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Although spatial navigation and declarative memory share overlapping neural mechanisms, they have tradi-
tionally been investigated as largely non-overlapping research domains. Recent theories suggest an evolutionary
continuity, proposing that systems for navigating physical and mental spaces are linked through shared trans-
formations between self-based (egocentric) and map-based (allocentric) reference frames. Yet, the extent to
which these processes rely on common substrates remains unclear. This metanalysis used Activation Likelihood
Estimation (ALE) to quantitatively compare fMRI studies on spatial navigation (egocentric or allocentric) and
declarative memory (episodic or semantic), assessing convergence across domains. Results revealed extensive
overlap, particularly in the retrosplenial complex (posterior cingulate cortex/retrosplenial cortex), which was
consistently activated across all four conditions, highlighting its role in integrating and transforming reference
frames. Episodic memory overlapped with egocentric navigation in the occipital place area (OPA), the angular
gyrus (AG) and the parahippocampal place area (PPA), and with allocentric navigation in the PPA and hippo-
campus, suggesting flexible recruitment rather than strict mapping. The dorsal anterior cingulate cortex (dACC)
emerged as a domain-general hub across memory and allocentric navigation, possibly supporting the regulation
of internally vs. externally driven processing. These findings support a shared, large-scale network involving
medial temporal, parietal, and cingulo-retrosplenial regions. The retrosplenial complex, anatomically positioned
between the hippocampus and the posterior parietal cortex, appears crucial for converting information between
egocentric and allocentric coordinates across domains. Future neuroimaging research could clarify how these
transformations generalize across spatial and conceptual domains, and how the default mode and salience
networks support adaptive cognition.

1. Introduction elements appears to be a key aspect of both self-based egocentric navi-

gation and episodic memory (Eichenbaum and Cohen, 2014). Location

Spatial navigation and declarative memory are two core cognitive
functions. Navigation has been traditionally divided in two main com-
ponents (i.e. egocentric, allocentric) depending on the implemented
frame of reference (i.e. self-based, map-based) (Boccia et al., 2014;
Ekstrom and Isham, 2017), while declarative memory has been classi-
cally decomposed into episodic and semantic components (Tulving and
Markowitsch, 1998). However, the storage of ordered sequences of

sequences are indeed linked together by a neural path integrator along
one-dimensional space with no need for a map-like representation, as
sequentially occurring items are assembled into a coherent contextual-
ized memory episode (Eichenbaum et al., 1999). In contrast, allocentric
maps define a location inside a two-dimensional space independently of
the navigator’s position or the paths performed, in the same way as
semantic memory defines concepts inside associative maps
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independently of a particular temporal or spatial context, in both cases
stablishing omni-directional distance relationships found between
landmarks or concepts (Bellmund et al., 2018).

At the neural level, navigation and declarative memory have tradi-
tionally been associated with the medial temporal lobe (MTL), and in
particular with the hippocampal formation (HF), but largely within
distinct research traditions. Foundational evidence came from classical
animal neurophysiological studies on spatial navigation mechanisms
(Hafting et al., 2005; O’Keefe and Nadel, 1978; Tolman, 1948) on one
hand, and from neuropsychological assessments of amnesic patients on
the other (Grossi et al., 1988; Levine et al., 1998; Scoville and Milner,
1957). However, MTL/HF damage has been associated with both
non-spatial memory deficits (e.g. serial reaction time task, delayed
non-match to sample task) (Ergorul and Eichenbaum, 2006; Otto and
Eichenbaum, 1992) in studies with behaving animals, and, at least
partially, with spatial deficits in amnesic patients (Bartsch et al., 2010;
Bohbot et al., 1998; Herdman et al., 2015; Kolarik et al., 2018).

In recent years, several proposals have attempted to reconcile the
hippocampal involvement in both spatial navigation and declarative
memory, based on evidence that the hippocampus encodes both loca-
tions in space and moments in time (Eichenbaum and Cohen, 2014;
Ekstrom and Ranganath, 2018; Epstein et al., 2017). This convergence
has inspired a range of perspectives that collectively conceptualize
hippocampal function in terms of Tolman’s notion of “cognitive map” - a
mental organization of experience in spatial dimensions that guides
behavior. For instance, Buzsaki and Moser (2013) proposed an evolu-
tionary continuity model in which a neural recycling mechanism links
navigation in physical and mental (i.e. mnestic) space. Beyond this
evolutionary perspective, Milivojevic and Doeller (2013) emphasized
the notion of memory as a network of interconnected representations,
whereas Maguire and Mullally (2013) focused on the role of the
hippocampal-enthorinal region in the reconstruction of spatially
coherent scenes during both navigation and memory retrieval. Alter-
natively, Eichenbaum and Cohen (2014) modeled the hippocampus as
encoding a “memory space”, wherein events and episodes are integrated
within relational networks (Eichenbaum et al., 1999). Finally, Bellmund
and Doeller (Bellmund et al., 2018) proposed that spatial navigation
mechanisms provide the basic coding principles for navigating
non-spatial knowledge, suggesting that a spatial metric guides the rep-
resentation and manipulation of conceptual (semantic) knowledge. In
this framework, a hippocampal-parietal network is assumed to support
the organization and retrieval of knowledge across egocentric and
allocentric reference frames (Bottini and Doeller, 2020). Similarly to the
dual navigational system comprising world-centered (primarily associ-
ated with the hippocampal formation) and self-centered (primarily
associated with the parietal cortex) representations, conceptual knowl-
edge would be supported by the complementary activity of “cognitive
maps” (low-dimensional geometries that are analogs of world-centered
environmental representations) and “image spaces” (analogs of
self-centered spatial relationships).

The fundamental hypothesized mechanism underlying the common
neural coding for spatial navigation and memory is the generalization of
experiences. In particular, just like the formation of allocentric maps is
based on repeated exploration of the environment (Siegel and White,
1975) , semantic knowledge derives from the extraction of statistical
regularities across multiple episodic events (Eichenbaum et al., 1999;
Moscovitch et al., 2016). Within this framework, the general notion of
“cognitive maps” or ‘“cognitive spaces” for spatial navigation and
memory is assumed to depend on a shared transformation process,
whereby self-based (egocentric) inputs are converted into a map-based
(allocentric) representation. According to Buzsaki and Moser (2013),
the neural machinery underlying this generalization process can be
identified in the neurophysiological properties of medial temporal
neurons of rats and other non-human species. For instance, physiolog-
ical support for the mental travel model and the sequential encoding of
items in the physical and mental space has been found in theta-phase
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coding and modulation of gamma power by theta rhythm (Bragin
etal., 1995; Colgin et al., 2009). Thus, the neural machinery underlying
the generalization of experience is assumed to be implemented in the
hippocampal formation (Buzsaki and Moser, 2013), where spatial,
temporal, or semantic distances are coded by theta oscillations
(Solomon et al., 2019).

Behavioral evidence supporting the continuity between self- and
map-based coding across spatial navigation and memory domains comes
from studies examining the association between performance on various
navigational and memory tasks in humans. In particular, across-domain
relationships have been observed between path integration/route (self-
based) navigation and episodic memory performance (Committeri et al.,
2020; Fragueiro et al., 2021, 2022), as well as between survey (map--
based) navigation and semantic memory performance (Fragueiro et al.,
2023). Moreover, egocentric navigational training has been shown to
improve performance on episodic memory tasks (Fragueiro et al., 2022),
suggesting the positive causal influence of self-based spatial processing
on memory retrieval. Additionally, a significant correlation has been
reported between performance on self-based and higher-level, map--
based tasks within each domain (Fragueiro et al., 2023), in line with the
idea that a transformative process from self- to map-based representa-
tions operates similarly across domains.

At the level of the whole-brain functional architecture, however, the
correspondence between the neural mechanisms underlying self-based
and map-based coding of information in each domain has remained
somewhat elusive. As highlighted by Eichenbaum and Cohen (2014),
while the hippocampal formation is thought to support allocentric
spatial maps acquired through repeated exploration, evidence for its
involvement in self-based navigation or path integration is limited.
Similarly, although growing evidence points to a crucial role of the
hippocampal-entorhinal region in encoding and retrieval of first-person
(self-based) experiences, such as spatial and temporal context in
episodic memory, semantic knowledge is traditionally considered a form
of hippocampal-independent memory, relying instead on neocortical
structures (Ranganath and Ritchey, 2012; Renoult et al., 2019; but see
Duff et al., 2020). While the hippocampal formation and para-
hippocampal cortex (PHC) are implicated in associative memory for
contextual information (Eichenbaum et al., 2007), self-based compo-
nents of navigation have been consistently associated with posterior
midline regions including the posterior cingulate (PCC)/restrosplenial
cortex (RSC), as well as regions of the lateral parietal and medial pre-
frontal cortex (Bird and Burgess, 2008; Galati et al., 2010; Ranganath
and Ritchey, 2012; Sestieri et al., 2017). On the other hand, allocentric
coding of environmental information has been linked to both the hip-
pocampal formation and PHC, as well as the RSC (Hartley and Harlow,
2012; laria et al., 2003; Jung and Dilks, 2025). Finally, although a recent
metanalysis reported a partial overlap between the networks involved in
autobiographical episodic memory and egocentric navigation, no sys-
tematic correspondence has been found between brain regions sub-
serving autobiographical semantic memory (i.e. personal semantic) and
map-based allocentric navigation (Teghil et al., 2021). This challenges
the notion of shared neural mechanisms within reference frames across
spatial navigation and memory domains (see also Ekstrom and Hill,
2023, for a critical position on this issue).

In summary, while numerous theoretical models and empirical
findings have identified the hippocampal complex as a core hub for both
spatial navigation and memory, results appear more inconsistent when
considering the specific reference frames involved (i.e. self-based vs.
map-based). Although there is growing consensus regarding the hippo-
campus’s role in cognitive mapping of both spatial and non-spatial di-
mensions of experiences (Bellmund et al., 2018; Constantinescu et al.,
2016; Vigano and Piazza, 2020), the precise neural correspondence
between self-based (i.e. egocentric navigation and episodic memory)
and map-based (i.e. allocentric navigation and semantic memory)
components of spatial navigation and declarative memory remains
largely unclear. Moreover, understanding the complex interplay
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between memory and spatial navigation likely requires large-scale
models that extend beyond the hippocampal formation (Ekstrom and
Hill, 2023), incorporating widespread cortical networks. For example,
according to prominent neural models of human spatial and non-spatial
memory (Bicanski and Burgess, 2018; Miller et al., 2014), a large-scale
cortical network - including parietal, retrosplenial and medial temporal
areas — support the integration of egocentric representations in
first-person perspective with view-independent allocentric representa-
tions for long-term storage. Within this framework, the transformation
between egocentric (parietal) and allocentric (MTL) reference frames is
thought to be mediated by a bidirectional transformation mechanism in
the retrosplenial cortex.

In the present meta-analysis, we aimed to explore the relationship
between spatial navigation and declarative memory by comparing
neuroimaging evidence on the neural systems supporting these func-
tions across different reference frames. Specifically, we assessed the
degree of overlap between the neural systems associated with these two
functions, based on the implemented reference frame (i.e., self-based or
map-based). To this aim, we conducted an Activation Likelihood Esti-
mation (ALE) meta-analysis of functional magnetic resonance imaging
(fMRI) studies reporting whole-brain activations during spatial naviga-
tion (i.e., egocentric or allocentric) or declarative memory (i.e., episodic
or semantic) tasks. Based on the above-reported literature, we expected
a broad anatomical overlap between navigation and memory functions,
extending beyond the hippocampal formation to include neocortical
parietal and frontal regions. Concerning the subdivision into two main
reference frames, we expected a larger overlap between the neural
mechanisms supporting self-based (i.e., episodic memory and egocentric
navigation) vs. map-based (i.e., semantic memory and allocentric nav-
igation) components of navigation and memory. At the same time, we
also expected a substantial overlap of activations for different reference
frames, reflecting their strong and dynamic interlink through trans-
formation processes, within each cognitive domain.

2. Methods
2.1. Inclusion criteria for research articles

Research articles matching the following a priori inclusion criteria
were included: 1) studies reporting whole-brain analyses of functional
magnetic resonance imaging (fMRI) (i.e. positron emission tomography,
electrophysiology studies, and articles reporting only results from region
of interest (ROI) analyses were excluded); 2) studies providing the co-
ordinates of activation foci either in Montreal Neurological Institute
(MNI]) or in Talairach reference space; 3) studies conducted on a young-
adult population (age range: 19-24) (aging studies were excluded); 4)
studies not involving any kind of manipulation of the participant’s
psychophysiological condition (e.g. pharmacological manipulations); 5)
single fMRI experiments and contrasts including a control condition; 6)
group studies (i.e. single cases were excluded); 7) studies including a
task on either (i) the recall of a real or virtual newly learned environ-
ment (spatial navigation), or (ii) the retrieval of newly encoded episodic
memory or old crystalized as well as new semantic knowledge (declar-
ative memory). Importantly, tasks assessing specifically autobiograph-
ical episodic or semantic memory (i.e. personal semantics) were not
included, to stress the distinction between self-based episodic memory
and map-based semantic memory.

On the 10th of February 2021, two searches, one for spatial navi-
gation and the other for declarative memory, were conducted on
Pubmed for publications from the previous 10 years using the filters:
humans, English, and young adult (19-24 years).

The following string of words was used for the spatial navigation
research: ((allocentric[Title/Abstract]) OR (map-based[Title/Abstract])
OR (egocentric[Title/Abstract]) OR (self-based[Title/Abstract]) OR (route-
based[Title/Abstract]) OR (survey-based[Title/Abstract]) OR (path inte-
gration[Title/Abstract]) OR (spatial[Title/Abstract]) OR (topographical
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[Title/Abstract])) AND (navigation[Title/Abstract]) AND ((fMRI[Title/
Abstract]) OR (functional neuroimaging[Title/Abstract]) OR (BOLD[Title/
Abstract])). We obtained 95 results.

The following string of words was used for the declarative memory
search: ((declarative[Title/Abstract]) OR (episodic[Title/Abstract]) OR
(semantic[Title/Abstract]) OR (recognition[Title/Abstract]) OR (recall
[Title/Abstract])) AND (memory[Title/Abstract]) AND ((fMRI[Title/Ab-
stract]) OR (functional neuroimaging[Title/Abstract]) OR (BOLD[Title/
Abstract])). We obtained 1011 results.

For both datasets, a two-step exclusion process was conducted and
double-checked by three experimenters (see flowchart on Fig. 1). First,
from an inspection of the title and abstract, we excluded studies: 1)
conceived as reviews, 2) including a non-healthy population, 3) focused
on aging, 4) without fMRI, 5) with a task performed only outside the
fMRI, 6) without a focus on declarative memory or spatial navigation (e.
g., focus on language), 7) without a visual task (e.g., auditory tasks), 8)
with only resting state fMRI acquisitions. On a second step, the
remaining papers were fully inspected with the following exclusion
criteria: 1) ROI analysis, 2) no coordinates available, 3) no control
condition, 4) lack of clarity about the component being assessed
(egocentric navigation [EGO] vs. allocentric navigation [ALLO] —
episodic memory [EPI] vs. semantic memory [SEM]). Furthermore, by
the end of this inspection, the specific component/s (i.e., EGO, ALLO,
EPI, SEM) being assessed in each paper was/were identified. We ob-
tained: 36 papers for EPI, 13 for SEM, 10 for EGO, and 6 for ALLO.

Existing metanalysis conducted on the topics of interest were
inspected for older papers not previously identified by the Pubmed
search conducted which had focused on the lasts ten years only. First, we
checked for not already included studies regarding spatial navigation on
the metanalysis of Boccia et al. (2014), and 21 additional papers were
included ( Brown et al., 2010; Burgess et al., 2001; ; Gron et al., 2000;
Iaria et al., 2008; Ino et al., 2002; Latini-Corazzini et al., 2010; Rose-
nbaum et al., 2004, 2007; Spiers and Maguire, 2006; Wolbers et al.,
2007; Xu et al., 2010). In a second step, the metanalysis of Teghil et al.
(2021) was checked and 2 new additions, not identified by the previous
search, were made (Gomez et al., 2014; Zhang et al., 2012). To incre-
ment the number of studies on semantic memory, we additionally
inspected the metanalyses conducted by Kim (2016) and by Binder et al.
(2009). From Kim (2016), only studies for the semantic/phonological
paradigm (which involves semantic and phonological processing tasks
for words) were considered, and after checking for the exclusion criteria,
8 new papers were included (Booth et al., 2006; Daselaar et al., 2002;
Devlin et al., 2003; Gitelman et al., 2005; Guo and Burgund, 2010;
Miceli et al., 2002; Otten and Rugg, 2001; Snyder et al., 2007). From
Binder et al. (2009), 10 new papers were included (Assaf et al., 2006;
Bedny and Thompson-Schill, 2006; Boronat et al., 2005; Copland et al.,
2007; Devlin et al., 2002, 2003; Ebisch et al., 2007; Pilgrim et al., 2002;
Raposo et al., 2006; Stringaris et al., 2007; Tyler et al., 2003).

As detailed in Supplementary Table 1, the spatial navigation studies
included in this metanalysis implemented mainly wayfinding tasks, and
some of them used heading or pointing tasks. Among tasks emphasizing
an egocentric strategy, we also included path integration or route-based
tasks, while among tasks emphasizing an allocentric strategy, we
included map-based and positioning tasks. On the other side, for the
declarative memory dataset, among the studies investigating the
episodic component, we mainly included item (words or pictures)
recognition and remember/know/new paradigms. Among the studies
emphasizing the semantic component, we mainly included semantic
association judgements and categorization tasks (using words, sentences
or pictures as materials).

Following the rules postulated by Miiller et al. (2018), we controlled
for multiple contrasts inside a same study by only including few ex-
periments from the same paper. Only in the cases of more than one
contrast strictly assessing the function of interest or using different tasks,
more than one contrast was included. The metanalysis on episodic
memory was conducted on 49 experiments from 37 papers with a total of
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SPATIAL NAVIGATION (SN)

Search on Pubmed:
Papers=95

DECLARATIVE MEMORY (DM)

Search on Pubmed:
Papers=1011

First exclusion (from title/abstract):
- Reviews
- No healthy population
- Aging studies
N - No task of interest
- No focus on DM or SN
- No visual task
- No fMRI
- Resting state

!

Second exclusion:
- ROl analysis
Excluded - Not coordinates available Excluded
N=34 - No control condition N=143
- No clear assessed component (EGO vs.

ALLO — EPI vs. SEM)

/\

Included papers=16 Included papers=49

Excluded
N=48

Excluded
N=817

EGOCENTRIC NAVIGATION (EN)
Papers=10
Experiments=16

EPISODIC MEMORY (EM)
Papers=36
Experiments=49

ALLOCENTRIC NAVIGATION (AN)
Papers=6
Experiments=8

SEMANTIC MEMORY (SM)
Papers=13
Experiments=20

Additions from existing metanalysis:

Boccia et al., 2014
New papers=21

Kim, 2016
Semantic/phonological
paradigm, new papers=17

Excluded:
Papers=4 Excluded:
Papers=9

Additions:
Papers=17 Additions:
Experiments EN=16 Papers=8

Experiments AN=16 Experiments SM=11

Teghil et al., 2021

Only for SN, new papers=2

Binder et al., 2009
New papers=120

Additions: Excluded:
Papers=2 Papers=107

Experiments EN=3
Experiments AN=3 Additions:
Papers=10

Experiments SM=15

— TOTAL INCLUDED |
EGOCENTRIC NAVIGATION EPISODIC MEMORY
Papers=23 Papers=37
Experiments=34 Experiments=49
Foci=555 Foci=625

Participants=619 Participants=1008

ALLOCENTRIC NAVIGATION SEMANTIC MEMORY
Papers=18 Papers=31
Experiments=27 Experiments=46
Foci=300 Foci=524

Participants=523 Participants=745

Fig. 1. Flow chart of dataset construction for all four components: egocentric
navigation, allocentric navigation, episodic memory and semantic memory.

1008 participants, and the metanalysis on semantic memory was per-
formed on 46 experiments from 31 papers with a total of 745 partici-
pants. The metanalysis on egocentric navigation was conducted on 34
experiments from 23 papers with a total of 619 participants, while the
metanalysis on allocentric navigation was performed on 27 experiments
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from 18 papers with a total of 523 participants. The complete list of
papers, experiments and participants is available in the Supplementary
Table 1, and the complete dataset of coordinates included in our study
are stored in the public repository Figshare (https://doi.org/10.6084/
m9.figshare.30365065.v1).

2.2. Activation Likelihood Estimation (ALE)

An Activation Likelihood Estimation (ALE) metanalysis was per-
formed using GingerALE 3.0.2 (brainmap.org) with MNI coordinates.
Talairach coordinates were converted automatically into MNI co-
ordinates using the same software. ALE calculations created the 3D
image for each foci group using the small (more conservative) mask set,
the foci and a Gaussian blur with a FWHM empirically derived from the
subject’s group size. These Modeled Activation (MA) maps (Eickhoff
et al.,, 2009) were computed following the non-additive procedure
proposed by Turkeltaub et al. (2012) by finding the maximum across
each focus’s Gaussian as it limits the effect of an experiment with mul-
tiple foci very near one to another. Thus, the MA maps reflect the spatial
distribution of activation likelihoods associated with the reported foci,
without multiple foci from a single experiment to jointly influence the
individual map value of a single voxel. The ALE image is the union of all
the MA maps. The ALE values of each voxel in the brain were computed
using the standard procedure (Eickhoff et al., 2009), and the null dis-
tribution of the ALE statistic was calculated for each voxel. The
Full-Width Half-Maximum (FWHM) value was automatically calculated
by the number of subjects in each experiment (Eickhoff et al., 2009). All
the thresholded ALE maps were computed using p values from the
previous step, a cluster-level inference at the 0.05 level of significance
with 1000 threshold permutations, and a cluster-forming threshold at p
< 0.005 (uncorrected) (Eickhoff et al., 2016).

First, six single dataset analyses were conducted, one for spatial
navigation (i.e. egocentric and allocentric navigation pooled together),
one for declarative memory (i.e. episodic and semantic memory pooled
together), and one for each specific function of interest independently (i.
e., egocentric navigation, allocentric navigation, episodic memory, se-
mantic memory). In a second moment, we performed conjunction and
contrast analyses. Contrast analyses highlight the regions significantly
more activated for one component comparing to the other, while
conjunction analyses allowed us to investigate which brain regions are
commonly activated by both components. To the purpose of this study,
we only report here conjunction analyses. We first compared within-
domain components: 1) egocentric (EGO) and allocentric (ALLO) navi-
gation; and 2) episodic (EPI) and semantic (SEM) memory. In a second
moment, we studied general across-domain conjunction, thus, between
3) spatial navigation and declarative memory functions. Finally, we
studied specific across-domain conjunctions based on the frame of
reference implemented: 4) self-based components (i.e., EPI and EGO),
and 5) map-based components (i.e., SEM and ALLO). The remaining
across-domain conjunctions were also investigated: 6) first control
condition (i.e., EPI and ALLO), and 7) second control condition (i.e.,
SEM and EGO). We expected broader across-domain overlaps between
the components implementing the same reference frame (i.e. self-based
conjunctions vs. map-based conjunctions) comparing to the “control
conjunctions” (between the components implementing different refer-
ence frames).

3. Results
3.1. Single analyses

Detailed output for each single metanalyses conducted for spatial
navigation and declarative memory are reported in Supplementary Ta-
bles 5 and 6, respectively.

Spatial navigation: As displayed in Fig. 2 (blue navy + yellow color),
spatial navigation clusters were located bilaterally in large swaths of
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Spatial Navigation & Declarative Memory

' Spatial Navigation
. Declarative Memory

4‘\\, |

N

Spatial Navigation CONJ Declarative Memory

Fig. 2. Single metanalyses on spatial navigation (blue navy) and declarative memory (magenta) domains, and conjunctions between them (yellow).

cortex extending from the medial occipito-temporal to the retrosplenial
and medial parietal cortex. Activation clusters also extended to lateral
regions in the superior occipital and inferior parietal cortex and included
isolated foci in the frontal cingulate cortex and the right insula.

Egocentric navigation: Bilateral clusters were located in the para-
hippocampal gyrus (PHG), posterior cingulate cortex (PCC)/retro-
splenial cortex (RSC), precuneus and superior occipital gyrus (SOG),
extending to the angular gyrus (AG) in the right hemisphere (Fig. 3, cyan
+ yellow).

Allocentric navigation: Bilateral clusters were located in the PHG,
extending to the hippocampus (HIP) in the left hemisphere, PCC/RSC,
and dorsal anterior cingulate cortex (dACC) (Fig. 3, green + yellow).

Declarative memory: As displayed in Fig. 2 (magenta + yellow color),
activation clusters for declarative memory were mainly located in left-
ward regions within the medial temporal lobe (MTL), the retrosplenial
cortex, the inferior parietal cortex and the lateral prefrontal cortex.

Bilateral activation clusters included the lateral temporal and intra-
parietal cortex, as well as the frontal cingulate cortex. A right lateralized
cluster was also located in the insula.

Episodic memory: Clusters of activation (Fig. 4, blue + yellow) were
mainly bilateral and were localized laterally in the middle temporal
gyrus and the superior and inferior (AG) parietal cortex (extending to
the SOG), while medially in the PCC/RSC and the dACC. Further clusters
were left-lateralized and included the PHG/HIP and the middle and
inferior frontal gyri, while a right-lateralized cluster was located in the
insula.

Semantic memory: Clusters of activation (Fig. 4, orange + yellow)
were mainly localized in the left hemisphere and included the middle,
inferior and fusiform gyri of the temporal lobe, the PCC/RSC, the AG and
the lateral (inferior and middle frontal gyri) and ventromedial prefrontal
cortex (vimPFC). A single bilateral cluster was observed in the dACC.

Egocentric Navigation & Allocentric Navigation
(Spatial Navigation)

J ‘ Egocentric Navigation

‘ Allocentric Navigation

Egocentric Navigation CONJ Allocentric Navigation

Fig. 3. Single metanalyses and conjunction analysis on spatial navigation. Egocentric navigation (cyan), allocentric navigation (green), and conjunction between

them (yellow).
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Episodic Memory & Semantic Memory
(Declarative Memory)

. Episodic Memory
. Semantic Memory

Episodic Memory CONJ Semantic Memory

Fig. 4. Single metanalyses on episodic (blue) and semantic (orange) components of declarative memory, and conjunctions between them (yellow).

3.2. Conjunction analyses

Navigation CONJ Memory: As depicted in Fig. 2 (yellow), conjunc-
tions between navigation and memory were observed bilaterally in the
SOG (extending to the AG in the right hemisphere) and dACC, in the left
PCC/RSC, the left PHG and fusiform gyrus, as well as in the right insula.
Table 1 details the output of the conjunction analyses on navigation and
memory (see also Supplementary Figure 1 and Supplementary Table 7
for consistent results obtained from a merged single metanalysis be-
tween spatial navigation and declarative memory).

Egocentric navigation CONJ allocentric navigation: As displayed in
Fig. 3 (yellow), conjunctions were observed bilaterally in the PCC/RSC
and in the PHG and fusiform gyrus (Table 2).

Episodic CONJ semantic memory: As displayed in Fig. 4 (yellow),
conjunctions were observed in the left middle temporal and inferior/
middle frontal gyri, AG and PCC/RSC, as well as bilaterally in the dACC
(Table 3).

Episodic memory CONJ egocentric navigation (self-based components):
As displayed in Fig. 5 (yellow), the conjunction analysis on self-based
components of memory and navigation highlighted common foci in
the bilateral SOG, extending to the AG in the right hemisphere, as well as

Table 1

Conjunction analysis on declarative memory and spatial navigation. For each
cluster, labels, hemisphere, cluster size (mm®) and MNI coordinates of the
maximum peaks are provided. PCC/RSC = posterior cingulate cortex/retro-
splenial cortex; pCu = precuneus; dACC = dorsal anterior cingulate cortex; PHG
= parahippocampal gyrus; SOG/AG = superior occipital gyrus/angular gyrus,
Cu = cuneus; LH = left hemisphere; RH = right hemisphere.

Cluster Region Hemisphere Volume (mm®) x y z

1 Insula RH 1192 34 24 -6
2 PCC/RSC LH 1192 -8 —54 14
pCu LH -12 —60 22

3 dACC LH 808 -2 14 46
RH 4 18 46

LH -6 22 38

LH -4 22 42

4 PHG LH 576 —24 -36 -10
LH -30 —40 -6

5 SOG/AG RH 536 38 —78 36
RH 38 -74 40

6 SOG LH 368 —34 -84 32

7 Cu LH 16 -30 -76 34

Table 2

Conjunction analysis on egocentric and allocentric navigation. For each cluster,
labels, hemisphere, cluster size (mm®) and MNI coordinates of the maximum
peaks are provided. PCC/RSC = posterior cingulate cortex/ retrosplenial cortex;
PHG = parahippocampal gyrus; LH = left hemisphere; RH = right hemisphere.

Cluster Region Hemisphere Volume (mm®) x y z
1 PCC/RSC LH 3256 -14 —58 12
2 PHG RH 2352 26 -38 -8
3 PCC/RSC RH 1872 16 —54 14
4 PHG LH 1304 —22 —44 -12
Table 3

Conjunction analysis on episodic and semantic memory. For each cluster, labels,
hemisphere, cluster size (mm®) and MNI coordinates of the maximum peaks are
provided. MTG = middle temporal gyrus; dACC = dorsal anterior cingulate
cortex; MFC = middle frontal gyrus; AG = angular gyrus; PCC/RSC = posterior
cingulate cortex/retrosplenial cortex; LH =left hemisphere; RH = right
hemisphere.

Cluster Region Hemisphere Volume (mm®) x y z
1 MTG LH 1208 —60 -36 -6
LH —62 —44 -8
2 dACC LH 1040 —4 26 46
LH -2 16 44
LH -4 34 42
3 MFG LH 992 -52 26 28
LH —52 30 20
4 AG LH 576 —44 —68 34
5 PCC/RSC LH 392 —4 -50 28
LH -6 —54 22
6 AG LH 200 —34 —60 42
LH -38 —64 46
7 MFG LH 16 —52 36 14
8 AG LH 8 -36 —58 40

in the left PHG and PCC/RSC (Table 4).

Semantic memory CONJ Allocentric navigation (map-based compo-
nents): As displayed in Fig. 6 (yellow), conjunction analysis on map-
based components of memory and navigation identified a a left-
lateralized cluster in the PCC/RSC and a bilateral cluster in the dACC
(Table 5).

Control conjunctions: A set of conjunction maps were also conducted
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Egocentric Navigation & Episodic Memory
(Self-based components)

. Egocentric Navigation
‘ Episodic Memory
Egocentric Navigation CONJ Episodic Memory

Fig. 5. Single metanalyses on egocentric navigation (cyan) and episodic memory (blue), and conjunctions between them (yellow).

Table 4

Conjunction analyses on episodic memory and egocentric navigation (self-based
components). For each cluster, labels, hemisphere, cluster size (mm®) and MNI
coordinates of the maximum peaks are provided. PCC/RSC = posterior cingulate
cortex/retrosplenial cortex; SOG/AG = superior occipital gyrus/angular gyrus;
MTG = medial temporal gyrus; PHG = parahippocampal gyrus; LH = left
hemisphere; RH = right hemisphere.

Table 5

Conjunction analyses on semantic memory and allocentric navigation (map-
based components). For each cluster, labels, hemisphere, cluster size (mm®) and
MNI coordinates of the maximum peaks are provided. dACC = dorsal anterior

Cluster Region Hemisphere Volume (mm?>) x y z cingulate cortex; PCC/RSC = posterior cingulate cortex/retrosplenial cortex; LH
1 PCC/RSC LH 488 g _52 12 = left hemisphere; RH = right hemisphere.
2 SOG/AG RH 416 38 -78 36 Cluster ~ Region Hemisphere Volume (mm®) x y z
38 -76 42
MTG 2 72 30 1 dacc LH 688 -2 12 44
3 SOG LH 272 32 —84 32 —2 2 44
4 PHG LH 72 —28  —44 -12 LH/RH 0 28 44
2 PCC/RSC LH 200 -16 —60 22
-14 —58 18
3 RSC LH 8 -10 —56 20

Allocentric Navigation & Semantic Memory
(Map-based components)

‘ Allocentric Navigation
. Semantic Memory

Allocentric Navigation CONJ Semantic Memory

Fig. 6. Single metanalyses on allocentric navigation (green) and semantic memory (orange), and conjunctions between them (yellow).
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across non-corresponding reference frames between memory and navi-
gation. As depicted in Fig. 7 (yellow), common activation foci between
allocentric navigation and episodic memory as well as between
egocentric navigation and semantic memory were identified in the left
PCC/RSC. In addition, left-lateralized clusters in the PHG and fusiform
gyrus as well as in the dorsal ACC were identified in the conjunction
between allocentric navigation and episodic memory (Table 6).

4. Discussion

In the present meta-analysis, we investigated the neural convergence
between systems supporting spatial navigation and declarative memory
across different reference frames. Using an Activation Likelihood Esti-
mation (ALE) approach, we assessed the degree of spatial overlap be-
tween brain regions involved in egocentric (self-based) and allocentric
(map-based) components of both domains. Guided by recent large-scale
models proposing evolutionary continuity between spatial and mne-
monic processes, we hypothesized widespread neural commonalities
between navigation in physical and mental space. Specifically, we ex-
pected greater overlap within than between self-based and map-based
components of each domain, reflecting across-domain coding of refer-
ence frames. We further predicted that the interplay between egocentric
and allocentric processes, known to operate dynamically in both navi-
gation and memory, would be supported by distributed networks
extending beyond the medial temporal lobe to include parietal and
frontal cortical regions.

The findings partially confirmed our initial predictions, while also
offering a more comprehensive account of how memory and navigation
relate across reference frames. Rather than revealing strict clustering by
domain or reference frame, the results showed shared recruitment of
brain regions both within and between domains and frames, pointing to
flexible, partially overlapping neural architectures. Strikingly, the ret-
rosplenial complex (PCC/RSC) was the only region consistently acti-
vated across all four conditions (egocentric and allocentric navigation,
episodic and semantic memory), highlighting its central role in inte-
grating spatial and non-spatial information across reference frames.

In the following, we will first discuss the conjunctions observed
within each cognitive domain, then the overlap between the two do-
mains and, finally, the shared patterns within and between the reference
frames across the two domains (for a graphical representation of all
conjunctions see Fig. 8).

4.1. Neural systems for egocentric and allocentric navigation

In the domain of spatial navigation, both egocentric and allocentric
tasks consistently engaged the parahippocampal gyrus, likely

Neuroscience and Biobehavioral Reviews 180 (2026) 106470

Table 6

Control conjunction analyses between egocentric navigation and semantic
memory, and between allocentric navigation and episodic memory. For each
cluster, labels, hemisphere, cluster size (mm®) and MNI coordinates of the
maximum peaks are provided. PCC/RSC = posterior cingulate cortex/retro-
splenial cortex; dACC =dorsal anterior cingulate cortex; PHG
= parahippocampal gyrus; LH = left hemisphere; RH = right hemisphere.

Conjunction between egocentric navigation and semantic memory

Cluster Region Hemisphere Volume (mm®) x y b4

1 PCC/RSC LH 328 -16 —-60 22
-10 —58 22
-14 —58 18

Conjunction between allocentric navigation and episodic memory

Cluster Region Hemisphere Volume (mm®) x y z
1 PHG LH 208 —26 -38 -12
—-28 —44 -12
2 dACC LH 176 -2 16 46
-2 22 44
LH/RH 0 28 44
3 PHG LH 104 -30 -18 -16
4 PCC/RSC LH 72 -12 —54 18
-10 —54 14
5 PHG LH 16 —28 -28 -18
6 PHG LH 8 —-30 -30 -18
7 RSC LH 8 -8 —-56 14

corresponding to the Parahippocampal Place Area (PPA; Epstein and
Kanwisher, 1998), as well as the posterior cingulate and retrosplenial
cortices (PCC/RSC). Alongside the Occipital Place Area (OPA), these
regions form part of the core scene-selective network (Dilks et al., 2021).
Notably, PPA and RSC are particularly sensitive to landmarks and spatial
layout (Committeri et al., 2004; Galati et al., 2010), supporting their role
in stable scene recognition and spatial orientation.

In the present context, we use the term retrosplenial complex (Beyh
et al., 2022; Burles et al., 2017) to refer to the region encompassing the
retrosplenial cortex (BAs 29-30) and posterior cingulate cortex (BAs
23-31) (Leech and Sharp, 2014; Vogt et al., 2006). The retrosplenial
complex, through reciprocal connections with the hippocampus, para-
hippocampus, posterior parietal cortex, and early visual areas, supports
spatial representation construction (Boccia et al., 2014; Kravitz et al.,
2011). Lesion (Ino et al., 2007) and fMRI studies (Auger and Maguire,
2013) suggest that it encodes stable environmental features and their
spatial relationships, contributing to allocentric spatial memory.
Importantly, it integrates egocentric and allocentric inputs, enabling
reference frame transformation (Clark et al., 2018; Epstein, 2008) and
contains both place (Mao et al., 2017) and head-direction cells (Shine
et al., 2016), suggesting hippocampal-like computational functions.

Beyond the retrosplenial and parahippocampal regions commonly

Control contrasts

Egocentric CONJ Semantic

Left

Egocentric Navigation
. Semantic Memory

Egocentric Navigation CONJ Semantic Memory

Allocentric CONJ Episodic

Left

. Allocentric Navigation

‘ Episodic Memory
Allocentric Navigation CONJ Episodic Memory

Fig. 7. (A) Single metanalyses on egocentric navigation (cyan) and semantic memory (orange), and conjunctions between them (yellow); (B) single metanalyses on
allocentric navigation (green) and episodic memory (blue), and conjunctions between them (yellow).
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Fig. 8. Graphic overview of all the single (solid lines) and overlapping (dashed lines) activations reported on the manuscript. If no lateralization is provided in the
figure, it means that the activation was bilateral. In summary, the left posterior cingulate cortex/retrosplenial complex (PCC/RSC) emerged as the only region
activated across all four conditions. The dorsal anterior cingulate cortex (dACC) was activated for episodic and semantic memory, as well as for allocentric navi-
gation; while the left parahippocampal gyrus (PHG) was activated for egocentric and allocentric navigation, as well as for episodic memory. This figure was inspired

by Figure 3 of Aggleton and O’Mara (2022).

activated by the two reference frames, allocentric navigation addition-
ally recruited more anterior and ventromedial temporal regions,
including the left hippocampus and bilateral dorsal anterior cingulate
cortex (dACC). Egocentric navigation instead activated more dorsal-
posterior regions such as the precuneus and the lateral occipital cortex
(extending to the angular gyrus in the right hemisphere), the latter
corresponding to OPA (Dilks et al, 2013), which encodes
navigation-relevant cues like direction and distance (Kang and Park,
2024). According to our meta-analysis, therefore, navigational tasks
emphasizing the use of self-based information activate more posterior
and dorsal regions compared to tasks stressing the use of map-based
information, which recruit anterior and ventral regions of the medial
temporal lobe.

Overall, the present findings support a gradient of egocentric-to-
allocentric information processing from parietal to medial temporal
cortex, and viceversa, via the retrosplenial complex (Bicanski and
Burgess, 2018; Clark et al., 2018; Miller et al., 2014). In line with this,
the specific deficits reported in patients with topographical disorienta-
tion differ depending on lesion location, with parahippocampal and
parietal damage impairing allocentric and egocentric representations of
the environment, respectively (for a review, see Miller et al., 2014).

4.2. Neural systems for episodic and semantic memory

In the domain of declarative memory, the conjunction analysis
revealed a predominantly left-lateralized network shared by episodic
and semantic memory, including the middle temporal gyrus, the inferior
and middle frontal gyri, the angular gyrus, and the retrosplenial com-
plex, along with a bilateral involvement of the dorsal anterior cingulate
cortex. These overlapping regions align closely with those reported by
Renoult et al. (2019) and support the view of a declarative memory
continuum, in which different memory types engage a common set of
regions with varying relative contributions (Tanguay et al., 2023).

Beyond these shared areas, episodic memory additionally recruited
right-hemisphere homologues of the middle temporal and inferior pa-
rietal cortices (extending into the intraparietal sulcus and superior pa-
rietal lobule), a left medial temporal lobe (MTL) cluster, and a right-
lateralized insular region. In contrast, semantic memory did not
engage the MTL but showed additional activation in the left ventrome-
dial and ventrolateral prefrontal cortex. The activation in the ventro-
medial prefrontal cortex (vmPFC) for semantic memory aligns with its

proposed role in memory consolidation and schema-based retrieval. The
vmPFC supports the integration of temporally distributed experiences
into abstract, generalized memory schemas, which facilitate retrieval by
linking new information to prior knowledge (Gilboa and Marlatte, 2017;
Moscovitch et al., 2016). This process may eventually enable
hippocampus-independent access to neocortical traces.

Our findings are consistent with prominent models of memory or-
ganization, such as the Multiple Trace Theory and the Trace Trans-
formation Theory. Both frameworks posit that the hippocampus is
essential for memory retrieval as long as memories retain their episodic,
context-rich nature, whereas semantic, decontextualized representa-
tions become increasingly supported by neocortical regions. According
to the Trace Transformation Theory (Moscovitch et al., 2016; Sekeres
et al., 2018), all memories are initially encoded as episodic traces, but
over time, some undergo a transformation process, known as semanti-
zation, through which specific spatial and temporal details are gradually
lost. As a result, richly detailed episodic memories continue to depend
on the hippocampus, while transformed semantic memories become
hippocampus-independent. Semantic memory, particularly when
consolidated over time, as in the case of the tasks included in our
meta-analysis, is indeed supported by a distributed neocortical network
(Nadel and Moscovitch, 1997), with the specific cortical areas engaged
depending on the type of information being retained (Renoult et al.,
2019).

In line with this, a previous meta-analysis by Binder et al. (2009)
identified three major cortical systems supporting semantic memory: (1)
posterior association areas (including angular gyrus, middle temporal
gyrus, and fusiform gyrus), (2) prefrontal regions (dorsal, ventromedial,
and inferior frontal cortex), and (3) posterior midline structures (para-
hippocampal and posterior cingulate/retrosplenial cortices). The acti-
vation patterns observed in our meta-analysis closely correspond to
these systems. Moreover, many of these regions overlap with the Default
Mode Network (DMN), supporting the idea that semantic memory is
tightly linked to intrinsic, internally directed modes of cognition (see
next paragraph).

Unlike in the spatial navigation domain, no clear functional gradient
emerged between self-based and map-based components of declarative
memory. One possibility is that early stages of semantic knowledge
formation depend on hippocampal and parahippocampal structures,
akin to the role these regions play in building spatial maps. However,
crystallized semantic memory appears to involve an additional layer of
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abstraction and language mediation, making it increasingly content-
general and hippocampus-independent. This could account for the
marked left-lateralization observed in semantic memory activations.

4.3. Conjunctions between memory and navigation domains

When examining the conjunctions between spatial navigation and
declarative memory, independently of reference frame, we found over-
lapping activations in bilateral dorsal anterior cingulate cortex and the
superior occipital region corresponding to OPA (extending to the
angular gyrus on the right), in the left retrosplenial and para-
hippocampal cortices (including the PPA), and in the right insula.
Notably, many of these regions overlap with the Default Mode Network
(DMN) (Supplementary Figures 2, 3 and 4; Yeo et al., 2011), a system
consistently associated with internally directed cognition, particularly
memory-related processes (Buckner et al., 2008; Mason et al., 2007;
Spreng and Schacter, 2012). DMN activity emerges when attention shifts
away from the external world and toward self-generated processes such
as autobiographical recall, episodic simulation, future thinking, and
scene construction (Buckner and Carroll, 2007; De Brigard et al., 2015;
Hassabis and Maguire, 2007; Schacter et al., 2008; Spreng et al., 2009).
These functions are also central to declarative memory and often recruit
the same brain regions engaged in spatial navigation, suggesting a
shared functional architecture (Menon, 2023).

This convergence supports the idea that spatial navigation and
declarative memory may rely on shared computational principles,
consistent with the hypothesis that neural mechanisms originally
evolved for navigating physical space have been repurposed, or "recy-
cled", for navigating mental space (Buzsaki and Moser, 2013). In this
context, Bottini and Doeller (2020) propose that cognitive maps reflect a
domain-general strategy for structuring information within
low-dimensional internal models defined by a few meaningful axes.
Building on this framework, they describe two interacting systems:
cognitive maps, associated with stable, allocentric (world-centered)
representations, and image spaces, supporting egocentric (self-centered)
perspectives. These systems jointly support the flexible manipulation of
both spatial and conceptual knowledge.

Similarly, Peer et al. (2021) propose that cognitive graphs, networks
of nodes and links, underlie navigation across both physical and con-
ceptual spaces. They suggest that scene-selective regions such as OPA,
PPA, and RSC support this process by respectively encoding local envi-
ronmental geometry, contextual identity, and the integration of local
information within the global environment, i.e. the transition from
egocentric to allocentric representations. Consistent with this view, our
results revealed overlap between navigation and memory in all three
regions, supporting shared mechanisms for spatial and non-spatial
cognitive mapping.

4.4. Neural systems within/between reference frames

Based on the phylogenetic continuity hypothesis (Buzsaki and Moser,
2013), we examined domain-general overlaps between navigation and
declarative memory as a function of the employed reference frame.

When focusing on the self-based components (egocentric navigation
and episodic memory), we observed overlapping activations in bilateral
occipito-parietal cortex, including the OPA (extending to the angular
gyrus in the right hemisphere), in line with the meta-analysis by Teghil
et al. (2021), which also reported a right-lateralized convergence in this
region. Additional conjunctions emerged in the retrosplenial complex
and caudal parahippocampal cortex, consistent with Teghil’s findings
and with the posterior medial system proposed by Ranganath and
Ritchey (2012), a network reliably implicated in episodic memory
(Brown and Aggleton, 2001; Eichenbaum et al., 2007; Spaniol et al.,
2009) and included in the navigational parieto-medial temporal
pathway described by Kravitz et al. (2011).

In contrast, the map-based components (allocentric navigation and
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semantic memory) showed overlapping activity in the left dorsal ante-
rior cingulate cortex (dACC) and retrosplenial complex. These findings
diverge from those reported by Teghil et al. (2021), who found no
conjunction for map-based components. This discrepancy may reflect
methodological differences: whereas Teghil et al. focused on autobio-
graphical memory, we excluded such studies to avoid conflating
episodic and semantic elements (Irish et al., 2010; Levine et al., 2002,
2004; Renoult et al., 2012), and instead selected classical episodic and
semantic paradigms allowing a clearer functional dissociation.

The dACC is involved in conflict monitoring (Botvinick, 2007) and
may exert top-down inhibitory control over the hippocampus
(Crespo-Garcia et al., 2022), guiding goal-directed retrieval by sup-
pressing irrelevant traces (Barry and Maguire, 2019; Brod et al., 2015).
Notably, the dACC was consistently engaged across all functions except
egocentric navigation. As a key node of the salience network (Menon,
2023; Seeley et al., 2007), the dACC is thought to support the integration
of internal models with external cues and goals, facilitating adaptive,
goal-directed behavior. Its engagement across memory and allocentric
tasks may reflect the externally anchored nature of these paradigms,
which typically require attentional shifts toward salient environmental
information. In contrast, egocentric navigation relies more heavily on
self-referenced processing and internal sensorimotor cues, especially in
cue-deprived contexts, potentially explaining the absence of dACC
activation. These findings highlight the role of the dACC not merely as
an attentional node, but as a regulatory interface between internally and
externally driven processing.

Converging activations between allocentric navigation and episodic
memory were observed in the hippocampus and parahippocampal re-
gions, consistent with their role in spatial mapping and memory
consolidation. Notably, a topographical gradient emerged: episodic
memory overlapped with allocentric navigation in more anterior por-
tions of the parahippocampal formation and hippocampus, whereas
overlap with egocentric navigation was restricted to posterior para-
hippocampal areas. This dissociation suggests that episodic memory
does not align exclusively with either spatial strategy but flexibly re-
cruits components from both systems depending on task demands and
representational context.

These findings resonate with critical perspectives on the memory-
navigation analogy (Eichenbaum and Cohen, 2014; Ekstrom and Hill,
2023), which argue that while shared computational principles exist, the
underlying neural architectures are only partially overlapping. In
particular, the transformations across reference frames, the
network-level dynamics, and the nature of spatial versus conceptual
cues, all influence the degree of convergence between memory and
navigation processes.

Finally, an overlap in the retrosplenial complex (PCC/RSC) was
observed for all the conjunction analyses conducted (see next
paragraph).

4.5. The retrosplenial complex as an integration hub

As introduced above, all conjunction analyses in our study over-
lapped in the retrosplenial complex (PCC/RSC) (Fig. 9, black line),
highlighting its role as a key integration hub for reference frames
transformation across navigation and declarative memory. The retro-
splenial complex anatomically sits at the intersection of limbic and
cortical systems, where it integrates sensory, motor and visual infor-
mation (Clark et al., 2018; Miller et al., 2014). It receives dense inputs
from the hippocampus, anterior thalamic nuclei and visual cortices, and
maintains reciprocal connections with the posterior parietal cortex,
forming a retrosplenial-parietal network (Clark et al., 2018). Function-
ally, it enables conjunctive coding of spatial and contextual cues, sup-
porting translation between self-based (egocentric) and map-based
(allocentric) reference frames (Miller et al., 2014).

Our findings are consistent with recent metanalyses investigating the
neural substrates of autobiographical episodic memory (Daviddi et al.,
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Fig. 9. Single metanalyses on egocentric navigation (cyan), allocentric navigation (green), episodic memory (blue) and semantic memory (orange). Conjunctions
analyses between self-based components (i.e. egocentric navigation and episodic memory; yellow) and between map-based components (i.e. allocentric navigation
and semantic memory; brown). Overlap between both self-based and map-based conjunctions (delineated with the black line).

2023, 2024). These studies identified the retrosplenial complex as a
central hub that, beyond supporting the reliving of personal events,
integrates memory details into coherent, self-related narratives.
Together with the hippocampus, this region forms a network that en-
ables autobiographical memories to be retrieved with vividness,
coherence, and personal significance, reflecting the broader function of
the retrosplenial complex in integrating self-based episodic retrieval
with overarching semantic knowledge about the self.

Consistent with the idea that core components of spatial navigation,
such as landmark anchoring, spatial coding, and route planning,
generalize to abstract domains like memory and reasoning (Buzsaki and
Moser, 2013; Epstein et al., 2017), the retrosplenial complex emerges as
a key structure for integrating and transforming reference frames across
domains. Anatomically situated at the intersection of medial temporal
and parietal regions, the retrosplenial complex is well-suited to convert
information between world-centered and self-centered coordinates.

Crucially, Epstein et al. (2017) have suggested that two fundamental
operations in spatial cognition, context retrieval and orientation, may
generalize across domains. In the spatial domain, context retrieval refers
to the selection of an appropriate map for a given environment, while
orientation involves determining one’s position and heading direction
within that map. Analogously, in non-spatial domains such as semantic
or episodic memory, context retrieval may involve accessing a relevant
conceptual space, whereas orientation entails aligning current infor-
mation to salient prototypes or axes within that space.

Our findings align with this view, highlighting the retrosplenial
complex as a central hub in both spatial and non-spatial domains. Rather
than encoding content per se, the retrosplenial complex may support
dynamic mapping functions that allow individuals to anchor themselves
within retrieved cognitive spaces, whether navigating a physical envi-
ronment, recalling an episode, or reasoning about abstract concepts. Its
role in mediating between reference frames suggests that it supports a
general-purpose mechanism for situating experience within structured
models (either cognitive maps or graphs), enabling flexible cognition
across domains.

4.6. Limitations

Metanalyses are subject to inherent limitations that should be
considered when interpreting the findings and generalizing conclusions.
First, meta-analytic results are constrained by the pool of available
studies. Publication bias may skew results, as studies reporting signifi-
cant or positive findings are more likely to be published, whereas null or
negative results tend to be underrepresented. Thus, in general, biases in
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literature are reproduced in metanalyses. Secondly, heterogeneity
across studies, for example, differences in populations, experimental
designs and tasks, may limit the comparability of findings and reduce
confidence in estimates. To cope with this limitation, we specifically
restricted our analysis to studies involving young adult participants and
excluded studies that performed any form of intervention. Further
research should examine the generalizability of these results to other age
groups and populations.

5. Conclusions

Our findings partially confirmed the initial hypotheses, while offer-
ing a more comprehensive account of how memory and navigation
relate across reference frames. Rather than strict domain- or frame-
specific clustering, we observed flexible neural recruitment. The retro-
splenial complex consistently emerged across all conditions, supporting
its role as a key hub for integrating egocentric and allocentric infor-
mation across spatial and non-spatial domains. This aligns with models
of phylogenetic continuity and suggests a conserved mechanism repur-
posed for abstract cognition. Together, these findings highlight the dy-
namic, integrative nature of reference frame transformations across
memory and navigation systems.

Future research could use fine-grained techniques such as multivoxel
pattern and representational similarity analysis to clarify how different
frames of reference are instantiated across spatial and non-spatial do-
mains, and how structured knowledge is organized within shared neural
architectures. Experimental paradigms that manipulate task demands
across domains could help identify common computational principles
and their network-level implementation. This, in turn, may shed light on
how large-scale systems, such as the default mode and salience net-
works, support self-referenced mapping and internal model updating
across diverse forms of content.

Funding

The study was supported by European Union — Next Generation EU,
Mission 4, Componente 1 (CUP D53D23020750001) and by Fundacao
Bial (grant ID: 250/22).

Acknowledgements

We thank Gloria Giancola for the collaboration in the database
construction.



A. Fragueiro et al.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.neubiorev.2025.106470.

References

Aggleton, J.P., O’Mara, S.M., 2022. The anterior thalamic nuclei: core components of a
tripartite episodic memory system. Nat. Rev. Neurosci. 23 (8), 505-516. https://doi.
org/10.1038/s41583-022-00591-8.

Assaf, M., Calhoun, V.D., Kuzu, C.H., Kraut, M.A., Rivkin, P.R., Hart, J., Pearlson, G.D.,
2006. Neural correlates of the object-recall process in semantic memory. Psychiatry
Res. Neuroimaging 147 (2), 115-126. https://doi.org/10.1016/j.
pscychresns.2006.01.002.

Auger, S.D., Maguire, E.A., 2013. Assessing the mechanism of response in the
retrosplenial cortex of good and poor navigators. Cortex a J. Devoted Study Nerv.
Syst. Behav. 49 (10), 2904-2913. https://doi.org/10.1016/j.cortex.2013.08.002.

Barry, D.N., Maguire, E.A., 2019. Remote memory and the hippocampus: a constructive
critique. Trends Cogn. Sci. 23 (2), 128-142. https://doi.org/10.1016/j.
tics.2018.11.005.

Bartsch, T., Schonfeld, R., Miiller, F.J., Alfke, K., Leplow, B., Aldenhoff, J., Deuschl, G.,
Koch, J.M., 2010. Focal lesions of human hippocampal CA1 neurons in transient
global amnesia impair place memory. Science (New York N. Y. ) 328 (5984),
1412-1415. https://doi.org/10.1126/science.1188160.

Bedny, M., Thompson-Schill, S.L., 2006. Neuroanatomically separable effects of
imageability and grammatical class during single-word comprehension. Brain Lang.
98 (2), 127-139. https://doi.org/10.1016/j.bandl.2006.04.008.

Bellmund, J.L.S., Gardenfors, P., Moser, E.I., Doeller, C.F., 2018. Navigating cognition:
spatial codes for human thinking. Science 362 (6415), eaat6766. https://doi.org/
10.1126/science.aat6766.

Beyh, A., Dell’Acqua, F., Cancemi, D., De Santiago Requejo, F., Ffytche, D., Catani, M.,
2022. The medial occipital longitudinal tract supports early stage encoding of
visuospatial information. Commun. Biol. 5 (1). https://doi.org/10.1038/s42003-
022-03265-4.

Bicanski, A., Burgess, N., 2018. A neural-level model of spatial memory and imagery.
eLife 7, e33752. https://doi.org/10.7554/eLife.33752.

Binder, J.R., Desai, R.H., Graves, W.W., Conant, L.L., 2009. Where is the semantic
system? A critical review and meta-analysis of 120 functional neuroimaging studies.
Cereb. Cortex (N. Y. NY) 19 (12), 2767-2796. https://doi.org/10.1093/cercor/
bhp055.

Bird, C.M., Burgess, N., 2008. The hippocampus and memory: insights from spatial
processing. Nat. Rev. Neurosci. 9 (3), 182-194. https://doi.org/10.1038/nrn2335.

Boccia, M., Nemmi, F., Guariglia, C., 2014. Neuropsychology of environmental
navigation in humans: review and meta-analysis of fMRI studies in healthy
participants. Neuropsychol. Rev. 24 (2), 236-251. https://doi.org/10.1007/511065-
014-9247-8.

Bohbot, V.D., Kalina, M., Stepankova, K., Spackova, N., Petrides, M., Nadel, L., 1998.
Spatial memory deficits in patients with lesions to the right hippocampus and to the
right parahippocampal cortex. Neuropsychologia 36 (11), 1217-1238. https://doi.
org/10.1016/50028-3932(97)00161-9.

Booth, J.R., Lu, D., Burman, D.D., Chou, T.-L., Jin, Z., Peng, D.-L., Zhang, L., Ding, G.-S.,
Deng, Y., Liu, L., 2006. Specialization of phonological and semantic processing in
Chinese word reading. Brain Res. 1071 (1), 197-207. https://doi.org/10.1016/j.
brainres.2005.11.097.

Boronat, C.B., Buxbaum, L.J., Coslett, H.B., Tang, K., Saffran, E.M., Kimberg, D.Y.,
Detre, J.A., 2005. Distinctions between manipulation and function knowledge of
objects: evidence from functional magnetic resonance imaging. Cogn. Brain Res. 23
(2), 361-373. https://doi.org/10.1016/j.cogbrainres.2004.11.001.

Bottini, R., Doeller, C.F., 2020. Knowledge across reference frames: cognitive maps and
image spaces. Trends Cogn. Sci. 24 (8), 606-619. https://doi.org/10.1016/j.
tics.2020.05.008.

Botvinick, M.M., 2007. Conflict monitoring and decision making: reconciling two
perspectives on anterior cingulate function. Cogn. Affect. Behav. Neurosci. 7 (4),
356-366. https://doi.org/10.3758/cabn.7.4.356.

Bragin, A., Jandd, G., Nadasdy, Z., Hetke, J., Wise, K., Buzsaki, G., 1995. Gamma
(40-100 Hz) oscillation in the hippocampus of the behaving rat. Journal
Neuroscience Official Journal Society Neuroscience 15 (1 Pt 1), 47-60. https://doi.
org/10.1523/JNEUROSCI.15-01-00047.1995.

Brod, G., Lindenberger, U., Werkle-Bergner, M., Shing, Y.L., 2015. Differences in the
neural signature of remembering schema-congruent and schema-incongruent events.
NeuroImage 117, 358-366. https://doi.org/10.1016/j.neuroimage.2015.05.086.

Brown, M.W., Aggleton, J.P., 2001. Recognition memory: what are the roles of the
perirhinal cortex and hippocampus? Nat. Rev. Neurosci. 2 (1), 51-61. https://doi.
org/10.1038/35049064.

Brown, T.I, Ross, R.S., Keller, J.B., Hasselmo, M.E., Stern, C.E., 2010. Which way was I
going? Contextual retrieval supports the disambiguation of well learned overlapping
navigational routes. J. Neurosci. 30 (21), 7414-7422. https://doi.org/10.1523/
JNEUROSCI.6021-09.2010.

Buckner, R.L., Carroll, D.C., 2007. Self-projection and the brain. Trends Cogn. Sci. 11 (2),
49-57. https://doi.org/10.1016/j.tics.2006.11.004.

Buckner, R.L., Andrews-Hanna, J.R., Schacter, D.L., 2008. The brain’s default network:
anatomy, function, and relevance to disease. Ann. N. Y. Acad. Sci. 1124, 1-38.
https://doi.org/10.1196/annals.1440.011.

12

Neuroscience and Biobehavioral Reviews 180 (2026) 106470

Burgess, N., Maguire, E.A., Spiers, H.J., O’Keefe, J., 2001. A temporoparietal and
prefrontal network for retrieving the spatial context of lifelike events. NeuroImage
14 (2), 439-453. https://doi.org/10.1006/nimg.2001.0806.

Burles, F., Slone, E., laria, G., 2017. Dorso-medial and ventro-lateral functional
specialization of the human retrosplenial complex in spatial updating and orienting.
Brain Struct. Funct. 222 (3), 1481-1493. https://doi.org/10.1007/500429-016-
1288-8.

Buzsaki, G., Moser, E.I., 2013. Memory, navigation and theta rhythm in the
hippocampal-entorhinal system. Nat. Neurosci. 16 (2), 130-138. https://doi.org/
10.1038/nn.3304.

Clark, B.J., Simmons, C.M., Berkowitz, L.E., Wilber, A.A., 2018. The retrosplenial-
parietal network and reference frame coordination for spatial navigation. Behav.
Neurosci. 132 (5), 416-429. https://doi.org/10.1037/bne0000260.

Colgin, L.L., Denninger, T., Fyhn, M., Hafting, T., Bonnevie, T., Jensen, O., Moser, M.-B.,
Moser, E.I., 2009. Frequency of gamma oscillations routes flow of information in the
hippocampus. Nature 462 (7271), 353-357. https://doi.org/10.1038/nature08573.

Committeri, G., Galati, G., Paradis, A.-L., Pizzamiglio, L., Berthoz, A., LeBihan, D., 2004.
Reference frames for spatial cognition: different brain areas are involved in viewer-,
object-, and landmark-centered judgments about object location. J. Cogn. Neurosci.
16 (9), 1517-1535. https://doi.org/10.1162/0898929042568550.

Committeri, G., Fragueiro, A., Campanile, M.M., Lagatta, M., Burles, F., laria, G.,
Sestieri, C., Tosoni, A., 2020. Egocentric navigation abilities predict episodic
memory performance. Front. Hum. Neurosci. 14, 574224. https://doi.org/10.3389/
fnhum.2020.574224.

Constantinescu, A.O., O’Reilly, J.X., Behrens, T.E.J., 2016. Organizing conceptual
knowledge in humans with a gridlike code. Science 352 (6292), 1464-1468. https://
doi.org/10.1126/science.aaf0941.

Copland, D.A., de Zubicaray, G.I., McMahon, K., Eastburn, M., 2007. Neural correlates of
semantic priming for ambiguous words: an event-related fMRI study. Brain Res.
1131, 163-172. https://doi.org/10.1016/j.brainres.2006.11.016.

Crespo-Garcia, M., Wang, Y., Jiang, M., Anderson, M.C., Lei, X., 2022. Anterior cingulate
cortex signals the need to control intrusive thoughts during motivated forgetting.
J. Neurosci. 42 (21), 4342-4359. https://doi.org/10.1523/IJNEUROSCL.1711-
21.2022.

Daselaar, S.M., Veltman, D.J., Rombouts, S.A.R.B., Raaijmakers, J.G.W., Lazeron, R.H.C.,
Jonker, C., 2002. Medial temporal lobe activity during semantic classification using
a flexible fMRI design. Behav. Brain Res. 136 (2), 399-404. https://doi.org/
10.1016/50166-4328(02)00187-0.

Daviddi, S., Pedale, T., St. Jacques, P.L., Schacter, D.L., Santangelo, V., 2023. Common
and distinct correlates of construction and elaboration of episodic-autobiographical
memory: An ALE meta-analysis. Cortex a J. Devoted Study Nerv. Syst. Behav. 163,
123-138. https://doi.org/10.1016/j.cortex.2023.03.005.

Daviddi, S., Yaya, G., Sperduti, M., Santangelo, V., 2024. A systematic review and meta-
analysis of the neural correlates of direct vs. generative retrieval of episodic
autobiographical memory. Neuropsychol. Rev. https://doi.org/10.1007/s11065-
024-09653-3.

De Brigard, F., Spreng, R.N., Mitchell, J.P., Schacter, D.L., 2015. Neural activity
associated with self, other, and object-based counterfactual thinking. Neurolmage
109, 12-26. https://doi.org/10.1016/j.neuroimage.2014.12.075.

Devlin, J.T., Russell, R.P., Davis, M.H., Price, C.J., Moss, H.E., Fadili, M.J., Tyler, L.K.,
2002. Is there an anatomical basis for category-specificity? Semantic memory studies
in PET and fMRI. Neuropsychologia 40 (1), 54-75. https://doi.org/10.1016/5002.8-
3932(01)00066-5.

Devlin, J.T., Matthews, P.M., Rushworth, M.F.S., 2003. Semantic processing in the left
inferior prefrontal cortex: a combined functional magnetic resonance imaging and
transcranial magnetic stimulation study. J. Cogn. Neurosci. 15 (1), 71-84. https://
doi.org/10.1162/089892903321107837.

Dilks, D.D., Julian, J.B., Paunov, A.M., Kanwisher, N., 2013. The occipital place area is
causally and selectively involved in scene perception. J. Neurosci. 33 (4),
1331-1336. https://doi.org/10.1523/JNEUROSCI.4081-12.2013.

Dilks, D.D., Kamps, F.S., Persichetti, A.S., 2021. Three cortical scene systems and their
development. Trends Cogn. Sci. 26 (2), 117. https://doi.org/10.1016/j.
tics.2021.11.002.

Duff, M.C., Covington, N.V., Hilverman, C., Cohen, N.J., 2020. Semantic Memory and the
Hippocampus: Revisiting, Reaffirming, and Extending the Reach of Their Critical
Relationship. Frontiers in human neuroscience 13, 471. https://doi.org/10.3389/
fnhum.2019.00471.

Ebisch, S.J.H., Babiloni, C., Del Gratta, C., Ferretti, A., Perrucci, M.G., Caulo, M.,
Sitskoorn, M.M., Romani, G.L., 2007. Human neural systems for conceptual
knowledge of proper object use: a functional magnetic resonance imaging study.
Cereb. Cortex 17 (11), 2744-2751. https://doi.org/10.1093/cercor/bhm001.

Eichenbaum, H., Cohen, N.J., 2014. Can we reconcile the declarative memory and spatial
navigation views on hippocampal function? Neuron 83 (4), 764-770. https://doi.
org/10.1016/j.neuron.2014.07.032.

Eichenbaum, H., Dudchenko, P., Wood, E., Shapiro, M., Tanila, H., 1999. The
hippocampus, memory, and place cells: Is it spatial memory or a memory space?
Neuron 23 (2), 209-226. https://doi.org/10.1016/50896-6273(00)80773-4.

Eichenbaum, H., Yonelinas, A.P., Ranganath, C., 2007. The medial temporal lobe and
recognition memory. Annu. Rev. Neurosci. 30 (1), 123-152. https://doi.org/
10.1146/annurev.neuro.30.051606.094328.

Eickhoff, S.B., Laird, A.R., Grefkes, C., Wang, L.E., Zilles, K., Fox, P.T., 2009. Coordinate-
based activation likelihood estimation meta-analysis of neuroimaging data: A
random-effects approach based on empirical estimates of spatial uncertainty. Hum.
Brain Mapp. 30 (9), 2907-2926. https://doi.org/10.1002/hbm.20718.

Eickhoff, S.B., Nichols, T.E., Laird, A.R., Hoffstaedter, F., Amunts, K., Fox, P.T.,

Bzdok, D., Eickhoff, C.R., 2016. Behavior, sensitivity, and power of activation


https://doi.org/10.1016/j.neubiorev.2025.106470
https://doi.org/10.1038/s41583-022-00591-8
https://doi.org/10.1038/s41583-022-00591-8
https://doi.org/10.1016/j.pscychresns.2006.01.002
https://doi.org/10.1016/j.pscychresns.2006.01.002
https://doi.org/10.1016/j.cortex.2013.08.002
https://doi.org/10.1016/j.tics.2018.11.005
https://doi.org/10.1016/j.tics.2018.11.005
https://doi.org/10.1126/science.1188160
https://doi.org/10.1016/j.bandl.2006.04.008
https://doi.org/10.1126/science.aat6766
https://doi.org/10.1126/science.aat6766
https://doi.org/10.1038/s42003-022-03265-4
https://doi.org/10.1038/s42003-022-03265-4
https://doi.org/10.7554/eLife.33752
https://doi.org/10.1093/cercor/bhp055
https://doi.org/10.1093/cercor/bhp055
https://doi.org/10.1038/nrn2335
https://doi.org/10.1007/s11065-014-9247-8
https://doi.org/10.1007/s11065-014-9247-8
https://doi.org/10.1016/s0028-3932(97)00161-9
https://doi.org/10.1016/s0028-3932(97)00161-9
https://doi.org/10.1016/j.brainres.2005.11.097
https://doi.org/10.1016/j.brainres.2005.11.097
https://doi.org/10.1016/j.cogbrainres.2004.11.001
https://doi.org/10.1016/j.tics.2020.05.008
https://doi.org/10.1016/j.tics.2020.05.008
https://doi.org/10.3758/cabn.7.4.356
https://doi.org/10.1523/JNEUROSCI.15-01-00047.1995
https://doi.org/10.1523/JNEUROSCI.15-01-00047.1995
https://doi.org/10.1016/j.neuroimage.2015.05.086
https://doi.org/10.1038/35049064
https://doi.org/10.1038/35049064
https://doi.org/10.1523/JNEUROSCI.6021-09.2010
https://doi.org/10.1523/JNEUROSCI.6021-09.2010
https://doi.org/10.1016/j.tics.2006.11.004
https://doi.org/10.1196/annals.1440.011
https://doi.org/10.1006/nimg.2001.0806
https://doi.org/10.1007/s00429-016-1288-8
https://doi.org/10.1007/s00429-016-1288-8
https://doi.org/10.1038/nn.3304
https://doi.org/10.1038/nn.3304
https://doi.org/10.1037/bne0000260
https://doi.org/10.1038/nature08573
https://doi.org/10.1162/0898929042568550
https://doi.org/10.3389/fnhum.2020.574224
https://doi.org/10.3389/fnhum.2020.574224
https://doi.org/10.1126/science.aaf0941
https://doi.org/10.1126/science.aaf0941
https://doi.org/10.1016/j.brainres.2006.11.016
https://doi.org/10.1523/JNEUROSCI.1711-21.2022
https://doi.org/10.1523/JNEUROSCI.1711-21.2022
https://doi.org/10.1016/S0166-4328(02)00187-0
https://doi.org/10.1016/S0166-4328(02)00187-0
https://doi.org/10.1016/j.cortex.2023.03.005
https://doi.org/10.1007/s11065-024-09653-3
https://doi.org/10.1007/s11065-024-09653-3
https://doi.org/10.1016/j.neuroimage.2014.12.075
https://doi.org/10.1016/S0028-3932(01)00066-5
https://doi.org/10.1016/S0028-3932(01)00066-5
https://doi.org/10.1162/089892903321107837
https://doi.org/10.1162/089892903321107837
https://doi.org/10.1523/JNEUROSCI.4081-12.2013
https://doi.org/10.1016/j.tics.2021.11.002
https://doi.org/10.1016/j.tics.2021.11.002
https://doi.org/10.3389/fnhum.2019.00471
https://doi.org/10.3389/fnhum.2019.00471
https://doi.org/10.1093/cercor/bhm001
https://doi.org/10.1016/j.neuron.2014.07.032
https://doi.org/10.1016/j.neuron.2014.07.032
https://doi.org/10.1016/s0896-6273(00)80773-4
https://doi.org/10.1146/annurev.neuro.30.051606.094328
https://doi.org/10.1146/annurev.neuro.30.051606.094328
https://doi.org/10.1002/hbm.20718

A. Fragueiro et al.

likelihood estimation characterized by massive empirical simulation. Neurolmage
137, 70-85. https://doi.org/10.1016/j.neuroimage.2016.04.072.

Ekstrom, A.D., Hill, P.F., 2023. Spatial navigation and memory: a review of the
similarities and differences relevant to brain models and age. Neuron 111 (7),
1037-1049. https://doi.org/10.1016/j.neuron.2023.03.001.

Ekstrom, A.D., Isham, E.A., 2017. Human spatial navigation: representations across
dimensions and scales. Curr. Opin. Behav. Sci. 17, 84-89. https://doi.org/10.1016/].
cobeha.2017.06.005.

Ekstrom, A.D., Ranganath, C., 2018. Space, time, and episodic memory: the hippocampus
is all over the cognitive map. Hippocampus 28 (9), 680-687. https://doi.org/
10.1002/hipo.22750.

Epstein, R.A., 2008. Parahippocampal and retrosplenial contributions to human spatial
navigation. Trends Cogn. Sci. 12 (10), 388-396. https://doi.org/10.1016/j.
tics.2008.07.004.

Epstein, R., Kanwisher, N., 1998. A cortical representation of the local visual
environment. Nature 392 (6676), 598-601. https://doi.org/10.1038/33402.

Epstein, R.A., Patai, E.Z., Julian, J.B., Spiers, H.J., 2017. The cognitive map in humans:
spatial navigation and beyond. Nat. Neurosci. 20 (11), 1504-1513. https://doi.org/
10.1038/nn.4656.

Ergorul, C., Eichenbaum, H., 2006. Essential role of the hippocampal formation in rapid
learning of higher-order sequential associations. J. Neurosci. 26 (15), 4111-4117.
https://doi.org/10.1523/JNEUROSCI.0441-06.2006.

Fragueiro, A., Tosoni, A., Frisoni, M., Di Matteo, R., Sestieri, C., Committeri, G., 2021.
Travel in the physical and mental space: a behavioral assessment of the phylogenetic
continuity hypothesis between egocentric navigation and episodic memory. Evolut.
Psychol. 19 (3), 14747049211040823. https://doi.org/10.1177/
14747049211040823.

Fragueiro, A., Tosoni, A., Di Matteo, R., Committeri, G., 2022. Empowering episodic
memory through a model-based egocentric navigational training. Psychol. Res.
https://doi.org/10.1007/s00426-022-01777-6.

Fragueiro, A., Tosoni, A., Boccia, M., Di Matteo, R., Sestieri, C., Committeri, G., 2023.
Reference frames for spatial navigation and declarative memory: individual
differences in performance support the phylogenetic continuity hypothesis. Evol.
Hum. Behav. https://doi.org/10.1016/j.evolhumbehav.2023.08.001.

Galati, G., Pelle, G., Berthoz, A., Committeri, G., 2010. Multiple reference frames used by
the human brain for spatial perception and memory. Exp. Brain Res. 206 (2),
109-120. https://doi.org/10.1007/s00221-010-2168-8.

Gilboa, A., Marlatte, H., 2017. Neurobiology of schemas and schema-mediated memory.
Trends Cogn. Sci. 21 (8), 618-631. https://doi.org/10.1016/j.tics.2017.04.013.

Gitelman, D.R., Nobre, A.C., Sonty, S., Parrish, T.B., Mesulam, M.-M., 2005. Language
network specializations: an analysis with parallel task designs and functional
magnetic resonance imaging. Neurolmage 26 (4), 975-985. https://doi.org/
10.1016/j.neuroimage.2005.03.014.

Gomez, A., Cerles, M., Rousset, S., Rémy, C., Baciu, M., 2014. Differential hippocampal
and retrosplenial involvement in egocentric-updating, rotation, and allocentric
processing during online spatial encoding: an fMRI study. Front. Hum. Neurosci. 8,
150. https://doi.org/10.3389/fnhum.2014.00150.

Gron, G., Wunderlich, A.P., Spitzer, M., Tomczak, R., Riepe, M.W., 2000. Brain activation
during human navigation: Gender-different neural networks as substrate of
performance. Nature Neuroscience 3 (4), 404-408. https://doi.org/10.1038/73980.

Grossi, D., Trojano, L., Grasso, A., Orsini, A., 1988. Selective “semantic amnesia” after
closed-head injury: a case report. Cortex A J. Devoted Study Nerv. Syst. Behav. 24
(3), 457-464. https://doi.org/10.1016/5S0010-9452(88)80009-1.

Guo, Y., Burgund, E.D., 2010. Task effects in the mid-fusiform gyrus: a comparison of
orthographic, phonological, and semantic processing of Chinese characters. Brain
Lang. 115 (2), 113-120. https://doi.org/10.1016/j.bandl.2010.08.001.

Hafting, T., Fyhn, M., Molden, S., Moser, M.-B., Moser, E.L., 2005. Microstructure of a
spatial map in the entorhinal cortex. Nature 436 (7052), 801-806. https://doi.org/
10.1038/nature03721.

Hartley, T., Harlow, R., 2012. An association between human hippocampal volume and
topographical memory in healthy young adults. Front. Hum. Neurosci. 6, 338.
https://doi.org/10.3389/fnhum.2012.00338.

Hassabis, D., Maguire, E.A., 2007. Deconstructing episodic memory with construction.
Trends Cogn. Sci. 11 (7), 299-306. https://doi.org/10.1016/j.tics.2007.05.001.

Herdman, K.A., Calarco, N., Moscovitch, M., Hirshhorn, M., Rosenbaum, R.S., 2015.
Impoverished descriptions of familiar routes in three cases of hippocampal/medial
temporal lobe amnesia. Cortex a J. Devoted Study Nerv. Syst. Behav. 71, 248-263.
https://doi.org/10.1016/j.cortex.2015.06.008.

laria, G., Petrides, M., Dagher, A., Pike, B., Bohbot, V.D., 2003. Cognitive strategies
dependent on the hippocampus and caudate nucleus in human navigation:
variability and change with practice. J. Neurosci. 23 (13), 5945-5952. https://doi.
org/10.1523/JNEUROSCI.23-13-05945.2003.

laria, G., Fox, C.J., Chen, J.-K., Petrides, M., Barton, J.J.S., 2008. Detection of unexpected
events during spatial navigation in humans: bottom-up attentional system and neural
mechanisms. Eur. J. Neurosci. 27 (4), 1017-1025. https://doi.org/10.1111/j.1460-
9568.2008.06060.x.

Ino, T., Inoue, Y., Kage, M., Hirose, S., Kimura, T., Fukuyama, H., 2002. Mental
navigation in humans is processed in the anterior bank of the parieto-occipital
sulcus. Neurosci. Lett. 322 (3), 182-186. https://doi.org/10.1016/50304-3940(02)
00019-8.

Ino, T., Doi, T., Hirose, S., Kimura, T., Ito, J., Fukuyama, H., 2007. Directional
disorientation following left retrosplenial hemorrhage: a case report with fMRI
studies. Cortex a J. Devoted Study Nerv. Syst. Behav. 43 (2), 248-254. https://doi.
org/10.1016/s0010-9452(08)70479-9.

Irish, M., Lawlor, B.A., O’Mara, S.M., Coen, R.F., 2010. Exploring the recollective
experience during autobiographical memory retrieval in amnestic mild cognitive

13

Neuroscience and Biobehavioral Reviews 180 (2026) 106470

impairment. J. Int. Neuropsychol. Soc. 16 (3), 546-555. https://doi.org/10.1017/
$1355617710000172.

Jung, Y., Dilks, D.D., 2025. Early development of navigationally relevant location
information in the retrosplenial complex. Proc. Natl. Acad. Sci. 122 (19),
€2503569122. https://doi.org/10.1073/pnas.2503569122.

Kang, J., Park, S., 2024. Combined representation of visual features in the scene-selective
cortex. Behav. Brain Res. 471, 115110. https://doi.org/10.1016/j.bbr.2024.115110.

Kim, H., 2016. Default network activation during episodic and semantic memory
retrieval: a selective meta-analytic comparison. Neuropsychologia 80, 35-46.
https://doi.org/10.1016/j.neuropsychologia.2015.11.006.

Kolarik, B.S., Baer, T., Shahlaie, K., Yonelinas, A.P., Ekstrom, A.D., 2018. Close but no
cigar: spatial precision deficits following medial temporal lobe lesions provide novel
insight into theoretical models of navigation and memory. Hippocampus 28 (1),
31-41. https://doi.org/10.1002/hipo.22801.

Kravitz, D.J., Saleem, K.S., Baker, C.I., Mishkin, M., 2011. A new neural framework for
visuospatial processing. Article 4. Nat. Rev. Neurosci. 12 (4). https://doi.org/
10.1038/nrn3008.

Latini-Corazzini, L., Nesa, M.P., Ceccaldi, M., Guedj, E., Thinus-Blanc, C., Cauda, F.,
D’Agata, F., Péruch, P., 2010. Route and survey processing of topographical memory
during navigation. Psychol. Res. 74 (6), 545-559. https://doi.org/10.1007 /500426~
010-0276-5.

Leech, R., Sharp, D.J., 2014. The role of the posterior cingulate cortex in cognition and
disease. Brain A J. Neurol. 137 (Pt 1), 12-32. https://doi.org/10.1093/brain/
awtl62.

Levine, B., Black, S.E., Cabeza, R., Sinden, M., Mcintosh, A.R., Toth, J.P., Tulving, E.,
Stuss, D.T., 1998. Episodic memory and the self in a case of isolated retrograde
amnesia. Brain A J. Neurol. 121 (Pt 10), 1951-1973. https://doi.org/10.1093/
brain/121.10.1951.

Levine, B., Svoboda, E., Hay, J.F., Winocur, G., Moscovitch, M., 2002. Aging and
autobiographical memory: Dissociating episodic from semantic retrieval. Psychol.
Aging 17 (4), 677-689. htips://doi.org/10.1037/0882-7974.17.4.677.

Levine, B., Turner, G.R., Tisserand, D., Hevenor, S.J., Graham, S.J., McIntosh, A.R., 2004.
The Functional Neuroanatomy of Episodic and Semantic Autobiographical
Remembering: A Prospective Functional MRI Study. J. Cogn. Neurosci. 16 (9),
1633-1646. https://doi.org/10.1162,/0898929042568587.

Maguire, E.A., Mullally, S.L., 2013. The Hippocampus: A Manifesto for Change. J. Exp.
Psychol. Gen. 142 (4), 1180-1189. https://doi.org/10.1037/a0033650.

Mao, D., Kandler, S., McNaughton, B.L., Bonin, V., 2017. Sparse orthogonal population
representation of spatial context in the retrosplenial cortex. Nat. Commun. 8, 243.
https://doi.org/10.1038/5s41467-017-00180-9.

Mason, M.F., Norton, M.I., Van Horn, J.D., Wegner, D.M., Grafton, S.T., Macrae, C.N.,
2007. Wandering Minds: The Default Network and Stimulus-Independent Thought.
Science (New York N. Y. ) 315 (5810), 393-395. https://doi.org/10.1126/
science.1131295.

Menon, V., 2023. 20 years of the default mode network: A review and synthesis. Neuron
111 (16), 2469-2487. https://doi.org/10.1016/j.neuron.2023.04.023.

Miceli, G., Turriziani, P., Caltagirone, C., Capasso, R., Tomaiuolo, F., Caramazza, A.,
2002. The neural correlates of grammatical gender: An fMRI investigation. J. Cogn.
Neurosci. 14 (4), 618-628. https://doi.org/10.1162/08989290260045855.

Milivojevic, B., Doeller, C.F., 2013. Mnemonic networks in the hippocampal formation:
From spatial maps to temporal and conceptual codes. J. Exp. Psychol. Gen. 142 (4),
1231-1241. https://doi.org/10.1037,/a0033746.

Miller, A.M.P., Vedder, L.C., Law, L.M., Smith, D.M., 2014. Cues, context, and long-term
memory: The role of the retrosplenial cortex in spatial cognition. Front. Hum.
Neurosci. 8. https://doi.org/10.3389/fnhum.2014.00586.

Moscovitch, M., Cabeza, R., Winocur, G., Nadel, L., 2016. Episodic Memory and Beyond:
The Hippocampus and Neocortex in Transformation. Annu. Rev. Psychol. 67,
105-134. https://doi.org/10.1146/annurev-psych-113011-143733.

Miiller, V.L, Cieslik, E.C., Laird, A.R., Fox, P.T., Radua, J., Mataix-Cols, D., Tench, C.R.,
Yarkoni, T., Nichols, T.E., Turkeltaub, P.E., Wager, T.D., Eickhoff, S.B., 2018. Ten
simple rules for neuroimaging meta-analysis. Neurosci. Biobehav. Rev. 84, 151-161.
https://doi.org/10.1016/j.neubiorev.2017.11.012.

Nadel, L., Moscovitch, M., 1997. Memory consolidation, retrograde amnesia and the
hippocampal complex. Curr. Opin. Neurobiol. 7 (2), 217-227. https://doi.org/
10.1016/50959-4388(97)80010-4.

O’Keefe, J., Nadel, L., 1978. The Hippocampus as a Cognitive Map, 1978. Oxford
University Press: Oxford, UK. (http://www.cognitivemap.net/) (Oxford University
Press).

Otten, L.J., Rugg, M.D., 2001. Task-dependency of the Neural Correlates of Episodic
Encoding as Measured by fMRI. Cereb. Cortex 11 (12), 1150-1160. https://doi.org/
10.1093/cercor/11.12.1150.

Otto, T., Eichenbaum, H., 1992. Neuronal activity in the hippocampus during delayed
non-match to sample performance in rats: Evidence for hippocampal processing in
recognition memory. Hippocampus 2 (3), 323-334. https://doi.org/10.1002/
hipo.450020310.

Peer, M., Brunec, L.K., Newcombe, N.S., Epstein, R.A., 2021. Structuring Knowledge with
Cognitive Maps and Cognitive Graphs. Trends Cogn. Sci. 25 (1), 37-54. https://doi.
org/10.1016/j.tics.2020.10.004.

Pilgrim, L.K., Fadili, J., Fletcher, P., Tyler, L.K., 2002. Overcoming Confounds of
Stimulus Blocking: An Event-Related fMRI Design of Semantic Processing.
Neurolmage 16 (3, Part A), 713-723. https://doi.org/10.1006/nimg.2002.1105.

Ranganath, C., Ritchey, M., 2012. Two cortical systems for memory-guided behaviour.
Nat. Rev. Neurosci. 13 (10), 713-726. https://doi.org/10.1038/nrn3338.

Raposo, A., Moss, H.E., Stamatakis, E.A., Tyler, L.K., 2006. Repetition suppression and
semantic enhancement: An investigation of the neural correlates of priming.


https://doi.org/10.1016/j.neuroimage.2016.04.072
https://doi.org/10.1016/j.neuron.2023.03.001
https://doi.org/10.1016/j.cobeha.2017.06.005
https://doi.org/10.1016/j.cobeha.2017.06.005
https://doi.org/10.1002/hipo.22750
https://doi.org/10.1002/hipo.22750
https://doi.org/10.1016/j.tics.2008.07.004
https://doi.org/10.1016/j.tics.2008.07.004
https://doi.org/10.1038/33402
https://doi.org/10.1038/nn.4656
https://doi.org/10.1038/nn.4656
https://doi.org/10.1523/JNEUROSCI.0441-06.2006
https://doi.org/10.1177/14747049211040823
https://doi.org/10.1177/14747049211040823
https://doi.org/10.1007/s00426-022-01777-6
https://doi.org/10.1016/j.evolhumbehav.2023.08.001
https://doi.org/10.1007/s00221-010-2168-8
https://doi.org/10.1016/j.tics.2017.04.013
https://doi.org/10.1016/j.neuroimage.2005.03.014
https://doi.org/10.1016/j.neuroimage.2005.03.014
https://doi.org/10.3389/fnhum.2014.00150
https://doi.org/10.1038/73980
https://doi.org/10.1016/S0010-9452(88)80009-1
https://doi.org/10.1016/j.bandl.2010.08.001
https://doi.org/10.1038/nature03721
https://doi.org/10.1038/nature03721
https://doi.org/10.3389/fnhum.2012.00338
https://doi.org/10.1016/j.tics.2007.05.001
https://doi.org/10.1016/j.cortex.2015.06.008
https://doi.org/10.1523/JNEUROSCI.23-13-05945.2003
https://doi.org/10.1523/JNEUROSCI.23-13-05945.2003
https://doi.org/10.1111/j.1460-9568.2008.06060.x
https://doi.org/10.1111/j.1460-9568.2008.06060.x
https://doi.org/10.1016/S0304-3940(02)00019-8
https://doi.org/10.1016/S0304-3940(02)00019-8
https://doi.org/10.1016/s0010-9452(08)70479-9
https://doi.org/10.1016/s0010-9452(08)70479-9
https://doi.org/10.1017/S1355617710000172
https://doi.org/10.1017/S1355617710000172
https://doi.org/10.1073/pnas.2503569122
https://doi.org/10.1016/j.bbr.2024.115110
https://doi.org/10.1016/j.neuropsychologia.2015.11.006
https://doi.org/10.1002/hipo.22801
https://doi.org/10.1038/nrn3008
https://doi.org/10.1038/nrn3008
https://doi.org/10.1007/s00426-010-0276-5
https://doi.org/10.1007/s00426-010-0276-5
https://doi.org/10.1093/brain/awt162
https://doi.org/10.1093/brain/awt162
https://doi.org/10.1093/brain/121.10.1951
https://doi.org/10.1093/brain/121.10.1951
https://doi.org/10.1037/0882-7974.17.4.677
https://doi.org/10.1162/0898929042568587
https://doi.org/10.1037/a0033650
https://doi.org/10.1038/s41467-017-00180-9
https://doi.org/10.1126/science.1131295
https://doi.org/10.1126/science.1131295
https://doi.org/10.1016/j.neuron.2023.04.023
https://doi.org/10.1162/08989290260045855
https://doi.org/10.1037/a0033746
https://doi.org/10.3389/fnhum.2014.00586
https://doi.org/10.1146/annurev-psych-113011-143733
https://doi.org/10.1016/j.neubiorev.2017.11.012
https://doi.org/10.1016/S0959-4388(97)80010-4
https://doi.org/10.1016/S0959-4388(97)80010-4
http://www.cognitivemap.net/
https://doi.org/10.1093/cercor/11.12.1150
https://doi.org/10.1093/cercor/11.12.1150
https://doi.org/10.1002/hipo.450020310
https://doi.org/10.1002/hipo.450020310
https://doi.org/10.1016/j.tics.2020.10.004
https://doi.org/10.1016/j.tics.2020.10.004
https://doi.org/10.1006/nimg.2002.1105
https://doi.org/10.1038/nrn3338

A. Fragueiro et al.

Neuropsychologia 44 (12), 2284-2295. https://doi.org/10.1016/j.
neuropsychologia.2006.05.017.

Renoult, L., Davidson, P.S.R., Palombo, D.J., Moscovitch, M., Levine, B., 2012. Personal
semantics: At the crossroads of semantic and episodic memory. Trends Cogn. Sci. 16
(11), 550-558. https://doi.org/10.1016/j.tics.2012.09.003.

Renoult, L., Irish, M., Moscovitch, M., Rugg, M.D., 2019. From Knowing to
Remembering: The Semantic-Episodic Distinction. Trends Cogn. Sci. 23 (12),
1041-1057. https://doi.org/10.1016/j.tics.2019.09.008.

Rosenbaum, R.S., Ziegler, M., Winocur, G., Grady, C.L., Moscovitch, M., 2004. I have
often walked down this street before™: fMRI Studies on the hippocampus and other
structures during mental navigation of an old environment. Hippocampus 14 (7),
826-835. https://doi.org/10.1002/hipo.10218.

Rosenbaum, R.S., Winocur, G., Grady, C.L., Ziegler, M., Moscovitch, M., 2007. Memory
for familiar environments learned in the remote past: fMRI studies of healthy people
and an amnesic person with extensive bilateral hippocampal lesions. Hippocampus
17 (12), 1241-1251. https://doi.org/10.1002/hipo.20354.

Schacter, D.L., Addis, D.R., Buckner, R.L., 2008. Episodic simulation of future events:
concepts, data, and applications. Annals of the New York Academy of Sciences 1124,
39-60. https://doi.org/10.1196/annals.1440.001.

Scoville, W.B., Milner, B., 1957. Loss of recent memory after bilateral hippocampal
lesions. Journal of neurology, neurosurgery, and psychiatry 20 (1), 11-21. https://
doi.org/10.1136/jnnp.20.1.11.

Seeley, W.W., Menon, V., Schatzberg, A.F., Keller, J., Glover, G.H., Kenna, H., Reiss, A.L.,
Greicius, M.D., 2007. Dissociable Intrinsic Connectivity Networks for Salience
Processing and Executive Control. J. Neurosci. 27 (9), 2349-2356. https://doi.org/
10.1523/JNEUROSCI.5587-06.2007.

Sekeres, M.J., Winocur, G., Moscovitch, M., 2018. The hippocampus and related
neocortical structures in memory transformation. Neurosci. Lett. 680, 39-53.
https://doi.org/10.1016/j.neulet.2018.05.006.

Sestieri, C., Shulman, G.L., Corbetta, M., 2017. The contribution of the human posterior
parietal cortex to episodic memory. Nature reviews. Neuroscience 18 (3), 183-192.
https://doi.org/10.1038/nrn.2017.6.

Shine, J.P., Valdés-Herrera, J.P., Hegarty, M., Wolbers, T., 2016. The Human
Retrosplenial Cortex and Thalamus Code Head Direction in a Global Reference
Frame. J. Neurosci. 36 (24), 6371-6381. https://doi.org/10.1523/
JNEUROSCI.1268-15.2016.

Siegel, A.W., White, S.H., 1975. The development of spatial representations of large-scale
environments. Advances in child development and behavior 10, 9-55. https://doi.
0rg/10.1016/50065-2407(08)60007-5.

Snyder, H.R., Feigenson, K., Thompson-Schill, S.L., 2007. Prefrontal Cortical Response to
Conflict during Semantic and Phonological Tasks. J. Cogn. Neurosci. 19 (5),
761-775. https://doi.org/10.1162/jocn.2007.19.5.761.

Solomon, E.A., Lega, B.C., Sperling, M.R., Kahana, M.J., 2019. Hippocampal theta codes
for distances in semantic and temporal spaces. Proc. Natl. Acad. Sci. USA 116 (48),
24343-24352. https://doi.org/10.1073/pnas.1906729116.

Spaniol, J., Davidson, P.S.R., Kim, A.S.N., Han, H., Moscovitch, M., Grady, C.L., 2009.
Event-related fMRI studies of episodic encoding and retrieval: Meta-analyses using
activation likelihood estimation. Neuropsychologia 47 (8), 1765-1779. https://doi.
org/10.1016/j.neuropsychologia.2009.02.028.

Spiers, H.J., Maguire, E.A., 2006. Thoughts, behaviour, and brain dynamics during
navigation in the real world. NeuroImage 31 (4), 1826-1840. https://doi.org/
10.1016/j.neuroimage.2006.01.037.

14

Neuroscience and Biobehavioral Reviews 180 (2026) 106470

Spreng, R.N., Schacter, D.L., 2012. Default network modulation and large-scale network
interactivity in healthy young and old adults. Cereb. Cortex (N. Y. N. Y. 1991) 22
(11), 2610-2621. https://doi.org/10.1093/cercor/bhr339.

Spreng, R.N., Mar, R.A,, Kim, A.S.N., 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 (3), 489-510. https://doi.
org/10.1162/jocn.2008.21029.

Stringaris, A.K., Medford, N.C., Giampietro, V., Brammer, M.J., David, A.S., 2007.
Deriving meaning: Distinct neural mechanisms for metaphoric, literal, and non-
meaningful sentences. Brain Lang. 100 (2), 150-162. https://doi.org/10.1016/j.
bandl.2005.08.001.

Tanguay, A.F.N., Palombo, D.J., Love, B., Glikstein, R., Davidson, P.S.R., Renoult, L.,
2023. The shared and unique neural correlates of personal semantic, general
semantic, and episodic memory. eLife 12, e83645. https://doi.org/10.7554/
eLife.83645.

Teghil, A., Bonavita, A., Guariglia, C., Boccia, M., 2021. Commonalities and specificities
between environmental navigation and autobiographical memory: A synthesis and a
theoretical perspective. Neurosci. Biobehav. Rev. 127, 928-945. https://doi.org/
10.1016/j.neubiorev.2021.06.012.

Tolman, E.C., 1948. Cognitive maps in rats and men. Psychol. Rev. 55 (4), 189-208.
https://doi.org/10.1037/h0061626.

Tulving, E., Markowitsch, H.J., 1998. Episodic and declarative memory: Role of the
hippocampus. Hippocampus 8 (3), 198-204. https://doi.org/10.1002/(SICI)1098-
1063(1998)8:3<198::AID-HIPO2>3.0.CO;2-G.

Turkeltaub, P.E., Eickhoff, S.B., Laird, A.R., Fox, M., Wiener, M., Fox, P., 2012.
Minimizing within-experiment and within-group effects in Activation Likelihood
Estimation meta-analyses. Hum. Brain Mapp. 33 (1), 1-13. https://doi.org/10.1002/
hbm.21186.

Tyler, L.K., Stamatakis, E.A., Dick, E., Bright, P., Fletcher, P., Moss, H., 2003. Objects and
their actions: Evidence for a neurally distributed semantic system. Neurolmage 18
(2), 542-557. https://doi.org/10.1016/s1053-8119(02)00047-2.

Vigano, S., Piazza, M., 2020. Distance and Direction Codes Underlie Navigation of a
Novel Semantic Space in the Human Brain. J. Neurosci. 40 (13), 2727-2736. https://
doi.org/10.1523/JNEUROSCI.1849-19.2020.

Vogt, B.A., Vogt, L., Laureys, S., 2006. Cytology and functionally correlated circuits of
human posterior cingulate areas. NeuroImage 29 (2), 452-466. https://doi.org/
10.1016/j.neuroimage.2005.07.048.

Wolbers, T., Wiener, J.M., Mallot, H.A., Biichel, C., 2007. Differential recruitment of the
hippocampus, medial prefrontal cortex, and the human motion complex during path
integration in humans. J. Neurosci. 27 (35), 9408-9416. https://doi.org/10.1523/
JNEUROSCI.2146-07.2007.

Xu, J., Evensmoen, H.R., Lehn, H., Pintzka, C.W.S., Haberg, A.K., 2010. Persistent
posterior and transient anterior medial temporal lobe activity during navigation.
NeuroImage 52 (4), 1654-1666. https://doi.org/10.1016/j.
neuroimage.2010.05.074.

Yeo, B.T.T., Krienen, F.M., Sepulcre, J., Sabuncu, M.R., Lashkari, D., Hollinshead, M.,
Roffman, J.L., Smoller, J.W., Zollei, L., Polimeni, J.R., Fischl, B., Liu, H., Buckner, R.
L., 2011. The organization of the human cerebral cortex estimated by intrinsic
functional connectivity. J. Neurophysiol. 106 (3), 1125-1165. https://doi.org/
10.1152/jn.00338.2011.

Zhang, H., Copara, M., Ekstrom, A.D., 2012. Differential recruitment of brain networks
following route and cartographic map learning of spatial environments. PLoS ONE 7
(9), e44886. https://doi.org/10.1371/journal.pone.0044886.


https://doi.org/10.1016/j.neuropsychologia.2006.05.017
https://doi.org/10.1016/j.neuropsychologia.2006.05.017
https://doi.org/10.1016/j.tics.2012.09.003
https://doi.org/10.1016/j.tics.2019.09.008
https://doi.org/10.1002/hipo.10218
https://doi.org/10.1002/hipo.20354
https://doi.org/10.1196/annals.1440.001
https://doi.org/10.1136/jnnp.20.1.11
https://doi.org/10.1136/jnnp.20.1.11
https://doi.org/10.1523/JNEUROSCI.5587-06.2007
https://doi.org/10.1523/JNEUROSCI.5587-06.2007
https://doi.org/10.1016/j.neulet.2018.05.006
https://doi.org/10.1038/nrn.2017.6
https://doi.org/10.1523/JNEUROSCI.1268-15.2016
https://doi.org/10.1523/JNEUROSCI.1268-15.2016
https://doi.org/10.1016/s0065-2407(08)60007-5
https://doi.org/10.1016/s0065-2407(08)60007-5
https://doi.org/10.1162/jocn.2007.19.5.761
https://doi.org/10.1073/pnas.1906729116
https://doi.org/10.1016/j.neuropsychologia.2009.02.028
https://doi.org/10.1016/j.neuropsychologia.2009.02.028
https://doi.org/10.1016/j.neuroimage.2006.01.037
https://doi.org/10.1016/j.neuroimage.2006.01.037
https://doi.org/10.1093/cercor/bhr339
https://doi.org/10.1162/jocn.2008.21029
https://doi.org/10.1162/jocn.2008.21029
https://doi.org/10.1016/j.bandl.2005.08.001
https://doi.org/10.1016/j.bandl.2005.08.001
https://doi.org/10.7554/eLife.83645
https://doi.org/10.7554/eLife.83645
https://doi.org/10.1016/j.neubiorev.2021.06.012
https://doi.org/10.1016/j.neubiorev.2021.06.012
https://doi.org/10.1037/h0061626
https://doi.org/10.1002/(SICI)1098-1063(1998)8:3<198::AID-HIPO2>3.0.CO;2-G
https://doi.org/10.1002/(SICI)1098-1063(1998)8:3<198::AID-HIPO2>3.0.CO;2-G
https://doi.org/10.1002/hbm.21186
https://doi.org/10.1002/hbm.21186
https://doi.org/10.1016/s1053-8119(02)00047-2
https://doi.org/10.1523/JNEUROSCI.1849-19.2020
https://doi.org/10.1523/JNEUROSCI.1849-19.2020
https://doi.org/10.1016/j.neuroimage.2005.07.048
https://doi.org/10.1016/j.neuroimage.2005.07.048
https://doi.org/10.1523/JNEUROSCI.2146-07.2007
https://doi.org/10.1523/JNEUROSCI.2146-07.2007
https://doi.org/10.1016/j.neuroimage.2010.05.074
https://doi.org/10.1016/j.neuroimage.2010.05.074
https://doi.org/10.1152/jn.00338.2011
https://doi.org/10.1152/jn.00338.2011
https://doi.org/10.1371/journal.pone.0044886

	The retrosplenial complex as an integration zone between self- and map-based components of spatial navigation and declarati ...
	1 Introduction
	2 Methods
	2.1 Inclusion criteria for research articles
	2.2 Activation Likelihood Estimation (ALE)

	3 Results
	3.1 Single analyses
	3.2 Conjunction analyses

	4 Discussion
	4.1 Neural systems for egocentric and allocentric navigation
	4.2 Neural systems for episodic and semantic memory
	4.3 Conjunctions between memory and navigation domains
	4.4 Neural systems within/between reference frames
	4.5 The retrosplenial complex as an integration hub
	4.6 Limitations

	5 Conclusions
	Funding
	Acknowledgements
	Appendix A Supporting information
	References


