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Abstract

Prior knowledge can enhance memory for both schema-congruent and schema-incongruent events. According to the SLIMM
framework, memory performance generally follows a U-shaped pattern, with both highly expected and highly surprising events
being better remembered than neutral ones. We tested this prediction across four experiments in which participants viewed
scenes containing congruent or incongruent objects, rating each as expected or surprising on a four-level scale. Memory was
assessed using: (1) old/new item recognition categorized by recollection and familiarity, and (2) source memory, in which par-
ticipants reported whether objects had been rated as expected or surprising at study. Schema effects on memory varied by test
type. Item recognition consistently showed an advantage for expected trials only, primarily via recollection, while familiarity
(if assumed independent of recollection) increased with surprise level—contrary to SLIMM’s predictions. We hypothesize that
schema-related retrieval strategies enhance recollection of expected objects. Source memory did produce a reliable U-shaped
pattern, even though this particular task should only produce an advantage for surprising trials according to SLIMM. We suggest
participants tagged events as “surprising” or “expected” during study and could later recall the tag. When the tag was ‘weak’ or
unavailable—more likely for moderately categorized events—participants fell back on schema-related retrieval strategy, which
benefits retrieval of expected events. Together, these mechanisms produce the observed U-shaped pattern for source memory.
Our findings reveal the complex retrieval test dependent manner in which prior knowledge shapes episodic memory.
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Introduction schema, such as a new pot in the kitchen, it activates relevant
prior knowledge, facilitating the comprehension and integra-
tion of this new information (Alba & Hasher, 1983). Con-
versely, when we encounter items that are incongruent with
the schema, such as a bed in the kitchen, it induces surprise
(Itti & Baldi, 2009; Lorini & Castelfranchi, 2006; Schank,
1986), potentially facilitating the formation of a memory of

the surprising event.

In everyday life, most objects we encounter align with our
prior knowledge of specific environments. For instance,
objects commonly found in kitchens, such as kettles, plates
and dishwashers, conform to an environmental “schema”
(e.g., Anderson, 1983; Bartlett, 1932; Rumelhart, 1980).
When we encounter new information consistent with this
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A substantial body of research highlights both the mne-
monic advantages of expected (schema-congruent) events
and surprising (schema-incongruent) events. In general, the
degree of surprise or expectedness can vary across people,
depending on their past experiences (i.e., different schemas/
priors). Thus, we will use the terms “congruent/incongru-
ent” to refer to experimentally manipulated conditions, and
“expected/surprised” to refer to the subjective experience
they induce. Congruency benefits have been reported across
various domains, including scene-item associations (Liu
et al., 2018; van Kesteren et al., 2013a), narrative compre-
hension (Bransford & Johnson, 1972) and item—color pair-
ings (Maril et al., 2011). For example, Staresina et al. (2009)
asked participants to evaluate word-color pairs using two
types of judgments: “plausibility” (conceptual coherence of
pairs; e.g., “gray elephant”) and “valence” (aesthetic appeal
of pairs: e.g., “blue apple”). It was found that congruency
improved subsequent memory for both the specific word
pairing and for the encoding context (judgment type).

On the other hand, a large body of research has shown
that incongruent or surprising events are remembered bet-
ter than neutral ones (Bein et al., 2021; Greve et al., 2017;
Hunt & Worthen, 2006; Tulving & Kroll, 1995). A classic
example is the “isolation effect” (or “Von Restorff effect”),
in which a distinct item (e.g., “potato” in a list of fruits) is
more likely to be recalled due to its distinctiveness (S. R.
Schmidt, 1991; Von Restorff, 1933). Such advantages have
been found in item recognition (Erdfelder & Bredenkamp,
1998) and in source memory tests (Kiippers & Bayen, 2014).
One account of this mnemonic advantage appeals to the dis-
tinctiveness of schema-incongruent information at retrieval
(McDaniel et al., 1995), while another account appeals to
increased attention during the encoding of surprising stimuli
(the “attentional elaboration” hypothesis; Brewer & Trey-
ens 1981; Friedman 1979). A related account assumes that
prediction error causes better encoding of surprising events
(Henson & Gagnepain, 2010; Quent et al., 2021), possibly
through triggering such increased attention. Yet another
account, the copy-and-tag account, argues that schema-
inconsistent information is facilitated and stored separately
(with a “tag”), whereas schema-consistent information is
integrated into the schema at a shallow, gist-based level
(Graesser et al., 1979; Graesser & Nakamura, 1982).

When combining these mnemonic effects, the relation-
ship between schema-congruent and incongruent events is
expected to be nonlinear: Both highly congruent and highly
incongruent events should be remembered better than mod-
erately congruent or incongruent events. This “U-shape” pat-
tern is predicted by the schema-linked interactions between
medial prefrontal and medial temporal lobes (SLIMM)
framework (van Kesteren et al., 2012), which integrates
schema theory with recent neuroscientific findings.
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According to SLIMM, schema-congruent information is
supported by the medial prefrontal cortex (mPFC) enabling
rapid integration of event information into cortical represen-
tations (Tse et al., 2007). In contrast, schema-incongruent
events rely more on the medial temporal lobe (MTL), par-
ticularly the hippocampus, to encode unexpected occur-
rences (Eichenbaum et al., 2007). Thus, the two brain sys-
tems operate at opposite ends of the U-shaped function, each
improving memory, but through dissociable mechanisms.
The congruency advantage is thought to be driven by easier
or better assimilation of information either at study or during
consolidation (Alba & Hasher, 1983; Bransford & Johnson,
1972; Tse et al., 2007), whereas the incongruency-advantage
is attributed to high prediction error that enhances encoding
(Quent et al., 2021).

SLIMM further assumes that surprising occurrences
trigger storage of an episodic snapshot of the whole event,
including other contextual information. The rationale is that
such contextual information may be important for updat-
ing schema in the future so that the same prediction error
does not recur. As a consequence, SLIMM predicts that
memory for surprising items will be associated with recol-
lection (Yonelinas, 2002; Yonelinas et al., 2024). Memory
for expected items, on the other hand, is more likely based
on familiarity (due to the integration with a schema that
specifically discounts contextual information).

Several studies have explored episodic memory perfor-
mance across a range of congruency levels. For example, van
Kesteren et al. (2013a) paired scenes with objects that were
congruent (e.g., classroom—chalk), neutral (taxi rank—pen), or
incongruent (tennis court—soup ladle). Memory increased lin-
early with congruency, such that item recognition and asso-
ciative memory were best for congruent, followed by neutral,
and worst for incongruent trials. In other words, they did not
observe the U-shape predicted by SLIMM. Similarly, Frank
et al. (2018) reported better memory for schema-congruent
images, and worse memory for incongruent ones, relative to
neutral ones. One possible explanation for the lack of any
incongruency advantage in these studies is the strategic use
of schema at retrieval. When presented with a single object,
participants may generate semantic associates that cue the
studied episode (“‘generate-and-recognize”’; Watkins & Gar-
diner, 1979); a strategy that can only be successful for con-
gruent trials. For example, thinking of semantic associates
of the “chalk” cue may have led to retrieval of a “classroom”
in the van Kesteren et al. (2013a) study. Such generation of
schema-related scene associations would disproportionately
benefit schema-congruent items, potentially masking mne-
monic advantages for unexpected items.

Some studies have minimized this “schema-related
retrieval” confound. For example, Greve et al. (2019) taught
arbitrary rules to create expected, neutral and surprising
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events, and then tested associative memory for these events.
Importantly, the events could not be uniquely generated
by the rule alone. The ineffectiveness of a schema-related
retrieval strategy may be why these authors found advantage
of schema (rule) incongruent events as well as congruent
ones, relative to neutral ones, consistent with the U-shape
predictions of SLIMM.

Other studies have controlled for schema-related retrieval
but used preexperimental knowledge rather than training new
schema. Using immersive virtual reality for example, Quent
et al. (2022) varied the congruency of the locations of every-
day objects within a kitchen. Importantly, memory was tested
by forced choice in which the foil locations were matched
for congruency, which again revealed the U-shape predicted
by SLIMM. However, remember/know judgments showed
that memory for both expected and unexpected locations was
associated with recollection, contrary to SLIMM (which pre-
dicts familiarity rather than recollection for expected items).
Ortiz-Tudela et al. (2024) examined memory across ages
(children, young adults, and older adults) using cartoon
strips that ended in different ways. Importantly, one of their
memory tests was to ask about the nature of the ending (i.e.,
whether it had been expected, neutral, or unexpected). Perfor-
mance on this “source memory” task was broadly U-shaped,
but its profile varied by age: younger groups showed bet-
ter source memory for unexpected endings, while older
groups showed better source memory for expected endings.
Memory for the contents of the cartoons (“item memory”),
however, yielded a different pattern of results, further indi-
cating that retrieval demands might modulate the effects of
expectedness/surprise.

Taken together, previous evidence showed that when
schema-related retrieval bias is controlled, a U-shaped pat-
tern can be observed, at least for associative memory and
source memory, even if the situation for item memory is
less clear. Moreover, although this U-shape pattern is con-
sistent with SLIMM, the advantage for expected trials has
been associated with recollection, not familiarity, contrary to
SLIMM'’s predictions. More generally, the pattern of results
seems to depend on the type of retrieval test (van Kesteren
et al., 2012) and/or the retrieval strategy employed by par-
ticipants (Brainerd et al., 2025).

To reconcile these findings and further test the predic-
tions of SLIMM’s and other frameworks, we examined
how memory tests and retrieval goals shape performance
across a continuum of participant-specific expectedness
and surprise. We used object—scene pairs, like van Kes-
teren et al. (2013a), but with congruent objects (e.g., a
tennis ball) or incongruent objects (e.g., a bear) that were
fully integrated into a scene (e.g., a tennis court), rather
than simply shown adjacent to each other. Such integra-
tion is more similar to ecological perceptual experience
(Davenport & Potter, 2004) that could generate a stronger

prediction error signal for unexpected objects or lead to
greater feeling of congruity than in van Kesteren et al.
(2013a), potentially facilitating memory of surprising
items. After each trial, participants rated the congruency
on a four-point scale, from highly expected to highly sur-
prising, based on their general knowledge. These ratings
were used to define the level of expectedness/surprise in
the analysis of later memory performance, given that the
subjective experience is likely to vary across people. Par-
ticipants were notified that a memory test would follow
the study.

We first tested item recognition, in which participants
identified an object as either “old” (studied) or “new”
(unstudied). To minimise guessing, a third “don’t know”
option was offered (Chua et al., 2012; Roediger et al., 2022).
Importantly, new objects (foils) were congruent with one
of the studied scenes, so that generating a congruent scene
was not sufficient to determine whether an object had been
studied. For those items correctly called “old,” participants
were further asked whether the item was “remembered” or
“known,” to assess recollection and familiarity (Gardiner
& Richardson-Klavehn, 2000; Yonelinas et al., 2024; see
Methods).

Next, we assessed source monitoring (Johnson et al.,
1993). Participants indicated whether each old objects had
appeared in an expected or surprising context, with a “don’t
know” option to allow for guesses (Bayen et al., 2000;
Kuhlmann & Touron, 2012). Crucially, they were told that
retrieving the specific scene was unnecessary; only whether
it had rendered the object to be judged expected or surpris-
ing. Because this task focused participants on recalling only
the degree of expectedness (Dobbins & McCarthy, 2008;
Ortiz-Tudela et al., 2024), it should be less susceptible to
schema-related retrieval and guessing than standard episodic
memory tasks. For example, Gray and Gallo (2015) dem-
onstrated that orienting retrieval toward recollection via a
recapitulation strategy (Rugg & Wilding, 2000) effectively
reduced reliance on familiarity-based strategy in a recogni-
tion memory task. In Experiment 2, we added an associative
memory test using a four-alternative forced-choice (4AFC)
task, which presented four scenes (including a target and a
semantically related foil scene).

To summarise, according to SLIMM, in the absence of
schema-related retrieval, overall performance in item recog-
nition should show a U-shaped function, with performance
at the extremes driven more often by recollection for unex-
pected items, but by familiarity for expected items. Like-
wise, associative memory should show a U-shaped function,
with better memory for both highly expected and unexpected
pairs, relative to moderate pairs. For source memory how-
ever, SLIMM predicts memory should be best for surpris-
ing trials, since this is when SLIMM claims that contextual
details are also stored. However, all these predictions can be
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overridden if other strategies are used at retrieval, such as
using schema to reconstruct memory for an event.

General experimental design

We conducted four experiments (see Table 1). All experi-
ments used the same study phase, as detailed below, but
varied in the retrieval methods employed in the test phase.
Experiments 1a and 1b addressed our basic research ques-
tion concerning the putative parallel benefits of surprise and
expectedness on memory performance (i.e., the U-shaped
pattern) by employing a variety of memory tests. In Experi-
ment 1a, retrieval occurred shortly after encoding, while in
Experiment 1b, retrieval occurred after a delay of approxi-
mately 24 hours, to see if delay moderated or dissociated
effects of surprise or expectedness (e.g., if consolidation
processes were biased towards schema-congruent informa-
tion, as suggested by van Kesteren et al., 2012; van Kes-
teren et al., 2013b). All experiments were conducted within
participants.

Methods
Participants

A total of 138 native Hebrew-speaking or native English-
speaking university students participated in one of four
experiments. See participants numbers and demographic
data per experiment in Table 1. All participants had normal
or corrected-to-normal vision and were screened to ensure
that they had no known psychiatric diagnoses. Participants
were compensated with either monetary compensation or
university credit. Each participant received verbal instruc-
tions, on-screen instructions and feedback in their primary
language. Written informed consent was obtained from all
participants prior to participation. Consent was obtained for
Experiments la, 1b, 2b in a manner approved by the Reich-
man University institutional review board, and for Experi-
ment 2a in a manner approved by the Cambridge Psycho-
logical Research Ethics Committee. Participants performing
at chance levels were excluded. For item recognition, we

Table 1 Experimental conditions

excluded participants whose false alarm rate did not signifi-
cantly differ from 50% for the new items (binomial test). For
source memory, we excluded participants whose response
distribution did not significantly differ from chance (33.3%
of all tested items; per expected/surprising/don’t know cat-
egories; chi-square goodness-of-fit test). Two participants
were excluded from the item recognition analyses (one
from Experiment 2a and one from Experiment 2b) and two
from the source memory analyses (one each from Experi-
ments 1b and 2b). We used G*Power (Version 3.1.9.7;
Faul et al., 2007) to calculate the required sample size
for Experiments 1a, 1b and 2a. The key analysis involved
computing contrasts and fitting linear mixed-effects mod-
els. Previous studies measuring similar U-shaped mem-
ory curves have demonstrated an effect size of d = ~0.8
(Greve et al., 2019). For planning purposes, we assumed
a medium effect size (d = 0.5) for a matched-pairs ¢ test,
with an alpha of 0.05 and a power of 0.80. Based on these
parameters, the required sample size was n = 27. Expect-
ing some drop-out, we collected data from 27-32 par-
ticipants in each of these three experiments. Experiment
2b was an fMRI study, and we planned the number of
participants with criteria and simulations to match this
fMRI study’s goal. Based on these criteria, we recruited
47 participants for this study. Following a reviewer’s con-
cerns regarding the fit of the power analysis methodology
to the planned analyses, we conducted a post hoc simu-
lation-based power analysis to assess whether any of the
experiments were underpowered. Results are reported in
the Results section.

Stimulus materials

We prepared 200 images, each presenting a typical scene
from daily life or nature (e.g., a bakery, parking lot, moun-
tain landscape). Initially, each scene was paired with a
schema-congruent object (e.g., a loaf of bread in a bakery),
forming a pool of objects across all scenes. From this pool,
we then selected three additional objects for each scene,
resulting in a total of four associated objects per scene: two
schema-congruent objects and two schema-incongruent

Experiment Retrieval tests

Other conditions

Number of participants Mean age [age range]

Experiment la Recognition memory; Source memory

Experiment 1b Recognition memory; Source memory
Experiment 2a Recognition memory; Source memory; 4AFC

Experiment 2b Recognition memory; Source memory; 4AFC

32; 23 females 23.4 (18-27)
Retrieval post 24H 32; 21 females 24.2 (18-31)
27; 14 females 22.3 (18-35)
Encoding in scanner 47, 35 females 24.5 (20-35)

Experiments 2a and 2b employed similar paradigms to Experiment 1a, with the addition of a 4AFC associative memory test. Experiment 2a took
place in the lab, whereas in Experiment 2b encoding took place during an fMRI scan

@ Springer



Memory & Cognition

objects. However, each scene was presented with only one
embedded object per participant.

The two objects that were congruent with the same scene
were generally semantically related. Each object—scene
pairing was designed so that both objects that are schema-
congruent with one scene become schema-incongruent
when placed in a specific other scene, and vice versa. For
example, for a scene of a classic museum hall we had two
congruent objects, a sculpture of a lion and a sculpture of
a woman, each embedded into the scene and placed on the
hall floor in suitable locations. We then had two incongru-
ent objects, a cigarette packet and an alcohol bottle, each
placed on the hall floor. In contrast, these four objects served
as incongruent and congruent objects, respectively, when
embedded into a convenience store scene (i.e., in the context
of a convenient store the sculpture of a lion and sculpture
of a woman were incongruent, while cigarette packet and
alcohol bottle were congruent items). To determine whether
any given scene—object pairing was congruent or incongru-
ent, we conducted an online Qualtrics experiment in which
an independent set of participants (who were not part of
the main experiments) evaluated 800 combinations (200
scenes, each paired with four objects) and rated the level of
expectedness/surprise they felt when observing each of the
combinations. Ratings were selected from four categories:
“highly expected,” “moderately expected,” “moderately sur-
prising,” or “highly surprising.” Each participant rated 50
combinations, evenly split between assumed expected and
surprising scene—object pairings, with no scene repeated.
Each scene—object combination was rated by 25-30 partici-
pants, and the majority rating (above 60%) determined its
classification as congruent or incongruent.

Using these ratings, we constructed four sets of stimuli
in which each scene was paired with one of the four objects,
such that there were 100 assumedly expected scene—object
pairs and 100 assumedly surprising scene—object pairs in
each set. Each participant was randomly assigned to view
one of these sets, with condition counterbalanced across
participants. To ensure equal numbers of expected and sur-
prising combinations across all four sets, we adjusted or
replaced certain objects and scene images as needed. These
modified scene—object combinations were then validated by
additional online participant groups. All images of scenes,
objects and their combinations are available in the OSF site
(https://osf.io/u8fzy/files/osfstorage).

Procedure
Study phase
In each trial of the study phase, participants were instructed

to carefully inspect a scene image which they viewed for
4 s. After a short delay marked by a fixation cross, the

same scene reappeared on screen with an object embedded
within it, remaining visible until participants responded or
until 5 s had passed (the latter option was only practiced in
Experiment 2b). The embedded object was highlighted by
a size-appropriate yellow circle or oval. Participants were
instructed to classify the object as highly expected, moder-
ately expected, moderately surprising, or highly surprising
within the context of the background scene, using one of four
designated buttons on the keyboard. Once a selection was
made or 5-s elapsed, the scene—object image disappeared,
replaced by a fixation cross. Participants were notified that
a memory test would follow the study. See the experimental
paradigm schematics in Fig. 1.

A total of 200 scenes were presented, with 100 indepen-
dently rated as congruent and 100 as incongruent, as previ-
ously described. The sequence of trials, both scene-only and
scene-plus-object presentations, were mixed with baseline
fixation interstimulus intervals (ISI), averaging 1 second and
ranging from 0.2 to 1.7 s. All images were presented cen-
trally on a black background, with task instructions shown in
white below each image. The 200 scenes and 200 integrated
scene—object pairs were divided into four blocks of 50 tri-
als each, with 25 congruent and 25 incongruent pairs per
block. Trial order within each block was randomized, and
participants had three self-paced short breaks between the
four blocks. The study phase lasted about 30 min.

Participants indicated their choice by pressing one of four
buttons (X, C, N, M) using the middle and index fingers of
each hand. Counterbalancing involved each participant being
assigned to (a) one of the four stimulus sets (see Stimulus
materials above) and (b) one of two orders for the four but-
tons for the congruency categories judgment (right to left or
left to right). By this counterbalancing scheme, each scene
appeared in only one condition per participant but equally
often in congruent and incongruent conditions across the
sample. Before the study phase, participants completed a
brief practice session with sample trials.

Test phase

Following the study phase (immediately in Experiments 1a,
2a, 2b, or after approximately 24 hours in Experiment 1b),
participants performed two or three types of memory test,
in the following order:

Item recognition test Participants viewed 400 single object
images: 200 studied and 200 new objects. For each partici-
pant, the “new” objects were the 200 items from the 400
object-stimulus set that were not shown during study (see
Stimulus materials), such that scene congruency could not
determine old/new status. For each object, participants
responded whether it was an “old” (previously seen) or
“new” (not previously seen) object, or that they “did not
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Study phase

Expected or surprising?
1 of 4 optional categories

Observe

Test phase

Item recognition

Old/new/don’t know?

Remember/known?

Only if correct old

Source memory

Expected/surprising
/don’t know event?

\ 4

4 AFC associative test

Which background scene was
associated to this object?

Only in Experiments 2a and 2b

Fig. 1 Experimental Paradigm. Notes. During the study phase, partic-
ipants viewed scene images. Then, an object image was shown inte-
grated in the scene, marked by a yellow circle/oval. The participants’
task was to indicate the congruency of the object and scene using 4
levels. Memory was tested immediately after study (Experiment la,
2a, 2b) or 24 hours later (Experiment 1b), using an old/new item rec-

know.” When they recognized an object, they then classified
the memory as either “remembered” or “known” (Yonelinas
et al., 2024). We instructed participants that they would per-
form the “remembered” or “known” task only for old objects
that they had correctly identified in the preceding “old/new”
task. Prior to the recognition test, participants were trained
to correctly distinguish between these two types of memory
judgments, using instructions based on Migo et al. (2012).
After responding, the next trial appeared on screen. There
were two self-paced short breaks during this task.

Source memory test Participants were presented with the
200 objects studied earlier and indicated whether each had
been judged as expected or surprising when it appeared in
the scene image at study. A third “don’t know” option was
also available. We emphasized that remembering the actual
scene was not needed, and that participants should instead
focus on retrieving their feeling of expectedness or surprise
for the study trial. After a response was made, the next trial
appeared on the screen, and a self-paced short break was
available after the first 100 trials. Prior to the source mem-
ory test, participants received relevant task instructions and
training.

@ Springer
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ognition task with remember/known judgments, followed by a source
memory test, in which participants recalled if the event in which the
presented object was shown was expected or surprising. In Experi-
ments 2a and 2b, there was also a final 4AFC associative memory
test, in which participants selected the background scene in which the
object had been originally shown

AFC associative memory test (Experiments 2a and 2b
only) Following the source memory task, participants
completed an associative memory test, selecting the spe-
cific scene in which the object was embedded during study.
On each trial, four scene images were randomly presented
in a row on the screen, one target scene and three foils, all
of which had been previously studied with other objects.
The foils were selected to control congruency effects. If the
object was originally part of a congruent scene, one foil was
also congruent and the remaining two foils were incongru-
ent or unrelated. If the original pairing was incongruent,
one foil was also incongruent and the other two foils were
congruent. Thus, each of the 4AFC sets always contained
two congruent and two incongruent scenes. Study and test
tasks were programmed and administered using PsychoPy
(Peirce et al., 2019).

Analyses

We used logistic linear mixed-effects model to fit binary
accuracy outcomes for every trial (correct/incorrect) using
congruency category (highly expected, moderately expected,
moderately surprising, highly surprising) as the independent
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variable, and participants and items as random intercepts
and random slopes. This methodology follows recommenda-
tions for confirmatory hypothesis testing aiming to minimize
Type 1 errors (Barr et al., 2013). Alternative optimizers were
employed where needed to achieve convergence. Near-sin-
gularity warnings in some models reflected near-zero vari-
ance in stimulus-set random effects, indicating negligible
between-stimulus variability; these terms were retained in
accordance with Barr et al. (2013).

To assess the critical measures (i.e., potential U-shaped
and/or linear trend patterns across the congruency levels),
we used a linear + quadratic function to fit the four congru-
ency categories (e.g., Ortiz-Tudela et al., 2023; Quent et al.,
2022) using Ime4 (Bates et al., 2015) and ImerTest (Kuznet-
sova et al., 2017) packages in R (R Core Team, 2021), using
the Satterthwaite estimate of degrees of freedom (DF; Sat-
terthwaite, 1946). Given that the full four-level factor was
modelled continuously via the polynomial terms, no post
hoc contrasts were necessary. Notably, the four congruency
levels were based on participants’ ratings collected during
the study phase.

In the item recognition test in which we separated correct
responses of old objects into recollection and familiarity, we
assumed independence between recollection and familiarity
(Yonelinas, 2002). Accuracy of recollection was measured
by assigning 1 to all items called “remembered” and O to
all other old (studied) items. Accuracy of familiarity was
measured by assigning 1 to all items called “known” and O
to all studied items excluding the remembered items.

The dependent variable is binary, representing the accu-
racy of test responses (old objects called “old” and new
objects called “new”). Although participants could select
a “don’t know” option to indicate retrieval uncertainty in
both item recognition and source memory tests, accurate
responses may still contain guesses. We modelled and
assessed the guessing component in item recognition and
source memory tests using multinomial processing tree

Table 2 RTs for expectedness/surprise ratings at encoding

(MPT) analysis, as detailed in the Supplemental Material
(Erdfelder et al., 2009; Schmidt et al., 2025).

Results

We obtained similar results across all four experiments, so
we present summary tables and figures for all experiments
together (for each memory test separately), using the congru-
ency categories defined by the individual participants during
the study phase.

In the associative memory task, we observed a signifi-
cant schema bias related to the foil stimuli. This bias was
confirmed and corrected in a follow-up Experiment S1. As
a result, the outcome of the associative memory task does
not inform our central question of how expectedness and
surprise influence retrieval. However, for completeness we
report the analyses, results and discussion of the associative
memory task, including those from Experiment S1, in the
Supplemental Material (see narrative and Figs. S8—S9 and
Tables S5-S9).

Study phase results

Study task ratings were similar across experiments, with
most responses falling in the “highly expected” and “highly
surprising” categories. For illustration, Supplemental Fig. S1
shows mean number of responses per congruency category
and participant in Experiment 1a. Acceptable response rates
exceeded 97% (Table 2). Reaction times (RTs) showed an
inverted U-shape across congruency, with slower RTs for
moderate categories than for the extremes (see Fig. S2 in the
Supplemental Material). Trial-based logistic linear mixed
effects model confirmed this inverted U-shape (Table 2). The
positive linear component further indicated an additional
pattern of slower RTs for “highly surprising” than “highly
expected” items. Table 2 also reports the mean and standard

Experiment la 1b

2a 2b

Fitting linear and quadratic model
Linear comp.
Quadratic comp.

DF 6312 6301

Mean RT (SD) - sec 2.21(.52) 2.41(.57)

Mean response propor- 989 989
tions

N Participants 32 32

B=.028; z= 3.48; p <.001 P=.081;2z=9.4;p <. 001 P=.043; z=5.2; p<.001
B=-.55; 2=—36.7; p <.001 PB=-.69;2=43.3;p <.001 P=-.51;2z=—35.7;p <.001 P=-.58; z=—46.8;p <. 001

B=.050; z=—7.5; p <.001

5321 8053
2.18(.60) 2.46(.56)
.990 976

27 47

Results of linear mixed effects model were fit to study RT in trials across experiments. § and z represent the coefficients of the linear and quad-
ratic components in the models; comp — component; DF is the degrees of freedom. The numbers in parentheses show standard deviations (SD)
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deviation of RTs (collapsed across congruency) which did
not reveal any differences.

Item-recognition test results

Figure 2 shows a consistent congruency advantage across
experiments. Recognition accuracy typically decreased from
objects rated highly expected to those rated highly surprising
(except in Experiment 2b, where highly surprising objects
showed a slight increase relative to moderately surprising
objects).

Table 3 reports the accuracy analysis results of item rec-
ognition per congruency categories. We report the fixed
effects results and their confidence intervals, the random
effects variances and the degrees of freedom. Logistic linear

mixed models fit to trial level item recognition showed a sig-
nificant negative linear relationship with surprise across all
experiments. No significant quadratic component emerged,
except for Experiment 2b, where an additional positive quad-
ratic term revealed a left-tilted (declining toward surprising
categories) U-shape pattern (Table 3). The R-code model
equation is shown below. Additionally, we report in Table 3
the descriptive statistics of item recognition, including the
old/new/don’t know responses.

Although declared uncertainty (“don’t know”) rates were
low, we used multinomial processing tree (MPT) to model
latent guessing within ‘accuracy’ responses. Optimized
model results indicated negligible contributions of guesses
<2% (see Supplemental Material Table S1 and Figs. S3-S4).

R-code model equation:

model.old.items.sq = glmer(old_items_accuracy ~ congruency + I(congruency*)+
(1 + congruency|participant) + (1 + congruency|items), data.old, family = binomial)

Item recognition accuracy
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Fig.2 Item Recognition Accuracy. Notes. Boxplots of trial-averaged
item recognition accuracy for each participant (joined by lines) for
each of the four congruency categories that were indicated by par-
ticipants during the study phase in Experiment la (A), Experiment
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1b (B), Experiment 2a (C) and Experiment 2b (D). “h” and “m”
respectively indicate ‘highly’ and ‘moderately’ with respect to either
the expected or surprising congruency categories. Red dots represent
means, and the middle horizontal bold lines indicate medians
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Table 3 Item recognition accuracy analyses

Experiment la 1b 2a 2b
Fitting linear and quadratic model
Linear comp. Fixed effects g =-.19; z=—4.1; p=-.14; z=—3.4; pf=-.20; z=—4.0; p=—-0.21; z=-5.2;
CI for p <.001 p <.001 p <.001 p <.001
[-.28 : -.10] [-.21: -.05] [-.30: -.10] [-.30 : -.13]
Quadratic comp. Fixed effects p=.04; z=.74, p=.01; z=.1; p=-.03; z=-.57, p=.17; z=3.5;
CIfor p=.46 p=293 p=.57 p <.001
[-.07 :.16] [-.11:.12] [-.13:.09] [.07 :.26]
Particip. rand. Var 12,=.30; t%,=.03; t2)=.54; 7%4,=.02; 2)=47; 14=.02; ?=.21; 7%,=.03;
Item rand. var 1:20:.70; 121:.02; rZO:.64; 1:21:.03; 1:20:.71; 1:2]:.10; 1:20:.67; 1:21:.15;
Congruency range CI of minima point [-.1.16: 1.18]
[.21 :.1.07]
DF 6320 6316 5144 8666
Old items
Hits - means .67 (.11) .50 (.15) .66 (.12) .61 (.10)
Across categories 73;.69;.65;.64 .55;.53;.49;.49 71,.69;.65;.62 .68;.61;.56;.60
DK - means .04 (.04) 14 (.13) .05 (.08) 10 (.11)
Across categories .02;.03;.05;.05 13;.12;.15;.14 .05;.07,.05;.07 07;.09;.11;.10
Misses - means 29 (.12) .36 (.15) 29 (.12) 29 (.12)
Across categories .25;.28;.30;.31 .32;.35;.36;.37 .24;.24,.30;.31 .25;.30;.33;.30
New items
CR .80 (.12) 70 (.17) .83 (.16) T2 (17)
False alarms .06 (.08) .06 (.07) .06 (.08) .05 (.08)
N participants 32 32 26 46

Results of logistic linear mixed effects model fit to accuracy in item recognition trials across experiments.  and z represent the coefficients of
the linear and quadratic fixed components in the models; Particip. — participants; rand var. — random variable variances; comp — components;
CI - confidence interval; rzov 72, respectively represent the intercept and slope variances of the random variables. In case of valid U-shaped we
show the congruency continuous range and the CI range of the minima point; DF is the degrees of freedom. Across categories lines indicate the
means values in each of the 4 congruency categories — from highly expected toward highly surprising. DK — don’t know response; CR — cor-
rectly rejected responses; the numbers in parentheses show standard deviations (SD). N - Number of participants whose data was used in item
recognition and recollection analyses, excluding those who performed at or above the chance level threshold

Item recollection and familiarity expressed

Trial-based logistic linear mixed effects models fit sepa-

in“remember” and “know” responses

Of those old items correctly recognised as old, the propor-
tion receiving a “remember” (R) or “know” (K) judgment
are shown in Fig. 3. Estimates of familiarity (F) are also
shown, under the assumption that familiarity is independent
of recollection (which is assumed to underlie “remember”
responses; i.e., by expressing familiarity as the proportion
of trials receiving “know” responses out of those studied
trials that were not endorsed with a “remember” response;
Yonelinas, 2002). In brief, recollection increased with
greater expectedness, whereas familiarity mostly increased
with greater surprise.

rately to recollection and familiarity across congruency
categories showed a significant negative linear effect of
recollection in every experiment, with an additional posi-
tive quadratic term in Experiment 2b. This quadratic effect
does not indicate a U-shape pattern as the minima points
are external to the congruency range. In addition, famili-
arity showed a significant positive linear effect in three of
the four experiments. We report the fixed effects results and
their confidence intervals, the random effects variances and
the degrees of freedom. These results are shown in Table 4.
The R-code model equation for recollection is shown below
whereas the familiarity equation is similar. Additionally, we
report in Table 4 the descriptive statistics of recollection and
familiarity. R-code model equation for recollection:

model.recollect.sq = glmer(recollection ~ congruency + I(congruency*)+

(1 + congruency|participant) + (1 + congruency|items),
data.recollect, family = binomial)
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Recollection/familiarity/known (R/F/K) accuracies
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Fig.3 Item Recognition Accurate Trials Mapped onto Recollection/
Familiarity. Notes. The proportion of old items that were correctly
recognized (hits) and subsequently judged to be remembered or
known mapped onto recollection (R) and familiarity (F) measures and
shown together with the known (K) proportions as a function of the
congruency categories defined by each participant during the study

Source memory test results

Source memory for whether an object appeared in an
expected or surprising context showed a U-shaped pattern
in all four experiments (Fig. 4; i.e., high levels of expect-
edness or surprise were remembered better than moderate
levels).

phase for Experiment la (A), Experiment 1b (B), Experiment 2a (C)
and Experiment 2b (D). “h” and “m” respectively indicate ‘highly’
and ‘moderately’ with respect to either the expected or surprising
congruency categories. The error bars represent standard error of the
mean

Trial-level logistic linear mixed effects models of source
memory revealed a U-shape function across all experi-
ments, driven by a significant quadratic component in all
cases, with an internal minimum. The linear component did
not show any trend. We report the fixed effects results and
their confidence intervals, the random effects variances and
the degrees of freedom (Table 5). Descriptive statistics are
shown at the bottom of Table 5. The R-code model equation
for source memory is shown below:

model.source.sq = glmer(sourceMemory ~ congruency + I(congruency®)+

(1 + congruency|participant) + (1 + congruency|items),
data.source, family = binomial)
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Table 4 Recollection/familiarity analyses

Experiment la 1b 2a 2b
Fitting model for recollection
Linear comp. p=-.50; z=—6.9; p=-.44; z=-5.9; p=-.61; z=-9.7; p=-.50; z=—9.6;
CI for g p <.001 p <.001 p <.001 p <.001

[-.64 :-.35] [-.58 : -.29] [-.73 : -.49] [-.60 : -.40]
Quadratic comp. p=.06; z=1.4; p=.01; z=.10; p=-.05; z=-.78; f=.10; z=1.87;
CI for f p=.17 p=.95 p =43 p =.06

[-.03:.19] [-.13:.13] [-.16 :.07] [-.0:.19]
Particip. rand. var r20=.68; rzl=.13; rzo=.85; rzl=.12; rzo=.36; 'rzl=.06; 120=.50; 1:21=.07;
Item rand. var 12=53; 1*,=.07; 1%,=.68; t*,<.01; =11; t*,=.10; 1%,=.70; ©*,=.15;
DF 6320 6316 5144 8666
Means across categories .57,.46;.39;.35 .33;.27,.20;.18 .59;.53;.41;.32 52;.41;.31;.31
Fitting model for familiarity
Linear comp. CI for p=.15; z=2.5; p=.08; z=1.6; p=.33; z=4.2; p=.18; z=3.3;

p <.05 p=11 p <..001 p <..01

[.03 :.27] [-.02:.17] [.17 :.48] [.07 :.29]
Quadratic comp. f=-.07; z=-.8; B=-.06; z=-.86; p=-.12; z=—1.6; p=.08; z=1.2;
CI for p=41 p=.39 p=.12 p=.22

[-.21:.08] [-.18 :.07] [-.27 :.03] [-.05 :.20]
Particip rand. var 12,=.66; t%,=.05; 2 )=.44; 7%,=.03; ©2,=.30; t%,=.09; ?y=45; v*,=.07;
Item rand. var 2=45; T4,<.01; =47, 1%,=.02; 1%=.35; 1%,=.03; 1%,=.33; 1%,=.05;
DF 3504 4742 2830 5248
Across categories .33;.40;.39;.41 .32;.34;.35;.36 .26;.36;.39;.44 .32;.33;.34;.41

Results from trial level logistic linear mixed effects models fit separately to recollection and familiarity across experiments. Recollection
declined monotonously from expectedness to surprise across all experiments whereas familiarity showed the opposite pattern of increase across
this range in three of the four experiments.  and z represent the coefficients of the linear and quadratic components in the models; Particip. —

participants; rand var. — random variable variances; comp — components; CI — confidence interval; 1'20' T

2,— respectively represent the intercept

and slope variances of the random variables. DF is the degrees of freedom; Across categories lines indicate the means values in each of the 4

congruency categories — from highly expected toward highly surprising

To assess the possibility that some accurate responses
reflected guessing, we estimated the guess proportions
within correct responses using multinomial processing trees
(MPT), similar to the item recognition analysis (without new
items). Optimized estimates indicated low percentages of
guesses within accurate responses (<6%) (see Supplemen-
tal Material Table S2, Figs. S5-S6). We further tested the
robustness of these estimates by randomly removing 6% of
correct trials and repeating the linear plus quadratic statis-
tical tests (n = 100 iterations). The quadratic component
remained significant across all four experiments, confirming
the robustness of the U-shaped pattern to guesses (see Sup-
plemental Material Fig. S7).

To test whether the item recognition test influenced the
subsequent source memory test, we fitted generalized linear
mixed-effects models (GLMMs) predicting source memory
accuracy from item recognition accuracy. The additional
variance explained (differences of R?) by item accuracy
was 0.09 in Experiment la, 0.13 in Experiment 1b, 0.10
in Experiment 2a and 0.15 in Experiment 2b. The model
specification, analyses and full results are shown in Table S3
in the Supplemental Material. Next, we repeated the source
memory analysis while limiting the analyzed trials to those

in which participants provided accurate responses to old
items in the recognition test. Our results still confirmed the
U-shaped pattern in all four experiments, with very simi-
lar results (see the results in Table S4 in the Supplemental
Material).

An interesting further observation in Fig. 4 is the wider
spread of source memory accuracy across participants for
expected relative to surprising events. This difference in
variance was confirmed statistically by Levene’s test across
all four experiments (Table 5). Moreover, performance in
the congruent conditions appeared to be bimodal, with one
subgroup performing at levels comparable to the surprising
conditions and others performing lower (see distribution of
gray lines in “h.expect” condition).

Post hoc power analysis

Following reviewer concerns regarding the appropriateness
of G*Power for our experimental designs, we conducted a
simulation-based power analysis. G¥Power assumes a sin-
gle observation per participant per condition, and its default
repeated-measures ANOVA implementation further inflates
sample size estimates by assuming a “double dissociation”
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Source memory task accuracies
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Fig.4 Source Memory Accuracies. Notes. Proportion of source mem-
ory accuracy judgments as function of the four congruency categories
that were endorsed by participants during the study phase in Experi-
ment la (A), Experiment 1b (B), Experiment 2a (C) and Experiment

effect structure (Thibault et al., 2024). Neither assumption
holds for the present designs, in which participants contrib-
uted many trials per condition (Brysbaert & Stevens, 2018).

To avoid the circularity of estimating power from our own
observed effects, we based the simulations on effect sizes
drawn from an independent study. We used Ortiz-Tudela
et al. (2024), whose paradigm and mixed-model analysis
of source and item memory closely parallel our own, and
whose young-adult ending-recognition and cue-recognition
tasks provide suitable independent estimates of the quadratic
congruency effect and the linear item-recognition effect,
respectively. From their reported polynomial components,
we derived fixed-effect coefficients on the log-odds scale of
our own predictor and substituted these into each experi-
ment’s fitted model, retaining its design and the estimated
random-effects structure. Power was estimated using a simu-
lation procedure equivalent to that of the simr package in
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2b (D). “h” and “m” respectively indicate ‘highly’ and ‘moderately’
with respect to either the expected or surprising congruency catego-
ries. Red dots represent means, and the middle horizontal bold lines
indicate medians

R (Green & MacLeod, 2016; Kumle et al., 2021) imple-
mented directly in R to accommodate independently gener-
ated fixed effects. Simulations of power were based on the
fitted glmer model for source memory accuracy, focusing on
the quadratic congruency effect in source memory—the pri-
mary fixed effect of interest—and on the linear fixed effect
in item recognition. Simulations were run across a range of
participants sample sizes, with 100 iterations per sample size
point. See detailed procedure in the Supplemental Material.

Across all four experiments, 80% power was reached
at sample sizes below those we planned and collected: for
both the quadratic congruency effect in source memory (N =
7-15) and the linear effect in item recognition (N = 14-22),
confirming that the designs were adequately powered to
detect effects of the magnitude reported by Ortiz-Tudela
et al. (2024) (see Table S10 and Fig. S10 in the Supplemen-
tal Material).
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Table5 Source memory accuracy analyses

Experiment la 1b 2a 2b
Fitting linear and quadratic model
Linear comp. p=.42; z=1.2; p=-.01; z=.07; p=.44; z=1.67; B=.10; z=.45;
CI for g p=.21 p=.94 p=.10 p =.66

[-.14 :.62] [-.33:.35] [-.08 :.95] [-.34 :.53]
Quadratic comp. p=.30; z=5.7; p=.30; z=5.5; p=.39; z=74; p=.37; z=8.0;
CI for g p <.001 p <.001 p <.001 p <.001

[.20 :.41] [.19 :.41] [.29 :.50] [.28 :.46]
Congruency range [-1.17 : 1.18] [-1.13:1.19] [-1.16: 1.18] [-1.15:1.18]
CI of minima point [—1.04 :.24] [-.58 :.54] [.56 : 1.78] [-.72 :.46]
Particip. rand. var 12,=.60; 1°,=.35; 12,=.56; 1%,=.13; =41; 1%,=.06; =22; 1°,=.13;
Item rand. var ?y=.17; 7%,=.20; t?)=.15; T% =44, 12,<.01; 7%, <.01; t2,=.26; t%,=.36;
DF 6320 6117 5248 8468
Levene’s test: F=30.4; F=6.0; F=11.9; F=24.8;
Compared p <.001; p <.05; p <.01; p <.001;
Variances DF=62 DF=60 DF=52 DF=84
Descriptive statistics
Hits — means 49 (.17) .37 (.16) .50 (.15) 40 (.14)
Across categories 46;.42;.43;.57 40;.32;.30;.38 .48;.43;.42;.60 41;.32;.34;.46
DK - means 32(.21) 46 (.21) 33 (.12) 44 (.18)
Across categories .39:.34;.31;.26 45;.47,.43;.41 .39;.40,.27,.27 .48;.49;.44,.39
Missed — means .19 (.09) 17 (.07) 17 (.07) .16 (.08)
Across categories 15;.24;.26;.17 15;.21;.28;.21 13;.17;.31;.13 11;.19;.22;.15
N participants 31 30 27 46

Results of logistic linear mixed effects models fit to source memory accuracy measures across congruency categories showing U-shaped patterns
in all four experiments. f§ and z represent the coefficients of the linear and quadratic components in the models; Particip. — participants; rand var.
— random variable variances; comp. — components; CI — confidence interval, 120, 72,— respectively represent the intercept and slope variances
of the random variables. In case of valid U-shaped we show the congruency continuous range and the CI range of the minima point; DF is the
degrees of freedom. The variances of congruent versus incongruent conditions (collapsed across high/moderate) were compared using Levene’s
Test. DK — don’t know; Across categories lines indicate the means values in each of the 4 congruency categories — from highly expected toward

highly surprising

Discussion

We examined the SLIMM framework’s prediction that
both schema-violating (surprising) and schema-compliant
(expected) experiences provide mnemonic benefits com-
pared with moderately surprising or moderately expected
experiences, and that surprising events should benefit from
greater recollection of their contextual details (source mem-
ory). Participants viewed scene images containing either
congruent or incongruent objects and categorized their
level of surprise or expectedness. Following this encoding,
memory was assessed through an item recognition (old/
new) test, further categorized by recollection and familiar-
ity; and a source memory test, in which participants recalled
their expectedness/surprise selection at encoding. Contrary
to SLIMM, item recognition showed only an advantage
for expected objects, which was driven by recollection
(not familiarity), while source memory results showed a
U-shaped function across congruency levels (not an advan-
tage for surprising trials only). In Experiments 2a and 2b,
we also administered an associative memory test, in which

participants identified the scene in which an object had been
embedded, but interpretation of these results is hindered by
a confound; when we controlled for this confound in Experi-
ment S1, an advantage emerged for surprising trials, though
this pattern was presumably biased by foil-target competition
and depended on overall performance level (see Supplemen-
tary Material).

Advantage for expected objects
in the item-recognition test

Across Experiments 1a, 1b, 2a, and 2b, item recognition was
higher for expected than for surprising trials. Modelling the
proportion of guesses within accurate responses revealed
a negligible percentage of guesses in all four experiments,
suggesting this is not simply a guessing bias. These results
replicate findings from several previous studies (Alejandro
et al., 2021; Bein et al., 2015; Frank et al., 2018; Packard
et al., 2017; Packard & Soto-Faraco, 2025; Staresina et al.,
2009; van Kesteren et al., 2013a; though see Ortiz-Tudela
et al., 2024), which reported an advantage for recognizing
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items previously encountered in a congruent context, which
in our case is the background scene, compared with an
incongruent context. This pattern was evident in both imme-
diate and delayed (next-day) tests.

Moreover, this memory advantage was linked to recollec-
tion. One explanation for this recollection-based congruency
advantage is that participants generate semantic associations
of the object probes presented at test (Barsalou, 1982; Kutas
& Federmeier, 2000; Tulving & Thomson, 1973). These
associations are more likely to facilitate recollection of a pre-
viously studied congruent context than an incongruent one
(Bein et al., 2015; Craik & Tulving, 1975). This recollection
advantage could arise from two sources: First, the item probe
may cue a semantic associate that appeared in the scene,
thereby triggering retrieval of that scene (henceforth, “scene
source”). Second, the item probe may cue a semantic asso-
ciate that was not present in the scene but was nonetheless
generated during retrieval (“schema-related source”). Both
types of retrieval are likely to be experienced as recollection
(see also Craik & Tulving, 1975; Moscovitch & Craik, 1976;
Steyvers & Hemmer, 2012). In contrast, generating semantic
associations to a cue is less likely to facilitate recollection
during an unexpected trial, because such associations are
less likely to have been formed during study within an incon-
gruent scene. One limitation concerns the remember/know
procedure: because participants judged only objects they had
correctly identified as old, the indirect accuracy feedback
may have inflated “remember” relative to “know” responses.
We cannot rule out this bias, but as it would apply across
all congruency levels, it is unlikely to account for the recol-
lection differences between expected and surprising trials.

This congruency bias may have obscured potential ben-
efits for the encoding of highly surprising objects, which
could arise from prediction error or heightened attention at
study (Brewer & Treyens, 1981; Greve et al., 2017; Quent
et al., 2021). The left-tilted U-shape in Experiment 2b may
indicate that such obscuring was sometimes partial. Moreo-
ver, the strategy of generating schema-related (or semanti-
cally related) associations at retrieval does not always facili-
tate memory and is not always feasible. For example, some
previous studies found the opposite pattern (to our data) of
higher recollection of unexpected trials (Cycowicz et al.,
2008; Kafkas & Montaldi, 2018; W.-C. Wang et al., 2018).
We suspect that the reason for the discrepancy is that the
use of semantically-generated cues at retrieval did not help
performance in those studies. In Kafkas and Montaldi (2018)
for example, the critical test involved remembering the order
of object presentations, a task for which schema-related
retrieval offers little benefit (see also Greve et al., 2017; Kim
et al., 2014; Sinclair & Barense, 2018). In Cycowicz et al.
(2008), objects were studied with a consistent outline-color
(e.g., a yellow-outlined banana) or an inconsistent outline-
color (e.g., a blue-outlined banana). At test they were all

@ Springer

probed with a black neutral outline. Item recollection was
higher for inconsistent (surprising) probes, likely because
the canonical schema color of objects is unambiguous (e.g.,
yellow for banana) such that schema-related retrieval could
not provide any further schema associations to benefit rec-
ollection for consistent (expected) trials. Likewise, W.-C.
Wang et al. (2018) probed memory using a complete stimu-
lus, rendering schema-related retrieval ineffective. Other
demonstrations of memory benefits for schema-inconsistent
over schema-consistent objects in item-recognition may have
similar explanations. For example, after 45 s of studying
an office environment, participants recognized inconsistent
objects better than consistent ones (Mintyld & Bickman,
1992). Because all items were studied within the same physi-
cal context (an office), schema activation at retrieval would
apply broadly rather than selectively facilitating individual
congruent objects (Moscovitch & Craik, 1976; Steyvers &
Hemmer, 2012). Therefore, the distinctiveness of schema-
inconsistent objects at encoding likely explained their better
recognition. In other situations, distinctiveness or surprise-
driven encoding may be strong enough to overcome any
schema-related retrieval strategy. For example, Erdfelder
and Bredenkamp (1998) used sentences, in which schema-
inconsistent sentences were two or three times less frequent
than schema-consistent ones. This rarity may have increased
attention, outweighing any schema-related retrieval advan-
tage for consistent ones.

Assuming familiarity is independent of recollection
(Diana et al., 2006; Yonelinas, 2002), we found higher levels
of familiarity for surprising than expected objects in three
of our four experiments. This is different from other experi-
ments in which familiarity showed no reliable congruency
effect (Quent et al., 2022; Raykov et al., 2026). The reason
for this difference is unclear.

Source memory benefits from highly surprising
and highly expected events

Across all four experiments, we consistently observed a
U-shaped function in the source memory test, in which par-
ticipants retrieved whether an object had been expected or
was surprising at study: Memory performance was highest
for both highly surprising and highly expected trials com-
pared to moderately surprising or expected trials. However,
we also observed greater variability in accuracy across
participants for expected trials compared with surprising
ones: While some participants accurately remembered that
an object had been paired with a congruent scene, others
performed poorly. This variability suggests that participants
may have differed in their retrieval strategies (Unsworth,
2017), perhaps reflecting distinct retrieval orientations (Her-
ron & Wilding, 2004; Rugg & Wilding, 2000). Again, we do
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not think this result reflects guessing, because the percentage
of such guesses was estimated as <6% in all experiments.
We also assessed whether completing the item recognition
test influenced subsequent source memory performance and
found minimal impact: (a) correlating the variance estimates
from the statistical models between the two tests yielded
R? < 0.16, below the 0.25 threshold for weak shared vari-
ance, indicating independent performance across tests (Ber-
chtold, 2016; Koo & Li, 2016; Matheson, 2019); (b) the
U-shaped patterns in source memory were sustained when
analyses were limited to trials with accurate item recogni-
tion responses.

The proposed “tag” account of source memory

Participants were instructed to retrieve their feeling of
expectedness or surprise at encoding, rather than remember-
ing the specific scene paired with each object. The absence
of an item recognition advantage for surprising items, com-
bined with overall higher performance in item recognition
compared to source memory, suggests that memory perfor-
mance for congruent trials was specifically reduced in the
source memory test. In other words, participants often failed
to remember that an object had appeared in an expected
context during study, even when they could recognize that
object in the item recognition test.

One possible explanation is that participants attach a tag
for “expected” or “surprising” to encoding trials, and that
recalling an “expected” tag is more difficult than recalling a
“surprising” tag. Note that when recalling these event tags
(i.e., expectedness or surprisingness), people do not nec-
essarily retrieve other episodic details, such as the scene
itself. Previous research on eyewitness memory suggests that
individuals may recall an event as unexpected but fail to
remember its details (Tuckey & Brewer, 2003). Similarly,
research on hindsight bias shows that initial surprise can
be remembered while the reasons for that surprise are lost
through mental sense-making (Pezzo, 2003).

These tags would be more likely to be created at study
for highly surprising and for highly expected events than for
moderate ones, producing the observed U-shaped memory
pattern. Information at the extremes (perfect schema match
or complete surprise) tends to be clearer and more distinc-
tive than moderate information, and is therefore better
encoded (Gretz & Huff, 2020; Icht et al., 2014). Our study
RTs fit with this view, showing an inverted U-shaped pat-
tern across congruency, with faster RTs for highly expected
and highly surprising items and slowest RTs for the middle
items (see also Kiran & Thompson, 2003; T. Wang et al.,
2016). Furthermore, highly surprising items were slower
than highly expected items at study, reflecting an incongru-
ency cost commonly observed during encoding (Head &

Pedoe, 1990; Yacoby et al., 2023), likely due to large predic-
tion errors and extra attention that benefits encoding (Brewer
& Treyens, 1981; Kiippers & Bayen, 2014). Consequently,
these “surprisingness” tags may be more salient than the
“expectedness” tags when acting as retrieval cues (Graesser
et al., 1979; Graesser & Nakamura, 1982; McDaniel et al.,
1995).

The assumed lower salience of expectedness tags may
explain the larger variance observed among participants
in this category. Participants may have employed differ-
ent retrieval strategies when recalling the congruency of
expected events: Although participants were instructed to
recall only the degree of expectedness, it is unknown on
what they based their judgments. Some may have relied
directly on expectedness tags when these were sufficiently
salient, while others may have attempted the schema-
related strategy described earlier. This schema-related
strategy may have produced poorer source memory per-
formance than direct tag retrieval, since tag-based retrieval
requires accessing a single piece of binary information,
whereas the semantic strategy requires a cascade of suc-
cessful and relevant associations related to the scene at
study, making the probability of success lower (Tversky &
Kahneman, 1983). For example, consider a fishing rod pre-
sented in a riverbank scene. Participants could have solved
this either by recalling the expectedness tag directly, or by
retrieving associations with various congruent scenes—
lake, river, hobby shop—and attempting to match the
fishing rod to each context until the original study scene
was recalled and then determining whether the item was
expected or surprising. Mixing the poorer performance of
this multi-step semantic approach with the simpler, higher-
performance tag-based approach would result in the larger
variance observed for expected versus surprising categories
in source memory retrieval. Future studies could further
examine this increased variance in light of this, and alter-
native, explanations.

The formation of these tags may be particularly likely in
our study because the encoding task-oriented participants
toward evaluating expectancy and surprise. Indeed, repeating
similar cognitive processes at both study and test (in our case,
evaluating expectedness and surprise) generally facilitates
memory (Guo et al., 2021; Jacoby et al., 2005; Salan et al.,
2025; Schulman, 1974; Zhang & Hupbach, 2023). Support
for this explanation comes from Ortiz-Tudela et al. (2024),
who found a similar U-shaped pattern in memory accuracy
when at study participants were oriented to the expected-
ness of a cartoon ending, and at test were asked to recognize
which of three possible sequence endings had been presented
at study: expected, surprising, or neutral. Memory was better
for expected and surprising endings compared to neutral ones,
consistent with the suggested tag-based retrieval account.

@ Springer
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Comparing other source memory evidence to our findings

Several previous studies have reported schema inconsist-
ency effects (Ehrenberg & Klauer, 2005), in which source
memory showed an advantage for unexpected versus
expected contexts. In two studies, for example, participants
were asked to remember whether an object was studied
in an expected or unexpected context, or whether it was
new (Kiippers & Bayen, 2014; Schaper et al., 2019). The
inconsistency effects in these studies were attributed to the
attentional elaboration hypothesis (see below in the alterna-
tive accounts Discussion subsection). Since these studies
compared only extreme expected and unexpected contexts,
without intermediate levels, detection of a U-shaped pat-
tern was not possible. However, their finding that source
memory for unexpected events was better than for expected
events does not contradict our suggested tag account, which
explains memory benefits at the extremes of the congruency
continuum relative to moderate values. The specific direc-
tion of the effect between congruency extremes is not central
to this account and may depend on additional factors, such
as distinctiveness.

To what extent do our data align with SLIMM
and alternative accounts?

While the SLIMM framework guided the present hypoth-
eses and experiments, it is clearly not sufficient to explain
the full pattern of results: the recollection advantage of
expected over surprising trials in item recognition contra-
dicts SLIMM’s predictions, and the U-shaped pattern we
observed in source memory is not aligned with SLIMM’s
prediction of memory benefits solely in surprising trials (van
Kesteren et al., 2012). Nonetheless, if we allow for the sug-
gested schema-related retrieval strategy and for tag encoding
and retrieval processes, it becomes possible to account for
most findings across memory tests and experiments. This
framework may also account for findings in previous stud-
ies, such as the recollection advantage for expected trials
reported by Quent et al. (2022) and the U-shaped source
memory pattern observed in Ortiz-Tudela et al. (2024) (see
above). A key contribution of our experiments is the demon-
stration that memory is a complex function of both expected-
ness/surprise and the type of memory test. By contrast, our
proposed framework requires further empirical research to
evaluate and refine its predictions.

Alternative accounts predict a memory advantage for
schema-inconsistent over schema-consistent episodes that
originate during encoding. For example, the attentional
elaboration hypothesis (Brewer & Treyens, 1981; Friedman,
1979; Loftus & Mackworth, 1978) attribute this benefit to
increased attention triggered by inconsistent information

@ Springer

(McDaniel et al., 1995), which outweighs potential memory
benefits from the easier assimilation and shallower encoding
of schema-consistent information. Importantly, this account
(and see also the copy-and-tag account in Introduction)
focused exclusively on comparing the extremes of highly
inconsistent and highly consistent events, without address-
ing intermediate congruency levels, as SLIMM does, nor
does it address differences between retrieval test effects and
retrieval strategies as proposed in our framework. Conse-
quently, the schema-consistent memory benefits observed in
the item recognition test contradict these accounts’ predic-
tions, as they did not consider the semantic retrieval strate-
gies that may facilitate retrieval of schema-consistent infor-
mation. Likewise, our U-shaped source memory findings
(or those reported in Ortiz-Tudela et al., 2024) are similarly
left unexplained.

Conclusion

In this study, we investigated the effects of schema-congru-
ent and schema-violating experiences on memory, guided by
the SLIMM framework. Our data showed that participants’
perception of trials as highly or moderately expected or sur-
prising, affected memory performance in a complex manner
that depended on the type of memory test. Although we
cannot uniquely attribute effects to retrieval strategies, we
hypothesize that performance depended on two factors: first,
whether participants directly remembered the object itself
in item recognition or instead relied on a schema-related
retrieval strategy to reconstruct the studied scene (the lat-
ter would disproportionately benefit expected objects and
produce a recollection-based memory advantage), and sec-
ond, whether in source memory, participants encoded and
retrieved event tags marking whether the scene context had
been expected or surprising. In the absence of such tags, they
would fall back on the schema-related scene reconstruction,
together accounting for the U-shaped source memory pat-
tern. Thus, theoretical frameworks such as SLIMM require
further elaboration to fully account for the influence of prior
knowledge across different memory tasks and the retrieval
strategies they may engage.
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