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ABSTRACT

Previous research has established that the brain uses episodic memories to make continuous
predictions about the world and that prediction errors, so the mismatch between
generated predictions and reality, can lead to memory updating. However, it remains
unclear whether prediction errors can stimulate updating in memories for naturalistic
conversations. Participants encoded naturalistic dialogues, which were later presented in a
modified form. We found that larger modifications were associated with increased learning
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of the modified statement. Moreover, memory for the original version of the statement was
weakened after medium-strong prediction errors, which resulted from the interplay of
modification extent and strength of previous memory. After strong prediction errors, both
original and modification were well-remembered. Prediction errors thus play a role in
keeping representations of statements and therefore socially relevant knowledge about

others up to date.

Our daily lives are marked by social interactions and repre-
senting social information is a crucial cognitive skill (Oliva,
2022; Son et al., 2021). We gather information about others
from several sources (Anzellotti & Young, 2020) and this
knowledge can guide the decision of whether to trust
them (Kroneisen & Bell, 2022). However, little is known
about how information about others that is deduced
from socially relevant episodic memories is kept up to
date. Generally, updating of memory and knowledge is
thought to be stimulated by so-called prediction errors
(PEs). According to the predictive coding framework, PEs
occur when the expectations, continuously and automati-
cally generated by the brain on the basis of memory and
knowledge, do not match the actual experience. As a
result, an update is made to optimise future predictions
(Friston & Kiebel, 2009; Quent et al., 2021).

The current study set out to test whether and how PEs
can alter memory for statements in naturalistic and socially
relevant conversations. PEs contribute to event segmenta-
tion of verbally presented stories (Kumar et al., 2023), but
their role in updating memories of conversations remains
unaddressed. Strikingly, previous studies found memory
for statements to be relatively poor (Brown-Schmidt & Ben-
jamin, 2018), especially memory for the surface form, so
the exact phrasing of statements (Pezdek & Prull, 1993;
Poppenk et al, 2008). Nevertheless, conversations

constitute a major source for social learning (Atir et al.,
2022) and the content and style of statements can
contain relevant information about others (e.g., Rosen-
blum et al, 2020). Conversations and the PEs they
contain may therefore be a driver of updating what we
know and remember about others.

To test whether PEs play a role in the updating of mem-
ories for conversations, we investigated three central
aspects against the backdrop of previous research.

First, the updating of memories by PE can consist of the
old memory fading or a new memory being encoded. On
the one hand, PEs were found to lead to a weakening
(Forcato et al., 2007) or pruning (Kim et al., 2014, 2017;
Vlasceanu et al., 2018) of the original memory that was
used for the incorrect prediction. On the other hand, PEs
induce learning of the information that was not predicted
(e.g., Bein et al., 2021; Greve et al., 2017; Wahlheim & Zacks,
2019), which can also lead to the whole episode or details
from it later being mistaken for the original memory (Jainta
et al., 2022; Shao et al., 2023; Siestrup et al., 2022; Siestrup
& Schubotz, 2023; Sinclair & Barense, 2018). Interestingly,
previous studies usually examined these two effects separ-
ately, making claims about the relationship between the
two potential memory traces difficult. We therefore inves-
tigated both memory for the original and the modification
in the same study for the first time.
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Second, there is uncertainty about the relationship
between PE strength and the likelihood of learning from
PE. According to the Predictive, Interactive Multiple
Memory Systems framework (PIMMS; Henson & Gagne-
pain, 2010), PE size is affected by prior accuracy, referring
to the difference between prediction and actual input
(i.e., how much the stimulus changed), and prior precision,
denoting the familiarity with the situation and specificity
of predictions (i.e, how exact predictions are). Conse-
quently, the biggest PEs will be achieved when strong
expectations (high prior precision) turn out to be very
wrong (low prior accuracy).

Bigger PEs, evoked by higher prior precision and lower
prior accuracy, are associated with higher levels of new
learning of the unexpected information (Greve et al,
2017). When it comes to the impact on the original
memory used for the prediction, however, the relation-
ship between PE strength and memory accuracy has
been suggested to be U-shaped. According to the
Latent Cause Theory (Gershman et al,, 2017), small PEs
carry no substantially new information and therefore
have little impact on the original. Medium PEs are big
enough to be considered important in the future and
therefore lead to an updating of the original episode,
which is changed and adapted so that it now reflects
the changed state of the environment - to the detriment
of details from the old and now outdated episode. Big
PEs, finally, may be produced by a situation where the
environment has changed so much that a new underlying
latent cause is inferred. Consequently, a new memory
trace is needed to reflect the new latent cause, leaving
the original unaltered (Gershman et al., 2017). Similarly
to this account, the Nonmonotonic Plasticity Hypothesis
states that memories are rendered vulnerable to distor-
tion specifically when moderately reactivated (Kim et al.,
2014). As prediction is implemented through reinstate-
ment, this account would also predict original weakening
after medium PEs.

Previous studies investigating original weakening have
not specifically employed the PIMMS framework, leaving it
unclear whether the interplay of prior accuracy and prior
precision can yield these moderate PEs where the original
is adapted and therefore weakened in its fidelity. Further-
more, prior accuracy has usually been manipulated in a
categorical manner (see Rouhani et al., 2018 for a quanti-
tative manipulation using reward learning), making
claims about the full relation between PE size and
memory outcomes difficult. We therefore aimed to
observe the continuous effect of PE strength, achieved
by combining prior accuracy and prior precision, on orig-
inal weakening and new learning.

Third, in addition to prior accuracy and precision, the
type of modification may be crucial (Siestrup & Schubotz,
2023). Changes to the surface form (i.e., the phrasing of
the statement) may not have mnemonic consequences,
as they introduce no crucial new information like gist
changes altering the meaning of the statement do.

Additionally, if the phrasing of statements is poorly
remembered (Pezdek & Prull, 1993; Poppenk et al., 2008),
there would be less precise predictions and smaller PEs
(Reichardt et al., 2020).

To examine these three aspects, participants were pre-
sented with naturalistic dialogues, which were later played
with a modification inducing a PE. PE size was manipulated
by prior accuracy, assessed on a continuous scale of the
amount of change between the original and modified
statement, and prior precision, induced by different
encoding frequencies of the original. PE quality was
manipulated by using two different modification types,
namely surface and gist. A recognition test was used to
assess memory both for the original information that
was used for the prediction and for the new information
brought forward in the modification.

We expected that lower prior accuracy and higher prior
precision as proxies for PE size would lead to new learning.
Original weakening was expected after mid-sized PEs. Fur-
thermore, we expected gist modifications to have a stron-
ger influence on memories than surface changes.

Methods
Participants

Based on sample sizes of previous studies investigating
PEs with naturalistic stimuli (Jainta et al., 2022; Siestrup
et al, 2022, 2023; Siestrup & Schubotz, 2023; Sinclair &
Barense, 2018), 44 participants were recruited. A power
analysis confirmed that a sample size of 34 was sufficient
to detect a medium effect (8=.40) in a linear regression
with 80% power. After drop-out of four participants who
did not attend all five experimental sessions, the final
sample of N=40 consisted of 28 women, 11 men and
one non-binary person with a mean age of 23.40 years
(SD=2.96, range: 18-31). Participants, most of whom
were students, received course credit or financial compen-
sation. All participants provided informed consent after
reading information on the procedure of the study, their
right to leave the experiment at any point, and the possi-
bility to have their data deleted after participation. The
procedure was approved by the ethics committee of the
Faculty of Psychology at the University of Minster. The
study was not preregistered.

Material

The authors wrote 80 dialogues in the German language,
36 of which were used for this experiment. Each dialogue
included two speakers discussing topics centred around
the daily life of young adults and allowed forming
impressions of the characters by judging their interests
and communication with and about others. Anecdotal
observations confirmed that participants had favourite
and disliked characters and formed a wealth of opinions
on their behaviour, confirming the social nature of the



dialogues. The dialogues were recorded by 20 professional
voice actors and mixed together with a unique back-
ground sound matching the setting of the dialogue. The
resulting dialogues were between 21 and 34 seconds
long (M =27.31, SD=3.02).

Five versions were constructed for each dialogue, one
original and four modifications (see Figure 1a). The ver-
sions shared a common head and end, and only differed
in one statement in the middle of the dialogue, the
target. In comparison to the original version, two versions
of the target deviated on a surface level either to a low
degree (e.g., use of a synonym) or a high degree (e.g., a
larger-scale paraphrase) while preserving the content.
The other two versions were low or high gist changes,
where the meaning of the utterance was changed slightly
or significantly, respectively (see Table 1 for an example).
The ends were constructed so that they integrated well
with the original and all modifications.

Design

Three experimental factors were manipulated and hypoth-
esised to influence the size and quality of the prediction

a.Structure of the Episodes

c¢.Trial Structure Sesions 1 & 3

MEMORY (&) 75

error, and therefore memory outcomes. First, prior accu-
racy was operationalised as the amount of difference
between original and modified version of the dialogue
and was measured through individual participant ratings
at the end of the experiment. Second, prior precision
was manipulated through encoding frequency of the orig-
inal version with the dialogues being presented three or
five times. Third, qualitatively different PE types were
created by modifications containing either a change in
language that preserved the meaning (surface change),
or a change in content (gist change).

To establish episodic memories, participants first
encoded original versions of the dialogues. After that,
without warning, two thirds of the dialogues were
played in a version containing a modified target state-
ment. Specifically, the dialogue began just as it had
before, but would eventually continue in a changed and
unpredicted way, therefore eliciting a PE. Participants
were later tested for their memory of both original and
modified version.

To assess the overall effect of PEs, not all dialogues were
changed (see Supplementary Figure 1.1). Only the 24
changing dialogues were first encoded in the original
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Figure 1. Method of the experiment. (a) The stimuli were dialogues covertly consisting of heads, targets, and ends together with unique background
sounds. All dialogues were first presented with the original target and some dialogues were later modified by using one of the four alternative
targets, which were smaller or bigger changes on a surface or gist level. (b) The experiment was conducted on five consecutive days. In Sessions 1 &
2, the dialogues were encoded and re-encoded. In Session 3, some of the dialogues were modified in one of the described forms, while the others
were repeated in the original. In Session 4, there was a recognition test where, among others, both the original and the modified target were tested.
In Session 5, participants rated the difference between the original and modified dialogues that they had heard to obtain an individual measure of
prior accuracy. (c) In Sessions 1 and 3, there was a jittered fixation cross (4.5-6s) and a blank screen (0.5s) before the dialogue was played. Participants
were then asked to determine whether a given word occurred in the dialogue or not. (d) In Session 2, after a fixation cross (2s) and blank screen, partici-
pants listened to the dialogue and then rated it on 1-3 of five scales that assessed individual perceptions of the dialogues. () In Session 4, a recognition
test was conducted. After a jittered fixation cross (1.5-3s) and a blank screen, participants listened to an excerpt of the dialogue (the targets or head) and
then decided whether they had heard exactly that statement before. They used a scale from 1 = definitely new to 6 = definitely old.
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Table 1. Translated example dialogue.

The dialogue plays at a pub, there is a talking crowd and music in
the background.

Head  A: Cheers! Here's to winning!

B: Cheers! What a game. It hasn’t been this much fun for a while.
A: Yes, and the atmosphere was amazing. Great support from
everyone for 90 minutes.

B: Do you think we're safe from relegation now?

0: A: After this performance, | have no doubts that we are.

SL: A: After this match, | have no doubts that we are.

SH: A: They played so well, so we are safe for sure.

GL: A: Well, even though the performance was good, | still have
some doubts.

GH: A: No, definitely not. It will still be tough all the way till the
last game.

End B: Well, today, we will celebrate. Great start to the week.

Target

Notes: All dialogues were first played in the original version, using the orig-
inal target (0). The modified dialogues were later played in one of the
four alternative versions: Surface low (SL), surface high (SH), gist low
(GL), or gist high (GH). This example is a translation of the German orig-
inal. More examples and the presented audios can be obtained from the
corresponding author.

version and later presented in one of the four modifi-
cations (with a quarter of the dialogues in each modifi-
cation category). In addition, there were six repeated
unchanging dialogues which were never altered and
always played in the original version. Furthermore, in
Session 3, six new and previously unheard unchanging dia-
logues were presented once in their original versions.

Procedure

The experiment was conducted on five consecutive days
(see Figure 1b). It was implemented in PsychoPy (Peirce
et al, 2019) and run online on Pavlovia (pavlovia.org). As
the experiment was conducted during a term break, par-
ticipants could choose to do the experiment via Zoom
(n=35) or in the lab (n=5). In both cases, each session
was conducted by an experimenter who ensured a quiet
environment, fixed technical issues, and provided clarifica-
tion on the instructions. Participants listened to the stimuli
through headphones and self-regulated the volume at the
beginning of each session.

Participants were told that we were interested in per-
ceptions of everyday conversations and that they should
listen to the dialogues as if witnessing them directly.
They were also instructed to imagine the setting visually.
The assignment of dialogues to modification and encod-
ing frequency conditions was counterbalanced across par-
ticipants by randomly assigning dialogues to lists and
rotating these lists through the experimental conditions.
The stimulus orders were randomised in each session.
Each session had one to three self-paced breaks, according
to session length. Presentation times and trial structures
are displayed in Figure 1c-e.

In Sessions 1 and 2, the original versions of the six
repeated unchanging and 24 changing dialogues were
established. In Session 1, each dialogue was presented
only once. After each dialogue presentation (see Figure

1c), there was an attention check in which participants
were cued with a word and were asked to decide
whether it was used in the dialogue. For half the dialogues,
the word actually did occur (pseudo-randomly chosen
from the head, target, or end), while non-occurring but
plausible words were presented for the other half.

In Session 2, while still establishing the original versions
of the memories (see Figure 1d), prior precision was
manipulated through encoding frequency as half the dia-
logues were played two or four times, respectively. To
space out repetitions of the same dialogue, the twice-
encoded dialogues were either played in block one and
three or two and four, and the other dialogues were
played once in each block. Instead of attention checks,
each dialogue was followed by rating scales (concerning
autobiographical associations, valence, arousal, typicality,
social norms) to capture individual impressions of the dia-
logue. Depending on how often an individual dialogue
was presented, one to three scales were administered
after each presentation. Responses on these scales were
not analysed for this paper.

Crucially, in Session 3, we aimed to elicit PEs by playing
the 24 changing dialogues in a modified version (one
quarter in each of the versions shown in Figure 1a). The
now-familiar dialogues would start in the same way as
before, given that the head was identical in all versions,
but would then unexpectedly continue in a different
way, as the target was modified. Participants were not
warned about these changes and were told that this
session would be just like Session 1, with the only differ-
ence that they would hear some completely new dialo-
gues (i.e., the six singular unchanging dialogues). Each
dialogue was again followed by an attention check (see
Figure 1c¢), for which a non-occurring word was used
when an occurring one was tested in Session 1, and vice-
versa.

In Session 4, participants were tested on their memory
in a surprise recognition test (see Figure T1e). Participants
were instructed that they would hear short excerpts (2.4-
6.9s, M = 4.55) from the dialogues. These excerpts usually
constituted the full target statement, but to reduce varia-
bility in duration between the excerpts, longer targets
were shortened without cutting off the speakers
abruptly.

Participants were asked to indicate whether they had
heard that exact statement before, responding on a scale
from 1 =definitely new to 6 = definitely old (Brady et al.,
2023). They were instructed that it did not matter when
they heard that statement, so that modifications from
Session 3 would also be accepted as old. Furthermore,
they were advised that some of these probes would be
similar to ones they had heard before and were asked to
assess whether the statements were phrased exactly the
same way, not taking into account previous decisions in
regard to similar statements. To space out similar probes,
the task was covertly divided into five blocks where no
more than one probe referring to the same dialogue



would appear in each block. The order of probe types for
each dialogue (e.g., whether a dialogue was tested on orig-
inal or modification memory first) was counter-balanced
across dialogues and participants and controlled for in
the analyses if necessary.

A total of 192 probes was presented. Each changing
dialogue was tested using five different probes, including
excerpts from the original target, which was presented in
the first two sessions, the modified target which was
heard in Session 3, and the head, which was always
unchanged. There were also two previously unheard
targets from other modifications, which acted as similar
lures. If the Surface Low modification was presented in
Session 3, these lures were for instance Surface High and
Gist high. The assignment of the two lures to each dialo-
gue was counterbalanced. Performance on lures was not
further analysed, instead, their function was to introduce
the need for careful memory calibration. The unchanging
dialogues that were played in the same form in Sessions
1-3 had the same probe types, except for the modification
target, as those dialogues were never modified. Unchan-
ging dialogues that were singularly played in Session 3
were tested only with a probe from the head and from
the original target.

As perfect responding to this collection of probes
would produce more old than new responses, we also
added 36 novels, which were statements from dialogues
that were not used in this experiment. These novels
were distributed across the blocks so that each block
would feature the same number of old and new probes
(see Supplementary Figure 1.1).

Finally, in Session 5, to get a measure of prior accuracy,
participants were asked to rate the difference between the
two dialogue versions that they had heard before. Each of
the 24 changing dialogues was first presented in its
modified form (as heard in Session 3) and then in the orig-
inal (from Sessions 1 and 2). Participants rated the magni-
tude of difference on a scale from 1 = very small difference
to 7=Ilarge difference. After this session, they were
debriefed on the purpose of the experiment, thanked,
and compensated.

Data analysis

The data was analysed using R (R Core Team, 2023) and is
available on OSF (https://osf.io/8dnsg/?view_only =
3fc9fd3393474fd8b82969623c6ce6f9). Our main interest
was the pattern of original and modification memory
depending on prior accuracy (i.e, difference ratings),
prior precision (i.e., encoding frequency), and change
type (i.e., surface or gist). Due to the inclusion of this
latter factor as well as potential qualitative differences
between changing and unchanging dialogues, the key
analysis was limited to changing dialogues. However,
after first establishing overall memory levels for unchan-
ging dialogues, we tested whether hearing a modification
would impair memory for the original episode by
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comparing unchanging with changing dialogues on orig-
inal target memory and subsequently on memory for the
unchanged head.

For this and the following analyses, we chose to use
weighted accuracy as a dependent variable. Participants
cast their responses on a scale from 1 = definitely new to
6 = definitely old. However, as it was doubtful whether
confidence for wrong responses would be meaningful,
we instead set wrong answers to 0 and coded correct
answers as 1-3 according to confidence judgements.

After thus assessing the general effect of modifications
on original memory, the key analyses focused on the
changing dialogues that were modified over the course
of the experiment. Two separate models tested weighted
accuracy for the original and the modified targets, repre-
senting memory for the original version from Sessions 1
and 2 and for the modification from Session 3. The use
of weighted accuracy allowed us to fit linear mixed
models in order to include individual participants as
well as individual dialogues as random intercepts and
to include potentially confounding nuisance variables in
the models.

Even though we employed careful counterbalancing
and randomisation, we opted to control for influences
on memory that arose from the complex multi-session
design. These nuisance variables were selected in a data-
driven approach where we ran a separate regression
with the experimental factors and each of the possible nui-
sance variables. To make sure we would only use the most
important variables and avoid over-fitting, those variables
that gained significance were additionally subjected to a
stepwise backward regression. Only the surviving variables
then entered the analyses. This procedure was done separ-
ately for original and modification memory. A full list of the
tested nuisance variables can be found in Supplementary
Note 2.

Participants varied considerably in their use of the differ-
ence rating scale. The maximum value of each participant
on the seven-point scale ranged from four to seven and
medians ranged from one to five. To address these differ-
ences in conceptions of smaller and bigger changes, we z-
standardized the difference ratings for each participant.
Bigger values on this scale therefore reflect bigger relative
changes in the subjective perception of each participant.

The models were fitted using the Ime4 package (D.
Bates et al,, 2015) and the significance of the individual
predictors was tested using the car package (Fox & Weis-
berg, 2019), following the approach of previous studies
in the field (e.g., Calderon et al., 2021; Wahlheim et al.,
2019). The emmeans package (Lenth, 2023) was used to
carry out follow-up tests, specifically comparing slopes
across different factor levels in interaction effects, using
the emtrends function.

In the interest of brevity and readability, only significant
results are fully qualified with test statistics and effect sizes.
However, the full models can be consulted in Supplemen-
tary Note 3.
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Results

Performance in attention checks in Sessions 1 and 3 was
high (Session 1: M =.89, SD =.07, Session 3: M=.92, SD
=.05) with even the lowest-performing participant
responding above chance level. Participants can therefore
be assumed to have paid attention to the dialogues. Fur-
thermore, across dialogue conditions, old probes in
Session 4 were recognised with above-chance perform-
ance (original targets: M =.83, SD =.08; modified targets:
M = .64, SD =.16; heads: M=.82, SD =.10), ps <.001, ds >
0.84, and new probes were rejected with above-chance
accuracy (lures: M=.78, SD=.07; novels: M=.99, SD
=.01), ps <.001, ds>3.91. Overall memory can therefore
be assumed to be robust.

Memory for unchanging dialogues

To assess baseline memory for verbal statements, we
turned to the unchanging dialogues, which were always
presented in the same version. We collapsed across head
and target probes, as they were not qualitatively
different in these dialogues. Correct acceptance of those
probes was significantly above chance (M =.76, SD =.14),
t(39)=11.81,p <.001,d =1.87,95% CI [1.10, 2.63]. Further-
more, unheard lures were rejected with above-chance per-
formance (M=.80, SD=.13), t(39)=14.94, p<.001, d=
2.36, 95% Cl [1.53, 3.20]. Thus, there was robust above-
chance memory for unchanging dialogues.

The repeated unchanging dialogues were encoded
three or five times in Sessions 1 and 2 and then repeated
in Session 3, while the singular unchanging dialogues
were played only once during Session 3. Encoding fre-
quency had a significant impact on heads and original
targets, F(1.92, 75.05)=40.76, p<.001, n?=.32. There
were significant differences between one encoding (M
=.64, SD=.21) and dialogues encoded more often (3
encodings: M=.87, SD=.15; 5 encodings: M=.90, SD
=.13), ps <.001, ds > 1.11. There was no significant differ-
ence between three or five encoding opportunities, p
=.523. Thus, memory was enhanced when dialogues
were encoded multiple times.

Effects of modifications on original targets

To establish whether PEs induced an overall weakening of
original targets, unchanging dialogues were compared to
changing dialogues with surface or gist modifications. A
3x 2 within-subject ANOVA was carried out, with the
factors of modification type (unchanging, surface chan-
ging, gist changing) and encoding frequency (three
times, five times) predicting weighted accuracy.

The ANOVA showed a significant effect of encoding fre-
quency, F(1, 39)=5.87, p=.020, n*=.01, with better
memory for dialogues played five times (M =2.28, SD=
0.52) compared to dialogues played three times (M=
2.16, SD=0.55). There was also a significant effect of

modification type, F(1.84, 71.84) =3.86, p=.029, * =.03,
suggesting that modifying the dialogue had an impact
on original memory. However, in the Tukey-corrected
post-hoc tests, neither the comparison between unchan-
ging (M =2.35, SD=0.67) and gist-changed dialogues (M
=2.13, SD =0.46), p =.056, nor that between unchanging
and surface-changed ones (M=2.18, SD=0.44), p=.121,
gained significance. There was no significant interaction,
p=.603 (see Supplementary Table 3.1 for full model).

Even though the individual comparisons did not gain
significance, the main effect of modification type suggests
that there is an overall weakening of the original after PEs,
while gist and surface modifications seem to have a similar
effect.

Effects of modifications on heads

The destabilisation of original targets through PEs could
potentially have the side effect of deterioration of the
heads, which were connected to the targets but not
modified themselves. However, this was not the case.
While encoding frequency was a significant predictor of
head recognition, F(1, 39) = 13.82, p <.001, n? = .04 (three
encodings: M=2.06, SD=0.53; five encodings: M =2.26,
SD =0.55), the modification type, p =.956, and the inter-
action, p =.857, were not significant (see Supplementary
Table 3.2). The potential weakening effect of PEs was
therefore limited to the targets and did not spill over to
the heads.

Effects of PE size and type on original targets

After establishing that modification of statements had an
overall weakening effect on original targets, we tested
whether the three experimental factors would influence
this deterioration. Using only the changing dialogues, it
was tested whether prior accuracy (i.e., different degrees
of modifications as rated by participants), prior precision
(i.e., three or five encodings), and modification type (i.e.,
surface, gist) would have an influence on original target
recognition. This analysis therefore tested weighted accu-
racy for the original version of the episode depending on
the kind of modification that was administered in
Session 3.

In addition to nuisance variables (see Supplementary
Table 3.3), only the interaction between the difference
rating and encoding frequency reached significance, 8
=.31, F(1, 913.11)=4.50, p=.034. As can be seen in
Figure 2a, the slope is negative for three encodings, with
higher difference ratings associated with lower memory,
while it is positive for five encodings, with higher differ-
ence ratings leading to better memory. The fact that the
slopes were significantly different was confirmed in a
direct comparison (p =.039), while in separate models for
three and five encodings, the difference rating did not
gain significance (three encodings: p =.259; five encod-
ings: p=.182).
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Figure 2. Memory outcomes for original and modification. (a) Weighted accuracy ratings for the original version of the statement (as encoded in Sessions 1
and 2) are plotted against difference rating (i.e., prior accuracy) and encoding frequency (i.e., prior precision). Bold dots represent means for each com-
bination of factors and error bars are standard errors. The grey dots are individual participants’ means for this combination of factors. (b) Weighted accuracy
ratings for the modified version of the statement (as encoded in Session 3) are plotted against difference rating (i.e., prior accuracy) and modification type.
There was a significant interaction between difference rating and modification type. Note that few surface modifications got high difference ratings, thus

the large error bars.

In summary, the effect of the difference rating flipped
depending on how well the original was encoded. While
this interaction was significant, the effect of difference
rating within each encoding frequency level was not.

Effects of PE size and type on modification
recognition

Complementing the results on original target recog-
nition, which reflects memory for the original version,
we also assessed how new learning of the modification
is influenced by the three experimental factors. In
addition to nuisance variables (see Supplementary
Table 3.4), the effect of modification type gained signifi-
cance, B=.33, F(1, 876.45)=11.01, p <.001, with overall
higher memory after surface (M=1.57, SD=1.23) than
gist changes (M =135 SD=1.30). Furthermore, the
interaction between the difference rating and modifi-
cation type gained significance, $=.18, F(1, 917.55)=
9.69, p=.002, while the overall effect of the difference
rating was short of significance, $=.10, p=.070. A com-
parison of the slopes confirmed a significant difference
between the modification types (p=.001), which can
be seen in Figure 2b, where the slope is markedly
flatter for surface modifications than gist modifications.
In separate exploratory models for gist and surface, it
was confirmed that the effect of difference ratings was
only significant with the gist modifications, 8=.11, F(1,
384.54)=16.13, p<.001, but not the surface modifi-
cations, p =.225.

In summary, higher difference ratings led to better
learning of gist modifications, while surface modifications
did not benefit from larger differences. Furthermore,
surface modifications were recognised better than gist
modifications in general. Encoding frequency of the

original (i.e., prior precision) was not of significance for
new learning.

Discussion

Conversations are at the heart of our daily lives. Who said
what to whom and how contributes substantially to our
social knowledge and memory (Kumar et al., 2023). Here,
we investigated whether memories of naturalistic and
socially relevant conversations are subject to change in
response to prediction errors (PEs) as has been shown
for other memories. Our findings confirm this, indicating
learning of the new information brought forward in the
modified statement as well as some degree of weakening
of the old version of the statement.

Our general main finding is that prediction errors con-
tribute to learning when listening to verbal statements
within inherently social material. This embodies a crucial
extension of previous research that has used complex
events, which were however neither verbal nor social
(e.g., Siestrup et al.,, 2022; Sinclair & Barense, 2018). Infor-
mation about others plays an important role in our lives
and therefore needs to be represented in memory (Kronei-
sen & Bell, 2022; Oliva, 2022) and flexibly kept up to date. In
the social domain, PEs have been shown to modulate the
updating of overall person impressions (Mende-Siedlecki
et al,, 2013) and the perception of attractiveness (Mihara
et al, 2023). Our findings connect this line of research
with work on the social influences on flexible use of mem-
ories (Boeltzig et al, 2023) by showing that PEs are
involved in flexibly pruning and extending our stock of
socially relevant episodic memories. We also extend
findings from a previous study on socially shared infor-
mation as a trigger for memory pruning after PEs (Vlas-
ceanu et al,, 2018) by using a design where not only the
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PE-inducing modifications were delivered socially, but also
the initial encoding situation, and by adding new learning
as a consequence of PEs in the social domain. Future work
may therefore also establish whether PEs can drive social
contagion, a process where false memories are introduced
through conversations (Andrews & Rapp, 2014; Harris et al.,
2017).

Independent of the social and verbal domain, our
results extend insights into new learning after PEs. We
found more new learning, pertaining to the new and unex-
pected parts of the episodes that evoked a PE, after lower
prior accuracy (i.e., bigger modifications), which is in line
with the PIMMS framework and previous research (e.g.,
Bein et al,, 2021; Greve et al, 2017). However, by using
the continuous measure of participant-generated differ-
ence ratings, we showed a linear relationship between
prior accuracy and modification learning for the first time
outside reward learning (Rouhani et al., 2018).

The effect of prior accuracy on new learning was
specific to gist changes and not found for surface modifi-
cations. Interestingly, previous studies using visual narra-
tives sometimes found effects of changes not influencing
the overall gist (Siestrup & Schubotz, 2023; Sinclair &
Barense, 2018). With regards to poor memory for state-
ment phrasing, so the surface form of the episodes
(Pezdek & Prull, 1993), and theories that gist and surface
information may be encoded separately (Reyna et al.,
2016), it is possible that no predictions about the exact
wording were generated and could therefore not have
been violated. The overall high performance on surface
modifications may be explained by their high similarity
to the original, which could have led to confusions
between the two versions. We aim to test this possibility
in the future by introducing a source memory test.

A final result concerning new learning after PEs worth
highlighting is that it was not increased by higher prior
precision. It is possible that the chosen encoding frequen-
cies (three or five times) are already at the higher end of
prior precision where they were relevant for original weak-
ening, but not new learning. Future work could address
this and manipulate prior precision continuously instead
of utilising two levels. Furthermore, even though the
approach of manipulating prior precision via encoding fre-
quency has also been taken in the related field of fake
news correction (Kemp et al,, 2024) other manipulations
of prior precision are conceivable, such as the inherent
logic and predictability of the episode.

Turning from effects of new learning to effects on the
original episode, which was used for the incorrect predic-
tion, our study finds an overall detrimental effect of PEs on
original memories. This extends results from previous
studies (Kim et al., 2014, 2017; Vlasceanu et al., 2018)
and reflects the need to weaken seemingly outdated infor-
mation. However, pruning of particularly social infor-
mation is an interesting finding as it may be relevant to
represent outdated information about others to under-
stand their pasts. For instance, forgetting the former

spouse of your friend after their divorce would hardly be
beneficial. More research is therefore needed to investi-
gate the role of anticipated future usefulness of old infor-
mation in memory pruning.

The overall detrimental effect of PEs on original mem-
ories was modulated by the interplay of prior accuracy
and prior precision. This pattern of results is fully consist-
ent with previous frameworks (see Figure 3 for a depiction
of this). The prior is less precise after three encodings than
after five encodings, as people are less familiar with the
dialogues. According to the PIMMS framework (Henson &
Gagnepain, 2010), when this imprecise prior is combined
with high prior accuracy (i.e, a modification that is
similar to the original), the PE is small (see left quarter of
Figure 3). The Latent Cause Model (Gershman et al.,
2017) would therefore predict that there is no substantial
new information that needs to be integrated, and congru-
ently, there is no weakening of the original in our data
after these small PEs.

When prior accuracy decreases with bigger modifi-
cations (i.e., higher difference ratings), PE size is thought
to increase (second quarter in Figure 3; Henson & Gagne-
pain, 2010). Similarly, with a more precise prior after five
encodings, even small deviations should lead to a bigger
PE (third quarter in Figure 3). These predictions of the
PIMMS framework are reflected in our data, given that
we observed more pronounced original weakening in
both cases. The combinations of low prior precision with
low prior accuracy, as well as high prior precision and
high prior accuracy therefore seemed to have created
medium PEs, causing weakening of the original episode
in our data.

This is in congruence with the framework by Gershman
et al. (2017), because medium PEs trigger updating of the
old memory trace without establishing a new trace. As
medium PEs may go along with medium reactivation of
the original memory trace, a weakening of the original at
this point is also in line with the Nonmonotonic Plasticity
Hypothesis (Kim et al., 2014). Our data therefore supports
previous frameworks using a more vigorous quantitative
manipulation of PE size.

Large PEs were designed to be induced by high prior
precision (i.e., five encodings) and low prior accuracy (i.e.,
high difference ratings; fourth quarter in Figure 3). In our
data, at this highest level of PE, original retention increased
again in comparison with medium PEs, which importantly
went along with high modification learning as well. Fol-
lowing the Nonmonotonic Plasticity Hypothesis, the orig-
inal should remain stable due to its strong reactivation,
which is congruent with our data. The pattern is also in
congruence with the framework by Gershman et al.
(2017), in which large PEs signal a change of the under-
lying latent cause, which means that both the old and
the new memory are valid and should be stored in separ-
ate traces. Instead of this account of pattern separation, it
has also been suggested that the two traces may become
integrated (Greve et al., 2018; Ritvo et al., 2019). While our
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Figure 3. Explanation of the results within the PIMMS framework. Interpretation of our results in light of the PIMMS framework (Henson & Gagnepain,
2010). The prior is generally less precise, meaning that expectations are broader after three than after five encodings (hence the flatter blue line on
the left than on the right). When an imprecise prior after three encodings is combined with a small difference between original and modification (the
dotted red line’s maximum is close to the blue line’s on the leftmost quarter), there is a lot of overlap between prediction and outcome, so there is a
small PE. If the difference is bigger (as the red curve moves away from the blue one, second quarter), the overlap is reduced and the PE is at a
medium level. Similarly, with a precise prior after five encodings, even a small difference will lead to a medium-sized PE (third quarter). Lastly, when
the prior is very precise and the modification big, there is a diminishing amount of overlap between prediction and input and the PE will be at its strongest

(fourth quarter).

current behavioural data cannot distinguish between inte-
gration and separation, future neuroimaging studies may
shed light on this issue (Bein et al., 2023).

The finding of original and modification memory being
high after big PEs is also consistent with a theoretical
account placing conscious awareness of the modification
at its centre (Wahlheim & Zacks, 2019). This account
states that there should be reduced interference
between original and modified events when the change
is noticed by a person and can later be recalled. We did
not test participants on change perception and recollec-
tion, but it is possible to speculate that they were
especially likely to notice the change and remember it
later when episodes were well-encoded and modifications
were large. As these were the conditions in which partici-
pants remembered both original and modification well,
reduced interference between the episodes could offer
an alternative explanation of this finding.

Collectively, the conditions of original weakening found
in our data are congruent with previous accounts and
support the role of medium-sized PEs in the weakening
of original memories. After strong PEs, both original and
modification were recalled well.

Interestingly, PEs did not impair recognition of the head
of the dialogue that preceded the modification but was
not altered itself. A forgetting caused by the weakening
of associated elements (Joensen et al., 2020) was therefore
not found here. This localisation of the effect tightly con-
nects the observed memory modifications to the evoked
PEs and makes overall decay of the episode an unlikely
explanation. However, previous studies have found unim-
paired (Sinclair & Barense, 2018) or even enhanced (Sinclair
et al., 2021) correct original details after PEs. The robust

memory for heads could therefore be seen as evidence
for this enhancing effect of PEs. Future work should there-
fore attempt to establish how localised the effects of PEs
are, also because this could delineate PEs from surprise,
which can also enhance memory retroactively (Congleton
& Berntsen, 2020).

An interesting general point that emerges from the
data is that there was solid recognition memory for state-
ments, which appears to be in contrast to previous
research (Brown-Schmidt & Benjamin, 2018). The social-
interactional information (e.g., E. Bates et al, 1978;
Keenan et al, 1977), but also the expressively delivered
and succinct dialogues may have increased memory. Fur-
thermore, multiple encoding opportunities not being
given in previous studies, our findings newly suggest
that these may enhance memory for verbal statements.
The results therefore suggest a fresh look at memory for
conversations, especially as podcasts, streaming platforms,
and taped lectures have joined the already popular radio
plays and audiobooks, making repeated exposure to the
same statements more common.

Conclusion

Using social and verbal material for the first time in the
field, we showed that episodic PEs can lead to learning
of new and unexpected information, as well as the weak-
ening of the original and apparently outdated details.
New learning linearly benefited from larger gist changes.
Consistent with prior research and theoretical accounts,
we found that medium PEs are especially likely to
weaken the original, while strong PEs lead to the mainten-
ance of both original and modified episodes.
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While we have identified important influences on
memory updating in the form of prior accuracy and prior
precision, future work should further promote our under-
standing of other boundary conditions. Especially in the
social domain, it could be highly maladaptive to forget
information just because the situation has changed, point-
ing to a role of future anticipated usefulness, or past
importance of the information. More work is therefore
needed in the field that makes use of personally relevant,
socially coloured, naturalisticc and complex stimulus
material.
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