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Figure 2. DMN ROIs used the in the current experiment. The ROIs are derived from networks 10, 15, 

16, 17 described in the 17 network parcellation in Yeo et al. (2011) and devided according to 

coordinates described in Andrews-Hanna et al. (2010). Regions in blue are part of the dMPFC 

subsystem, and include the midline dMPFC and bilateral TPJ, LTC, and TempP. Regions in green are 

part of the MTL subsystem, and include the midline vMPFC and bilateral pIPL, Rsp, PHC, and HF+. 

The core hubs are represented in yellow, and include the bilateral aMPFC and PCC. For abbreviations 

see Table 1. 

 

For each task, the contrast between the two conditions was averaged within each ROI using the 

MarsBAR toolbox (Brett et al., 2002). For working memory, the relevant contrast was simply 

rest against implicit baseline (active task). Contrasts were tested against zero using two-tailed 

t-tests across subjects, corrected using FDR < 0.05 for multiple comparisons across ROIs. ROI 

x task ANOVAs were used to examine differences in ROI activity across different contrasts. 

Finally, the vector of contrast values from all tasks (six in total) was compared across ROIs. 
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Distances between activation profiles for each pair of ROIs were calculated using 1 - Pearson’s 

r, and classical multidimensional scaling (MDS) was used to visualize the differences in 

activation pattern between ROIs as 2-dimensional distances.  

 

Task-wise multi-voxel pattern similarity 

For each ROI, we wished to examine similarity of voxelwise activity patterns across the six 

tasks. For each participant, we extracted the beta-values for each contrast for each task, and 

compared the multivoxel patterns of these values between tasks. The similarity between each 

pair of tasks was measured by Pearson’s r, producing a symmetrical 6 x 6 matrix of similarities 

for each ROI. For each ROI, we quantified which regions showed (1) greater pattern similarity 

between the two tasks that required “introspection about mental states” (theory of mind and 

moral dilemmas), compared to similarity of these tasks to others, (2) greater pattern similarity 

between the two tasks that required “memory-based construction/simulation” 

(autobiographical memory and spatial imagery), compared to similarity of these tasks to others, 

(3) a relatively unique pattern for the self/other judgement task (greater similarity for task pairs 

not including self/other), and (4) a relatively unique pattern for rest (greater similarity for task 

pairs not including rest). To do this, we created four model similarity matrices based on these 

a priori groupings and evaluated fits to each ROI’s task similarity matrix using Kendall’s tau-

a for each subject, as recommended when the model similarity matrix has ties (Nili et al., 2014). 

Correlations were tested against zero using 2-tailed t-tests across subjects, and all tests were 

corrected for multiple comparisons (FDR < 0.05) across the number of ROIs and models.  

 

To compare patterns of task similarities between ROIs, we used vectors of between-task 

correlation from the above analysis (15 between-task correlations for each ROI). Similarly to 

the univariate analysis, distances between each pair of ROIs were calculated using 1 minus the 
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correlation (Pearson’s r) between these vectors. Again, classical multidimensional scaling 

(MDS) was used for visualization. 

 

 

Results 

Behavioral results 

Mean reaction times (RT) for all responses are summarized in Table 2. The first three subjects’ 

RTs for the working memory task were not recorded due to technical error and were excluded 

in the analysis. Mean accuracies for the theory of mind, mental imagery, and working memory 

tasks are also summarized Table 2, along with mean ratings of recollection and difficulty for 

the autobiographical memory task.  

 

Paired t-tests were conducted between the two conditions of the first five tasks, with no 

correction for multiple comparisons, to examine how well-matched each of the two conditions 

were within a task. There were no differences in reaction time between the pairs of conditions 

in the theory of mind, moral dilemmas, autobiographical memory, and self/other adjective 

judgement task (all |t|s < 1.45, all ps >= 0.16). In the spatial imagery task, RTs were shorter for 

the landmarks condition than for the digits condition (t = -2.74, p = 0.01). There were no 

differences in accuracy between the pairs of conditions in the theory of mind and spatial 

imagery task (both |t|s < 1.62, both ps >= 0.12). As expected, ratings of recollection were 

significantly greater in the autobiographical memory condition than in the general knowledge 

condition (t = 21.01, p < 0.001); autobiographical memory was also rated less difficult than 

general knowledge (t = -4.47, p = 0.001).  
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Table 2. Reaction times (RT), accuracies, and ratings of each condition (mean ± standard 

error). 

 Theory of Mind Moral 

Dilemmas 

Autobiographical 

memory 

Spatial imagery Self/Other 

Adjective 

Judgement 

Working 

memory 

 Belief Non-

belief 

MPD NMD Memory Knowledge Landmarks Digits Self Other Working 

memory 

RT (s) 3.24 ± 

0.03 

3.10 ± 

0.02 

3.50 ± 

0.03 

3.26 ± 

0.04 

1.84 ± 

0.02 

1.90 ± 

0.02 

2.30 ± 

0.02 

3.02 ± 

0.05  

1.44 ± 

0.01 

1.47 ± 

0.01 

1.84 ± 

0.02 

Accuracy 

(% correct) 

87.4 ± 

6.2 

91.1 ± 

4.7 

N/A N/A N/A N/A 91.7 ± 5.7 84.3 ± 

8.6 

N/A N/A 76.4 ± 

5.0 

Rating N/A N/A N/A N/A Recollection 

3.65 ± 

0.02 

Difficulty 

1.41 ± 

0.02 

Recollection 

1.36 ± 

0.01 

Difficulty 

1.91 ± 

0.02 

N/A N/A N/A N/A N/A 

 

 

Whole-brain univariate analysis 

A whole-brain random effects analysis was conducted separately for each of the six contrasts 

of interest (Figure 3A; belief > non-belief; moral-personal dilemmas > non-moral dilemmas; 

autobiographical memory > general knowledge; landmarks > digits; self > other; and rest > 

task). Consistent with previous findings, the group analysis revealed many regions that are 

commonly associated with the DMN. In most tasks, we see activation in the medial prefrontal 

cortex (MPFC) and posterior medial cortex including PCC, precuneus, and Rsp, as well as 

temporal and parietal regions on the lateral surface, including pIPL, TPJ, and LTC. Activity 

for the self/other adjective judgement task was less typical of the DMN, though strongly 

activated a large portion of the MPFC.  
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To further quantify consistency across subjects, we computed a whole-brain overlay map for 

each task, where warmer colors indicate greater number of participants with significant 

activations (Figure 3B). The subject overlay map is largely consistent with the random effects 

results, as expected, but also indicates variability across participants.  

 

Next, we identified regions that were consistently significantly activated across multiple 

contrasts (Figure 3C). No region was found to be active in all six contrasts after correcting for 

multiple comparisons (FDR < 0.05). However, several regions showed significant involvement 

in at least five contrasts. These include the MPFC (including dMPFC, aMPFC, and vMPFC), 

PCC, pIPL, TPJ, and parts of the LTC. 

 

The results show that all six manipulations activated much of the DMN, and in particular, 

voxels within the MPFC, PCC, pIPL, TPJ, and LTC were significantly active for at least five 

manipulations. The theory of mind and moral dilemmas tasks showed strong activation of 

dMFPC, while the autobiographical memory and spatial imagery tasks showed peaks in 

vMPFC. These differences correspond to Andrews-Hanna’s (2012) observation of the dMPFC 

being involved in “introspection about mental states” and the vMPFC being involved in 

“memory-based construction/simulation”. Furthermore, the theory of mind and moral 

dilemmas tasks activated more anterior portions of the IPL than the autobiographical memory 

and spatial imagery tasks. This again corresponds to the separation of the TPJ (more anterior) 

and pIPL (more posterior) regions of the IPL, and matches their assignment to the dMPFC and 

MTL subsystems. The self > other contrast most consistently activated the MPFC across 

subjects, one of the core hubs identified by Andrews-Hanna (2012) to be responsive to 

“personally significant information”. However, the other hub region, the PCC, was only weakly 
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activated. Our results show activity across much of the DMN for multiple contrasts, along with 

a degree of differentiation between dMPFC and MTL subsystems. 
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Figure 3. Univariate activity showing recruitment of the DMN network by all six tasks. (A) Whole-brain 

t-maps of the contrasts of interest in the six tasks. This includes belief > non-belief in the theory of mind 

task; moral-personal dilemmas > non-moral dilemmas in the moral dilemmas task; autobiographical 

memory > general knowledge in the autobiographical memory task; landmarks > digits in the spatial 

imagery task; self > other in the self/other adjective judgement task; and rest > task in the working 

memory task (working memory as implicit baseline). t-maps were thresholded at p < 0.05 (FDR 

corrected). (B) Overlay map of significant activations found in single subjects in the contrasts of 

interest. The color of each voxel represents the number of subjects that had significant activation in 

that voxel for a particular contrast, thresholded at 1 subject. (C) Overlay map of the number of 

significant contrasts from the six second-level analyses. The color of each voxel represents the number 

of contrasts that had significant activation in that voxel, thresholded at 2 contrasts.  

 

 

ROI analysis of univariate activation level 

For each of our six contrasts, profiles of activity across DMN ROIs are shown in Figure 4A(1). 

All contrasts were compared against zero using t-tests and were corrected for multiple 

comparisons with FDR < 0.05.  

 

Examined in detail, profiles suggest some of the anticipated differences between DMN regions, 

but also some surprises. As expected, theory of mind and moral dilemmas showed significant 

activation in most regions of the dMPFC and core networks. Activations were also seen in 

some regions of the MTL subsystem, however, including vMPFC, pIPL and PHC. Averaged 

contrasts within each network (Figure 4A(2)) showed significant activation just for the dMPFC 

subsystem and core. As anticipated, autobiographical memory and spatial imagery showed 

strong activations in the MTL subsystem, especially Rsp, and again in the core hubs, but 

significant activations were also seen in most dMPFC regions. Averaged within subsystems, 
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the response of dMPFC was significantly lower than the other subsystems, but significantly 

greater than zero. For self-other, activations were more restricted, but included all three regions 

of the MPFC. Averaged within networks, this contrast was significant in the core and dMPFC 

subsystem, and, again as anticipated, strongest in the core subsystem. Unlike the previous four 

contrasts, core activation for self/other was stronger in aMPFC than in PCC. Perhaps 

surprisingly, the contrast of rest with working memory showed rather weak activations, 

significant only in the core and dMPFC subsystem, and significantly negative for some regions 

of the MTL network. Overall, these results provide broad support for the division into three 

subsystems, with the dMPFC subsystem especially involved in “introspection about mental 

states”, the MTL subsystem especially involved in “memory-based construction/simulation”, 

and the core hubs involved in all tasks but with particular sensitivity to “personally significant 

information”. At the same time, the results show that separation of networks is far from 

complete, with at least part of each network activated by every contrast. Within each network, 

there are also some clear variations in response. Notably, although the MTL subsystem as a 

whole was only active in the autobiographical memory and spatial imagery tasks, the pIPL and 

vMPFC were active for five of the six tasks, similar to the core hubs and dMPFC subsystem. 

 

To compare profiles statistically, the data were entered into a repeated measures ROI (20) × 

task (6) ANOVA. Consistent with the different profiles suggested by Figure 4A(1), there was 

a strong interaction between ROI and task (F(95,2470) = 55.57, p < 0.001). There were also 

significant main effects for task (F(5,130) = 46.66, p < 0.001) and ROI (F(19,494) = 25.61, p 

< 0.001). The interaction in part reflects differences between the three subsystems, so we next 

repeated the ANOVA using the subsystem average profiles shown in Figure 4A(2). The 

significant interaction (F(10,260)=100.05, p < 0.001) confirms that this subnetwork grouping 

captures different functional profiles across the tasks. There were also main effects for 
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networks (F(2,52) = 15.09, p < 0.001) and task (F(5,130) = 35.01, p < 0.001). We also wished 

to test for possible heterogeneity within each subsystem. To this end, ROI × task ANOVAs 

were repeated for each network separately. For the dMPFC subsystem, there was a significant 

interaction between ROI and task (F(30,780) = 9.21, p < 0.001), as well as main effects for 

ROI (F(6,156) = 27.54, p < 0.001) and task (F(5,130) = 12.50, p < 0.001). For the MTL 

subsystem, we also observed a significant interaction between ROI and task (F(40,1000) = 

34.15, p < 0.001), as well as main effects for ROI (F(8,208) = 29.78, p < 0.001) and task 

(F(5,130) = 110.86, p < 0.001). Finally, there was also a significant interaction (F(15,390) = 

22.92, p < 0.001) as well as main effects of ROI (F(3,78) = 25.42, p < 0.001) and task (F(5,130) 

= 12.87, p < 0.001) in the core hubs.  

 

The distance matrix (Figure 4B), based on the dissimilarity of activation profiles for the 20 

ROIs, showed distinct clusters. Profiles were largely similar for all regions in the dMPFC 

subsystem (Figure 4B, upper left), while dMPFC itself was somewhat separated from the 

cluster, being displaced towards aMPFC. In addition, the activation profile for L-LTC 

resembled the MTL as well as the other regions in the dMPFC subsystems. Regions in the MTL 

network also had largely similar profiles (Figure 4B, middle), but with other notable features. 

vMPFC resembled not only other MTL regions, but also aMPFC, while for pIPL, there was 

high similarity not only to other MTL regions, but also to much of the dMPFC subsystem and 

conspicuously also to PCC. Within the core regions, aMPFC had a relatively distinct profile, 

but was most similar to other frontal regions, while PCC instead showed results closely similar 

to those of pIPL, with similarity to all other regions except for aMPFC, dMPFC, and TempP. 

 

These results are summarized in the MDS plot in Figure 4C. As expected, regions of the 

dMPFC network largely cluster together, but with dMPFC shifted towards other frontal 
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regions. Regions of the MTL network are again close together, with vMPFC somewhat apart 

from the main cluster. PCC, instead of clustering with its partner core region, is placed between 

dMPFC and MTL networks, in a position close to pIPL. aMPFC occupies a position between 

the other two frontal regions, as perhaps expected from anatomical proximity. 
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Figure 4. (A) DMN ROIs recruited by each condition within the 6 tasks. Error bars represent standard 

error. t-tests against zero were conducted for each contrast in each (1) ROI or (2) subnetwork. *** 

indicates p < 0.001, ** indicates p < 0.01, and * indicates p < 0.05 (all tests were corrected for multiple 
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comparisons using FDR). (B) Dissimilarity matrix calculated using 1 – Pearson’s r between ROIs based 

on their activity profile across the 6 tasks. (C) Multidimensional scaling (MDS) to visualize the 

dissimilarity between regions. 

 

Task-wise multi-voxel pattern similarity 

To compare the similarity of voxelwise activity patterns across tasks (e.g., belief > non-belief 

vs. self > other), we correlated patterns of beta-values across voxels, for each pair of tasks, 

within each ROI (Figure 5A). Four model similarity matrices were constructed to test (1) 

whether the two “introspection of mental states” tasks were especially similar, (2) whether the 

two “memory-based construction/simulation” tasks were especially similar, (3) whether the 

self/other adjective judgment task was especially dissimilar to other contrasts, and (4) whether 

rest > working memory was especially dissimilar to other contrasts. Results showed that the 

dMPFC subsystem (dMPFC, R-TPL, R-LTC, and R-TempP), as well as pIPL and PCC had 

strong pattern similarity between the two “introspection” tasks. On the other hand, the MTL 

subsystem (pIPL, Rsp, PHC, HF+), as well as aMPFC and PCC showed strong pattern 

similarity between the two “memory-based construction” tasks. Across many ROIs of the three 

subsystems, there was a strong tendency for the self > other pattern to be distinct from others 

(greater similarity for contrast pairs not involving self/other). Few regions, however, showed 

the rest > working memory pattern to be distinct from the others (only R-Rsp). Together, these 

data complement the findings in Figure 4. Though regions in each subsystem contain voxels 

responding to each contrast, the pattern of these activations is organized along the lines 

proposed by Andrews-Hanna (2012), with more dissimilar activation patterns for contrasts 

predominantly associated with different networks. 

 

The distance matrix (Figure 5B) and MDS plot (Figure 5C), based on correlations of the 

pattern-similarity matrices shown in Figure 5A, showed distinct clusters, largely similar to 
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those based on univariate activity profiles. The ROIs of the dMPFC subsystem clustered with 

each other, as did many of the MTL ROIs. Again, however, PCC and IPL regions clustered 

close together, between dMPFC and MTL clusters, and again, despite putative assignment to 

different networks, there was some similarity of the three MPFC regions.  

 

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
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 preprint (whichthis version posted September 2, 2019. ; https://doi.org/10.1101/753509doi: bioRxiv preprint 

https://doi.org/10.1101/753509
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

30 
 

Figure 5. (A) Correlations between each pair of activation patterns in each ROI (subnetworks in 

columns). The upper row shows the four model similarity matrices (white indicates empty cells that 

were not used in the comparisons, grays indicate 1s, and black indicate 0s). In each matrix, tasks are 

ordered (top to bottom and left to right) as follows: theory of mind, moral dilemmas, autobiographical 

memory, spatial imagery, self/other and working memory. Leftmost columns show the average rank-

transformed similarity matrices across subjects. Colored dots indicate the significance of Kendall’s 

tau-a correlation between each participant’s empirical and model similarity matrices tested against 

zero (corrected for multiple comparisons at FDR < 0.05). (B) Dissimilarity matrix calculated using 1 

– Pearson’s correlation between ROIs based on their correlation profiles across 15 task pairs. (C) 

Multidimensional scaling (MDS) to visualize the dissimilarity between regions. 

 

 

Discussion 

Many complex cognitive processes have been linked to the DMN, supporting its role in high-

level thought (Buckner and Carroll, 2007; Buckner et al., 2008; Spreng et al., 2009; Andrews-

Hanna, 2012; Andrews-Hanna et al., 2014b). Among the most established of these cognitive 

functions are social, semantic, episodic, and self-relevant processing (Frith and Frith, 2006; 

Binder et al., 2009; McDermott et al., 2009; Spreng et al., 2009; Humphreys and Lambon 

Ralph, 2017). Recent findings suggest that the DMN consists of anatomically and functionally 

heterogeneous subsystems (Andrews-Hanna, 2012; Andrews-Hanna et al, 2014b; Yeo et al., 

2011; Braga et al., 2017; Axelrod et al., 2017). Here, we used six diverse tasks to examine 

functional similarities and differences between DMN regions. 

 

In many respects, our results matched the tripartite division proposed by Andrews-Hanna et al. 

(2010, 2014b; 2012). In terms of univariate activity, regions of the dMPFC subsystem had 

largely similar activity profiles (Figure 4B), with strong response to our two social tasks, 
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consistent with a particular role in social cognition or introspection about mental states. A 

partial exception was dMPFC itself, whose activity profile was shifted towards that of aMPFC 

(Figure 4B, C). In addition to their strong response to social contrasts, however, dMPFC 

regions also showed some response to most other contrasts (Figure 4A). Thus, specialization 

was quantitative rather than qualitative. Analysis of multivoxel activity patterns also largely 

supported the proposals of Andrews-Hanna et al. (2010, 2014b; 2012), with regions of the 

dMPFC subsystem showing similar voxelwise activity patterns for our two social contrasts 

(Figure 5A), and again, largely similar profiles of between-task distances (Figure 5B, C). 

 

Our results also support the proposal of an MTL subsystem, though with some caveats. In terms 

of univariate activity, regions of the MTL subsystem had largely similar activity profiles 

(Figure 4B), with strong response to the autobiographical memory and spatial imagery tasks, 

and in most cases little response to other contrasts (Figure 4A). The most conspicuous 

exceptions were vMPFC, whose activity profile was shifted towards that of aMPFC, and pIPL, 

which responded to most contrasts (Figure 4B, C). Analysis of multivoxel patterns showed a 

largely similar picture. For MTL regions except vMPFC, voxelwise activity patterns were 

especially similar for the memory and imagery contrasts (Figure 5A), and across all task pairs, 

there were largely similar profiles of between-task distances (Figure 5B, C). Again, though, 

the distance profile of pIPL was rather different, with some similarity to other regions of both 

MTL and dMPFC subsystems, and again, vMPFC was shifted towards aMPFC (Figure 5B, C). 

 

Our results give less support to the concept of a midline core consisting of aMPFC and PCC. 

In terms of both univariate and multivariate activity, aMPFC was more similar to the adjacent 

dMPFC and vMPFC regions than to PCC. In terms of univariate activity, its strongest response 

was to the self-other contrast (Figure 4A). In contrast, both univariate and multivariate analyses 
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placed PCC between dMPFC and MTL subsystems, with results closely similar to those of 

pIPL (Figure 4C, 4C). If anything, these results suggest pIPL and PCC as a DMN functional 

“core” (consistent with Buckner et al. (2008, 2009)), while MPFC regions show some dorsal-

ventral gradient but also resemblances to one another, and relatively distinct profiles compared 

to the other ROIs, including PCC. 

 

Some important caveats should be considered. Undoubtedly, our a priori ROIs would not 

match the exact functional regions of individual participants, meaning that results for adjacent 

regions will to some extent blur together. One region where this consideration could be 

especially significant is the inferior parietal lobule, represented here by pIPL and TPJ ROIs 

(Figure 2). Our univariate data agreed with the proposals of Andrews-Hanna et al. (2010b) in 

broadly separating pIPL and TPJ. At a finer scale, however, it is possible that pIPL should be 

further subdivided, as suggested by some functional connectivity data (Yeo et al., 2011). 

Blurring of functionally separate regions within the pIPL might contribute to our findings of 

similarity to both dMPFC and MTL subsystems, resembling PCC. Similar considerations apply 

to our finding of broad similarities between the three MPFC regions. Of particular relevance 

here are the results of Braga & Buckner (2017), who scanned four individuals 24 times using 

fMRI. The authors found that two distinct networks, showing resemblance with the dMPFC 

and MTL subsystems in Andrews-Hanna et al. (2010), could be identified in each individual. 

However, a unique finding from this study was that spatially juxtaposed regions of the two 

networks were found in each of the three MPFC regions: dMPFC, aMPFC, and vMPFC, which 

may be blurred together by spatial averaging in a group analysis. Despite these concerns, our 

results confirmed a dorsal-ventral gradient within the MPFC, with the dMPFC being more 

involved in tasks requiring “introspection of mental states” and vMPFC more involved in tasks 

requiring “memory-based construction/simulation”. 
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Other aspects of our results cannot be explained by spatial blurring. In particular, a conspicuous 

result was a significant response to non-social contrasts throughout most regions of the dMPFC 

subsystem, including those far from the MTL or core hubs. Along with the broad similarity of 

whole-brain maps for each contrast (Figure 3), apart from self > other, such results confirm 

partial, but not complete separation of response patterns for different DMN subsystems. 

 

As noted earlier, several authors have proposed that the DMN represents broad features of a 

cognitive episode, situation or context (Hassabis and Maguire, 2007; Ranganath and Ritchey, 

2012; Manning et al., 2014). Our results suggest both partial functional separation but also 

integration within this context representation. Matching many other findings (Andrews-Hanna 

et al., 2014a; Axelrod et al., 2017), our results link regions of the dMPFC subsystem to social 

cognition, and regions of the MTL subsystem to spatial or scene representation. To represent a 

cognitive episode, it is plausible that social and spatial representations are often integrated, for 

example to indicate who is where in the represented episode. Such integration may be achieved 

through communication between dMPFC and MTL subsystems, perhaps especially mediated 

by the pIPL and PCC. The self is also likely to be a core part of any episode representation, 

perhaps especially dependent on MPFC. In this way, the DMN acts partly as an integrated 

whole, but binding together aspects of the episode representation that are predominantly 

contributed by separate subregions. 

 

Two other regions are worthy of further consideration. The first is the inferior frontal gyrus 

(IFG), which was not part of our a priori ROIs. Our whole-brain results (Figure 3A) showed 

that although IFG activity was weak in second-level analyses for most tasks (with the exception 

of self > other), a substantial minority of individual participants showed reliable recruitment 
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for most tasks (Figure 3B). In the semantic literature, it has been shown that the semantic 

network, including the IFG, consists of many regions overlapping with the DMN (Binder et 

al., 2009; Noonan et al., 2013). In a dataset of 1000 participants, Yeo et al. (2011) identified 

the IFG as part of the dMPFC subsystem (Andrews-Hanna et al., 2014b). Given these findings, 

future studies should consider further the relation between the IFG and the DMN. 

 

The second region requiring further consideration is the hippocampus. The hippocampal peak 

(HF+) defined in Andrews-Hanna et al. (2010) is not located in the hippocampus proper, but 

lies between the PHC and perirhinal cortex (PRC) (Moore et al., 2014; Ritchey et al., 2015; 

https://neurovault.org/collections/3731/). The PHC has been linked to the “posterior medial 

system”, a network closely related to the DMN, while the PRC has been linked to the “anterior 

temporal system”, along with the temporal poles and orbitofrontal cortex (Ranganath and 

Ritchey, 2012). The role of the current HF+ ROI is therefore unclear as it may span functionally 

heterogeneous regions. Another question is whether the hippocampus is part of the DMN at 

all. Our results show a mixed picture, as only some contrasts activated parts of the 

hippocampus. Although the hippocampus has been associated with episodic memory and 

spatial navigation (Maguire et al., 1998; Addis et al., 2007; Rugg et al., 2012; Brown et al., 

2016), it has been proposed to play a different role from other regions in the MTL subsystem. 

In particular, the hippocampus may integrate information across the anterior temporal and 

posterior medial systems (Ranganath and Ritchey, 2012).  

 

Our findings provide a mixed answer to the question of functional specialization within the 

DMN. On the one hand, there is evidence of a largely integrated whole, with similar whole-

brain activity maps for multiple contrasts, and some response to every contrast in each of the 

proposed subsystems, supporting classical accounts (e.g. Buckner and Carroll, 2007; Spreng et 
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al., 2009). On the other hand, there is partial functional separation, in close accord with the 

proposals of separate dMPFC and MTL subsystems (Andrews-Hanna et al., 2010, 2014a; 

Andrews-Hanna, 2012), though with remaining uncertainties over the concept of a midline 

core. Integrating social, spatial, self-related, and other aspects of a cognitive situation or 

episode, the DMN may provide the broad context for current mental activity. 

 

 

  

.CC-BY-NC-ND 4.0 International licenseavailable under a
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 preprint (whichthis version posted September 2, 2019. ; https://doi.org/10.1101/753509doi: bioRxiv preprint 

https://doi.org/10.1101/753509
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

36 
 

References 

Addis DR, Wong AT, Schacter DL (2007) Remembering the past and imagining the future: 

Common and distinct neural substrates during event construction and elaboration. 

Neuropsychologia 45:1363–1377. 

Andrews-Hanna JR (2012) The brain’s default network and its adaptive role in internal 

mentation. Neuroscientist 18:251–270. 

Andrews-Hanna JR, Reidler JS, Sepulcre J, Poulin R, Buckner RL (2010) Functional-

Anatomic Fractionation of the Brain’s Default Network. Neuron 65:550–562. 

Andrews-Hanna JR, Saxe R, Yarkoni T (2014a) Contributions of episodic retrieval and 

mentalizing to autobiographical thought: Evidence from functional neuroimaging, 

resting-state connectivity, and fMRI meta-analyses. Neuroimage 91:324–335. 

Andrews-Hanna JR, Smallwood J, Spreng RN (2014b) The default network and self-

generated thought: Component processes, dynamic control, and clinical relevance. Ann 

N Y Acad Sci 1316:29–52. 

Axelrod V, Rees G, Bar M (2017) The default network and the combination of cognitive 

processes that mediate self-generated thought. Nat Hum Behav 1:896–910. 

Baldassano C, Chen J, Zadbood A, Pillow JW, Hasson U, Norman KA (2017) Discovering 

Event Structure in Continuous Narrative Perception and Memory. Neuron 95:709-

721.e5. 

Benjamini Y, Yekutieli D (2001) The control of the false discovery rate in multiple testing 

under dependency. Ann Stat 29:1165–1188. 

Binder JR, Desai RH, Graves WW, Conant LL (2009) Where Is the Semantic System? A 

Critical Review and Meta-Analysis of 120 Functional Neuroimaging Studies. Cereb 

Cortex 19:2767–2796. 

Braga RM, Buckner RL (2017) Parallel Interdigitated Distributed Networks within the 

.CC-BY-NC-ND 4.0 International licenseavailable under a
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 preprint (whichthis version posted September 2, 2019. ; https://doi.org/10.1101/753509doi: bioRxiv preprint 

https://doi.org/10.1101/753509
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

37 
 

Individual Estimated by Intrinsic Functional Connectivity. Neuron 95:457-471.e5. 

Brown TI, Carr VA, LaRocque KF, Favila SE, Gordon AM, Bowles B, Bailenson JN, 

Wagner AD (2016) Prospective representation of navigational goals in the human 

hippocampus. Science (80- ) 352:1323–1326. 

Buckner RL, Andrews-Hanna JR, Schacter DL (2008) The brain’s default network: Anatomy, 

function, and relevance to disease. Ann N Y Acad Sci 1124:1–38. 

Buckner RL, Carroll DC (2007) Self-projection and the brain. Trends Cogn Sci 11:49–57. 

Buckner RL, Sepulcre J, Talukdar T, Krienen FM, Liu H, Hedden T, Andrews-Hanna JR, 

Sperling RA, Johnson KA (2009) Cortical hubs revealed by intrinsic functional 

connectivity: mapping, assessment of stability, and relation to Alzheimer’s disease. J 

Neurosci 29:1860–1873. 

Christoff K, Gordon AM, Smallwood J, Smith R, Schooler JW (2009) Experience sampling 

during fMRI reveals default network and executive system contributions to mind 

wandering. Proc Natl Acad Sci U S A 106:8719–8724. 

Christoff K, Ream JM, Gabrieli JDE (2004) Neural Basis of Spontaneous thought Processes. 

Cortex 40:623–630. 

Crittenden BM, Mitchell DJ, Duncan J (2015) Recruitment of the default mode network 

during a demanding act of executive control. Elife 2015:1–12. 

Frith CD, Frith U (2006) The Neural Basis of Mentalizing. Neuron 50:531–534. 

Greene J, Haidt J (2002) How (and where) does moral judgment work? Trends Cogn Sci 

6:517–523. 

Hassabis D, Maguire EA (2007) Deconstructing episodic memory with construction. Trends 

Cogn Sci 11:299–306. 

Heller R, Golland Y, Malach R, Benjamini Y (2007) Conjunction group analysis: An 

alternative to mixed/random effect analysis. Neuroimage 37:1178–1185. 

.CC-BY-NC-ND 4.0 International licenseavailable under a
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 preprint (whichthis version posted September 2, 2019. ; https://doi.org/10.1101/753509doi: bioRxiv preprint 

https://doi.org/10.1101/753509
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

38 
 

Humphreys GF, Lambon Ralph MA (2017) Mapping domain-selective and counterpointed 

domain-general higher cognitive functions in the lateral parietal cortex: Evidence from 

fMRI comparisons of difficulty-varying semantic versus visuo-spatial tasks, and 

functional connectivity analyses. Cereb Cortex 27:4199–4212. 

Kelley WM, Macrae CN, Wyland CL, Caglar S, Inati S, Heatherton TF (2002) Finding the 

Self? An Event-Related fMRI Study. J Cogn Neurosci 14:785–794. 

Maguire EA, Burgess N, Donnett JG, Frackowiak RS, Frith CD, O’Keefe J (1998) Knowing 

where and getting there: a human navigation network. Science 280:921–924. 

Manning JR, Kahana MJ, Norman KA (2014) The role of context in episodic memory. In: 

The Cognitive Neurosciences, 5th ed. (Gazzaniga M E, ed). Cambridge, MA: MIT 

Press. 

Mars RB, Neubert F-X, Noonan MP, Sallet J, Toni I, Rushworth MFS (2012) On the 

relationship between the “default mode network” and the “social brain.” Front Hum 

Neurosci 6:189. 

McDermott KB, Szpunar KK, Christ SE (2009) Laboratory-based and autobiographical 

retrieval tasks differ substantially in their neural substrates. Neuropsychologia 47:2290–

2298. 

Molenberghs P, Johnson H, Henry JD, Mattingley JB (2016) Understanding the minds of 

others: A neuroimaging meta-analysis. Neurosci Biobehav Rev 65:276–291. 

Moore M, Hu Y, Woo S, O’Hearn D, Iordan AD, Dolcos S, Dolcos F (2014) A 

Comprehensive Protocol for Manual Segmentation of the Medial Temporal Lobe 

Structures. J Vis Exp:1–8. 

Noonan KA, Jefferies E, Visser M, Lambon Ralph MA (2013) Going beyond Inferior 

Prefrontal Involvement in Semantic Control: Evidence for the Additional Contribution 

of Dorsal Angular Gyrus and Posterior Middle Temporal Cortex. J Cogn Neurosci 

.CC-BY-NC-ND 4.0 International licenseavailable under a
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 preprint (whichthis version posted September 2, 2019. ; https://doi.org/10.1101/753509doi: bioRxiv preprint 

https://doi.org/10.1101/753509
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

39 
 

25:1824–1850. 

Raichle ME, MacLeod AM, Snyder AZ, Powers WJ, Gusnard DA, Shulman GL (2001) A 

default mode of brain function. Proc Natl Acad Sci 98:676–682. 

Ranganath C, Ritchey M (2012) Two cortical systems for memory-guided behaviour. Nat 

Rev Neurosci. 

Ritchey M, Montchal ME, Yonelinas AP, Ranganath C (2015) Delay-dependent 

contributions of medial temporal lobe regions to episodic memory retrieval. Elife 4. 

Rugg MD, Vilberg KL (2013) Brain networks underlying episodic memory retrieval. Curr 

Opin Neurobiol 23:255–260. 

Rugg MD, Vilberg KL, Mattson JT, Yu SS, Johnson JD, Suzuki M (2012) Item memory, 

context memory and the hippocampus: fMRI evidence. Neuropsychologia 50:3070–

3079. 

Shulman GL, Fiez JA, Corbetta M, Buckner RL, Miezin FM, Raichle ME, Petersen SE 

(1997) Common Blood Flow Changes across Visual Tasks: II. Decreases in Cerebral 

Cortex. J Cogn Neurosci 9:648–663. 

Smith V, Mitchell DJ, Duncan J (2018) Role of the Default Mode Network in Cognitive 

Transitions. Cereb Cortex 28:3685–3696. 

Spreng RN, Grady CL (2010) Patterns of Brain Activity Supporting Autobiographical 

Memory, Prospection, and Theory of Mind, and Their Relationship to the Default Mode 

Network. J Cogn Neurosci 22:1112–1123. 

Spreng RN, Mar RA, Kim ASN (2009) The Common Neural Basis of Autobiographical 

Memory, Prospection, Navigation, Theory of Mind, and the Default Mode: A 

Quantitative Meta-analysis. J Cogn Neurosci 21:489–510. 

Yeo BT, Krienen FM, Sepulcre J, Sabuncu MR, Lashkari D, Hollinshead M, Roffman JL, 

Smoller JW, Zöllei L, Polimeni JR, Fischl B, Liu H, Buckner RL (2011) The 

.CC-BY-NC-ND 4.0 International licenseavailable under a
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 preprint (whichthis version posted September 2, 2019. ; https://doi.org/10.1101/753509doi: bioRxiv preprint 

https://doi.org/10.1101/753509
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

40 
 

organization of the human cerebral cortex estimated by intrinsic functional connectivity. 

J Neurophysiol 106:1125–1165. 

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
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 preprint (whichthis version posted September 2, 2019. ; https://doi.org/10.1101/753509doi: bioRxiv preprint 

https://doi.org/10.1101/753509
http://creativecommons.org/licenses/by-nc-nd/4.0/

