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Abstract 28 

 29 

The ventral visual stream of the human brain is subdivided into patches 30 

with categorical stimulus preferences, like faces or scenes. However, the 31 

functional organization within these areas is less clear. Here, we used 32 

functional magnetic resonance imaging and vertex-wise tuning models 33 

to independently probe spatial and face-part preferences in the  34 

inferior occipital gyrus (IOG) of healthy adult males and females. The 35 

majority of responses were well explained by Gaussian population 36 

tuning curves for both retinotopic location and the preferred relative 37 

position within a face. Parameter maps revealed a common gradient of 38 

spatial and face-part selectivity, with the width of tuning curves 39 

drastically increasing from posterior to anterior IOG. Tuning peaks 40 

clustered more idiosyncratically, but were also correlated across maps 41 

of visual and face-space. Preferences for the upper visual field went 42 

along with significantly increased coverage of the upper half of the face, 43 

matching recently discovered biases in human perception. Our findings 44 

reveal a broad range of neural face-part selectivity in IOG, ranging 45 

from narrow to ‘holistic’. IOG is functionally organized along this 46 

gradient, which in turn is correlated with retinotopy. 47 

 48 

 49 

 50 
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Significance statement 51 

Brain imaging has revealed a lot about the large-scale organisation of the human brain 52 

and visual system. For example, occipital cortex contains map-like representations of 53 

the visual field, while neurons in ventral areas cluster into patches with categorical 54 

preferences, like faces or scenes. Much less is known about the functional 55 

organisation within these areas. Here, we focussed on a well-established face-56 

preferring area – the inferior occipital gyrus (IOG). A novel neuroimaging paradigm 57 

allowed us to map the retinotopic and face part tuning of many recording sites in IOG 58 

independently. We found a steep posterior-anterior gradient of decreasing face-part 59 

selectivity, which correlated with retinotopy. This suggests the functional role of 60 

ventral areas is not uniform and may follow retinotopic ‘protomaps’. 61 

 62 

 63 
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Introduction 76 

 77 

A major objective of neuroscience is to clarify the functional organization of visual 78 

cortex. Early and dorsal visual areas are organized as retinotopic maps (Inouye, 1909; 79 

Holmes, 1918; Sereno et al., 1995; Wandell et al., 2007). Later, occipitotemporal 80 

areas are identified as patches with categorical stimulus preferences (Grill-Spector 81 

and Weiner, 2014), the most prominent example of which is a succession of face 82 

patches (Kanwisher et al., 1997; Tsao et al., 2008; Grill-Spector et al., 2017). 83 

However, the functional organisation within these ventral areas is less well 84 

understood. Recent neuroimaging results in humans suggest that some dorsal and 85 

superior areas are organized along abstract gradients of numerosity (Harvey et al., 86 

2013; Harvey and Dumoulin, 2017) and event duration (Protopapa et al., 2019; 87 

Harvey et al., 2020). But as of yet, no such intra-areal, non-retinotopic axes of 88 

organization have been reported for the ventral stream.  89 

 90 

The coarse organization of the ventral stream into patches preferring faces 91 

(Kanwisher et al., 1997; Tsao et al., 2008; Grill-Spector et al., 2017), places (Aguirre 92 

et al., 1998; Epstein and Kanwisher, 1998), text (McCandliss et al., 2003; Saygin et 93 

al., 2016), body parts (Orlov et al., 2010; Weiner and Grill-Spector, 2013) and objects 94 

(Grill-Spector et al., 2001) of small and big real world size (Konkle and Oliva, 2012; 95 

Long et al., 2018) coincides with matching retinotopic biases, or even maps (Levy et 96 

al., 2001; Hasson et al., 2002; Arcaro et al., 2009; Kolster et al., 2010; Konkle and 97 

Oliva, 2012; Huang and Sereno, 2013; Grill-Spector and Weiner, 2014; Silson et al., 98 

2015, 2016; Sood and Sereno, 2016; Livingstone et al., 2019). For instance, face-99 

preferring areas have a stronger central bias than place or scene-preferring areas 100 
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(Hasson et al., 2002). Such retinotopic biases have inspired a ‘protomap’ hypothesis 101 

of ventral stream organization, according to which categorical preferences emerge 102 

from initial retinotopy and simple wiring rules, interacting with visual experience and 103 

gaze behaviour (Arcaro and Livingstone, 2017; Arcaro et al., 2019; Gomez et al., 104 

2019; Livingstone et al., 2019).  105 

 106 

A number of recent studies have shown that human perception and neural processing 107 

is tuned to typical stimulus locations and spatial arrangements (Chan et al., 2010; 108 

Kaiser et al., 2014, 2019; Kaiser and Cichy, 2018). For instance, human observers are 109 

better at recognising eyes in the upper visual field and mouths in the lower, matching 110 

visual field locations for typical gaze behaviour (de Haas et al., 2016; de Haas and 111 

Schwarzkopf, 2018). Furthermore, the neural representation of face parts in the 112 

inferior occipital gyrus (IOG) is more distinct for features presented at typical visual 113 

field locations (de Haas et al., 2016) and further apart within the face (Henriksson et 114 

al., 2015). This has led to an extension of the protomap hypothesis to the functional 115 

organization within areas such as IOG. IOG may start out as a retinotopic protomap 116 

for the central visual field and acquire matching ‘faciotopy’ via the input biases 117 

implied by typical human gaze behaviour. However, this hypothesis has only been 118 

tested indirectly, using decoding methods (de Haas et al., 2016) or coarse winner-119 

take-all approaches (Orlov et al., 2010; Henriksson et al., 2015).  120 

 121 

Here, we fitted Gaussian population Tuning Curves (pTCs) to estimate the tuning 122 

properties of neuronal populations in IOG, separately for each point of a 3D mesh 123 

model of the cortical surface (henceforth, ‘vertex’). Vertex-wise pTCs have first been 124 

used to map retinotopy in early visual areas (Dumoulin and Wandell, 2008), but they 125 
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also allow tests of functional organisation along other, more abstract stimulus 126 

dimensions (Harvey et al., 2013, 2015; Harvey and Dumoulin, 2017). Here, we 127 

probed vertex-wise tuning for retinotopic locations and critically also for face parts. 128 

Our results confirmed Gaussian tuning for retinotopic locations and for the preferred 129 

relative position in the face for most vertices in IOG. Crucially, and in line with the 130 

protomap hypothesis, both types of tuning were significantly correlated with each 131 

other. In most hemispheres, spatial and face part selectivity in IOG decreased along a 132 

posterior-to anterior gradient.  133 

 134 

Material and Methods 135 

Participants  136 

Seven healthy participants with normal or corrected-to-normal visual acuity 137 

completed the experiment (mean age 31 yrs, SD 5 yrs; 3 females; all right-handed), 138 

including two authors (BdH and DSS). Participants were recruited from the local 139 

participant pool and gave written informed consent to take part in the study, which 140 

was approved by the University College London (UCL) ethics committee. 141 

 142 

Stimuli  143 

Participants viewed stimuli via a mirror mounted at the head coil at a viewing distance 144 

of ~68 cm and at a resolution of 1920x1080 pixels (~30.3 x 16.9 degrees visual 145 

angle). All stimuli were programmed and presented in MATLAB (Mathworks, Ltd.) 146 

using the Psychophysics Toolbox 3 extension (Brainard, 1997; Pelli, 1997) ( 147 

http://psychtoolbox.org) and a projector with a refresh rate of 60 Hz. 148 

Stimuli consisted of horizontal bars showing face parts and were shown on a mid-grey 149 

background. Each bar had a width of 10 degrees visual angle (d.v.a.) and a height of 150 
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1.1 d.v.a.. Face-part images filling this aperture were sampled from portraits in the 151 

SiblingsDB set (Vieira et al., 2014), which were cropped to show an area covering 152 

chin to hairline, scaled to grey and an equal size of 10x10 d.v.a.. 153 

For spatial mapping, a single face part traversed up and down the visual field (eyes or 154 

mouth, alternating between runs and rapidly flickering through different facial 155 

identities at a frequency of 6Hz (each identity ON for 5 frames followed by 5 OFF 156 

frames; cf. Movie 1). During each run, the bar started at 5 d.v.a. above a fixation dot 157 

and slowly moved downwards with a step-size of 0.55 d.v.a. every second TR (= 1s) 158 

until it reached 5 d.v.a. below fixation. This ‘down’ trial lasted 32s and was followed 159 

by ‘up’, ‘blank’, ‘up’, ‘down’ and ‘blank’ trials of equal duration, with blank trials 160 

only showing the central fixation dot, which had a diameter of 0.08 d.v.a.. During up 161 

and down trials the fixation dot was superimposed, whenever mapping stimuli 162 

traversed it. 163 

For face part mapping, different face parts (corresponding to ~1/9 of the full face 164 

image) were centered at a single visual field location (~0.8 d.v.a. above or ~1.9 d.v.a. 165 

below fixation, alternating between runs and roughly corresponding to eye and mouth 166 

positions for the full face images, assuming a typical fixation location just below the 167 

eyes (Peterson and Eckstein, 2012). Face parts were rapidly sampled from different 168 

facial identities at a frequency of 6Hz. Additionally, the sampling location within the 169 

face images slowly traversed up and down in steps of ~1/18th of the full face images 170 

every second TR (cf. Movie 2). Each run started with a ‘down’ trial, beginning at the 171 

hairline and moving the sampling-window to the chin within a duration of 32s, 172 

followed by ‘up’, ‘blank’, ‘up’, ‘down’ and ‘blank’ trials of equal duration. 173 

To determine the position of IOG relative to visual field maps in early visual cortex, 174 

we ran an additional retinotopic mapping experiment in one of our participants, using 175 
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population receptive field mapping. Details of the stimulus, paradigm and fitting 176 

procedure for the retinotopy experiment closely followed the ‘natural images’ 177 

condition in (van Dijk et al., 2016) and can be retrieved from there. Briefly, observer 178 

S1 completed six runs of a retinotopic experiment, viewing natural image carriers in a 179 

combined wedge and ring aperture, which was displayed on a grey background and 180 

extended up to a maximum eccentricity of ~14 d.v.a.. Natural images changed at a 181 

fast pace of ~8.6Hz. The radius of the ring and the width of the wedge scaled 182 

logarithmically with eccentricity. During the run, the wedge aperture completed three 183 

clockwise revolutions, while the ring contracted four times, followed by three 184 

anticlockwise revolutions and expansions. Wedge revolutions advanced in steps of 15 185 

degrees per volume (TR = 1.5s) and the inner width of the ring varied between ~0.3 186 

and ~12.5 d.v.a. in 18 logarithmic steps, advancing one step per volume. This 187 

stimulus was preceded and followed by a blank display lasting four and eight 188 

volumes, respectively. Throughout the run, the observer completed a central fixation 189 

task, reading a text that was presented as a succession of single letters, each presented 190 

for 400ms (Arial, 9 point).   191 

 192 

 193 

Procedure  194 

Before each run, participants were shown the full image of one of two target faces. 195 

Participants were asked to press a button whenever they recognized a part of this face 196 

within the flickering stream of facial identities in the stimulus aperture. This task was 197 

meant to ensure stimulus-directed attention and all participants reported it to be 198 

demanding. Behavioral responses were not recorded due to a hardware failure.  199 
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Each participant was asked to keep fixation on a central blue dot (radius ~0.08 d.v.a.) 200 

during each run. Fixation compliance was monitored and fed back online using an 201 

EyeLink 1000 MRI compatible eyetracker (http://www.sr-research.com/), tracking the 202 

gaze position of the left eye. If participants deviated from central fixation by more 203 

than a critical threshold (0.5-2 d.v.a., individually determined based on calibration 204 

accuracy), the color of the fixation dot turned red, reminding participants to fixate. 205 

Each participant was well experienced in psychophysical and/or MRI procedures and 206 

overall fixation compliance was excellent.  207 

Each participant was scanned multiple times and completed a total of 12-24 face-part 208 

mapping runs and an equal number of spatial mapping runs (average of 17 runs per 209 

condition per participant).    210 

 211 

Image Acquisition and Pre-processing  212 

Functional and anatomical scans were acquired using a Siemens Avanto 1.5T MRI 213 

scanner with a 32-channel Siemens head coil (Siemens Medical Systems, Erlangen, 214 

Germany). The front attachment of the head coil was removed to avoid restrictions of 215 

the field of view, leaving 20 channels. Functional T2*- weighted multiband 2D echo-216 

planar images were taken with a multi-band (Breuer et al., 2005) sequence (TR = 1 s, 217 

TE = 55 ms, flip angle = 75°, acceleration = 4, matrix size 96 x 96, 36 transverse 218 

slices covering occipital and temporal cortex) with a resolution of 2.3 mm isotropic 219 

voxels. We obtained 202 volumes per run, including ten dummy volumes at the 220 

beginning. A T1-weighted anatomical magnetization-prepared rapid acquisition with 221 

gradient echo (MPRAGE) image was acquired (1 mm isotropic voxels, flip angle = 8 222 

deg, TE = 3.57 ms, TR = 8.4 ms, TI = 1000 ms, inversion spacing = 2730 ms, 176 223 

partitions) with a resolution of 1 mm isotropic voxels.  224 
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All image files were converted to NIfTI format and pre-processed using SPM 12 225 

(http://www.fil.ion.ucl.ac.uk/spm/software/spm12/) and custom MATLAB code. The 226 

first ten volumes for each run were discarded to allow for the T1 signal to reach 227 

steady state. The remaining functional images were mean bias corrected, realigned, 228 

unwarped and co-registered to the anatomical scan. Time-series were band-pass 229 

filtered with a discrete cosine transform, removing the first two components to 230 

remove slow drifts and high frequency noise >0.26 Hz, z-scored and averaged across 231 

spatial and face-part mapping runs, respectively. The anatomical scan was used to 232 

reconstruct the cortical surface using FreeSurfer (http://surfer.nmr.mgh.harvard.edu) 233 

and the functional time series were projected onto the surface (median position 234 

between pial and grey-white matter boundary for each vertex).  235 

Functional scans for the retinotopy run were acquired using a Siemens Prisma 3T 236 

MRI scanner with a 64-channel Siemens head coil. Functional T2*- weighted 2D 237 

echo-planar images were taken with a multi-band (Breuer et al., 2005) sequence (TR 238 

= 1.5 s, TE = 30 ms, flip angle = 71°, acceleration = 2, matrix size 100 x100, 46 239 

transverse slices covering occipital and temporal cortex) with a resolution of 2.2 mm 240 

isotropic voxels. We obtained 156 volumes per run. Images were converted to NIfTI 241 

format and pre-processed using SPM 12 and custom MATLAB code (mean bias 242 

correction, realignment, unwarping and co-registration to the anatomical scan). The 243 

functional time series were then projected onto the surface (median position between 244 

pial and grey-white matter boundary for each vertex). 245 

 246 

 247 

 248 

Model Fitting 249 
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Spatial and face-part tuning models were estimated from the fMRI data using SamSrf 250 

5.84 (https://figshare.com/articles/SamSrf_toolbox_for_pRF_mapping/1344765) and 251 

custom MATLAB code. The basic principle involved the generation of model-based 252 

neural response predictions for the stimulus-time course, the convolution of this 253 

neural prediction with a hemodynamic response function (HRF) and a comparison of 254 

the resulting response predictions with the empirical time-course to determine best-255 

fitting parameters (those explaining the largest fraction of variance, R2). These 256 

methods are similar to those we previously used to model population receptive fields 257 

in early human visual cortex and described in detail elsewhere (de Haas et al., 2014). 258 

Population tuning curves describe the aggregate response profile of the neuronal 259 

population at a given cortical location (voxel or vertex). We fitted a Gaussian tuning 260 

curve model with two parameters of interest: Its peak preference along the stimulus 261 

dimension (center location, μ) and its width (standard deviation, σ), indicating the 262 

selectivity of the population response along the stimulus dimension. For spatial 263 

mapping the stimulus dimension was the vertical meridian, for face-part mapping it 264 

was the relative vertical position within the face (ranging from chin to hairline, c.f. 265 

Stimuli above). Model fitting followed a two-pass procedure (Harvey et al., 2015). 266 

The first pass determined the best fitting model among a grid of predictions based on 267 

Gaussians models, with μ ranging from -.2 to 1.2 in steps of 0.005 within the stimulus 268 

space (0 and 1 corresponding to the stimulus edges, i.e. 5 d.va. above and below 269 

fixation for spatial mapping and to the hairline and chin for face-part mapping); and 270 

the search space for σ defined by 2x, with the exponent x ranging from -5.6 to 1 in 271 

steps of 0.05 within the stimulus space. In this first pass, neural predictions were 272 

convolved with a canonical HRF.  273 
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Following this first fit, we determined individual parameters of the (double-gamma) 274 

HRF. For HRF fitting, we pooled empirical time-courses and fitted neural predictions 275 

for a given participant across hemispheres and conditions. Fixed neural predictions 276 

were then convolved with an array of double-gamma functions (coarse fit grid 277 

search), followed by a gradient descent optimization of HRF parameters (fine fit 278 

(Nelder and Mead, 1965)). The optimization criterion in both cases was the average 279 

R2 across pooled vertices which crossed an inclusion threshold of R2 > .2 in the first 280 

pass (Harvey et al., 2015).  281 

The second pass refitted the parameters of the neural model, but now using the 282 

individual HRF for hemodynamic convolution of the predicted response. 283 

Parameter maps were lightly smoothed (3 mm) based on spherical surface distances 284 

for visual inspection only (see Figs 2 &3 for unsmoothed maps). All statistical 285 

analyses were based on unsmoothed data and unique time-series, excluding spurious 286 

duplications due to the surface projection.    287 

Population receptive fields (pRF) were estimated based on the averaged time-series 288 

across the six retinotopic runs, fitting a two-dimensional Gaussian model using 289 

SamSrf 6.15 (https://osf.io/mrzqy/) with default settings. The delineation of hV4 290 

followed the anatomical and functional landmarks described in (Winawer and 291 

Witthoft, 2017). 292 

 293 

Experimental Design and Statistical Analyses 294 

IOG was defined individually for each hemisphere, using the FreeSurfer parcellation 295 

(Destrieux et al., 2010; de Haas et al., 2016). Note that this includes the sulci abutting 296 

the gyrus.  297 
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The resulting maps of best fitting parameters were thresholded at R2 > .3, which 298 

limited the false discovery rate (FDR) in IOG to PFDR < .05.  The FDR was estimated 299 

based on the fraction of false alarms (i.e. threshold crossings) in an empirical null 300 

distribution of ~42.000 white mater time-courses (Harvey et al., 2015). This allowed 301 

us to estimate the upper bound of PFDR as the proportion of false alarms in the null 302 

distribution divided by the proportion of threshold-crossing time-courses in IOG. 303 

Note that this is a conservative (upper bound) estimate of PFDR.   304 

 305 

To determine whether the width of spatial and face part tuning followed an 306 

anatomical gradient, we manually defined a posterior-anterior axis along the inflated 307 

surface of each IOG, taking its individual orientation into account. We then projected 308 

the normal of each vertex (in surface space) onto this axis to define its position along 309 

the axis and normalized the resulting values to a 0-1 range, with zero corresponding to 310 

the most posterior vertex in a given IOG and one to the most anterior one (c.f. Fig. 311 

4D). This allowed us to correlate the best fitting width parameters (σ) of spatial and 312 

face-part tuning of the respective vertices with their position along the posterior-313 

anterior gradient.  Hemisphere-wise correlations were Fisher z-converted and tested 314 

against zero across the group using one-sample t-tests with two-sided p-values. 315 

 316 

To determine whether spatial and face-part tuning in IOG are linked, we correlated 317 

the best fitting parameters of IOG vertices crossing the threshold across both types of 318 

maps (separately for preference (μ) and selectivity (σ) parameters and individually for 319 

each hemisphere). We then Fisher z-converted hemisphere-wise correlations and 320 

tested whether the mean correlation across the group was different from zero using 321 

one-sample t-tests with two-sided p-values. 322 
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 323 

To test the relationship between width and peak parameters, we computed the 324 

correlation between width parameters and absolute distances of peak parameters from 325 

the centre, separately for spatial and face part tuning and for each hemisphere.  326 

 327 

To test differences in face coverage of vertices preferring the upper and lower visual 328 

field, we pooled data across all hemispheres and considered vertices with very good 329 

model fits for both, face part and spatial tuning (R2 > 50%), as well as narrow spatial 330 

tuning (σ < 3 d.v.a.) with peaks at least one d.v.a. above or below fixation. We then 331 

scaled the face tuning curves of these vertices to an amplitude of 1 and averaged them 332 

separately for vertices peaking in the upper and lower visual field. This gave us an 333 

indication of cumulative coverage along the height of the face. To test differences in 334 

the resulting coverage curves for statistical significance, we repeated this procedure 335 

100,000 times, shuffling the labels of vertices peaking in the upper and lower visual 336 

field. We then marked the area between the curves for which the observed distance 337 

between them was greater than the distances for any of the shuffles (i.e., permutation 338 

p < 10-5). 339 

 340 

To test the robustness of correlations between spatial and face-part tuning and 341 

between tuning widths and the posterior-anterior gradient we conducted several 342 

control analyses. Control analysis A consisted of two statistical tests, probing whether 343 

these correlations hinged on outliers or extreme values. For the first test, we used non-344 

parametric Spearman correlations instead of Pearson correlations. The second test 345 

restricted the data to parameter fits with a selectivity of σ < 1 and peaks inside the 346 

mapped stimulus area (0 > μ < 1).  347 
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 348 

Control analyses B excluded one participant who had very little data above threshold 349 

within IOG (S5, c.f. Figs 2 and 3).  350 

 351 

Control analysis C cross-validated the fits of HRF parameters between conditions. 352 

The two-pass fitting procedure (see above) was modified to fit separate HRF 353 

parameters for spatial and face tuning for each participant. These condition-specific 354 

HRFs were then used in the second fitting pass for the respective other condition, 355 

ensuring independent data were used for fitting parameters of the respective HRF and 356 

tuning model.  357 

 358 

A further control analysis (D) tested whether a bimodal mixture of Gaussians model 359 

(MoG) would fit the face tuning data better than the simple Gaussian model. The 360 

MoG model consisted of the sum of two Gaussians with fixed peaks at the eye and 361 

mouth locations, respectively. The amplitude and width parameters of either Gaussian 362 

were free to vary independently, resulting in one more free parameter compared to the 363 

simple model. For each vertex in all IOG maps, we calculated the Bayesian 364 

Information Criterion (BIC, Schwarz, 1978) for the best fit of either model. We then 365 

calculated the median difference in BIC values across vertices, to get an indication of 366 

the typical evidence in favour of one model over the other (note that higher BIC 367 

values indicate worse model performance). We also tested the difference between BIC 368 

values for statistical significance using a one-sample t-test across vertices. 369 

Additionally, we manually inspected selected time courses with excellent fits for the 370 

MoG model (R2 > 80%) to check for clear cases of ‘double peaks’ in line with this, 371 

but not the simple model.  372 
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 373 

Finally, control analysis E tested a shift in peak preferences depending on stimulus 374 

location or which mapping stimulus was used. Such shifts would be expected if the 375 

spatial mapping runs using the eye stimulus yield enhanced responses to upper visual 376 

field locations relative to runs using the mouth stimulus; similarly, face mapping runs 377 

at the upper visual field location could yield enhanced responses for the upper face 378 

when compared to runs presenting the face parts at the lower visual field location (de 379 

Haas et al., 2016). This analysis fit (simple Gaussian) face tuning models separately 380 

for data obtained in runs presenting face parts at the upper and lower central visual 381 

field; and retinotopic tuning models separately for data from runs using eyes or 382 

mouths as mapping stimuli. We then tested whether there was an overall shift of 383 

preferences by comparing the median height of face tuning peaks in a given IOG 384 

between maps obtained using the upper and lower stimulus location. Similarly, we 385 

compared the median height of spatial tuning peaks between the eye and mouth 386 

stimuli. Additionally, we calculated the median goodness of fit for the overall spatial 387 

and face tuning models and for those obtained with separate fits for either location or 388 

stimulus. To test pairwise differences in goodness of fit between these conditions for 389 

statistical significance we randomly permuted the respective R2 distributions 10,000 390 

times and computed the proportion of random differences that was larger than the 391 

differences we actually observed. 392 

 393 

 394 

Code Accessibility and Data Availability 395 

Data and code reproducing the results presented here are freely available at 396 

https://osf.io/9gkwx. 397 
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 398 

 399 

Results 400 

For spatial mapping, participants fixated centrally, while an isolated face part slowly 401 

traversed up and down the visual field (eyes or mouth, rapidly cycling through 402 

different facial identities; Movie 1). For face-part mapping, stimuli were presented at 403 

a fixed location (above or below fixation) and sampled from different parts of the 404 

face, to slowly traverse a vertical ‘face-space’ (while rapidly cycling through different 405 

identities; Movie 2 and Fig. 1C). Fixation compliance was monitored online using an 406 

eyetracker and fed back in a gaze contingent fashion. Stimulus directed attention was 407 

ensured with a demanding recognition task for a target facial identity. 408 

 409 

IOG was defined anatomically on an individual basis, using the FreeSurfer 410 

parcellation algorithm (Destrieux et al., 2010). A standard retinotopic mapping 411 

experiment in one our participants showed that IOG is anterior and lateral to hV4 412 

(Fig. 1E; c.f. (Winawer and Witthoft, 2017)). It was also much less responsive than 413 

early visual cortex to our retinotopic mapping stimulus defined by natural images (van 414 

Dijk et al., 2016), though this may partly be related to foveal data loss (c.f. Fig. 1E).    415 

 416 

The Gaussian tuning model yielded two parameters of interest for each vertex. The 417 

standard deviation of the tuning curve (σ) indicated (inverse) spatial or face-part 418 

selectivity (Fig. 1A). The peak tuning location (μ) indicated the maximally preferred 419 

spatial location or face part (Fig. 1D). All maps and statistical calculations were 420 

limited to time-series with a goodness of fit R2 > 30%, (PFDR < .05, as determined 421 

with a white matter time series null distribution).  422 
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Across hemispheres, 56% of IOG vertices crossed this threshold for face-part tuning 423 

and 63% for spatial tuning. The median R2 for spatial and face-part tuning were 43% 424 

and 36%, respectively (Fig. 4A). A permutation test across all vertices showed that 425 

this advantage for spatial tuning fits was significant (p < 0.0001).     426 

    427 

Maps of spatial and face-part selectivity showed a clear gradient of decreasing 428 

selectivity from posterior to anterior IOG in most hemispheres (Figs. 1A,B, 2). Figure 429 

1C shows time-courses (red) and best fitting model predictions (blue) for two example 430 

posterior and anterior vertices from a single IOG with excellent model fits. The 431 

anterior example (left hand side) has a broad width parameter (σ > 1) and shows 432 

ramp-like tuning with a preference for the lower end of the face. The posterior 433 

example (right hand side) shows relatively narrow tuning for the central face region 434 

(σ = .25, c.f. colour bar in A; note that neural response predictions are convolved with 435 

a hemodynamic response function leading to additional dispersion).  436 

The median correlation between the width of tuning functions and the position of 437 

vertices along a manually defined posterior-anterior axis (Fig. 4D) was r = .63 for 438 

spatial tuning and r = .26 for face-part tuning (Fig. 4C). Both relationships were 439 

statistically significant across hemispheres (t(13) = 24.32, p < 10-11 and t(13) = 4.39, p 440 

< 0.001, respectively; all correlations were calculated separately for each hemisphere, 441 

z-converted and tested against zero using one-sample t-tests with two-sided p-values 442 

across the group). Maps of spatial and face-part selectivity were further significantly 443 

correlated with each other (t(13) = 3.61, p = 0.003; median r = .19; Fig. 4E).  444 

Note that strong spatial selectivity was widespread across posterior occipital cortex 445 

(as expected for early visual areas), while narrow tuning for face parts was 446 

concentrated in posterior IOG (Fig. 2). 447 
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 448 

Parameter maps for peak tuning location (μ) revealed that neuronal populations in 449 

IOG clustered according to face-part preferences, but followed a more idiosyncratic 450 

organisation (Figs. 1D, 3). While some maps appeared to follow a gradient along 451 

vertical face space, its polarity could be reversed, even across hemispheres of the 452 

same participant (top row). Other maps did not appear to follow a clear gradient or 453 

one-to-one face mapping at all. Furthermore, face tuning peaks concentrated in the 454 

central face region, spanning from the eyes to just over the mouth (Fig. 4B). 455 

Nevertheless, peak preferences in spatial and face space were significantly correlated 456 

with each other (t(13) = 2.87, p = 0.013; median r = .13; Fig. 4E) and there was a 457 

tendency for tuning curves peaking near the horizontal meridian or central face to 458 

cluster posteriorly. Vertices with a spatial preference at or near the horizontal 459 

meridian appeared highly variable in their face-part preferences, whereas vertices 460 

peaking higher or lower in the visual field showed a bias to do in the face as well (Fig. 461 

4E). Interestingly, the face-part tuning of many vertices clearly peaked in the lower 462 

half of the face (hotter /red colors in Fig. 1D; c.f. Fig. 4B). This contrasts with face 463 

part tuning in the posterior lateral face patch of macaques, which is dominated almost 464 

exclusively by selectivity for the eye region(Issa and DiCarlo, 2012) (and thought to 465 

be a homologue of IOG).  466 

  467 

To explore the relationship between tuning parameters, we plotted the width of tuning 468 

functions against their peak locations (Fig. 4B; upper and lower panel showing spatial 469 

and face part tuning, respectively). This revealed a strong correlation between the 470 

width of tuning functions and the distance of the corresponding peaks from the centre 471 

of the face or the horizontal meridian (median r across hemispheres = .51 for both, 472 
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spatial and face-part tuning; t(13)) = 10.81, p < 10-7 and t(13)) = 10.60, p < 10-7, 473 

respectively). This matches the earlier observation of wide tuning curves showing a 474 

shallow, ramp-like preference for the upper or lower extreme of the face (Fig. 1C). It 475 

further mirrors the relationship between eccentricity and receptive field sizes in early 476 

visual cortex and may relate to findings of ramp-like tuning for facial properties in the 477 

macaque middle face patch (Freiwald et al., 2009).   478 

 479 

To further explore the contingency of retinotopic and face part tuning, we visualised 480 

the face coverage of vertices with retinotopic tuning for the upper and lower visual 481 

field. For this analysis we considered vertices with very good model fits (R2 > 50%) 482 

and relatively narrow spatial tuning (σ < 3 d.v.a.), peaking at least one d.v.a. above 483 

and below fixation, respectively. We then plotted the cumulative face coverage, 484 

separately for vertices with either type of spatial preference. The cumulative coverage 485 

of both types of vertices peaked near the centre of the face, but slightly higher for 486 

vertices with a preference for the upper visual filed (UVF). Vertices with a preference 487 

for the lower visual field (LVF) showed only a small, non-significant trend for 488 

stronger coverage of the lower face. However, vertices with a preference for the upper 489 

visual field showed clearly enhanced coverage of the upper face (p < 10-5; shaded area 490 

between curves in Fig. 4F). 491 

 492 

We conducted several control analyses. The first aimed to test the robustness of the 493 

correlations between face-part and spatial tuning and between the width of tuning 494 

functions and the posterior-anterior gradient. Specifically, control analysis A probed 495 

whether these relationships hinged on extreme values or outliers by using non-496 

parametric Spearman instead of Pearson correlations. Additionally, it tested whether 497 



 

 21 

the relationship between spatial and face part tuning held when excluding vertices 498 

with little selectivity (i.e., tuning curves with σ > 1) and those peaking outside the 499 

mapped stimulus area (i.e., tuning curves with μ > 1 or < 0). The relationship between 500 

spatial and face-part preference maps (μ) proved robust across both controls (t(13) = 501 

3.60, p = 0.003 and t(13) = 3.50, p = 0.004, for Spearman correlations and restricted 502 

range, respectively). The same was true for the correlation between spatial and face-503 

part selectivity maps (σ) (t(13) = 2.46, p = 0.03 and t(13) = 2.33, p = 0.04). Similarly, 504 

the correlation between tuning width and the posterior-anterior gradient held in both 505 

control analyses for spatial selectivity (t(13) = 21.23, p < 10-10 and t(13) = 22.55, p < 506 

10-11), as well as face part selectivity (t(13) = 4.21, p = .001 and t(13) = 2.40, p = .03). 507 

 508 

Control analyses B excluded one participant with very little data above threshold 509 

within IOG (S5, c.f. Figs 2 and 3). Again, the correlation between spatial and face-510 

part tuning proved robust, for both peak (t(11) = 5.80, p = 0.0001) and width (t(11) = 511 

2.90, p = 0.014) parameters. The same was true for the correlation between the 512 

posterior-anterior gradient and the width of spatial (t(11) = 27.40, p < 10-10) as well as 513 

face-part (t(11) = 3.89, p = 0.003) tuning. 514 

 515 

Control analysis C used cross-validated fits of HRF parameters between conditions to 516 

guard against overfitting. Here also, the correlation between spatial and face part 517 

preference maps (t(13) = 3.15, p = 0.008), as well as the one between spatial and face 518 

part selectivity maps (t(13) = 3.16, p = 0.008) proved robust. The same was true for 519 

the correlation between the anatomical posterior-anterior gradient and the width of 520 

spatial (t(13) = 28.47, p < 10-12) as well as face (t(13) = 4.24, p = 0.001) tuning. 521 

 522 
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Control analysis D allowed for the possibility of multimodal tuning curves. 523 

Specifically, we tested whether a bimodal mixture of Gaussians model (MoG) with 524 

fixed peaks at the eye and mouth locations would fit the face tuning data better than 525 

our simple Gaussian model. Given the importance of the eyes and mouth for face 526 

perception (Omer et al., 2019) one may expect such tuning, especially if eye and 527 

mouth preferring units intermingle at the spatial resolution of fMRI.  528 

Across vertices, the median difference of Bayesian Information Criterion (BIC, 529 

Schwarz, 1978) values for the MoG minus the simple Gaussian model was 4.78, 530 

providing positive to strong evidence in favour of the simple model. This advantage 531 

of the simple model was highly significant across vertices: t(23807) = 34.54, p < 10-532 

10. Manual inspection of time-courses with good fits for the MoG model did not reveal 533 

any clear cases of ‘double peaks’ either.     534 

 535 

All main analyses used time-courses that were averaged across the upper and lower 536 

stimulus locations used for face-part mapping and averaged across the eye and mouth 537 

stimuli for spatial mapping. However, control analyses E analysed these four types of 538 

runs separately, to test the potential effects of mapping stimuli on spatial tuning or 539 

stimulus location on face part tuning. Given previous evidence for feature-location 540 

interactions (de Haas et al., 2016; de Haas and Schwarzkopf, 2018) one may expect, 541 

for example, stronger response in the upper visual field for eye compared to mouth 542 

stimuli and thus an apparent upwards shift of retinotopic tuning.  543 

Relative to the main analyses, the goodness of spatial tuning fits was significantly 544 

reduced for this separation, for both eye and mouth stimuli (both p < 0.0001; median 545 

R2 of 31% and 32%, respectively). Similarly, the goodness of fit for face tuning 546 

models was reduced when they were conducted separately for the upper and lower 547 
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location (both p < 0.0001; median R2 of 30% and 22%, respectively). Fits for data 548 

obtained in the upper location were significantly better compared to the lower (p < 549 

0.0001). Comparing the best fitting parameters, we found no evidence for a shift of 550 

face tuning depending on stimulus location (t(13) = 0.33, p = 0.75, n.s.). While 551 

retinotopic tuning for eye stimuli was lower in the visual field than that obtained for 552 

mouth stimuli this effect was not significant either (t(13) = -2.14, p = 0.05, n.s.).  553 

  554 

Discussion 555 

We found that the response of vertices in IOG could be well explained by Gaussian 556 

tuning curves for retinotopic location and also for the relative position within a face. 557 

Parameter maps and quantitative analyses revealed a common posterior-anterior 558 

gradient for retinotopic and face part selectivity. Retinotopic and face part tuning 559 

parameters were correlated with each other. The cumulative face tuning of vertices 560 

with a narrow retinotopic preference for the upper vs. lower visual field was 561 

significantly stronger in the upper face than that of vertices with a narrow retinotopic 562 

preference for the lower visual field.   563 

 564 

Receptive fields have long been known to increase in size and in scatter moving 565 

anteriorly, implying less spatial precision; however, the finding that feature selectivity 566 

decreases in tandem is novel. These findings support the hypothesis that face-part 567 

preferences in IOG are linked to retinotopic tuning (Henriksson et al., 2015; van den 568 

Hurk et al., 2015; de Haas et al., 2016) and may provide a neural basis for recently 569 

discovered feature-location interactions in face perception (de Haas et al., 2016; de 570 

Haas and Schwarzkopf, 2018). As such, they are in line with the more general 571 

proposal, that the functional organisation of the ventral stream is shaped by an 572 



 

 24 

interplay of retinotopic maps with typical gaze behaviour (Arcaro et al., 2019; Kaiser 573 

et al., 2019; Livingstone et al., 2019). The canonical axis of functional organisation in 574 

IOG seems to be a posterior-anterior gradient of decreasing spatial and face-part 575 

selectivity (Figs. 1A,B, 2, 4C). The functional organisation of spatial and face-part 576 

preferences (i.e., tuning peaks) was more idiosyncratic, but nevertheless correlated 577 

across face-part and spatial domains. This may reflect a greater degree of 578 

developmental plasticity for peak preferences, possibly linked to individual 579 

differences in gaze behaviour.  Note however, that previous retinotopy studies 580 

indicate that IOG may overlap with two (shape-preferring) contralateral hemifield 581 

maps (the dorsal and ventral putative human poster inferior temporal cortex maps; 582 

(Kolster et al., 2010)). The concentration of face tuning peaks in the central face 583 

region, spanning from the eyes to just over the mouth matches the distribution of 584 

typical and individually optimal landing points for face-directed saccades (Peterson 585 

and Eckstein, 2012, 2013). It is noteworthy that vertices with a spatial preference at or 586 

close to the horizontal meridian displayed a range of face-part preferences covering 587 

the whole inner face region, whereas vertices peaking higher or lower in the visual 588 

field had a stronger bias for matching face-part preferences (Fig. 4E). This appears in 589 

line with typical gaze behaviour, which foveates various inner features but still results 590 

in matching feature biases for upper and lower visual field locations (de Haas et al., 591 

2016).        592 

      593 

Interestingly, the face-part tuning of many vertices in IOG peaked for the lower half 594 

of the face (Fig. 1D). This is in contrast to earlier findings in the posterior lateral face 595 

patch of macaque monkeys, which is heavily dominated by a preference for the 596 

contralateral eye region and thought to be the homologue of IOG (Issa and DiCarlo, 597 
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2012). This divergence may point to the special importance of the mouth region in 598 

human communication (Rennig and Beauchamp, 2018; Rennig et al., 2019). 599 

However, we cannot exclude the possibility that other differences in methods and 600 

design contributed to this difference. For instance, most eye preferring units in Issa 601 

and DiCarlo’s study had a peak preference for the contralateral upper visual field at 602 

eccentricities beyond that of our upper visual field location, which could theoretically 603 

lead to an under-representation of eye preferring units for our study.   604 

 605 

Our results suggest that narrow face-part tuning is a specialty of IOG. The underlying 606 

gradient of spatial selectivity appears part of the wider (and well known) retinotopic 607 

organization of occipital cortex, with increasing receptive field sizes from posterior to 608 

anterior (Fig. 2). Narrow face-part tuning seems much more concentrated to posterior 609 

IOG and its vicinity (Fig. 2). Note, however, that our design was optimised for IOG as 610 

a region of interest, with a posterior coil arrangement and a slice package with partial 611 

coverage (Material and Methods). It is possible that other face patches, for instance in 612 

the posterior and anterior fusiform gyrus are organized in a similar fashion (c.f. right 613 

hemisphere of S7, Fig. 2, which appears to show multiple reversals of face part 614 

selectivity along ventral temporal cortex). Future studies should extend our approach 615 

to a detailed study of all face patches. Developmental studies may be able to 616 

disentangle whether retinotopic tuning gradients and face tuning co-occur or one 617 

precedes the other (Arcaro et al., 2017; Gomez et al., 2018).    618 

 619 

An important implication of our finding is that ‘part-based’ and ‘holistic’ processing 620 

appear poles of a continuum. Neural populations in IOG cover a whole range of face-621 

part selectivity and are organised along a corresponding gradient. Therefore, it seems 622 
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unlikely that the computational role of this area is well captured by a blanket label of 623 

part- or feature based processing. This contrasts with influential ‘box and arrow’ 624 

models of neural face processing (Haxby et al., 2000; Duchaine and Yovel, 2015) and 625 

should inform the design and interpretation of neural network models (Grill-Spector 626 

et al., 2018).   627 

 628 

There are several limitations to the current study. Most importantly, blood oxygen 629 

level dependent (BOLD) signals in any given voxel reflect responses from tens of 630 

thousands of neurons, with potentially diverse tuning properties. While fMRI provides 631 

an excellent tool for discovering broad gradients of neural tuning or cortical patches 632 

with common preferences, it can miss or even disguise underlying local heterogeneity 633 

(Sato et al., 2013). This problem may be alleviated somewhat by the increased signal-634 

to-noise ratio and spatial resolution of higher field strengths, but ultimately is 635 

determined by the point-spread function of the BOLD signal and underscores the need 636 

for intracranial recordings. 637 

The simple Gaussian model of face-part tuning we tested here provided good fits to 638 

the data and outperformed a bimodal mixture of Gaussians model. However, our 639 

study used a stimulus which continuously travelled the visual field or ‘face space’. 640 

Given the slow nature of the BOLD response, such a design likely enhances the 641 

power to detect smooth unimodal tuning at the expense of sensitivity for tuning 642 

curves with multiple or more narrow spikes. Moreover, recent results show that such 643 

orderly designs increase the susceptibility of spatial tuning fits to design choices, such 644 

as cycle duration (Infanti and Schwarzkopf, 2020). Future studies could present face 645 

samples in a random order (Kay et al., 2015) and explore tuning properties using 646 

model-free reverse correlation approaches (Lee et al., 2013). 647 
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Splitting retinotopic and face mapping runs according to stimulus (eye/mouth) and 648 

location (UVF/LVF), revealed no significant shifts of overall tuning. This is in 649 

contrast to what may be expected if face parts at typical locations evoke stronger 650 

responses, as suggested by the feature-location interactions in human recognition 651 

performance (de Haas et al., 2016; de Haas and Schwarzkopf, 2018). For instance, if 652 

eyes evoke stronger responses when presented in the upper visual field, the apparent 653 

spatial tuning of vertices may shift upwards when using eye rather than mouth stimuli 654 

for mapping. However, we observed no such effect in our data and even a trend in the 655 

opposite direction. This appears at odds with the clear evidence for increased 656 

coverage of the upper face in vertices with selectivity for the upper visual field (Fig. 657 

4F). Split analyses also resulted in significantly worse model fits, further limiting their 658 

interpretability. Nevertheless, this unclear finding demonstrates that the neural basis 659 

of feature-location interactions is not yet settled, even though tuning correlations in 660 

IOG appear a likely candidate. 661 

Face recognition performance generally varies as a function of visual field location 662 

(Peterson and Eckstein, 2012) and this can be subject to idiosyncratic biases (Afraz et 663 

al., 2010; Peterson and Eckstein, 2013; Peterson et al., 2016). Here, we only tested 664 

two locations for face part mapping and found significantly worse fits for the lower 665 

visual field location, which also had higher eccentricity (Fig. 4A). Future studies 666 

could probe this anisotropy more systematically and correlate it with corresponding 667 

individual biases in face perception and fixations.    668 

Our design presented face photographs at a fast pace known to enhance responses in 669 

face preferring areas (Stigliani et al., 2015). However, previous studies in macaque 670 

successfully used cartoon stimuli to probe face tuning (e.g. Freiwald et al., 2009), 671 

which allow greater control. For instance, the eye region in natural images is usually 672 
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less variable than the mouth region and thus easier to align (c.f. movie 2), which may 673 

have unknown effects. More generally, future studies could use artificial stimuli to 674 

test the role of low-level features, such as contrast polarity (Ohayon et al., 2012).   675 

Our spatial tuning results are in line with earlier findings (Kay et al., 2015) showing 676 

coarse population receptive fields in IOG, as well as a positive relationship between 677 

their size and eccentricity (Fig. 4B). However, this previous study also showed that 678 

the spatial tuning of individual vertices becomes coarser when the participant attends 679 

the stimulus. In our experiment, participants completed a demanding stimulus-680 

directed task, potentially widening tuning curves. Importantly, the potential task-681 

dependence of face-part tuning has yet to be tested.  682 

 683 

In conclusion, vertex-wise tuning models revealed that human IOG is organised into 684 

correlated gradients of spatial and face-part selectivity. This link may be shaped by 685 

typical face-directed gaze behaviour and provide the neural basis of feature-location 686 

interactions in perception. Feature gradients following retinotopic tuning may be a 687 

general organisation principle within the ventral stream. 688 

 689 

 690 
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 967 

Figure Legends 968 

Figure 1 Spatial and face-part tuning in inferior occipital gyrus 969 
(A) Posterior-anterior gradient of decreasing face-part selectivity in the inferior occipital gyrus (IOG) 970 
of six hemispheres. Map colour indicates face part selectivity according to the best fitting face-tuning 971 
model (width parameter σ denotes the standard deviation of a Gaussian tuning curve along vertical face 972 
space, as shown next to the color bar). (B) Corresponding maps for spatial selectivity, showing a 973 
similar gradient (colour denotes σ in degrees visual angle (d.v.a.) in a log-scaled fashion, as shown by 974 
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the colour bar). (C) Example time courses (red) and model predictions (blue) in response to face-part 975 
stimuli for two vertices from anterior and posterior IOG (as shown by the connecting lines). Empirical 976 
data shows the mean amplitude +/- 1 s.e.m. across runs for each timepoint (TR = 1s). The x-axis is 977 
labeled with the face-part stimuli shown at corresponding TRs. Banding results from overlapping steps 978 
in stimulus apertures across volumes. Note that parts from a single face are shown for illustration 979 
purposes only. During the experiment, each face part rapidly cycled through facial identities at a 980 
frequency of 6Hz. (D) Face-part and spatial elevation preference in IOG. Map colour shows the 981 
preferred (μ) face-part or spatial location as shown next to to the color bar (spatial elevation preference 982 
in d.v.a., with negative and positive values corresponding to the lower and upper visual field, 983 
respectively and a logistic modulation of the color bar). (E) Position of IOG relative to visual field 984 
maps in early visual cortex. IOG is anterior and lateral to hV4. All maps in left and right columns show 985 
left and right hemisphere data, respectively, with the anterior (ant.) posterior (post.) axis oriented as 986 
labelled. Black outlines demarcate the boundaries of IOG, determined by the FreeSurfer algorithm 987 
based on individual anatomy. Unsmoothed full maps for all hemispheres are shown in Figures 2 988 
(selectivity) and 3 (preference).  989 

 990 

Figure 2. Unsmoothed maps of face-part and spatial selectivity for all hemispheres. 991 
The color of each vertex indicates the degree of face-part and spatial selectivity (upper and lower maps, 992 
respectively, as indicated by the labels). Colors correspond to the width parameter (σ) of the best fitting 993 
Gaussian tuning curve model, as indicated by the color bar (face images show examples of the face 994 
extent covered by σ for corresponding colors in face part selectivity maps; d.v.a. values show 995 
corresponding degrees of visual angle for σ in spatial selectivity maps). Black outlines demarcate the 996 
boundaries of IOG, determined by the FreeSurfer algorithm based on individual anatomy. 997 
 998 
Figure 3. Unsmoothed maps of face-part and spatial preferences for all hemispheres. 999 
The color of each vertex indicates the peak preference of face-part and spatial tuning (upper and lower 1000 
maps, respectively, as indicated by the labels). Colors correspond to the peak location parameter (μ) of 1001 
the best fitting Gaussian tuning curve model, as indicated by the color bar (the face image shows color-1002 
corresponding locations along vertical face space for face preference maps; d.v.a. values show color-1003 
corresponding degrees of visual angle relative to fixation along the vertical meridian for spatial 1004 
preference maps (cold and hot colors indicating upper and lower visual field locations, respectively). 1005 
Black outlines demarcate the boundaries of IOG, determined by the FreeSurfer algorithm based on 1006 
individual anatomy. 1007 

 1008 

Figure 4. Tuning properties of IOG vertices. 1009 
(A) Goodness of fit for tuning models across vertices. Each histogram shows R2 values 1010 
(proportion of variance explained) across pooled IOG vertices from all hemisheres for one type of 1011 
model. For the main analyses of spatial and face-part tuning more than half of vertices crossed 1012 
the chosen threshold of 30% (dashed red line), which corresponds to a false discovery rate < 5% 1013 
(determined using an empirical null distribution of white matter time-courses). Control analysis 1014 
E further split spatial mapping runs accroding to stimuli (/eye, /mouth) and face mapping runs 1015 
according to stimulus location (/UVF, /LVF), yielding significantly worse fits. (B) Relationship 1016 
between width and peak parameters for spatial and face tuning (upper and lower panel, 1017 
repsectively). Each data point corresponds to one vertex, colors indicate individual IOGs. Tuning 1018 
width significantly increased with the distance of tuning peaks from the horizontal meridian or 1019 
centre of the face. The histograms to the left show the corresponding distributions of tuning 1020 
widths. (C) Correlation between tuning width and anatomy. The scatter plots to the left show the 1021 
posterior-anterior positon on the x-axis (see (D) for an example hemisphere showing the 1022 
gradient in context). The y-axes of the upper and lower scatter plots correspond to the width of 1023 
spatial and face part tuning, respectively. Each line indicates the least squares fit for one IOG. The 1024 
plot to the right shows corresponding correlation coefficients and marks the median correlation 1025 
with a black line. (E) Correlation of parameters between spatial and face part tuning. The scatter 1026 
plots to the left show best fitting spatial and face part tuning parameters on the x and y-axis, 1027 
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respectively, plotting the width and peak parameters in the upper and lower panel.  Each line 1028 
indicates the least squares fit for one IOG. The plot to the right shows corresponding correlation 1029 
coefficients and marks the median across IOGs with a black line. Note that control analyses 1030 
confirmed the robustness of these correlations when truncating the range of the data to the 0-1 1031 
range. (F) Cumulative face coverage of vertices with spatial selectivity for the upper (blue) and 1032 
lower (orange) visual field. The shaded region indicates a signifcant advantage for vertices with 1033 
selectivity for the UVF.  Colors in B, C and E indicate data from individual IOGs (14 hemispheres) 1034 
and are consistent across panels.  The  symbol indicates degrees visual angle along the vertical 1035 
meridian, with negative values corresponding to locations in the lower visual field. U/LVF: Upper 1036 
/ Lower Visual Field.  1037 

 1038 

Movie Legends 1039 

Movie 1. Example sweep of retinotopic mapping stimulus 1040 
The retinotopic stimulus traversed up and down the vertical meridian, rapidly cycling 1041 
through facial identities (6Hz) and either showed eye or mouth regions (alternating 1042 
between runs). The example shows a downward sweep from a run with eye region 1043 
stimuli. Fixation compliance was monitored online using an eyetracker and fed back 1044 
in a gaze contingent fashion.     1045 
 1046 

 1047 

Movie 2. Example sweep of face-part mapping stimulus 1048 
The face-part mapping stimuli traversed up and down a vertical ‘face space’, spanning 1049 
from chin to hairline, while rapidly cycling through facial identities (6Hz) and were 1050 
presented slightly above or below fixation (alternating between runs). The example 1051 
shows a downward sweep from a run with stimuli shown slightly above fixation. 1052 
Fixation compliance was monitored online using an eyetracker and fed back in a gaze 1053 
contingent fashion.  1054 
 1055 

 1056 










