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In a dense-sampling resting—state functional magnetic resonance imaging study, Wang
et al. (2025) recorded two individuals’ functional connectivity patterns over 30 consecutive
days to find a marker of the passage of time in the human brain. The authors measured the
similarity of brain connectivity patterns over days, focusing on key regions involved in spa-
tial navigation and declarative memory that have been previously shown to exhibit slow
changes in activity patterns over time: the entorhinal cortex (EC) and the hippocampus
(HPC). The authors show that connectivity pattern similarity decreased over time—more
temporally distant resting-states had more distinct functional connectivity profiles. This
result is consistent with the idea that brain activity intrinsically drifts over time (Driscoll
etal., 2022). Additionally, the authors observed an anatomical gradient such that the ante-
rior HPC showed stronger temporal drift than the posterior HPC, and the anterolateral EC
showed stronger temporal drift than the posteromedial EC. The temporal drift of the EC
whole-brain functional connectivity pattern was primarily driven by the default mode net-
work, typically reported when participants are not engaged in any experimental task. The
authors conclude that the human brain maintains an intrinsic temporal context signal that
may provide “time stamps” for episodic memories, helping to organize events in time.

One open question concerns the authors’ choice to quantify the drift using “functional
connectivity patterns” rather than “within-region multivoxel pattern similarity” over time
(Bellmund et al., 2019). If temporal drift in neural representations truly reflects a “time
stamp” signal, one might expect it to manifest most directly in the evolving activity pat-
terns within the HPC and EC themselves, a form of intrinsic dynamics that could be
seen as a continuously “rolling” neural trace of time. In contrast, connectivity drift may
capture how these intrinsic changes propagate to or are integrated across cortical sys-
tems, potentially reflecting a distinct but complementary aspect of temporal coding,
such as the integration of incoming external information to be assigned to the time stamps
or the consolidation of temporally distinct memories into the neocortex.

From a cross-species point of view, the increasing drift over time observed in HPC and
EC aligns well with rodent studies in which hippocampal and entorhinal neural populations
have been shown to encode time. For example, individual neurons are active at specific
times when animals perform a task with repeating temporal structure (so-called time cells;
Eichenbaum, 2014; Tsao et al., 2022). Moreover, at the single-cell and population level,
neural activity in these areas slowly drifts over time from seconds to minutes to days, a
signal seen most prominently in the lateral EC (Tsao et al., 2018; Kanter et al., 2025).
Such drift over time is independent of the specific task or experience, continuing even dur-
ing sleep (Kanter et al., 2025). The recent findings from Wang et al. (2025) fit nicely with this
idea that the (antero)lateral EC automatically encodes the passage of time across a wide
range of timescales, consistent with the demands of episodic memory. By analogy to the
varied scales of spatial representation (Brunec, 2016), the authors report an anteroposter-
ior HPC gradient with stronger drift in the anterior portion, suggesting a potential change
from finer to coarser temporal granularity.
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In addition to drifting over time, recent work in rats (Kanter et al., 2025) and humans
(Ezzyat and Davachi, 2014; Ben-Yakov and Henson, 2018; Clewett et al., 2019; Zheng
et al., 2022) found that neural activity in the hippocampal formation signals event bound-
aries, segmenting a continuous experience into discrete temporal units. It would have
been interesting in the current study to ask whether the drift signal could be parsed into
distinct temporal scales: are days and scan durations tagged in spontaneous activity?
In humans, days provide natural event boundaries that create distinct episodes in mem-
ory. Days serve as reliable access points and time stamps forming a hierarchical temporal
structure in human memory captured by the behavioral day-of-the-week effect
(Wagelmans and van Wassenhove, 2024), in which participants are faster in responding
which day it is on weekends as compared with weekdays. Wang et al. (2025) used contin-
uous similarity measures to quantify the drift across daily sessions but whether days mark
the passage of time in humans could also be explored using the within-region multivoxel
pattern similarity suggested above. Additionally, the drift was observed using temporally
structured recordings: while one participant had a fixed recording schedule (daily at 11
A.M.), the other underwent a change of recording schedule (in periods of 10d, at 7
A.M., then 7 A.M. and 8 P.M., and finally 8 P.M.). The within-day changes in the recording
schedule of the second participant showed no modulation of the drift. In light of the ana-
tomical gradient reported by the authors, anterior HPC and EC could have been expected
to track within-day drift hierarchically nested into wider temporal drift in the posterior por-
tions. This result would strengthen the functional relevance of the temporal gradient
reported by the authors.

The authors strongly conclude that they have found “a spontaneous neural signature
that reflects the passage of time in humans in the absence of task demands, which may
serve to provide temporal stamps for episodic memory processes.” One positive aspect
of their approach is that participants do not attend to time, that is, they do not a priori
deploy cognitive strategies to keep track of time (e.g., counting, simulating, internal
speech) or explicitly encode temporal experiences in memory. This makes the study ame-
nable to episodic timing in which changes in the “what,” “where,” and especially “when” of
experiences are automatically tracked in the absence of task requirements (Azizi et al.,
2023; Bordas and van Wassenhove, 2025). However, one major limitation of the study
is the absence of insights on participants’ subjective experiences. Although the authors
convincingly demonstrate spontaneous neural drift as a function of time, they do not
directly link it to the subjective experience of time flow or to memory recall. For instance,
is the reported signature of the passage time related to time awareness? Would the drift be
more similar across participants who experience the passage of time similarly? A key chal-
lenge in designing tasks or questionnaires to measure participants’ subjective experience
of time passing is that their cognitive approach or temporal focus during the task could
influence the memory consolidation processes reflected in functional connectivity pat-
terns. This concern becomes particularly salient when the same participant completes
multiple scans over time, as in the current design. One alternative approach would involve
keeping participants unaware of any time-related task during the recording session and
then asking them afterward to estimate how much time has passed. This approach was
recently tested (Azizi et al., 2023; Bordas and van Wassenhove, 2025): participants
recorded with MEG or EEG during quiet wakefulness for a few minutes were unexpectedly
prompted to recall how long the experiment lasted, in retrospect. In these studies, the
automatic (unattended) duration of a resting-state episode was found to be linearly related
to the relative time of oscillatory alpha activity (or burstiness) during the recorded period.
This relationship was broken if participants developed temporal expectations in the course
of the experiment (Bordas and van Wassenhove, 2025). Hence, in Wang et al. (2025), one
possibility would have been to ask for a single retrospective passage of time judgment.
Still, after which session this report should be placed remains tricky: asking a retrospective
time report at the end of the first session would ensure the cleanest time estimate but risks
altering subsequent memory consolidation processes; placing the report at the end of the
last session would prevent self-awareness of time passing from altering the neural drift but
will also alter the nature of the introspective report, which will become context-dependent
(e.g., estimating the duration or felt speed of time in the last session with respect to the
mean of all previous sessions; Bordas and van Wassenhove, 2025).

In sum, the work by Wang et al. (2025) nicely echoes the conclusions recently put forth in
a series of studies (Azizi et al., 2023; Bordas and van Wassenhove, 2025), which directly
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links participants’ retrospective reports of elapsed time with resting-state brain dynamics
over atimescale of minutes. These findings are very exciting by suggesting possible direct
links between the flow of thoughts, time, and memory. Future work should test whether
this neural signal supports the encoding of temporal information or the construction of
temporal awareness. It is about time for these fields of research to bridge our understand-
ing of how the brain maps time (Kwok et al., 2025).
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