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Maintaining items in an appropriate sequence is important for many daily activities; however, remarkably little
is known about the neural basis of human temporal working memory. Prior work suggests that the prefrontal
cortex (PFC) and medial temporal lobe (MTL), including the hippocampus, play a role in representing information about temporal order. The involvement of these areas in successful temporal working memory,
however, is less clear. Additionally, it is unknown whether regions in the PFC and MTL support temporal
working memory across diﬀerent timescales, or at coarse or ﬁne levels of temporal detail. To address these
questions, participants were scanned while completing 3 working memory task conditions (Group, Position and
Item) that were matched in terms of diﬃculty and the number of items to be actively maintained. Group and
Position trials probed temporal working memory processes, requiring the maintenance of hierarchically organized coarse and ﬁne temporal information, respectively. To isolate activation related to temporal working
memory, Group and Position trials were contrasted against Item trials, which required detailed working memory
maintenance of visual objects. Results revealed that working memory encoding and maintenance of temporal
information relative to visual information was associated with increased activation in dorsolateral PFC (DLPFC),
and perirhinal cortex (PRC). In contrast, maintenance of visual details relative to temporal information was
characterized by greater activation of parahippocampal cortex (PHC), medial and anterior PFC, and retrosplenial
cortex. In the hippocampus, a dissociation along the longitudinal axis was observed such that the anterior
hippocampus was more active for working memory encoding and maintenance of visual detail information
relative to temporal information, whereas the posterior hippocampus displayed the opposite eﬀect. Posterior
parietal cortex was the only region to show sensitivity to temporal working memory across timescales, and was
particularly involved in the encoding and maintenance of ﬁne temporal information relative to maintenance of
temporal information at more coarse timescales. Collectively, these results highlight the involvement of PFC and
MTL in temporal working memory processes, and suggest a dissociation in the type of working memory information represented along the longitudinal axis of the hippocampus.

1. Introduction

cortical regions (for review see [9,6,8]). In this way, WM serves as an
interface between perception, cognition, and action, calling upon representations of diﬀerent types of perceptual information in the service
of future behavior.
Interestingly, whereas behavioral studies of WM have historically
focused on the retention of temporal sequences of items such as digit
sequences [10–13], the neuroscience literature has largely focused on
WM for item features such as location, color, or shape [14]. As a result,
relatively little is known about the neural mechanisms by which temporal information is encoded and maintained, particularly for nonverbalizable materials. Available evidence suggests that prefrontal
areas could play a critical role in encoding and maintenance of

Recent neuroscience research has revealed much about the neural
mechanisms of working memory (WM), with several studies showing
that the active maintenance of diﬀerent types of sensory information is
associated with a network of frontal and posterior brain regions. These
results are in line with many frameworks that conceptualize WM
maintenance processes as the activation of representations that are used
to support perception and action [1–8]. More speciﬁcally, current
models suggest that goal-directed executive control processes may be
supported by frontal association areas, whereas representations of the
perceptual features of maintained stimuli are concentrated in posterior
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organized timescales.
In order to address these questions, we used event-related fMRI to
investigate brain activity associated with encoding and maintenance of
hierarchically organized temporal sequences of non-verbalizable objects. Participants were presented with two conditions designed to
probe temporal WM processes: “Group” trials required the maintenance
of coarse temporal information, while “Position” trials required the
maintenance of detailed temporal information. To provide a link to
extant fMRI studies of visual WM and to isolate processes associated
with temporal WM, “Item” trials were also included. These trials required participants to maintain only visual details of non-verbalizable
objects across a delay period. To identify brain regions selectively involved in WM for temporal order, brain activation related to maintenance of temporal order information (Group + Position trials) was
contrasted against maintenance of detailed object information (Item
trials). To identify regions that displayed sensitivity to the hierarchical
organization of temporal associations, activation was compared between trials requiring maintenance of coarse (Group) and ﬁne-grained
(Position) information.

temporal order information. Convergent evidence from lesion [15–17]
and functional magnetic resonance imaging (fMRI) [18–21] have implicated PFC in long-term memory for temporal order, suggesting that it
may also contribute to temporal WM. Consistent with this idea, singleunit recording studies of WM in nonhuman primates have demonstrated
that populations of prefrontal neurons code for information about serial
position in temporal sequences of objects [22] or locations [23]. More
recently, human electroencephalography (EEG) studies have found increased oscillatory activity in the theta band (4–8 Hz) over frontal
electrode sites during active maintenance of temporal order information [24,25], although it is not clear whether these oscillations originate
from PFC.
A few fMRI studies have examined WM for temporal order [26],
ﬁnding evidence for posterior parietal involvement. For instance Marshuetz and colleagues demonstrated that activation posterior parietal
cortex is increased during a temporal order WM task relative to an item
WM task [79]. Studies have also implicated posterior parietal cortex
and provided evidence that the same network is recruited regardless of
the type of stimuli that is to be maintained [27,28].
Despite these advances in understanding the neural basis of temporal WM, important questions remain. First, what is the broader circuitry involved in temporal WM? Some evidence suggests that, in addition to prefrontal and parietal areas, the hippocampus might play a
role. For instance, ﬁndings from lesion studies in rats [29,30] and
monkeys [78] have indicated that hippocampal lesions can impair longterm memory for temporal order, even when item memory is preserved.
Converging evidence for hippocampal involvement in temporal order
processes has also come from work in patients with hippocampal lesions. Speciﬁcally, individuals with hippocampal damage show greater
deﬁcits in order WM relative to item WM [31,32] and an impaired
ability to make ﬁne-grained temporal distance judgments [33]. Recent
fMRI studies also suggest a role for the hippocampus in learning and
retention of temporal sequences of visual objects and auditory stimuli
in healthy adults [34–36]; (see [37] for a review).
Recent evidence suggests that the hippocampus exhibits diﬀerent
activation proﬁles and patterns of connectivity along the longitudinal
axis [38,39], see [40] for a review), suggesting that there may be important functional diﬀerences between the anterior and posterior hippocampus. However, the extent to which the anterior and posterior
extent of the hippocampus might diﬀerentially support the active encoding and/or maintenance of temporal and visual item information
across short delays remains unclear.
Another open question is the extent to which some brain areas
might support active maintenance of hierarchically organized temporal
information across diﬀerent timescales. Evidence for the hierarchical
organization of temporal information comes from a number of behavioral investigations. Research on phonological WM indicates that
timing information is used to group items in a sequence (e.g., in a U.S.
telephone number, the ﬁrst three digits are typically grouped separately
from the last four digits), so that the temporal position of an item is
linked to identity with a particular group of items (e.g., [41,42]). Interestingly, experiments that encourage the parsing of items into groups
have found that memory for items within a particular group or memory
for items at a speciﬁc position within the group can be remembered or
forgotten independently [13]. For example, transpositions, a common
error in serial recall, are characterized by interchanging items at the
same relative position between diﬀerent groups (see [12]). In this case,
one may remember the time of day that an event occurred, but not the
day of the week. In another situation, one may remember that an event
occurred within a speciﬁc year, but not remember the precise month or
day of the event. Evidence from neuroimaging also suggests that encoding information into groups is diﬀerentially processed compared to
ungrouped information. Speciﬁcally, grouping of auditory stimuli relies
more upon activation in parietal cortex [43]. There is a lack of neuroimaging data, however, regarding the neural mechanisms that support the maintenance of temporal order across varying, hierarchically

2. Materials and methods
2.1. Participants
20 Healthy undergraduate subjects were recruited from the
University of California, Davis community, ranging in age from 18 to
30, with a mean age of 23. Ten participants were females. All were right
handed. Data from two subjects were excluded due to poor memory
performance (< 50% correct on any trial type), and data from one
subject was excluded due to excessive motion. The remaining 17 subjects were included in the ﬁnal analysis. The study was approved by the
Institutional Review Board at the University of California, Davis.
Written informed consent was obtained from each subject before the
experiment.
2.2. WM task
The WM task (Fig. 1) was presented during fMRI scanning using
Presentation (http://nbs.neuro-bs.com/) software. Stimuli consisted of
unique kaleidoscope images (see [44]) presented on a black background. Kaleidoscope images were sorted into sets of four stimuli
containing similar visual characteristics, including similar colors and
shapes. Sets of kaleidoscope images were randomly assigned to one of
three task conditions: two temporal conditions (coarse and ﬁne temporal scales) and one item condition. Participants were familiarized
with the task prior to the scan during a practice period. Experimental
trials began with an instruction slide (1500 ms) indicating condition,
followed by an encoding period containing two groups of two kaleidoscope images, all presented sequentially (1500 ms each), delineated
by slides indicating whether images were part of Group 1 or Group 2
(1500 ms each). Within the encoding period, the interstimulus interval
was 500 ms. In the Group condition (coarse temporal scale), participants were instructed to attend to and maintain which images were part
of Group 1 and which were part of Group 2. In the Position condition
(ﬁne temporal scale), participants attended to and maintained the position of each image within a group (ﬁrst or second). In the Item condition, participants attended to and maintained the visual features of
the images, regardless of group. Following a delay period of 8 s, a probe
consisting of a single kaleidoscope image was presented in the center of
the screen for 2 s, and participants were instructed to make a response
on a numbered response pad (test period). For Group trials, subjects
indicated in which group the probe was presented. Subjects pressed “1”
for group 1, and “2” for group 2. For Position trials, subjects indicated
whether the probe was presented ﬁrst or second within its group.
Subjects pressed “1” if it was presented ﬁrst, and “2” if it was presented
second. For Item trials, subjects indicated if the probe was studied in
2
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Fig. 1. Example stimuli and timing of Item, Group,
and Position trials.

probe periods of correct and incorrect trials from each condition and
convolved with the canonical hemodynamic response function (HRF)
for a maximum of eighteen task regressors for each fMRI block.
Encoding periods included the 1.5 s instruction slide + 10.5 s stimulus
presentation for a total of 12s. The 1.5 s instruction slide was included
in order to capture preparatory activity. In order to minimize contamination of delay activity with encoding and probe eﬀects, the delay
period was modeled as the middle four seconds between encoding and
test [45,46]. The probe period included the 2 s presentation of the test
stimulus. Six motion parameters were added as covariates of no interest. To identify brain activation related to the temporal or item demands of the WM task, encoding + delay periods of correct trials were
contrasted between conditions. The resulting voxelwise parameter estimate maps were normalized to the MNI152 template using FSL’s
Linear Image Registration Tool (FLIRT) in a two-step registration process via the brain-extracted MPRAGE image, combined across fMRI
blocks using ﬁxed-eﬀects within-subjects analysis, and entered into
mixed-eﬀects group-level analysis. Z (Gaussianised T) statistic images
were thresholded using clusters determined by Z > 3.09 (p < 0.001)
and a family-wise error (FWE) corrected cluster signiﬁcance threshold
of pFWE < 0.001 [47]. Time courses of activation were extracted from
the peak voxel in each region that survived FWE cluster corrections.

that trial. In half of the Item trials, the probe was presented in the trial,
and in the other half of Item trials, the probe was a similar foil. Subjects
pressed “1” if the item was studied, and “2” if it was not studied. Each
trial ended with a variable inter-trial interval lasting 14–18 s.
The order of Group, Position, and Item trials was counterbalanced
across participants. In total, there were 120 trials, with 40 trials each of
Group, Position, and Item trials, broken down equally into eight testing
blocks (15 trials per block). One participant was unable to complete the
ﬁnal block of testing due to time constraints, and so data from the ﬁrst 7
blocks are included for that individual.
2.3. fMRI data acquisition
Images were acquired at the University of California, Davis Imaging
Research Center on a 3T Siemens Tim Trio whole body MRI scanner
equipped with a 32-channel phased array head coil. Pre-screening interviews ensured safety in the scanner, and all subjects were given earplugs to attenuate scanner noise. Padding and adjustable head restraints
were used to minimize head motion. Imaging protocols included acquisition of a high-resolution T1-weighted whole-brain scan using a 3D
magnetization-prepared rapid gradient-echo (MP-RAGE) sequence (matrix size = 256 × 256, voxel size = 0.9 × 0.9 × 0.9 mm3, number of
slices = 208. Images sensitive to BOLD contrast were acquired with a
gradien t-echo echoplanar imaging (EPI) pulse sequence (TR = 2s,
TE = 25 ms, FA = 90, FOV = 22 cm, matrix: 64 × 64, voxel size:
3.4 × 3.4 × 3.4 mm, number of slices: 36).

3. Results
3.1. WM performance

2.4. fMRI data analysis

Overall accuracy on the WM task was high for Item (average = 83.6%
correct ± 2.5 SEM), Group (average = 85.1% correct ± 1.6 SEM), and
Position (average = 80.7% correct ± 2.9 SEM) trials. Importantly, there
were no signiﬁcant diﬀerences in performance across conditions (ANOVA:
F [2,48] = 0.87; p = 0.42). As with performance, reaction times (RT)
were also similar between Item (average = 1.2s ± 0.026 SEM), Group
(average = 1.1s ± 0.028 SEM), and Position (average = 1.1s ± 0.033
SEM) trials, and no signiﬁcant diﬀerences between trial types were observed (ANOVA: F [2,48] = 1.89; p = 0.16). These ﬁndings indicate that
overall engagement and task diﬃculty, as measured by accuracy and RT,
was matched across the conditions.

fMRI data analysis was carried out with FMRIB’s Software Library
(FSL; http://www.fmrib.ox.ac.uk/fsl). EPI data were preprocessed
using a standard stream, including brain extraction, slice-timing correction, motion correction with a six-parameter, rigid-body transformation algorithm, and spatial smoothing with a 8 mm full width at half
maximum Gaussian ﬁlter. Serial correlations were removed by ﬁtting
the data to an autoregressive AR(1) model with pre-whitening, and
task-related BOLD signal changes were analyzed according to the general linear model (GLM) in FSL’s fMRI Expert Analysis Tool (FEAT)
version 5.98. Separate covariates were created for encoding, delay, and
3
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Fig. 2. Regions showing diﬀerential activity between
Item and Temporal trials. A. Regions showing enhanced activation during Temporal trials (Group
+ Position trials) relative to Item trials. This contrast
identiﬁed suprathreshold voxels in DLPFC, posterior
parietal cortex, posterior hippocampus and PRC. B.
Regions showing enhanced activation during Item
trials relative to Temporal trials (Group + Position
trials). This contrast identiﬁed suprathreshold voxels
in medial and anterior PFC, retrosplenial cortex,
anterior hippocampus, and PHC. Please see online
version of the article for a color ﬁgure.

Table 1
Locations of peak voxels across all comparisons.

Regional local maxima
Left Hemisphere Voxels
Local Maximum (MNI)

Right Hemisphere Voxels
Local Maximum (MNI)

X

Y

Z

z-score

X

Y

Z

z-score

−42
−30
−22
−32

2
−2
−32
−52

28
−40
−4
36

27.6
8.69
7.1
30.7

36
32
24
32

44
−4
−34
−58

22
−40
−2
40

19.3
10.3
9.19
25.9

Item > Temporal
Medial Prefrontal Cortex
Parahippocampal Cortex
Anterior Hippocampus
Retrosplenial Cortex

−2
−26
−24
−8

50
−42
−20
−56

−6
−16
−22
20

19.4
12.6
6.05
20.1

4
26
26
10

52
−44
−18
−52

−2
−10
−20
24

19.6
4.15
5.47
15.3

Position > Group
Posterior Parietal Cortex

−46

−60

54

‘
4.73

38

−50

35

5.05

Temporal > Item
Dorsolateral Prefrontal Cortex
Perirhinal Cortex
Posterior Hippocampus
Posterior Parietal Cortex

hippocampal activity might be increased during Item trials relative to
Group and Position trials given its aﬃliation with PRc and other
anterior temporal regions involved in processing of high-level object
information [39] and discriminating complex objects [49,50].
Consistent with these predictions, activation in DLPFC, posterior
parietal cortex, and the posterior hippocampus was enhanced during
the encoding and maintenance phases of Temporal WM trials compared
to Item trials (Fig. 2A). Local maxima are indicated in Table 1. In addition, this contrast revealed increased activation in bilateral visual
cortex, and left ventrolateral PFC, as well as diﬀerences in PRc. Time
courses extracted from the peak voxel in each region display a similar
pattern of results across regions (Fig. 3)
For the reverse comparison probing greater activation during Item
trials compared to Temporal trials, we observed increased activation in
bilateral anterior hippocampus, parahippocampal cortex, medial and
anterior PFC, and retrosplenial cortex (Fig. 2B). Extracted time courses
of activation reveal deactivations across both Temporal conditions, as

3.2. fMRI analysis
To assess activity that was selective to successful temporal WM
processes, summed activation across encoding and maintenance periods
for correct Temporal trials (Group and Position) was contrasted against
encoding and maintenance of correct Item trials. We predicted that
activation in DLPFC and posterior parietal cortex would be increased
during encoding and maintenance of the temporal order of objects, over
and above activation related to encoding and maintenance of object
details. Based on work indicating a role for the hippocampus in memory
for temporal sequences [29,30,34,48,36], we also predicted that activity in the hippocampus would be enhanced during encoding and
maintenance of temporal order information relative to maintenance of
visual object features. In particular, we expected this eﬀect to be speciﬁc to the posterior hippocampus, given its connectivity with a posterior medial cortical areas involved in representing spatial and temporal information [39]. In contrast, we expected that anterior
4
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Fig. 3. Temporal > Item trials. Time course of activation in regions that exhibited more activity for WM encoding and maintenance of Temporal (Position + Group) trials relative to
Item trials. Time periods corresponding to WM encoding and maintenance are shadowed in grey. Please see online version of the article for a color ﬁgure.

4. Discussion

well as Item trials (Fig. 4).
In order to assess the regions involved in supporting active maintenance of hierarchically organized temporal information across different timescales, activation associated with correct coarse (Group) and
ﬁne (Position) temporal trials was contrasted. This analysis revealed
increased activation in posterior parietal cortex during ﬁne-grained
Position trials, relative to coarse Group trials (Fig. 5). No signiﬁcant
voxels were detected for the reverse comparison (Group vs. Position
trials).

In order to assess the broader circuitry involved in temporal and
object WM, the present investigation assessed neural activation in a
task where participants were required to actively maintain temporal or
visual information across a delay period. Importantly, the number of tobe-maintained items was equivalent across conditions, and both performance and RTs were matched across trial types. Results revealed
that, relative to an object WM task, maintenance of temporal WM information was associated with increased activation in the posterior
hippocampus, DLPFC, and posterior parietal cortex. Conversely, the
5
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Fig. 4. Item > Temporal trials. Time course of activation in regions that exhibited more activity for WM encoding and maintenance of Item trials relative to Temporal (Position
+ Group) trials. Time periods corresponding to WM encoding and maintenance are shadowed in grey. Please see online version of the article for a color ﬁgure.

4.1. WM encoding and maintenance of temporal information

anterior hippocampus, PHc, medial and anterior PFC and retrosplenial
cortex displayed more activation for encoding and WM maintenance of
visual item details. In addition to elucidating the broader neural basis
for selective temporal and item WM processes, these results suggest a
dissociation in the type of WM information maintained across the long
axis of the hippocampus. Results also revealed that trials requiring
maintenance of ﬁne temporal information were associated with posterior parietal activation relative to maintenance of temporal information at a more coarse scale.

The results of the present investigation are consistent with several
studies that have demonstrated roles for the PFC and hippocampus in
jointly supporting memory for temporal sequences. Work in rodents has
shown that disconnection of the hippocampus from the PFC impairs
temporal order memory, while sparing object recognition memory [51].
Furthermore, [52] showed that rats with neonatal lesions of hippocampus were impaired on a 4-object serial order task known to rely
upon the DLPFC, suggesting that early lesions of the hippocampus can
6
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Fig. 5. Regions showing increased activation during
Position trials than during Group trials. This contrast
revealed suprathreshold activity in posterior parietal
cortex. Please see online version of the article for a
color ﬁgure.

medial and anterior PFC, and retrosplenial cortex showed enhanced
activation during Item trials relative to Temporal trials. Given that
these regions are not typically associated with object processing, it is
interesting to consider why they exhibited increased activity during
Item trials relative to Temporal trials. One explanation is that involvement of the anterior hippocampus, medial PFC, and retrosplenial
cortex reﬂects repeated recollection of visual details of the presented
stimuli in order to facilitate probe performance. This alternative account stems from the fact that foil items presented during the Item
probe were very visually similar to the items presented during encoding. In order to correctly respond during the probe, access to detailed information about the visual features of presented items is required, and may have been continually recollected over the course of
the trial. This explanation is admittedly speculative, but it is consistent
with work showing that activity in the anterior hippocampus is enhanced active maintenance of novel visual objects [45,68,69], and with
the idea that the medial PFC and retrosplenial cortex are associated
with a “core recollection network” that is reliably engaged during recollection of recent events [70].
Another interpretation of these results is that they reﬂect selective
deactivation in the default-mode network for Temporal relative to Item
trials, reﬂecting increased mind wandering during this condition [71].
A number of results suggest that this explanation does not account for
the present results. First, although the posterior hippocampus is often
considered as part of the default network [72,73], this region displayed
increased activation during Temporal trials relative to Item trials. Additionally, extracted time courses show a common pattern of deactivation across conditions, arguing against the idea that default-mode
network regions were selectively disengaged during Temporal trials.
Performance and reaction time data also do not support the idea that
Item trials were less cognitively demanding than Temporal trials (see
Results section).
Finally, it is possible that the diﬀerence in mPFC and retrosplenial
cortex activity between Item and Temporal trials is related to diﬀerences in low frequency oscillatory activity that sometimes result in
reductions in BOLD signal. Previous EEG studies have indicated that the
power of frontal theta oscillations is increased during maintenance of
temporal sequences relative to maintenance of object details [24,25].
Results from fMRI studies indicate that increased theta activity may be
associated with reduced BOLD signal in regions that include medial
PFC, retrosplenial, and posterior cingulate cortex [81,82], particularly
during WM tasks [74,75]. Thus it is possible that deactivation in medial
PFC, retrosplenial cortex, PHC, and anterior hippocampus is indicative
of theta activity which plays a role in WM for sequence information

impair the function of the DLPFC, along with hippocampal-DLPFC interactions. Interestingly, we observed a diﬀerentiation along the longitudinal axis of the hippocampus, such that posterior regions showed
enhanced activation during Temporal trials relative to Item trials. These
results provide a link between human neuroimaging and rodent work,
where lesions to dorsal hippocampus (homologous to the posterior
hippocampus in humans) are associated with an impaired ability to
separate events in time ([80,30,29]).
Our results are also consistent with prior fMRI studies demonstrating increased DLPFC and posterior parietal activation during WM
trials that required the maintenance of temporal order [53,26,54,55].
These results are also consistent with single-unit recordings in nonhuman primates that have shown that prefrontal neurons selectively
code for objects based in their temporal position within a sequence
[23,56,22]. Prefrontal lesions in nonhuman primates [57] have also
revealed impaired performance on a self-ordered serial order task,
while memory for the stimuli remained intact. Similarly, lesion studies
in rodents that have demonstrated impairments in memory for sequences of objects [58,59], spatial locations [60,61,17], or odors [62]
following damage to the PFC. These ﬁndings suggest that an intact
fronto-parietal network is necessary for the maintenance of temporal
sequences.
Surprisingly, we found increased PRC activation during Temporal
trials relative to Item trials. Although these results seem to be contrary
to work suggesting that PRC is important for ﬁne-grained object perception [49,50], they align with studies in rodents [63,58,64] and
nonhuman primates [65–67] that have identiﬁed a critical role for the
PRC in memory for object sequences. For example, bilateral inactivation (using a sodium channel blocker) of PRC or crossed unilateral inactivation of PRC and PFC signiﬁcantly impaired memory for sequences
of objects [63]. Furthermore, single-unit recordings in monkeys have
shown the PRC and hippocampus interact during temporal memory,
with the hippocampus providing incremental timing signals during
stimulus presentation, and the PRC integrating timing information from
the hippocampus with item information from visual regions [67].
To our knowledge, our study provides the ﬁrst evidence from
human imaging studies demonstrating involvement of the PRC in
temporal WM. Taken together, the data indicate that the DLPFC, posterior hippocampus, and PRC collectively contribute to the online
maintenance of temporal sequences.
4.2. WM encoding and maintenance of visual information
A number of regions, including the anterior hippocampus, PHC,
7
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4.3. Temporal WM across timescales
Our ﬁnal analysis addressed the question of how the active maintenance of hierarchically organized temporal information varies across
diﬀerent timescales. To investigate this question, neural activity associated with WM maintenance of ﬁne temporal information (Position
trials) was compared against activity associated with WM maintenance
of coarse temporal information (Group trials). Results indicated that
Position trials were characterized by increased activation in posterior
parietal cortex, suggesting that this region is particularly involved in
maintaining more detailed temporal information in WM. Given that
both accuracy and RTs were matched across Position and Group trials,
it is unlikely that these eﬀects can be explained by diﬀerences in difﬁculty.
5. Conclusion
The present results provide evidence for the involvement of a broad
network of regions in supporting temporal WM. Maintenance of temporal WM information engages the DLPFC as well as regions in the MTL,
including the posterior hippocampus and bilateral PRC. This investigation also indicates a key role for the posterior parietal cortex in
the online maintenance of temporal information during goal-guided
behavior, with the strongest eﬀects present across temporal information
at more ﬁne timescales in hierarchically organized temporal sequences.
In addition to shedding light on the broad network of regions involved in temporal WM, the present investigation also provides evidence for WM specialization along the longitudinal axis of the hippocampus. Speciﬁcally, whereas posterior hippocampal activity was
enhanced during maintenance of temporal order, anterior hippocampal
activation was enhanced during maintenance of detailed visual object
information. Taken together, the present ﬁndings provide a foundation
for future investigations to probe the kinds of information encoded by
prefrontal, parietal, and medial temporal lobe regions (cf. [34,76], and
how these regions interact (cf. [77]) during maintenance of temporal
sequences.
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