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Abstract 19 

 20 

Human medial parietal cortex (MPC) is implicated in multiple cognitive processes 21 

including memory recall, visual scene processing and navigation, and is a core 22 

component of the default mode network. Here, we demonstrate distinct subdivisions of 23 

MPC that are selectively recruited during memory recall of either specific people or 24 

places. First, distinct regions of MPC exhibited differential functional connectivity with 25 

medial and lateral regions of ventral temporal cortex (VTC). Second, these same medial 26 

regions showed selective, but negative, responses to the visual presentation of different 27 

stimulus categories, with clear preferences for scenes and faces. Finally, and most 28 

critically, these regions were differentially recruited during memory recall of either 29 

people or places with a strong familiarity advantage. Taken together, these data 30 

suggest that the organizing principle defining the medial-lateral axis of VTC is reflected 31 

in MPC, but in the context of memory recall. 32 

 33 
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Introduction 34 

Human medial parietal cortex (MPC), a core component of the default mode network 35 

(DMN) (Andrews-Hanna et al. 2010), comprises a relatively large expanse of cortex, 36 

spanning the parieto-occipital sulcus to the splenium of the corpus collosum anteriorly 37 

and dorsally to include the precuneus and both the ventral and dorsal portions of the 38 

posterior cingulate cortex (Bzdok et al. 2015).  MPC is associated with a diverse set of 39 

cognitive functions, including (but not restricted to) memory recall (Vilberg and Rugg 40 

2008; Wagner et al. 2005; Gilmore et al. 2015; Kim 2013) visual scene perception 41 

(Epstein et al. 2007; Silson et al. 2016; Baldassano et al. 2013), scene construction 42 

(Hassabis et al. 2007), processing of spatial and other contextual associations (Bar and 43 

Aminoff 2003), navigation (Epstein 2008), future thinking (Benoit et al. 2015; Szpunar et 44 

al. 2007; Gilmore et al. 2016), and mental orientation (Peer et al. 2015). Given such 45 

diverse recruitment of MPC across cognitive domains historically considered largely 46 

independent (e.g. visual processing, memory), the absence of a clear consensus with 47 

regard to the function and overarching organization of MPC is perhaps unsurprising 48 

(Gilmore et al. 201; Chrastil 2018).  49 

 50 

Network analyses using resting-state-functional-connectivity (RSFC) have identified 51 

either a single DMN “hub” region (Buckner et al. 2008) or multiple networks (Power et 52 

al. 2014; Braga and Buckner 2017; Gilmore et al. 2018) that are often described as 53 

DMN subnetworks (Andrews-Hanna et al. 2010; Yeo et al. 2011; Doucet et al. 2011). 54 

Task-based analyses also suggest a fractionation beyond a single region (Andrews-55 

Hanna et al. 2010; Peer et al. 2015; Chrastil 2018), with, for example, evidence that the 56 
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ventral and dorsal portions of posterior cingulate cortex interact differently with the rest 57 

of DMN during cognitive control (Leech et al. 2011). Further, recent work has reframed 58 

MPC (and the DMN) in terms of large-scale cortical gradients (Margulies et al. 2016), 59 

conceptualizing MPC as the most abstract extension of the ventral visual pathway 60 

(Murphy et al. 2018; 2019). Beyond MPC’s link with the DMN, others have described 61 

divisions of MPC along both the posterior-anterior and ventral-dorsal axes in terms of 62 

cytoarchitecture (Vogt, 2009), structural connectivity (Parvizi et al. 2006), RSFC 63 

(Marguiles et al. 2009; Vidaurre et al. 2018; Bzdok et al. 2015), and 64 

electrocorticography (Foster et al. 2012; Daitch & Parvizi, 2018).  65 

 66 

The question of the underlying functional organization of MPC is clearly complicated 67 

and could potentially benefit from a simple and more unified perspective. A promising 68 

lead on one such organization has come from recent work demonstrating a strong 69 

functional link between anterior ventral temporal cortex (VTC) and MPC (Baldassano et 70 

al. 2013; 2016; Silson et al. 2016). Specifically, a small region of MPC directly anterior 71 

of (visually) scene-selective medial place area (MPA) (Silson et al. 2016) showed strong 72 

functional connectivity with anterior portions of scene-selective parahippocampal place 73 

area (Epstein 2008) (aPPA), located in medial VTC. This connectivity-defined region 74 

overlaps with regions of MPC engaged during memory recall (Silson et al., 2019), 75 

suggesting that the ventral/posterior aspect of MPC may contain distinct areas biased 76 

toward scene processing for vision and memory, respectively. 77 

 78 
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What else might we learn from examining potential links between MPA and VTC? Whilst 79 

the previous functional link between MPC and VTC was based upon parcellating PPA 80 

along its posterior-anterior axis, the functional organization of VTC varies more 81 

dramatically along the orthogonal medial-lateral axis. Indeed, multiple functional 82 

dimensions are thought to be represented along this axis, including category preference 
83 

(Kanwisher et al. 1997; Deen et al. 2017) (e.g. scenes, objects, tools and faces), 84 

eccentricity (Levy et al. 2001; Arcaro and Livingstone 2017) (e.g. peripheral, foveal), 85 

animacy (Konkle and Caramazza 2013), and even real-world size (Konkle and Oliva 86 

2012). Further, the mid-fusiform sulcus (MFS) (Weiner et al. 2014) has been identified 87 

as an anatomical landmark marking a transition point within each dimension (e.g. 88 

scene-selectivity medial of the MFS, face-selectivity lateral of the MFS). These robust 89 

functional differences across the medial-lateral axis of VTC—and their well-90 

characterized, category-specific nature—may provide an effective perspective from 91 

which to investigate the organizational structure of MPC.  92 

 93 

To investigate whether the functional organization of MPC reflects that of VTC, we 94 

conducted three independent fMRI experiments. First, we found that distinct 95 

subdivisions of MPC have preferential functional connectivity to anterior portions of 96 

medial and lateral VTC, respectfully. Second, these MPC subdivisions showed 97 

differential evoked responses to the presentation of different visual categories, with 98 

clear evidence for scene and face preferences. Third, and most critically, these 99 

subdivisions were selectively recruited during memory recall of either specific places 100 

(i.e. scenes) or specific people (i.e. faces). Finally, an independent whole-brain analysis 101 
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of memory recall effects revealed an even finer division within MPC, with four 102 

identifiable regions showing an alternating (place/people) pattern of selective 103 

recruitment during memory recall. 104 

 105 

Taken together, these findings provide converging evidence for a reflection of the 106 

functional organization of VTC in MPC. This organization was evident at rest, in 107 

response to visual stimulation, and most strikingly, during memory recall. The 108 

alternating pattern of responses throughout MPC provides a framework for 109 

understanding the broader functional organization of MPC and may tie together many of 110 

the disparate observations reported across the literature. Collectively, these data 111 

support the notion that the functional organization defining the medial-lateral axis of 112 

VTC is reflected along the ventral/posterior-dorsal/anterior axis MPC, but in the context 113 

of memory retrieval.  114 

 115 

Results 116 

Subdivisions of MPC show preferential functional connectivity with medial and 117 

lateral portions of VTC  118 

To determine whether the functional organization along the medial-lateral axis of VTC is 119 

reflected in MPC, we first utilized resting-state functional connectivity data (n=65).  Six 120 

regions of interest (ROIs) were defined anatomically in each hemisphere that divided 121 

VTC along both the posterior-anterior and medial-lateral axes with respect to the MFS 
122 

(Weiner et al. 2014), allowing us to characterize the connectivity profile between VTC 123 

and MPC more precisely (Fig. 1a). A winner-take-all analysis (see Methods) revealed a 124 
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ventral-posterior MPC region (referred to as MPC ventral, MPCv) that showed strongest 125 

connectivity with the anterior medial ROI and an adjacent dorsal-anterior region 126 

(referred to as MPC dorsal, MPCd) that showed strongest connectivity to the anterior 127 

lateral ROI (Fig. 1b). Such a pattern of connectivity suggests a reflection of the 128 

functional organization defining the medial-lateral axis of VTC along the 129 

posterior/ventral-anterior/dorsal axis of MPC. 130 

 131 

Subdivisions of MPC show differential responses to visually presented categories  132 

Having identified distinct subdivisions of MPC based on differential functional 133 

connectivity with anterior portions of medial and lateral VTC, we next sought to 134 

determine whether these subdivisions would respond differentially to the visual 135 

presentation of different stimulus categories (Scenes, Faces, Buildings, Bodies, Objects 136 

and Scrambled Objects) (see Methods). Differentiation on the basis of stimulus 137 

category would be reminiscent of the category-preference changes along the medial-138 

lateral axis of VTC. 139 

 140 

In a second independent group of participants (n=29), we calculated the mean response 141 

to each category (given as the t-value versus baseline) in both ROIs and hemispheres 142 

separately. Unlike category-selective regions of VTC (e.g. PPA, Fusiform Face Area, 143 

FFA), which typically exhibit positive responses to the presentation of visual stimuli, we 144 

observed negative response magnitudes to all categories within both MPC subdivisions. 145 

Despite this general tendency for negative magnitudes, responses also appeared to 146 

differentiate on the basis of category, with scenes evoking the strongest response (i.e. 147 
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least negative) in MPCv and faces evoking the strongest response in MPCd of both 148 

hemispheres (Fig. 2). 149 

 150 

To explore these effects further, mean response magnitudes for each category were 151 

subjected to a one-way repeated measures Analysis of Variance (ANOVA) with 152 

Category (6 levels) as a within-participant factor. MPCv exhibited a significant main 153 

effect of Category in both the left (F(5, 140)=71.38, p<0.0001, partial 2=0.72) and right 154 

(F(5, 140)=49.46, p<0.0001, partial 2=0.64) hemispheres. Consistent with the stronger 155 

functional connectivity with medial VTC, the response to scenes was significantly 156 

different from other stimulus categories in both hemispheres (t > 5.34, p<0.001, in all 157 

cases, Bonferroni corrected) (Fig. 2a).  158 

 159 

MPCd also exhibited a significant effect of Category within both left (F(5, 140)=19.28, 160 

p<0.0001, partial 
2=0.48) and right F(5, 140)=12.66, p<0.0001, partial 

2=0.31) 161 

hemispheres. However, in this case the response to faces was only significantly 162 

different from Buildings and Scrambled Objects in the left hemisphere (t > 3.86, 163 

p<0.001, Bonferroni corrected; p>0.05, in all other cases), whereas the response to 164 

faces was significantly different from all categories except Objects (p>0.05) in the right 165 

hemisphere (t > 3.54, p<0.001, Bonferroni corrected) (Fig. 2b). Collectively these 166 

results demonstrate a preference for scenes and faces within MPCv and MPCd, 167 

respectively. The overall pattern of negative responses evoked by visual stimuli is 168 

consistent with the widely-reported negative responses within MPC (and the broader 169 

DMN) when orienting to external stimuli27. However, motivated by the apparent scene 170 
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and face preference within these regions and the fact that MPC is typically engaged 171 

positively during introspective tasks such as scene-construction from memory and 172 

mental imagery, we hypothesized that these MPC subdivisions would become 173 

differentially recruited during memory recall of either specific places (MPCv) or specific 174 

people (MPCd), respectively. 175 

 176 

Subdivisions of MPC differentially recruited during memory recall of specific 177 

places or specific people 178 

To investigate the hypothesis that MPCv/MPCd would be differentially recruited during 179 

memory recall of specific places and people, respectively, we conducted a memory 180 

recall experiment in a third independent group of participants (n=24). Participants 181 

performed six runs of a memory recall task, in which they were cued to recall from 182 

memory either specific places or specific people. Here, a simple 2 x 2 design was 183 

employed with two categories (Places, People) and two levels of familiarity (Famous, 184 

Personal) (Fig. 3a). Such a design allowed us to test the predictions that MPCv/MPCd 185 

would be selectively recruited during recall of specific places and people, respectively, 186 

whilst the addition of personally relevant stimuli provided a means to assess whether 187 

such category-selective recruitment was dependent on the richness of internal 188 

representations. In order to test this hypothesis, we looked in each region for the effects 189 

of category, familiarity and their potential interaction.  190 

 191 

Subdivisions within MPC showed strikingly different response profiles during memory 192 

recall (derived by averaging the evoked responses across all trials per condition). Within 193 

MPCv, responses were maximally positive (relative to baseline) for the recall of 194 
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personally familiar places, whereas responses during recall of famous people were 195 

maximally negative (Fig. 3b). In contrast, responses within MPCd were maximally 196 

positive for the recall of personally familiar people and maximally negative during recall 197 

of famous places (Fig. 3c). To quantify these responses, we calculated the mean 198 

contrast response (given by the t-value versus baseline) within each ROI to all 199 

conditions from the GLM analysis (See Methods). These responses were then 200 

subjected to a three-way repeated measures ANOVA for each ROI separately, with 201 

Category (People, Places), Familiarity (Famous, Personal) and Hemisphere (Left, Right) 202 

as within-participant factMPCv selectively recruited during memory recall of 203 

specific places 204 

Within MPCv, the main effects of Category (F(1, 23)=75.40 p=1.02-8, partial 2=0.76), 205 

Familiarity (F(1, 23)=128.61 p=6.78-11, partial 2=0.85) and Hemisphere (F(1, 23)=4.92 206 

p=0.03, partial 2=0.17) were significant, reflecting on average greater responses for the 207 

recall of places over people, personal over famous stimuli and in the right compared to 208 

left hemisphere, respectively. However, these main effects were qualified by a 209 

significant three-way interaction (Category by Familiarity by Hemisphere: F(1, 23)=7.19 210 

p=0.01, partial 2=0.24). This interaction reflects a larger familiarity difference (Personal 211 

> Famous) between categories (Place > People), in the right over left hemisphere. 212 

Further, we performed separate two two-way ANOVAs in each hemisphere separately 213 

with Category and Familiarity as factors. In both hemispheres, the Category by 214 

Familiarity interaction was significant (Left: F(1, 23)=31.19, p=0.00001, partial 2=0.56; 215 

Right: F(1, 23)=49.51, p=3.59-7, partial 2=0.68), reflecting a larger familiarity difference 216 

for the recall of places over people in both hemispheres (Fig. 4a).  217 
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 218 

MPCd selectively recruited during memory recall of specific people 219 

Within MPCd, the main effects of Category (F(1, 23)=47.53 p=4.98-7, partial 2=0.67), 220 

Familiarity (F(1, 23)=82.33 p=4.62-9, partial 2=0.78) and Hemisphere (F(1, 23)=10.70 221 

p=0.003, partial 2=0.32)  were again significant, reflecting on average greater 222 

responses for the recall of people over places, personal over famous stimuli and in the 223 

right compared to left hemisphere, respectively. Whilst, we did not observe a significant 224 

three-way interaction, several significant two-way interactions were observed. 225 

Importantly, the Category by Familiarity interaction (F(1, 23)=7.89 p=0.01, partial 226 


2=0.25), was significant, which reflects a larger familiarity difference for the recall of 227 

people over places with no clear difference between hemispheres (Fig. 4b). (see 228 

Supplementary File 1b for full statistical breakdown).  229 

 230 

Consistent topography of memory recall effects within MPC 231 

Both MPC subdivisions showed differential recall effects for places and people, 232 

respectively, coupled with an overall familiarity advantage. The topography of this 233 

differential recruitment during recall was strikingly consistent across individuals. Indeed, 234 

throughout MPC comparisons of the peak locations for the recall of personal places and 235 

personal people demonstrates a consistent shift along the ventral/posterior– 236 

dorsal/anterior axis. Across all participants and hemispheres, the peak response during 237 

recall of personal people was always anterior and dorsal to the peak response during 238 

recall of personal places (Fig. 5).  239 

  240 
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Alternating pattern of place and people memory recall throughout MPC 241 

Having established that subdivisions of MPC are differentially recruited during memory 242 

recall, we next sought to determine whether areas outside of these initial ROIs showed 243 

similar effects. Accordingly, we performed a whole-brain Linear-Mixed-Effects (LME) 244 

modelling analysis to look for regions of the brain displaying main effects of Category 245 

(Places, People), Familiarity (Famous, Personal) and their interaction (see Methods). 246 

At the whole-brain level, we did not observe any regions showing a significant 247 

interaction (at the selected statistical threshold), although significant responses to both 248 

main effects were present. The main effect of Category (collapsed across familiarity) 249 

revealed a complex pattern of differential recruitment throughout the brain. Most 250 

strikingly, along the ventral/posterior-dorsal/anterior axis of MPC, we observed an 251 

alternating pattern of memory recall: four adjacent subdivisions that alternated between 252 

being selectively recruited by the recall of places, then people, then places and finally 253 

people (Fig. 6a). Notably, the first two subdivisions (refereed to here as ROIs 1 & 2) 254 

were largely equivalent to the connectivity-defined MPCv and MPCd (see 255 

Supplementary Material for spatial overlap). Thus, this analysis not only confirmed 256 

the differential recruitment during memory recall of MPCv and MPCd, but also, revealed 257 

two anterior subdivisions within bilateral MPC that showed similar patterns of selective 258 

recruitment (ROIs 3 & 4). Strong memory recall for places was also present in aPPA in 259 

both hemispheres (Fig. 6a). In contrast to the alternating pattern of place and people 260 

recall, the effect of familiarity (collapsed across category) manifested as an advantage 261 

for the recall of personally familiar over famous stimuli, irrespective of category within a 262 

relatively large swath of MPC (Fig. 6b).  263 
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To quantify the selective recruitment within each of these four MPC subdivisions in an 264 

independent manner, we implemented a split-half analysis. First, in each participant, we 265 

divided the six memory runs into odd and even datasets (3 runs each). Next, we 266 

performed the same LME analysis as above in each dataset separately (see Methods). 267 

Between the odd and even splits, the topography and magnitude of the effect of 268 

category was robust and highly correlated across splits and hemispheres, respectively 269 

(left hemisphere: r =.81, R2 =0.65; right hemisphere: r =.84, R2 =0.71) (Fig. 7a). In order 270 

to determine estimates of effect size, we defined each MPC subdivision in one half the 271 

data (e.g. Odd) and sampled the responses to all conditions from the other half (e.g. 272 

Even). This process was then reversed, and the average computed. We observed a 273 

consistent and alternating pattern of selective recruitment throughout MPC. Recall of 274 

specific places selectively recruited ROIs 1 and 3, whereas recall of specific people 275 

selectively recruited ROIs 2 and 4. Consistent with our initial analyses, all four MPC 276 

subdivisions exhibited a familiarity advantage, which manifested as a selective 277 

enhancement in response for personally familiar items (Places = ROIs 1 and 3, People 278 

= ROIs, 2 and 4) (see Supplementary File 1c-1f for full statistical breakdown).  279 

 280 

Memory recall effects beyond MPC 281 

Significant effects of place and people recall were also evident throughout the brain. In 282 

particular, the posterior angular gyrus, inferior temporal sulcus, and superior frontal 283 

regions were recruited during place recall, whereas the recall of people recruited the 284 

insula and anterior temporal regions, particularly in the right hemisphere (Figure 6-285 

figure supplement 1). Advantages for the recall of personally familiar stimuli were 286 
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present within anterior cingulate cortex and insula in both hemispheres (Fig. 6b), as 287 

well as regions on the lateral surface, including superior-frontal, the superior-temporal 288 

sulcus, and angular gyrus/caudal inferior parietal lobule (Figure 6-figure supplement 289 

1). In contrast, recall effects associated with famous over familiar stimuli were sparse 290 

and non-significant.  291 

 292 

Memory recall effects were also observed within functionally-defined scene- and face-293 

selective regions of VTC (i.e. PPA, FFA). Both regions were recruited during recall of 294 

items from their preferred category (i.e. greater response to place-specific memory in 295 

PPA, greater response to people-specific memory in FFA), although the magnitude of 296 

these memory effects were markedly weaker than within MPC (Figure 6-figure 297 

supplement 2 and see Supplementary File 1g for full statistical breakdown). 298 

 299 

In addition to cortical ROIs, significant memory recall effects were also present in the 300 

hippocampus and amygdala bilaterally. The hippocampus showed an effect of category, 301 

with larger responses during recall of places over people, whilst also showing a strong 302 

familiarity advantage with larger responses for personally familiar over famous stimuli 303 

(Figure 6-figure supplement 3). In contrast, the amygdala showed only an effect of 304 

category, with larger responses during recall of people irrespective of the level of 305 

familiarity (Figure 6-figure supplement 3; see Supplementary File 1h for full 306 

statistical breakdown). 307 

 308 

 309 

 310 

 311 
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Discussion 312 

 313 

Across three independent fMRI experiments, we demonstrate two major subdivisions of 314 

MPC that exhibit i) differential functional connectivity to medial and lateral portions of 315 

anterior VTC, ii) show negative BOLD responses during visual perception with clear 316 

preferences for scenes and faces and iii) are differentially recruited during memory 317 

recall for either specific places or specific people. Further, at the whole-brain level we 318 

identify a second pair of anterior regions, which exhibit the same selective recruitment 319 

during memory recall for places and people, revealing a total of four subdivisions within 320 

MPC. Taken together, these findings provide converging evidence that the functional 321 

organization defining the medial-lateral axis of VTC is reflected along the 322 

ventral/posterior-dorsal/anterior axis of MPC, but in the context of memory recall. 323 

 324 

The functional organization of medial parietal cortex 325 

The selective recruitment of MPC during recall of places or people is consistent with a 326 

diverse literature linking MPC with multiple memory processes (Vilberg and Rugg 2008; 327 

Wagner et al. 2005; Gilmore et al. 2015; Kim 2013). Unlike previous neuropsychological 328 

work (Valenstein et al. 1987; Arnott et al. 2008; Gainotti et al. 1998), which lacked the 329 

spatial specificity to examine the heterogeneity of MPC or neuroimaging work  that has 330 

associated MPC divisions with broad domain-level processes (Wagner et al. 2008; 331 

Andrews-Hanna et al. 2010), we provide evidence for a set of functionally dissociable 332 

sub regions along the ventral/posterior-dorsal/anterior axis of MPC that appear selective 333 

for places and people, reminiscent of category-selective areas along the medial-lateral 334 

axis of VTC.  335 
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Initially, we focused on two MPC subdivisions, defined on the basis of preferential 336 

functional connectivity to medial and lateral portions of anterior VTC, respectively. 337 

These subdivisions exhibited different (albeit negative) responses to visually presented 338 

categories and were differentially recruited during memory recall. During the recall of 339 

specific places, MPCv showed strong positive evoked responses, which contrasted with 340 

negative evoked responses during the recall of specific people. In contrast, MPCd 341 

showed largely the opposite pattern - large positive evoked responses during recall of 342 

personally familiar people, but not during the recall of either famous people or places. 343 

These data show a clear division between ventral/posterior and dorsal/anterior portions 344 

of MPC based on the content of the recalled memory. This division is broadly consistent 345 

with prior anatomical (Vogt, 2009; Parvizi et al. 2006) and functional imaging (Marguiles 346 

et al. 2009; Vidaurre et al. 2018; Foster et al. 2012; Marguiles et al. 2016; Peer et al. 347 

2015) work that also identified divisions within MPC along this axis, but did not do so on 348 

the basis of recalled content.  349 

 350 

The cortical locations of MPCv/MPCd are consistent with previous observations of 351 

memory related activity (Andrews-Hanna et al., 2010; Peer et al. 2015; Gilmore et al. 352 

2018; Kuhl & Chun, 2014; Chen et al. 2017). Indeed, the locations of MPCv/MPCd are 353 

qualitatively similar to regions recruited when participant’s mentally oriented by either 354 

making egocentric distance judgments between two places (i.e. which location is 355 

physically closest to them), or between two people (i.e. which of two people are 356 

personally closer to them), respectively (Peer et al. 2015). Although such a distance 357 

judgement undoubtedly requires recalling specific information, our findings suggest that 358 
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an explicit distance task is not required to functionally isolate MPCv and MPCd. In the 359 

current study, participants were not asked to make social and spatial distance 360 

judgments, but merely to recall from memory either specific people or places. This, we 361 

believe, provides strong evidence for the role that MPCv/MPCd play in our ability to 362 

recall specific features from memory—and seemingly in a manner that recapitulates 363 

VTC organization.  364 

 365 

Importantly, we also identify a second pair of anterior regions along the same 366 

ventral/posterior-dorsal/anterior axis, that fall anterior of the ‘place’ and ‘people’ regions 367 

reported by Peer et al (2015), revealing a total of four subdivisions selectively recruited 368 

during memory recall for people or places in an alternating pattern. One intriguing 369 

feature of this anterior pair of regions was that the pattern of selective recruitment 370 

remained despite an overall reduction in the magnitude of responses to recalled stimuli, 371 

as compared to MPCv/MPCd. The location of this anterior pair appears qualitatively 372 

similar to the ‘time’ region identified by Peer et al (2015). It is possible that the posterior 373 

and anterior pairs we identified play complementary and yet different roles in 374 

representing information about people and places. Elucidating any potential differences 375 

between these pairs of regions and how they may relate to the representations of time 376 

reported by Peer et al (2015) are key goals for future work. 377 

 378 

A major contribution of the current work is the demonstration that the functional 379 

organization defining the medial-lateral axis of VTC is reflected along the 380 

ventral/posterior-dorsal/anterior axis of MPC. The present work informs other recent 381 
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parcellations of MPC (Chrastil 2018; Power et al. 2014; Braga and Buckner 2017; Yeo 382 

et al. 2011). For example, a recent meta-analysis attempted to divide a ventral portion 383 

of MPC (referred to as retrosplenial complex) on the basis of different fMRI task 384 

activations (Chrastil 2018). Although the majority of MPC was found to be recruited 385 

during memory tasks, a ventral/posterior region was more likely to be recruited during 386 

scene and navigation-related tasks, whilst more dorsal/anterior portions were more 387 

likely to be involved in theory-of-mind and social/emotional tasks. Similarly, a recent 388 

report (Andrews-Hanna et al. 2010) separated social regions of MPC (i.e. those 389 

engaged with theory-of-mind tasks) from those involved with constructive memory or the 390 

formation of contextual associations (Hassabis et al. 2007; Bar and Aminoff, 2003). 391 

These divisions align well with the differential memory recall effects reported here. The 392 

dorsal and ventral divisions also align well with recent studies that have attempted to 393 

map social network representations (Parkinson et al. 2017) and representations of 394 

familiar scenes (Sugiura et al. 2005), respectively. Our results provide a framework for 395 

understanding these previously-reported mnemonic effects by highlighting the apparent 396 

organizational link between the ventral/posterior-dorsal/anterior axis of MPC and the 397 

medial-lateral axis of VTC. Perhaps more importantly, these robust effects were evoked 398 

by the relatively simple task of recalling items that were cued by word stimuli only (or 399 

even merely perceiving presented stimuli), as opposed to performing more complex 400 

contextual association (Hassabis et al. 2007), navigation (Chrastil 2018), social 401 

judgment (Parkinson et al. 2017), or mental orientation tasks (Peer et al. 2015). Such 402 

strong recruitment of MPC through a simple paradigm is consistent with recent work 403 

showing that MPC (and the larger DMN) plays a role in simple spatial judgments of 404 
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shapes and objects, particularly when made from memory (Konishi et al. 2015; Murphy 405 

et al. 2018; 2019). Consequently, these simple paradigms pave the way for future 406 

research to potentially address functional heterogeneity in MPC using tasks that target 407 

specific cognitive processes. 408 

 409 

Relating MPC to large-scale cortical networks 410 

The role of MPC is often considered in the context of the DMN (Andrews-Hanna et al. 411 

2010). Although initially conceived as a singular entity (Raichle et al. 2001), the DMN 412 

has more recently been divided into two (Shirer et al. 2012) or three (Andrews-Hanna et 413 

al. 2010) subnetworks. In the “three network” framework, much of MPC and ventral 414 

medial prefrontal cortex act as a “core” that flexibly integrates information between the 415 

“dorsal” and “ventral” subnetworks (Andrews-Hanna et al. 2010). Our results challenge 416 

this ‘core’ conceptualization by suggesting that MPC is fractionated along the same 417 

lines as these subnetworks: the dorsal component of the DMN, which overlapped 418 

regions recruited during people memory, is associated with social/semantic processing 419 

(Andrews-Hanna et al. 2010) (Fig. 8a), while, the ventral component, which is often 420 

referred to as a ‘scene construction’  or ‘contextual association’ (Hassabis et al. 2007; 421 

Bar and Aminoff 2003) network overlaps with regions recruited during place memory 422 

(Fig. 8b). 423 

 424 

In the “two network” framework (Shirer et al. 2012) the DMN is comprised of dorsal and 425 

ventral subnetworks without a clear integrative ‘core’. This framework is also consistent 426 

with recent work using highly-sampled participants to identify two parallel and 427 
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interdigitated networks spanning cortex (Braga and Buckner 2017). These two functional 428 

networks—both of which appeared to overlap with the canonical DMN—could be 429 

differentiated through functional connectivity, given sufficient data, but stopped short of 430 

describing their specific functional organization. Our data provide a possible functional 431 

account of these networks by anchoring them to differential recruitment based on the 432 

content of perceived images as well as recalled memories, and moreover, demonstrate 433 

that such an interdigitated pattern of regions can be identified at the group-level given 434 

appropriate tasks. 435 

 436 

The MPC regions we report also appear to overlap with the recently proposed “posterior 437 

medial” (PM)  memory system and the effects we observe are broadly consistent with 438 

the notion that the PM system is involved in recollecting episodic details, constructive 439 

uses of memory, and social cognition (Ranganath and Ritchey 2012). However, the 440 

present work suggests a differentiation within the PM system based on the recall of 441 

places and people, which was not discussed originally, suggesting that MPC’s role in 442 

memory recall does not fit neatly into a simple “binary systems” model. More recently, a 443 

parietal memory network (PMN)  (Gilmore et al. 2015, McDermott et al. 2017) has been 444 

identified, which includes regions within both lateral parietal cortex and MPC that are 445 

thought to be distinct from those within the DMN/PM (Yang et al. 2013; Yang et al. 446 

2019; Gilmore et al. 2019a; Gilmore et al. 2019b) system. The memory effects we report 447 

overlap with DMN regions and appear close to, but separate from, those within the PMN 448 

(i.e., do not extend to mid-cingulate cortex or posterior aspects of the precuneus). This 449 
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adjacency reinforces the conceptual separation of processes associated with the PMN 450 

and the DMN/PM system, respectively.  451 

  452 
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Functional correspondence between VTC and MPC 453 

Multiple interrelated functional organizations are thought to be represented along the 454 

medial-lateral axis of VTC (Kanwisher et al. 1997; Deen et al. 2017; Levy et al. 2001; 455 

Arcaro and Livingstone 2017; Konkle and Caramazza 2013). How the current data fit in 456 

the context of these organizations thus requires careful consideration.  457 

 458 

Category-selectivity is one organizing principle thought to define the medial-lateral axis 459 

of VTC. Even at early stages of cortical development (Deen et al. 2017; Arcaro and 460 

Livingstone 2017), category-selective regions appear in stereotypical locations across 461 

individuals. This consistency across individuals and developmental time-frames 462 

supports the notion that categories are represented within discrete regions of VTC. The 463 

pattern of functional-connectivity, perceptual and memory recall effects we report are 464 

consistent with the presence of this motif within MPC. However, other functional 465 

dimensions are also thought to be represented along the medial-lateral axis of VTC, and 466 

the extent to which they interact and relate to one-another, and in-turn relate to the 467 

organization of MPC, is an open question (Arcaro and Livingstone 2017; Livingstone et 468 

al. 2019).  469 

 470 

For example, eccentricity also varies systematically along the medial-lateral axis of VTC 471 

(Levy et al. 2001). Indeed, these eccentricity representations are so highly correlated 472 

with category preference (e.g. PPA is peripherally biased, whereas FFA is foveally 473 

biased) that eccentricity has been suggested to form a prototypical organization onto 474 

which such selectivity later develops with visual experience (Silson et al. 2015; Arcaro 475 
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and Livingstone 2017). It may be that the selective recruitment we observe in MPC 476 

during memory recall arises in a similar manner: That is, it is possible that the 477 

development of categorical-preference in VTC during perception drives the 478 

development of categorical-preference in MPC for memory. Such a proposition is 479 

compatible with recent work focusing on large-scale cortical gradients that 480 

conceptualized the DMN, including MPC, as an abstract extension of VTC (Margulies et 481 

al. 2016), although in the current study we observed effects that appeared to follow a 482 

distinct regional—rather than gradient-like—organization. Alternatively, it is possible that 483 

the manner in which mnemonic representations of places and people are encoded and 484 

retrieved in MPC, differ in a way reminiscent of how the visual perception of places and 485 

people in VTC differ in terms of peripheral/foveal stimulation (Figure 7-figure 486 

supplement 1). The correspondence between MPC organization and the multiple 487 

dimensions thought to be represented across VTC, are key questions for future 488 

research. Importantly, these accounts are consistent with theories that suggest the 489 

organization of category representations in the brain are determined by the underlying 490 

structural (i.e. anatomical) and functional (e.g. perceptual) template (Martin 2016).  491 

 492 

Nature of responses within MPC during perception  493 

The responses of MPCv/MPCd during perception share similarities with VTC but differ 494 

in important ways. For instance, responses in VTC during perception are characterized 495 

by larger evoked positive responses to stimuli of the preferred category (Silson et al. 496 

2016). In contrast, perceptual responses within MPCv/MPCd were best characterized 497 

by negative evoked responses that were attenuated, although not extinguished, by 498 
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category-preference. Despite appearing to share category representations, there was 499 

no clear relationship between the positively and negatively evoked responses between 500 

the VTC regions and their paired MPC region (e.g. anterior medial VTC – MPCv), at 501 

least at the across participant level. Although the relationship between negative BOLD-502 

signal changes and the underlying neural activity is an area of ongoing research 
503 

(Shumel et al. 2002; 2006) and has been associated with inhibition in visual cortex 
504 

(Smith et al. 2004), this response is consistent with the widely-observed ‘task-negative’ 505 

activation of the larger DMN and the MPC component of it (Andrews-Hanna et al. 2010). 506 

The current study did not compare directly the responses to perceived and 507 

subsequently recalled stimuli. It is possible that the degree of attenuation of the 508 

negative response during perception is related to the degree of recruitment during recall 509 

in MPCv/MPCd (for related discussion, see Daselaar et al. 2004; 2009). 510 

 511 

Conclusion 512 

In this study we identified a consistent differentiation of regions within MPC, providing a 513 

new framework for understanding and investigating the functional organization of MPC 514 

and its role in memory retrieval. This differentiation was present at rest, in response to 515 

visually presented stimuli and finally through memory recall. Such division of MPC is 516 

consistent with previous anatomical (Vogt 2009) and functional (Marguiles et al. 2016; 517 

Peer et al. 2015; Foster et al. 2012, Andrews-Hanna et al. 2014; Leech et al. 2011) 518 

distinctions but suggests that these divisions can be seen on the basis of recalled 519 

content. These data provide converging evidence that the functional organization 520 
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defining the medial-lateral axis of VTC is reflected along the ventral/posterior-521 

dorsal/anterior axis of MPC, but in the context of memory recall.  522 

Figure legends: 523 

Fig. 1: Resting-state functional connectivity seed regions and connectivity-defined regions of interest. a, A ventral view of 524 
the left hemisphere is shown with the ventral temporal cortex (VTC) highlighted with the dashed-black box, which is enlarged inset. 525 
Overlaid onto this enlarged surface are the six anatomically defined regions of interest that divide VTC along both the posterior-526 
anterior and medial-lateral axes with respect to the mid-fusiform sulcus (MFS). The occipitotemporal sulcus (OTC) and collateral 527 
sulcus (CoS) are also labeled for reference. b.  A medial view of the left hemisphere is shown with medial parietal cortex (MPC) 528 
highlighted by the dashed-black box, which is enlarged inset. Overlaid onto this enlarged surface is the result of the winner-take-all 529 
functional connectivity analysis. Colors on the brain correspond to the color of the anatomical ROIs in a. Within MPC, two separate 530 
regions are clearly visible. The ventral/posterior region (red-outline) is preferentially connected to anterior medial portions of VTC, 531 
whereas the dorsal/anterior region (blue-outline) is preferentially connected to anterior lateral portions of VTC. We define these 532 
resting-state ROIs as MPC ventral (MPCv) and MPC dorsal (MPCd), respectively. 533 
 534 
Fig. 2: Negative responses in MPC to visually presented stimuli. a, Bars represent the mean response magnitude (given by the 535 
t-value versus baseline) for all six stimulus categories in MPCv of both hemispheres. These responses have been rank ordered from 536 
strongest (i.e. closest to baseline) to weakest. Single participant data points are shown for each category. Gray lines depict 537 
pairwise-comparisons that survived Bonferroni correction (p<0.01). The response to scenes was significantly different compared to 538 
all other categories in both hemispheres. b, Bars represent the mean response magnitude for all six stimulus categories in MPCd of 539 
both hemispheres. Bars are in the same order as in a, to highlight the different response profiles. Gray lines depict pairwise-540 
comparisons that survived Bonferroni correction (p<0.01). The response to faces was significantly different from the majority of the 541 
other categories.  542 
 543 
Fig. 3: Memory task schematic and average BOLD responses to all conditions in MPC subdivisions. a, During the memory 544 
task, participants were given trial-wise instructions to recall from memory either famous people, famous places, personally familiar 545 
people or personally familiar places, respectively. Participants were asked to visualize the trial target from memory as vividly as 546 
possible for the duration of the trial (10 s). Trials were separated by a variable inter-trial-interval (2.5 -7.5 s). Participants completed 547 
6 runs of the memory task. Each run contained 6 randomized trials from each condition. b, Average response curves from left and 548 
right MPCv (relative to baseline) are shown for all conditions in both hemispheres. Response curves were generated by first 549 
measuring the average response across the ROI for each trial (6 TR’s from trial onset) and then averaging across trails of the same 550 
condition. These responses were then averaged across participants and plotted for each condition separately (Famous people – 551 
dashed blue, Famous places – dashed red, Personal people – solid blue and Personal places – solid red). MPCv is maximally 552 
recruited during the recall of personal places. The patterns of response are very similar across hemispheres. c, Same as b, but for 553 
MPCd. In contrast to b, MPCd is maximally recruited during the recall of personal people. Again, this pattern is consistent across 554 
hemispheres. Response curves were normalized to begin at baseline (zero) for each trial separately. Gray-lines represent the 555 
standard error of the mean (sem) across participants for each condition and TR. 556 
 557 
Fig. 4: Magnitude of memory recall for all conditions in MPCv and MPCd. a, Bars represent the mean response magnitude for 558 
each condition (t-value versus baseline) in MPCv of both hemispheres (Famous people – blue open bars, Famous places – red 559 
open bars, Personal people – blue closed bars, Personal places – red closed bars). Data points for each participant are connected. 560 
In both hemispheres, MPCv is positively recruited during the recall of famous places and personal places, whereas responses 561 
during the recall of people (either famous or personal) are largely negative, reflecting a Category preference for places. MPCv also 562 
exhibits a familiarity effect and is maximally recruited during the recall of personal places, reflecting the effect of Familiarity. The 563 
interaction between Category and Familiarity is also evident. Indeed, there is a larger category difference (places-people) in the 564 
personal over famous conditions. B, Bars represent the mean response magnitude for each condition in MPCd of both hemispheres. 565 
Here, MPCd is only positively recruited during recall of personal people, reflecting both a Category preference for people and a 566 
Familiarity effect. The interaction between Category and Familiarity is also evident: there is a larger category difference (places-567 
people) in the personal over famous conditions.   568 
 569 
Fig. 5: Ventral/posterior – dorsal/anterior shift in peak place memory and peak people memory. Enlarged partial views of the 570 
posterior medial portion of both the left and right hemispheres are shown. Overlaid onto these enlarged surfaces are the locations of 571 
the peak responses during recall of personal places (red dots) and recall of personal people (blue dots) for each participant. The 572 
corresponding peaks are connected for each participant with a dashed black line. Across participants, there is a consistent 573 
ventral/posterior – dorsal/anterior shift in the peak location of memory recall, such that the peak for recall of personal places is never 574 
posterior or ventral of the peak for recall of personal people. 575 
 576 
Fig. 6: Familiarity and Category-selective recall in MPC. a, Medial views of both the left and right hemispheres of a 577 
representative participant are shown. Overlaid onto these surfaces is the main effect of Category from the linear-mixed-effects 578 
analysis (node-wise p=1.0

-4
, q=5.8

-4
). Cold colors represent regions of the brain more active during the recall of people (famous and 579 

personal), whereas hot colors represent regions of the brain more active during recall of places (famous and personal). An 580 
alternating pattern of memory recall is evident within MPC along the ventral/posterior – dorsal/anterior axis. ROIs 1 and 2, 581 
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correspond largely to our initial resting-state ROIs (MPCv, MPCd), whereas the anterior pair of regions was not defined initially. We 582 
also observe significant place recall in aPPA, and some small clusters of significant people recall in anterior cingulate cortex. b, The 583 
same medial views are shown but overlaid is the main effect of Familiarity (node-wise p=1.0

-4
, q=5.8

-4
). Cold colors represent 584 

regions of the brain more active during the recall of personally familiar stimuli (places and people), whereas hot colors represent 585 
regions of the brain more active during the recall of famous stimuli (places or people). A large swath of MPC exhibits an 586 
overwhelming Familiarity effect with greater activity during recall of personal over famous stimuli. Familiarity effects were also 587 
present in the anterior cingulate cortex, insula and ventral medial prefrontal cortex.  588 
 589 
Fig. 7: Split-half analysis and memory recall effects in four MPC subdivisions. a, The effect of Category (node-wise p=1.0

-4
, 590 

q=5.8
-4

) is overlaid onto medial views of both the left and right hemispheres for both independent halves of the data separately (Odd 591 
– top row, Even – bottom row). Cold colors represent regions of the brain more active during the recall of people, whereas hot colors 592 
represent regions of the brain more active during recall of places. Despite having half the amount of data, the alternating pattern of 593 
category-selectivity within MPC is present in both halves and hemispheres, respectively. The magnitude of the category effect (F-594 
stat) was highly correlated across splits. The reported rho-values correspond to the correlation of the node-wise F-statistic for the 595 
effect of category in each hemisphere across the two splits. b, Bars represent the mean response magnitude for each condition (t-596 
value versus baseline) from ROI 1. Single participant data points are shown and are connected for each participant. c-e, same as a, 597 
but for ROIs 2-4.   598 
 599 
Fig. 8: People and Place memory areas of MPC correspond to the dorsal and ventral DMN subnetworks. a, Medial views of 600 
both the left and right hemispheres are shown (TT n27 surface). Overlaid onto these surfaces is the effect of Category (p=1.0

-4
, 601 

q=5.8
-4

). Cold colors represent regions of the brain more active during the recall of people (famous and personal), whereas hot 602 
colors represent regions of the brain more active during recall of places (famous and personal). Masks of the dorsal DMN (dDMN) 603 
are outlined in black and show a striking spatial correspondence to regions more active during recall of people. In contrast, masks of 604 
the ventral DMN (vDMN) are outlined in white and correspond to regions more active during recall of places. DMN masks were 605 
taken from 38. b, The effect of Familiarity is overlaid onto the same surfaces (p=1.0

-4
, q=5.8

-4
). Cold colors represent regions of the 606 

brain more active during the recall of personally familiar stimuli (places and people), whereas hot colors represent regions of the 607 
brain more active during the recall of famous stimuli (places or people). Unlike in a, regions showing a Familiarity effect overlap with 608 
regions from both the dDMN and vDMN.  609 
 610 
Figure 6-figure supplement 1: Memory recall effects on the lateral surface. a, Lateral views of the left and right hemispheres 611 
are shown. Overlaid onto these surfaces is the main effect of Category (p=1.0

-4
, q=5.8

-4
). Cold colors represent regions of the brain 612 

more active during the recall of people (famous and personal), whereas hot colors represent regions of the brain more active during 613 
recall of places (famous and personal). Significant responses during place recall were present in the posterior angular gyrus, inferior 614 
temporal sulcus and superior frontal regions. In contrast, significant responses to people recall were generally smaller in areal extent 615 
but nevertheless present in the insula and anterior temporal regions, particularly in the right hemisphere. b. Effect of Familiarity 616 
(p=1.0

-4
, q=5.8

-4
) overlaid onto the same surfaces. Cold colors represent regions of the brain more active during the recall of 617 

personally familiar stimuli (places and people), whereas hot colors represent regions of the brain more active during the recall of 618 
famous stimuli (places or people). Familiarity effects were present in superior-frontal regions, superior-temporal sulcus and the 619 
angular gyrus/caudal inferior parietal lobule.  620 
 621 

: Memory recall effects in PPA and FFA a, Bars represent the mean magnitude of response (t-Figure 6-figure supplement 2622 
value versus baseline) for all conditions in PPA of both the left and right hemispheres. Single participant data points and are shown 623 
and are connected for each participant. PPA is positively engaged during the recall of famous places and personal places, whereas 624 
responses during the recall of people (either famous or personal) are negative, reflecting a Category preference for places. PPA 625 
also exhibits a familiarity effect and is maximally engaged during the recall of personal places. The interaction between Category 626 
and Familiarity is also evident. Indeed, there is a larger category difference (places-people) in the personal over famous conditions. 627 
b, Same as a, but for FFA in both hemispheres. Unlike PPA, FFA is driven mostly by the recall of people but shows little to no effect 628 
of familiarity. Indeed, the response to famous and personal people is largely equivalent. 629 
 630 

: Memory recall effects in the Hippocampus and Amygdala. a, Axial, sagittal and coronal slices Figure 6-figure supplement 3631 
are shown. Overlaid onto these slices is the magnitude of the main effect of Familiarity. The red-circles highlight the approximate 632 
location of the Hippocampus in both hemispheres. Images are in radiological convention. Bars represent the mean magnitude of 633 
response to all conditions (versus baseline) in the Hippocampus of both the left and right hemispheres. Single participant data points 634 
and are shown and are connected for each participant. In both hemispheres, the Hippocampus shows larger positive responses on 635 
average during the recall of places over people, as well as, a familiarity effect with larger responses during recall of personal over 636 
famous stimuli. b, Axial, sagittal and coronal slices are shown. Overlaid onto these slices is the magnitude of the main effect of 637 
Category. The red-circles highlight the approximate location of the Amygdala in both hemispheres. Images are in radiological 638 
convention. Bars represent the mean magnitude of response to all conditions (versus baseline) in the Amygdala of both the left and 639 
right hemispheres. Unlike the Hippocampus, the Amygdala shows only the effect of Category with positive responses to the recall of 640 
famous and personal people, but little to no effect of Familiarity.  641 
 642 

: Functional connectivity between MPC subdivisions and foveal/peripheral early visual cortex. Figure 7-figure supplement 1643 
a, A posterior-medial view of the left hemisphere is shown with the foveal (purple) and peripheral (green) portions of early visual 644 
cortex highlighted. b, Bars represent the average functional connectivity between MPC places and both eccentricity representations 645 
in both hemispheres. Single participant data points and are shown and are connected for each participant. As predicted, MPC 646 
places shows on average stronger functional connectivity with peripheral over foveal portions of early visual cortex. c, same as b, 647 
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but for MPC people. In contrast, MPC people shows on average stronger functional connectivity with foveal over peripheral portions 648 
of early visual cortex.  ns = p>0.05, *p<0.05, ***p<0.001. 649 
 650 

 651 

Materials and Methods 652 

Participants 653 

Participants for all experiments were recruited from the DC area and NIH community. All 654 

participants were right-handed with normal or corrected-to-normal vision and 655 

neurologically healthy. All participants gave written informed consent according to 656 

procedures approved by the NIH Institutional Review Board (protocol 93-M-0170, 657 

clinical trials # NCT00001360). Participants were monetarily compensated for their time. 658 

 659 

Resting-state functional connectivity experiment: Sixty-five participants (40 female), 660 

mean age = 24.67 ± 3.2 years) completed the resting-state functional connectivity 661 

experiment. 662 

Six category functional Localizer experiment: Twenty-nine participants (21 female, 663 

mean age = 24.2 years) completed the functional localizer experiment. 664 

Memory experiment: Twenty-four participants (17 female, mean age = 24.2 years) 665 

completed the memory experiment. The sample size for the memory experiment was 666 

based on prior work from our group (Silson et al., 2019) employing a very similar 667 

paradigm. 668 

 669 

Stimuli and Tasks 670 

Six category functional localizer experiment: Participants completed six functional 671 

localizer runs. During each run, color images from six stimulus categories (Scenes, 672 
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Faces, Bodies, Buildings, Objects and Scrambled Objects) were presented at fixation 673 

(5x5 of visual angle) in 16 s blocks (20 images per block [300ms per image, 500ms 674 

blank]). Each category was presented twice per run, with the order of presentation 675 

counterbalanced across participants and runs. Participants responded via MRI 676 

compatible button box whenever the same image appeared sequentially. Stimuli for this 677 

and the other in-scanner tasks were presented using PsychoPy software (Peirce 2007) 678 

(RRID:SCR_006571) from a Macbook Pro laptop (Apple Systems, Cupertino, CA). 679 

 680 

Memory Experiment: Stimuli consisted of written names and words: 36 famous people, 681 

36 famous places, 36 personally familiar people and 36 personally familiar places. The 682 

stimuli were provided by participants through a survey completed prior to the fMRI scan. 683 

Participants selected 36 known famous people and famous places from a list of 60 684 

possible famous people (e.g., Tom Hanks, Angelina Jolie) and 92 possible famous 685 

places (e.g., Eiffel Tower, Times Square), and also provided the experimenters with the 686 

names of 36 people and 36 places that were personally familiar to them. Stimuli were 687 

presented in white 18-point Arial, all capital type against a black background.   688 

 689 

During the task, on each trial participants were instructed to visualize the presented 690 

stimulus from memory as vividly as possible for the duration of the trial (10 s). Trials 691 

were separated by a variable inter-trial interval (2.5-7.5 s). In each of the six runs, there 692 

were six trials of each condition (famous people, famous places, personally familiar 693 

people and personally familiar places) presented in a randomized order, for a total of 24 694 

trials per run (144 trials total). 695 
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 696 

Post scan questionnaire: After the scans were complete, participants completed a 697 

questionnaire in which they rated how vividly they were able to visualize from memory 698 

each stimulus presented during the memory runs. The stimuli were listed in the same 699 

order they appeared during the Memory Experiment and were rated on a 4-point Likert 700 

type scale (1 = not at all vivid; 4 = extremely vivid).  If the participant could not visualize 701 

the stimulus at all while in the scanner, they checked a box on the questionnaire.  702 

 703 

Functional imaging parameters 704 

Below we outline the imaging parameters for the three separate imaging experiments 705 

included in the current manuscript. All scans were performed on a 3.0T GE 750MRI 706 

scanner using a 32-channel head coil. 707 

 708 

Resting-state functional connectivity: All functional images were acquired using a 709 

BOLD-contrast sensitive three-echo echo-planar sequence (ASSET acceleration factor 710 

= 2, TEs =14.9, 28.4, 41.9 ms, flip-angle = 65º, bandwidth = 250.000 kHz, FOV = 24 x 711 

24 cm, acquisition matrix = 64 x 64, resolution = 3.4 x 3.4 x 3.4 mm, slice gap = 0.3 mm, 712 

34 slices per volume covering the whole brain).  Respiratory and cardiac traces were 713 

recorded.  Resting state scans lasted 21-minutes.  The first 30 volumes were discarded 714 

to control for the state of arousal during the initial stages of data acquisition, leaving 20 715 

minutes (600 volumes) for resting state functional connectivity analysis. This procedure 716 

has been used in other studies where long-duration resting state runs were collected. 717 

 718 
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Six category functional localizer: All functional images were acquired using a BOLD-719 

contrast sensitive standard EPI sequence (TE=30 ms, TR=2 s, flip-angle = 65 degrees, 720 

FOV=192 mm, acquisition matrix = 64 x 64, resolution 2 x 2 x 2 mm, slice gap = 0.2mm, 721 

37 slices covering the occipital and temporal lobes. 722 

 723 

Memory experiment: All functional images were acquired using a BOLD-contrast 724 

sensitive three-echo echo-planar sequence (ASSET acceleration factor = 2, TEs = 12.5, 725 

27.7, and 42.9 ms, flip angle = 75º, 64 x 64 matrix, in-plane resolution = 3.2 x 3.2 mm, 726 

slice thickness = 3.5 mm). Repetition times (TRs) and acquired slices varied across 727 

different task conditions to be consistent with relevant prior work for each task. The 728 

memory task used a 2500 ms TR, with 35 slices collected. All slices were collected 729 

obliquely and were manually aligned to the AC-PC axis.  730 

 731 

fMRI data preprocessing 732 

Data were preprocessed using AFNI (Cox 1996) (RRID: SCR_005927) for all 733 

experiments. Below we outline the preprocessing steps taken during each experiment. 734 

 735 

Resting-state and memory experiments: The first 4 frames of each run were discarded 736 

to allow for T1 equilibration effects. Initial preprocessing steps for fMRI data were 737 

carried out on each echo separately.  Slice-time correction was applied (3dTShift) and 738 

signal outliers were attenuated (3dDespike).  Motion-correction parameters were 739 

estimated from the middle echo based on rigid-body registration of each volume to the 740 

first volume of the scan; these alignment parameters were then applied to the first and 741 
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third echo. Data from all three acquired echoes were then registered to each 742 

participants’ T1 image and combined to remove additional thermal and physiological 743 

noise using multi-echo independent components analysis Kundu et al. 2012; 2013). This 744 

procedure initially uses a weighted-average of the three echo times for each scan run to 745 

reduce thermal noise within each voxel. It subsequently performs a spatial ICA to 746 

separate time series components and uses the known properties of T2
* signal decay to 747 

separate putatively neuronal BOLD components from putative noise components. This 748 

is accomplished by comparing each component to a model that assumes a temporal 749 

dependence in signal decay (i.e., that is “BOLD-like”) and to a different model that 750 

assumes temporal independence (i.e., that is “non-BOLD-like”). Components with a 751 

strong fit to the former and a poor fit to the latter model are retained for subsequent 752 

analysis. This procedure was conducted using default options in AFNI’s tedana.py 753 

function. ME-ICA processed data from each scan were then aligned across runs for 754 

each participant. 755 

 756 

Six category functional localizer experiment: All images were motion corrected to the 757 

first image of the first run (3dVolreg), after removal of the appropriate ‘dummy’ volumes 758 

(8) to allow stabilization of the magnetic field. Following motion correction, images were 759 

spatially smoothed (3dmerge) using a 5mm full-width-half-maximum smoothing kernel.  760 

 761 

fMRI data analysis  762 

Resting-state functional connectivity winner-take-all analysis: Each participant’s resting-763 

state functional connectivity time series was aligned to the standard surface using 764 
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3dVol2Surf. We sought to assess the RSFC between VTC and MPC as a function of 765 

both the posterior-anterior and medial-lateral axes. The region of VTC we considered 766 

was longer in the posterior-anterior direction than it was wide in the medial-lateral 767 

direction and so we chose to sample it using a 3x2 ROI scheme. Accordingly, Six ROIs 768 

were defined that divided VTC along both the posterior-anterior and medial-lateral axes 769 

with respect to the mid-fusiform sulcus on a standard surface mesh that was aligned to 770 

the anatomy of an independent participant (not included in this study). The surface 771 

vertices within these ROIs were transformed into each individual participant’s surface. 772 

This is standard for surface-based ROI analyses in AFNI (Saad & Reynolds, 2012).  773 

 774 

The surface mesh used within SUMA contains a standard number of vertices, whilst 775 

also respecting an individual participant’s specific gyral and sulcal pattern. Thus, 776 

drawing these regions based on the medial and lateral fusiform gyrus on the surface 777 

mesh provides highly accurate mapping of this anatomical landmark across participants 778 

(Saad & Reynolds, 2012). 779 

 780 

For each participant, time series from these six ROIs were first extracted then scaled by 781 

the mean, before the unique connectivity of each parcel to the rest of the brain was 782 

calculated using multiple-regression. The “winning” parcel at each node was then 783 

determined by the maximum beta-value for each parcel (e.g. anterior medial VTC), and 784 

the selectivity index of the node was determined by subtracting the mean beta-values of 785 

all other parcels from the winning parcel (e.g. selectivity index = anterior medial VTC – 786 
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(middle medial VTC + posterior medial VTC + anterior lateral VTC + middle lateral VTC 787 

+ posterior lateral VTC).  788 

 789 

An alternative approach is to normalize the variance (z-score) in the time-series prior to 790 

running the winner-take-all analysis. This analysis produced qualitatively similar results 791 

to our original analysis and thus, we elected to keep our original definitions of 792 

MPCv/MPCd.  793 

 794 

Six category functional localizer analysis: A general linear model (GLM) approach was 795 

also used to analyze the functional localizer data. Specifically, a response model was 796 

built by convolving a standard gamma function with a 16 s square wave for each 797 

condition and compared against the activation time courses using Generalized Least 798 

Square (GLSQ) regression. Motion parameters and four polynomials accounting for 799 

slow drifts were included as regressors of no interest. To derive the response 800 

magnitude per condition, t-tests were performed between the condition-specific beta 801 

estimates (normalized by the grand mean of each voxel for each run) and baseline.  802 

 803 

Memory analysis: Analyses were conducted using a general linear model (GLM) and 804 

the AFNI programs 3dDeconvolve and 3dREMLfit. The data at each time point were 805 

treated as the sum of all effects thought to be present at that time point and the time 806 

series was compared against GLSQ model fit with REML estimation of the temporal 807 

auto-correlation structure. Responses were modeled by convolving a standard gamma 808 

function with a 10 s square wave for each condition of interest (Famous People, 809 
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Famous Places, Personal People and Personal Places). Estimated motion parameters 810 

were included as additional regressors of non-interest, and fourth-order polynomials 811 

were included to account for slow drifts in the MR signal over time. Significance was 812 

determined by comparing the beta estimates for each condition (normalized by the 813 

grand mean of each voxel for each run) against baseline.  814 

Sampling of data to the cortical surface: In each participant, the analyzed functional 815 

data were projected onto surface reconstructions of each individual participant’s 816 

hemispheres using the Surface Mapping with AFNI (SUMA) software. First, data were 817 

aligned to high-resolution anatomical scans (align_epi_anat.py). Once aligned, these 818 

data were projected onto the cortical surface (3dVol2Surf) and smoothed by a 2mm 819 

FWHM Gaussian kernel.  820 

 821 

Linear mixed effects analysis: To look at the whole brain memory effects we employed a 822 

linear-mixed-effects model (3dLME) in each hemisphere separately. The model 823 

comprised two factors: Category (Places, People) and Familiarity (Famous, Personal). 824 

At the whole brain-level, we did not observe any significant interactions, but both robust 825 

main effects were significant. 826 

 827 

Split-half analysis: For each participant, the six memory runs were divided into Odd and 828 

Even splits (3 runs each). In each split, we performed the same LME. At the whole 829 

brain-level, we did not observe any significant interactions, but both robust main effects 830 

were significant. Throughout MPC we observed 4 ROIs that showed an alternating 831 

pattern of category-selective recall in both splits. To quantify these effects, we first 832 
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defined each region within a split (e.g. Odd) and then sampled the data from the other 833 

half (e.g. Even). To avoid any potential bias in node selection, this process was 834 

reversed, and the average computed. 835 

 836 

 837 

Statistical Approach 838 

Statistical analyses of both behavioral and functional data were performed using the 839 

SPSS software package (IBM). For all analyses we conducted repeated measures 840 

ANOVAs. When a significant three-way interaction was present, we performed two 841 

separate two-way ANOVAs to explore the nature of the interaction. 842 
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Distinct subdivisions of human medial parietal cortex support recollection of places and 1039 

people  1040 
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Supplementary Material 1043 

Supplementary File 1a: Statistical analysis of behavioural responses collected directly after the memory 1044 
experiment. Data are provided for both subjective vividness and the proportion of missed trials. Table 1045 
includes F-values, degrees of freedom (df), p-values and estimates of effect size using partial eta 1046 
squared. In each case, a two-way repeated measures ANOVA was conducted with Category (Places, 1047 
People) and Familiarity (Famous, Personal) as within-participant factors. In the case of vividness ratings, 1048 
both main effects of Category and Familiarity were significant, reflecting on average higher vividness 1049 
ratings for the recall of people over places and for personal over famous stimuli. The significant Category 1050 
by Familiarity interaction reflects a larger familiarity difference (Personal > Famous) during recall of places 1051 
over people. For the proportion of missed trials, neither main effect was significant, but their interaction 1052 
was. This interaction is driven by more missed trials for famous places than people, but fewer missed 1053 
trials for personal scenes than people.  1054 
 1055 
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 1089 
Linear mixed effects analysis 1090 

To look at the whole brain memory effects we employed a linear-mixed-effects model 1091 

(3dLME) in each hemisphere separately. The model comprised two factors: Category 1092 

(Places, People) and Familiarity (Famous, Personal).  1093 

 1094 

Statistical analysis of memory recall effects within ROIs 1095 

 1096 

The same procedure was adopted when assessing memory effects from all ROIs, 1097 

whether defined using resting-state (e.g. MPCv, MPCd), via the split-half analysis (ROIs 1098 

1-4), Category-selectivity (e.g. PPA, FFA) or via anatomical selection (e.g. 1099 

Hippocampus, Amygdala). In each case, the mean response to each condition (given by 1100 

the t-value versus baseline) was calculated for each participant, ROI and hemisphere 1101 

separately. These values were then subjected to a three-way repeated measures 1102 

ANOVA with Category (Places, People) Familiarity (Famous, Personal) and 1103 

Hemisphere (Left, Right) as within-participant factors. If a significant three-way 1104 

interaction was observed, we further explored the nature of this interaction with two-way 1105 

ANOVAs in each hemisphere separately. Below are the full statistical breakdowns. 1106 

 1107 
Supplementary File 1b: Statistical analysis of memory effects in MPCv and MPCd. Table includes 1108 
Fvalues, degrees of freedom (df), p-values and estimates of effect size using partial eta squared. MPCv 1109 
showed significant main effects of Category, Familiarity and Hemisphere. These were qualified by a 1110 
significant three-way interaction, reflecting a larger familiarity difference (Personal > Famous) between 1111 
categories (Places > People) in the right over left hemisphere. MPCd also showed significant main effects 1112 
but did not show a significant three-way interaction. Importantly, however, MPCd did show the predicted 1113 
Category by Familiarity interaction, which reflects a larger familiarity difference for the recall of people 1114 
over places. 1115 
Memory recall effects in the four MPC memory subdivisions 1116 

 1117 

Of note, ROIs 1 and 2 although larger in areal extent shared considerable spatial 1118 

overlap with our original resting-state definitions (ROI 1/MPCv proportional overlap, 1119 

left=0.99, right=0.89; ROI 2/MPCd proportional overlap, left=0.55, right=0.67). 1120 
 1121 
 1122 
Supplementary File 1c: Statistical analysis of memory effects in ROI 1. Table includes Fvalues, degrees 1123 
of freedom (df), p-values and estimates of effect size using partial eta squared. ROI 1 showed significant 1124 
main effects of Category, Familiarity and Hemisphere. These were qualified by a significant three-way 1125 
interaction, reflecting a larger familiarity difference (Personal > Famous) between categories (Places > 1126 
People) in the right over left hemisphere.  1127 
 1128 
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Supplementary File 1d: Statistical analysis of memory effects in ROI 2. Table includes Fvalues, degrees 1129 
of freedom (df), p-values and estimates of effect size using partial eta squared. ROI 2 showed significant 1130 
main effects of Category, Familiarity and Hemisphere, but did not show a significant three-way interaction. 1131 
Importantly, however, ROI 2 did show the predicted Category by Familiarity interaction, which reflects a 1132 
larger familiarity difference for the recall of people over places. 1133 
 1134 
 1135 
Supplementary File 1e: Statistical analysis of memory effects in ROI 3. Table includes Fvalues, degrees 1136 
of freedom (df), p-values and estimates of effect size using partial eta squared. ROI 3 showed significant 1137 
main effects of Category, Familiarity, but not Hemisphere. Although ROI 3 did not show a significant 1138 
three-way interaction, ROI 3 did show the predicted Category by Familiarity interaction, which reflects a 1139 
larger familiarity difference for the recall of places over people. 1140 
 1141 

 1142 

Supplementary File 1f: Statistical analysis of memory effects in ROI 4. Table includes Fvalues, degrees 1143 
of freedom (df), p-values and estimates of effect size using partial eta squared. ROI 4 showed significant 1144 
main effects of Category, Familiarity and Hemisphere. These were qualified by a significant three-way 1145 
interaction, reflecting a larger familiarity difference (Personal > Famous) between categories (People > 1146 
Places) in the right over left hemisphere.  1147 
 1148 

Memory recall effects in category-selective VTC 1149 

Given that participants were recalling specific places (i.e. scenes) and specific people 1150 

(i.e. faces) we also looked within scene (PPA) and face (FFA) selective regions of VTC 1151 

for possible memory effects. These ROIs were defined at the group-level based on the 1152 

contrast of Scenes > Faces (p=1.0-4).  1153 

 1154 

Supplementary File 1g: Statistical analysis of memory effects in PPA and FFA. Table includes Fvalues, 1155 
degrees of freedom (df), p-values and estimates of effect size using partial eta squared. PPA showed 1156 
significant main effects of Category and Familiarity, but not Hemisphere. PPA only showed a significant 1157 
Category by Familiarity interaction, reflecting a larger familiarity difference (Personal > Famous) between 1158 
categories (Places > People) with no clear difference between hemispheres. In contrast, FFA showed 1159 
significant main effects of Category and Hemisphere, but not Familiarity. These were qualified by a 1160 
significant three-way interaction, which reflects the presence of category and familiarity in the left 1161 
hemisphere, but only the effect of category in the right hemisphere. 1162 
 1163 
 1164 
Memory recall effects in Hippocampus and Amygdala 1165 

To better understand the memory recall effects observed in the Amygdala and 1166 

Hippocampus detected at the group level, we sought to quantify these effects in 1167 

individual participants using automatic parcellations of these structures in each 1168 

participants’ native anatomical space.  1169 

 1170 
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Supplementary File 1h: Statistical analysis of memory effects in the Hippocampus and Amygdala Table 1171 

includes Fvalues, degrees of freedom (df), p-values and estimates of effect size using partial eta squared. 1172 

The Hippocampus showed significant main effects of Category and Familiarity, but not Hemisphere. Only 1173 

the Category by Hemisphere interaction was significant. The Amygdala showed only a significant effect of 1174 

Category, with larger responses for the recall of people irrespective of the level of familiarity. 1175 

 1176 

Functional connectivity with foveal and peripheral early visual cortex 1177 

Given that category-preference and eccentricity are so highly correlated across the 1178 

medial-lateral axis of VTC, we sought to test whether our initial MPC subdivisions would 1179 

show stronger functional connectivity with foveal and peripheral portions of early visual 1180 

cortex (EVC). Such a demonstration would provide further evidence for a functional link 1181 

between VTC and MPC. Given the selective recruitment of MPCv during place recall, 1182 

preference for scene stimuli and connectivity with medial VTC, we predicted stronger 1183 

functional connectivity with peripheral over foveal portions of EVC. In contrast, given the 1184 

selective recruitment of MPCd during people recall, preference for face stimuli and 1185 

increased connectivity with medial VTC, we prediction the opposite pattern. To perform 1186 

this analysis, we first defined foveal (0-4) and peripheral (4-10) regions of EVC in both 1187 

hemispheres based on group retinotopic mapping data from a previous study from our 1188 

group43. Next, we calculated the average functional connectivity between our two MPC 1189 

subdivisions and these different eccentricity representations.  1190 

 1191 

Supplementary File 1i: Statistical analysis of the resting-state functional connectivity between MPCv, 1192 

MPCd and Foveal, Peripheral portions of early visual cortex (EVC). Table includes F-values, degrees of 1193 

freedom (df), p-values and estimates of effect size using partial eta squared. The main effects of ROI and 1194 

Hemisphere were not significant, but the main effect of Eccentricity was reflecting on average stringer 1195 

connectivity with peripheral than foveal portions of EVC. These were qualified however by a significant 1196 

three-way interaction, reflecting on average stronger connectivity between MPCv and peripheral EVC, but 1197 

stronger connectivity between MPCd and foveal EVC in the left over right hemispheres.  1198 
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