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Supplementary Information 

Supplementary Figures 

 

Supplementary Figure 1. Distribution of conjunctive mnemonic information, increased hubness and overlap across 

the brain. (A) Whole-brain conjunctiveness scores from the RSA, rendered on a cortical surface map. These surface 

renderings were only used for visualization; the statistical tests were carried out on volume maps. Regions with a high T-

value exhibit higher neural pattern similarity when comparing instances of the same association relative to comparing 

different associations (associative similarity, see Fig. 2A). In addition to the hippocampus, evidence for conjunctive 

coding was observed in an extended network of regions that have been previously implicated in memory processes, 

including prefrontal cortex 1-8, lateral parietal cortex 9, precuneus 10 and lateral temporal cortex 11,12. Note the absence of 

high values in early visual regions, indicating that the RSA is not sensitive to visual category effects. (B) Whole-brain 

participation coefficient hubness scores. Regions with a high T-statistic are prominent connector hubs during memory 

retrieval and therefore relatively important for interactions between subnetworks. The reverse contrast (inter-trial 

interval versus retrieval condition participation coefficients) yielded no significant differences (p>.79 whole-brain FWE-

corrected) and no clusters with a minimal extent of 30 voxels thresholded at p<.05. Maps in (A) and (B) thresholded at 

p<.05 to illustrate which voxels were used to compute the overlap scores for the spatial permutation test (see Fig. 2E). 

Circles indicate p<.05 small-volume FWE-corrected peaks in the hippocampus. (C) Binary overlap between hubness and 

conjunctiveness maps, obtained by intersecting (A) and (B). Note that overlap is exclusive to bilateral hippocampus.  
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Supplementary Figure 2. Head displacement during retrieval and inter-trial intervals. Histogram of average head 

movements across participants derived from the realignment parameters. No significant difference was observed 

between conditions (T24=.05; p=.96, see Methods for details). 

 

 

Supplementary Figure 3. Participation coefficient scores during inter-trial intervals. We observed regions previously 

associated with high participation coefficient (PC) scores during rest blocks, such as lateral temporal gyrus, posterior 

cingulate, fusiform gyrus, insula and inferior frontal gyrus 13. Map was thresholded by setting all voxels below 99% of 

robust range (of non-zero voxels) to zero.  

 

 

Supplementary Figure 4. Whole-brain eigenvector centrality scores. Recall versus inter-trial interval difference map 

computed from raw time series data (see Methods for details). Effects are similar to the participation coefficient results 

(see Supplementary Figure 1). Map thresholded at p<.05 for comparison. Circle indicates p<.05 small-volume FWE-

corrected peak in the hippocampus. 
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Supplementary Figure 5. Seed-based connectivity profile of hippocampal overlap voxels.  

To investigate the functional connectivity of the hippocampus with other brain regions during retrieval, we performed an 

exploratory seed-based connectivity analysis, with the voxels in the hippocampus that showed effects for both hubness 

and conjunctiveness (see Fig. 2C, right panel) as seed ROI. Map shows brain regions that potentially drive the observed 

participation coefficient increase during memory retrieval. We observed no significant differences (p>.30 whole-brain 

FWE-corrected). However, inspection of the seed-based connectivity map at a more liberal threshold (p<.05) revealed 

increases of hippocampal connectivity with an extended network of task-related brain regions, including ventromedial 

prefrontal cortex 8, sensorimotor cortices and parietal association areas 9,14. Note that due to this liberal threshold, the 

results from this analysis should be interpreted with caution. 

 

 

Supplementary Figure 6. Associative similarity effect split for match and non-match probe types. Results from an 

additional exploratory GLM analysis to assess associative similarity for trials with a probe that matched the associate 

stimulus separately from trials with a probe that was a different stimulus from the same category. Bars are displaying 

estimates from the hippocampal overlap voxels (see Fig. 2D). Note that these comparisons (dark purple: association with 

different order, light purple: different association with same order, see Fig. 2A) are based on half the amount of trials 

compared to the associative similarity effect presented in the main text. The non-match condition appears consistent 

with the associative similarity effect, although we observed no significant differences in either of the probe type 

conditions (p>.25). The apparent (but non-significant) reversal of the effect for match trials with respect to the main 

analysis, in which match and non-match trials are combined, is likely due to the differing variance of the match and the 

non-match trials. 
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Supplementary Figure 7. Overlap at various thresholds. The impact of different thresholds applied to the 

conjunctiveness and hubness maps on the specificity of the effect in the hippocampus for the overlap statistics. 

Logarithmic Y-axis denotes the probability of observing a higher overlap score in random regions-of-interest at a given 

threshold of the brain maps, plotted on the logarithmic X-axis. Values above the gray dotted line indicate (A) significantly 

more Dice or (B) relative overlap of conjunctiveness and hubness metrics in hippocampus. Hippocampus generally shows 

significantly more overlap than random brain regions, unless the applied threshold becomes too conservative (p<.02). 

Gray arrows indicate the threshold used in the main analysis (p<.05).  

 

 

Supplementary Figure 8. Brain regions showing more activation during memory retrieval compared to the inter-

trial intervals. Results from a univariate GLM analysis contrasting retrieval versus inter-trial interval activity. Map 

thresholded at p<.05 to illustrate which voxels contributed to the overlap scores. Note that the hippocampus does not 

show increased univariate activity during retrieval, even when adopting a liberal threshold. 
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