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Abstract

Episodic memories showcase the complexity of internal thought: they bind together people, places, and
events into coherent narratives, and they carry a subjective quality that sets them apart from other
mental representations. In this review, | argue that episodic memory provides a powerful lens for
understanding the functional organization of the default mode network (DMN). Recent research reveals
that memory-related functions of the DMN are organized along at least two key dimensions— content
and specificity. Distinct areas support memory for different types of content (e.g., object, spatial, and
social information) and with varying levels of specificity (e.g., detailed episodes vs general schemas).
Together, DMN pathways can support the diversity of episodic thought, imbuing multidimensional
representations with subjective experience. By delineating how these pathways correspond with
memory features, we can gain insight into how the DMN builds and updates internal narratives across
cognitive domains.

Highlights

e Different DMN areas support memory for object, spatial, and social information

e Across DMN pathways, there are differences in sensitivity to general and specific memory
features

e Functional brain networks, together with the hippocampus, shape the subjective experience of
memory



Memory has been a part of the conversation about the resting brain since the very beginning. Before it
was coined the “default mode” (Raichle et al., 2001), Nancy Andreasen and colleagues referred to this
state as “random episodic silent thinking” (Andreasen et al., 1995), highlighting the central role of
memory processes in the brain at rest. In their view, this state was “both active and interesting,”
characterized by spontaneous remembering and free association. Thirty years later, it is well known that
the default mode network (DMN) is strongly and reliably active during episodic memory tasks, and in
particular, when individuals recall or imagine specific contextual details about an event (Ranganath &
Ritchey, 2012; Rugg & Vilberg, 2013; Schacter et al., 2007).

While a major theme of past work has been to ask what the DMN contributes to episodic memory, it may
also be productive to consider what episodic memory can offer for understanding the DMN. Episodic
memories showcase the complexity of our internal representations: they bind together details about
people, places, and things into a coherent narrative. As experimenters, we have inside knowledge about
their contents and structure. Moreover, they have a phenomenological quality that sets them apart from
other mental representations. Together, these features make episodic memory an appealing domain in
which to study the richness of internal representations afforded by the DMN.

In this review, | will discuss recent findings relevant for examining the DMN through the lens of episodic
memory. In doing so, | will attempt to identify organizing principles that systematically link DMN
responses to memory representations, i.e., the content of what is remembered (De Brigard, 2014).

Functional organization of the DMN

Recent research on the DMN has focused on characterizing its functional diversity, rather than treating it
as a single monolithic network. The DMN consists of multiple systems that are dissociable on the basis of
functional connectivity and their participation in different kinds of cognitive tasks (Andrews-Hanna et al,,
2010; DiNicola et al., 2020). Different approaches to defining these networks are summarized in Figure 1.
In one formulation, episodic processes have been ascribed to a medial temporal subsystem, which
includes the parahippocampal cortex, posterior lateral parietal cortex, and retrosplenial cortex, areas that
closely interact with the hippocampus (Andrews-Hanna et al., 2010). This system can be contrasted
against a dorsomedial prefrontal subsystem, which includes dorsomedial prefrontal cortex and anterior
temporal lobe areas and has been linked to mentalizing processes. Initial research identified a set of
“core” regions that bridge these two subsystems, evident in group-level parcellations (e.g., Yeo et al.,
2011). Recently, however, subject-specific parcellations have clarified that these functionally dissociable
systems are interdigitated and distributed throughout association cortex (Braga & Buckner, 2017), leading
to the conclusion that they should be considered as separate, parallel networks, labeled DN-A and DN-B,
rather than overlapping subsystems. See Figure 1 for visual comparison of these network definitions.

Because these parcellations have tended to focus on large-scale cortical networks, they have not
directly addressed the different functions and connectivity patterns of the medial temporal lobes (MTL),
which play an essential role in episodic memory. Other frameworks have prioritized understanding MTL
function in light of dissociations seen in lesion studies and in how MTL areas interact with the
hippocampus and with the rest of the brain, arguing that these areas are part of large-scale cortical
systems supporting memory-guided cognition (Barnett et al., 2021; Ranganath & Ritchey, 2012). These
systems, labeled the posterior medial (PM) and anterior temporal (AT) networks in one framework
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(Ranganath & Ritchey, 2012), are broadly aligned with the subsystems described above, but differ in their
segregation in MTL cortex. Recently, high-field fMRI revealed that individually-defined DN-A and DN-B
networks extend into the MTL, with DN-B represented within the amygdala and anterior MTL cortex and
DN-A in the posterior MTL cortex (Edmonds et al., 2024). Here, in order to bridge across studies, | will
highlight parallels between these approaches (Figure 1), referring to these areas broadly as the PM and
AT networks to facilitate comparison.
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Core regions
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Figure 1. Frameworks for considering the functional organization of the DMN with respect to episodic memory. a)
Group-level parcellation separating the DMN into 3 components, here defined by the Yeo 17-network labels (Yeo et
al., 2011) applied to the Schaefer-200 parcellation (Schaefer et al., 2018). These 3 components generally
correspond with the subsystems described by Andrews-Hanna et al. (2010): the dorsomedial prefrontal subsystem
(red), the medial temporal subsystem (blue), and core regions interacting with both (yellow). b) Functional brain
networks DN-A (blue) and DN-B (red) as defined by the DUTSNET consensus maps (Du et al., 2024), which identify
the most common network assignments from individual-specific parcellations. ¢) Results from a comparison of brain
activity during recall of people and places in an autobiographical retrieval task (Gilmore et al., 2021). The borders of
DN-A and DN-B from the DU1SNET consensus maps are outlined in white. d) Schematic overview of the posterior
medial (PM) and anterior temporal (AT) networks, highlighting some of the key functional connections of the medial
temporal lobes (Barnett et al., 2021; Ranganath & Ritchey, 2012). Hippocampus and entorhinal cortex are
color-coded in purple to indicate their connections with both networks; see Edmonds et al. (2024) and Maass et al.
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(2015) for further characterization of their relation to these pathways. Abbreviations: PRC=perirhinal cortex,
PHC=parahippocampal cortex, PMC=posteromedial cortex, PFC=prefrontal cortex. Brain plots were generated
using the surfplot package in Python (Gale et al., 2022). Integrating across these 4 approaches, there is evidence
for segregation among DMN areas in terms of their functional connectivity profiles, their connections with the
medial temporal lobes, and their relationships to memory features. Across the panels, red and blue color-coding is
used to highlight parallels between areas described as part of the PM network, medial temporal subsystem, and
DN-A, on the one hand, and areas typically assigned to the AT network, dorsomedial prefrontal system, and DN-B,
on the other.

Content specialization in the DMN

DMN regions are more responsive to internally generated content, such as thoughts and memories, than
to external stimuli. While research on cortical category selectivity has primarily focused on mapping
sensory cortical areas, there is growing evidence for content dissociations within the DMN (Steel &
Silson, 2022). A prominent example is the distinction between DMN areas associated with memory for
object and spatial information (previously reviewed by Ranganath & Ritchey, 2012; Reagh & Ranganath,
2018). Whereas retrieving semantic information about objects involves areas in anterior temporal and
lateral frontal areas, remembering their spatial contexts involves the parahippocampal cortex, lateral
parietal cortex, and posteromedial cortex (Gonzalez Alam et al., 2025). These pathways exhibit
differences in structural connectivity with object and scene processing areas in visual cortex (Gonzalez
Alam et al., 2025), suggesting they may be derived from interactions with sensory processing streams.
MTL areas are well-positioned to bridge sensory and mnemonic representations, as object
representations are conveyed from the ventral visual stream to the perirhinal cortex and scene
representations are conveyed from the dorsal visual stream to the parahippocampal cortex (Davachi,
2006; Eichenbaum et al., 2007). These MTL areas, in turn, functionally interact with AT and PM areas
supporting semantic and spatio-contextual memory, respectively (Ranganath & Ritchey, 2012).

Recent research has increasingly focused on how social information is represented in memory, building
on earlier work implicating the medial prefrontal cortex in person-specific representations (Wagner et al.,
2012). Newer studies show that this specialization extends across the DMN. For example, within the
posteromedial cortex, dorsal regions are more engaged in person memory, while ventral regions are
more involved in place memory (Gilmore et al., 2021; Silson et al., 2019), aligning with distinct DMN
pathways (Figure 1c). These different areas are functionally connected with category-selective areas in
the ventral visual stream (Silson et al., 2019) and overlap with areas activated during perception (Gilmore
et al., 2021). Beyond the posteromedial cortex, person memory is associated with brain activity in the AT
network, eliciting greater activity in anterior lateral parietal areas, anterior temporal areas, and the
dorsomedial prefrontal cortex (Gilmore et al., 2021), and semantic knowledge about people is apparent in
anterior temporal and inferior frontal areas (Morton et al., 2021). During recall, person-specific patterns
are evident in the perirhinal cortex and anterior temporal cortex, in contrast to place-specific patterns in
the PM network (Reagh & Ranganath, 2023). These findings converge with findings from naturalistic
event perception that anterior temporal and dorsomedial prefrontal areas represent social information
(Karagoz et al., 2023; Raykov et al., 2021; Thye et al., 2024).

The role of the DMN in social memory goes beyond remembering information about individuals.
Remembering dynamic social interactions recruits the posteromedial cortex, dorsomedial prefrontal
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cortex, and the temporoparietal junction (Lee Masson et al., 2024), and remembering one’s own
interactions engages widespread DMN areas (Katsumi et al., 2024). Integrating across lines of evidence,
it appears that anterior temporal and frontal components of the AT network are recruited when
remembering semantic information about persons, while memories involving complex social dynamics
might engage the DMN more broadly, perhaps due to the integration of person knowledge with event
context. Remembering social experiences may also place greater demands on mentalizing processes,
which could account for recruitment of dorsomedial prefrontal areas during social and emotional recall
(Curko et al., under review; Kensinger & Ford, 2021). Supporting this idea, generating emotional
associations elicits greater activity in frontal and temporal DMN areas than generating semantic
contextual associations (Souter et al., 2024). However, more work is needed to disentangle how the
DMN incorporates different aspects of social and emotional experiences in memory, including
information about one’s own and others’ mental states.

Specificity of memory representations

In addition to content specialization, DMN areas differ in the specificity of their memory representations.
Within the AT network, the perirhinal cortex supports highly specific object representations that combine
their individual and semantic features (Martin & Barense, 2023), while the anterior temporal lobe
supports more general concepts (Ralph et al., 2017). The lateral parietal cortex has also been linked to
semantic concepts, but interestingly, appears to be more sensitive to the semantics of complex event
concepts compared to simpler object representations (Zhang et al., 2023). Within the PM network,
retrieval of episodic details involves the hippocampus, parahippocampal cortex, and lateral parietal
cortex (Cooper & Ritchey, 2019; Richter et al., 2016; Thakral et al., 2019), whereas schema retrieval has
been most commonly associated with the medial prefrontal cortex (Gilboa & Marlatte, 2017; Robin &
Moscovitch, 2017). Gradations of specificity are further evident during event perception: the
parahippocampal cortex and ventral posteromedial cortex are especially sensitive to contextual shifts
(Baldassano et al., 2017; Cooper et al., 2021), and activity increases in these regions at event boundaries
predict subsequent recall (Barnett et al., 2024). In contrast, dorsal posteromedial cortex exhibits more
temporally stable representations (Baldassano et al., 2017), perhaps supporting the maintenance of
schemas that extend across an event. Such schema representations generalize across their specific
instances, with similar patterns in dorsomedial prefrontal and posteromedial cortex for stories that share
schematic structure but differ in specific details (Baldassano et al., 2018). This is thought to provide a
scaffold for new learning (Masis-Obando et al., 2022).

Specificity gradients may reflect a broader organizing principle of the DMN. Hierarchical models of
cortical organization propose that sensory information is progressively abstracted across processing
stages, with higher-order regions in the DMN supporting increasingly transmodal representations
(Margulies et al., 2016). This may explain why areas with closer ties to sensory processing streams
(including perirhinal, parahippocampal, and retrosplenial cortex) are more likely to represent more
specific, perceptually-grounded features, while more distant DMN areas support abstraction across
modalities (reviewed by Huntenburg et al., 2018), serving as convergence zones (Damasio, 1989; Jung et
al., 2022). In support, there is evidence for multimodal integration in the parietal components of the DMN
(Bonnici et al., 2016; Rabini et al., 2021; Ramanan et al., 2018) stemming from parallel interactions with
category-selective regions (Fang et al., 2023). Furthermore, activity patterns in these regions can be
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used to reconstruct the multidimensional semantic features of recalled scenes (Wang et al., 2023).
Consistent with hierarchical models, Andrews-Hanna and Grilli (2021) recently proposed that the medial
temporal system supports contextualized, visual representations (“the mind’s eye”), while the
dorsomedial prefrontal system supports abstract, verbal representations (“the mind’s mind”), involved in
mentalizing and narrative processing. This framework accords with recent evidence showing that the
individually-defined DN-A and DN-B networks are differentially modulated by task demands, with DN-A
being especially affected by scene construction demands (DiNicola et al., 2023). For the purposes of
memory, these distinct pathways may allow memories to co-exist at multiple levels of resolution,
supporting both perceptually detailed episodes and schematic narratives (Gurguryan & Sheldon, 2019;
Sheldon et al., 2019).

Subjective experience of memory

Episodic memories are marked by autonoetic conscious awareness, that is, the subjective sense of
moving through place and time to recapture a particular moment (Tulving, 1985). Though the
hippocampus coordinates the reinstatement of contextual associations, DMN areas may shape the
quality of the resulting experience (Ritchey & Cooper, 2020). Prior work has supported a relationship
between the subjective vividness of memory and activity in the lateral parietal cortex and posteromedial
cortex (Simons et al., 2021). The lateral parietal cortex, in particular, has been proposed to support
vividness by integrating multisensory event features (Humphreys et al., 2021; Ramanan et al., 2018), and
its disruption alters subjective ratings (Ciaramelli et al., 2017) and the relationship between vividness and
accuracy (Zou & Kwok, 2022). Vividness is correlated with the strength of event representations in both
lateral parietal (Kuhl & Chun, 2014) and posteromedial cortex (Sreekumar et al., 2018), even when the
overall DMN activity is reduced (Barker et al., 2022). Notably, a recent study found that different DMN
areas tracked the vividness and the emotional valence of imagined events, suggesting functional
specialization for these different aspects of subjective experience (S. Lee et al., 2021). Recent models of
consciousness have proposed that our experiences are defined in relation to one another— that
subjective experience arises from the representational structure of memories (Lau et al., 2022; LeDoux &
Lau, 2020). To the extent that DMN areas are sensitive to similarities among semantic features (e.g., H.
Lee & Chen, 2022), social context (Bromis et al., 2021), temporal context (Aly et al., 2018), and perhaps
especially, spatial context (Robin et al., 2018), this may provide an informational basis for a variety of
memory experiences.

Toward a multidimensional view

Together, these results suggest that memory-related functions of the DMN are organized along (at least)
two key dimensions: content and specificity (Figure 2). Areas in the AT network tend to be sensitive to
information about objects and people, whereas areas in the PM network tend to represent scenes and
other contextual associations. Meanwhile, areas that are more closely connected with sensory
processing streams tend to carry information about specific item exemplars (e.g., perirhinal cortex) and
events (e.g., parahippocampal cortex, posterior lateral parietal cortex). In contrast, more distant,
transmodal DMN areas tend to be associated with more abstract mental representations, such as item
concepts (e.g., anterior temporal lobe) and event schemas (e.g., medial prefrontal cortex, posteromedial
cortex).
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Figure 2. Schematic overview of memory representations and their relation to key areas, organized by their
representational content and level of specificity. Memory for objects and people has been associated with the
areas in the AT network (color-coded in red), whereas memory for events and contextual associations has been
associated with areas in the PM network (color-coded in blue). The specificity of these representations tends to be
highest in areas most closely connected with sensory processing streams, with more abstract representations in
transmodal DMN areas spanning the AT and PM networks. Note that these dimensions are not orthogonal, such
that there may be stronger content dissociations among areas sensitive to specific memory features. See Figure 1
for specification of how these areas correspond with functional brain networks. Abbreviations: PRC=perirhinal
cortex, ATlL=anterior temporal lobes, PHC=parahippocampal cortex, pLPC=posterior lateral parietal cortex,
PMC=posteromedial cortex, MPFC=medial prefrontal cortex.

While cortical networks may shape the subjective experience of memory, they clearly do so in concert
with the hippocampus. Hippocampal interactions support the compression and reinstatement of
event-specific cortical patterns (Kerrén et al., 2025). Evidence from lesion studies illustrates this
interdependence: whereas hippocampal damage impairs episodic memory and alters functional
connectivity within the DMN (Argyropoulos et al., 2019; Henson et al., 2016; Oedekoven et al., 2019),
amnesic patients can still engage DMN regions during narrative comprehension (Zuo et al., 2020) and
show preserved cortical reinstatement under certain conditions (Elward et al., 2021). These findings
suggest that memory experiences emerge from distributed interactions across the network.

Although the dimensions of content and specificity appear to capture considerable variability in the
organization of DMN areas, other dimensions— including temporal specificity and self relevance— may
also be important (Addis & Szpunar, 2024; Tanguay et al., 2023). Indeed, the DMN may play a general
role in generating subjective experiences from a multidimensional conceptual space, which could
explain its participation in both episodic and semantic memory (Humphreys et al., 2021; Renoult et al.,
2019). At the same time, content and specificity appear to be especially useful organizing principles for
explaining functional differences across the DMN, which appear to emerge from patterns of connections
with sensory pathways (Gonzalez Alam et al., 2025) embedded within large-scale cortical hierarchies
(Huntenburg et al., 2018).
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In conclusion, episodic memories showcase the complexity of internal thought: they bind together
multimodal event features, imbue them with layers of meaning, and reconstruct them with rich
phenomenology. By studying how memories are organized with respect to the DMN, we can gain insight
into how this network builds and updates internal narratives across cognitive domains (Menon, 2023). An
important goal for future research will be to characterize how these multidimensional representations are
shaped and deployed through context-dependent interactions among DMN pathways.
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finding that these factors modulate activity across the DMN. It provides a comprehensive
approach to characterizing similarities and differences in episodic and semantic memory
representations in the DMN.

*Wang, Y., Lee, H., & Kuhl, B. A. (2023). Mapping multidimensional content representations to neural and
behavioral expressions of episodic memory. Neurolmage, 277, 120222.
- This paper shows that DMN activity patterns can be used to reconstruct semantic content during
episodic memory retrieval. It offers clear evidence for multidimensional, content-rich
representations in DMN regions during memory recall.
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