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Abstract 30 

Adaptive behavior in complex environments requires integrating visual perception with 31 
memory of our spatial environment. Recent work has implicated three brain areas in 32 
posterior cerebral cortex — the place memory areas (PMAs) that are anterior to the three 33 
visual scene perception areas (SPAs) – in this function. However, PMAs’ relationship to the 34 
broader cortical hierarchy remains unclear due to limited group-level characterization. Here, 35 
we examined the PMA and SPA locations across three fMRI datasets (44 participants, 29 36 
female). SPAs were identified using a standard visual localizer where participants viewed 37 
scenes versus faces. PMAs were identified by contrasting activity when participants recalled 38 
personally familiar places versus familiar faces (Datasets 1-2) or places versus multiple 39 
categories (familiar faces, bodies, and objects, and famous faces; Dataset 3). Across 40 
datasets, the PMAs were located anterior to the SPAs on the ventral and lateral cortical 41 
surfaces. The anterior displacement between PMAs and SPAs was highly reproducible. 42 
Compared to public atlases, the PMAs fell at the boundary between externally-oriented 43 
networks (dorsal attention) and internally-oriented networks (default mode). Additionally, 44 
while SPAs overlapped with retinotopic maps, the PMAs were consistently located anterior 45 
to mapped visual cortex. These results establish the anatomical position of the PMAs at 46 
inflection points along the cortical hierarchy between unimodal sensory and transmodal, 47 
apical regions, which informs broader theories of how the brain integrates perception and 48 
memory for scenes. We have released probabilistic parcels of these regions to facilitate 49 
future research into their roles in spatial cognition. 50 

Significance statement 51 

Complex behavior requires the dynamic interplay between mnemonic and perceptual 52 
information. For example, navigation requires representation of the current visual scene and 53 
its relationship to the surrounding visuospatial context. We have suggested that the place 54 
memory areas, three brain areas located anterior to the scene perception areas in visual 55 
cortex, are well-positioned to serve this role. Here, in a large group of participants, we show 56 
that the place memory areas are robustly localizable, and that their position at the interface 57 
of multiple distributed brain networks is uniquely suited to mnemonic-perceptual 58 
integration. We have released probabilistic regions-of-interest and localization procedure so 59 
that others can identify these areas in their own participants. 60 
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Introduction 61 

The integration of perception and memory is a fundamental challenge for the brain, requiring 62 
neural systems to simultaneously maintain current sensory input while accessing relevant 63 
stored information(Rust and Palmer, 2021). This integration is particularly evident during 64 
spatial navigation, where we dynamically exchange information between the immediate 65 
visual scene and memory of the broader environment to interpret visible features, predict 66 
unseen elements, and guide attentional and motor decisions(Robertson et al., 2016; Brunec 67 
et al., 2018; Haskins et al., 2020; Berens et al., 2021; Draschkow et al., 2022). Understanding 68 
how the brain's functional architecture enables perceptual and mnemonic representations 69 
to eaectively interface, while also avoiding interference, is therefore a central question in 70 
cognitive neuroscience(Summerfield and De Lange, 2014; Kiyonaga et al., 2017; Favila et al., 71 
2020; Libby and Buschman, 2021). 72 

Recent work has identified a network of three brain areas in posterior cerebral cortex that 73 
may play a crucial role in bridging perception and memory in the domain of scenes(Steel et 74 
al., 2021, 2023, 2024b). These "place memory areas" selectively activate when individuals 75 
recall familiar places (e.g., their house) compared to other memorable stimuli like familiar 76 
people (e.g., their mother) (Steel et al., 2021). Critically, each place memory area is located 77 
immediately anterior and adjacent to one of the three functionally-defined “scene 78 
perception areas” in high-level visual cortex - the occipital place area (OPA), 79 
parahippocampal place area (PPA), and medial place area (MPA, also known as retrosplenial 80 
complex), on the brain’s lateral, ventral, and medial surfaces, respectively (Epstein and 81 
Kanwisher, 1998; Hasson et al., 2003; Epstein et al., 2007; Dilks et al., 2013; Silson et al., 82 
2016). This systematic topographical relationship suggests the place memory areas are 83 
anatomically positioned to directly access perceptual representations of scenes(Steel et al., 84 
2023), which may change with age (Srokova et al., 2022). 85 

Functionally, the place memory areas exhibit several key properties that highlight their role 86 
in bridging perception and memory.  The PMAs areas contain multivariate representations of 87 
specific remembered scene views(Bainbridge et al., 2020; Steel et al., 2023), and activation 88 
in these areas scales with the amount of remembered visuospatial context associated with 89 
a viewed scene (Steel et al., 2023). Connectivity analyses show that the PMAs constitute a 90 
distinct functional network from the SPAs, which is more strongly connected with spatial 91 
memory structures like the hippocampus compared to early visual cortex (Baldassano et al., 92 
2016; Silson et al., 2016, 2019; Steel et al., 2021). Additionally, PMAs are dynamically 93 
connected to SPAs through voxel-wise retinotopically opponent patterns during tasks 94 
requiring perceptual-mnemonic interaction, such as recognizing familiar scenes (Steel et 95 
al., 2024b, 2024a). Finally, the anterior shift of memory compared with perception may be 96 
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specific to scene stimuli as compared with faces (Steel et al., 2021; Chen et al., 2024). Taken 97 
together, this organization aligns with a specialized role in processing out-of-view spatial 98 
information during navigation (Steel et al., 2023).   99 

While these properties make the place memory areas compelling candidates for integrating 100 
perceptual and mnemonic representations of scenes, their broader relationship to large-101 
scale cortical topography remains unclear. This gap stems partly from methodological 102 
choices in prior research. Given the individualized functional location of category-selective 103 
areas in high-level visual cortex (Kanwisher et al., 1997; Epstein and Kanwisher, 1998; Grill-104 
Spector and Weiner, 2014; Kanwisher, 2017), most investigations have employed subject-105 
specific localization approaches to define these areas (Steel et al., 2021, 2023, 2024b; 106 
Srokova et al., 2022), leaving open questions about whether the PMAs represent a 107 
fundamental feature of human cortical organization or whether their location varies 108 
substantially across individuals and methodological approaches. Additionally, because 109 
group-level analyses have been limited, the place memory areas' relationships with other 110 
known anatomical and functional landmarks (e.g., retinotopic maps(Wandell et al., 2007; 111 
Wang et al., 2015) or large-scale cortical networks (Raichle et al., 2001; Fox et al., 2005; 112 
Thomas Yeo et al., 2011; Yeo et al., 2015; Braga and Buckner, 2017; DiNicola et al., 2020; Du 113 
et al., 2024) and functional gradients(Margulies et al., 2016; Huntenburg et al., 2018; Reznik 114 
et al., 2024)) remain poorly characterized. Understanding these relationships can provide 115 
important insight into the role of these memory areas in the brain outside of the visual 116 
system and shed light on the relationship between spatial memory processes and broader 117 
large-scale organizing principles of the human brain. 118 

Here we address these open questions by characterizing the topography of place memory 119 
areas across three independent datasets that vary in their fMRI acquisition parameters, 120 
preprocessing approaches, and experimental designs. This approach allows us to establish 121 
the consistency of these areas' locations relative to scene perception areas and other 122 
cortical landmarks, while controlling for methodology-specific eaects. Our results suggest 123 
the place memory areas – each located immediately anterior to a classic scene perception 124 
area on the ventral and dorsal surface of the human brain – represent a robust and consistent 125 
feature of human functional cortical organization. Further, we establish their anatomical 126 
position at inflection points along the cortical hierarchy between unimodal sensory and 127 
transmodal, apical regions, which informs broader theories of how the brain integrates 128 
perception and memory. Finally, we have made probabilistic parcels defining their locations 129 
freely available to the research community to facilitate future research on these areas, and 130 
to better understand their probabilistic relationship with reference to other probabilistic 131 
atlases of functional areas in the human visual system (Julian et al., 2012; Wang et al., 2015; 132 
Rosenke et al., 2021). 133 
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 134 

Methods 135 

Procedure 136 

The data for this study comprised functional localizers from three independent datasets. 137 
Dataset 1 and Dataset 3 shared 3 participants, otherwise, all participants were non-138 
overlapping. Dataset 1 (Steel et al., 2021)and Dataset 2 (Steel et al., 2022, 2023, 2024b)were 139 
analyzed for diaerent studies that have been previously published. Dataset 3 was collected 140 
for a separate study that has not been published.   141 

The datasets in this study diaered on their imaging parameters and task paradigms, which 142 
enabled us to test the impact of these factors on the robustness of the place memory and 143 
scene perception area location. Datasets 1 and 2 had diaerent imaging parameters but 144 
identical task paradigms. Datasets 2 and 3 had identical imaging parameters but diaerent 145 
task paradigms. Datasets 1 and 3 had diaerent imaging parameters and task paradigms. A 146 
general description of the relationships between these datasets is detailed in Table 1, and a 147 
detailed description of all relevant details are reported below. 148 

Table 1. Relationship between Datasets 1-3. 149 

Dataset Number of 
participants 

MRI acquisition / 
processing 

Task conditions 
(imagery) 

Publications 

Dataset 1 14 Single echo 
Standard 

Familiar places 
Familiar faces 

Steel et al., 2021 
 
 

Dataset 2 23 Multi-echo 
ME-ICA 

Familiar places 
Familiar faces 

Steel et al., 2022;  
Steel et al., 2023;  
Steel*, Silson*, et 
al., 2024 
 

Dataset 3 10  
(3 shared 
with 
Dataset 1) 

Multi-echo 
ME-ICA 

Familiar places 
Familiar faces 
Familiar bodies 
Familiar objects 
Famous faces 

Unpublished 

 150 

Participants 151 

Data from 44 unique participants (Age: 24.9±6.1 s.d., 15 male) comprise this study and are 152 
distributed across three diaerent datasets (Dataset 1: N = 14, Age: 25.6±4.1 s.d., 5 male; 153 
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Dataset 2: N = 23, Age: 24.6±7.7 s.d., 8 male; Dataset 3: N =10, Age: 25.8±3.3 s.d., 4 male). 154 
Three participants were present in both Dataset 1 and Dataset 3. All subjects had normal or 155 
correct to normal vision, were not colorblind, and were free from neurological or psychiatric 156 
conditions. Written consent was obtained from all participants in accordance with the 157 
Declaration of Helsinki and with a protocol and consent form approved by the Dartmouth 158 
College Institutional Review Board (Protocol #31288). Participants were compensated for 159 
their time at a rate of $20/hr. No statistical methods were used to pre-determine sample 160 
sizes.  161 

Visual Stimuli and Tasks 162 

Perception and memory tasks - Datasets 1 and 2 163 

Static scene perception area Localizer 164 
The scene perception areas (SPAs, i.e. occipital place area, OPA; parahippocampal place 165 
area, PPA; medial place area, MPA) are regions that selectively activate when an individual 166 
perceives places (i.e., a kitchen) compared with other categories of visual stimuli (i.e., faces, 167 
objects, bodies) (Epstein and Kanwisher, 1998; Silson et al., 2016; Weiner et al., 2018; Steel 168 
et al., 2021). To identify these areas in each person, participants performed an independent 169 
functional localizer scan. On each run of the localizer (2 runs), participants passively viewed 170 
blocks of scene, face, and object images presented in rapid succession (500 ms stimulus, 171 
500 ms ISI). Blocks were 24 s long, and each run comprised 12 blocks (4 blocks/condition). 172 
There was no interval between blocks.  173 

Place memory area Localizer  174 
The place memory areas (PMAs) are defined as regions that selectively activate when a 175 
person recalls personally familiar places (i.e., their kitchen) compared with personally 176 
familiar people (i.e., their mother)(Steel et al., 2021). To identify these areas in each person, 177 
participants performed an independent functional localizer scan. Prior to fMRI scanning, 178 
participants generated a list of 36 personally familiar people and places to establish 179 
individualized stimuli (72 stimuli total). These stimuli were generated based on the following 180 
instructions.  181 

“For your scan, you will be asked to visualize people and places that are personally 182 
familiar to you. So, we need you to provide these lists for us. For personally familiar 183 
people, please choose people that you know in real life (no celebri>es) that you can 184 
visualize in great detail. You do not need to be contact with these people now, as 185 
long as you knew them personally and remember what they look like. So, you could 186 
choose a childhood friend even if you are no longer in touch with this person. 187 
Likewise, for personally familiar places, please list places that you have been to and 188 
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can richly visualize. You should choose places that are personally relevant to you, 189 
so you should avoid choosing places that you have only been to one >me. You 190 
should not choose famous places where you have never been. You can choose 191 
places that span your whole life, so you could do your current kitchen, as well as 192 
the kitchen from your childhood home.” 193 

During fMRI scanning, participants recalled these people and places. On each trial, 194 
participants saw the name of a person or place and recalled them in as much detail as 195 
possible for the duration that the name appeared on the screen (10 s). Trials were separated 196 
by a variable ISI (4-8 s). Place memory areas were localized by contrasting activity when 197 
participants recalled personally familiar places compared with people (see ROI definitions 198 
section). All trials were unique stimuli, and conditions (i.e., people or place stimuli) were 199 
pseudo-randomly intermixed so that no more than two repeats per condition occurred in a 200 
row. 201 

Memory task - Dataset 3 202 

Dataset 3 comprised two tasks, a multi-category dynamic perception task and a multi-203 
category dynamic memory task. The data from the multi-category perception task is being 204 
reported in a separate publication and will not be discussed here. 205 

Multi-category place memory localizer 206 
Prior to fMRI scanning, participants generated a list of 5 examples from 5 categories: 207 
personally familiar people’s faces (e.g., wife’s face, sister’s face), familiar people’s body 208 
parts (e.g., mother’s hands, father’s feet), familiar places (e.g., my kitchen, college library), 209 
familiar objects roughly the size of a person’s face (e.g., laptop, rugby ball), and famous 210 
people’s faces (Beyonce’s face, Obama’s face) to establish individualized stimuli (72 stimuli 211 
total). These stimuli were generated based on the following instructions.  212 

“For your scan, you will be asked to visualize people’s faces and bodies, places, and 213 
objects that are familiar to you. So, we need you to provide these lists for us. For 214 
personally familiar people’s faces, please choose people that you know in real life 215 
(no celebri>es) that you can visualize in great detail. You do not need to be contact 216 
with these people now, as long as you knew them personally and remember what 217 
they look like. So, you could choose a childhood friend even if you are no longer in 218 
touch with this person.  219 

For bodies, you will choose 5 familiar parts of bodies that are specific to someone 220 
you know (e.g., the hands or feet of your parents). The parts of the body you choose 221 
do not have to belong to the personally familiar people you chose. Please do not 222 
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include explicit body parts. Some examples of body parts specific to a person could 223 
be hands, feet, legs, arms, whole bodies etc., but not faces.  224 

For familiar objects, or objects, choose 5 personally familiar objects that are about 225 
the size of a toaster (e.g., your favorite mug, a coAee maker). These objects should be 226 
personal items that you know very well and interact with fairly regularly (e.g., your 227 
personal hairbrush or your soccer ball). You should also be familiar with from multiple 228 
visual angles or viewpoints. 229 

For personally familiar places, please list places that you have been to and can 230 
richly visualize. You should choose places that are personally relevant to you, so 231 
you should avoid choosing places that you have only been to one >me. You should 232 
not choose famous places where you have never been. You can choose places that 233 
span your whole life, so you could do your current kitchen, as well as the kitchen 234 
from your childhood home. 235 

For famous people, list some celebri>es that you do not know personally whose 236 
faces you can visualize richly. You should be able to imagine their faces and bodies 237 
moving. For example, if you can imagine Beyonce’s face, then she would be a good 238 
choice. However, if you could only imagine Beyonce’s body while she is dancing, 239 
then you should pick a different celebrity.” 240 

During fMRI scanning, participants performed 6 runs of the imagery task. During each run, 241 
participants recalled these people, body parts, objects, and places. All stimuli were 242 
presented in each run, and trials were pseudo-randomized so that no category could appear 243 
on more than 2 consecutive trials.  244 

The trial sequence was modelled oa our prior work (Steel et al., 2023). On each trial, 245 
participants saw the name of a person or place and recalled them in as much detail as 246 
possible. The name of the stimulus was displayed for 1 second, followed by a 1 second 247 
dynamic mask (mix of ascii characters approximately the same length as the stimulus cue), 248 
followed by four circles (‘oooo’). Participants were instructed to maintain imagery for as long 249 
as the circles remained on the screen (10 s). Trials were separated by a variable ISI (4-8 s).  250 

MRI acquisition 251 

T1-weighted anatomical scan 252 

For registration purposes, a high-resolution T1-weighted magnetization-prepared rapid 253 
acquisition gradient echo (MPRAGE) imaging sequence was acquired (TR = 2300 ms, 254 
TE = 2.32 ms, inversion time = 933 ms, Flip angle = 8°, FOV = 256 × 256 mm, slices = 255, 255 
voxel size = 1 ×1 × 1 mm). T1 images were segmented and surfaces were generated using 256 
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Freesurfer (Dale et al., 1999; Fischl et al., 2002; Fischl, 2012) (version 6.0) and aligned to the 257 
fMRI data using align_epi_anat.py and @SUMA_AlignToExperiment(Saad and Reynolds, 258 
2012).  259 

Dataset 1 – Single Echo EPI 260 

Single-echo T2*-weighted echo-planar images covering the temporal, parietal, and frontal 261 
cortices were acquired using the following parameters: TR=2000 ms, TE=32 ms, GRAPPA=2, 262 
Flip angle=75°, FOV=240 x 240 mm, Matrix size=80 x 80, slices=34, voxel size=3 x 3 x 3 mm. 263 
To minimize dropout caused by the ear canals, slices were oriented parallel to temporal 264 
lobe(Weiskopf et al., 2006). The initial two frames were discarded by the scanner to achieve 265 
steady state. 266 

 267 

Dataset 2 & 3 – Multi Echo EPI 268 

Multi-echo T2*-weighted sequence. The sequence parameters were: TR=2000 ms, 269 
TEs=[14.6, 32.84, 51.08], GRAPPA factor=2, Flip angle=70°, FOV=240 x 192 mm, Matrix 270 
size=90 x 72, slices=52, Multi-band factor=2, voxel size=2.7 mm isotropic. The initial two 271 
frames of data acquisition were discarded by the scanner to allow the signal to reach steady 272 
state.  273 

MRI Preprocessing 274 

Dataset 1 – Single Echo EPI 275 

Data was preprocessed using AFNI (version 20.3.02 'Vespasian')(Cox, 1996). In addition to 276 
the frames discarded by the fMRI scanner during acquisition, the initial two frames were 277 
discarded to allow T1 signal to achieve steady state. Signal outliers were attenuated 278 
(3dDespike). Motion correction was applied, and parameters were stored for use as 279 
nuisance regressors (3dVolreg). Data were then iteratively smoothed to achieve a uniform 280 
smoothness of 5mm FWHM (3dBlurToFWHM).  281 

Dataset 2 & 3 – Multi Echo EPI 282 

Multi-echo data processing was implemented based on the multi-echo preprocessing 283 
pipeline from afni_proc.py in AFNI (version 21.3.10 ‘Trajan’)(Cox, 1996). Signal outliers in the 284 
data were attenuated (3dDespike(Jo et al., 2013)). Motion correction was calculated based 285 
on the second echo, and these alignment parameters were applied to all runs. The optimal 286 
combination of the three echoes was calculated, and the echoes were combined to form a 287 
single, optimally weighted time series (T2smap.py). Multi-echo ICA denoising(Kundu et al., 288 
2012; Evans et al., 2015; DuPre et al., 2019, 2021) was then performed (see Multi-echo ICA, 289 
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below). Following denoising, signals were normalized to percent signal change, and data 290 
were smoothed with a 3mm Gaussian kernel (3dBlurInMask). 291 

Multi-echo ICA 292 
The data were denoised using multi-echo ICA denoising (tedana.py(Kundu et al., 2012; 293 
Evans et al., 2015; DuPre et al., 2019; Steel et al., 2022), version 0.0.12). In brief, PCA was 294 
applied, and thermal noise was removed using the Kundu decision tree method. 295 
Subsequently, data were decomposed using ICA, and the resulting components were 296 
classified as signal and noise based on the known properties of the T2* signal decay of the 297 
BOLD signal versus noise. Components classified as noise were discarded, and the 298 
remaining components were recombined to construct the optimally combined, denoised 299 
timeseries.  300 

 301 

MRI analysis 302 

Dataset 1 & 2 GLM and ROI definition 303 

Scene perception area localizer 304 
To define scene perceptual areas, the scene perception localizer was modeled by fitting 305 
gamma function of the block duration with a square wave for each condition (Scenes, Faces, 306 
and Objects) using 3dDeconvolve. Estimated motion parameters were included as 307 
additional regressors of no-interest along with 4th order polynomials. Scene areas were 308 
drawn based on a general linear test comparing the coeaicients of the GLM during scene 309 
versus face blocks. These contrast maps were then transferred to the SUMA standard mesh 310 
(std.141) using @SUMA_Make_Spec_FS and @Suma_AlignToExperiment.  311 

A vertex-wise significance of p<0.001 along with expected anatomical locations was used to 312 
define the pre-constrained regions of interest. 313 

Place memory area localizer 314 
To define place memory areas, the familiar people/places memory data was modeled by 315 
fitting a gamma function of the trial duration for trials of each condition (people and places) 316 
using 3dDeconvolve. Estimated motion parameters were included as additional regressors 317 
of no-interest along with 4th order polynomials. Activation maps were then transferred to the 318 
suma standard mesh (std.141) using @SUMA_Make_Spec_FS and 319 
@Suma_AlignToExperiment.  320 
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People and place memory areas were drawn based on a general linear test comparing 321 
coeaicients of the GLM for people and place memory. A vertex-wise significance threshold 322 
of p<0.001 was used to draw the pre-constrained ROIs.  323 

Dataset 3 GLM and ROI definition 324 

Dynamic place memory area localizer 325 
To define place memory areas, the familiar people/places memory data was modeled by 326 
fitting a gamma function of the trial duration for trials of each condition (famous faces, 327 
familiar faces, familiar bodies, familiar objects, familiar places) using 3dDeconvolve (10 s). 328 
We included a single regressor to model the cue onset and stimulus mask for all trials (2 s). 329 
Estimated motion parameters were included as additional regressors of no-interest along 330 
with 4th order polynomials. Activation maps were then transferred to the suma standard 331 
mesh (std.141) using @SUMA_Make_Spec_FS and @Suma_AlignToExperiment.  332 

People and place memory areas were drawn based on a general linear test comparing 333 
coeaicients of the GLM for place memory versus all other categories (personally familiar 334 
faces, body parts, objects, and famous faces). A vertex-wise significance threshold of 335 
p<0.001 was used to draw the pre-constrained ROIs.  336 

ROI aggregation across participants 337 

Below we detail the procedure for establishing the probabilistic group definition for all 338 
regions of interest (scene perception areas: OPA, PPA, MPA; place memory areas: LPMA, 339 
VPMA, MPMA). 340 

 Individual participants exhibit a wide spectrum of activation extent and magnitude during 341 
the localizer tasks. To ensure that that these diaerences did not skew our results and that all 342 
individuals contributed equally to the probabilistic parcellation, we constrained the large 343 
ROIs drawn from the GLM to the subset of the top 800 most selective surface vertices in each 344 
region in their respective task. These vertices had the maximum diaerence between the 345 
category of interest compared to other categories in the task of interest (e.g., in perception, 346 
the vertices with the largest diaerence between scene perception vs face images in Datasets 347 
1&2). If the region of interest had fewer than 800 vertices, all vertices were taken.  348 

The size of the constrained region (800 vertices) was chosen to balance the size of the 349 
regions across subjects, the desire to have the most selective vertices represented, and the 350 
desire for contiguity across the vertices. Our prior publications have considered the top 300 351 
most selective vertices (Steel et al., 2021, 2023), but this constraint has generally resulted in 352 
incontiguous sets of vertices. This led to the adoption of the new, larger set of vertices for 353 
parcel definition. 354 
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We refer to the top 800 most selective vertices as the individualized regions of interest. We 355 
aggregated these individualized regions of interest within Datasets 1, 2, and 3 for 356 
comparison. We also aggregated across all datasets to form the final probabilistic group 357 
parcel definition. We refer to these final probabilistic overlap maps of the individualized 358 
regions of interest as “parcels”. 359 

Comparison across parcels across datasets 360 

We evaluated the success of our parcel definitions for the scene perception and place 361 
memory areas by comparing the location of the parcels across Datasets 1-3. For these 362 
analyses, we focused on Dataset 1 as the basis for comparison for two reasons. First, 363 
Dataset 1 was originally used to establish the place memory areas, and we wanted to 364 
confirm that this original definition was consistent. Second, Datasets 2 had the largest 365 
number of participants to serve as test cases for the generalization of the established 366 
parcels. 367 

We performed three diaerent quantifications: 1) overlap between group-level probabilistic 368 
maps across datasets, 2) proportion of individual constrained ROIs captured by the group 369 
parcel across tasks (i.e., how much did individual participants’ constrained ROIs from 370 
Dataset 2 & 3 overlap with the group parcel from Dataset 1), and 3) whether the individual 371 
participants’ peak of selectivity was captured by the group parcel across tasks (i.e., did the 372 
individual participants’ peak of selectivity from Dataset 2 & 3 fall within the group parcel from 373 
Dataset 1). These metrics provide a comprehensive view of the generalization of the parcels 374 
in independent data.  375 

Shift between scene perception and place memory selectivity 376 

In addition to comparing the parcels across datasets, to we also compared the spatial 377 
dissociation between the scene perception and place memory areas in all participants. We 378 
compared the weighted center-of-mass of the scene perception and place memory areas 379 
using the individualized regions of interest from Datasets 1 & 2 (using the methods described 380 
in (Steel et al., 2021)). Specifically, we calculated the center of mass of the individualized 381 
scene perception and place memory parcels, with the spatial position of each vertex 382 
weighted by its selectivity magnitude (i.e., activation for scene versus face perception or 383 
place versus face memory).  384 

Statistical analysis 385 

Statistics were calculated using MATLAB code (Version 20222a, MathWorks). Data 386 
distributions were assumed to be normal, but this was not statistically tested. Individual 387 
data points are shown. Raleigh’s tests were used to assess the consistency of the direction 388 
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of the shift from perception to memory. Otherwise, paired t-tests were used where indicated. 389 
Alpha level of p < 0.05 was used to assess significance, and Bonferroni correction was 390 
applied where appropriate. 391 

Results 392 

The current study had four aims. First, we wanted to establish the localization of the place 393 
memory areas across multiple datasets with diaerent data acquisition parameters and 394 
experimental design considerations. Second, we wanted to show the consistent 395 
topographic extent and location of the place memory areas with respect to their relationship 396 
with the scene perception areas at an individual subject level. Third, we wanted to compare 397 
the location of the place memory and scene perception areas to other established parcels 398 
involved in scene perception at a group level (Julian et al., 2012; Weiner et al., 2018; Rosenke 399 
et al., 2021). Finally, we wanted to contextualize the place memory and scene perception 400 
areas’ locations within the cortical organization more generally, including their anatomical 401 
locations, and their location compared to large scale cortical networks and gradients. In 402 
addition, we have released a publicly available parcel for the scene perception and place 403 
memory areas for general use that can be downloaded from https://osf.io/xmhn7/. 404 

We defined the place memory areas in individual participants by comparing fMRI activity 405 
when participants recalled personally familiar places compared with other categories. In 406 
Dataset 1 & 2, we contrasted activation when participants recalled places compared with 407 
familiar people’s faces. In Dataset 3, we compared activity when participants recalled 408 
places versus multiple other categories (places versus faces, objects, bodies, and famous 409 
faces). In all Datasets, we defined an initial region of interest for each participant on their 410 
lateral, ventral and medial surfaces based on a contrast of t > 3.3 (p = 0.001, uncorrected). 411 
This region of interest was further constrained to the top 800 most selective surface vertices 412 
as each participant’s “individualized region of interest”. These individualized regions of 413 
interest served as the basis for comparing across datasets. 414 

The place memory areas’ location is consistent across datasets 415 

We began by comparing the location of the most probable location of the place memory 416 
areas across our datasets. Within each dataset (datasets 1-3), we aggregated all 417 
participants’ individualized regions of interest to derive a probabilistic surface map. In this 418 
map, vertices were assigned the probability that they were located within the place memory 419 
areas across all individuals in the dataset. We refer to these probabilistic areas as 420 
parcels(Rosenke et al., 2021). The probabilistic maps for each parcel and their overlap are 421 
shown in Figure 1. 422 
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We observed a high degree of overlap in place memory parcel’s location across the datasets, 423 
despite that the datasets considered diaerent data acquisition, processing methods, and 424 
task conditions. Qualitatively, the spatial location of the parcels was highly similar, as was 425 
the general shape of the cluster. This confirms that the place memory area activation is 426 
highly reproducible, which suggests that these regions are a general feature of cortex and do 427 
not depend on specific design or acquisition/processing methods. We explore the location 428 
of the place memory parcels in greater detail below. 429 

 430 
Figure 1. The most probable location of the place memory selective activity is consistent across datasets. The most 431 
probable location of the lateral, ventral, and medial place memory areas (LPMA, VPMA, MPMA) was based on the 432 
intersection of the top 800 most selective surface vertices for each participant. Probabilistic maps show vertices where 433 
greater than 15% of participants were represented. The extent of these regions for all datasets are outlined in the upper right 434 
panel (Dataset 1: Yellow, Dataset 2: Red, Dataset 3, Blue). The boxed portion of the image is enlarged in the insets (right).  435 

Place memory area parcels capture individualized ROIs across datasets 436 

Having confirmed that we could reproduce the most probable location of the place memory 437 
areas across datasets, we next quantified how well the probabilistic parcels captured the 438 
variability of the place memory region of interests’ locations in independent participants. We 439 
asked two questions: 1) would the probabilistic parcels capture the location of the most-440 
selective vertices from individual-participants from a separate dataset, and 2) how well do 441 
the parcels capture the spatial extent of the individualized regions of interest from an 442 
independent dataset? Answering these questions will establish whether the most probable 443 
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location of the parcels is an adequate description of the topography of these functionally 444 
defined areas. 445 

For these analyses we used Dataset 1 as the basis for comparison, and we restricted the 446 
probabilistic parcels from Dataset 1 with greater than 15% of participants. We used Dataset 447 
1 as the basis for comparison for two reasons. First, we used Dataset 1 to establish the 448 
location of the place memory areas in our original study (Steel et al., 2021), so this analysis 449 
would confirm that our original definition would generalize to new data. Second, Datasets 2 450 
and 3 were more appropriate test datasets. Because Dataset 2 had the most participants, it 451 
provided the most opportunities to test the generalization of the parcel to new individuals. 452 
In addition, because Dataset 3 used a diaerent experimental design, it provided an 453 
opportunity to test whether the location of the individualized regions of interest depended 454 
on the conditions used to localize these areas. Importantly, three subjects from Dataset 1 455 
were also included in Dataset 3; however, because Datasets 1 and 3 used diaerent 456 
conditions and came from separate testing sessions, they are still independent. Results 457 
were comparable when these participants were removed from the analysis of Dataset 3. 458 

Overall, the place memory parcels derived from Dataset 1 generalized to individual 459 
participants from Datasets 2 and 3. Across all of the memory areas, the parcels from Dataset 460 
1 captured the surface vertex with the greatest selectivity to place memory in the majority of 461 
participants in Dataset 2 (Left hemisphere – MPMA: 78%, VPMA: 87%, LPMA: 87%; Right 462 
hemisphere – MPMA: 78%, VPMA: 91%; LPMA: 100%) and Dataset 3 (Left hemisphere – 463 
MPMA: 80%, VPMA: 100%, LPMA: 60%; Right hemisphere – MPMA: 80%, VPMA: 100%; LPMA: 464 
80%) (Figure 2A-B). Qualitatively, most maxima that fell outside of the parcel were very close 465 
to parcels’ edges (Figure 2A). So, it is possible that these peaks could be captured by the 466 
parcel if a more liberal threshold were used.  467 

Likewise, the participants’ individualized regions of interest from Dataset 2 and 3 (top 800 468 
most selective vertices) overlapped substantially with the parcel from Dataset 1 (Figure 2B). 469 
We observed significant overlap (> 50%) between individual participants from Dataset 2 and 470 
parcel from Dataset 1 in all regions and all hemispheres (Dataset 2: ts(23) > 3.54, ps < 471 
0.0018). For Dataset 3, we observed significant overlap (> 50%) between individual 472 
participants in all regions in the right hemisphere (ts(9) > 3.88, ps < 0.004), and in the place 473 
memory parcel on the medial and ventral surfaces in the left hemisphere (ts(9) > 8, ps < 474 
0.001); however, the place memory parcel on the lateral surface did not significantly capture 475 
greater than 50% of the individualized parcels across participants in Dataset 3 (t(9) = 1.62, p 476 
= 0.141). The results for Dataset 3 were similar when overlapping participants were excluded 477 
(Left hemisphere – MPMA: t(7) = 4.99, p = 0.003; VPMA: t(7) = 22.90, p < 0.001; LPMA:  t(7) = 478 
1.33, p = 0.23; Right hemisphere – MPMA: t(7) = 6.30, p < 0.001; VPMA: t(7) = 31.84, p < 0.001; 479 
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LPMA:  t(7) = 3.44, p = 0.014). Across both datasets, only one participant (Dataset 2) had zero 480 
vertices of their ROI confined to the LPMA parcel in the left hemisphere, which was due to 481 
the atypically anterior location of their LPMA ROI compared to other participants.  482 

Collectively, these results show that the original place memory parcels established in the 483 
subjects from Steel et al., 2021 generalize to new datasets with diaerent data acquisition, 484 
processing, and experimental design choices. This suggests that the place memory parcels 485 
from one dataset are adequate descriptors of these areas in new datasets, opening the 486 
possibility of algorithmic region of interest definition based on these established parcels. 487 

 488 
Figure 2. Location of place memory areas is consistent across datasets.  A. Location of the peaks in place memory area 489 
parcels (red outline) compared with the individual participant peaks in place memory selective activity from an independent 490 
set of participants using diQerent fMRI processing and analysis methods (Dataset 2, red) and experimental design (Dataset 491 
3, blue). Participants with peaks within the parcel are shown in red/blue, peaks outside the parcel are shown in yellow/cyan 492 
for Datasets 2 and 3, respectively. Only the left hemisphere is shown. These data are summarized as pie charts for both 493 
hemispheres in panel B and C. B and C. Overlap between the place memory area parcels with individual participant defined 494 
place memory area ROIs (top 800 memory selective surface vertices) from Dataset 2 (B) and Dataset 3 (C). Pie charts show 495 
the percentage of participants with peak selectivity contained within the group parcel. Dotted line indicates 50% overlap 496 
(400 vertices). 497 

Anterior shift for place memory vs. scene perception is reproducible 498 

The place memory areas are thought to support mnemonic processes relevant to visual 499 
scene analysis, and one key piece of supporting evidence is their proximity to the scene 500 
perception areas(Steel et al., 2021). In individual studies, the place memory areas are 501 
reported to lie consistently anterior and adjacent to the scene perception areas on their 502 
respective cortical surfaces (Steel et al., 2021; Srokova et al., 2022). Next, we tested whether 503 
the anterior topographic shift for PMAs relative to SPAs is reproducible across participants 504 
in our three datasets. For these analyses, we considered Datasets 1 and 2, which used the 505 
same experimental design. The results from Dataset 3 will be reported separately in a future 506 
publication. 507 

We addressed the relative location of the place memory and scene perception areas in two 508 
ways. First, in Datasets 1 and 2, we considered the most probable location of the place 509 
memory areas compared to the most probable location of their functionally paired scene 510 
perception areas in the same group of participants. Given the similarity of the place memory 511 
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areas’ locations in Datasets 1 and 2 described above, we combined the individualized 512 
regions of interest from both Datasets. We then compared topography of the scene 513 
perception and place memory area parcels constructed from these combined datasets, 514 
including the location of the maximum probability. To evaluate overlap, we thresholded the 515 
probabilistic place memory and scene perception parcels to represent at least 33% of 516 
participants, a threshold that is consistent with prior publications (Julian et al., 2012; Weiner 517 
et al., 2018; Rosenke et al., 2021). 518 

We found that the place memory parcel was located anterior to the scene perception area 519 
parcel on all cortical surfaces (Figure 3). On the lateral surface, we observed an anterior and 520 
dorsal shift of the place memory parcel compared with scene perception, and we saw a 521 
relatively small amount of overlap between the memory and perception parcels (Percent of 522 
LPMA shared – Left hemisphere = 4.4%; Right hemisphere shared = 8.4%). On the ventral 523 
surface, we observed a nearly veridical anterior shift of place memory compared with scene 524 
perception and approximately half of the memory parcel was shared with the perception 525 
area parcel (Percent of VPMA shared – Left hemisphere = 41.3%; Right hemisphere = 42.9%). 526 
On the medial surface, we observed an anterior and dorsal shift in the peak probability 527 
between the parcel perception and memory parcels, but these parcels had a high degree of 528 
overlap (Percent of MPMA shared – Left hemisphere = 35.6%; Right hemisphere = 61.6%; 529 
note that the small amount of LPMA shared is due to the relatively small size of left MPA at 530 
an overlap of 33%). These results confirm the spatial dissociation between the place 531 
memory and scene perception areas on the lateral surface but suggest a less strong 532 
distinction between the memory and perception responses on the medial surface.  533 

The prior analysis shows an anterior shift of scene perception and place memory activity at 534 
the group level, but it does not capture the consistency of the shift at the individual 535 
participant level. We tested the consistency of this shift in a second analysis by comparing 536 
the location of the weighted center of mass of each participant’s individualized perception 537 
and place memory area regions of interests for each cortical surface (Steel et al., 2021). This 538 
analysis considers the degree of selectivity for the category of places/scenes versus 539 
people/faces during memory and perception, and therefore provides a sensitive measure of 540 
activation shifts between conditions in regions with a high degree of intersubject variability. 541 
Note that this analysis has been previously published using Dataset 1 with a diaerent ROI 542 
definition method (Steel et al., 2021). Here, we replicate that analysis using a new ROI 543 
definition (top 800 most selective scene perception and place memory area vertices), and 544 
we extend that analysis by considering a new set of participants from Dataset 2. A 545 
comparison between scene perception and place memory area activity in Dataset 3 will be 546 
presented elsewhere. The results were consistent across hemispheres, so we report the 547 
average results across hemispheres. 548 
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With this approach, we observed a systematic shift of place memory compared with scene 549 
perception activation on the lateral and ventral surfaces of the brain. In Datasets 1 and 2, on 550 
both lateral and ventral surfaces, the individualized weighted center of mass was 551 
significantly anterior to the scene perception area (Dataset 1 – Lateral: t(13) = 10.22, p < 552 
0.001; Ventral: t(13) = 10.11, p < 0.001; Dataset 2 – Lateral: t(22) = 15.94, p < 0.001; Ventral: 553 
t(22) = 12.17, p < 0.001). On the lateral surface, the angle of this shift was anterior and dorsal, 554 
and it highly consistent across individuals (Dataset 1 – mean±s.d. shift distance = 20.6 ±8.4 555 
mm., Raleigh’s test: z = 13.05, p < 0.001; Dataset 2 – mean±s.d. shift distance = 21.4±9.6 556 
mm, Raleigh’s test: z = 22.24, p < 0.001). On the ventral surface, the shift was largely anterior, 557 
with little medial-lateral variation (Dataset 1 – mean±s.d. shift distance = 17.5±7.5 mm, 558 
Raleigh’s test: z = 13.86, p < 0.001; Dataset 2 – mean±s.d. shift distance = 16.9±7.8 mm, 559 
Raleigh’s test: z = 22.71, p < 0.001). This replicates the anterior shift previously reported 560 
(Steel et al., 2021) using this new individualized ROI definition. Further, this shows that the 561 
magnitude of the shift replicates to a larger sample of participants collected using diaerent 562 
fMRI acquisition and processing methods. 563 

On the medial surface, the displacement of the place memory compared with scene 564 
perception activity was less pronounced. We found a significant anterior shift of the place 565 
memory compared with scene perception activation on the medial surface in Dataset 1 566 
(t(13) = 2.47, p =0.03) along a consistent anterior and ventral angle (Mean±s.d. shift distance 567 
= 6.22±3.0 mm; Raleigh’s test: z = 8.74, p < 0.001), which replicated our prior result with the 568 
new individualized region of interest definition (Steel et al., 2021). However, we did not 569 
observe an anterior shift on the medial surface in Dataset 2. While the activity was shifted 570 
(Mean shift distance = 7.8±6.2 mm; Raleigh’s test: z = 7.76, p < 0.001), the shift of memory 571 
compared to perception was more ventral (t(22) = 5.90, p < 0.001) rather than anterior (t(22) 572 
= 0.79, p = 0.43). Note that the ventral shift of place memory compared with scene 573 
perception activity is not consistent with the most probable location of the cluster reported 574 
above, where the most probable location of the scene perception area was ventral and 575 
posterior to the most probable location of the place memory area. It is likely that the 576 
additional information provided by using magnitude of selectivity to weight the center of 577 
mass for this analysis led to this discrepancy. 578 

Taken together, these results replicate prior work investigating the diaerence in topography 579 
between scene perception and place memory activation in posterior cerebral cortex(Steel 580 
et al., 2021). Specifically, the anterior shift for place memory vs. scene perception is most 581 
prominent on the lateral surface and ventral surfaces, as compared with the medial surface. 582 
This diaerence between cortical surfaces could belie a diaerence in the functional 583 
distinction between the perception and memory areas across the cortical surfaces (see 584 
Discussion). 585 
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 586 
Figure 3. Place memory areas are consistently anterior to scene perception areas. Brain images depict the most probable 587 
location of the place memory (yellow) and scene perception (purple) areas on the brain’s lateral, medial, and ventral 588 
surfaces based on the overlap of the top 800 most selective vertices for each task across all participants. Rose plots depict 589 
the shift in the weighted center of mass oof place memory compared to scene perception activation in individual 590 
participants, split between Datasets 1 and 2 (yellow and red, respectively). This individualized analysis revealed a 591 
consistent shift of place memory compared to scene perception activity on all surfaces (Raleigh’s tests: zs > 7.6, ps < 0.001). 592 
This shift was anterior and dorsal for the lateral surface, anterior on the ventral surface, and ventral on the medial surface. 593 
Note that rose plots orientation is aligned to the respective brain surface plot. Probability maps for parcels are thresholded 594 
at 0.33 overlap across participants, consistent with prior work establishing probabilistic locations of functional areas in 595 
occipito-temporal cortex(Julian et al., 2012; Wang et al., 2015; Weiner et al., 2018; Rosenke et al., 2021). 596 

Location of the place memory areas compared to established scene 597 

perception area definitions 598 

The parahippocampal place area (PPA) and occipital place areas (OPA) are critical parts of 599 
the scene perception system. These regions can be reliably localized by contrasting brain 600 
activity to images of scenes compared to images of other categories like faces, bodies, or 601 
objects; however, the precise contrast used varies between research groups. In an eaort to 602 
standardize the definition of these areas, several groups have published publicly available 603 
parcels of the probabilistic locations of PPA and OPA, defined by contrasting activation 604 
during place images compared to other categories using diaerent localizer stimuli and scan 605 
parameters (Julian et al., 2012; Weiner et al., 2018; Rosenke et al., 2021). How do the place 606 
memory and scene perception parcels defined in this study compare with the probabilistic 607 
locations of parahippocampal place area and occipital place areas from these independent 608 
functional parcels? Specifically, do the place memory areas fall anterior to the probabilistic 609 
location of PPA and OPA as defined by these independent datasets? For these analyses, we 610 
thresholded our probabilistic parcels to at 33% overlap across participants, consistent with 611 
prior work establishing probabilistic locations of functional areas in occipito-temporal 612 
cortex(Julian et al., 2012; Wang et al., 2015; Weiner et al., 2018; Rosenke et al., 2021). 613 

We compared the location of the place memory and scene perception area parcels to three 614 
diaerent publicly available group-defined parahippocampal place areas and two diaerent 615 
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occipital place areas. First, for parahippocampal place area, we considered a probabilistic 616 
definition of this region from Weiner and colleagues (henceforth wPPA) (Weiner et al., 2018). 617 
Second, for both parahippocampal place area and occipital place area, we considered an 618 
atlas of functionally-defined category selective areas, known as the visf atlas (Rosenke et 619 
al., 2021), that includes a scene selective area on the ventral and lateral surfaces (COS-620 
places and TOS-places, respectively). Third, we considered the parahippocampal place area 621 
and occipital place area from Julian and colleagues (Julian et al., 2012).  622 

In sum, we found that the peak of both our ventral and lateral place memory parcels fell 623 
anterior to the peak of every other previously published PPA and OPA/TOS parcel, 624 
respectively (Figures 4-6). With reference to the wPPA parcel from Weiner and colleagues 625 
(Weiner et al., 2018), we found that the peak of our ventral scene perception parcel 626 
corresponded closely to the peak location of the wPPA (Figure 4) (Weiner et al., 2018). While 627 
our scene perception parcel extended posteriorly beyond the wPPA, the maximum 628 
probability was well aligned between these areas. Importantly, the place memory parcel 629 
extended anteriorly beyond the wPPA, and the peak in probability of the place memory 630 
parcel was anterior to peak in probability from the wPPA. This suggests that the scene 631 
perception parcels we defined are well aligned with this definition of the parahippocampal 632 
place area (as previously shown) (Steel et al., 2021). 633 

 634 
Figure 4. Location of most probable location of the place memory and scene perception parcels compared 635 
parahippocampal place area defined by Weiner and colleagues (red outline) (Weiner et al., 2018). Place memory area 636 
parcels combine the most probable locations of participants in Datasets 1 and 2 (33% of participants). Probable location 637 
data is reproduced from Figure 3. 638 

Second, we considered the visf atlas (Rosenke et al., 2021), which contained a ventral and 639 
lateral scene selective area analogous to the parahippocampal place area and occipital 640 
place area (referred to as COS-places and TOS-places); notably COS-places from has a 641 
significantly greater anterior extent compared to the wPPA (Rosenke et al., 2021). We found 642 
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that COS-places extended anteriorly beyond our ventral scene perception area parcel 643 
(Figure 5). Consequently, we observed more overlap between the place memory area parcel 644 
with COS-places. TOS-places also had a greater anterior extent than the lateral scene 645 
perception area parcel, and therefore also overlapped more with the place memory parcel. 646 
We found that the TOS-places region of interest overlapped with the peak of probability of 647 
both the scene perception and place memory parcels on the lateral surface. Importantly, the 648 
place memory parcels were still anteriorly shifted compared to COS-places and TOS-649 
places, which supports our conclusion that the place memory parcels are distinct from 650 
functionally localized visual areas.  651 

 652 

 653 

Figure 5. Location of most probable location of the place memory and scene perception parcels compared to COS-places 654 
and TOS-places defined in the visf atlas (red outline) (Rosenke et al., 2021). Place memory area parcels combine the most 655 
probable locations of participants in Datasets 1 and 2 (33% of participants). Probable location data is reproduced from 656 
Figure 3. 657 

Third, we considered the parcels from Julian and colleagues (Julian et al., 2012), which 658 
contained parahippocampal place area and occipital place area atlas regions of interest 659 
(henceforth jPPA and jOPA, respectively). Interestingly, we found mixed topographic 660 
relationship between our scene perception and place memory area parcels and the Julian 661 
regions of interest (Figure 6). Although we found that the jPPA captured the maximum 662 
probability of our ventral scene perception parcel, our parcel had a larger anterior and 663 
posterior extent, and we observed relatively little overlap between the jPPA and our place 664 
memory parcel. On the lateral surface, the jOPA was shifted anteriorly compared to our 665 
lateral scene perception parcel. Like TOS-places from the visf atlas, the jOPA overlapped 666 
with the maximum probability of both our scene perception and place memory parcel. 667 
However, the lateral place memory parcel was distinct from the jOPA: the lateral place 668 
memory parcel had a greater dorsal-ventral extent compared to the jOPA, and the lateral 669 
place memory parcel was shifted anteriorly compared with the jOPA. Thus, the Julian scene 670 
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perception area regions of interest were qualitatively diaerent in their topographic extent 671 
from the parcels defined from our data.  672 

 673 
Figure 6. Location of most probable location of the place memory and scene perception parcels compared to 674 
parahippocampal place area (PPA) and occipital place area (OPA) regions of interest defined by Julian and colleagues (red 675 
outline) (Julian et al., 2012). Place memory area parcels combine the most probable locations of participants in Datasets 1 676 
and 2 (33% of participants). Probable location data is reproduced from Figure 3. 677 

Place memory areas are at an inflection point between unimodal and 678 

transmodal cortex 679 

The previous results demonstrated the robust localization of place memory selective areas 680 
showed the consistent topographic distinction (anterior shift) between the place memory 681 
activity compared with scene perception activity. Next, we investigated the location of the 682 
place memory and scene perception parcels compared with other proposed anatomical and 683 
functional landmarks of cerebral cortex. Comparing the locations to established landmarks 684 
will provide a more comprehensive understanding the place memory area’s position cortex 685 
more generally. 686 

Glasser atlas 687 

First, to better understand the place memory and scene perception location relative to 688 
known anatomical landmarks, we compared these parcels to the multimodal atlas from 689 
Glasser and colleagues (Glasser et al., 2016). We used the probability maps for the place 690 
memory and scene perception areas combined from Datasets 1 and 2 thresholded to 691 
consider only vertices with greater than 33% of participants represented. 692 

The place memory and scene perception areas were largely centered on diaerent known 693 
anatomical landmarks from the Glasser parcellation (Figure 7). On the lateral surface, the 694 
place memory parcel was situated over PGp and only minimally overlapped with other areas 695 
posterior to PGp. The place memory parcel did extend anteriorly and dorsally into PGs and 696 
intraparietal area 0 and 1. Overall the place memory parcel location may be qualitatively 697 
similar location to the tertiary sulcus slocs-v, based on visual comparison with published 698 
maps (Willbrand et al., 2024). On the other hand, the lateral scene perception parcel was 699 
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situated more posteriorly, falling largely within area V3CD and posteriorly into the fourth 700 
visual area. The portion of the scene perception parcel shared with the place memory parcel 701 
did extend anteriorly into PGp and interparietal area 0, ventrally into LO1, dorsally into V3B. 702 

On the ventral surface, the place memory parcel began at the anterior portion of the 703 
ventromedial visual areas 1-3 and covered the full extent of parahippocampal areas 1-3. The 704 
medial portion of the place memory parcel crossed minimally into presubiculum. The 705 
anterior portion did not overlap with entorhinal or perirhinal cortex, and the posterior extent 706 
of the place memory parcel only minimally overlapped with the ventromedial visual areas 1-707 
3. In contrast, the ventral scene perception parcel was situated within the ventromedial 708 
visual areas 1-3, and centered on ventromedial visual area 2. The scene perception parcel 709 
did extend anteriorly into the middle of parahippocampal areas 1-3. 710 

On the medial surface, both the medial place memory and scene perception parcels 711 
covered the full extent of parieto-occipital area sulcus area 1 and terminated prior to 712 
retrosplenal complex. Both parcels overlapped with the transitional visual area and parieto-713 
occipital sulcus area 2. Neither the place memory or scene perception parcel extended 714 
anterior-dorsally into area 23 A/B or area 7M. 715 

 716 
Figure 7. Location of most probable location of the place memory and scene perception parcels compared to the 717 
anatomical regions from the Glasser MPM atlas (Glasser et al., 2016) (Glasser 2016). On the lateral and ventral surfaces, 718 
the peak probability of the place memory area was centered in a region anterior to the scene perception area. On the lateral 719 
surface, the maximal probability was at the boundary between PGp and PGs, while the scene perception area peak was in 720 
V3CD. On the ventral surface, the place memory area parcel was centered on PHC1-3, while the scene perception area was 721 
located primarily within the VMVA1-3. On the medial surface, both the scene perception and place memory area were 722 
largely confined within POS1.  Place memory area parcels combine the most probable locations of participants in Datasets 723 
1 and 2 (33% of participants). Probable location data is reproduced from Figure 3.  724 
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Retinotopic maps (Wang atlas) 725 

Retinotopic maps, topographic recapitulations of the retina based on voxels’ preferential 726 
responses to stimulation of portions of the visual field, are a hallmark of visual cortical 727 
organization. Although the visual field preferences are shared between retinotopic maps, 728 
many of the retinotopic maps have dissociable roles in visual processing (e.g., the 729 
independent processing of orientation and shape in LO1 versus LO2 (Silson et al., 2013)). 730 
Understanding the location of the scene perception and place memory parcels relative to 731 
these retinotopic maps will help understand these areas’ locations compared to these well-732 
characterized sub-regions of classically visually responsive cortex. To this end, we 733 
compared the most probable location of these parcels with the most probable location of 734 
the retinotopic maps using the atlas from (Wang et al., 2015). 735 

We found that the scene perception parcel largely fell within the retinotopic maps, while the 736 
place memory parcel was generally anterior to these maps, consistent with their respective 737 
roles in perception and memory (Figure 8). On the ventral surface, the peak of scene 738 
perception area probability fell within map PHC2, and the parcel extended posteriorly as far 739 
as map VO1. In contrast, the peak probability of the ventral place memory area parcel was 740 
anterior to map PHC2. The place memory area parcel did extend posteriorly into the PHC2 741 
parcel, but much of the parcel was anterior to the map.  742 

On the lateral surface, the location of the perception and memory parcels followed a similar 743 
pattern to the ventral surface. Most of the scene perception parcel fell within the retinotopic 744 
maps LO1, V3A, and V3B, and the peak of scene perception parcel probability fell within V3A. 745 
On the other hand, the place memory parcel was anterior to these maps, nestled within the 746 
space not considered classically visually responsive between maps LO2, LO1, V3A, V3B, 747 
IPS0, and IPS1.  748 

Taken together, these results show that the place memory parcels are largely anterior to 749 
classic retinotopic maps. This is generally consistent with the assumed dissociation with 750 
their functional roles. Notably, recent work has shown that the place memory areas have 751 
nontraditional visual responses, including systematic negative BOLD responses to 752 
stimulation of positions on the retina (negative retinotopic coding) (Angeli et al., 2024; Steel 753 
et al., 2024b, 2024a), consistent with much of the default mode network of the brain (Szinte 754 
and Knapen, 2020; Christiaan Klink et al., 2021). The diaerence in visual coding between the 755 
scene perception and place memory areas adds to the evidence for their distinct roles in 756 
cognition. 757 
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 758 
Figure 8. The place memory areas fall outside of the retinotopic maps, while the scene perception areas fall largely within 759 
these maps. Retinotopic maps were defined using a maximum probability projection from a standard atlas (Wang et al., 760 
2015). Place memory area parcels combine the most probable locations of participants in Datasets 1 and 2 (33% of 761 
participants). Probable location data is reproduced from Figure 3. 762 

Large-scale cortical networks (Yeo HCP 15) 763 

Within human cognitive neuroscience, there is a growing consensus that the coordinated 764 
activity across large-scale distributed networks of brain areas underpins cognitive 765 
processes like external attention, episodic projection, social processing, and language 766 
comprehension and production (Fox et al., 2005; Buckner et al., 2011; Power et al., 2011; 767 
Braga and Buckner, 2017; DiNicola et al., 2020; DiNicola and Buckner, 2021; Du et al., 2024; 768 
Steel et al., 2024a). Establishing where the place memory and scene perception parcels are 769 
located compared to these distributed networks will help contextualize how these regions 770 
contribute to the brain’s large-scale activity. Importantly, these distributed cortical networks 771 
can be defined within individual participants with suaicient resting-state fMRI 772 
data(Laumann et al., 2015; Braga and Buckner, 2017; Gordon et al., 2017; Gratton et al., 773 
2018; DiNicola and Buckner, 2021; Du et al., 2024). However, it is also common to use 774 
established templates of these networks for group analysis (Buckner et al., 2011) or as priors 775 
for individualized network definition (Kong et al., 2021; Du et al., 2024). So, here we 776 
compared the most probable location of the place memory and scene perception parcels to 777 
a commonly used template from Yeo and colleagues (Buckner et al., 2011). 778 

Overall, the scene perception and place memory parcels were associated with networks 779 
involved in external and internally oriented attention, respectively (Raichle et al., 2001; Fox 780 
et al., 2005, 2006; Steel et al., 2024a) (Figure 9). Specifically, the peak probability of the 781 
scene perception area parcels on the lateral and ventral surfaces fell within the dorsal 782 
attention network A, a network typically associated with externally oriented attention due to 783 
its activation during attentionally-demanding visual tasks (e.g., visual search) (Fox et al., 784 
2005, 2006). On the other hand, the place memory parcels tended to fall at the boundary 785 
between the dorsal attention network B and the default network A, generally associated with 786 
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high-level visual processing and episodic projection and scene construction tasks, 787 
respectively (Braga and Buckner, 2017; Dixon et al., 2017; DiNicola et al., 2020). On the 788 
medial surface, both place memory and scene perception parcels were at the posterior-789 
ventral edge of the large default network A cluster in posterior parietal cortex.  790 

These data are consistent with the role of the scene perception area in high-level visual 791 
analysis. Moreover, they suggest that the place memory parcels may be a transitional zone 792 
between external and internally oriented neural systems that are not well captured by the 793 
canonical networks. However, this should be interpreted with caution, as the topography of 794 
these networks is more accurate when defined in individual participants (Gordon et al., 795 
2017). 796 

 797 
Figure 9. Location of most probable location of the place memory and scene perception parcels compared to the large-798 
scale distributed cortical networks defined by Yeo and colleagues (colored outlines) (Buckner et al., 2011). On the lateral 799 
and ventral surfaces, the scene perception areas fell largely within sensory grounded cortical networks, specifically dATN-800 
A. On the other hand, the place memory area parcels fell within networks associated with more abstract, mnemonic 801 
processing, including the DN-A and dATN-B. On the medial surface, both the scene perception and place memory area 802 
parcels fell within DN-A. Place memory area parcels combine the most probable locations of participants in Datasets 1 and 803 
2 (33% of participants). Probable location data is reproduced from Figure 3.  804 
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Principle gradient (Margulies et al., 2016) 805 

Beyond discrete networks, cortical organization can be characterized by continuous 806 
gradients that transition from unimodal sensory/motor areas to transmodal association 807 
areas. These gradients are thought to reflect increasingly abstract and integrated 808 
information processing (Margulies et al., 2016; Huntenburg et al., 2018; Murphy et al., 2018, 809 
2019). Given that place memory areas appear to bridge perceptual and mnemonic 810 
processes, understanding their position along this gradient could provide insight into their 811 
functional role. Using the principal gradient framework established by Margulies et al., we 812 
examined where scene perception and place memory areas fall along this unimodal-to-813 
transmodal axis (Margulies et al., 2016). We hypothesized that scene perception areas, 814 
which process immediate visual input, would occupy a relatively unimodal position. In 815 
contrast, we predicted place memory areas would fall further along the gradient toward 816 
transmodal cortex, reflecting their role in integrating visual and mnemonic information.  817 

For this analysis, we compared the location of the place memory and scene perception 818 
parcels with the first principal gradient published by Margulies and colleagues (Margulies et 819 
al., 2016). We restricted these parcels to surface vertices with greater than 33% of 820 
participants.  821 

We found that the place memory and scene perception parcels were in distinct portions of 822 
the unimodal-to-transmodal axis (Figure 10). Consistent with our hypothesis, the scene 823 
perception parcels fell largely within unimodal cortex. Intriguingly, on all cortical surfaces, 824 
the place memory parcels fell at the inflection point between unimodal and transmodal 825 
cortex, and the parcels spanned the dominantly unimodal to more dominantly transmodal 826 
cortical territory. This is further support for the distinct roles of the scene perception and 827 
place memory areas, and specifically that the place memory areas may constitute a unique 828 
transition zone between sensory and abstract representations. 829 
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 830 
Figure 10. The scene perception and place memory areas are located at diQerent points along the unimodal-to-transmodal 831 
principal gradient. On the lateral and ventral surfaces, the scene perception parcels are largely confined to unimodal 832 
cortical territory. In contrast, the place memory parcels fall at the inflection point between unimodal and transmodal 833 
cortical territory. Principal gradient data are taken from Margulies et al., 2016(Margulies et al., 2016). Place memory and 834 
scene perception parcels were binarized probability maps containing at least 33% of participant’s individualized perception 835 
or memory area regions of interest. 836 

Place memory and scene perception parcel availability and access 837 

Taken together, these data support the distinction between scene perception and place 838 
memory related activity on the lateral and ventral surfaces. Figure 11 shows a binarized mask 839 
of the probabilistic definition of the scene perception and place memory parcels for both 840 
hemispheres reported here (thresholded at 15% participants), which are available for 841 
download here: https://osf.io/xmhn7/. The 15% threshold was chosen because of the 842 
relative success in capturing the individual local maxima across independent datasets 843 
(Figure 2, above). Parcels are available as volume (nifti) and surface files (SUMA’s NIML 844 
standard mesh 141 density (Argall et al., 2006; Saad and Reynolds, 2012) and Gifti formatted 845 
for the fsaverage template (Fischl, 2012)). We have released a probabilistic definition of 846 
these parcels for users who wish to set their own parcel probability criteria. Finally, we have 847 
released stimulus presentation code and instructions to run the place memory localizer 848 
used in this study. 849 
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 850 
Figure 11. Place memory and scene perception area binarized parcels. Vertices within the parcel were present in greater 851 
than 15% of participant’s individualized perception or memory area regions of interest. 852 

Discussion 853 

Here, we characterized the anatomical locations of the place memory areas, a set of brain 854 
areas that respond more when participants recall personally familiar places compared with 855 
other types of stimuli (Steel et al., 2021), across a relatively large group of participants 856 
spanning three diaerent studies. We made three central observations. First, the place 857 
memory areas’ locations are consistent across participants and diaerent fMRI acquisition 858 
parameters, localizer tasks, and statistical contrasts. Second, within a participant, the place 859 
memory areas lie systematically anterior to the scene perception areas on the lateral and 860 
ventral surfaces. Third, at the group-level, compared with the scene perception areas, the 861 
place memory areas are in regions associated with memory processes. Specifically, the 862 
place memory areas are immediately anterior to the retinotopic maps and previous 863 
published definitions of the scene perception areas(Julian et al., 2012; Wang et al., 2015; 864 
Weiner et al., 2018; Rosenke et al., 2021), at the boundary between Dorsal Attention Network 865 
B and the Default Network B(Buckner et al., 2011), and span the transition between 866 
unimodal and transmodal cortex(Margulies et al., 2016). These group analyses support the 867 
hypothesis that the place memory areas serve as a bridge between perceptual and 868 
mnemonic processes in cortex(Steel et al., 2021, 2023, 2024b, 2024a; Angeli et al., 2024). 869 

Place memory areas are consistently anterior to scene perception areas 870 

on the lateral and ventral surfaces 871 

A striking feature of the place memory and scene perception areas is their topographic 872 
arrangement in cortex. Our initial description revealed that the place memory areas were 873 
located immediately anterior and adjacent to the scene perception areas within individual 874 
subjects (Steel et al., 2021), which was subsequently replicated by our group and others 875 
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(Srokova et al., 2022; Steel et al., 2023, 2024b). The precise arrangement between 876 
perception and mnemonic areas varies by cortical surface: the trajectory between from 877 
scene perception to place memory area is dorsal and anterior on the lateral surface, anterior 878 
and ventral on the medial surface, and anterior on the ventral surface. In addition, earlier 879 
studies found a larger anterior shift for the lateral and ventral place memory areas vs. their 880 
corresponding scene perception areas, as compared with the medial areas (Steel et al., 881 
2021; Srokova et al., 2022). Our findings here replicate these prior findings, with remarkable 882 
consistency between the Datasets. The reproducibility of this shift across participants and 883 
paradigms suggests that a neuroanatomical linking mechanism (e.g., structural 884 
connectivity) may underpin their co-localization. 885 

Unlike the lateral and ventral surfaces, the medial place memory and scene perception 886 
areas were highly overlapping, and the shift of memory versus perception was smaller and 887 
less consistent. The findings from Dataset 1 replicate the original observation of an anterior 888 
(and ventral) shift for the center of mass of memory compared with perception on the medial 889 
surface (Steel et al., 2021). However, we found no anterior shift in Dataset 2. Instead, we 890 
observed a ventral shift of memory compared with perception in Dataset 2, but this shift was 891 
small compared with the shift on the other cortical surfaces (approximately 7mm shift on 892 
the medial versus 18 or 21 mm shift on the ventral and lateral surfaces). In both Datasets, 893 
we observed a considerably more overlap between the perception and memory areas on the 894 
medial surface compared with the lateral and ventral surfaces. As noted in the initial studies 895 
of these areas, these diaerences suggest that the relationship between memory and 896 
perception on the medial surface may be categorically diaerent than the lateral and ventral 897 
surfaces(Steel et al., 2021, 2023).  898 

What does the co-localization memory and perceptual activity for scenes on the medial 899 
surface imply about the medial scene regions’ functions? Prior work suggests that the 900 
medial scene perception area may not be involved in visual analysis, per se, like image 901 
processing related to structure identification (i.e., “this is a tower”) or path detection, 902 
associated with the ventral and lateral surfaces, respectively (Marchette et al., 2015; Julian 903 
et al., 2016; Kamps et al., 2016; Persichetti and Dilks, 2016, 2019; Bonner and Epstein, 2017; 904 
Epstein and Baker, 2019; Henriksson et al., 2019; Lescroart and Gallant, 2019; Dilks et al., 905 
2022). Instead, the medial scene perception area may be involved with more abstract 906 
processes related to joint visuo-mnemonic representation(Epstein et al., 2007; Park et al., 907 
2007; Baumann and Mattingley, 2010; Vass and Epstein, 2013; Marchette et al., 2014; 908 
Robertson et al., 2016; Silson et al., 2018; Berens et al., 2021). Prior work has established a 909 
role for the posterior medial parietal cortex near the parietooccipital sulcus, often referred 910 
to as retrospenial complex, in scene memory and navigation (Maguire et al., 1998; Epstein 911 
et al., 2007; Auger et al., 2015; Chrastil et al., 2018; Steel et al., 2019, 2021; Foster et al., 912 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted January 6, 2025. ; https://doi.org/10.1101/2025.01.06.631538doi: bioRxiv preprint 

https://doi.org/10.1101/2025.01.06.631538
http://creativecommons.org/licenses/by-nc-nd/4.0/


Topography of scene memory and perceptual activity  31 

2023). This area is more active when viewing images of familiar scenes compared with 913 
unknown scenes(Epstein et al., 2007; Steel et al., 2021). In addition, when viewing familiar 914 
scenes, the posterior medial parietal cortex represents allocentric position of that scene in 915 
the environment (Baumann and Mattingley, 2010; Vass and Epstein, 2013; Marchette et al., 916 
2014; Nau et al., 2020). In addition, if the spatial relationship between scenes is known (e.g., 917 
they appear on opposite sides of a street), the medial place area represents the spatial 918 
relationship between these viewpoints within a larger panoramic environment (Robertson et 919 
al., 2016; Berens et al., 2021). Collectively, these functions rely on mnemonic information 920 
associated with familiarity.  921 

Taken together, these results show a qualitative distinction between the importance of 922 
memory in the (nominally) scene perception area on the medial surface. This portion of 923 
cortex also activates during mental imagery of scenes, when recalling past events, and 924 
imagining future events (Gilmore et al., 2015, 2016; Vass and Epstein, 2017; Silson et al., 925 
2018, 2019; Barry et al., 2019; DiNicola et al., 2020). In our data, we observe little distinction 926 
between perceptual and mnemonic activity on the medial surface, with visual scene 927 
perception tasks activating just a small portion of this larger, memory responsive region. 928 
Therefore, we suggest that future work distinguishing between mnemonic and perceptual 929 
processing in scenes might jointly consider this scene perception area (MPA/RSC) and its 930 
mnemonic counterpart MPMA as single memory area, akin to LPMA and VPMA, and separate 931 
from scene perception areas on the ventral and lateral surface (PPA and OPA). Notably, at a 932 
finer scale, the anterior and posterior banks of the parietooccipital sulcus may be 933 
diaerentially involved in memory and perception (Silson et al., 2016, 2018), and it is possible 934 
that these fine-grained distinctions have been blurred at 3T resolution used in this study. 935 
Future work using high- or layer- resolution fMRI may more clearly characterize the visual 936 
selectivity and processes in the medial scene perception and place memory areas. 937 

Place memory areas span the transition from unimodal to transmodal 938 

cortex 939 

Our analyses revealed the place memory areas’ intriguing position at the intersection of 940 
perceptual and mnemonic cortical systems. Rather than simply activating either sensory 941 
regions or memory-related networks like the default network(DiNicola et al., 2020; Du et al., 942 
2024), these areas emerge at their intersection, suggesting they may serve as a functional 943 
bridge between these systems. This pattern was particularly clear in our large-scale network 944 
analyses, where both VPMA and LPMA peaked at the boundary between the dorsal attention 945 
network B and the default network A, which are associated with external and internally 946 
oriented attention respectively(Fox et al., 2005; Dixon et al., 2017; Murphy et al., 2018, 2019). 947 
Likewise, the place memory areas fell at the inflection point between unimodal and 948 
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transmodal cortical territory (Margulies et al., 2016). This position allows these areas serve 949 
as a topographic link between perceptual and mnemonic systems to facilitate their 950 
interaction during complex behaviors like navigation that require continuous interplay 951 
between perception and memory.  952 

The transitional nature of the place memory areas was further supported by their 953 
relationship to know retinotopic maps (Wandell et al., 2007; Wang et al., 2015). Our group 954 
analysis underscored that the memory areas fell at the anterior edge of the known 955 
retinotopic maps, implying that they are interfacing with retinotopic information. However, 956 
these areas may not have a map-like topographic layout typically associated with visually 957 
responsive areas. Instead, our previous work has shown that these regions have a significant 958 
proportion of negative retinotopic voxels (Steel et al., 2024b). Recent work has shown that 959 
this bivalent (negative vs. positive) retinotopic code underpins voxel-scale interactions 960 
across place memory and scene perception areas (Steel et al., 2024b), and broader 961 
perceptual-mnemonic interactions in the brain, including interactions between the default 962 
network and dorsal attention network (Steel et al., 2024a) and between the hippocampus 963 
and cortex (Angeli et al., 2024). The place memory areas’ position at the edge retinotopic 964 
cortex and their mixed response properties suggests that they may organize the retinotopic 965 
information transfer across cortical systems. However, because these results consider 966 
group-aligned data, future work with high-resolution fMRI with dense sampling individual 967 
participants will be critical to investigate these areas’ possible role in bridging perceptual 968 
and mnemonic representation and whether these transitional areas are a general motif of 969 
cortical organization. 970 

An important contribution of this work is characterizing place memory areas within 971 
previously established anatomical atlases and functional frameworks. For example, one 972 
prominent framework of perceptual-mnemonic systems, the PMAT framework (Ranganath 973 
and Ritchey, 2012; Ritchey et al., 2015; Reagh and Ranganath, 2018, 2023; Barnett et al., 974 
2021), posits a “medial temporal network” (MTN), a set of brain areas including the 975 
parahippocampal cortex and precuneus, bridges visual areas to the DMN and the 976 
hippocampus ((Barnett et al., 2021), see also (Andrews-Hanna et al., 2014; Gilmore et al., 977 
2016)). Additionally, within the DMN, two subsystems – the posterior medial networks (PMN) 978 
and the anterior temporal network (ANT) – are thought to represent place (i.e., location, 979 
situation) and item information (i.e., objects and people), respectively (Ranganath and 980 
Ritchey, 2012; Ritchey et al., 2015; Reagh and Ranganath, 2018; Cooper and Ritchey, 2019; 981 
Ritchey and Cooper, 2020). Consistent with the PMAT framework, our group analysis shows 982 
that the place memory areas overlap with the MTN described by Barnett and colleagues 983 
based on their associated Glasser parcels (Glasser et al., 2016). Specifically, both the place 984 
memory areas and the MTN are associated with the parahippocampal areas 1-3 and the PGp 985 
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on the ventral and lateral surface, respectively. Showing this correspondence deepens our 986 
understanding of the place memory areas broader functional profile, implicating them more 987 
directly in autobiographical memory, scene construction, and navigation (Ranganath and 988 
Ritchey, 2012; Cooper and Ritchey, 2019; Ritchey and Cooper, 2020; Barnett et al., 2021). It 989 
also suggests that the place memory areas’ visual properties and functions during memory-990 
guided visual tasks, including their retinotopic coding (Steel et al., 2024b) their role in 991 
representing visuospatial context (Steel et al., 2023), could be integrated within the PMAT 992 
framework. More broadly, this approach of situating brain areas within multiple reference 993 
frameworks helps synthesize findings across diaerent theoretical perspectives and 994 
methodological approaches. 995 

Place memory areas can be localized across diJerent datasets and 996 

protocols 997 

Our results show that the place memory areas are localizable in a larger group of 998 
participants and when considering a broader set of categories in memory (as is common in 999 
studies of perception, e.g., (Stigliani et al., 2015; Weiner et al., 2018; Gomez et al., 2019; 1000 
Allen et al., 2021; Rosenke et al., 2021)). Importantly, we found these areas in all 44 1001 
participants we scanned, and the location of the place memory areas was consistent 1002 
between groups using simple two-category contrast (familiar places versus familiar faces 1003 
memory recall) or multiple categories (familiar places versus familiar faces, objects, bodies, 1004 
famous faces). Taken together, these results show that the place memory areas a robust 1005 
feature of human functional brain organization.  1006 

Interestingly, although the place memory parcels were significantly more anterior than all 1007 
previous scene perception area parcels, including the wPPA (Weiner et al., 2018), CoS-1008 
places and TOS-places region (visf atlas)(Rosenke et al., 2021), and jPPA and jOPA (Julian 1009 
parcels) (Julian et al., 2012), our lateral scene perception parcel was generally more 1010 
posterior than previous scene perception parcels (TOS-places and jOPA). Several 1011 
methodological diaerences may explain this partial discrepancy. First, these prior parcels 1012 
were defined by contrasting activation when participants viewed scenes versus multiple 1013 
other visual categories, while we used a more targeted scenes versus faces contrast to 1014 
match our place memory localizer (places versus people recall). Second, task demands 1015 
diaered across studies - we used passive viewing whereas the data used to define the visf 1016 
atlas employed an oddball task (Rosenke et al., 2021); Julian et al. did not report task 1017 
details(Julian et al., 2012). These diaerences in stimuli and attention demands could 1018 
contribute to the observed variability in parcel location. Taken together, our results reinforce 1019 
the distinction between scene perception and place memory areas on both lateral and 1020 
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ventral surfaces, and our publicly available probabilistic parcels complement existing 1021 
resources by providing bilateral, probabilistic ROIs that capture this distinction. 1022 

Conclusion 1023 

To summarize, understanding the neural systems that subserve perceptual-mnemonic 1024 
interactions is a critical question for neuroscience. Here, we describe the anatomical 1025 
location of the place memory areas (PMAs) on the brain’s lateral, ventral and medial surface, 1026 
which are well poised to facilitate perceptual-mnemonic interactions for scenes. Further 1027 
study of these brain areas could yield critical insights into neural processes underpinning 1028 
spatial cognition and other functions that require the dynamic interplay between perception 1029 
and memory. To support this, we have released the probabilistic maps and parcels defined 1030 
in the large group of participants for public use (https://osf.io/xmhn7/).  1031 

  1032 
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