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Episodic memories are not static — they shift and reshape as our surroundings evolve. One powerful mechanism
for change are prediction errors, which arise when predictions about what is going to happen next do not match
the actual input. This study investigated how the size of prediction errors — arising from predictions based on
episodic memories — affects recognition memory and neural memory representations. In an fMRI experiment,
participants listened to a series of naturalistic dialogues. In a later session, a critical segment of the dialogue was
altered to introduce a mismatch and thus evoke a prediction error. Importantly, larger prediction errors were
linked to increased recognition memory for the original and mismatching targets, and better source memory for
the mismatching targets. Representational similarity analysis revealed that larger prediction errors were also
associated with stronger reinstatement of the original version during mismatching (unpredicted) input, which
promoted memory for both the old and the new version. Additionally, larger prediction errors enhanced the long-
term representational stability of the original memory. We argue that these results support the idea that stronger
episodic prediction errors lead to a more distinct encoding of new information, which benefits the recognition of
both old and new information. This could be achieved by a pattern completion mechanism in which old infor-
mation is reinstated during mismatching new input.

1. Introduction To operate efficiently even under complex conditions, the brain is

thought to constantly make predictions about incoming sensory input

To adequately adapt to an ever-changing environment, our brains
continuously need to dynamically update knowledge and experiences as
new events render old ones outdated. Accordingly, episodic memories
are not fixed and static after having been encoded but can undergo
fundamental change through a wealth of different processes (Anderson
and Hulbert, 2020; Loftus, 2005; Nadel et al., 2012). One powerful
trigger for change in episodic memories occurs when they are used for
predicting future events but fail to do so accurately. This study examines
how the magnitude or size of prediction errors shapes memory outcomes
and neural representations of memory traces. Using conversations as
naturalistic and temporally structured stimuli, we assess both what is
remembered and how this is implemented neurally, as a function of
prediction error size.

based on prior knowledge and experiences (Brown and Briine, 2012;
Bubic et al., 2010; Friston and Kiebel, 2009; Huang and Rao, 2011). If
predictions are correct, fewer resources need to be dedicated to the
processing of the stimulus. However, if mismatching input is detected,
the prediction is wrong, the pre-existing models are therefore insuffi-
cient for explaining the current state of the environment, and a predic-
tion error (PE) arises. This PE, which does not necessarily need to reach
consciousness, can signal the need to explore the unpredicted stimulus
and to update the existing models, so that they better reflect the current
state of the environment (Fernandez et al., 2016).

Episodic memories are a key source from which such internal models
and the predictions they generate can be derived (Forcato et al., 2007;
Quent et al., 2021; Sinclair and Barense, 2018). Episodic PEs can have
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several consequences. On the one hand, the original memory that
formed the basis of the prediction and now has been identified as
outdated by the PE can be weakened (Forcato et al., 2007; Kim et al.,
2014; Kim et al., 2019; Vlasceanu et al., 2018). On the other hand, the
unpredicted mismatching input may offer new information about the
environment and can therefore be encoded (Bein et al., 2021; Brod et al.,
2018; Greve et al., 2017; Stawarczyk et al., 2020). How these two out-
comes interact is currently not well understood as previous studies have
typically examined memory for either original or mismatching new in-
formation in isolation or used testing strategies not aimed specifically at
one or the other process (Jainta et al., 2022,2024; Siestrup et al., 2022,
2023; Siestrup and Schubotz, 2023; Sinclair et al., 2021; Sinclair and
Barense, 2018). Furthermore, neither original weakening (Sinclair et al.,
2021; Sinclair and Barense, 2018), nor new learning (Liedtke et al.,
2025; Ortiz-Tudela et al., 2023; Varga et al., 2025) are universal out-
comes after all PEs, raising the question of what moderates between
different mnemonic consequences.

One factor that may help to explain the previous disparate findings is
the size of the PE (Bein et al., 2023; Nolden et al., 2024). Therefore, the
current study aimed to investigate the effect of a broad spectrum of
episodic PE sizes on memory performance and neural representations.
Specifically, we set out to extend previous findings and provide a
comprehensive test of the Latent Cause Theory (Gershman et al., 2017).
Our study uniquely (a) measured episodic PE size continuously using
both prior precision and prior accuracy; (b) tested recognition and
source memory for both the original and the mismatching new version of
each stimulus; and (c) assessed both original memory reinstatement
during processing of the mismatching input and the long-term repre-
sentational consequences for the original memory trace. We briefly
outline these aspects and their relevance to the field of episodic PEs in
the following.

There are several components contributing to PE size (Greve et al.,
2017; Henson and Gagnepain, 2010), two of which are targeted in the
current study. First, prior precision refers to how specific a prediction is.
When a broader range of outcomes is expected with some probability,
the PE will be smaller compared to when one single and highly probable
outcome is predicted — provided that the input does not match the
prediction. In other words, when a highly likely and strongly predicted
event does not materialize, the PE will be larger than when there was
less certainty in the prediction and a range of different outcomes was
deemed likely. Second, prior accuracy refers to how much the prediction
and the input differ, with larger PEs occurring when the input is less
similar to the prediction. Prior accuracy therefore denotes how well a
prediction matches the input, and larger PEs are produced when pre-
diction and input are very different from each other. These two factors,
prior precision and prior accuracy, jointly contribute to PE size, with the
largest PEs occurring when predictions are highly specific and highly
inaccurate (Henson and Gagnepain, 2010).

In the Latent Cause Theory, Gershman et al. (2017) argue that the
size of PE critically determines representational stability of the original
memory trace, and thereby also memory performance. They suggest a
U-shaped relationship between PE size and original stability. Specif-
ically, after small PEs, the original memory can account for the new
input and the original trace is unchanged or even strengthened. No or
little new information is encoded. Medium PEs modify the pre-existing
memory by integrating new information into the existing model,
because the model is still valid enough to apply to the situation but
needs adaptation. The neural representation of the original memory
trace would therefore change in the process. In the case of large PEs, the
model seems not to apply to the situation, leading the system to infer a
different underlying latent cause. This triggers the need of establishing a
separate new model, while the original model representation remains
unchanged, under the assumption that both are valid under different
circumstances. Following this theory, the original representations are
therefore more stable after small and large PEs, and more vulnerable
after medium PEs, while there would be separate encoding of the new
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event only after larger PEs.

Consequently, this theory would predict better memory for the
original and mismatch event after large PEs compared to medium PEs.
After small PEs, memory for the original event would be high, while the
new event, without having been encoded, could be recognized based on
the highly similar original memory trace. There is first evidence sup-
porting these assumptions. Kim et al. (2014) used a continuous neural
measure of prior precision and found behavioural weakening of the
original memories after moderate PEs, compared to small PEs. These
findings were further supported by a recent study, in which medium PEs,
quantified by a continuously measured prior accuracy, were found to
evoke a distinct neural response, associated with lower original and
mismatch version memory (Liedtke et al., 2025). While these fMRI
studies only examined prior precision or prior accuracy, respectively, a
behavioural study explored their interaction by manipulating prior ac-
curacy continuously and prior precision in two levels. For the original
version, memory was lowest after medium PEs, which were produced by
the interplay of prior precision and prior accuracy. Similarly, after subtle
modifications and large substantial changes, mismatch recognition
memory was high (Boeltzig et al., 2025). However, a study measuring
both prior precision and prior accuracy in a continuous manner to model
a broad space of different PE sizes, albeit necessary to test the Latent
Cause Theory, is currently lacking.

Furthermore, existing studies do not allow conclusions about which
representational formats support the high memory levels after large PEs.
The model by Gershman et al. (2017) predicts integration of new in-
formation into an existing model after medium PEs and distinct encod-
ing of the new event after large PEs. Interestingly, evidence and
arguments for both integration (Greve et al., 2018; Wahlheim et al.,
2019; Wahlheim and Zacks, 2019) and distinct encoding (Bein et al.,
2020; Frank et al., 2020; G. Kim et al., 2017) have been presented,
without taking PE size into account. The Latent Cause Model argues that
these outcomes are not mutually exclusive, but a direct test of this within
the same study is missing.

In previous studies, it has also been difficult to disentangle the pro-
cess of mismatch perception from long-term representational conse-
quences. Some studies (e.g., Stawarczyk et al.,, 2020) assessed
representations only while a prediction was being established, just
before mismatching input was presented. As reinstatement of the orig-
inal before or during mismatching input can have a broad range of
consequences (Brunec et al., 2020; Zeithamova and Bowman, 2020),
including the original being protected from interference (Chanales et al.,
2019; Kuhl et al., 2010), it is difficult to discern the long-term repre-
sentational consequences of this reinstatement. In that vein, other
studies (G. Kim et al., 2014; H. Kim et al., 2019) have measured repre-
sentational consequences of PEs for the original memory trace within
the same session, while it is possible that these only unfold over a longer
delay and after consolidation during sleep (Nadel et al., 2012;
Schlichting and Preston, 2016). To assess both the time period in which
the PE is generated, as well as long-term representational consequences,
this study therefore measured original representations one day after PE
induction in addition to the mismatch phase, in which a prediction is
compared to new input.

To address these aims experimentally, we designed a paradigm that
mirrors real-life situations involving ongoing predictions during
continuously unfolding events, using auditorily presented naturalistic
and socially charged dialogues. Participants first listened to dialogues in
their original form. In a second session, the same dialogues were
replayed, but some included an altered target statement in the middle.
Thus, the identical beginnings of each dialogue enabled the automatic
formation of predictions about the continuation, which were then
violated by the mismatching input to elicit an episodic PE. We used
representational similarity analysis (RSA; Kriegeskorte et al., 2008) to
measure prior precision (G. Kim et al., 2014, 2017; Stawarczyk et al.,
2020), but also to test for representational similarity between the orig-
inal target and the mismatching target. In addition to representational
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similarity due to perceptual similarity in the stimuli themselves, we
expected to capture differences in reinstatement of the original target
during mismatching input.

We tested two consequences of PE size and original reinstatement at
mismatch, based on the predictions of the Latent Cause Theory
(Gershman et al., 2017). First, using RSA, we measured long-term
representational stability of the original target. To that end, we played
the original targets once again in a third fMRI session, to assess whether
PEs induced changes to the memory traces. Second, in the fourth session,
we tested recognition memory for both the original and mismatch tar-
gets, as well as source memory.

For the RSA measures (i.e., prior precision, original reinstatement at
mismatch, original stability), we used three different regions of interest
(ROIs). First, the inferior frontal gyrus (IFG) is a key hub for the pro-
cessing of PEs in the domain of episodic memory and beyond (El-Sourani
et al., 2020; Jainta et al., 2024; Liedtke et al., 2025; Schliephake et al.,
2021; Wurm and Schubotz, 2012). As the IFG has been implicated in
maintaining a predictive model (Fujitani et al., 2024), we expected it to
reflect prior precision. Second, the hippocampus as the key region
involved in episodic memory dynamically switches between retrieval
and encoding (Richter et al., 2016) and can protect old memories from
interference by retrieving them during novel input (Chanales et al.,
2019; Kuhl et al., 2010). Lastly, given that memory retrieval is accom-
panied by a reinstatement of the activation pattern at encoding (Bosch
et al., 2014; Bramao et al., 2022; Thakral et al., 2015), we also assessed
whole-brain representations. Therefore, for measuring original rein-
statement at mismatch and original stability, both the hippocampus and
whole brain were used as ROIs, and for long-term original stability, we
used the whole brain.

In line with the outlined research and theory, we had four pre-
dictions. First, higher prior precision and lower prior accuracy should
lead to better learning of the mismatching information and retention of
the original. Second, larger PEs should be related to stronger reinstate-
ment of the original target during mismatching input. Third, this
increased reinstatement of the original target should protect it from
interference, resulting in increased memory performance. Fourth, larger
PEs should lead to a more stable and unchanged original memory trace
in the long term.

2. Methods
2.1. Participants

Based on the sample size of a previous study with a similar paradigm
(Boeltzig et al., 2025), we recruited 50 participants. After excluding data
from two participants due to high movement in the scanner, one
participant due to technical problems, and five participants due to
non-completion of the study, the final sample size was N = 42 (35 fe-
male, 7 male; age: M=21.98, SD = 3.30, range: 18-31). All participants
were right-handed, had normal or corrected-to-normal vision, had no
self-reported psychological or neurological diseases, were native
speakers of German, and university students.

All participants were informed about their rights, with extensive
information on the MRI scanning procedure, and provided written
consent to participate in the study. After the experiment, they were
debriefed and compensated with money or partial course credit. The
Ethics Committee of the Faculty of Psychology and Sports Science at the
University of Miinster approved the study procedure.

2.2. Material

The material (Boeltzig et al., 2025; Liedtke et al., 2025) consisted of
36 naturalistic and socially charged dialogues in the German language.
They were written by the authors, recorded by 20 professional voice
actors and were auditorily presented to participants together with a
unique content-matching background sound. The dialogues ranged in
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duration from 21 to 34 s (M = 27.31, SD = 3.02). Auditory samples of
the stimuli can be requested from the corresponding author, and an
example can be found in Supplementary Note 1.

Each dialogue was constructed in five versions. Participants first
encoded the original, covertly consisting of a head, target, and end. To
evoke PEs of different sizes, the target could then be modified in four
different ways, constituting either a mismatch in phrasing or meaning,
each of smaller or stronger magnitude. The different targets always
matched the heads and ends, which never changed. Each participant
encoded only one modified version per dialogue and the choice of
modification for each dialogue was counterbalanced across participants.

Participants encoded 30 original dialogues, six of which were un-
changed, so that no PE was induced. The other 24 dialogues were later
presented in a modification, with six dialogues in each modification
condition of low or high surface or gist changes. However, the experi-
mental factors were not pre-assigned. Prior precision was measured via
the reinstatement of the original target during the presentation of the
head in Session 2 (Kim et al., 2014), so neurally, continuously, and on a
trial-to-trial basis. Prior accuracy was operationalized through differ-
ence ratings obtained from an independent sample (N = 120) with no
previous exposure to the material (Supplementary Note 2). These ratings
could range from 1 for the smallest changes to 7 for the highest changes
and were averaged across participants to be used as a measure of prior
accuracy in the data analysis.

2.3. Procedure

The study was conducted in four sessions (Fig. 1A), spread out over
nine days. For the three MRI sessions, the experiment was implemented
in Presentation (Version 23.0, Neurobehavioural Systems) and for the
behavioural session, PsychoPy (Peirce et al., 2019) was used. Partici-
pants always listened to the stimuli via headphones and self-adjusted the
volume at the beginning. Each session lasted between 45 and 75 min.

In Session 1, participants encoded each of the dialogues twice in their
original form. They were asked to listen naturally, as if witnessing the
conversation, and to imagine the scene. No learning instruction was
given and there was no mention of a later memory test. The first
encoding run was carried out in the MRI scanner. After a jittered fixation
cross (5.5-7 s), the dialogue was presented while a fixation cross
remained on the screen. As a cover task, a word was shown after each
dialogue, and participants were asked to indicate with a button press
whether it had been said in the dialogue or not (4 s time limit). Over the
course of the experiment (first encoding in Session 1, two encodings in
Session 2, one encoding in Session 3), each dialogue was probed twice
with a word that was actually used (from the head or end) and twice
with a word that was not used, but was plausible, with the order pseudo-
randomized. The second encoding run of Session 1 was carried out at a
laptop. Instead of indicating whether a specific word occurred, partici-
pants were asked to respond to five questions capturing impressions of
each dialogue, which were obtained for a separate investigation.

Two days later, in Session 2, 24 dialogues were presented in a
modified version in order to evoke a PE, and six dialogues were pre-
sented in their original version. There were also six additional new di-
alogues presented to facilitate a univariate analysis of brain responses to
PEs (Liedtke et al., 2025), which are not analysed here. Importantly, all
dialogues always started as they had in the previous session and the
mismatch only pertained to the target statement around the middle of
the dialogue. This allowed establishing a prediction of the original target
while the dialogue unfolded, thus laying the ground for a PE. Partici-
pants were not informed about the dialogues being modified and the
cover task was the same as in the scanned part of Session 1. Each dia-
logue was presented twice, in two blocks which were randomized
independently from each other, and the full session took place in the
fMRI scanner.

On the next day, in Session 3, the original versions were played once
again, with all parameters and instructions being the same as in Session
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Session 1
Original Encoding

+

tractor

Was this word said?

Ahright, your exam is next week.
How’s studying going?

It will be alright, it is justa bit
stressful at the moment.

Session 2 @

Modifications (PE)

+ 2 days

+1day

Session 3 @

Repeated Originals

+

sunflower

Was this word said?

Ahright, your exam is next week.
How’s studying going?

I might just call in sick. Otherwise,
this will be a catstrophe.

+ 5days

Recognition Test

ride

Was this word said?

Ahright, your examis next week.

How’s studying going?

It will be alright, it is justa bit
stressful at the moment.
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Session 4 é=‘

—

When did you
first hear this?

It will be alright, it is justa bit
stressful at the moment.

I might just call in sick. Otherwise,
this will be a catstrophe.

—‘ Well, that doesn’t sound great... E Well, that doesn’t sound great...

Ahright, your exam is next week.

E Well, that doesn't sound great... How’s studying going?

The exam will be fine, but I am
really tired of studying.

Original Stability

Original Reinstatement at Mismatch

Prior Precision

Session 1

Session 2

Session 3

Fig. 1. Experimental Procedure & Representational Similarities of Interest.

Note. A. The experiment took place in four sessions. In Session 1, participants were made familiar with the original versions of the dialogues, played once in the
scanner, and another time outside of the scanner. In Session 2, the dialogues began in the same way, but instead of the original target (in orange), the head was
followed by a mismatch target (in green). In Session 3, we again played the original versions to compare the original representations before and after the PE. As a
cover story to keep attention high, after each dialogue in Sessions 1 — 3, a word was shown on the screen and participants had to decide whether it had been part of
the dialogue or not. In Session 4, recognition memory was tested for the original and mismatch targets, for the head, and for similar lures. Participants responded on a
scale from 1 = definitely new to 6 = definitely old. If participants indicated that the dialogue was old, they were additionally asked when they first heard this version
of the dialogue, as a measure of source memory. Note that the example is a translated excerpt of a dialogue — the head (in blue) and end (in grey) consisted of more
than one utterance by more than one speaker. B. The three representational similarities of interest. Prior precision was defined by the similarity between the original
target from Session 1 and the head in Session 2. Original reinstatement at mismatch was the similarity between the two targets. Original stability was defined as the
similarity between the original targets in Sessions 1 and 3. Note that each of these representational similarities will also be influenced by perceptual similarity of the
material and other factors such as context similarity. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of

this article.).

1. This session therefore allowed for a comparison of original memory
representations before and after the PE induction.

In Session 4, which took place five days later in the behavioural lab, a
surprise memory test was conducted. Participants listened to 144 short
auditory probes taken from the dialogues (2.4-6.9 s, M = 4.55 s) and
decided whether they had heard this exact utterance during any of the
experimental sessions, on a scale from 1 = definitely new to 6 = defi-
nitely old. To minimize strategic answering, participants were asked to
make an independent decision for each probe and disregard their pre-
vious answers on similar probes. Each dialogue was tested with four
probes. For the dialogues in which a PE was evoked, these were the
original and mismatch target, both of which should be classified as old
by participants, and two similar lures from unused dialogue modifica-
tions which were employed to introduce a need for calibrated recogni-
tion decisions but were not analysed. The dialogues that were played
always in the same original version had no mismatch target, and a probe
from the head was presented instead. The test was covertly structured in
four blocks, each of which contained one of the probes from each dia-
logue to space out material from the same dialogue. The order of probes
was counterbalanced and controlled for in the analyses (Supplementary
Note 3).

To obtain a measure of source memory, when participants responded
that they had heard a probe before, they also indicated when they first

heard this probe. They had two options to choose from, namely Session 1
or Session 2, along with the days of the week on which they happened.

2.4. MRI data acquisition

The three MRI sessions were carried out in a 3-Tesla Siemens Mag-
netom Prisma MR tomograph with a 20-channel head coil. Participants
were placed supine on the scanner bed, wearing ear plugs and over-ear
headphones, and the head was cushioned out to avoid head movement.
The right index and middle fingers were placed on a button box.

Each scanning session began with the acquisition of a high-resolution
T1-weighted anatomical image using a 3-D magnetization rapid gradient
echo sequence (192 slices of 1 mm, repetition time = 2140 ms, echo time
= 2.28 ms, flip angle = 8°, field of view = 256 x 256 mm?). The
functional images to measure BOLD contrasts were obtained along the
AC-PC plane in interleaved order using a gradient-echo planar imaging
sequence (33 slices of 3 mm, repetition time = 2000 ms, echo time = 30
ms, flip angle = 90°, field of view = 192 x 192 mmz). A temporal high-
pass filter of 128 s was applied, removing low-frequency noise from the
time series.

Participants were excluded from analysis if in one of the three ses-
sions, continuous movement on any axis exceeded 4 mm (zero partici-
pants) or if spikes (i.e., movement between two consecutive
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acquisitions) exceeded 2 mm (two participants). Especially within the
context of three separate fMRI sessions with each participant, we fol-
lowed the recommendation to exclude participants only in extreme
movement cases (Poldrack et al., 2024).

2.5. MRI data preprocessing for representational similarity analysis

To increase sensitivity of the representational similarity analysis
(RSA) measures, we refrained from normalization and instead used
every participant’s anatomy to extract individually tailored regions of
interest (ROIs). To that end, the T1-weighted anatomical images from
the first session were used for a freesurfer (Fischl, 2012) parcellation
before extracting the bilateral inferior frontal gyrus (IFG; defined by the
pars opercularis, pars orbitalis and pars triangularis; voxel count in 3 x 3
x 3 resolution: M = 667.76, SD = 59.51) and the bilateral hippocampus
(voxel count: M = 225.48, SD = 22.08) using the Desikan-Killiany Atlas.
Additionally, a whole brain analysis, including all voxels (voxel count: M
=131101.81, SD = 1370.35) was performed.

SPM 12 (Friston et al., 2007) in MATLAB (Version R2024a; Math-
Works Inc.) was used to prepare the functional data for the RSA. Only
slice time correction to the temporal middle slice and movement
correction were applied to the functional images from all three sessions.
We slice-time corrected to the middle slice to minimize both temporal
and spatial interpolation errors, as the temporal middle slice was also
the spatial middle slice. The biggest error would therefore apply to the
top and bottom slices with less tissue instead of the more crucial middle
slices (Sladky et al., 2011). To facilitate the analysis of the hippocampus
as a small region, data was not smoothed (Dimsdale-Zucker and Ran-
ganath, 2018; Weaverdyck et al., 2020). Next, to have all images in the
same individual space, the anatomy from Session 1 was co-registered
along with the individual ROIs and all functional images to the mean
functional image from Session 1. Normalized Mutual Information values
indicated good realignment for both sessions for all participants (M =
1.34, SD = 0.03).

This data was then used to specify a generalized linear model where
the head and the target of each dialogue from all sessions formed its own
regressor using its full duration. In Session 2, where each dialogue was
played twice, we therefore averaged the data across the two pre-
sentations. In addition to the 96 heads and 96 targets, there were three
additional parameters denoting each session, and six movement pa-
rameters for each session as regressors of no interest.

The resulting beta images were then used for RSA using the Cos-
moMVPA toolbox (Oosterhof et al., 2016). For each of the ROIs and for
each participant, a 192 x 192 similarity matrix was calculated by
extracting the beta patterns for the 192 conditions (30 dialogues with
one head and one target in each session, plus the six new dialogues in
Session 2 with a head and a target, which are not used for analysis),
demeaning each beta pattern (by subtracting the mean of all voxels from
each voxel), and correlating the beta patterns for all pairwise combi-
nations using a Pearson correlation coefficient.

From these matrices for each ROI, the three similarities of interest
were extracted (Fig. 1B). First, as a measure of prior precision, we used
similarities between the target from Session 1 and the head from Session
2 of each dialogue. Second, we extracted the similarity between the
original target from Session 1 and mismatch target from Session 2. With
this similarity, we attempted to capture differences in reinstatement of
the original target while the mismatch target is being processed. Lastly,
as a measure of original stability, the similarity between the original
targets of Session 1 and 3 was used. Note that each of these similarities
will also depend on other factors, most notably the perceptual similarity
between the stimuli and overall context similarity. However, this was
constant for stimuli of all PE sizes.

Each of these extracted similarities for each participant and each
dialogue was then baseline-corrected to account for coincidental and
overall similarity in the stimulus material. Specifically, we subtracted
from each similarity of interest the mean of the similarities of the
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involved cues or targets with all other cues or targets from the relevant
session. For instance, prior precision was measured by the similarity
between the target of a dialogue in Session 1 with the head of that
dialogue in Session 2. That similarity of interest within the same dia-
logue was contrasted against the mean of 58 other similarities from the
matrix, namely 1) the similarity between the target in Session 1 with the
29 other heads of Session 2 (all except the head belonging to the same
dialogue), and 2) the similarity between the head of the dialogue in
Session 2 with the 29 other targets of Session 1 (all except the target
belonging to the same dialogue). The mean of these 58 similarities was
subtracted from the similarity of interest. The reported values are
therefore not the raw correlation coefficients from the RSA but reflect
how much more similar two given events are than what would be ex-
pected if they were not related to each other (see Shao et al., 2023 for a
similar measure).

2.6. Behavioural data preprocessing

Participants responded to the probes during the recognition test in
Session 4 using a scale from 1 = definitely new to 6 = definitely old. For
the original and mismatch targets, which had actually been played
before, we transformed these answers to a binary variable where 0 =
incorrect (when participants chose options 1-3) and 1 = correct (when
4-6 were chosen) to use a dependent variable free from confidence
judgements. In addition to recognition of original and mismatch targets
separately, we also analysed memory for both versions of the same
dialogue. In that variable, trials were only coded as correct when both
versions were correctly recognized. Source memory judgements were
coded as 0 = incorrect or 1 = correct, using trials in which participants
correctly classified the probe as old.

2.7. Data analysis

The current analysis is based on the same data presented in a pre-
vious paper (Liedtke et al., 2025). The data used for the current analysis
is available on OSF (https://osf.io/wnzs3/?view_only=8a7e9cf626aa4
2eeb9cb83c5e386ef41).

Data analysis was carried out in six steps. First, we tested the effect of
prior accuracy, as measured by the difference ratings, on recognition
and source memory for the original and mismatch targets. Second, the
effect of prior precision on the same dependent variables was tested. In a
third step, the two factors were combined to test whether they interact in
predicting memory. Fourth, it was tested whether prior accuracy and
prior precision predicted original reinstatement at mismatch, so how
similar the original and mismatch target were represented. As a fifth
step, the effect of this original reinstatement on memory was tested.
Sixth and last, we tested whether prior precision and prior accuracy
influence long-term original stability, so the similarity between original
targets in Sessions 1 and 3.

Note that the difference rating was used to operationalize prior ac-
curacy. Bigger difference ratings signified lower prior accuracy, and
therefore a larger PE. We opted not to inverse the difference ratings to
harmonize interpretation and facilitate plotting along with prior preci-
sion. The regression coefficients and the figures can therefore be un-
derstood in a way that larger values signify larger PEs.

In all steps, when predicting the binary recognition and source
memory outcomes, we used multilevel logistic regressions. The results
therefore indicate effects on likelihood of correct memory judgements.
In addition to the independent variables of interest, we also added
random intercepts for each dialogue, to control for differences in
memorability of the stimuli, and for each participant, accounting for
baseline memory capacity. Additionally, we added covariates that arose
from the experimental design, chosen in a data-driven approach (Sup-
plementary Note 3). In steps four and six, where neural similarities were
used as dependent variables, standard multilevel regression models
were used, also including the random intercepts for participants and
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dialogues. For each model, p-values were FDR-corrected for the number
of ROIs it was tested in. As we expected a U-shaped relationship between
PE size and memory, polynomial regressions were tested in addition to
linear regressions. In those cases where the PE variables were significant
in both a U-shaped and linear model, we compared these models in an
ANOVA and report conditional R? values. All models were calculated
using the Ime4 package (Bates et al., 2015) in R (R Core Team, 2025). We
report the critical results in the manuscript, while the full models
including conditional R? values as well as beta coefficients and partial R?
for each predictor are shown in Supplementary Note 4, including the
covariates of no interest.

In terms of representational similarities, for prior precision, we were
interested in the IFG, while we limited the analysis of original rein-
statement at mismatch to the hippocampus and whole brain ROIs, and
the analysis of original stability to the whole brain. However, before
conducting analyses in each step, for each representational similarity of
interest (Fig. 1B), we tested whether it was reliably reflected within the
relevant ROIs. Specifically, we assessed whether the similarity between
the relevant parts of the same dialogue (e.g., original target in Session 1
and head in Session 2 as a measure of prior precision) was higher than
similarities between these parts and all other dialogues (e.g., Session 1
target with all other Session 2 heads, and Session 2 head with all other
Session 1 targets) in each given ROI. That same measure, so the mean of
these unrelated similarities, was also used in the baseline correction
described above. Using multi-level regression models with participants
and dialogues as random intercepts, we thus contrasted the relevant
similarities with the baseline similarities. Only if the relevant similar-
ities stemming from the same dialogue were significantly larger than the
baseline similarities in a given ROI, it was used for analysis of each
effect.

3. Results

Responses to the cover task in the scanner revealed high attention as
participants responded correctly to 89.36 % of the questions. On the
recognition memory test, participants also performed well on all probe
types (original targets: M = 0.80, SD = 0.12; mismatch targets: M =
0.70, SD = 0.15; heads: M = 0.75, SD = 0.17, lures: M = 0.76, SD =
0.09). A comparison between the changing dialogues (so those with a
PE) and the unchanging dialogues revealed that PEs generally led to
lower original recognition performance on the targets (unchanging: M =
0.88, SD = 0.16; changing: M = 0.83, SD = 0.12; t(41) = 2.07, p = .044,
d = 0.37). A descriptive reduction of source memory did not gain sig-
nificance (unchanging: M = 0.83, SD = 0.23; changing: M = 0.78, SD =
0.15; t(41) = 1.91, p = .063, d = 0.37).

3.1. Low and high prior accuracy are associated with increased mismatch
target recognition memory

We first tested the effect of PE size on behavioural memory out-
comes. PE size was measured via two distinct components, prior preci-
sion and prior accuracy, and we first analysed how the latter influenced
memory. Prior accuracy was operationalized via difference ratings be-
tween the original and modified dialogue from an independent sample
(Supplementary Note 2). Differences were measured on a scale from 1 to
7 where higher ratings correspond to lower prior accuracy, and there-
fore larger PEs.

For original targets, presented first in Session 1 and later used for
prediction, leading to a PE, prior accuracy had no significant effect on
the likelihood of recognition. This was evident both in a linear (b =
—0.11, OR = 0.90, p = .093) and in a quadratic model (base term: b =
—0.65, OR = 0.52, p = .153; quadratic term: b = 0.07, OR = 1.08,p =
.229; Fig. 2A).

For the likelihood of recognising the mismatch target, presented in
Session 2 to induce a PE, prior accuracy was not a significant linear
predictor (b = —0.05, OR = 0.95, p = .363). However, a significant U-
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shaped relationship emerged between prior accuracy and mismatch
target recognition (base term: b = —1.96, OR = 0.14, p < .001; quadratic
term: b = 0.26, OR = 1.30, p < .001; Fig. 2A). This U-shaped model
outperformed the linear model significantly X4 = 25.08, p < .001;
linear R2 , =.18, U-shaped R2, ; = .22). Consequently, mismatch target
recognition was highest for both small and large changes, but lower for
medium changes. To more directly test whether medium changes led to
decreased mismatch target recognition, we ran a follow-up model in
which the difference ratings used to measure prior accuracy were split
into three categories (small, medium, strong differences) at the 33rd and
66th percentiles. Tukey-corrected post-hoc tests confirmed that medium
differences were recognised worse than both small (p = .001) and large
(p = .005) differences, while there was no difference between the two
ends of the spectrum (p = .929).

When assessing the combined recognition memory for both original
and mismatch target in the same dialogue, there was also a significant U-
shaped relationship (base term: b = —1.29, OR = 0.28, p < .001;
quadratic term: b = 0.17, OR = 1.18, p < .001). After small and large
changes, participants were therefore also more likely to recognize both
versions of the same dialogue. Again, prior accuracy as a linear regressor
did not gain significance (b = —0.09, OR = 0.91, p = .085).

While recognition of the mismatch target was more likely after small
and large changes, source memory for the mismatch target benefited
only from larger changes. Prior accuracy was significant in both a linear
(b =0.66, OR = 1.93, p < .001) and a quadratic model (base term: b =
1.71, OR = 5.56, p < .001; quadratic term: b = —0.15, OR = 0.86, p =
.014). In both models, higher differences (i.e., lower prior accuracy) led
to better mismatch source memory. The quadratic model also accounted
for a plateau towards stronger changes (Fig. 2B) and performed better
than the linear model, even though the explained variance was almost
identical (X*(1) = 5.96, p = .015; linear: R2,_, = 0.32, U-shaped: R, ; =
0.32). In contrast, original source memory was not significantly
impacted by prior accuracy, neither in a quadratic (base term: b =
—0.82, OR = 0.44, p = .085; quadratic term: b = 0.11, OR = 1.12,p =
.090) nor in a linear model (b = —0.02, OR = 0.98, p = .753).

In summary, high and low prior accuracy were associated with better
mismatch target recognition. Low prior accuracy (i.e., larger rated dif-
ferences) also led to better source memory of the mismatch target.
Original recognition memory and original source memory were not
affected by prior accuracy.

3.2. Higher prior precision leads to better original and mismatch target
recognition

After establishing the effect of prior accuracy, we next turned to prior
precision as the second PE component and tested its behavioural con-
sequences. Prior precision was operationalized by measuring the neural
similarity between the original target presented in Session 1 and the
head of the same dialogue presented in Session 2. Higher similarity in-
dicates stronger reinstatement of the target, and therefore a stronger
prediction of the original target (Kim et al., 2014). Once the mismatch
target was then played, this prediction turned out to be incorrect,
leading to a PE that was larger when the prediction was stronger.

We predicted that the IFG would reflect prior precision. The baseline
contrast (see 2.7 Data Analysis) confirmed this, as sections from the
same dialogues were significantly more similar than sections from un-
related dialogues (b = 0.01, p = .038). Note that this was not the case for
the other ROIs (whole brain: b = 0.005, p = .126; hippocampus: b =
0.004, p = .304).

Higher values of prior precision led to better original (b =2.13, OR =
8.45, p =.001) and mismatch target recognition (b = 1.30, OR = 3.68, p
= .017; Fig. 2C). Consequently, recognizing both the original and
mismatch targets for the same dialogue was also predicted by prior
precision in the IFG (b = 2.24, OR = 9.37, p < .001).

There were no significant effects of prior precision on source memory
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Fig. 2. Influence of Prediction Error Size on Memory Outcomes.

Note. All plots show memory performance aggregated across participants for a given level of the PE size measures. Note that the analysis was not conducted on
aggregated data but using each trial within multi-level models. Conditional R? is indicated to evaluate the full model including random factors, and significance levels
for the plotted variables are indicated with * < 0.05, ** < 0.01, *** < 0.001. A. The difference rating was used as a measure of prior accuracy. Higher ratings indicate
stronger changes, so lower prior accuracy, and therefore larger prediction errors. The difference rating had an effect on the mismatch target, but not the original. The
p-values are shown for the base term and the quadratic term in these polynomial regression models. B. The difference rating had a significant effect on source
memory for the mismatch target, but not on the original target. C. Prior precision was measured via the original target reinstatement in the IFG during the head of the
episode. Higher prior precision was associated with better memory for both the original and mismatch target. D. There was no significant influence of prior precision
on source memory for either original or mismatch target. E. Joint influence of prior accuracy and prior precision on recognition memory for the mismatch target. The
difference rating as a measure of prior accuracy is split into three distinct categories (small, medium, and strong differences). Both prior accuracy and prior precision
had a significant effect and interacted with each other.
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for the original (b = 0.76, OR = 2.14, p = .258) or the mismatch target (b
= —0.18, OR = 0.83, p = .758; Fig. 2D). Note that the alternative
polynomial regressions did not gain significance for recognition or
source memory, indicating that there was no curvilinear relationship
between prior precision and memory outcomes.

In summary, larger PEs, as measured by prior precision in the IFG,
enhanced recognition memory for both the original and the mismatch
target.

3.3. Both prior accuracy and prior precision predict mismatch target
memory

Mismatch target recognition was enhanced both by low and high
prior accuracy, and by stronger prior precision. We therefore conducted
a follow-up analysis to determine whether these two factors jointly
contributed to the likelihood of mismatch target recognition. Because
the model using the base and quadratic term of the difference rating
with an interaction with prior precision failed to converge, we instead
included the difference rating in three discrete categories, based on a
split at the 33rd and 66th percentiles (small, medium, strong differ-
ences). In this model, prior precision significantly predicted mismatch
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target memory (b = 3.35, OR = 28.59, p = .001). Regarding the effect of
prior accuracy, medium changes led to significantly lower mismatch
target recognition than the baseline low changes (b = —0.70, OR = 0.50,
p < .001) while low and strong changes did not significantly differ (b =
—0.06, OR = 0.94, p = .754). There was also a significant interaction
between prior precision and the large changes (b = —3.12, OR = 0.04, p
= .026). Descriptively, prior precision was especially beneficial when
changes were small, as compared to larger changes (Fig. 2E). However,
in a Tukey-adjusted post-hoc comparison of slopes between the levels of
the categorical difference rating, this difference was short of significance
(p = .066).

3.4. Large PEs lead to stronger original reinstatement at mismatch

After establishing the behavioural consequences of PEs of different
sizes, we next turned to how they are achieved neurally. First, we
assessed whether PE size influences how similarly original and
mismatch target are represented (i.e., the similarity between the targets
in Session 1 and Session 2). We expected that in addition to represen-
tational similarity due to perceptual similarity in the stimuli, this mea-
sure would also capture differences in reinstatement of the original
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Note. The first two plots show how prediction error size influences how much the original target is reinstated while the mismatch target is played in Session 2. Higher
values indicate stronger original reinstatement. Each dot represents a single trial (panels A and B) or an aggregation of all participants per PE size level (panels C and
D). Conditional R? is indicated to evaluate the full model including random factors, and significance levels for the plotted variables are indicated with * < 0.05, ** <
0.01, *** < 0.001. A. Prior precision had a significant effect on original reinstatement. The plot shows this relationship in the hippocampus, but the whole brain also
showed this effect. B. The difference rating, as a measure of prior accuracy, had a significant curvilinear relationship with reinstatement in the hippocampus. Original
and mismatch target were perceptually more similar after smaller changes, but there was more reinstatement also after large changes. C. Stronger original rein-
statement in the whole brain is associated with higher recognition likelihood of original and mismatch targets. D. For the hippocampus, stronger original activation

only significantly predicted mismatch recognition memory.
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target during the mismatch target.

Testing first the validity of this measure in the two ROIs, we found
that this similarity was significantly above the baseline in both regions
(hippocampus: b = 0.01, p < .001; whole brain: b = 0.01, p < .001).

We then tested whether higher prior precision led to more original
reinstatement at mismatch. This was the case in both ROIs (whole brain:
b =0.18, p < .001; hippocampus: b = 0.09, p = .004; Fig. 3A). Stronger
prior precision was therefore associated with higher similarity between
the targets.

In addition to prior precision, we also tested the effect of prior ac-
curacy measured by the difference rating on original reinstatement
during the mismatch phase. There were no linear effects of prior accu-
racy in the two ROIs (ps > .658). However, due to the curvilinear effect
of prior accuracy on mismatch target memory, we also tested the in-
fluence of prior accuracy on this similarity using a quadratic model. In
this model, a curvilinear prior accuracy was significant in the hippo-
campus (base term: b = —0.05, p = .022; quadratic term: b = 0.01, p =
.024; Fig. 3B). This suggests that the hippocampus exhibited more
similar activation between original target and mismatch target not only
when the two versions were judged to be similar, but also when they
were rated as highly dissimilar, possibly due to stronger reinstatement of
the original target during mismatch target input. No such relationship
was found for the whole brain (base term: b = —0.01, p = .744; quadratic
term: b = 0.00, p = .690).

In summary, the original and mismatch targets were represented
more similarly if prior precision was high, or when prior accuracy was
low or high. Thus, in addition to perceptually similar targets, also highly
unsimilar ones were represented similarly, possibly due to original
reinstatement.

3.5. Higher original reinstatement at mismatch leads to better recognition
memory

The previous analyses indicated that after larger PEs (i.e., higher
prior precision and smaller prior accuracy), there was more original
target reinstatement during the mismatch. We next aimed to test the
behavioural implications of this reinstatement. Higher original rein-
statement in the whole brain was associated with better original target
recognition (b =2.11, OR = 8.24, p = .014), but no such effect was found
for the hippocampus (b = 0.35, OR = 1.42, p = .600). Better mismatch
target memory was observed after more original reinstatement during
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the mismatch phase in the whole brain (b = 1.38, OR = 3.96, p = .035)
and the hippocampus (b = 1.44, OR = 4.23, p = .022). Memory for the
combined original and mismatch target recognition was also predicted
by activity in both ROIs (whole brain: b = 1.68, OR = 5.35, p = .008;
hippocampus: b =1.42, OR = 4.13, p = .008; Fig. 3C and D). There were
no effects of this similarity on source memory (ps > .270).

In summary, higher original reinstatement at mismatch generally
increased recognition memory, but not source memory. As was seen in
the analysis step before, higher representational similarity was not only
caused by similar targets, but also by highly dissimilar ones, and by
higher prior precision.

3.6. Larger PEs lead to higher long-term original stability

As alast step, we were interested in long-term stability of the original
representations after experiencing a PE. To that end, we computed
similarities between the original targets in Session 1 and Session 3, so
before and after the PE. For the whole brain, which was used for analysis
here, this similarity was significantly above baseline (b = 0.02, p <
.001).

We first tested whether whole-brain original stability was influenced
by PE size. First, prior precision in the IFG, which had been predictive of
memory for both original and mismatch target, positively predicted
original stability in the whole brain (b = 0.07, p = .007; Fig. 4A). Second,
prior accuracy was predictive of whole brain original stability, with
larger differences leading to fewer changes to the representation of the
original (b = 0.01, p = .0497; Fig. 4B). A curvilinear model did not
exhibit a significant effect of prior accuracy (base term: b = 0.02, p =
.380, quadratic term: b = —0.001, p = .556).

When adding both factors into one model, it was mainly prior ac-
curacy predicting original stability (b = 0.01, p =.034) as prior precision
was below the threshold of significance (b = 0.13, p = .070). There was
no interaction (p = .381).

There was no direct effect of original stability on recognition or
source memory (ps > .226).

In summary, the original representations were more stable after
bigger PEs, either when prior precision was high, or when prior accuracy
was low.
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“ < 0.001. A. Higher prior precision in the IFG is associated with higher original stability. B. The difference rating
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4. Discussion

To better understand how episodic memories can undergo change,
this study specifically examined the size of episodic prediction errors
(PEs) and its mnemonic and representational consequences. Leveraging
naturalistic and socially charged stimuli to continuously manipulate
episodic PE size over a broad range, we found evidence for size-
dependent effects of prior precision and prior accuracy on original and
mismatch target memory (see Fig. 5 for an overview). While higher prior
precision generally led to better original and mismatch target recogni-
tion, both low and high prior accuracy were associated with better
mismatch target memory. Larger PEs also triggered stronger original
reinstatement during exposure to the mismatch, which further was
beneficial for original and mismatch target memory. Lastly, larger PEs
led to higher stability of the original memory trace. As we will argue,
and in line with the Latent Cause Theory (Gershman et al., 2017), the
findings highlight that the size of PEs decisively shapes memory out-
comes and representations, suggesting that larger PEs lead to more
distinctive encoding of unpredicted information.

Two factors were measured to capture differences in PE size. First,
prior accuracy (Henson and Gagnepain, 2010) was measured using
difference ratings from a separate sample. Importantly, previous studies
(Boeltzig et al., 2025; Liedtke et al., 2025) used difference ratings cast by
the same participants, after they had been exposed to the material over
multiple sessions. The independent ratings used here therefore crucially
extend previous findings.

First, we tested the direct influence of prior accuracy, as measured by
the difference ratings, on recognition and source memory for both
original and mismatch targets. The hypothesis that original memory
traces, would remain intact after small and large PEs, but weakened
after medium PEs (Boeltzig et al., 2025; Gershman et al., 2017; G. Kim
et al., 2014) was not directly supported. Prior accuracy had no direct
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effect on recognition memory. It is possible that encoding in two
different spatial contexts (Imundo et al., 2020), consolidation during
sleep (Abel et al., 2023; Nadel et al., 2012; Schlichting and Preston,
2016), and replay after the mismatch dialogues could have strengthened
the originals, covering any PE-induced weakening. However, as dis-
cussed below, there was an effect of prior accuracy on reinstatement of
the original during the mismatch, which in turn influenced original
recognition memory, constituting an indirect effect of prior accuracy on
memory for the original.

Memory for the new and mismatching version on the other hand was
directly affected by prior accuracy. Recognition performance was
improved for dialogues that underwent small or large changes compared
to medium changes. Notably however, source memory increased line-
arly with the difference rating, with the highest source memory after
large PEs. This supports an account of distinct encoding of a new
memory trace predicted by the Latent Cause Theory (Gershman et al.,
2017), as participants not only recognized the probe, but could also
leverage detailed memory traces to indicate where they know it from.
After smaller PEs, where the Latent Cause Theory predicts little or no
learning, we found high recognition memory, but low source memory,
indicating that participants may have failed to encode the mismatch
version but correctly responded to it due to the high overlap with the
original. This is in congruence with previous studies finding good
memory for the mismatch version after subtle PEs that did not affect the
overall gist of the episodes (Boeltzig et al., 2025; Liedtke et al., 2025;
Siestrup and Schubotz, 2023). Additionally, the current findings align
with work showing that both highly expected and highly unexpected
events are remembered well (Brod et al., 2022; Kesteren et al., 2012;
Quent et al., 2022). Our findings suggest that there are differences be-
tween those two ends of the spectrum, with detailed memories after
unexpected events, and more generalized memories after expected ones.

Next, we tested how prior precision affected memory. Prior precision

B Prior Precision
(Target reinstatement during head in IFG)

sl S ][] [l m][m]

Original Reinstatement
(Hippocampus)

v

Prediction Error Size

o] Original Target Recognition
Mismatch Target Recognition
Original Representational Stability

Note. This schematic overview summarises the main findings of the study. It plots reactivation of the original in the hippocampus against prediction error size
separately for both prior accuracy (A) and prior precision (B). Additionally, the outcomes of PE sizes are shown at the top of the figure. A. Prior accuracy refers to
how similar original and mismatch targets are and was measured via difference ratings from a separate sample. Small PEs, evoked by similar mismatch targets, led to
high representational similarity to the original. However, also very different targets did so, pointing to a role of pattern completion to reinstate the original target
alongside the incoming mismatch target. Highly similar targets (low PEs) led to high mismatch recognition memory, but low source memory. Medium similarity
(medium PEs) was associated with low mismatch recognition memory. Large PEs led to high mismatch target recognition memory and high mismatch source
memory. Additionally, original representations were more stable in the comparison before vs after the PE. Note that prior accuracy had no effect on original target
recognition memory. B. Prior precision refers to how strong a prediction was before the mismatching input. It was measured as the reinstatement of the original
target while the head was playing before the mismatching target. Higher prior precision, so more reinstatement of the predicted original target in the IFG, was
associated with subsequently higher reinstatement in the hippocampus as well. Weaker predictions (i.e. smaller PEs) were associated with lower original and
mismatch target recognition, and lower original representational stability. After stronger predictions (i.e., larger PEs) all these measures were higher. Prior precision
had no effect on source memory. Together, the findings suggest distinct encoding of mismatching information after large PEs, enabling higher recognition and source
memory, as well as original representations undergoing less change.
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as the second factor contributing to PE size (Henson and Gagnepain,
2010) was measured continuously and neurally. Supporting previous
research consistently implicating the inferior frontal gyrus (IFG) in the
processing of PEs based on episodic memories and in other domains
(El-Sourani et al., 2020; Jainta et al., 2024; Liedtke et al., 2025;
Schliephake et al., 2021; Wurm and Schubotz, 2012), only the IFG
robustly reinstated the original targets above baseline, whereas neither
the whole brain nor the hippocampus did so. Our findings therefore
extend previous work by suggesting that the IFG may contribute to
higher-order, context-dependent predictions, particularly under struc-
tured input conditions (Fujitani et al., 2024), as a precondition to
detecting mismatching input (Sherman et al., 2016), also when PEs are
based on episodic memories.

In this study, prior precision measured in the IFG was linearly
associated with both original and mismatch target memory. At first
glance, this is inconsistent with the Latent Cause Theory (Gershman
et al., 2017), which predicts a U-shaped relationship. Interestingly,
while the current study, as well as Stawarczyk et al. (2020), found a
linear increase in memory with increasing prior precision (i.e., larger
PEs), G. Kim et al. (2014), with the same measure, found a decrease.
However, these authors argue that their stronger PEs corresponded to
moderate reinstatement, which makes the memory prone to weakening.
While it is difficult to make statements about the absolute level of
reinstatement in either study, the disparate results could be explained
with overall differences in prediction strength due to implicit learning of
random associations in the study of G. Kim et al. (2014) and socially
charged, neatly separated, and twice-encoded dialogues here. Thus, G.
Kim et al. (2014) might have captured low to medium levels of prior
precision, whereas this experiment and Stawarczyk et al. (2020), also
using naturalistic events, might have tapped medium to strong levels,
together forming a U-shape of learning from PEs. This possible expla-
nation should be tested in future studies.

In addition to testing how both factors separately contributed to
recognition memory, we also tested whether they jointly contribute to
mismatch target learning (this was not tested for the original target, as
prior accuracy did not gain significance there). In a previous behav-
ioural study, prior precision and prior accuracy interacted to predict
original memory, with lower recognition for medium PEs, while for
mismatch target learning, only prior accuracy was relevant (Boeltzig
et al., 2025). In the current study, there was instead an interaction be-
tween prior precision in the IFG and prior accuracy for the new version.
Specifically, the data suggested that prior precision was especially
influential when prior accuracy was high, suggesting a compensatory
relationship between these two determinants of PE size. Crucially, the
measure of prior precision in this study was brain-derived and contin-
uous, while it was previously manipulated via encoding frequency. The
more graded measure may therefore have been capable of teasing out
the interaction for mismatch target. However, differences in encoding
frequency and the repetition of the originals after mismatch versions in
this study may have prevented the significant interaction for original
memory that had been found in the previous study (Boeltzig et al.,
2025). Future studies should therefore systematically investigate the
role of these factors for the influence of prior precision and prior accu-
racy on memory for the original and mismatch target.

Moving from behavioural to neural outcomes of PEs, we also tested
how original representational stability was affected by PEs of different
sizes. This was measured via representational similarity between the
original targets in Session 1 and Session 3, so before and after the PEs.
This stability linearly increased with larger PEs, pointing to more un-
changed original memory traces after larger PEs. Note however that
these effects were relatively subtle.

After establishing that large PEs were associated with increased
original and mismatch target recognition, mismatch source memory,
and higher original representational stability, we tested for mechanistic
implementations of these effects. Specifically, we measured the simi-
larity between original and mismatch targets to gauge how strongly the
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original is being reinstated while the mismatching input is processed.

For prior accuracy, we observed a U-shaped pattern, where the
mismatching target was represented more similarly to the original target
when the rated differences between them were either small or large.
High similarity after small differences can be assumed to derive from the
targets being perceptually similar and thus producing similar repre-
sentations. However, after large differences, there was also higher
representational similarity, which points to a role of reinstatement of the
original target in the face of mismatching new input.

This higher hippocampal reinstatement of the original target when
strongly mismatching input was detected points to a pattern completion
process. This refers to the retrieval of other elements of an episode when
cued with a single element. It has been shown to take place in the
neocortex but also in the hippocampus (Horner et al., 2015; Joensen
et al., 2024; Johnson et al., 2009), where it may particularly be driven
by subfield CA3 (Grande et al., 2019). Pattern completion is also evident
in dynamic naturalistic stimuli (Sun et al., 2025) and could therefore
play a role in the processing of PEs. Specifically, large differences (i.e.,
low prior accuracy) may trigger enhanced pattern reinstatement, while
medium differences may fail to do so.

Importantly, this prior accuracy-driven U-shaped reinstatement is
independent from the linear effect of prior precision on hippocampal
similarity. Prior precision in the IFG reflects a prediction preceding the
mismatch with a linear relationship, where stronger predictions (i.e.,
stronger reinstatement of the original target) led to stronger reinstate-
ment in the hippocampus during the mismatch. Therefore, for both prior
accuracy and prior precision, larger PEs led to stronger or more sus-
tained activation of the original memory while the mismatch was
unfolding, resulting in their co-activation. Note however that even
though both effects were significant, they explained only a small share of
variance, highlighting the role of other influences in addition to the
subtle effect of prediction errors.

These findings suggest that both prior precision and prior accuracy
shape original reinstatement during mismatching input as a two-stage
process: Prior precision precedes the mismatch and therefore is blind
to any perceptual similarity between prediction and input. It therefore
reinstates the original in anticipation of a continuation. Prior accuracy
may then act as an additional retrieval cue — especially when differences
are either small or large - possibly via an automatic pattern completion
process that facilitates direct comparison between the prediction and the
new input. This proposed mechanistic account of episodic PEs via
temporally distinct triggers of pattern completion warrants further
investigation. Especially the use of EEG could clarify the temporal dy-
namics of original target reinstatement and test whether prior precision
and prior accuracy make distinct and independent contributions to this
process.

The increased reinstatement of the original during mismatching
input was positively related to original and mismatch target recognition.
This is consistent with previous findings of original reactivation during
mismatching but related new input reducing interference between
similar events and thus strengthening original and mismatch target
without creating a trade-off (Chanales et al., 2019; Kuhl et al., 2010).
Strong original predictions and a clear mismatch with new input seem to
signal that the original should be preserved without interfering with the
encoding of the new episode.

The result that there is no trade-off, and therefore little or no inter-
ference between the two versions of the same event raises the question of
how this is implemented representationally. The Latent Cause Theory
(Gershman et al., 2017) predicts that after large PEs, the new event will
be encoded separately, while after medium PEs, new information will be
integrated into the old memory trace. Both integration (Greve et al.,
2018; Stawarczyk et al., 2020; Wahlheim and Zacks, 2019, 2025) and
distinct encoding or pattern separation (Bein et al., 2021; Frank et al.,
2020; G. Kim et al., 2017) have been suggested to take place after PEs.

Importantly, the size of the PE has rarely been explicitly considered
as a determining factor in these accounts. The data presented here
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supports the Latent Cause Theory (Gershman et al., 2017) and suggests a
differentiated and continuous view of consequences of episodic PE size
on representational outcomes. Instead of integration or distinct encod-
ing as a universal outcome after all PEs, both processes can play out,
depending on the size of the PE (Bein et al., 2023). After large PEs, we
found high recognition memory for original and mismatch targets, high
source memory for the mismatch target, and high original representa-
tional stability, indicating less change in the memory representations
compared to smaller PEs.

These results are interesting against the backdrop of how the mis-
matching events are stored in memory. The Latent Cause Theory
(Gershman et al., 2017) predicts that new information is integrated into
pre-existing models after moderate PEs but stored separately after large
PEs. In contrast, the model by Wahlheim and Zacks (2025) posits inte-
gration to be taking place after PEs generally. In the wider literature,
memory integration is regarded as a process where similar events are
stored in overlapping memory traces (Chanales et al., 2019). This allows
the formation of new connections between events (Schlichting and
Preston, 2015; Zeithamova and Preston, 2010) and generalisation over
individual episodes (Bowman and Zeithamova, 2018; Mack et al., 2018).
This may be to the detriment of unique features of each episode, such as
source or detail memory (Carpenter and Schacter, 2017; but see Boeltzig
et al., 2023 and de Araujo Sanchez and Zeithamova, 2023). However,
similarity between events can also be resolved by pattern separation,
where episodes are pushed apart representationally, preserving their
unique features (Brunec et al., 2020; Kumaran et al., 2016; Zeithamova
and Bowman, 2020).

After large PEs, we observed more stable (i.e., unchanged) original
memory representations and high source memory, both of which are
incompatible with the standard view of integration laid out above
(Carpenter and Schacter, 2017; Gershman et al., 2017). Instead, it is
more plausible that original and mismatch targets were distinctly
encoded (Bein et al., 2021; Frank et al., 2020). As discussed above, we
found that larger PEs lead to stronger original target reinstatement,
which can support distinct encoding (Kuhl et al., 2010), providing a
possible mechanism for the observed pattern of results. As we did not
measure the mismatch target representation before PE induction, we
cannot draw conclusions about a reduction of similarity, which would be
the consequence of pattern separation. We therefore use the term of
distinct encoding coined in previous literature (Kuhl et al., 2010).

After medium PEs, in contrast, recognition memory and source
memory were lower, and original stability was reduced. While the latter
two factors are often used as markers of integration, a direct behavioural
or neural measure for integration is lacking in this study. However,
integration is compatible with the results, as new evidence is integrated
into the original trace (Gershman et al., 2017).

The results therefore support the view that seemingly disparate ac-
counts of integration and distinct encoding can be reconciled by
considering PE size as a critical factor in both theoretical and empirical
approaches. As laid out, strong PEs were associated with increased
source memory and more stable original representations. It is therefore
unlikely that large PEs promoted integration in the standard view,
involving neural changes to the original memory trace and a loss of
episodic detail that facilitates generalization (Brunec et al., 2020; Car-
penter and Schacter, 2017, 2018a, 2018b; Mack et al., 2016; Varga et al.,
2019; Zeithamova and Bowman, 2020). However, in the framework of
Wahlheim & Zacks (2025), integration refers to the ability to remember
both versions of an episode, along with the PE itself and the temporal
sequence of versions. This definition does not hinge on specific as-
sumptions about neural representations, nor does it make predictions
regarding the role of PE size. Our data therefore is not inconsistent with
this account in the context of large PEs. Like many of the studies
informing the Wahlheim & Zacks framework (Hermann et al., 2021;
Kemp et al., 2024; Stawarczyk et al., 2020; Wahlheim et al., 2021;
Wahlheim and Zacks, 2019), the current study used highly naturalistic
materials, making it plausible to assume that the PEs involved were
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relatively large. It is therefore an interesting question whether different
notions of what integration entails can explain the disparity between the
frameworks of Wahlheim & Zacks (2025) and Gershman et al. (2017).

In summary, the current set of results provides support for the model
by Gershman et al. (2017) in the realm of episodic predictions (Boeltzig
et al., 2025; Liedtke et al., 2025), extending the previous findings to
neural representations and using continuous measures of both prior
precision and prior accuracy. The reinstatement of the original target
seems to play a crucial role in this process, protecting the original from
being modified with new information. Resonating with this, Bein et al.
(2023) included reinstatement of the original memory as one of the
moderators between integration and separation, which this research
strongly supports and extends by observing effects of original rein-
statement due to both prior precision and prior accuracy.

These findings have implications for applied memory research. For
eye witnesses or people exposed to fake news, it is highly relevant to
preserve their original memory and prevent the integration of poten-
tially false details (Granhag et al., 2012; Hope and Gabbert, 2019). The
higher propensity of memory updating after medium PEs may also be
leveraged for fake news correction. Further work with relevant material
(Kemp et al., 2022; 2024) could further explore whether it is possible to
reliably create situations favouring medium PEs to correct and update
previously encoded fake news.

4.1. Limitations & future research

The naturalistic dialogues were used to create a situation of ongoing
prediction during dynamically unfolding events. As a byproduct, pre-
dictions are likely transcending the boundaries of the epochs that we
chose as, for instance, prediction of the ends may have mixed with
processing of the targets. However, this predictive activity is relevant, as
it is likely dialogue-specific, and therefore meaningful. Furthermore,
this raises the interesting question of where the predictive horizon ends
and how far in advance predictions are made under which circumstances
(Brunec and Momennejad, 2022), which is an important task for further
research, especially within dynamic and continuous stimuli.

Studies considering multiple determinants of the size of episodic PEs
are rare, and a proposed third factor, namely precision of the new input
(Greve et al., 2017; Henson and Gagnepain, 2010), has not been
addressed here. Future research should therefore manipulate or measure
all of these, for the purpose of creating a broad range of PE sizes and
identifying potential unique contributions to original and mismatch
target memory. Other factors orthogonal to PE size such as level (item-
vs category-level; H. Kim et al., 2019), qualitative type (Liedtke et al.,
2025; D. Varga et al., 2025), or outcome of the prediction (Pupillo et al.,
2023) have further been shown to impact PE effects. Future work should
combine these factors to promote a more nuanced understanding of
outcomes following PEs, recognizing that not all PEs have the same ef-
fects on memory.

To increase empirical certainty concerning memory integration and
pattern separation after different PE sizes, alternative behavioural tests
should be considered. The focus in this study was on recognition
memory, but future studies could also prioritise source memory, which
was tied here to recognition decisions, as well as detail memory, both of
which have been used as indicators of integration (Carpenter and
Schacter, 2017; but see Boeltzig et al., 2023 and de Araujo Sanchez and
Zeithamova, 2023). Integration can also be assessed by testing for in-
direct links across episodes (Preston et al., 2004). Additionally, rejection
of similar lures has been used as an indicator of pattern separation (Bein
et al., 2020; Frank et al., 2020) but is challenging with verbal material
where the exact phrasing is often not encoded (Poppenk et al., 2008).
The lures used in the current study were furthermore unplayed modi-
fications of the original targets, thus being more similar to the original
than the mismatch target. An ideal test would use similar lures to both
versions.
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5. Conclusion

The presented study offers three main insights. First, the size of the
episodic PE, quantified by continuous measures of prior precision and
prior accuracy, is crucial for memory outcomes: larger PEs are associ-
ated with more detailed memory. Second, increased original reinstate-
ment via pattern completion during the mismatching input can be
caused by higher prior precision, but also by lower prior accuracy when
the new input is very different from the original. This increased original
reinstatement is beneficial for memory and leads to stronger represen-
tational stability of the original. Third, the evidence is consistent with a
distinct encoding of episodes after stronger PEs, and less distinct (and
possible integrative) encoding after moderate PEs. While more work is
needed to assess representational consequences of episodic PEs, this
study with its unique continuous measures of prior precision and prior
accuracy and measurement of both original and mismatch target
recognition, underlines the importance of considering a continuous
measure of PE size in future empirical and theoretical works concerning
the effect of PEs on episodic memory.

More broadly, these findings shed light on how memories can change
after encoding. Such modification can occur automatically, as episodic
memories help predict and make sense of unfolding events. The current
study suggests that memories remain stable when they explain the
environment very badly or very well — and that change is most likely
when the quality of prediction falls in between these poles. Prediction
errors, in this sense, are a powerful mechanism for memory modifica-
tion, helping us to keep knowledge and experiences updated as the
environment around us changes.
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