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Abstract: Continuous experiences are segmented into discrete long-term memories through the
generation of event boundaries. A leading theory of event segmentation proposes that event
boundaries are triggered by prediction errors caused by unexpected stimuli. However, recent
studies have raised doubts about whether prediction error is necessary for event segmentation. In
this study, we tested an alternative account: that event boundaries in memory reflect the temporal
structure of working memory during perception and can occur even in the absence of prediction
error. In experiment 1, participants were asked to detect repeats within sequences of random
images. The switch to a new sequence could be predictable, with a continuous display of the
number of images remaining in each sequence, or unpredictable, with no prior indication to
participants that a sequence was about to end. We found boundary-related effects on temporal
order memory in both cases, with higher accuracy for the within-sequence comparisons even
when the event boundary between sequences was predictable. In experiments 2a and 2b, event
boundaries were always predictable, and participants performed either the (event-related)
repeat-detection task from experiment 1 or a (non-event-related) 2-back task. We observed
event-boundary effects on order memory only when the working memory task was event-related.
Both of these experiments support an alternative theory of event segmentation, in which
boundaries are critically related to working memory dynamics rather than prediction error.

Public significance statement: Although our lives unfold steadily over time, our memories are
organized as a library of separate, distinct events. Current theories disagree about how the
boundaries between these events are determined, with a prominent proposal arguing that we only
start a new event memory when we experience a surprise. We show in our experiments that, in
fact, event boundaries can occur even for changes that are entirely predictable, and are instead
driven by moments at which we stop keeping track of information about the recent past.
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Event segmentation, the cognitive process of dividing ongoing activities into smaller
events, has been studied for decades in cognitive psychology (Lichtenstein & Brewer, 1980;
Trabasso & Van Den Broek, 1985; Kurby & Zacks, 2008). Event boundaries have immediate
effects during encoding, visible in behavioral measures (Ongchoco et al., 2023; Swallow et al.,
2011; Zwaan et al., 1995) and neuroimaging (Baldassano et al., 2017), and impact the
organization of experiences in long-term memory (Clewett et al., 2019; Ezzyat & Davachi, 2011;
Heusser et al., 2018; V. Wang et al., 2023). However, despite the fact that observers tend to
broadly agree about which moments during a stimulus constitute event boundaries (Sasmita &
Swallow, 2022), there is still substantial controversy over the mechanisms by which event
boundaries are generated (Clewett et al., 2019; Giiler et al., 2024; Nolden et al., 2024; Shin &
DuBrow, 2021; Y. C. Wang et al., 2024).

A prominent theory by Zacks and colleagues (2007), referred to as Event Segmentation
Theory (EST), proposes that boundaries in human perception and comprehension are primarily
guided by prediction error. According to EST, we consistently maintain a model of the current
event in working memory and use this model to make predictions about the near future. When
these predictions are incorrect, this creates an event boundary and triggers an update to our event
models. There is substantial empirical support for the idea that prediction errors can generate
event boundaries (Rouhani et al., 2020; Zacks et al., 2009, 2011), and recent work using
continuous paradigms has found evidence for ongoing and automatic predictive processes, based
on predictive eye movements (Huang et al., 2023) and neural signals (Lee et al., 2021).

Although these prior papers provide evidence that prediction error may be sufficient for
event segmentation, it is not known whether it is necessary. The widely used

Ezzyat-Dubrow-Davachi paradigm (Buonomano et al., 2023) contains highly predictable event
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transitions (with a fixed number of items per event) and the transitions between events have been
shown to evoke the behavioral markers of event boundaries (Davachi & DuBrow, 2015; DuBrow
& Davachi, 2014, 2016; Heusser et al., 2016, 2018). Furthermore, reaction-time effects at
boundaries do not diminish with repeated exposure to the same event-structured list (Bein &
Davachi, 2022). Using a statistical learning paradigm, it is possible to produce event clustering
among items with shared community structure while exactly controlling for transition probability
at boundary vs. non-boundary transitions (Schapiro et al., 2013). Even one of the classic
paradigms for generating boundaries, moving through a physical doorway (Pettijohn &
Radvansky, 2018; Radvansky et al., 2011; Radvansky & Copeland, 2006; Seel et al., 2019),
seems at odds with the prediction-error account; walking in the front door of one’s own home
should generally not be a surprising experience. In fact, even imagining walking through a
doorway causes event-boundary effects in working memory (Lawrence & Peterson, 2016),
despite the fact that there is no new perceptual information which could cause a perceptual
prediction error.

Here we test an alternative account: that perception of continuous stimuli requires active
management of our working memory, and event boundaries are moments at which information is
strategically removed from working memory. When using our limited working-memory
resources to track the most relevant information for our current tasks and goals, boundaries are
moments at which recent stimuli suddenly become less relevant. This change in relevance could
be triggered by prediction error (prompting a revision of our current event model), but could also
come from a completely expected change in task, goals, location, or event type. This theory is
consistent with the recent framing of event segmentation as a working memory process (Giiler et

al., 2024; Jafarpour et al., 2022; Radvansky, 2017), as well as proposals that event boundaries
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reflect changes in tasks (Clewett et al., 2019; Y. C. Wang & Egner, 2022) or inferred event type
(Shin & DuBrow, 2021).

In this study we contrasted the working-memory account against the prediction-error
account by separately manipulating whether boundaries were predictable and whether the task
required the maintenance of working memory during events. After participants were shown a
sequence of images, we tested for the presence of event boundaries in episodic memory using a
temporal-order memory task, since order judgments that cross an event boundary are known to
result in lower accuracy (DuBrow & Davachi, 2013; Heusser et al., 2018). In experiment 1,
participants were asked to detect repeated images within each “segment,” with transitions
between segments occurring when a clock was shown with its hand pointing up. These
transitions could be made predictable by having the clock hand continuously visible as it rotated
during each segment, or be made unpredictable by having the clock hand only appear at the
beginning of each segment. We found boundary-related effects on temporal order memory in
both the predictable- and unpredictable-boundary conditions, showing that a working-memory
task is sufficient to predict event boundaries, even in the absence of prediction error. In
experiments 2a and 2b, event boundaries were always predictable, and participants performed
either the (event-related) repeat-detection task from experiment 1 or a (non-event-related) 2-back
task. We observed event-boundary effects in memory only when the working-memory task was
event related, suggesting that maintaining items in working memory during an event is also
necessary for the generation of event boundaries. Both of these results are inconsistent with the
prevailing theory of event segmentation and support an alternative view in which boundaries are

critically related to working memory dynamics rather than prediction error.
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Experiment 1

Method

Participants

80 participants (female = 27, male = 50, unreported = 3, M, = 27.81, age range: 21-54
years) were recruited through the Prolific online platform. All participants were fluent in
English, gave informed consent through an online questionnaire, and received monetary
compensation for their time. The experimental protocols for this experiment and all subsequent

experiments were approved by the Institutional Review Board of Columbia University.

Materials

432 images were selected from the Bank of Standardized Stimuli (Brodeur et al., 2014)
and THINGS database (Hebart et al., 2019) to create 2 image stimuli sets, each consisting of 216
items. Each set of 216 was randomly divided into six 36-item lists, and each list was divided into
6 segments: two 5-item segments, two 6-item segments, and two 7-item segments. 20% of items
were then replaced by a previous item from the same segment (creating within-segment repeats),
and 10% were replaced with a previous item from a different segment (creating across-segment
repeats). The full randomization procedure was carried out 19 times, and participants were
randomly assigned to one of these 19 versions of the stimulus order. Stimulus presentation and

data collection was carried out using PsychoPy/Pavlovia (Peirce et al., 2019).
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Procedure

During the first phase of each run, participants were presented with a series of 36 random
images along with an image of a clock (Figure 1, left). In the Predictable Boundary condition,
the arm of the clock started pointing upwards (at the 12 o’clock position), and the clock was
visibly divided into 5, 6, or 7 wedges. After each image, the arm advanced one wedge around the
clock. When the arm came back to the vertical position, a new segment began, which could again
consist of 5, 6, or 7 images. Participants were asked to respond whether the presented image was
new or repeated from within the current segment. Only the images within the current segment
were relevant to this task; if an image had been seen before but in a previous segment, the
participant was instructed to respond to these as “new.” The start of a new segment could always
be exactly anticipated by the participants, since they could always see how many wedges
(images) remained in the current segment. The images were presented for a fixed time of 2.5
seconds (s) during which the participants had to respond, followed by a fixed 2 s inter-trial
interval.

In the Unpredictable Boundary condition the participants performed the same task, but
the arm of the clock was visible pointing up only at the beginning of a new segment, and the
wedges (indicating segment length) were never shown. Because the segments varied in length,
this meant that participants could only partially predict when each segment would end, and were
cued to start the next segment by the sudden appearance of the vertical arm.

In the second phase of each run, we tested temporal order memory for the presented
images (Figure 1, right). Participants were shown two images from the presentation phase and
were asked to select which of the images they had seen first. Each pair was chosen from items

that were never repeated during the presentation phase and were 3 items apart from each other



(i.e. had 2 intervening items). For each block, 6 pairs of images were tested: 3 pairs used images
that came from the same segment, and 3 pairs used images that came from two different
segments (i.e. a segment boundary occurred between them). The trials were self-paced and
advanced once a response was given. There was a fixed .5 s inter-trial interval between test trials.
Participants completed a practice run of both conditions before participating in the main
task. The practice task provided detailed instructions about the task and a run-through of both
phases of the task, consisting of 6 segments of item presentation and 6 pairs of temporal order
accuracy judgment. Stimuli used in the practice task were not included in the main task. In the
main task, each participant completed 6 of these runs in one condition (Predictable or
Unpredictable Boundaries) followed by 6 runs in the other condition, with condition order

counterbalanced across subjects. Items were never repeated across different runs.

Predictable Condition

Temporal Order Task

Which image was
shown first?

e =

“repeat”

Figure 1: Experiment 1 task design. Participants were presented with a sequence of 36 images (each paired with a
clock image), and asked to determine when an image was repeated within a segment. A new segment began
whenever the clock arm pointed straight up, which could either be trivially anticipated (in the Predictable Condition)
or occur without warning (in the Unpredictable Condition). Participants then performed 6 trials of a temporal order
memory task, to identify which of two images was presented first. This full procedure was repeated 12 times, 6 in
each condition (blocked by condition, with condition order counterbalanced across participants).



Results

Working-memory task accuracy and response time

Participants performed well in the presentation phase of the experiment with an average
accuracy of 95.9% (SD = 3.76%) in labeling images as new or repeated within the current
segment. For subsequent analyses, we excluded 9 participants with accuracies below 90% on this
task, resulting in a final N=71. Performance was comparable for all positions within a segment,
with near-ceiling performance for the first item which was by definition always “new” in that
segment (Supplementary Figure 1).

Although participants were not explicitly instructed to make speeded responses, we
observed reaction time differences related to segment boundaries in both conditions. The average
response time for boundary items (i.e. first item shown in a new segment) was significantly
longer than for non-boundary items (i.e. all other items) for both unpredictable and predictable
conditions (Predictable: t;,=3.19, p<0.01, 95% CI of RT difference [10ms, 60ms]; Unpredictable:
t,0=6.88, p<0.001, 95% CI of RT difference [50ms, 100ms]). Note that this task is ¢rivial for
boundary items (which are “new” for that segment), suggesting that the slowing in reaction times
for these items is not due to the decision-making process itself, but is instead related to the

processing of an event transition.

Eftect of perceptual boundaries on temporal order memory

In order to determine whether items within a segment were bound together into an event
memory, we compared the accuracy of temporal order judgments for pairs of items that had been

presented 3 images apart. Higher accuracy for within-event versus between-event pairs was used



to measure the strength of event boundaries in memory (Heusser et al., 2018). As shown in
Figure 2 (left), we observed a significant accuracy advantage for within-event judgments in both
conditions (Predictable: t,,=3.02, p<0.01, 95% CI of accuracy difference [0.03,0.12];
Unpredictable: t;,=2.62, p<0.05, 95% CI of accuracy difference [0.01,0.11]). Plotting the
difference in this accuracy effect between conditions for each participant (Figure 2, right) we
find that the 95% confidence interval for the population mean difference is tightly constrained
around 0 ([-0.03, 0.06]); since we have 18 temporal order trials in each condition, this
corresponds to a population effect that is weaker than 0.61 trials in favor of the Unpredictable

condition or 1.14 trials in favor of the Predictable condition.
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Figure 2: Temporal order accuracy for Experiment 1. (left) Participants were more accurate for temporal order
judgments when both items came from the same event rather than adjacent events. This event boundary effect was
present even when boundaries were entirely predictable. (right) Across participants, the strength of the boundary
effect in the two conditions was on average the same in both conditions, with a 95% confidence interval for the
population mean tightly constrained around 0. * p<0.05, ** p<0.01
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Discussion

We found that an event-structured working memory task was sufficient to generate event
boundary effects in order memory, even when event boundaries were entirely predictable. This
result demonstrates that prediction error is not critically necessary to generate event boundaries
in memory. In the Predictable Boundary condition, participants could perfectly anticipate the
moments when they would need to update the contents of their working memory (flushing out
previous items), suggesting that these working memory dynamics were driving event
segmentation rather than prediction error.

We therefore designed a second experiment to further test the hypothesis that dynamics in
working memory drive event segmentation. This experiment also sought to address some
limitations of Experiment 1. First, participants in the Predictable Boundary condition do receive
a small amount of new information at the beginning of a new segment, since they can see
whether the new segment will be five, six, or seven images long (according to the number of
wedges presented on the clock). While this setup was necessary to add ambiguity about the
length of events to the task, this extra information could be considered to cause an increased
“prediction error” at boundaries since the number of wedges could not be predicted in advance.
We addressed this issue in Experiment 2 by making all segments six images long, ensuring that
boundaries were entirely predictable and boundary items did not contain any extra information
compared to non-boundary items. Second, we made the Experiment 2 stimulus sequences
identical across conditions, controlling for the influence of perceptual information and ensuring
that any observed differences in order memory were solely due to the internal dynamics of

memory updating.
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Experiment 2

Methods

Participants

For Experiment 2a, 137 participants fluent in English and living in the United States
(female = 55, male = 57, unreported = 25, M,,. = 34.12, age range: 20-75 years) were recruited
from Prolific and from a university in the United States: 55 participants for the segment memory
condition and 82 participants for the 2-back condition. For replication study Experiment 2b, 132
participants fluent in English and living in the United States (female = 69, male = 56, unreported
=17, M, = 35.22, age range: 19-69 years) were recruited from Prolific: 68 participants for the
segment memory condition and 64 participants for the 2-back condition. All participants gave
informed consent through an online questionnaire and received monetary compensation for their

time.

Materials

For Experiment 2a and 2b, the same pool of 432 images from Experiment 1 was used to
create 4 stimulus sequences, each consisting of 324 items. For each of these 4 sets, items were
chosen from the image pool and organized into 6-image segments. We biased the placement of
item repeats to ensure that 2-back repeats were at least partially dissociable from same-segment
repeats; this process resulted in items that could be completely novel and unrepeated (51.4%),
repeated from exactly 2 images ago (17.6%), repeated from within the current segment (24.9%),

or repeated from previous segments (13.7%). Note that an image can belong to more than one of
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these categories; for example, if an item at position 5 in a segment was a repeat of the item at
position 3, then it would be both a within-segment repeat and a 2-back repeat. Each participant
was randomly assigned to use one of the four image sequences, regardless of task condition.
Since the same sequences were used for the two tasks, this ensured that any differences between

conditions were unrelated to the perceptual dynamics of the image sequences.

Procedure

As in Experiment 1, each experimental run consisted of a memory task on a sequence of
36 images and a subsequent temporal order judgment task (Figure 3). On each trial of the
memory task, an image was presented with a colored background border that was unrelated to
the content of the image. The border cycled through six colors, which were selected to be
equidistant around the perceptually-uniform CIELAB hue wheel, therefore providing a constant
amount of hue change between each image and the subsequent image. The blue border denoted
the start of each six-item sequence.

Participants were assigned to one of two experimental conditions. One group of
participants performed the same task as in Experiment 1 (the segment memory condition),
determining whether the presented image was new or repeated within the current six-item
segment (i.e. since the last appearance of a blue-colored border). The images were presented for
2.5 s and were followed by a fixed 2 s inter-trial interval. Another group of participants
performed a control working-memory task which was unrelated to the segment boundaries (the
2-back condition). In this condition, participants were given the same sequence of stimuli as the
background condition task, but were instructed to respond “repeat” only if they saw an image

repeated from exactly 2 images ago. The participants were told that they would see a colored
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background along with the image, but that this color was not relevant to the task they would be
performing.

Participants in both conditions then performed a temporal order task identical to the task
in Experiment 1. Each participant completed a total of 9 runs, each with an item presentation
phase and a temporal order task phase, and novel items were used in each run. For Experiment
2a, participants completed a practice task for their assigned condition that was similarly
structured as Experiment 1. For Experiment 2b, to ensure that participants were understanding
the task clearly, we implemented a performance threshold before participants moved on to the
main task. The same practice block was repeated until participants reached an accuracy of 70%

in the first phase of the task. All participants included in the sample met this threshold.

Temporal Order Task
New Segment

Which image was

shown first?

Segment task / 2-back task

“new” / “new

“repeat” / “new

Figure 3: Experiment 2a and 2b task design. As in Experiment 1, participants were presented with a sequence of
36 images, and then performed six trials of the temporal order task. This procedure was repeated nine times.
Segments were indicated by a predictable sequence of colors starting with blue. Unlike Experiment 1, only half of
the participants performed the segment memory task (detecting repeats within each segment), while the other
participants performed a 2-back task (detecting repeats two items apart). For the example sequence shown, the fifth
and ninth images are within-segment repeats, while the fifth and seventh images are 2-back repeats.
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Participant exclusions

Average presentation phase accuracy for Experiment 2a was 90.81%. However, we
observed that a number of participants had high rates of false alarms for items that did not match
their task instructions. Specifically, we examined critical items that were 2-back repeats but not
within-segment repeats (these images spanned an event boundary) and within-segment repeats
that were not 2-back repeats (these images were more or less than 2 images apart). We excluded
24 participants from the segment memory condition who false alarmed to more than 50% of the
images that were 2-back repeats but not within-segment repeats (which they should have labeled
as “new”’) and excluded 29 participants from the 2-back condition who false alarmed to more
than 50% of the images that were within-segment repeats but not 2-back repeats (which they
should have labeled as new). As in Experiment 1, we also excluded 3 and 7 participants from the
segment memory and 2-back conditions, respectively, for having overall accuracy below 90%.
This resulted in 28 and 46 participants left in each condition for subsequent analyses.

Since these additional exclusion criteria were decided post-hoc, we ran an additional
replication Experiment 2b in which we applied these exclusions to a new dataset to ensure that
our results would generalize. We additionally made minor improvements to the task instructions,
and added additional practice trials as described above. Overall accuracy during the presentation
phase was 92.60%. Applying the exclusion criteria from Experiment 2a based on false-alarms to
condition-critical items, we excluded 34 and 12 participants in the segment memory and 2-back
conditions, respectively, and also excluded 1 and 10 more participants, respectively, for overall
presentation phase accuracy below 90%. This resulted in 33 and 42 participants left in each

condition for subsequent analyses.
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Results

Working memory task performance

Following exclusions, presentation-phase accuracy for Experiment 2a and 2b was 96.81% and
96.48%, respectively. Overall, the accuracy for items in each position of a segment was high for
both segment memory and 2-back conditions. As in Experiment 1, we observed longer average
reaction times for boundary versus non-boundary items in both Experiment 2a (t,,=2.17, p<0.05,
95% CI of RT difference [Oms, 70ms]) and Experiment 2b (t;,=4.50, p<0.001, 95% CI of RT
difference [30ms, 80ms]), and when combining both datasets (ts;=4.39, p<0.001, 95% CI of RT
difference [20ms, 70ms]), confirming that slowed reaction times at boundaries are present even
for predictable boundaries. Unexpectedly, we also observed a reaction time difference for
boundary items in the 2-back condition, in which participants were told to ignore the cycling
background colors (2a: t,5=5.70, p<0.001, 95% CI of RT difference [30ms, 70ms]; 2b: t,,=4.65,
p<0.001, 95% CI of RT difference [20ms, 60ms]; Combined: tz;=7.36, p<0.001, 95% CI of RT
difference [30ms, 60ms]). It is possible that participants (implicitly or explicitly) recognized

when the color sequence repeated, and this served to structure the timing of their responses.

Effect of memory task on temporal order memory

To test our hypothesis that event boundary effects rely on working memory dynamics, we
measured within- versus between-event temporal order memory for participants in both task
conditions. We found that participants performing the segment memory task showed a significant
boundary effect on temporal order memory, replicating our results from Experiment 1

(Experiment 2a: t,,=4.21, p<0.001, 95% CI of accuracy difference [0.05, 0.17]; Experiment 2b:
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t3,=4.64, p<0.001, 95% CI [0.08, 0.20]; Combined: t;=5.98, p<0.001, 95% CI1[0.08, 0.17]).
When participants performed the 2-back task on an identical sequence of stimuli, however, there
was no significant difference between within- and between-segment temporal order memory
(Experiment 2a: t,s=1.39, p>0.05, 95% CI [-0.01, 0.06]; Experiment 2b: t,;=-0.22, p>0.05, 95%
CI [-0.05, 0.04]; Combined: tg;=0.70, p>0.05, 95% CI [-0.02, 0.04]). The boundary effect in the
segment memory condition was significantly greater than the effect in the 2-back condition
(Experiment 2a: t,,=2.63, p<0.05, 95% CI of difference in accuracy difference [0.02, 0.14];
Experiment 2b: t,;=3.87, p<0.001, 95% CI [0.07, 0.22]; Combined: t,5;=4.74, p<0.001, 95% CI

[0.07, 0.16]).
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Figure 4: Temporal order accuracy for Experiments 2a and 2b. In both Experiment 2a (left) and 2b (right),
participants performing the segment memory task exhibited a within- versus between-event order memory effect,
replicating our results from the predictable-boundary condition in Experiment 1. Participants performing a 2-back
task on identical stimuli, however, showed no boundary-related effect in temporal memory. * p<0.05, *** p<0.001
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Discussion

The results from Experiments 2a and 2b replicated our findings from Experiment 1,
showing that event boundaries in memory do not require a spike in prediction error and can arise
solely through the resetting of working memory load. Having a working-memory task that was
coupled to the event boundaries was critical for producing event-structured memories; when the
same sequence of items was instead experienced while performing a 2-back task, there were no
boundary-related effects in the temporal order task.

Event boundaries are to some extent a property of a stimulus itself, and computational
models can partially predict event boundary structure for stimuli such as narratives (Kumar et al.,
2023). Our findings, however, argue for a view of event segmentation as an active process
occurring in the mind, which can result in task-dependent event boundaries. Unlike work in
which event boundaries were shifted by manipulating attention to specific dimensions of a
stimulus (Bailey et al., 2017; De Soares et al., 2023), here participants were performing
qualitatively similar tasks (detecting repeated images) that differed in their dynamics: images
were held in working memory either in event units (that expanded and then reset) or in a
continuously-moving window (of the last two items). Event segmentation in episodic memory
therefore emerged as a consequence of the working-memory strategy employed by participants
(Giiler et al., 2024; Radvansky, 2017), rather than participants simply “detecting” bottom-up
event boundaries. Interestingly we did find that reaction times were slightly slowed when the
background color cycled restarted, regardless of memory condition, potentially suggesting that
this measure is more sensitive to the perceptual dynamics of the stimulus rather than the event

structure of the memory traces being formed.
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General Discussion

In all three of our Experiments, we found boundary-related effects in temporal order
memory for task conditions in which switches to new events were entirely predictable. These
results are incompatible with a straightforward prediction-error account of how event boundaries
are generated. Instead, we found that event boundaries were generated at moments when
working memory was reset. This provides compelling evidence for an alternative account of
event segmentation: that event boundaries in memory correspond to moments at which
information about the recent past is dropped from working memory. Understanding and
contextualizing our current sensory input generally requires maintaining information about the
recent past (Hasson et al., 2015), but at moments when the latent structure of the world shifts,
these past observations may suddenly become less relevant.

This view explains why event boundaries can occur even at entirely-predictable
transitions. For example, when crossing a doorway into another (familiar) room, the details that
we had just been observing in the previous room are no longer relevant; to make the best use of
our limited working memory, we should create a new event model for our current environment
which could include, for example, the specific locations of items in this room that we’d like to
interact with. Similarly, when the countdown on New Year’s Eve reaches 0, this highly
predictable moment still results in a strong event boundary, since our task and attentional sets
suddenly change (e.g. from counting down in sync with the broadcast to grabbing a drink for a
toast). There is a sense in which our account extends the Event Segmentation Theory of Zacks et
al. (2007); rather than proposing that event models are discarded from memory only due to
spikes in prediction error, we argue that event models can be preemptively “scheduled” for

retirement (and removed from working memory). Baldwin & Kosie (2021) have made similar
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arguments based on dwell-time studies, showing that viewers actively anticipate upcoming event
boundaries and that these boundaries become stronger with repeated exposure.

There are multiple kinds of mechanisms that could lead to this observed relationship
between working memory dynamics and event segmentation. One possibility is that holding
items in working memory binds them together in relation to each other, with the critical work of
creating events primarily occurring during the event itself as items are added to a linked
sequence or an associative web (DuBrow & Davachi, 2014; Heusser et al., 2016). Another
possibility is that the moments at which working memory is reset trigger specific consolidation
processes that encode information into long-term memory, resulting in items being bound into
events only at the end of an event (Baldassano et al., 2017; Ben-Yakov & Dudai, 2011; Reagh et
al., 2020; Silva et al., 2019; Wu et al., 2022). Giiler and colleagues (2024) describe these two
possible roles of working memory as “accumulation” and “reactivation” processes, and it is still
unclear which of these processes best describes how events are constructed (or if both play a
role, either simultaneously or in different contexts).

In this study we directly manipulated working memory dynamics through an explicit
memory task, but in more naturalistic settings we would expect the contents of working memory
to be strategically managed to optimize comprehension. Moments when the future and past are
largely independent given our present sensory input are the optimal times to drop information
from working memory (Baldassano, 2023); at these moments, retaining recent information is no
longer valuable for upcoming perception or decision-making, and it can be either forgotten (if it
is unlikely to ever be relevant) or stored solely in long-term memory (if it may need to be
re-activated in the future). Determining when our past and future are relatively disconnected is of

course inherently challenging, since the future has not yet been observed, but in many cases we
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can rely on predictive scripts for familiar event sequences (Abelson, 1981; Baldassano et al.,
2018) to anticipate what information will be irrelevant in the near future. In addition, there are a
number of heuristics that could indicate when our previous situation model should be reset,
including not only prediction error (surprisal) (Richmond & Zacks, 2017), but also salient
changes in context (Clewett & Davachi, 2017) or sudden changes in our predictions about the
next stimulus (Kumar et al., 2023).

The neuronal mechanisms by which sequences are represented in working memory is still
an open question, but electrophysiological work has suggested that theta oscillations serve to
organize stimuli into sequences. Specifically, cell assemblies firing at gamma frequencies
represent specific items, and these item representations activate in an ordered sequence
throughout the phases of a theta oscillation (Bahramisharif et al., 2018; Heusser et al., 2016). Our
results suggest that this kind of theta-gamma representation of recent items does not occur
automatically in response to a sequence of images, but is only maintained when these recent
images are relevant for an ongoing task. Interestingly, our segment memory task (detecting
repeats within a segment) did not require maintenance of sequential information about the order
of the previous items in a segment, but we still observed improved order memory for these items;
this suggests that a sequential code is a default representational format for items within an event.

Overall, our results are inconsistent with theories in which event boundaries can only
arise due to prediction error, showing that items simultaneously held in working memory can be
bound into events even when the switches between events are entirely predictable. Rather than
only reacting to prediction errors, the cognitive process of event segmentation can be more
proactive and strategic, discretizing experience into meaningful units that correspond to known

temporal dynamics of the environment.
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Constraints on Generality

Our participant pool consisted only of English-speaking residents of the United States who had
access to the Prolific online platform, and focused primarily on young adults, so we are unable to
assess whether there are differences across cultures or ages in the strength of event boundaries
evoked by these conditions. Since we used controlled image sequences as stimuli, we do not
have direct evidence that these same processes drive event segmentation in other sensory

modalities, or precisely how these effects arise in more naturalistic settings.
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Supplementary

Average Accuracy for Each Item in the Segment
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Supplementary Figure 1: Participant accuracies on new/repeat task in Experiment 1,
separated by position within each segment. Performance was similar across positions 2-7, with
very high performance at position 1 (for which the correct response was always “new”). Note
that positions 6 and 7 were only present in 2/3 and 1/3 of segments, respectively, leading to
increased variability in the accuracy estimates for these positions.



