et al. 2008), leading to the early-stage segregation of facial
information in the visual brain.

Beyond early visual areas, regions in the occipital and temporal
cortices play key roles in the processing of faces (Kanwisher
2010). The occipital face area (OFA) is thought to encode the
basic structural configuration of a face, before transmitting this
information to the fusiform face area (FFA) to process the invari-
ant information used in tasks such as identity recognition, and
to the superior temporal sulcus (STS) to extract the variable
information used in tasks such as expression recognition (Haxby
et al. 2000; Duchaine and Yovel 2015). Although these regions are
face-selective, they also exhibit spatial biases, responding prefer-
entially to faces presented centrally (Levy et al. 2001; Hasson et al.
2002), or in the contralateral visual field (Silson et al. 2016; Silson
et al. 2022). Emerging evidence suggests that these regions may
be organized into faciotopic maps, wherein cortical responses are
topographically tuned to specific facial features (Henriksson et al.
2015; de Haas et al. 2021; though see van den Hurk et al. 2015).
The notion of faciotopic maps is supported by behavioral studies,
showing improved discrimination of unfamiliar face parts when
they appear in their typical spatial locations (Chan et al. 2010;
de Haas et al. 2016; de Haas and Schwarzkopf 2018). However,
whether these spatial typicality biases extend to the recognition
of familiar faces remains unclear.
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Fig. 1. Examples of typical and atypical spatial locations for face half stimuli from a famous identity (former U.S. President Joe Biden). Dotted lines are
presented here for visual field division clarity, but were not present in any experiment. Images are reproduced here under a Creative Commons license.
Source: https://www.flickr.com/photos/58993040@N07/13958303406, Attribution: U.S. Embassy Kyiv, Ukraine, public domain mark.

Given that experience plays a fundamental role in shaping both
the behavioral and neural mechanisms underlying face process-
ing (Golarai et al. 2015), the present study investigated how the
statistical regularities of real-world viewing influence familiar
face recognition. In the initial behavioral experiment, we exam-
ined whether recognition performance differs when vertically
(left/right) or horizontally (upper/lower) divided face halves are
presented in their typical versus atypical visual field locations. In
the second experiment, we used functional magnetic resonance
imaging (fMRI) to explore whether face-selective neural responses
vary as a function of typical spatial positioning. Our findings
demonstrate that typical spatial presentation—reflecting natu-
ral viewing habits—modulates both behavioral performance and
neural activity during familiar face recognition.

Materials and methods

Behavioral experiment
Participants

Prior to data collection, sample size was determined based on
power considerations and prior empirical findings. An initial
benchmark was taken from Chan et al. (2010), who examined
the effects of typical visual field presentation on face detection
using a sample of 18 participants. A formal power analysis
informed by effect sizes reported in Harrison and Strother (2020)
for the perception of face halves in a comparable participant
demographic indicated that a minimum of 28 participants
would be sufficient to detect effects with a 2x2 within-subject
ANOVA (d=0.60, « =0.05, power =0.95). A total of 43 participants
were recruited, 11 of whom were excluded due to insufficient
familiarity with the celebrity faces used (<50%), or failure to
meet the laterality quotient to indicate dominant rightward
handedness (<+40) as determined by a modified Edinburgh
Handedness Inventory (Oldfield 1971). The remaining 32 right-
handed (mean laterality quotient=83.3, SD =16.7) participants
(29 female; mean age=19.2, SD =0.7) were randomly divided into
16 counterbalancing groups. All participants reported normal or
corrected-to-normal vision and no known neurological disorders.
They provided written informed consent and were compensated
with course credit. All experiments were approved by the ethics
committee of the University of York Psychology department
(Approval code: 116).

Stimuli

“Familiar” face half stimuli were created from 40 front-facing
high-resolution images of famous people (ie actors, politicians,
and musicians), collected using Google image search. “Unfamil-
iar” face half stimuli were created from 40 front-facing, high-
resolution face images of non famous individuals, collected from
different face database repositories (SiblingsDB, Vieira et al. 2014;
Chicago Face Database, Ma et al. 2021; The London Set, DeBruine
and Jones 2017) and stock photo repositories (www.unsplash.
com, and www.gettyimages.co.uk). Unfamiliar face images were
individually selected based on comparability to one of the familiar
faceidentities (similar hair color/style, skin tone, & face shape). All
80 faces were standardized by cropping them from backgrounds,
converting them to greyscale, and pasting them onto a uniform
gray background. Faces were then halved vertically (left and right
halves) at the midpoint of the nose, and horizontally (upper and
lower halves) slightly below the eyes. Vertically divided halves
were resized to a height of 500 px, and horizontally divided halves
were resized to a width of 350 px.

Procedure

The experiment was conducted in-person. Participants were
seated in an evenly lit laboratory with their chin in a chinrest
that was 80 cm away from the computer screen (width =54 cm;
height=30 cm). At this distance, face halves subtended a height
of approximately 9.2° of visual angle for vertically divided face
halves, and 6.5° of visual angle for horizontally divided face
halves. The experiment was built using PsychoPy (Version 2021
February 3; www.psychopy.org) and consisted of three blocks.
First, participants viewed vertically or horizontally divided face
halves in separate blocks. The ordering of the blocks was coun-
terbalanced across participants. Each of these two blocks began
with a series of practice trials, in which participants viewed five
familiar and five unfamiliar face halves in either typical or atyp-
ical spatial locations. The identities of these faces were not used
elsewhere in the experiment and were used solely to familiarize
participants with the block’s task. In each block, participants
viewed the two face halves from each identity (40 familiar and
40 unfamiliar). Each face half was presented in its typical spatial
location (eg right half in right visual field) or in its atypical spatial
location (eg left half in right visual field). This generated a total of
160 trials in each block. Within the experiment, there were an even
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Fig. 2. Schematic of behavioral experiment trials for a single familiar identity (former U.S. President Joe Biden): a) vertically divided, left half, typical
presentation trial. b) Grid of example presentations arranged into rows displaying face half and division conditions, and columns displaying spatial

location typicality.

number of trials for each visual field presentation and typicality
condition. Which face halves appeared in which spatial locations
were evenly counterbalanced across participants.

As illustrated in Fig. 2, trials began with a red fixation cross,
which appeared in the centre of the screen for a random interval
between 2000 ms and 4000 ms. The cross then turned green,
and simultaneously, a face half appeared in either a typical or
atypical visual field, with its nearest side positioned 2.75° of
visual angle away from the fixation cross to avoid bilateral visual
field presentation (Bourne 2006; Young 1982). Face halves were
presented for 200 ms, before being replaced by a Gaussian noise
mask to avoid foveal saccades towards the stimulus (Carpenter
1988; Bourne 2006). The mask vanished after 300 ms. Throughout
the presentation of the face half and mask, the green fixation
cross stayed centrally on screen, and remained on screen for a
further 2500 ms. The fixation cross then disappeared for an inter-
trial-interval of 1000 ms before the next trial began.

Participants were asked to indicate whether the face half that
had been presented was familiar or unfamiliar by pressing a
key. Participants had the duration of the green fixation cross
(3000 ms) to input their responses on a keypad. For vertically
divided face halves, participants were instructed to respond using
the “up arrow” and “down arrow” keys; for horizontally divided
face halves participants were instructed to respond using the “left
arrow” and “right arrow” keys. Response hand (left or right hand)
and response input key (eg up equals familiar and down equals
unfamiliar; or down equals familiar and up equals unfamiliar)
were counterbalanced across participants. Accuracy and reaction
time for correct responses were recorded.

In the final block, we determined whether participants were
familiar or unfamiliar, respectively, with the identities used in
the previous blocks. Full versions of all 80 faces were presented
centrally on screen, and participants indicated whether they rec-
ognized a face by inputting a name, or relevant identity-specific
information into a textbox (eg a specific role they had played
in a film). If participants did not recognize the individual, they
could respond with a button press and move to the next trial.
Any trials featuring face halves from faces which were incorrectly
identified were excluded from the analysis of the initial two
blocks. Any participants who were unable to identify over 50% of
the familiar identities used were completely removed from the
analyzed sample.

The study design, hypotheses, and analysis plan for this exper-
iment were preregistered (https://osf.io/4t9rv). Data and analysis
code for this and the subsequent experiment is publicly available
on the Open Science Framework website (https://osf.io/dbufh).
Our preregistered hypotheses test the following predictions: H1)
If recognition is affected by typicality of spatial location pre-
sentation, then recognition will be improved and more efficient
for face halves within their typically experienced visual fields
across both vertically and horizontally divided face halves; H2).
If the typicality of spatial location presentation is relevant to
the matching of familiar face representations in memory, then
we should see enhanced effects of typicality for familiar faces.
Familiar and unfamiliar faces are not made publicly available for
copyright reasons, but examples are provided in this paper.

Neuroimaging experiment

Participants

Prior to data collection, sample size was based on a minimum
determined by an fMRI study by Chan et al. (2010). For the sample
to be scanned, we recruited a separate sample of participants who
had not taken part in the behavioral study. 33 participants were
screened to ensure applicability for fMRI scanning and right-
handedness (<+40 laterality quotient; Oldfield 1971). During
screening, participants completed the final block described in
the behavioral experiment to assess their familiarity with the
celebrity faces to be used during scanning. Any participants who
recognized <80% of the identities were excluded. 13 participants
did not pass the screening. The remaining 20 participants (mean
laterality quotient=64.7, SD =25.0; 17 female; mean age=20.9,
SD =1.9; mean identities known =93.6%) were randomly divided
into four counterbalancing groups. All participants reported
normal or corrected-to-normal vision, and no known neurological
disorders. They provided written informed consent and were
compensated with course credit. All experiments were approved
by the ethics committee of the University of York Neuroimaging
Centre (Approval code: P1491).

Stimuli

Participants completed two experimental scan runs; one con-
tained vertically divided face halves, and the other contained
horizontally divided face halves. The ordering of scan runs was
counterbalanced across participants. Stimuli within each run
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Fig. 3. Example schematics of fMRI experiment trials for a single familiar identity (former U.S. President Joe Biden): a) vertically divided, left half, typical
presentation trial with button press circle. b) Horizontally divided, upper half, atypical presentation trial with no button press circle. Possible stimulus

presentations are depicted in Fig. 2b.

were the face half stimuli from the same 40 familiar identities
used in the behavioral experiment. Participants viewed the faces
from a distance of 62 cm. To match our behavioral experiment
conditions, the stimuli were shown at a height of 9.2° of visual
angle for vertically divided face halves, and 6.5° of visual angle
for horizontally divided face halves.

As illustrated in Fig. 3, throughout each task run, a white
fixation cross remained in the centre of the screen. 80 images (two
face halves from each identity) were presented in each run using
an event-related design, featuring 40 stimuli for each face half
(left/right or up/down), and spatial location (typical or atypical)
condition. Face halves appeared in either their typical or atypical
spatial locations, with their nearest side positioned 2.75° of visual
angle away from the fixation cross. All participants saw the same
set of stimuli. Each image was presented for 200 ms, with a
jittered presentation of 3800-7800 ms between each image for
a total scan time of 440 s. Event-related design sequencing was
performed using OptSeq2 (https://surfernmr.mgh.harvard.edu/
optseq) to generate the two most optimal sequences out of 10,000,
which were evenly counterbalanced across participants.

In contrast to the behavioral experiment, participants did not
make a familiarity judgment, as the face identities were all “famil-
iar”. However, to maintain attention, participants were instructed
to execute a button-press whenever they saw a white circle
around the fixation cross. This cross appeared on 10% of trials,
1,500 ms after stimulus presentation, and remained on screen for
a further 1,000 ms.

Participants also completed a functional localiser scan run.
During this scan, participants viewed images drawn from three
different stimulus categories (human faces, scenes, and phase-
scrambled images). Face stimuli were taken from the Radboud
database of face stimuli (Langner et al. 2010), scene stimuli were
taken from the SUN database (Xiao et al. 2010), and scrambled
images were created by phase-scrambling the face stimuli. Images
from each condition were presented in a block design. 12 images
were presented in each block, and each image was presented
for 600 ms, with a 200 ms inter-trials-interval. Nine blocks were
presented for each condition in a pseudorandomised order, for a
total scan time of 244 s. To ensure that attention was maintained
on the stimuli, the same fixation cross and task as featured in the
task runs were repeated here.

fMRI acquisition and analysis

Structural and functional scans were acquired at the York
Neuroimaging Centre using a whole-body 3 Tesla Siemens

MAGNETOM Prisma MRI scanner during the same session, using a
64-channel phased array head coil. T1-weighted structural scans,
composed of 176 sagittal slices, were acquired from gradient-
echo echo-planar imaging pulse sequences (TR=2300 ms,
TE=2.26 ms, FoV =240 x 240 mm, matrix size=256 x 256, voxel
dimensions=1.0 x 1.0 x 1.0 mm, slice thickness=1.0 mm, flip
angle =8°, whole-brain coverage).

Task and functional localiser scans, composed of 60 axial slices,
were acquired from T2x-weighted gradient-echo echo-planar
imaging pulse sequences (TR=2,000 ms, TE=30 ms, FoV =240 x
240 mm, matrix size=80 x 80, voxel dimensions=3.0 x 3.0 x
3.0 mm, slice thickness=3.0 mm, flip angle=80°, whole-
brain coverage, phase encoding direction anterior to posterior).
Additional field-map images were acquired in the same plane as
the functional images (TR =554 ms, TE=7.38 ms, flip angle=60°,
other parameters as per functional images).

A univariate analysis of the data was conducted using FSL FEAT
v.6.00 (https://fsl.fmrib.ox.ac.uk). First-level analysis of the exper-
imental and functional localiser scans was conducted on each
participant individually. These included motion correction using
MCFLIRT (https://fsl.fmrib.ox.ac.uk; Jenkinson et al. 2002), slice
timing correction using Fourier-space time-series phase shifting,
nonbrain removal using BET (Smith 2002), unwarping of BO dis-
tortions from fieldmaps, intensity normalization, temporal high-
pass filtering (task, o =100.0 s; localiser o =50.0 s), and spatial
smoothing (Gaussian) at 6 mm (full width at half maximum).

For each run of the experimental scans, the BOLD response
was modeled using a separate explanatory variable for each
of the four stimulus types, defined as a Face Half (left/
right or up/down)+ Typicality (typical presentation/atypical
presentation). The presentation design was convolved with
a gamma haemodynamic response function to produce an
anticipated BOLD response. The temporal derivative of this
time course was included in the model for each exploratory
variable, and data were fitted to FSL’s implementation of the
general linear model. For the functional localiser data, boxcar
regressors were defined for each task condition (faces, scenes,
and phase-scrambled faces), and convolved with a gamma
haemodynamic response function. Individual participant data
was then entered into a higherlevel group analysis using a
mixed-effects design in FLAME (FLAME, https://fsl.fmrib.ox.ac.
uk; Beckmann et al. 2003; Woolrich et al. 2004; Woolrich 2008).
Functional images were co-registered to each participant’s T1
anatomical scan via a boundary-based registration algorithm
(Greve and Fischl 2009), and then further to the standard MNI
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Fig. 4. Regions of interest. Face regions were defined using the functional localiser scans (OFA, occipital face area; FFA, fusiform face area; STS, superior
temporal sulcus). Early visual regions (V1, V2, V3, and V4) were based on visual field masks (Wang et al. 2015).

brain (ICBM152) via FSL's FNIRT tool (Andersson and Skare
2010).

The localiser scan revealed the face-selective regions of interest
(ROIs) shown in Fig. 4. These included the OFA, FFA, and posterior
STS. For our primary analysis, ROIs were defined based on the
functional localiser group averages, rather than each individ-
ual participant. The rationale for doing so was to maintain a
consistent voxel count across participants, as consistently sized
clusters were not attainable for all participants, particularly for
face-selective ROIs in the left hemisphere. Seed points for each
ROI within each hemisphere, listed in Table S3, were defined as
the peak activation voxel for the face>other (scenes + scram-
bled faces) contrast. For each seed, a flood fill algorithm was
used to iteratively adjust the statistical threshold to identify
clusters of 200 contiguous voxels (2,000 mm?) around the seed.
This process was repeated for each seed to create masks for
each ROL

For a secondary analysis, face-selective ROIs were also defined
for each participant using the same clustering methodology.
These proved less consistent than those derived from the group
localiser. To compensate for this, the individual participant ROI
size was reduced to 150 contiguous voxels (1500 mm?). All ROIs
which could be identified at approximately this volume from
individual participant localisers were included in the analysis;
any ROI clusters which could not be defined from this criterion
were excluded from analysis. The number of participants in whom
ROIs could be successfully defined ranged from 12 to 14 (M =13.3,
SD =0.82). Individual participant seed points for each ROI are
defined in Table S4, and their ROI sizes and z-thresholds are listed
in Table S5.

In addition to these face-selective ROIs, we also defined ROI
masks for early visual areas within each hemisphere (V1d,
Vv2d, V3d, V1v, V2v, V3v, and V4) based upon visual field masks
generated by Wang et al. (2015). For each mask, 200 voxel clusters
were created from the full probability maps provided by Wang
et al. (2015). Seed points for each ROI, listed in Table S3, were
defined as the peak probability of being a given early visual
area, and the same flood fill algorithm was used to identify
clusters of high-probability spatially contiguous voxels around
the seed, restricted within their respective Wang et al. (2015)

masks. To compare left and right visual field effects, the dorsal
and ventral divisions of each early visual region were combined
into a single mask for each hemisphere (rV1, 1V1, rv2, 1v2,
V3, 1V3, 1V4, and 1V4). To compare upper and lower visual
field effects, the ventral and dorsal regions of each early visual
region were combined into separate masks (V1v, V1d, V2v, V2d,
V3v, V3d, and V4), and masks from both hemispheres were
combined.

FSL’s Featquery was used to extract the mean hemodynamic
activity in response to Visual Field (right/up, left/down) and Typ-
icality (typical spatial location, atypical spatial location) condi-
tions, averaged over voxels within each ROI (parameter estimate
B). Potential overlaps in signal intensity from the event-related
design could lead to atypical scaling of signal percentage changes.
Therefore, the raw g values were used for analysis. To account
for multiple comparison corrections, Holm-Bonferroni corrections
were applied to t-tests for regions x hemispheres within each
network (early visual, face) independently for each experimental
comparison.

Results

Behavioral experiment
Familiar and unfamiliar faces

We compared accuracy and accurate reaction times on familiarity
judgments for face halves presented within typical or atypical
spatial locations. For familiar faces, familiarity judgments for face
halves presented in typical spatial locations were more accurate
and faster compared to face halves presented in atypical spatial
locations. In contrast, there was no effect of typical spatial loca-
tion on familiarity judgments for unfamiliar faces.

A repeated-measures ANOVA on the effects of Familiarity
(familiar, unfamiliar), Typicality (typical spatial location, atypical
spatial location), and Division (vertical, horizontal) is reported
in full in Table S1. There was a main effect of Typicality on
accuracy [F(1, 31)=40.19, P <0.001, 5,2 =0.56] and reaction time
[F(1, 31)=7.49, P =0.010, n,? =0.20]. There was also a significant
interaction between Familiarity and Typicality [accuracy: F(1,
31)=37.54, P <0.001, np2 =0.55; reaction time: F(1, 31)=10.72,
P =0.003, ny? =0.26]. Accordingly, we analyzed the effect of
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Fig. 5. There were a) higher accuracy and b) lower reaction times for familiar faces viewed in typical compared to atypical spatial locations. This effect
was evident for faces divided along both the vertical and horizontal axes. There were no effects of typicality for unfamiliar faces.

Typicality on familiar faces and unfamiliar faces independently.
The results of this analysis are shown in Fig. 5, and descriptive
statistics are provided in Table S2.

Familiar faces

Repeated-measures ANOVAs were used to assess the effect of
Typicality (typical spatial location, atypical spatial location) and
Division (vertical, horizontal) on the accuracy and accurate reac-
tion times to familiar faces.

For accuracy (Fig. 5a), there was a significant effect of Typicality
[F(1,31)=56.90, P < 0.001, ,? =0.65], a significant effect of Division
[F(1, 31)=33.52, P <0.001, n,? =0.52], and an interaction [F(1,
31)=4.82, P =0.036, n,? =0.14]. Holm-Bonferroni corrected paired
sample t-tests on the effects of Typicality on each Division direc-
tion showed that vertically divided face halves were recognized
more accurately when presented in their typical spatial locations
than when presented in atypical spatial locations [t(31)=4.81,
P <0.001, d =0.62]. A greater magnitude advantage for typical
presentation was also evident in horizontally divided face halves
[t(31) =6.60, P <0.001, d =1.09].

For reaction time of correct judgments (Fig. 5b), there was a
significant effect of Typicality [F(1, 31) =24.48, P < 0.001, np? = 0.44],
no effect of Division [F(1, 31)=1.06, P =0.310], and a significant
interaction [F(1, 31)=9.79, P =0.004, an =0.24]. Holm-Bonferroni
corrected paired sample t-tests showed that face halves were
recognized faster when presented in their typical spatial
locations across both vertically [t(31)=2.27, P =0.030, d =0.20]
and horizontally [t(31)=4.72, P <0.001, d =0.65] divided face
halves.

Unfamiliar faces
The same ANOVA used for familiar faces was repeated for accu-
racy and accurate reaction times to unfamiliar faces.

For accuracy (Fig. 5a), there were no significant effects of Typ-
icality [F(1, 31)=0.72, P =0.402], Division [F(1, 31)=1.41, P =0.244],
nor any interaction [F(1, 31)=1.41, P =0.306]. For reaction time
of accurate judgments (Fig.5b), there were also no significant
effects Typicality [F(1, 31)=0.42, P =0.522], Division [F(1, 31) =2.96,
P =0.095], nor any interaction [F(1, 31)=2.85, P =0.101].

Neuroimaging experiment

Visual field effects

We first compared the response to stimuli presented in the left
and right visual field (see Fig. 2b). We predicted that early visual
regions within each hemisphere would respond selectively to
stimuli presented in the contralateral visual field. Figure 6 shows
the response to faces presented in the left or right visual field. Face
halves presented in the left visual field resulted in higher activity
in the right hemisphere compared to face halves presented in
the left visual field. In contrast, face halves presented in the
right visual field resulted in higher activity in the left hemisphere
compared to face halves presented in the left visual field. These
effects were primarily evident in the occipital lobe.

To determine which regions showed an effect, we performed an
ROI analysis. Paired-sample t-tests were used to assess the effect
of Visual Field (Right, Left) on the magnitude of activation (Param-
eter Estimate g) on the ROIs independently for each hemisphere.
Results are listed in Table 1, and descriptive statistics are provided
in Table S6. There was a significant effect of Visual Field in all early
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Fig. 6. Differences in neural response to faces presented in the left and right visual field. Vertically divided face halves presented to the left or right
visual field elicited activation in the contralateral hemisphere. P-values are represented in negative log units (—logio(p)).

Table 1. A comparison of contralateral vs ipsilateral visual field presentation on the neural response in early visual and face-selective

regions in the left and right hemispheres.

daf t P davg BF10
Right Hemisphere
V1 19 —4.38 <0.001 1.04 98.16
V2 19 —8.85 <0.001 1.78 >1000
V3 19 -11.85 <0.001 1.89 >1000
V4 19 —-8.9 <0.001 1.44 >1000
OFA 19 —4.74 <0.001 0.77 204.02
FFA 19 —2.04 0.056 0.39 1.27
STS 19 -0.77 0.453 0.17 0.30
Left Hemisphere
Vi 19 4.57 0.001 0.91 >1000
V2 19 5.7 <0.001 1.43 >1000
V3 19 8.67 <0.001 1.88 >1000
V4 19 8.42 <0.001 1.75 >1000
OFA 19 9.29 <0.001 1.69 >1000
FFA 19 2.58 0.018 0.51 3.11
STS 19 4.52 0.001 1.05 129.80

visual regions (V1-V4), with a greater response to presentations in
the contralateral hemisphere. The effect of Visual Field was also
evident bilaterally in the OFA, but was only found to be significant
in the FFA and STS of the left hemisphere.

The same analysis was conducted on individually defined face-
selective ROIs, the results of which are listed in Table S7. This
showed a comparable pattern, with significant effects of Visual
Field in the OFA, FFA, and STS within the left hemisphere. As in
the main analysis, the OFA was the only face-selective region to
show an effect of Visual Field in the right hemisphere.

Next, we compared the response to stimuli presented in the
upper and lower visual field (see Fig. 2b). We predicted that ventral
and dorsal early visual regions within each hemisphere would
respond preferentially to stimuli presented to the upper and
lower visual field, respectively. Figure 7 shows the response to
faces presented in the upper and lower visual field. Face halves
presented in the upper visual field resulted in higher activity in
ventral regions compared to face halves presented in the lower
visual field. In contrast, face halves presented in the lower visual
field resulted in higher activity in dorsal regions compared to

face halves presented in the upper visual field. These effects were
primarily evident in the occipital lobe.

To determine which regions showed an effect, we performed an
ROI analysis using the early visual region and face-selective region
masks. Paired-sample t-tests were used to assess the effect of
Visual Field (Up, Down) on the magnitude of activation (Parameter
Estimate 8) on the ROIs from both hemispheres combined. Results
are listed in Table 2, and descriptive statistics are provided in
Table S6. There was a significant effect of Visual Field presentation
in all the early visual regions, with a greater response to the upper
visual field in V1v-V3v and a greater response to the lower visual
field in V1d-V3d. There was also a significantly greater response
to the upper visual field in V4 and the lower visual field in the OFA.

The same analysis was conducted on individually defined face-
selective ROIs, the results of which are listed in Table S7. This
showed no significant bias for Visual Field across all regions.

Typicality effects
To identify the effects of typicality, we compared the responses to
stimuli presented in typical versus atypical spatial locations (see
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Table 2. A comparison of upper vs lower visual field presentation on the neural response in early visual and face-selective regions

combined across hemispheres.

df t P d aug BF 10
Combined Hemispheres

Viv 19 4.24 <0.001 0.83 74.15
Vav 19 4.27 <0.001 1.14 79.53
V3v 19 5.45 <0.001 1.22 826.52
vid 19 —2.94 0.008 0.60 5.94
vad 19 —7.62 <0.001 1.80 >1000
Vv3d 19 —7.70 <0.001 1.53 >1000
V4 19 3.53 0.002 0.80 18.23
OFA 19 —2.67 0.015 0.31 3.66
FFA 19 —0.45 0.661 0.07 0.25
STS 19 —0.01 0.994 0.00 0.23

Fig. 2b). If typical spatial location presentation is important for
recognition, we expected a greater magnitude of response to face
halves presented in their typical spatial locations. This analysis
was performed separately for vertically and horizontally divided
faces. Figure 8 shows regions that showed higher responses to face
halves in the typical spatial location. This effect was evident in
the visual brain, but was also evident in the regions beyond the
visual brain. Table 3 shows the location of all clusters exceeding
500 mm? which showed significant typicality effects (P > 0.05).
Whole brain analysis was also performed for atypical>typical
contrasts, and results are shown in Fig. S1 & Table S8.

An ROI analysis was performed to explore the effect of face
halves presented in their typical spatial locations. Figure 9 shows
the effect of Typicality in the face regions. Paired-sample t-tests
were used to assess the effect of Typicality on the magnitude of
response in all ROIs. Results are listed in Table 4, and descriptive
statistics are provided in Table S9. As shown in Fig. 9, There was
a higher magnitude of response in the OFA to faces presented in
typical spatial locations. This was also evident for the FFA, but
only for horizontally divided face halves. However, there was no
effect of Typicality in the STS or in early visual areas. To retain
consistency with the visual field analysis, Typicality results for
horizontally divided face halves were also calculated for ROIs
combined across hemispheres. Results and descriptive statistics

for this analysis are provided in Table S10. This showed much the
same pattern as in divided hemispheres, with higher magnitude
responses to faces presented in typical spatial locations in the OFA
and FFA, but in no other examined regions.

Finally, a corresponding analysis was conducted on individually
defined face selective ROIs. Results and descriptive statistics for
this analysis are provided in Table S11 (vertically divided faces) &
Table S12 (horizontally divided faces). Consistent with the main
analyses, this showed higher magnitude responses to faces pre-
sented in typical spatial locations for the OFA across all conditions
and hemispheres, while the STS did not show any effects of
Typicality. Similar to the main analysis, the FFA only showed a
typicality bias in response to horizontally divided faces. This was
significant in the right FFA, but not the left FFA—which only
trended in this same direction, potentially reflecting the reduced
power of the individually defined ROI sample.

Discussion

This study investigated whether the spatial patterns of natural
face viewing shape the cognitive and neural mechanisms under-
lying familiar face recognition. Our findings show that (1) famil-
iar faces are recognized more accurately and efficiently when
presented in their typical spatial locations, and (2) face-selective
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Table 3. Peak MNI coordinates of > 500 mm? clusters showing greater responses for typical vs atypical presentations of faces.

hemi X y z Cluster Size (mm?) Threshold Z
Vertical
Lateral Occipital Cortex (inferior) L —40 -86 -6 7280 3.50
Occipital Pole L -8 -102 8 5160 3.67
Lateral Occipital Cortex (inferior) R 46 -80 -10 3880 3.48
Postcentral Gyrus R 58 -8 18 2480 3.13
Precentral Gyrus L —52 -8 32 1800 3.05
Occipital Fusiform Gyrus R 38 —64 -18 1090 2.61
Lingual Gyrus L -12 -60 -10 940 3.30
Occipital Fusiform Gyrus L -35 —66 -10 610 2.77
Hippocampus R 24 -30 -8 510 3.17
Horizontal
Postcentral Gyrus L -30 -30 54 3610 3.26
Subcallosal Cortex L -8 30 -14 3120 3.43
Precentral Gyrus L —54 -12 44 2410 2.96
Lateral Occipital Cortex (inferior) R 46 -76 -12 1770 2.94
Occipital Pole R 6 -94 -8 1390 3.18
Postcentral Gyrus R 28 —34 48 1270 3.21
Lingual Gyrus L -12 —88 -12 1170 3.07
Lateral Occipital Cortex (inferior) L -37 —88 -10 970 2.57
Temporal Occipital Fusiform Cortex R 40 —54 -16 960 2.85
Precentral Gyrus L 46 -8 26 930 2.80
Occipital Fusiform Gyrus L 36 -74 10 770 2.90
Juxtapositional Lobule Cortex L -2 8 64 690 2.87
Middle Frontal Gyrus R 34 14 52 640 2.84
Superior Frontal Gyrus L -20 26 42 620 3.01

regions in the brain showed enhanced responses to familiar faces
viewed in typical spatial locations. Together, these findings are
consistent with the idea that typicality enhances representational
efficiency in higher-level visual cortex (lordan et al. 2016).
During natural viewing, fixations tend to be centrally posi-
tioned on faces, resulting in consistent visual field mappings
of facial features (Hsiao and Cottrell 2008; Walker-Smith et al.
2013). The left and right halves of the face are typically viewed in
their corresponding visual hemifields, and the upper and lower
halves likewise appear in their respective visual hemifields. Our
behavioral results demonstrate that presenting faces in their
typical spatial location facilitates the perception of familiarity

in familiar faces, but not unfamiliar faces. Prior research has
shown that perceptual matching of unfamiliar faces is enhanced
when features are presented in typical spatial locations (Chan
et al. 2010; de Haas et al. 2016; de Haas and Schwarzkopf
2018). The absence of a spatial typicality effect for unfamiliar
faces in our behavioral experiment suggests that the advantage
observed for the recognition of familiar faces is unlikely to
be based purely on these lower-level perceptual biases, but
extends to the matching of a perceived face to an internalized
representation.

To identify the neural correlates of these spatial typicality
effects, we compared responses to familiar face halves presented
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Fig. 9. The responses to familiar faces viewed in typical compared to atypical spatial locations. An effect of typicality was evident for (a) vertically
divided faces in the OFA and for (b) horizontally divided faces in the OFA and FFA.

in typical versus atypical locations. Consistent with prior research
(Wandell et al. 2007; Hsiao et al. 2008), early visual areas exhibited
topographically organized responses based on visual field posi-
tioning. This division of contralateral or ventral/dorsal selectivity
in early visual regions indicates that the paradigm was success-
ful in presenting facial information to the intended visual field.
Visual field biases were also evident within regions of the face-
selective network, particularly within the OFA, and at lower mag-
nitudes in subsequent regions (Silson et al. 2016, 2022; de Haas
et al. 2021). Despite the continuity of visual field effects across
the visual brain, early visual regions did not exhibit sensitivity to
spatial typicality, indicating that this effect emerges at later stages
of processing.

An effect of typical spatial location was observed in face-
selective regions, including the OFA and FFA. Previous studies have
demonstrated distinct multivoxel activation patterns in these
regions for typical versus atypical facial and featural arrange-
ments (Chan et al. 2010; Henriksson et al. 2015; de Haas et al.
2016). However, our findings provide the first evidence of an
overall increase in neural response to faces presented in the
typical spatial location. The absence of an effect in earlier studies
may reflect their use of unfamiliar faces, whereas the current
study employed familiar faces. This explanation is supported
by our behavioral findings, wherein familiar face halves were
recognized more efficiently when presented in typical rather
than atypical spatial locations, with no corresponding effect for
unfamiliar faces. It should be noted, however, that presenting
faces in atypical locations necessarily alters the polar angle and
eccentricity of individual features, and eccentricity biases in face-
selective regions may have contributed to the observed differ-
ences (van den Hurk et al. 2015; Morsi et al. 2024). Future research
should disentangle these factors by directly comparing familiar
and unfamiliar faces, to clarify whether the modulation of neural

response is driven by familiarity or the visual field position of
facial features.

The neural response in the OFA mirrored the behavioral bias
for faces presented in typical visual fields. This suggests that this
region plays a key role in familiar face recognition, extending
beyond its traditionally proposed function in the detection and
structural encoding of faces (Haxby et al. 2000). This interpreta-
tion aligns with lesion and deactivation studies demonstrating the
OFA’s critical involvement in familiar face recognition (Jonas et al.
2012; Ambrus, Dotzer, et al. 2017a; Ambrus, Windel, et al. 2017b;
Ambrus et al. 2019; Eick et al. 2021). Alongside such evidence,
our findings correspond with contemporary models which pro-
pose direct connections between the OFA and regions within the
extended network associated with higher-level recognition, such
as the anterior temporal lobe (Collins and Olson 2014; Duchaine
and Yovel 2015).

The FFA showed spatial typicality effects primarily for horizon-
tally divided faces. This fits with our behavioral findings, in which
horizontally divided faces showed stronger typicality effects. The
greater effect of spatial position for horizontally divided faces
presumably reflects the fact that atypical spatial presentations
result in a more marked disruption to the way we naturally
view faces. This is similar to the well-established detrimental
impact of face inversion, in which the bottom half of the face
appears in the upper visual field and the lower half of the face
appears in the upper visual field (Valentine 1988). In contrast, the
symmetrical structure of faces along the vertical axis preserves
these feature relationships, rendering recognition less sensitive to
atypical spatial presentations.

No spatial typicality effects were observed in STS. This
finding aligns with the role of the STS in processing dynamic
facial cues that are important for social communication (Haxby
et al. 2000; Harris et al. 2014; Pitcher and Ungerleider 2021).
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Table 4. The effect of typical vs atypical presentations of faces on the neural response in early visual and face-selective regions.

Vertical df t P davg BF1o
Right Hemisphere
Vi 19 0.28 0.779 0.06 0.24
V2 19 1.48 0.156 0.36 0.59
V3 19 1.33 0.199 0.25 0.50
V4 19 0.48 0.636 0.08 0.26
OFA 19 2.62 0.017 0.39 3.35
FFA 19 1.10 0.286 0.17 0.40
STS 19 0.35 0.733 0.05 0.25
Left Hemisphere
% 19 1.53 0.142 0.29 0.63
V2 19 1.62 0.121 0.41 0.71
V3 19 1.45 0.164 0.30 0.57
V4 19 1.84 0.082 0.33 0.95
OFA 19 3.45 0.003 0.53 15.67
FFA 19 1.67 0.110 0.31 0.76
STS 19 0.86 0.403 0.14 0.32
Horizontal df t P davg BF1o
Right Hemisphere
Vi 19 -0.23 0.820 0.05 0.24
V2 19 —0.01 0.993 0.00 0.23
V3 19 0.56 0.581 0.10 0.27
V4 19 1.25 0.228 0.19 0.46
OFA 19 2.14 0.046 0.33 1.49
FFA 19 3.10 0.006 0.38 7.98
STS 19 0.26 0.800 0.04 0.24
Left Hemisphere
V1 19 —0.43 0.671 0.09 0.25
V2 19 —0.32 0.752 0.07 0.24
V3 19 0.23 0.822 0.03 0.24
V4 19 1.13 0.273 0.19 0.41
OFA 19 2.17 0.043 0.36 1.58
FFA 19 2.20 0.040 0.28 1.65
STS 19 0.28 0.783 0.04 0.24

Future research incorporating dynamic stimuli or tasks empha-
sizing facial expressions could determine whether spatial
typicality biases extend to STS-mediated social and emotional
processing.

Whole-brain analyses revealed spatial typicality biases in
regions extending beyond the visual cortex, particularly within
the ventral sensorimotor cortex and the ventromedial prefrontal
cortex (VmPFC). The ventral sensorimotor cortex, traditionally
associated with motor and somatosensory functions, has been
implicated in face processing in prior neuroimaging studies
(Taylor et al. 2009; Van de Riet et al. 2009; Rossion et al. 2012; Noad
et al. 2024), with some accounts suggesting its role in internally
representing perceived facial expressions (Adolphs 2002; Kragel
and LaBar 2016; Cao et al. 2018). The vmPFC, a region strongly
linked to social cognition, has also been implicated in processing
facial identity and making personality inferences (Gobbini et al.
2004; Hiser and Koenigs 2018). These findings are consistent with
a growing body of work showing that the recognition of faces
depends on an extended network of regions beyond the visual
brain (Gobbini and Haxby 2007; Visconti di Oleggio Castello et al.
2017; Kovécs 2020; Shoham et al. 2021; Noad et al. 2024).

Our findings suggest that typical spatial location influences
the behavioral and neural response to familiar faces. Although
average fixation tends to fall near the centre of the face, reliable
individual differences in fixation patterns have also been docu-
mented (Peterson and Eckstein 2013; Peterson et al. 2016). These

individual biases are generally not large enough to substantially
alter the overall typical placement of facial features (for instance,
the mouth is rarely represented in the upper visual field), but
they may nonetheless contribute to variability in the typically
experienced location of facial information across visual fields.
Future research could therefore usefully examine whether such
idiosyncratic fixation patterns predict individual differences in
the optimal spatial location for face recognition and the associ-
ated neural response.

In conclusion, this study demonstrates that typical spatial con-
figuration plays a fundamental role in familiar face recognition.
Familiar faces presented in their typical locations are recognized
more accurately and efficiently, with these behavioral effects
being mirrored by enhanced neural responses in face-selective
regions, particularly the OFA and FFA. Our findings contribute
to a growing body of evidence that visual regions associated
with recognition are sensitive to statistical regularities in the
retinal positioning of familiar objects (DiCarlo and Maunsell 2003;
Kravitz et al. 2008, 2010), and that their organization is shaped
by these perceptual experiences (Arcaro and Livingstone 2017;
Arcaro et al. 2019; Gomez et al. 2019). The presence of spatial typ-
icality biases beyond the visual cortex suggests that spatial orga-
nization is not only integral to perceptual processing, but also to
higher-order cognitive functions influenced by visual experience,
such as social evaluation and affective processing (Groen et al.
2022). These findings underscore the importance of incorporating
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spatial factors into models of face recognition and suggest that
statistical regularities in natural viewing conditions shape the
neural representations of familiar faces across the brain.
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