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 19 
Abstract 20 
 21 
Three of the most robust functional landmarks in the human brain are the selective responses to 22 
faces in the fusiform face area (FFA), scenes in the parahippocampal place area (PPA), and bodies in 23 
the extrastriate body area (EBA). Are the selective responses of these regions present early in 24 
development, or do they require many years to develop? Prior evidence leaves this question 25 
unresolved. We designed a new 32-channel infant MRI coil, and collected high-quality functional 26 
magnetic resonance imaging (fMRI) data from infants (2-9 months of age) while they viewed stimuli 27 
from four conditions – faces, bodies, objects, and scenes. We find that infants have face-, scene-, 28 
and body-selective responses specifically localized to the FFA, PPA, and EBA, respectively, 29 
powerfully constraining accounts of cortical development.  30 
 31 
Introduction 32 
 33 
The human mind is not homogenous and equipotential but structured, containing a set of highly 34 
specialized mechanisms for processing particular domains of information, from perceiving faces to 35 
understanding language to thinking about other people’s thoughts1. Much of this domain-specific 36 
structure of the mind is mirrored in the functional organization of the brain, which features cortical 37 
regions selectively engaged in processing single content domains1. How does this functional 38 
organization arise over development? Is our cognitive and neural machinery built slowly, over years 39 
of experience, or is much of that structure already present early in development? Here, we approach 40 
this question by asking whether the domain-specific organization of high-level visual cortex is 41 
already present in young infants. 42 
 43 
A number of prior fMRI studies in children have argued that category-selective regions of the 44 
ventral visual pathway (VVP), including the fusiform face area (FFA)2, parahippocampal place area 45 
(PPA)3, and extrastriate body area (EBA)4, develop very slowly, increasing in size throughout 46 
childhood and into adolescence5–11. But those studies have not tested children younger than 3 years 47 
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of age, focusing primarily instead on children age 7 and up. To understand development, we need to 48 
know whether these regions are present in infants. Research using electroencephalography (EEG), 49 
magnetoencephalography (MEG), and functional near-infrared spectroscopy (fNIRS) have reported 50 
neural responses in the infant brain to faces12–14, scenes14, and bodies15,16, but these studies have used 51 
only a single control stimulus type, providing only weak tests of selectivity. Further, these methods 52 
lack the spatial resolution to determine if the recorded responses are coming from the FFA, PPA, 53 
and EBA. Only two studies have scanned VVP of awake infants with fMRI, one in humans  (n=6)17 54 
and one in macaques (n=3)18.  These studies observed an adultlike spatial organization of responses 55 
to faces in both species17,18 and scenes in human infants17. However, the activated regions did not 56 
show selective responses, instead responding as strongly to objects as to faces or scenes.  Thus, no 57 
prior studies have reported selective responses in infants to faces, bodies, or scenes that can be 58 
localized to the FFA, PPA, or EBA, respectively. 59 
 60 
However, infants have short attention spans19 and move a lot in the scanner, making it extremely 61 
difficult to obtain high quality fMRI data. Further, the tools used for collecting and processing infant 62 
data are less advanced than those for adults. We therefore reasoned that the FFA, PPA, and EBA 63 
may in fact be present in infants, but have gone undetected in prior studies due to limitations in the 64 
quality and amount of data obtained. To test this hypothesis, we scanned a much larger number of 65 
infants, and devised a variety of technical innovations to increase both the quantity and quality of 66 
data we could obtain.  We first designed and built a new 32-channel infant head coil with a higher 67 
SNR than an equivalent adult coil20 and MR-safe headphones that provided better hearing 68 
protection, enabling the collection of fMRI data at a resolution commonly used for adult studies (see 69 
Fig. 1a & Methods). To sustain infants’ attention, we used engaging, colorful, stimuli depicting faces, 70 
bodies, objects, and scenes (Fig. 1b). We recruited 43 infants and were able to collect usable fMRI 71 
data from 23 of them (2.1-9.7 months; see Methods for data inclusion parameters), 16 of whom had 72 
enough data for inclusion in our primary analysis, a functional region of interest (fROI) analysis.  73 
 74 
Results 75 
 76 
Do human infants have face-, scene-, or body-selective responses in the VVP? As an initial 77 
exploratory analysis, we first conducted voxelwise whole-brain analyses testing for higher responses 78 
to faces, scenes, and bodies compared to objects. Individual subject activation maps and group 79 
random effects analyses (N=23) found higher responses to faces than objects in the fusiform gyrus, 80 
higher responses to scenes than objects in the parahippocampal gyrus, and higher responses to 81 
bodies than objects in lateral-occipital cortex (Fig. 2), areas that correspond to the location of the 82 
FFA, PPA, and EBA in adults. But while suggestive, these responses did not reach standard 83 
thresholds for statistical significance.  84 
 85 
To more directly and stringently test the anatomical location and selectivity of these regions, we next 86 
conducted a standard fROI analysis using previously described anatomical parcels that constrain 87 
localization of the FFA, PPA, and EBA in adults21. To accommodate the imperfect registration of 88 
infant functional data to adult anatomical templates, we uniformly increased the size of each parcel 89 
by a small amount (see similar fROI results for unexpanded parcels in Fig. S1 and Tables S1-S3). We 90 
then selected voxels in each parcel that had a numerically greater response to the preferred category 91 
corresponding to that parcel (e.g., faces for the FFA) than objects. Then, in independent data in the 92 
same participant, we quantified the response in those voxels to each of the four conditions. Across 93 
subjects (N=16) the fROI analysis identified voxels in the FFA parcel where responses to faces were 94 
significantly greater than the response to each of the other three categories (all Ps<0.01; Fig. 3;  95 
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Table S1), scene responses in the PPA parcel that were significantly greater than each the other three 96 
categories (all Ps<0.01; Fig. 3; Table S2; though not higher than baseline), and body responses in the 97 
EBA parcel that were significantly greater than each of the other three categories (all Ps<0.05; Fig. 3; 98 
Table S3). To test whether this fROI method is “too powerful,” always finding any selectivity 99 
sought, we used the same method but reversed the direction of the contrast (e.g., objects>faces in 100 
FFA parcel). No regions with the reversed selectivity were identified in any parcel (Fig. S2; Table S4; 101 
see Supplemental Text). Taken together, these results indicate that the FFA, PPA, and EBA are 102 
present in infancy, in the same anatomical location as adults and with a selective response to the 103 
same preferred category. 104 
 105 
Why do we find face-, scene-, and body-selective responses when Deen et al.17 did not? The current 106 
study differs from Deen et al.17 in the use of a new infant coil, a different pulse sequence with higher 107 
resolution data, more subjects, different analysis methods, and different presentation paradigms. To 108 
test which of these factors explained the difference in results between the present study and those of 109 
Deen et al.,17 we analyzed a third dataset we had collected on the old coil, before our new coil was 110 
built (N=16). For all subjects in the “Old Coil” dataset (which did not overlap with data published 111 
by Deen et al.), we used the same pulse sequence and coil used by Deen et al. This enabled us to test 112 
whether the new coil and/or higher resolution data the difference in results (see supplemental text). 113 
Indeed, in matched fROI analyses of the current data and the Old Coil data (16 participants in each 114 
group) we found, we found significant selectivity for faces, places, and bodies in the current data but 115 
not Old Coil data, and a significant experiment (Old Coil vs. present data) by stimulus condition by 116 
fROI interaction (Fig. S5; F(6,90)=5.74, η2=0.047, P<0.001), indicating that it is the new coil and 117 
pulse sequence of the current study that enabled us to find selectivity when Deen et al. did not. 118 
Other statistical tests rule out paradigm, analysis, motion, and age as possible sources of differences 119 
(see supplemental text).  120 
 121 
In addition to the FFA, PPA, and EBA, other occipitotemporal regions exist in adults that respond 122 
selectively to faces, scenes, and bodies. Are these regions also present in infants? The occipital face 123 
area (OFA) and occipital place area (OPA) are located in lateral occipital cortex (with EBA between 124 
them) and are thought to reside earlier in the visual hierarchy than FFA22 and PPA23, respectively. 125 
Thus, a posterior to anterior development of face- and scene-selectivity would predict that OFA and 126 
OPA would acquire characteristic functional specificity prior to FFA and PPA24. However, fROI 127 
analyses using adult parcels for OFA and OPA, with the same method just described, did not find 128 
significant face selectivity in the OFA or scene selectivity in the OPA (all Ps>0.05 except OFA 129 
faces>scenes P<0.0001; Fig. 3; Tables S1-S2).  130 
 131 
What about regions thought to reside later in the visual hierarchy, such as the face-selective response 132 
in anterior temporal lobe (ATL)? An fROI analysis with an adult ATL parcel25 found that face 133 
responses were significantly greater than the response to each of the other three categories (all 134 
Ps<0.05; Fig. S3; Table S1). Similarly, an fROI analysis using an adult parcel for the fusiform body 135 
area (FBA),  a body-selective region thought to arise later in the neural hierarchy than EBA26, found 136 
higher responses to bodies than the other three conditions in the FBA parcel (all Ps<0.05; Fig. 3; 137 
Table S3). However, the scene response in the retrospleneal cortex (RSC) was not significantly 138 
different than the response to the other conditions (all Ps>0.1; Fig. S3; Table S2). 139 
 140 
Thus, in addition to category selectivity in infant FFA, PPA, and EBA, we find a face-selective ATL 141 
and body-selective FBA in infancy, but no face-selectivity in OFA or scene-selectivity in either RSC 142 
or OPA. Failure to find regions in infants must be treated with caution, but these findings suggest 143 
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that cortical development of face and scene selectivity does not proceed in a hierarchical fashion, 144 
because cortical regions earlier in the processing hierarchy do not necessarily develop before regions 145 
later in the hierarchy. 146 
 147 
Discussion 148 
 149 
Here we report that the FFA, PPA, and EBA are present in infants, in the same location, and with 150 
similar selectivity, as adults. Constructing category-selective mechanisms in the brain evidently does 151 
not require years of protracted development. Continued development may expand and refine these 152 
regions over subsequent years5–11, but this is not necessary for category selectivity to emerge in 153 
canonical cortical areas.  154 
 155 
Why do we observe face-, scene-, and body-selectivity in infant FFA, PPA, and EBA when Deen et 156 
al.17 did not? Our analyses indicate that it is most likely the higher quality data in the present study, 157 
resulting from our new infant coil20 and higher resolution pulse sequence, that enabled us to detect 158 
significant category selectivity when Deen et al. did not.  159 
 160 
Our findings inform ongoing debates about cortical development, including the question of how 161 
visual experience influences the emergence of functionally selective regions in VVP. These regions 162 
appear in approximately the same cortical location in every individual, implying that patches of 163 
cortex are predisposed for specific functions. However, the nature of these predispositions is 164 
unknown and disputed. On one view, visual cortex is organized at birth into “protomaps”: smooth, 165 
orthogonal spatial gradients of neurons tuned along low-level visual feature dimensions like 166 
retinotopy, spatial frequency and curvilinearity. The natural statistics of early visual experience cause 167 
frequent co-activation of neurons with certain responses (e.g., faces are foveal, low frequency, and 168 
curvy; scenes are peripheral, high frequency, and boxy). Extensive visual experience thus leads to the 169 
slow emergence of cortical regions selectively responsive to these stimulus categories in cortical 170 
regions already tuned for their low-level correlates. Evidence for this view comes from fMRI studies 171 
with macaques. In early infancy (~30 days) V1 and regions that later become face-selective respond 172 
similarly to intact faces and pixelated faces27. In juvenile macaques (~200 days of age) the response 173 
profiles between V1 and face-selective regions begin to differentiate as face-selective regions (but 174 
not V1) begin to respond less to pixelated faces27. The protomap hypothesis is further supported by 175 
a macaque study demonstrating that functional correlations in neonates mimics the retinotopic 176 
organization of early (e.g., V1) to late visual (e.g., VVP) cortex in adults28. While our data cannot 177 
address whether an underlying protomap exists in human VVP that drives development of category 178 
selectivity, it does constrain the timeline under which that development happens: Humans have 179 
category selective responses to faces, scenes, and bodies in infancy. Thus, if an underlying protomap 180 
along with experience drives selectivity of domain specific regions like the FFA, PPA, and EBA, a 181 
few months of visual experience must be sufficient.  182 
 183 
Relatedly, some theorists have proposed that selectivity in cortical regions might emerge in 184 
sequence, following the hierarchy of bottom-up visual processing in VVP. On this view, low-level 185 
representations in early visual cortex might emerge first, followed by mid-level representations in 186 
lateral-occipital cortical regions, culminating in higher-level visual representations in the VVP. For 187 
example, fMRI studies of infant macaques found that BOLD responses to motion emerged first in 188 
V1, followed by V4 and then MT29. A feedforward pattern of development has similarly been 189 
suggested for VVP such that OFA and OPA would develop prior to FFA and PPA, respectively 190 
because they are presumed to lie earlier in the visual hierarchy30–32. (The hierarchical relationship of 191 
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FBA and EBA is unclear33–36.) In contrast to this prediction, we observed scene selectivity in PPA, 192 
but not its “precursor” OPA, and we observed face selectivity in FFA, but not its “precursor” OFA 193 
(as revealed by a significant region by function interaction). These results should be interpreted with 194 
caution, though, given that null results in infant fMRI are always suspect, and the OPA and OFA are 195 
smaller and less robust regions even in adults. Nevertheless, it is intriguing that our data show no 196 
evidence of feedforward hierarchical emergence of category selectivity in VVP in infants.  197 
 198 
If not entirely driven by low-level feature protomaps and bottom-up input from earlier visual areas, 199 
what else might constrain the development of functionally selective regions in infants? An intriguing 200 
possibility is that in infants, VVP regions have distinctive preexisting long-range connectivity not 201 
only to early visual regions, but also to non-visual regions (e.g., in parietal and frontal cortices). 202 
These patterns of connectivity can be used to accurately predict the location of functionally selective 203 
regions in infants37 and children. Further, these connections exist prior to the emergence of selective 204 
responses in at least some cases: for example, patterns of connectivity in pre-readers can be used to 205 
predict the future location of the visual word form area when the same child learns to read38. As 206 
further evidence for connectivity from non-visual areas, the putative VWFA has stronger functional 207 
correlations with putative language areas than V139. Finally, congenitally blind humans have auditory 208 
and tactile responses in the FFA that are selective for faces40,41, and distinctive patterns of resting 209 
functional correlation between the “blind FFA” and both visual and nonvisual regions40. Thus, we 210 
speculate that the location of FFA, PPA and EBA may be influenced by pre-existing long-range 211 
connectivity to both early visual regions and also regions in parietal and frontal cortex.  212 
 213 
Many fundamental open questions remain about the selective regions we observed in infants. First, 214 
although we found clear evidence of category selectivity at a much earlier age than previously 215 
reported, five-month-old infants already have hundreds of hours of visual experience. What if any 216 
visual experience is necessary for the construction or maintenance of category-selective regions? 217 
Would purely visual exposure to faces, places and bodies be sufficient to evoke category selective 218 
responses? Or must infants experience faces paired with social interaction, bodies paired with goal 219 
directed actions, and places paired with self-motion through the environment? Second, are the 220 
representations extracted and computations conducted in these regions similar to those of adults, or 221 
do these regions undergo major functional change between infancy and adulthood, and if so, what 222 
experience is necessary to produce that change? Research into these questions will ultimately provide 223 
scientific answers to the long-standing philosophical question of the origins of the human mind.  224 
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 225 
Fig. 1. Scanning procedures and stimuli. a) Infants were swaddled, wore custom MR-safe 226 
headphones to protect their hearing, and scanned in a newly designed 32-channel head coil that was 227 
shaped like a cradle and had adjustable frontal coils. b) Example stimuli of face, body, object, scene, 228 
and baseline stimuli. Videos were 2.7s long. To enhance infant attention, each video was followed by 229 
a 300ms presentation of a still image from the same condition. Stimuli were displayed on a mirror 230 
over the infants’ eyes and played continuously as long as the infant was awake, content, and 231 
attending.  232 



 7 

 233 
Fig. 2. Stereotyped location of category responses in the infant brain. Representative individual 234 
subject maps (rows 1-3, threshold P<0.01 transformed to Z for visualization) and group random 235 
effects analyses (n=23, bottom row, threshold -log(P)=1.3) revealed higher responses to 236 
faces>objects in the fusiform gyrus (a, location of adult FFA outlined in purple), to scenes>objects 237 
in the parahippocampal gyrus (b, location of adult PPA outlined in green), and to bodies>objects in 238 
lateral-occipital cortex (c, location of adult EBA outlined in pink). Individual and group maps 239 
displayed on representative infant anatomical image collected on the same coil.  240 
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 241 
Fig. 3. Category selectivity in the infant brain. An fROI analysis (n=16) with new coil data was 242 
conducted with adult-constrained parcels21 that were uniformly enlarged. All parcels are displayed on 243 
an anatomical image of an infant brain with face parcels shaded purple, scene parcels shaded green, 244 
and body parcels shaded pink. Bar charts show the average response across participants in each 245 
fROI to each stimulus category in data independent of that used to define the fROI. Error bars are 246 
standard error of the mean accounting for within-subject variability42. Symbols used to report one-247 
tailed statistics:  †P<0.1, *P<0.05, **P<0.01, ***P<0.001.  248 
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Materials and Methods 249 
 250 

Subjects. Infants were recruited from the Boston metro area through word-of-mouth, fliers, and 251 
social media. Parents of participants were provided parking or, when travel was a constraint for 252 
participation, reimbursed travel expenses. Participants received a $50 Amazon gift card for each visit 253 
and, whenever possible, printed images of their brain. We recruited 87 infants (2.1-11.9 months; 254 
mean age = 5.2 months; 48 female). 43 of these infants (2.5-9.7 months, mean=5.3 months, 21 255 
female) were scanned on the New Coil and we recovered usable data (see data selection) from 23 256 
infants (2.1-9.7 months, 11 female). 47 of these infants (2.5-11.9 months, mean=5.0 months, 26 257 
female) were scanned on the Old Coil and we recovered usable data from 26 infants (2.5-8.7 258 
months, mean=4.8 months, 12 female). (For full subject, data, and inclusion details, see Table S7). 259 
We were unable to collect data from 15 subjects due to technical error or lack of subject compliance. 260 
One subject was excluded due to experimenter error. Ethical approval for this research was obtained 261 
through the Internal Review Board at MIT.  262 
 263 
Stimuli. Infants watched blocks of videos and still images from five categories (faces, objects, 264 
bodies, scenes, curvy baseline; Fig. 1b). There are three important ways this paradigm is different 265 
than what was used previously17. First, all infants saw videos from all four conditions and videos 266 
were organized with a different block order (see below for a description). Second, each block 267 
included continuous videos that were 2.7s and interleaved with still images from the same category 268 
(but not drawn from the videos) presented for 300 ms. Finally, the baseline condition in previous 269 
research17 was scrambled blocks of scenes whereas in this study the baseline consists of curvy 270 
abstract scenes. All blocks were 18s and included 6 videos and 6 images. Face blocks featured a 271 
single face of a child on a black background. Body stimuli focused on hands and feet of children 272 
wearing shorts, t-shirts, jeans, or dresses, with or without socks and shoes. Object blocks displayed 273 
toys (e.g., magnetic toys, plastic cars and planes, balls) on a black background, and scene blocks 274 
mountain or pastoral scenes. Baseline blocks were also 18s and consisted of six 2.7s videos and six 275 
still images that featured abstract color scenes such as liquid bubbles or tie-dyed patterns. Video and 276 
image order were randomized within blocks and block order was pseudorandom by category. There 277 
were 3 face blocks (frontal, averted, expressive), 2 body blocks, 3 object blocks, 3 scene blocks, and 278 
1 block depicting hand-object interactions (not included in analysis). Videos played continuously for 279 
as long as the infant was content, paying attention, and awake. All stimuli available on OSF upon 280 
publication.  281 
 282 
The first 31 infants of the Old Coil dataset (8 of whom were included in the Old Coil fROI analysis) 283 
viewed face, body, object, scene, and abstract curvy videos. Video blocks were 18s long, each video 284 
was 3s long, and was no still image presentation. The videos played continuously for the full time the 285 
infant was in the scanner, awake, and attending. Additionally, instead of 12 condition blocks, there 286 
were 10 condition blocks – 3 face blocks, 3 scene blocks, 2 body blocks, and 2 object blocks – and 287 
the blocks played in a random order. Though the contents of each block was slightly different than 288 
the main paradigm, the videos were from the same stimulus set43. 289 
 290 
Data Collection.  Infants were swaddled if possible. A parent or researcher went into the scanner 291 
with the infant while a second adult “scanner buddy” stood outside the bore of the scanner. Infants 292 
heard lullabies (https://www.pandora.com/artist/jammy-jams-childrens/) played through custom 293 
infant headphones for the duration of the scan.  294 
 295 

https://www.pandora.com/artist/jammy-jams-childrens/AR3PfrXxKhknxzg
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Infants were scanned in a newly designed 32-channel coil designed to comfortably cradle infants and 296 
wore custom infant MR-safe headphones (Fig. 1a). Infant headphones attenuated scanner noises and 297 
allowed infants to listen to music at a comfortable volume for the duration of the scan. An 298 
adjustable coil design increased infant comfort, accommodated headphones, and was adjustable to 299 
suit a variety of infant head sizes (Fig. 1a). The infant coil and infant headphones were designed for 300 
a Siemens Prisma 3T scanner and enabled the use of an EPI with standard trajectory with 44 near-301 
axial slices (repetition time, TR = 3s, echo time, TE = 30ms, flip angle = 90o, field of view, FOV = 302 
160 mm, matrix = 80x80, slice thickness = 2 mm, slice gap = 0 mm). 303 
 304 
For data collected with the Old Coil we the same data collection methods reported by Deen et al17. 305 
We used a custom 32-channel infant coil designed for a Siemens Trio 3T scanner44 and a quiet EPI 306 
with sinusoidal trajectory45 with 22 near-axial slices (repetition time, TR = 3s, echo time, TE = 43 307 
ms, flip angle = 90o, field of view, FOV = 192 mm, matrix = 64x64, slice thickness = 3 mm, slice 308 
gap = 0.6 mm). The sinusoidal acquisition sequence caused substantial distortions in the functional 309 
images (Fig. S4a). 310 

 311 
Data Selection (subrun creation):  To be included in the analysis, data had to meet the criteria for 312 
low head motion that we reported in our previous study17. Data were cleaved between consecutive 313 
timepoints having more than 2 degrees or 2 mm of motion, creating subruns, which contained at least 314 
24 consecutive low-motion volumes. All volumes included in a subrun were extracted from the 315 
original run data and combined to create a new Nifti file for each subrun. Paradigm files were 316 
similarly updated for each subrun. Volumes with greater than 0.5 degrees or mm of motion between 317 
volumes were scrubbed. We used highly conservative motion thresholds19 to ensure inclusion of 318 
only the highest quality data in our analysis. If a subject had more than one datapoint (data collected 319 
within a 30-day window), we included only the datapoint with more volumes that met our criteria 320 
for inclusion. One subject had two datapoints but the datapoint with more volumes was missing a 321 
large portion the temporal lobe due to motion. For this subject we used the datapoint with fewer 322 
volumes but an intact temporal lobe. This procedure resulted in 455.7 minutes of useable data 323 
(mean=14.2 min, s.d.=12.7) from the New Coil dataset and 653.5 minutes of useable data 324 
(mean=13.3 min, s.d.=14.1) from the Old Coil dataset. 325 
 326 
To be included in the group random effects analysis, subjects had to have at least 96 volumes that 327 
met the above motion threshold criteria. 23 subjects from the New Coil dataset (2.1-9.7 months, 328 
mean=5.6 months) and 26 subjects from the Old Coil dataset (2.5-8.7 months, mean=4.8 months) 329 
met these criteria. To be included in the fROI analysis, subjects had to have at least two subruns 330 
with at least 96 volumes in each subrun (one to choose voxels showing the relevant contrast, and the 331 
other to independently extract response magnitudes from the selected voxels). This resulted in a 332 
final fROI dataset of 16 subjects (2.1-9.7 months; mean=5.6 months) for the New Coil dataset and 333 
16 subjects for the Old Coil dataset (2.5-8.7 months, mean=4.9 months).  334 

 335 
Preprocessing. Each subrun was processed individually. First, an individual functional image was 336 
extracted from the middle of the subrun to be used for registering the subruns to one another for 337 
further analysis. Then, each subrun was motion corrected using FSL MCFLIRT. If more than 3 338 
consecutive images had more than 0.5 mm or 0.5 degrees of motion, there had to be at least 7 339 
consecutive low-motion volumes following the last high-motion volume in order for those volumes 340 
to be included in the analysis. Additionally, each subrun had to have at least 24 volumes after 341 
accounting for motion and sleep TRs. Functional data were skull-stripped (FSL BET2), intensity 342 
normalized, and spatially smoothed with a 3mm FWHM Gaussian kernel (FSL SUSAN).  343 
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 344 
Data registration. Due to the substantial distortion in these data, we registered all functional data 345 
to a representative functional image collected with the same coil and acquisition parameters. All 346 
subruns were registered within subjects and then each subject was registered to a standard template. 347 
First, the middle image of each subrun was extracted and used as an example image for registration. 348 
If the middle image was corrupted by motion or distortion, a better image was selected to be the 349 
example image. The example image from the middle subrun of the first visit was used as the target 350 
image and all other subruns from that subject were registered to that subject’s target image. The 351 
target image for each subject was registered to a template image collected using the same acquisition 352 
parameters. Subrun and target image registrations were concatenated so that each subrun was 353 
individually registered to template space. We attempted to register each image using a rigid, an 354 
affine, and a partial affine registration with FSL FLIRT. The best image was selected by eye from the 355 
three registration options and manually tuned for the best possible data alignment. To display group 356 
results, images were transformed to the anatomical space of the template image. 357 
 358 
Subject-level Beta and Contrast Maps. Functional data were analyzed with a whole-brain voxel-359 
wise general linear model (GLM) using custom MATLAB scripts. The GLM included 4 condition 360 
regressors (faces, bodies, objects, and scenes), 6 motion regressors, a linear trend regressor, and 5 361 
PCA noise regressors. Condition regressors were defined as a boxcar function for the duration of 362 
the stimulus presentation. Infant inattention or sleep was accounted for using a single impulse 363 
nuisance (‘sleep’) regressor. The sleep regressor was defined as a boxcar function with a 1 for each 364 
TR the infant was not looking at the stimuli, and the corresponding TR was set to 0 for all condition 365 
regressors. Boxcar condition and sleep regressors were convolved with an infant hemodynamic 366 
response function (HRF) that is characterized by a longer time to peak and deeper undershoot 367 
compared to the standard adult HRF 46. PCA noise regressors were computed using a method 368 
similar to GLMDenoise 47, defined in 17. Data and regressors were demeaned for each subrun. Next, 369 
demeaned data and regressors were concatenated across subruns, run regressors were added to 370 
account for differences between runs, and beta values were computed for each condition in a whole-371 
brain voxel-wise GLM. Three subject-level contrast maps were computed as the difference between 372 
the condition of interest beta (i.e., face beta, body beta, or scene beta) and the object beta for each 373 
voxel using in-house MATLAB code.  374 
 375 
Group Random Effects Analyses. To test whether there was systematic overlap between areas of 376 
activation, we conducted group random effects analyses for eligible data. First, subject-level contrast 377 
difference (faces-objects, bodies-objects, scenes-objects) maps (see data inclusion and subject 378 
contrasts above) were transformed to coil-specific template space (see data registration method 379 
above). Group random effects analyses were performed using Freesurfer mri_concat and Freesurfer 380 
mri_glmfit.    381 
 382 
Parcels / Search Spaces. Group constrained parcels were acquired from previous adult research to 383 
localize areas of selectivity. Face-selective parcels included OFA, FFA, and ATL. Scene-selective 384 
parcels included OPA, PPA, and RSC. Body-selective parcels included EBA and FBA. After 385 
transforming the FFA parcel to individual subject space, we noticed that the peak face activation in 386 
the fusiform gyrus often fell just anterior to the FFA parcel. We attributed this difference to 387 
difficulties in obtaining reliable registrations with infant functional data and used the -dilM function 388 
in fslmaths to uniformly increase the size of all parcels. As this was an unplanned change in our 389 
analysis, we also report fROI results from the original parcels (Fig. S1; Tables S1-S3) and the dilated 390 
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parcels (Fig. 3; Tables S1-S3). The large ventral and lateral parcels are the same ones we used in 391 
Deen et al17.  All parcels will be available on OSF upon publication. 392 
 393 
Functional Region of Interest. To determine if cortical responses are category-specific, we utilized 394 
a functional region of interest (fROI) approach. Due to the variable amount of data in each subrun 395 
for each subject and the impact this could have on reliable parameter estimates from the GLM, we 396 
first combined or split subruns to approximately equate the amount of data across subruns within 397 
subjects. For example, if a subject had three subruns and the first was 35 volumes, the second was 398 
57 volumes and third was 220 volumes, then we concatenated the first two subruns to create one 399 
subrun and we split the third subrun into 2 resulting in a total of three subruns with approximately 400 
100 volumes per subrun.  401 
 402 
To constrain search areas for voxel selection, we used anatomically defined parcels (see 403 
parcels/search spaces) transformed to subject native space. We used an iterative leave-one-subrun-404 
out procedure such that data were concatenated across all subruns except one prior to the whole-405 
brain voxel-wise GLM and contrasts were computed (described above). The top 5% of voxels with 406 
the greatest difference between the category of interest (i.e., faces, bodies, or scenes) and objects 407 
within an anatomical constraint parcel were selected as the fROI for that subject, and the parameter 408 
estimates were extracted from a GLM on the left-out subrun. We account for different amounts of 409 
data from each subrun contributing to the average contrast estimates for each subject with a 410 
weighted average (w=(cT(XTX)-1c)-1; where c is the contrast vector and X is the design matrix. Beta 411 
values were averaged across folds within a participant and across participants. The use of top 5% 412 
and weighted betas was an analytic decision that is identical to previous research17. The strength of 413 
selecting the top 5% of voxels is that we equally sample all subjects for a representation of the 414 
overall pattern of response across subjects. Thus, it is possible to find a response that is unreliable 415 
and even has the reverse preference in left out data (see OPA in Fig. 3 as an example – voxels were 416 
selected that had a greater response to scenes compared to objects but in independent data, the 417 
response to objects was greater than the response to scenes, indicating that across infants, there was 418 
not a reliable scene response in OPA.) 419 
 420 
Category-Selectivity. To determine if a response is selective, we used a linear mixed effects model 421 
with average beta values from all subjects for each condition as the predictors. Average beta values 422 
from categories of no interest were indicator-coded as one relative to the category of interest. For 423 
example, in the face-selectivity analysis, there were three regressors to account for body, object, and 424 
scene responses relative to faces; body beta values were indicator-coded as ones in the first 425 
regressor, object beta values were indicator-coded as ones in the second regressor, and scene beta 426 
values were indicator-coded as ones in the third regressor. Fixed effects parameters of no interest 427 
were age, motion, and sex. The motion value for each subject was the number of scrubbed volumes 428 
divided by the total number of volumes. Subject was coded as a random effect for all models. 429 
MATLAB notation for each of these equations are as follows: 430 
 431 
New Coil Data 432 
Face Selectivity:  433 

Betas ~ body + object + scene + age + sex + motion + (1 | subject) 434 
Body Selectivity:  435 

Betas ~ face + object + scene + age + sex + motion + (1 | subject) 436 
Object Selectivity:  437 

Betas ~ face + body + scene + age + sex + motion + (1 | subject) 438 
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Scene Selectivity:  439 
Betas ~ face + body + object + age + sex + motion + (1 | subject) 440 

 441 
Old Coil Data 442 
Face Selectivity:  443 

Betas ~ body + object + scene + age + sex + motion + para + (1 | subject) 444 
Body Selectivity:  445 

Betas ~ face + object + scene + age + sex + motion + para + (1 | subject) 446 
Object Selectivity:  447 

Betas ~ face + body + scene + age + sex + motion + para + (1 | subject) 448 
Scene Selectivity:  449 

Betas ~ face + body + object + age + sex + motion + para + (1 | subject) 450 
 451 
The category response for a particular parcel was deemed selective if the parameter estimate (ß) for 452 
all control conditions were significantly negative. For example, a face parcel was only deemed face-453 
selective if the parameter estimates for the body, object, and scene regressors were significantly 454 
negative. Because predictions are unidirectional, reported p-values are one-sided.  455 
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SUPPLEMENTAL MATERIALS 1 
 2 
Supplemental Text 3 
 4 
Reverse Selectivity in category-selective parcels 5 
 6 
Is the fROI method so strong that we would find category-selective responses for any contrast in 7 
FFA, PPA, and EBA? To test this possibility, we conducted an fROI analysis of the reverse contrast 8 
in each parcel (e.g., objects>faces in FFA). No region passed the high bar for selectivity (i.e., a 9 
response greater to objects than to all other conditions). That is, while the response to objects may 10 
have been larger to some of the conditions, there was not a region in which the response to objects 11 
was significantly higher to all other conditions (all Ps>0.1 except objects>faces in FFA, 12 
objects>faces in PPA, objects>scenes in EBA; Table S5). Thus, the fROI method used here is not 13 
“too strong”, in the sense of always finding voxels with the searched-for selectivity, increasing our 14 
confidence in the category-selective responses we observed in FFA, PPA, and EBA.  15 
 16 
Category selective analyses in old coil data 17 
 18 
Why did we find clear category selective responses in the present study (significantly higher 19 
responses in FFA, PPA, and EBA to their preferred stimuli than to each of the other 3 conditions), 20 
whereas the earlier Deen et al. study1 did not? The two studies differed in coil, acquisition sequence 21 
(EPI), paradigm, analysis methods (including parcel differences), and number of subjects. To 22 
determine which of these factors may have made the difference, we analyzed a third dataset that had 23 
more subjects (N=16 compared to N=6 in the Deen et al. study) but used the same coil and 24 
acquisition sequence. This “Old Coil” dataset did not overlap with the data reported in either Deen 25 
et al. or with the main (“New Coil”) data reported in the present paper. To find out whether the 26 
increased number of subjects and/or decreased paradigm heterogeneity of the New Coil study were 27 
alone sufficient to yield category selectivity, we conducted an fROI analysis on the Old Coil data, 28 
using the same parcels used by Deen et al. (Fig. S5A). We did not observe face-, scene-, or body-29 
selective responses in any of these parcels (see Table S5 for statistics). Thus, the presence of 30 
category selectivity in the present data but not Deen et al.’s data cannot be explained by the larger 31 
number of subjects or more consistent paradigms used in the present study.  32 
 33 
Could the differences between our results and those of Deen et al. be due to the analysis differences 34 
between our previous work and the work presented here? As the data collected with the quiet EPI 35 
on the Old Coil are too distorted to use the FFA, PPA, and EBA parcels, we answered this question 36 
by conducting an fROI analysis using the same parcels used by Deen et al.1 with the New Coil 37 
dataset. Confirming the results from the fROI analysis with the FFA, PPA, and EBA parcels, we 38 
observe face-selectivity in the ventral parcel, scene-selectivity in the ventral parcel, and body-39 
selectivity in the lateral parcel (all Ps<0.05; Table S5). Further, the Old Coil and New Coil datasets 40 
are matched on age (t(15)=9.8X10-18, g=3.4e-18, P>0.99; BF10=0.336), motion (t(15)=0.13, g=0.05, 41 
P=0.89; BF10=0.339), and average volumes per subject (t(15)=0.67, g=-0.22, P=0.5; BF10=0.396; Fig. 42 
S5D). Therefore, category-selective responses observed in the New Coil dataset but not the Old Coil 43 
dataset are not due to analysis, age, or motion differences between the groups. 44 
 45 
Data collection techniques are the remaining differences between the Old Coil and New Coil 46 
datasets. The Old Coil data was collected using an older infant coil2 on a Siemens 3T Trio with a 47 
sinusoidal EPI3 at a lower resolution. The New Coil data was collected using a new infant coil4 on a 48 



Siemens 3T PRISMA with a standard EPI at a higher resolution (see Methods for details). Visual 49 
inspection indicates the Old Coil data were more distorted than the New Coil data (Fig. S4). To test 50 
the effect of data collection differences on selectivity, we conducted a 2 (experiment: older, newer) x 51 
3 (region: ventral face, ventral scene, lateral body) x 4 (condition: faces, bodies, objects, scenes) 52 
repeated measures ANOVA (Fig. S5B). There was a main effect of condition (F(3,45)=5.68, 53 
η2=0.015, P=0.002) and a region by condition interaction (F(6,90)=11.59, η2=0.068, P<0.001) 54 
confirming that each region has a different pattern of selectivity. We also found a 3-way experiment 55 
by region by condition interaction (F(6,90)=5.74, η2=0.047, P<0.001) indicating that the differences 56 
between the results for the Old Coil and New Coil datasets are due to data collection differences 57 
(i.e., coil, scanner, and EPI). No other significant main effects or interactions were found. To further 58 
probe the 3-way interaction, we conducted a 2 (experiment: older, newer) x 4 (condition: faces, 59 
bodies, objects, scenes) repeated measures ANOVA in each fROI. In all three fROIs we get a main 60 
effect of condition (ventral face F(3,45)=6.22, η2=0.060, P=0.001; ventral scene F(3,45)=4.00, 61 
η2=0.048, P=0.014; lateral body F(3,45)=11.92, η2=0.131, P<0.001) and a 2-way interaction that is 62 
marginal in the ventral face region (F(3,45)=2.23, η2=0.021, P=0.098) and significant in both the 63 
ventral scene (F(3,45)=4.17, η2=0.050, P=0.011) and lateral body (F(3,45)=4.52, η2=0.083, P=0.007) 64 
regions. Combined, these results indicate that the differences between the Old Coil and New Coil 65 
datasets are indeed due to data collection (i.e., new coil, scanner, and EPI) differences.   66 



 67 
Fig. S1. Category selectivity in smaller regions of interest. Group-constrained parcels from 68 
non-enlarged adult category-selective regions were used for an fROI analysis. Bar charts show the 69 
average response across participants in each fROI to each stimulus category in data independent of 70 
that used to define the fROI. Error bars are standard error of the mean accounting for within-71 
subject variability5. Symbols used to report one-tailed statistics:  *P<0.05, **P<0.01, ***P<0.001.  72 



 73 
Fig. S2. Reverse Contrast in Category-Selective Regions. Group-constrained parcels from 74 
enlarged adult category-selective regions were used for an fROI analysis of the reverse contrast (i.e., 75 
objects>faces, objects>scenes, and objects>bodies). Bar charts show the average response across 76 
participants in each fROI to each stimulus category in data independent of that used to define the 77 
fROI. Error bars are standard error of the mean accounting for within-subject variability5. Symbols 78 
used to report one-tailed statistics:  †P<0.1, *P<0.05, **P<0.01.  79 



 80 
Fig. S3. Infant ATL and RSC. Uniformly enlarged parcels of ATL and RSC reveal face-selectivity 81 
in ATL but no scene-selectivity in RSC. Parcels are displayed on an anatomical image of an infant 82 
brain with ATL parcel shaded purple and RSC parcels shaded green. Bar charts show the average 83 
response across participants in each fROI to each stimulus category in data independent of that used 84 
to define the fROI. Error bars are standard error of the mean accounting for within-subject 85 
variability5. Symbols used to report one-tailed statistics:  *P<0.05, ***P<0.001.  86 



 87 
Fig. S4. Distortions in infant fMRI data. Representative image of fMRI data from the older 88 
dataset using the older coil2 and an EPI with a sinusoidal trajectory3 (a). Representative image of 89 
fMRI data collected from the newer dataset using the new coil4  and a standard, higher resolution 90 
EPI (b).   91 



 92 
Fig. S5. Comparison between older and newer datasets. Anatomically-constrained parcels 93 
(ventral and lateral) from Deen et al1 were used for an fROI analysis (a) with an older dataset 94 
(N=16) and a newer dataset (N=16). The newer coil dataset was more selective than the older coil 95 
dataset with a significant experiment (older vs newer) by fROI by condition interaction (b). Each 96 
fROI (N=16 for each group) also had an experiment by condition interaction that was marginal for 97 
ventral face-selectivity and significant for ventral scene-selectivity and lateral body-selectivity (see 98 
supplemental text for statistics). Motion, age, and data quantity per subject did not differ between 99 
datasets (c). Motion plotted as a proportion of scrubbed volumes and age plotted in months. Error 100 
bars represent standard error of the mean.  101 

102 



Table S1. Measures of face-selectivity in each face parcel. Results of linear mixed-effects 103 
models (fROI analysis) for the faces>objects contrast in original (o) and dilated (d) face parcels.  104 

Parcel Int.¥ Age¥ Sex¥ Mot. ¥ F-B¥ F-O¥ F-S¥ 

OFA (o) 2.05† 0.95* -1.61 -3.83 -1.39 -0.45 -4.20** 

 
CI: -0.26 - 
4.36 

CI: 0.09 - 
1.80 

CI: -5.14 - 
1.93 

CI: -19.08 - 
11.42 

CI: -4.12 - 
1.34 

CI: -3.17 - 
2.27 

CI: -6.92 - 
-1.48 

OFA (d) 1.70* 0.67* -0.68 -3.82 -1.27† -1.07 -3.98*** 

 
CI: 0.13 - 
3.27 

CI: 0.11 - 
1.22 

CI: -2.99 - 
1.62 

CI: -13.76 - 
6.11 

CI: -3.19 - 
0.65 

CI: -2.99 - 
0.84 

CI: -5.90 - 
-2.06 

FFA (o) 1.39* 0.62** -2.16* -9.61* -1.04* -1.00* -2.02*** 

 
CI: 0.31 - 
2.46 

CI: 0.18 - 
1.05 

CI: -3.98 - 
-0.35 

CI: -17.45 - 
-1.77 

CI: -2.17 - 
0.10 

CI: -2.13 - 
0.14 

CI: -3.15 - 
-0.88 

FFA (d) 1.42** 0.66** -2.05* -6.30† -1.33** -1.26** -1.47** 

 
CI: 0.44 - 
2.39 

CI: 0.27 - 
1.05 

CI: -3.66 - 
-0.43 

CI: -13.28 - 
0.67 

CI: -2.37 - 
-0.29 

CI: -2.30 - 
-0.22 

CI: -2.51 - 
-0.43 

ATL (o) 1.59*** 0.17† 1.01** 6.47*** -1.16** -0.72* -0.91* 

 
CI: 1.02 - 
2.16 

CI: -0.00 
- 0.34 

CI: 0.30 - 
1.72 

CI: 3.41 - 
9.53 

CI: -1.92 - 
-0.40 

CI: -1.48 - 
0.05 

CI: -1.67 - 
-0.14 

ATL (d) 1.55*** 0.17* 0.80* 5.29*** -1.20*** -0.82* -0.85* 

 
CI: 1.02 - 
2.09 

CI: 0.01 - 
0.33 

CI: 0.13 - 
1.47 

CI: 2.42 - 
8.16 

CI: -1.92 - 
-0.49 

CI: -1.53 - 
-0.10 

CI: -1.57 - 
-0.14 

¥ Parameter estimates from linear mixed-effects model. 
Symbols used to report statistics:  †P<0.1; *P<0.05; **P<0.01; ***P<0.001 

  105 



Table S2. Measures of scene-selectivity in each scene parcel. Results of linear mixed-effects 106 
models (fROI analysis) for the scene>objects contrast in original (o) and dilated (d) scene parcels.    107 

Parcel Int. ¥ Age¥ Sex¥ Mot. ¥ S-F¥ S-B¥ S-O¥ 

OPA (o) -5.27*** -0.10† -1.03 -37.79*** 0.60 2.17 3.63 

 
CI: -8.04 - 
-2.50 

CI: -0.10 - 
1.72 

CI: -4.80 - 
2.73 

CI: -54.02 - 
-21.55 

CI: -2.96 - 
4.17 

CI: -1.39 - 
5.73 

CI: 0.07 - 
7.19 

OPA (d) -4.24*** 0.40 -0.12 -24.44*** 0.76 1.51 2.82 

 
CI: -5.98 - 
-2.51 

CI: -0.18 - 
0.98 

CI: -2.51 - 
2.27 

CI: -34.76 - 
-14.13 

CI: -1.46 - 
2.98 

CI: -0.71 - 
3.73 

CI: 0.60 - 
5.04 

PPA (o) 0.04 0.10 0.17 -1.26 -0.90*** -1.08*** -1.02*** 

 
CI: -0.51 - 
0.60 

CI: -0.14 - 
0.34 

CI: -0.83 - 
1.18 

CI: -5.60 - 
3.07 

CI: -1.43 - 
-0.38 

CI: -1.60 - 
-0.55 

CI: -1.54 - 
-0.49 

PPA (d) -0.25 0.10 0.41 -1.06 -0.79*** -0.77*** -0.73** 

 
CI: -0.79 - 
0.28 

CI: -0.15 - 
0.34 

CI: -0.60 - 
1.43 

CI: -5.42 - 
3.30 

CI: -1.24 - 
-0.33 

CI: -1.22 - 
-0.32 

CI: -1.18 - 
-0.27 

RSC (o) -0.56 -0.08 0.52 3.82 -0.03 -0.34 -0.06 

 
CI: -1.42 - 
0.29 

CI: -0.41 - 
0.24 

CI: -0.83 - 
1.87 

CI: -2.00 - 
9.64 

CI: -1.01 - 
0.95 

CI: -1.32 - 
0.64 

CI: -1.04 - 
0.92 

RSC (d) -0.53 -0.01 0.07 2.20 -0.27 -0.43 -0.24 

 
CI: -1.22 - 
0.17 

CI: -0.27 - 
0.25 

CI: -0.99 - 
1.13 

CI: -2.38 - 
6.78 

CI: -1.09 - 
0.54 

CI: -1.25 - 
0.39 

CI: -1.06 - 
0.58 

¥ Parameter estimates from linear mixed-effects model. 
Symbols used to report statistics:  †P<0.1; **P<0.01; ***P<0.001 
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Table S3. Measures of body-selectivity in each body parcel. Results of linear mixed-effects 109 
models (fROI analysis) for the body>objects contrast in original (o) and dilated (d) body parcels.    110 

Parcel Int. ¥ Age¥ Sex¥ Mot. ¥ B-F¥ B-O¥ B-S¥ 

EBA (o) 1.71† -0.15 3.53* 7.55 -2.4** -1.94** -3.57*** 

 
CI: -0.03 - 
3.44 

CI: -0.85 - 
0.70 

CI: 0.33 - 
6.73 

CI: -6.25 - 
21.34 

CI: -3.96 - 
-0.84 

CI: -3.50 - 
-0.38 

CI: -5.13 - 
-2.02 

EBA (d) 1.37* -0.16 3.16** 7.60 -1.75** -1.62* -3.46*** 

 
CI: 0.07 - 
2.67 

CI: -0.68 - 
0.36 

CI: 1.02 - 
5.29 

CI: -1.62 - 
16.82 

CI: -3.17 - 
-0.32 

CI: -3.04 - 
-0.20 

CI: -4.89 - 
-2.04 

FBA (o) 0.12 0.33† -0.75 -3.92 -0.66 -0.58 -0.81 

 
CI: -1.07 - 
1.31 

CI: -0.02 - 
0.67 

CI: -2.18 
- 0.68 

CI: -10.10 
- 2.25 

CI: -2.29 - 
0.97 

CI: -2.21 - 
1.05 

CI: -2.44 - 
0.82 

FBA (d) 0.69 0.40** -0.71 -4.00 -1.06* -1.03* -0.96* 

 
CI: -0.19 - 
1.56 

CI: 0.10 - 
0.71 

CI: -1.96 
- 0.54 

CI: -9.39 - 
1.39 

CI: -2.15 - 
0.04 

CI: -2.13 - 
0.07 

CI: -2.06 - 
0.13 

¥ Parameter estimates from linear mixed-effects model. 
Symbols used to report statistics:  †P<0.1; *P<0.05; **P<0.01; ***P<0.001 

  111 



Table S4. Measures of object-selectivity in all category-selective parcels. Results of linear 112 
mixed-effects models (fROI analysis) for objects in dilated parcels.  113 

Parcel Contrast Int.¥ Age¥ Sex¥ Mot. ¥ O-F¥ O-B¥ O-S¥ 

OFA  Objects>Faces 0.20 0.53 -0.38 4.88 -1.63* 0.45 -0.12 

  
CI: -1.64 - 
2.05 

CI: -0.28 - 
1.34 

CI: -3.74 - 
2.98 

CI: -9.61 - 
19.37 

CI: -3.33 - 
0.07 

CI: -1.25 - 
2.15 

CI: -1.81 - 
1.59 

FFA  Objects>Faces -0.74† 0.27† -1.25* -8.47** -1.82*** -0.65 -0.28 

  
CI: -1.62 - 
0.14 

CI: -0.03 - 
0.57 

CI: -2.49 - 
-0.00 

CI: -13.83 - 
-3.10 

CI: -2.92 - 
-0.721 

CI: -1.75 - 
0.45 

CI: -1.38 - 
0.82 

ATL Objects>Faces 0.03 -0.07 0.40 2.81 -0.24 0.12 0.17 

  
CI: -0.48 - 
0.53 

CI: -0.26 - 
0.13 

CI: -0.40 - 
1.20 

CI: -0.65 - 
6.26 

CI: -0.81 - 
0.33 

CI: -0.45 - 
0.69 

CI: -0.40 - 
0.74 

OPA Objects>Scenes 0.28 -0.48 1.53 9.17 -2.58* -0.20 -2.66* 

  
CI: -1.93 - 
2.49 

CI: -1.19 - 
0.23 

CI: -1.42 - 
4.48 

CI: -3.56 - 
21.89 

CI: -5.45 - 
0.30 

CI: -3.08 - 
2.68 

CI: -5.53 - 
0.22 

PPA Objects>Scenes -0.48† -0.03 -0.75* -0.96 -0.41† -0.01 0.39 

  
CI: -0.99 - 
0.02 

CI: -0.20 - 
0.15 

CI: -1.48 - 
-0.02 

CI: -4.10 - 
2.18 

CI: -1.03 - 
0.22 

CI: -0.63 - 
0.61 

CI: -0.23 - 
1.01 

RSC Objects>Scenes -0.64* -0.20* -0.24 3.17* 0.31 0.30 0.19 

  
CI: -1.22 - 
-0.06 

CI: -0.38 - 
-0.03 

CI: -0.95 - 
0.48 

CI: 0.09 - 
6.24 

CI: -0.47 - 
1.09 

CI: -0.48 - 
1.09 

CI: -0.59 - 
0.98 

EBA Objects>Bodies 0.23 0.02 -0.24 -1.17 -0.34 -0.44 -0.81† 

  
CI: -0.79 - 
1.24 

CI: -0.39 - 
0.44 

CI: -1.95 - 
1.47 

CI: -8.55 - 
6.21 

CI: -1.41 - 
0.73 

CI: -1.51 - 
0.63 

CI: -1.87 - 
0.26 

FBA Objects>Bodies 0.04 0.40* -0.98 -4.64 -1.05** -0.77* -0.54 

  
CI: -0.80 - 
0.88 

CI: 0.06 - 
0.75 

CI: -2.40 - 
0.45 

CI: -10.79 - 
1.50 

CI: -1.92 - 
-0.18 

CI: -1.65 - 
0.10 

CI: -1.41 - 
0.33 

¥ Parameter estimates from linear mixed-effects model. 
Symbols used to report statistics:  †P<0.1; *P<0.05; **P<0.01; ***P<0.001 
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Table S5. Measures of face-, scene-, and body-selectivity using large lateral and ventral 115 
anatomical constraint parcels with “Old Coi” dataset. Results of linear mixed-effects models 116 
(fROI analysis) for the condition of interest (CoI) contrasted with objects. 117 

Par. CoI Int.¥ Age¥ Sex¥ Mot. ¥ Para.¥ CoI-F¥ CoI-B¥ F-O¥ CoI-S¥ 

Ven. Fac. 0.53 -0.30† -0.01 -1.96 -0.91 n/a -0.38* -0.18 -0.69** 

  
CI: -0.30 - 
1.36 

CI: -0.62 - 
0.03 

CI: -1.01 - 
0.99 

CI: -6.48 - 
2.56 

CI: -2.19 - 
0.37  

CI: -0.82 - 
0.07 

CI: -0.62 - 
0.27 

CI: -1.13 - 
-0.24 

Lat. Fac. 0.31 0.05 -0.18 -2.87 -0.66 n/a -0.03 -0.07 -0.35 

  
CI: -0.76 - 
1.39 

CI: -0.38 - 
0.47 

CI: -1.48 - 
1.11 

CI: -8.70 - 
2.97 

CI: -2.31 - 
0.99  

CI: -0.612 
- 0.57 

CI: -0.66 - 
0.52 

CI: -0.94 - 
0.24 

Ven. Scn. -0.27 -0.25 0.56 1.34 -0.11 0.04 -0.12 0.20 n/a 

  
CI: -1.01 - 
0.46 

CI: -0.54 - 
0.034 

CI: -0.33 - 
1.45 

CI: -2.67 - 
5.34 

CI: -1.25 - 
1.02 

CI: -0.36 - 
0.43 

CI: -0.52 - 
0.27 

CI: -0.19 - 
0.59  

Lat. Scn. 0.34 -0.03 0.17 -0.13 -0.83 -0.27 0.22 -0.12 n/a 

  
CI: -0.60 - 
1.27 

CI: -0.38 - 
0.31 

CI: -0.90 - 
1.23 

CI: -4.93 - 
4.68 

CI: -2.20 - 
0.52 

CI: -0.97 - 
0.43 

CI: -0.48 - 
0.92 

CI: -0.82 - 
0.58  

Ven. Bod. 0.12 -0.29** 0.26 1.47 -0.35 0.03 n/a 0.16 -0.18 

  
CI: -0.43 - 
0.66 

CI: -0.49 - 
-0.084 

CI: -0.36 - 
0.88 

CI: -1.33 - 
4.27 

CI: -1.14 - 
0.45 

CI: -0.38 - 
0.44  

CI: -0.25 - 
0.56 

CI: -0.59 - 
0.22 

Lat. Bod. 0.17 -0.14 0.67 1.96 -0.11 -0.20 n/a -0.36 -0.39† 

  
CI: -0.71 - 
1.06 

CI: -0.49 - 
0.19 

CI: -0.37 - 
1.70 

CI: -2.70 - 
6.62 

CI: -1.43 - 
1.21 

CI: -0.79 - 
0.39  

CI: -0.95 - 
0.23 

CI: -0.98 - 
0.20 

¥ Parameter estimates from linear mixed-effects model. 
Symbols used to report statistics:  †P<0.1; *P<0.05; **P<0.01 
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Table S6. Measures of face-, scene-, and body-selectivity using large lateral and ventral 119 
anatomical constraint parcels with newer dataset. Results of linear mixed-effects models (fROI 120 
analysis) for the condition of interest (CoI) contrasted with objects. 121 

Par. CoI Int.¥ Age¥ Sex¥ Mot. ¥ CoI-F¥ CoI-B¥ F-O¥ CoI-S¥ 

Ven. Fac. 0.41† 0.32** -0.74† -2.52 n/a -0.80*** -0.69*** -0.51** 

  
CI: -0.03 - 
0.85 

CI: 0.13 - 
0.51 

CI: -1.52 - 
0.05 

CI: -5.90 - 
0.845  

CI: -1.23 - 
-0.38 

CI: -1.11 - 
-0.27 

CI: -0.94 - 
-0.09 

Lat. Fac. 0.63 0.49* -0.08 -2.66 n/a 0.37 -0.45 -2.81*** 

  
CI: -0.48 - 
1.74 

CI: 0.03 - 
0.95 

CI: -1.98 - 
1.81 

CI: -10.84 
- 5.51  

CI: -0.78 - 
1.52 

CI: -1.60 - 
0.70 

CI: -3.95 - 
-1.66 

Ven. Scn. -0.03 0.15 0.05 -1.60 -0.68*** -0.76*** -0.67*** n/a 

  
CI: -0.42 - 
0.36 

CI: -0.03 - 
0.32 

CI: -0.68 - 
0.78 

CI: -4.75 - 
1.56 

CI: -1.01 - 
-0.35 

CI: -1.09 - 
-0.43 

CI: -0.10 - 
-0.33  

Lat. Scn. -1.87*** 5.57** -0.76 -6.17† 0.73 1.78 1.63 n/a 

  
CI: -2.71 - 
-1.02 

CI: 0.19 - 
0.94 

CI: -2.31 - 
0.79 

CI: -12.85 
- 0.51 

CI: -0.04 - 
1.49 

CI: 1.02 - 
2.55 

CI: 0.87 - 
2.39  

Ven. Bod. -0.43** 0.15** 0.09 -1.58 0.07 n/a 0.03 0.10 

  
CI: -0.73 - 
-0.14 

CI: 0.04 - 
0.27 

CI: -0.39 - 
0.56 

CI: -3.63 - 
0.46 

CI: -0.27 - 
0.41  

CI: -0.30 - 
0.37 

CI: -0.24 - 
0.44 

Lat. Bod. 0.99† 0.12 2.12* 1.82 -1.61** n/a -1.29* -3.15*** 

  
CI: -0.19 - 
2.16 

CI: -0.38 - 
0.61 

CI: 0.09 - 
4.15 

CI: -6.95 - 
10.58 

CI: -2.80 - 
-0.42  

CI: -2.48 - 
-0.10 

CI: -4.34 - 
-1.96 

¥ Parameter estimates from linear mixed-effects model. 
Symbols used to report statistics:  †P<0.1; *P<0.05; **P<0.01; ***P<0.001 
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Table S7. Subject Collection information. Data was collected from individual subjects, often on 123 
multiple days. All data collected within one month is considered a single timepoint. Age reported is 124 
the age of the subject at the first visit. For full details of volume inclusion, group random effects, 125 
and fROI inclusion criteria (see Methods).  126 

Sub 
ID TP* Coil Sex 

Age 
(mos)† 

Visit 

(n)** 

Vols 
Coll. 

Vols 
Incl. 

O.C. 
RFX 

N.C. 
RFX 

O.C. 
fROI 

N.C. 
fROI 

Cmb. 
fROI 

inf01 n/a old female 2.72 n/a n/a n/a -- -- -- -- -- 

inf02 1 old female 6.46 1 407 190 yes -- no -- no 

inf03 1 old male 5.54 2 395 144 yes -- no -- no 

inf04 1 old female 4.23 2 1058 490 yes -- yes -- yes 

inf04 2 old female 8.66 2 1112 640 no -- no -- no 

inf05 1 old male 4.13 2 559 26 no -- no -- no 

inf06 1 old female 3.02 2 698 202 no -- no -- no 

inf06 2 old female 4.39 4 1188 193 no -- no -- no 

inf06 3 old female 5.77 1 174 149 yes -- no -- no 

inf07 1 old male 2.95 1 41 0 no -- no -- no 

inf08 1 old male 3.70 3 864 164 yes -- no -- no 

inf09 1 old female 6.49 2 728 237 yes -- no -- no 

inf10 1 old male 2.59 2 1009 234 yes -- no -- no 

inf10 2 old male 8.79 2 423 247 no -- no -- no 

inf11 1 old female 3.97 2 760 385 yes -- yes -- yes 

inf11 2 old female 7.51 1 356 47 no -- no -- no 

inf12 1 old female 2.75 3 888 96 no -- no -- no 

inf12 2 old female 3.90 2 748 282 yes -- no -- no 

inf13 1 old male 2.82 2 1081 620 yes -- yes -- yes 

inf13 2 old male 6.75 2 520 331 no -- no -- no 

inf14 1 old male 2.79 3 2254 942 yes -- yes -- yes 

inf15 1 old female 4.23 2 374 126 yes -- no -- no 

inf16 1 old male 2.69 1 475 0 no -- no -- no 

inf17 1 old male 3.87 3 689 0 no -- no -- no 

inf18 1 old male 4.59 2 1143 389 yes -- no -- no 

inf18 2 old male 8.85 1 697 212 no -- no -- no 

inf19 1 old male 4.89 2 86 0 no -- no -- no 

inf20 1 old male 8.69 2 1087 694 yes -- yes -- yes 

inf20 2 old male 10.56 1 155 111 no -- no -- no 

inf21 1 old male 4.43 1 275 0 no -- no -- no 

inf22 1 old female 4.13 1 388 0 no -- no -- no 

inf23 1 old female 5.74 2 336 45 no -- no -- no 

inf24 1 old male 5.05 1 764 415 yes -- yes -- yes 

inf25 1 old female 4.16 2 n/a n/a no -- no -- no 

inf26 1 old female 3.11 2 954 77 no -- no -- no 



inf27 1 old male 4.43 1 0 n/a no -- no -- no 

inf28 1 old male 6.56 1 752 512 yes -- yes -- yes 

inf29 1 old female 3.67 2 850 118 no -- no -- no 

inf30 1 old male 6.16 1 88 0 no -- no -- no 

inf31 1 old male 6.10 4 1369 487 yes -- yes -- yes 

inf32 1 old female 3.25 2 2086 536 yes -- yes -- yes 

inf33 1 old female 5.61 3 1611 1145 yes -- yes -- yes 

inf34 1 old male 3.87 1 565 124 yes -- no -- no 

inf35 1 old female 4.46 1 208 0 no -- no -- no 

inf36 1 old female 2.49 2 1585 235 yes -- yes -- yes 

inf37 1 old female 3.08 1 0 0 no -- no -- no 

inf38 1 old female 4.52 1 379 0 no -- no -- no 

inf39 1 old female 5.34 2 786 324 yes -- yes -- yes 

inf40 1 old female 5.54 2 1042 661 yes -- yes -- no 

inf41 1 old female 4.13 1 659 339 yes -- yes -- no 

inf42 1 old male 4.75 1 0 0 no -- no -- no 

inf43 1 old male 2.79 2 0 0 no -- no -- no 

inf44 1 old male 3.02 1 26 0 no -- no -- no 

inf45 1 old male 6.16 2 914 601 yes -- yes -- yes 

inf46 1 old male 11.87 1 n/a n/a no -- no -- no 

inf47 1 old male 4.92 2 514 300 yes -- yes -- yes 

inf40 2 new female 9.38 1 727 447 -- yes -- yes yes 

inf41 2 new female 7.90 1 728 477 -- yes -- yes yes 

inf45 1 new male 7.70 1 436 276 -- yes -- no no 

inf48 1 new male 9.74 2 202 158 -- yes -- no no 

inf49 1 new male 5.51 2 462 303 -- yes -- yes yes 

inf50 1 new male 5.97 1 0 0 -- no -- no no 

inf51 1 new male 5.93 1 0 0 -- no -- no no 

inf52 1 new female 9.44 2 0 0 -- no -- no no 

inf53 1 new female 6.62 2 40 0 -- no -- no no 

inf54 1 new male 6.98 2 452 157 -- yes -- no no 

inf55 1 new male 5.18 1 778 731 -- yes -- yes yes 

inf56 1 new male 5.25 1 0 0 -- no -- no no 

inf57 1 new male 4.56 2 1383 1049 -- yes -- yes yes 

inf58 1 new male 8.23 1 0 0 -- no -- no no 

inf59 1 new male 4.20 1 297 49 -- no -- no no 

inf60 1 new female 9.41 1 894 613 -- yes -- yes yes 

inf61 1 new male 3.21 1 0 0 -- no -- no no 

inf62 1 new male 4.56 1 535 186 -- yes -- no no 

inf63 1 new female 6.00 3 841 380 -- yes -- yes yes 



inf64 1 new male 5.57 1 355 318 -- yes -- yes yes 

inf65 1 new female 4.43 1 49 0 -- no -- no no 

inf66 1 new n/a n/a 1 0 0 -- no -- no no 

inf67 1 new female 4.00 1 14 0 -- no -- no no 

inf68 1 new female 4.00 2 516 416 -- yes -- yes yes 

inf69 1 new male 3.15 1 0 0 -- no -- no no 

inf70 1 new female 5.48 1 77 0 -- no -- no no 

inf71 1 new female 4.43 1 548 275 -- yes -- yes yes 

inf72 1 new female 6.03 1 0 0 -- no -- no no 

inf73 1 new male 6.26 1 23 0 -- no -- no no 

inf74 1 new male 6.72 2 453 183 -- yes -- yes no 

inf75 1 new male 4.30 1 758 636 -- yes -- yes yes 

inf76 1 new male 6.43 2 622 342 -- yes -- yes yes 

inf77 1 new female 5.44 1 0 0 -- no -- no no 

inf78 1 new female 3.44 1 216 81 -- no -- no no 

inf79 1 new female 2.98 2 778 316 -- yes -- yes yes 

inf80 1 new female 3.77 1 672 604 -- yes -- yes yes 

inf81 1 new female 5.38 2 827 94 -- yes -- no no 

inf82 1 new female 2.10 2 308 134 -- yes -- no no 

inf83 1 new female 4.43 1 1132 520 -- yes -- yes yes 

inf84 1 new female 3.67 2 362 66 -- no -- no no 

inf85 1 new male 3.21 1 628 302 -- yes -- yes yes 

inf86 1 new male 3.97 1 0 0 -- no -- no no 

inf87 1 new female 4.79 1 308 0 -- no -- no no 

* TP stands for timepoint: data are divided into 1-month intervals, any data collected more than 1-
month after the first visit is considered a new timepoint.  
** Subjects were invited back for multiple visits to maximize data collection. This number represents 
the total number of visits included in this timepoint. 
†  Age of subject at the first visit. 
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