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ABSTRACT

In repeated-event paradigms where participants are asked to recall details of a sequence of
similar instances they viewed/experienced previously, more accurate details are typically
recalled from the first and final instances (i.e., long-term primacy and recency effects).
Participants likely encode distinct attributes of details of the boundary instances that
subsequently facilitate source monitoring. To date, most repeated event research has
measured memory performance via free-/cued-recall paradigms; we examined delayed
memory for repeated events using the recognition paradigm. In two preregistered
experiments, participants viewed four videos, and after a delay completed a recognition
task. In Experiment 1 (N =168, between-subjects), participants decided whether an item was
old (i.e., presented in any video) or new, or whether an item was presented in video 1/2/3/4
or was new. In Experiment 2 (N =160, within-subjects), the old/new decision was followed
by an instance attribution decision. Old items were recognised faster in the old/new task
compared to the instance-attribution task. In the instance-attribution task, items from the
boundary instances were accurately attributed faster compared to items from the middle
instances. We found further evidence for primacy (and recency) effects in measures of
confidence, memory judgments, recognition accuracy and discriminability, and confidence-
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accuracy calibration.

Primacy (and recency) effects in delayed
recognition of items from instances of
repeated events

When remembering instances of a sequence of similar
experiences (i.e., a repeated event), such as magic shows,
stories describing days at a farm, or scenarios of domestic
violence, people’s memory for the first and final instances
is typically superior to memory for the middle instances in
measures of quantitative and qualitative accuracy, discri-
minability, rates of misattribution, and, in case of the first
instance, also rates of retention (e.g., Connolly et al.,
2016; Dilevski et al., 2021a; Dilevski et al., 2022; MacLean
et al., 2018; Powell & Thomson, 1997; Powell et al., 2003;
Roberts et al., 2015; Rubinovd & Kontogianni, 2023). First,
and to a lesser extent final, instances are frequently priori-
tised when participants choose which instance of a
repeated event to report (e.g., Danby et al, 2017; cf.
Dilevski et al, 2022". Importantly, these long-term
primacy and recency effects seem to be stable across
stimuli (from categorised wordlists through stories to
interactive events) and delays (from 10 min to almost

two months) with primacy effects typically stronger than
recency effects (Rubinova et al., 2022).

Serial position effects are also found in other areas of
long-term memory. First and final instances may become
landmarks in autobiographical memory serving as transi-
tional boundaries and organising other events within
these boundaries (e.g., Brown, 2016; Loftus & Marburger,
1983; Robinson, 1992; Shum, 1998; Thomsen & Berntsen,
2005). When remembering novels, films, and positions of
text within a page, people recall details from the begin-
nings or endings more accurately than from within the
boundaries (e.g., Doolen & Radvansky, 2021; Radvansky &
Zacks, 2017; Rothkopf, 1971). And when judging historical
events or periods, first instances and beginnings are per-
ceived as more important, interesting, and consequential
(Teigen et al., 2017).

Collectively, these findings suggest that individuals
form stronger memories of details of first (and, to a
lesser extent, final) experiences, and patterns of misattri-
bution across instances of repeated events indicate stron-
ger source memory. In other words, it appears that details
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of the boundary instances are encoded with more unique
links to instances, whereas details of the middle instances
lack these links and therefore are more easily misattribu-
ted. In the present research, we focused primarily on the
examination of the primacy (and recency) effect using a
measure of reaction time in delayed recognition of items
from instances of repeated events. We expected that
stronger source memory would be evident in faster recog-
nition judgments of presented (old) items from the first
(and final) instances compared to items from the middle
instances. To our knowledge, the present study is the
first examination of repeated event memory using this
methodology. We further examined primacy (and
recency) effects more generally using indicators of accu-
racy and metacognition, including confidence, discrimin-
ability, and memory judgments (e.g., Tulving, 1985,
1989). This comprehensive examination enabled us to
get a more holistic picture of primacy (and recency)
effects in memory for repeated events. Findings of the
present study may have practical implications in applied
settings where individuals are interviewed about repeated
events, and where interviewers decide which instance to
target for reporting. Our findings may complement evi-
dence indicating qualitative differences in memory
across instances of low-frequency repeated events, par-
ticularly in terms of primacy (and recency) effects.

Mechanisms commonly used to explain serial
position effects in repeated events

Ebbinghaus (1884/1964) reported that when learning
sequences of syllable sets, the first set was always
learned faster than subsequent sets, and the additional
time oscillated around a mean value that reflected a
level of fatigue and fluctuations of attention (p. 44). Ebbin-
ghaus provides an explanation from the perspective of
cognitive resources: People can pay full attention at the
beginning of sequential or extended tasks when cognitive
load is low, and therefore may encode first or novel experi-
ences more easily and to more depth. James (1901) argues
in a similar way about the role of attention in remembering
novel and distinctive events: “The attention which we lend
to an experience is proportional to its vivid or interesting
character; and it is a notorious fact that what interests us
most vividly at the time is, other things equal, what we
remember best” (p. 670; emphasis in original). These
mechanisms are consistent with the idea that novelty
and distinctiveness drive attention and may lead to stron-
ger encoding of first experiences (Cimbalo et al., 1978;
Fabiani & Donchin,1995; Farrar & Boyer-Pennington,
1999; Farrar & Goodman, 1990; 1992; Robinson, 1992;
Teigen et al., 2017; Thomsen & Berntsen, 2005).

An attention-based mechanism is also assumed to con-
tribute to the recency effect. Specifically, according to the
schema-confirmation-deployment framework (Farrar &
Boyer-Pennington, 1999; Farrar & Goodman, 1990; 1992),
individuals can only pay increased attention to details of

experiences once they confirmed that the experience fits
an established schema. Consequently, when experiencing
a final instance of an event where an established schema
can be confirmed fast, available attentional resources
may enable stronger encoding of details and attributes
that may uniquely link these details to the final instance
(e.g., Roberts et al.,, 2015).

In terms of source memory, it has been demonstrated
already in early research into the serial position effects
that first and last items in series (be it words, wordlists, or
positions of content on a page) are encoded with more con-
textual details (that may include positional information)
than items in the middle of the series (e.g., Anderson &
Bower, 1972; Bjork & Healy, 1974; Brown & Lewandowsky,
2005; Brown et al.,, 2007; Brown et al., 2009; Estes, 1985;
Healy, 1974; Lee & Estes, 1977; 1981; Murdock, 1962; Roth-
kopf, 1971; Wickens, 1970). First and final experiences
likely serve the role of reference points and other items in
the series are encoded with information positioning them
within these reference points (see gradient effects in
short-term memory, Estes, 1985; Henson, 1998; and in
repeated events, Rubinova & Kontogianni, 2023).

The primacy effect is frequently explained by the
rehearsal of initial items while learning the rest of the list
in short-term memory tasks, but rehearsal is also fre-
quently assumed during repeated experiences that occur
with longer delays apart. Specifically, when a new script
is established, for example when an individual attends
the first session of a language course, all event com-
ponents may be initially processed as forming the event
script. With repeated experience, however, some event
components will be confirmed to form the script while
other components will be re-evaluated as variable (e.g.,
Ahn et al,, 1992). Rehearsal of the initial experience may
occur during this process as components are compared
across experiences, leading to stronger consolidation of
details of the first experience (e.g., Schank, 1999; Slackman
& Nelson, 1984; Underwood & Freund, 1969).

Source monitoring and measures of serial
position effects in repeated events

According to the source monitoring framework, when an
individual is faced with a memory retrieval task, monitor-
ing the source of the retrieved content is an integral part
of the process (Johnson et al., 1993). For example, when
informing others about news, one may remember that
they read part of the news online and then heard further
information in a podcast. There may be a variety of attri-
butes encoded along with the news that may help
decide which information was read and which was
heard. Both sources mentioned in the example are exter-
nal; therefore, attributes facilitating source monitoring
would likely be unique and lead to more accurate source
decisions. On the other hand, internal source monitoring,
such as remembering whether one wrote a practice test
in class last Tuesday or the week before, would be much



more difficult. In the case of repeated events, there are
substantial overlaps in many aspects of the experiences,
and internal source monitoring is consequently less
effective and more error prone (e.g., Lindsay, 2008; 2014).

In repeated event paradigms, where participants recall
instances of a series of similar events that each contain
unique details, the pattern of serial position effects in
measures of accurate free recall is typically complemented
by a pattern of misattributions (i.e., internal intrusions; e.g.,
MacLean et al.,, 2018; Rubinova et al., 2020). That is, partici-
pants recall a similar number of details from all instances,
but they more frequently correctly attribute variable
details of the boundary instances and more frequently mis-
attribute variable details across the middle instances of
repeated events. These patterns suggest lower effective-
ness of source monitoring for details of middle instances,
and respectively higher effectiveness of source monitoring
for details of boundary instances.

Evidence indicating primacy and recency effects in
repeated event paradigms comes more frequently from
free- or cued-recall paradigms (e.g., Connolly et al., 2016;
MacLean et al, 2018; Powell & Thomson, 1997; Powell
et al.,, 2003; Roberts et al., 2015; Rubinova et al., 2020;
2021; 2022; Sharman et al., 2022), with few studies using
a recognition paradigm (e.g., Dilevski et al., 2020; 2021a;
2022). Retrieval-level mechanisms are more strongly impli-
cated in free-recall and cued-recall paradigms because
participants need to engage in a systematic memory
search to retrieve the items. These retrieval mechanisms
are partially absent in recognition paradigms where par-
ticipants make memory decisions for items they are pre-
sented with, although the need for involvement of
retrieval processes may be greater if participants are
asked questions requiring systematic source monitoring
(e.g., Lindsay, 2008).

We know of two studies using the recognition task
within the repeated event paradigm. Dilevski et al.
(2021a) presented participants with correct and lure
items and asked whether each item was seen in the desig-
nated scenario (true/false), and found recency effects for
discriminability, although only in shorter delays (no delay
and one week delay conditions). Dilevski et al. (2022) pre-
sented participants with items from all scenarios and asked
them to decide on the source scenario. In that study, the
authors did not find significant differences across
instances for correct attributions and source errors (poten-
tially due to low statistical power), but the patterns of data
were consistent with the primacy and recency effects.

Present study

We presented online participants with four stories
(instances of a repeated event). For stimuli sampling pur-
poses (Wells & Windschitl, 1999), we used four sets of
stimuli across participants (see Rubinova et al., 2023). Fol-
lowing a delay, participants were shown items from the
stories intermixed with semantically related lures and
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were asked to make recognition judgments. There were
two types of tasks: one that required participants to
retrieve source information (i.e., decide whether an item
was new or presented in Instance 1, 2, 3, or 4; the
instances task), and one that was free of this requirement
(i.e., decide whether an item was new or old; the event
task). The rationale for this manipulation was to create
tasks that would vary the involvement of source monitor-
ing and to see how this involvement of source monitoring
impacted any of the measures. Because source monitor-
ing is costly and old-new judgments (in the event task)
can be made based on familiarity (e.g.,, McElree et al.,
1999), we expected that participants’ accurate recognition
judgments would be faster in the event task compared to
the instances task (Hypothesis 1). In addition, if items
from the boundary instances of repeated events are
encoded with more unique source attributes, they
should be recognised faster compared to items from
the middle instances. In line with findings indicating
that the primacy effect is typically stronger than the
recency effect (Rubinova et al, 2022), we formulated
Hypothesis 2 only for the primacy effect (i.e., faster hits
for items from Instance 1 than 2). Our primary hypotheses
and power calculations were based on the reaction time
measure, but we also measured memory judgments for
items recognised as old (i.e., remember/know/not sure),
decision confidence, accuracy, discriminability (i.e., the
ability to differentiate old and new items), and strength
of the confidence-accuracy calibration, which could
provide further support for the primacy (and recency)
effects.

Experiment 1
Method

Transparency and openness

We report how we determined our sample size, all data
exclusions, all manipulations, and all measures in the
study, and we follow journal article reporting standards
for quantitative research in psychology (Appelbaum
et al, 2018; Cooper, 2018). This study’s design and its
analysis were preregistered. There was one deviation
from our preregistered analysis plan that is described in
detail in the Statistical analysis section. Results of the pre-
registered analyses are reported in Online Supplemental
Materials. The preregistration, data, and scripts can be
accessed at https://osfio/hr2n3 (Rubinova & Price,
2022a). The study was approved by Thompson Rivers Uni-
versity Human Research Ethics Board (REB #102905).

Design

This experiment was a 2 (condition: event/instances,
between-subjects) x 4 (instance: 1/2/3/4, within-subjects)
mixed design. We measured reaction time and confidence
for recognition decisions and memory judgments for items
recognised as old (remember/know/not sure). We
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constructed receiver-operating characteristic (ROC) curves
to evaluate discriminability and confidence-accuracy (CA)
curves to evaluate calibration across instances.

Participants

Power analysis. We calculated the required sample using
a simulation-based power analysis (package Superpower;
Lakens & Caldwell, 2021) for a 2 (between-subjects) x 4
(within-subjects) mixed design. We estimated means of
reaction times corresponding to a large effect of condition,
Cohen’s f=.47 and a medium effect of instance, Cohen’s f
=.13, used the default value of within-subject correlation,
r=.5,and set a=.03 and desired power around 90%.' The
required sample size for the between-subjects effect of
condition was 29 and for the within-subjects effect of
instance was 162. To counterbalance our stimuli, we
needed to achieve the final sample in multiples of 16;
therefore, we planned to recruit 160 participants for this
study (power = 89.77%).3

Inclusion criteria. Participants were recruited via
Prolific, an online platform where vetted participants can
take part in paid online studies, using the following screen-
ers validated within the experiment: age between 18 and
55 years and self-reported English language fluency (we
validated these screeners in self-report question at the
beginning of the study).

Exclusion criteria. To ensure that (1) lack of attention
during stimuli presentation and (2) lack of motivation
during the memory task would not impact the results, we
excluded data from participants who indicated that they
paid low attention and/or had low motivation (ratings <
10% on a 0-100% scale). We also excluded data from partici-
pants who reported that they had issues viewing any of the
stimuli videos. For reaction time values, in line with our pre-
registered plan, we excluded outliers that were defined as
values exceeding 2 SDs from the group means for each
instance in each condition (Berger & Kiefer, 2021; Moris Fer-
nandez & Vadillo, 2020). Two percent of trials were excluded
following this procedure, and there was marked improve-
ment in skewness (20.79-2.29) and kurtosis (747.74-6.73).
To further improve the distribution of reaction time data,
we used power transformation from the car package
(Fox & Weisberg, 2018), and arrived at further improved
skewness (0.03) and kurtosis (1.62).

Sample. Due to uncertainty in numbers of exclusions,
we oversampled and recruited 197 participants in total
from Prolific. We excluded 21 participants who reported
having issued while viewing the videos, 6 participants
who reported low motivation during the recognition
task, and 2 participants who reported low attention
during stimuli presentation. The final sample consisted of
168 participants. Demographics were obtained from
Prolific, and our final sample included 108 females and
57 males (data from 3 participants are not available)
aged between 19 and 55 years (M=35.21, SD=10.10,
data from 3 participants are not available but these

participants confirmed they were between 18 and 55
years of age). Participants reported White (N =100), Asian
(N =24), Black (N=16), Mixed (N=14), and other (N=7)
race (data from 7 participants are not available).

Materials

We used four sets of stimuli in the presentation phase.
Each set contained four videos (1.25-1.55 min) including
narrative stories adapted from Rubinovd et al., 2022. Set
1 comprised four variations of a birthday party prep-
aration; Set 2 followed a creature building a machine; Set
3 depicted a group of people planting spying devices at
various locations; and Set 4 described four days at a
farm. For each set, participants were presented with the
four videos in one of four orders (ABCD, BCDA, CDAB,
DABCQ); therefore, there were 16 versions of the experiment
in each condition. Each video contained 15 unique items
(story details; e.g., “Green Moon”; “Hot Chocolate”), and
when mentioned in the narrative, these items appeared
at the bottom of the screen in large font for a duration
of 2 s. In the recognition phase, participants were ran-
domly presented with 60 old items (15 items from each
video) and 60 new items (not presented semantically
related items that were plausible alternatives to presented
items).*

Procedure

Following consent, sound check, and inclusion criteria
screeners, participants were presented with the following
instructions: “You will be presented with a series of
videos about Emma. There will be 2 min of mathematical
tasks after each video. The mathematical tasks are timed
and the screen will automatically advance once the time
limit is reached. Please pay attention to the videos
and the highlighted words. Each video will start
playing automatically, will be played only once, and you
will not be able to pause any of the videos. Click Continue
once ready to start.” Note that videos were either about
preparation of a birthday party, T-44, outdoor scenes, or
Emma; assignment to stimuli was counterbalanced. Partici-
pants then viewed four videos (Figure 1). After each video,
participants were asked how much attention they paid to
it (0-100% sliding scale labelled “Low attention” and “High
attention” at the extremes). Two-minute arithmetic filler
tasks were administered between the videos. After the
final video, participants completed a 10-minute filler task
(they viewed and rated similarity and understanding of
four unrelated videos).

Participants were then randomly assigned to the event
condition (N =85) or the instances recognition condition
(N =83) and we aimed at approximately counterbalanced
allocation across the 32 combinations of stimuli and con-
dition. The final allocation in the event condition: Ns,; ;
=21, Nset =21, Nsgt 3= 22, Nset 4= 21; and in the instances
condition: Nse: ; =26, Nset 2=20, Nser 3=17, Nser 4=20.
Note that we intended high stimulus variability to increase
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Event Green Moon
condition
s - Confidence
BlugMoon® — @ =
~Green Moon = Filler task ~
Yellow/Moon' ; Rer;emb}er/
Red!Moon!" now.
- Not Sure
" Green Moon
Instances 1 2 3 4 New
condition
Confidence
Remember/
Know/
Not Sure

Figure 1. Flowchart of the procedure in Experiment 1.

generalisability of our findings, and we addressed variabil-
ity at the level of stimuli by using random intercepts for
individual words in statistical analyses (see below).

In the event condition, participants were presented
with items and asked whether the item was Old (presented
within one of the videos) or New (not presented in any of
the videos). In the instances condition, participants were
told to decide whether the item was presented in Video
1, 2, 3, 4, or was New (not presented in any of the
videos). After each decision, participants were asked to
report their confidence (0-100% sliding scale labelled
“Low confidence” and “High confidence” at the extremes).
For all Old items (event condition) or all items not marked
as New (instances condition), participants were asked to
provide memory judgment responses: “Do you Remem-
ber the word being in one of the videos? OR Do you just
Know it was in one of the videos (without remembering
it)?” with the following response options: Remember,
Know, and Not Sure.

Following the recognition task, we asked participants
how motivated they were to complete the task (0-100%
sliding scale labelled “Low motivation” and “High motiv-
ation” at the extremes), and whether they experienced
any issues viewing the videos (Yes/No).

Measures
Reaction time. We measured time from the onset of item
presentation until participants clicked a response button.
Confidence. Participants indicated their level of confi-
dence associated with a decision they made on a 0-100%
slider scale.
Memory judgments. For each item recognised as
occurring in one of the videos, participants stated

whether they remembered the item, simply knew the
item was old, or were not sure.

Recognition decisions. In the event condition, partici-
pants either accurately recognised an old item (hit), cor-
rectly stated that a new item was new (correct rejection)
incorrectly stated that an old item was new (miss), or incor-
rectly stated that a new item was old (false alarm). In the
instances condition, participants either recognised an old
item and accurately attributed it to the instance in which
it occurred (hit), recognised an old item and inaccurately
attributed it to an instance in which it did not occur (mis-
attribution), incorrectly stated that an old item was new
(miss), or correctly stated that a new item was new
(correct rejection).

ROC curves. To evaluate decision accuracy, we con-
structed confidence-based and reaction time-based ROC
curves for each instance and condition (Brady et al.,
2023). For confidence, we first split decisions into 11 confi-
dence bins (bin 1=100% confidence; bin 2 = confidence
90-99%; bin 3 =confidence 80-89%; up to bin 11=0%
confidence). To create 11 points for the ROC curve, we
computed cumulative hit, false alarm, and misattribution
rates. The hit rate for the first point was computed by
dividing the sum of hits for confidence bin 1 by the
number of old trials. For the second point, we added hits
for confidence bins 1 and 2 and divided them by the
number of old trials. Hit rates for the rest of the points
were computed by adding hits associated with the next
confidence bin and dividing them by the number of old
trials. False alarm rates were computed analogically for
false alarms among new trials. In the instances condition,
we computed misattribution rates based on misattribu-
tions within old trials. For conciseness, and due to
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consistency across results, we report reaction time-based
ROC curves in the Online Supplemental Materials.

CA calibration curves. To calculate accuracy in the
event condition, we divided the number of hits and
correct rejections by the sum of hits, correct rejections,
misses, and false alarms for each confidence bin. To calcu-
late accuracy in the instances condition, we divided the
number of hits and correct rejections by the sum of hits,
correct rejections, misses, false alarms, and misattributions
for each confidence bin.

Statistical analyses

To assess our primary hypotheses, we computed a linear
mixed model (LMM) with reaction time as the dependent
variable, condition and instance and their interaction as
fixed factors, and with random slopes for instance and
random intercepts for subjects and stimuli items. Condition
and instance were coded with successive difference con-
trasts (Schad et al., 2020). For condition, the contrast com-
pared event and instances groups. For instance, the
contrasts compared reaction times between items from
Instance 1 and 2 (the primacy effect), items from Instance
2 and 3, the items from Instance 3 and 4 (the recency
effect). This analytical approach enabled us to estimate
subject- and stimuli-level effects. We believe that analysing
data at the level of item responses is appropriate for our
data, although it is a deviation from our preregistered analy-
sis plan, where we set out to analyse averaged reaction
times per participant and instance. Results of these analyses
are reported in the Online Supplemental Materials and are
consistent with results reported in the main text.

Confidence data were analysed the same way as reac-
tion time only with confidence ratings as the dependent
variable. For memory judgments, we built three general-
ised LMMs to evaluate the odds of judging items as
remembered, known, or not sure between conditions
and across instances.

Accuracy was evaluated in four ways. First, we assessed
differences in recognition decisions between conditions
and across instances in three generalised LMMs: hits/
misses, correct rejections/false alarms, and, in the
instances condition, hits/misattributions. Next, we con-
structed confidence-based and reaction-time based ROC
curves for hit and false alarm rates (both conditions) and
hit and misattribution rates (instances condition). For
each set of ROC curves, the topmost curve would indicate
better discriminability as it shows higher hit rate at the
same level of false alarm/misattribution rate. Finally, to
assess the strength of the relationship between confidence
and accuracy in the two conditions and across instances,
we constructed confidence-accuracy calibration curves.

To correct for Type | error, we computed a boundary
value for each family of analyses using the false discovery
rate (FDR) correction approach (Benjamini & Hochberg,
1995). A family of analyses was defined as all tests
related to a measure, e.g., all 13 tests evaluated for reaction
time analyses of hits. The FDR was calculated for each rank

of the 13 ranked p-values by dividing the rank by the
number of tests and multiplying this value by alpha (.05).
The boundary value is then the first FDR value that is
greater than the p-value at the corresponding rank (i.e.,
all p-values < this FDR are considered significant; all p-
values in higher ranks are considered nonsignificant; all
FDR calculations are provided on the OSF). Data were ana-
lysed and visualised in R (R Core Team, 2020) using
packages ggplot2 (Wickham, 2016), Ime4 (Bates et al,,
2015), ImerTest (Kuznetsova et al., 2017), MASS (Venables
& Ripley, 2002), psych (Revelle, 2023), reshape2
(Wickham, 2007), and stringr (Wickham, 2022).

Results and discussion
Reaction time

Old items were accurately recognised faster in the
event condition compared to the instances condition,
b=-0.66, [-0.89, —0.42], t=5.50, p <.001 (preregistered
Hypothesis 1). There were also differences in hit latencies
across instances (Table 1; Figure 2). Items from Instance
1 were recognized and accurately attributed faster
than items from Instance 2 (preregistered Hypothesis 2),
b=-0.18, [-0.24, —0.07], t=3.59, p <.001; hits for items
from Instance 2 were faster than hits for items from
Instance 3, b=-0.12, [-0.21, —0.02], t=2.42, p=.017;
and hits for items from Instance 4 were also faster
than hits for items from Instance 3, b=-0.12, [-0.21.
—0.03], t=2.54, p=.012. All instance-level differences
showed an interaction with condition (ps <.030). In the
following section, we provide results of analyses split by
condition, which indicated that these effects were mainly
driven by the instances condition.

In the instances condition, participants recognized and
accurately attributed items from Instance 1 faster than
items from Instance 2, b=-0.22, [-0.38, —0.05], t=2.54,
p=.013, and also items from Instance 2 than 3,
b=-0.21, [-0.38, —0.04], t=2.39, p=.019. The recency
effect was not significant following the FDR correction,
b=-0.20, [-0.40, —0.01], t=2.01, p =.048. There were no
significant instance effects in the event condition
(ps > .412).

There were no significant differences in reaction times
for misses and correct rejections (ps>.078), and there
were also no significant differences in reaction times for
misattributions in the instances condition (ps>.090).
Decisions leading to false alarms were faster in the
event condition compared to the instances condition,
b=-0.45, [-0.72, —0.18], t =3.22, p =.002.

Confidence

Participants were overall more confident when they accu-
rately recognized items in the event condition than in
the instances condition, b=14.25, [9.72, 18.78], t=6.16,
p <.001 (Table 1). There were also differences consistent



Table 1. Reaction time (non-transformed) and confidence ratings across recognition decisions, conditions, and instances in Experiment 1.

Variable/ Hit Miss Correct rejection False alarm Misattribution

Level M (SD) N M (SD) N M (SD) N M (SD) N M (SD) N
Reaction time (milliseconds)

Event

1 2403 (1806) 910 2553 (2092) 344 2579 (2019) 850 2623 (1921) 391 - -
2 2428 (1572) 852 2382 (1800) 391 2522 (1720) 884 2538 (1629) 356 - -

3 2509 (1856) 835 2633 (2388) 428 2824 (2299) 884 2876 (2383) 372 - -
4 2395 (1513) 823 2357 (1685) 423 2632 (1796) 893 2820 (1969) 341 - -
Total 2433 (1696) 3420 2480 (2013) 1586 2640 (1973) 3511 2713 (1999) 1460 - -
Instances

1 3426 (1500) 402 3018 (2542) 271 2975 (2436) 719 3367 (2603) 483 3423 (2605) 527
2 3774 (2499) 364 2899 (2271) 308 2967 (2360) 739 3410 (2592) 465 3442 (2468) 524
3 4779 (3594) 364 2975 (2710) 351 2976 (2579) 749 3366 (2694) 466 3705 (2932) 513
4 3866 (2605) 374 2758 (1859) 354 2788 (2081) 737 3315 (2323) 461 3242 (2013) 465
Total 3947 (2869) 1504 2906 (2358) 1284 2927 (2372) 2944 3365 (2556) 1875 3457 (2541) 2029
Confidence

Event

1 79.80 (22.95) 921 5498 (26.52) 349 60.64 (27.46) 867 61.17 (26.73) 397 - -

2 76.42 (24.64) 869 55.26 (26.85) 400 61.65 (26.37) 9000 59.37 (27.07) 364 - -
3 77.55 (23.62) 839 53.07 (26.47) 431 61.26 (26.80) 888 58.53 (26.33) 376 - -
4 77.99 (23.55) 835 53.37 (26.69) 435 62.06 (27.23) 913 60.80 (27.26) 351 - -
Total 77.97 (23.71) 3464 54.11 (26.63) 1615 61.42 (26.96) 3568 59.98 (26.83) 1488 - -
Instances

1 76.83 (26.11) 413 47.56 (32.39) 279 53.23 (33.21) 735 46.33 (27.77) 502 51.30 (28.14) 548
2 59.71 (29.41) 382 48.77 (32.93) 321 53.50 (33.73) 752 46.63 (26.82) 484 56.56 (29.96) 537
3 59.45 (29.25) 364 45.36 (32.68) 353 51.26 (33.38) 759 45.43 (27.29) 477 55.86 (29.91) 523
4 67.81 (27.32) 398 46.84 (33.35) 362 53.65 (34.11) 754 46.42 (28.06) 483 52.72 (27.57) 480
Total 66.26 (28.88) 1557 48.07 (32.85) 1315 52.91 (33.61) 3000 46.21 (27.48) 1946 54.12 (29.00) 2088

Note. Ns for reaction time and confidence differ due to exclusions of outlier reaction time values (~2% of data).
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Figure 2. Hit response latencies (transformed) across instances and conditions in Experiment 1.

Note. Points represent individual response latencies per participant and instance following preregistered exclusion of values + 2SD and power transformation. Box plots present
medians and upper and lower quartiles. Black points with error bars present means and 95% Cls, and black points at the top of the distributions represent outlier values.

with the primacy and recency effects: participants were
more confident when accurately recognising items from
Instance 1 than items from Instance 2, b=10.06, [7.96,
12.15], t=9.42, p<.001, and items from Instance 4 than
items from Instance 3, b=3.37, [1.26, 5.49], t=3.13,
p =.002. Both instance effects were qualified by significant
interactions: the primacy effect was more pronounced in
the instances condition, b=17.93, [13.58, 22.28], t=8.08,
p<.001, than in the event condition, b=3.40, [1.37,
5.43], t=3.29, p=.001; and the recency effect was only
present in the instances condition, b=7.27, [4.03, 10.52],
t=4.42, p<.001, not in the event condition, p =.545.
There were no significant effects for confidence judg-
ments of missed items, correct rejections, and misattributions
after the FDR corrections (ps > .016). For false alarms, partici-
pants were more confident in the event than the instances
condition, b =15.24, [9.83, 20.66], t =5.52, p <.001.

Memory judgments

Participants in the event condition judged items more
often as remembered compared to the instances con-
dition, OR=2.05, [1.41, 2.99], z=3.73, p<.001 (Table 2).
Participants also judged items from Instance 1 more fre-
quently as remembered compared to items from Instance
2, OR=1.25, [1.07, 1.46], z=2.81, p =.005. Inverse to this
pattern were not sure judgments: participants in the

instances condition more frequently reported that they
were not sure compared to the event condition, OR=
3.11, [2.00, 4.84], z=5.04, p <.001. Participants also more
frequently reported that they were not sure about their
memory for items from Instance 2 than 1, OR=1.32,
[1.09, 1.60], z=2.79, p = .005. There were no further signifi-
cant effects or interactions (ps >.173), and no differences
in judging items as known (ps >.322).

Accuracy

Recognition decisions. Table 3 presents proportions of
recognition decisions across instances and conditions. To
create a comparable measure of hits as an indicator of rec-
ognition of old items in both conditions, we treated misat-
tributions in the instances condition as hits (i.e., these were
items recognized as old but attributed to incorrect
instances). Old items were accurately identified more
often in the instances condition than in the event con-
dition, OR=1.43, [1.08, 1.90], z=2.49, p=.013, and there
were more hits for items from Instance 1 than for items
from Instance 2, OR=1.32, [1.09, 1.59], z=2.89, p=.004.
In new trials, there were more false alarms in the instances
than event condition, OR=1.34, [1.10, 1.64], z=2.85,
p<.001. There were no differences in misattribution
rates in the instances condition and no further significant
effects or interactions (ps > .054).

Table 2. Proportions of memory judgments across conditions, instances, and experiments.

Experiment 1

Experiment 2

Event Instances (Instances Only)
Judgment 1 2 3 4 1 2 3 4 1 2 3 4
Remember .65 .63 .64 .64 .53 49 A7 51 .62 .58 .57 .57
Know 22 21 22 23 21 24 22 23 22 22 23 23
Not Sure 12 15 14 RE] .26 .28 .30 27 17 .20 .20 .20
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Table 3. Proportions of recognition decisions across conditions and instances in Experiment 1.

Condition
Event Instances

Decision 1 2 3 1 2 3 4
Old trials

Hit 73 .68 .66 .66 33 31 29 32

Miss 27 32 34 34 22 .26 .28 .29

Misattribution - - - 44 43 42 39
New trials

Correct rejection .69 71 .70 72 .59 .61 .61 61

False alarm 31 29 .30 28 41 39 39 39

Confidence-based ROC curves. Figure 3 displays ROC
curves constructed from hit and false alarm rates at 11
levels of confidence for each instance and condition. In
the event condition, discriminability reflects higher accuracy
of identifying old items; in the instances condition, discri-
minability reflects higher accuracy of source attribution
decisions. Therefore, the ROC curves are incomparable
between conditions, but they allow us to compare discri-
minability across instances. Curves that are consistently
above other curves indicate better discriminability as they
show higher hit rates at the same level of false alarm rates.

The topmost ROC curves in both conditions correspond
to performance for items from Instance 1, suggesting
better discriminability between old and new items, and
in the instances condition, also more accurate source attri-
bution, compared to items from other instances. This
primacy effect was stronger in the instances condition,
where there was additionally an indication of the
recency effect: the ROC curve associated with items from
Instance 4 was consistently above the ROC curves for
items from Instances 2 and 3.

Instance

1
2
= 3
4

Hit Rate

Condition
-e— Event

Instances

0.0+

00 01 02 03 04
False Alarm Rate

Figure 3. Confidence-based receiver-operating characteristic curves for hit
and false alarm rates across instances and between conditions in Exper-
iment 1.

The left panel of Figure 4 displays ROC curves con-
structed from hit and misattribution rates in the instances
condition that indicate accuracy of source attribution
decisions. The topmost ROC curve indicates higher discri-
minability for items from Instance 1 (primacy effect). The
second highest ROC curve associated with items from
Instance 4 is consistently above the ROC curves associated
with items from Instances 3 and 4 (recency effect).

CA calibration curves. Figure 5 displays CA calibration
curves for each instance in both conditions. In both con-
ditions, the curves indicate good confidence-accuracy cali-
bration only at very low levels of confidence: < 40% in the
event and <20% in the instances condition, and overconfi-
dence beyond these levels of confidence. In the event task,
the curves associated with items from the four instances
overlap and therefore there is no indication of differences
in calibration. In the instances task, there is high variability,
and the only clear effect seems to be better confidence-
accuracy calibration for items from Instance 1 at high
levels of confidence (<89%) that is consistent with the
primacy effect.

Summary

In terms of differences between conditions, we found
support for our preregistered Hypothesis 1: old items
were recognized faster in the event condition than in
the instances condition. Compared with the instances
condition, participants in the event condition also more
frequently judged old items as remembered, were less
frequently unsure about why they judged items as old,
reported higher confidence when accurately recognising
old items, and showed stronger confidence-accuracy
relationship. These condition-level differences are not
surprising, given that decisions in the event task were
easier to make as participants only needed to detect
items that were familiar (e.g., McElree et al., 1999). It
was only in the instances condition that participants
needed to engage source monitoring and make attribu-
tion decisions, which likely increased decision time, led
to lower confidence, and greater uncertainty in memory
judgments as participants would only judge items as
remembered when they remembered them along with
the source instance.
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Figure 4. Confidence-based receiver-operating characteristic curves for hit and misattribution rates (instances condition/task) across instances in Exper-
iments 1 and 2.
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Figure 5. Confidence-accuracy calibration curves between conditions and across instances in Experiment 1.

Note. Dashed reference line represents perfect calibration.



In terms of differences across instances, we found partial
support for our preregistered Hypothesis 2: in the instances
condition — but not in the event condition — recognition of
old items was faster for Instance 1 than Instance 2 (i.e., the
primacy effect). Support for the primacy effect was found in
memory judgments. In both conditions, old items from
Instance 1 were more frequently judged as remembered
and less frequently judged unsure compared to old items
from Instance 2. Further support for the primacy effect
was found in confidence ratings: hits for items from Instance
1 were associated with higher confidence compared to hits
for items from Instance 2, and although more pronounced
in the instances condition, this effect was present in both
conditions. Finally, the primacy effect also emerged in accu-
racy analyses: participants recognized more old items from
Instance 1 than 2, and ROC curves indicated consistently
higher discriminability for items from Instance 1 (compared
to other instances) in both conditions. Note that we found
no differences across instances for false alarms and
correct rejections - these differences would not be
expected as they concerned new items and therefore
cannot be impacted by any differences in encoding. Ana-
lyses of the confidence-accuracy relationship indicated
better calibration for items from Instance 1 (compared to
other instances) at high levels of confidence (> 85%
confidence).

There was additionally an indication of the recency
effect. Participants recognized old items from Instance 4
faster than old items from Instance 3, and they also indi-
cated higher confidence (compared to items from Instance
3) and source discriminability (compared to items from
Instances 2 and 3). At high levels of confidence, confi-
dence-accuracy calibration was better for items from
Instance 4 than items from Instances 2 and 3. We did not
find support for the recency effect in analyses of
memory judgments or recognition decisions.

We additionally found a significant difference in
response latencies for accurately recognized items
between the two middle instances (responses were
faster for items from Instance 2 than Instance 3). We had
no expectations of this effect, although sometimes signifi-
cant differences in accuracy are found between the middle
instances (e.g., Rubinova et al., 2022). Instead of speculat-
ing about why these differences emerged, we wanted first
to see if they replicate.

Experiment 2

In Experiment 2, we intended to replicate findings from
Experiment 1. To better isolate the reaction time associ-
ated with decisions that lead to instance attribution after
recognising an old item, we designed Experiment 2 as
fully within-subjects: participants first engaged in old/
new recognition (the event task) and then, for items recog-
nized as old, engaged in source attribution decision (the
instances task). Although we formulated a hypothesis
related to task in the preregistration (parallel to
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Experiment 1), given the tasks occurred in sequence, we
focused primarily on our hypotheses regarding the
primacy and recency effects.

Method

Experiment 2 used the same design and measures as
Experiment 1 except for condition, which was turned
into task (event/instances) and administered within-sub-
jects. Specifically, following the presentation phase and
filler task, participants were presented with an item and
first made an old/new judgment. For all items judged
new, participants then completed a confidence rating,
and the next item was presented. For all items judged
old, participants were asked to decide whether the item
was presented in Video 1, 2, 3, or 4 (i.e., the instance attri-
bution decision), rate their confidence, and complete a
remember/know/not sure judgment rating before the
next item was presented.

Transparency and openness

We report how we determined our sample size, all data
exclusions, all manipulations, and all measures in the
study, and we follow journal article reporting standards
for quantitative research in psychology (Appelbaum
et al, 2018; Cooper, 2018). This study’s design and its
analysis were preregistered. As in Experiment 1, we
deviated from our preregistered analysis by not averaging
reaction time data at the level of participants (see Statisti-
cal analysis section). Results of the preregistered analyses
are reported in Online Supplemental Materials. The prere-
gistration, data, and scripts can be accessed at https://osf.
io/hr2n3 (Rubinovd & Price, 2022b). The study was
approved by Thompson Rivers University Human Research
Ethics Board (REB #102905).

Participants

Our target sample was 160 participants (for power analysis,
see Experiment 1) and we recruited 175 participants in
total. Eleven participants were excluded due to reporting
issues when viewing the stimuli and 4 participants were
excluded because they reported low motivation during
the recognition task. The final sample with demographic
information obtained from Prolific consisted of 160 partici-
pants (103 females and 55 males, data from 2 participants
are not available) aged between 19 and 56 years (M=
33.16, SD =9.44). Participants reported White (N=111),
Black (N=14), Mixed (N=13), Asian (N=12), and other
(N = 8) race; data from 2 participants are not available.

As in Experiment 1, we excluded reaction time values
exceeding 2 SDs from the group means for each instance
in each task (Berger & Kiefer, 2021; Moris Fernandez &
Vadillo, 2020). Two percent of trials were excluded and
there was an improvement in skewness (33.62-3.14) and
kurtosis (2156.82-13.81). The distribution further improved
following power transformation: final skewness=-0.01
and kurtosis = 0.32.
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Results and discussion
Reaction time

In the analysis of hit latencies, we again found evidence for
the primacy and recency effects. ltems from Instance 1 were
accurately recognized faster than items from Instance 2 (pre-
registered Hypothesis 2), b=—0.05, [-0.06, —0.03], t =7.76,
p <.001, and items from Instance 4 were accurately recog-
nized faster than items from Instance 3 (preregistered
Hypothesis 2), b=-0.02, [-0.3, —0.01], t=4.03, p <.001
(Table 4). There was also a difference between items from
the middle instances: items from Instance 2 were accurately
recognized faster than items from Instance 3, b=-0.01,
[-0.03, —0.003], t=2.57, p=.010.

As indicated by a significant interaction with task
(ps <.001), the primacy and recency effects were stronger
in the instances task, primacy: b=-0.09, [-0.11, —0.07],
t=742, p<.001; recency: b=-0.04, [-0.06, —0.01],
t=2.94, p=.004, and were not significant in the event
task (ps > .044).

There were no significant differences in latencies for
misses, false alarms, correct rejections in the event task,
or misattributions in the instances task after the FDR cor-
rection (ps >.022).

Confidence

For hits in the instances task, participants were more
confident in their decisions for items from Instance 1
than 2 (primacy effect), b=12.94, [10.04, 15.85], t=8.73,
p <.001, and for items from Instance 4 than 3 (recency
effect), b=28.94, [6.07, 11.80], t=6.12, p<.001 (Table 4).
There were no significant differences in confidence
ratings for misses, false alarms, and correct rejections in
the event task (ps>.205). For misattributions in the
instances task, confidence ratings were lower for misattrib-
uted items from Instance 1 than 2, b=-3.27, [-1.03,
—5.51], t=2.86, p =.005.

Memory judgments

Memory judgments were evaluated for each item following
instance attribution decision in the instances task. We found
evidence for the primacy effect, with items from Instance 1
more frequently judged as remembered compared to items
from Instance 2, OR=1.27, [1.06, 1.51], z=2.61, p=.009
(Table 2). Participants also more frequently reported that
they were not sure about their memory for items from
Instance 2 than 1, OR=1.45, [1.08, 1.94], z=2.50, p=.013.
There were no differences for known judgments and no
further significant effects (ps > .324).

Accuracy

Recognition decisions. Table 5 presents proportions of
recognition decisions across tasks and instances. For old

items in the event task, there were more hits (than false
alarms) for items from Instance 1 than 2, OR=1.35, [1.14,
1.61], z=3.44, p<.001, and there were more hits for
items from Instance 3 than 4, OR=1.20, [1.03, 1.40], z=
2.28, p=.023. For old items in the instances task, there
were more hits (than misattributions) for items from
Instance 1 than 2, OR=1.50, [1.21, 1.85], z=447, p
<.001. There were no further significant effects after the
FDR correction (ps >.035). As is apparent from Table 5,
there were almost no differences in false alarms for new
items across instances in the event task (ps > .422).

Confidence-based ROC curves. The right panel of
Figure 4 displays ROC curves constructed from hit and mis-
attribution rates in the instances task that indicate accu-
racy of source attribution decisions. The topmost ROC
curve indicates higher accuracy of source attribution
decisions for items from Instance 1 (primacy effect).
There is no further evidence of consistent differences in
the accuracy of decisions for items from other instances
(i.e., the curves are crossed).

CA calibration curves. Figure 6 displays CAC curves
from the instances task and therefore represent calibration
between source memory decisions and confidence. The
curves indicate poor confidence-accuracy calibration up
to 60% confidence (the curve is flat), and there seems to
be better calibration for higher levels of confidence with
overall overconfidence. Consistently with findings from
Experiment 1, at higher levels of confidence (>79%),
there is better confidence-accuracy calibration for items
from Instance 1 compared to other instances indicating
the primacy effect. In addition, there is also an indication
of the recency effect - better calibration for items from
Instance 4 compared to Instances 2 and 3 at higher
levels of confidence (>79%).

Summary

We found support for primacy and recency effects in reac-
tion time analyses (preregistered Hypothesis 2), ratings of
recognition decision confidence, and confidence-accuracy
calibration at high levels of confidence (> 70%, with a
stronger primacy effect). Further support for the primacy
(but not recency) effect was found in analyses of
memory judgments, recognition decision, and ROC
curves. Finally, indirect support for the primacy effect
was found in misattributions: participants were less
confident in misattribution decisions associated with
items from Instance 1.

Discussion

In the present study, we examined primacy (and recency)
effects in recognition of items from instances of repeated
events in measures of reaction time, confidence, indicators
of accuracy and discriminability, and metacognitive indi-
cators including judgments of memory and the confi-
dence-accuracy relationship. We found that when



Table 4. Reaction time (non-transformed) and confidence ratings across recognition decisions, tasks, and instances in Experiment 2.

Variable/ Hit Miss Correct rejection False alarm Misattribution

Level M (SD) N M (SD) N M (SD) N M (SD) N M (SD) N
Reaction time (milliseconds)

Event

1 2589 (1955) 1605 2528 (2210) 745 2466 (2047) 1742 2764 (2218) 600 - -
2 2699 (2210) 1523 2550 (2392) 836 2588 (2267) 1740 2845 (2291) 609 - -
3 2902 (2359) 1490 2347 (2102) 861 2570 (2330) 1758 2920 (2484) 589 - -
4 2856 (2422) 1414 2462 (2452) 952 2658 (2616) 1774 3161 (2850) 581 - -
Total 2758 (2239) 6032 2469 (2300) 3394 2571 (2326) 7014 2920 (2472) 2379 - -
Instances

1 1512 (1365) 820 - - - - - - 1798 (1489) 765
2 1972 (1608) 628 - - - - - - 1723 (1341) 852
3 2045 (1615) 620 - - - - - - 1801 (1464) 821
4 1841 (1496) 573 - - - - - - 1632 (1258) 795
Total 1818 (1528) 2641 - - - - - - 1738 (1391) 3233
Confidence

Event

1 - - 51.62 (28.39) 755 56.77 (29.93) 1771 47.76 (27.26) 610 -

2 - - 50.16 (29.16) 848 55.54 (30.20) 1759 48.33 (26.01) 621 -

3 - - 51.63 (27.66) 883 56.63 (29.86) 1777 46.39 (25.54) 602 -

4 - - 51.46 (28.85) 966 56.16 (29.79) 1788 45.30 (26.05) 592 -

Total - - 51.22 (28.52) 3452 56.27 (29.94) 7095 46.96 (26.24) 2425 -

Instances

1 73.68 (26.42) 849 - - - - - - 53.86 (26.61) 785
2 61.98 (27.15) 661 - - - - - - 57.30 (27.28) 882
3 60.73 (26.56) 657 - - - - - - 56.13 (26.63) 850
4 71.93 (25.84) 597 - - - - - - 54.16 (26.53) 827
Total 67.45 (27.13) 2764 - - - - - - 55.42 (26.80) 3344

Note. Ns for reaction time and confidence differ due to exclusions of outlier reaction time values (~2% of data).
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Table 5. Proportions of recognition decisions across conditions and instances in Experiment 2.

Task
Event Instances

Decision 1 2 3 4 1 2 3 4
0ld trials

Hit .68 .65 .63 .60 .52 43 44 42

Miss 32 35 37 40 - - - -

Misattribution - - - - A48 .57 .56 .58
New trials

Correct rejection 74 74 75 75 - - - -

False alarm .26 .26 .25 25 - - - -

participants needed to make source-attribution decisions,
old items from the first and final instances were recognized
faster than old items from the adjacent middle instances.
Participants’ confidence ratings were also higher for
items from the boundary instances. Metacognitive
measures further indicated that when participants were
highly confident, their confidence better aligned with
decision accuracy, particularly for items from the first
instance. Further in line with the primacy effect, partici-
pants also more frequently judged items from the first
instance as remembered, accurately recognized more old
items from the first instance, and their decisions showed
better source discriminability.

We used novel methodology combining paradigms
that enabled us to measure reaction times in a task
focused on recognition of items and assess serial position
effects more broadly than in previous research (e.g.,

Dilevski et al., 2021a, who focused on discriminability).
Further, we showed that ROC curves can be effectively
constructed based on reaction time and confidence data
to indicate differences in discriminability in terms of old
and new items and discriminability in terms of source attri-
bution accuracy across instances of repeated events. This
approach is recommended in the recognition literature
(e.g., Brady et al., 2023) and has clear potential for use in
repeated event memory research. In our study, ROC
curves indicated differences in discriminability consistent
with the serial position effects. In future research, ROC
curves can be used in investigations focused on the
impact of deviation (i.e., unexpected changes occurring
within an event) on recall, where it is frequently expected
that deviation may increase instance memorability (e.g.,
Brubacher et al., 2011; Connolly et al., 2016). Next, collect-
ing confidence statements associated with memory
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Figure 6. Confidence-accuracy calibration curves between conditions and across instances in Experiment 2.

Note. Dashed reference line represents perfect calibration.



responses has potential in differentiating metacognitive
abilities across instances of repeated events (see Roberts
& Higham, 2002). In the present study, CA curves indicated
better calibration for the boundary instances, but confi-
dence-accuracy relationship can be similarly valuable in
investigations of changes in metacognition as a conse-
quence of instance deviation.

Our findings contribute to the growing evidence for
primacy and recency effects in memory for repeated
events, including the notions that: (i) primacy effects are
typically stronger and more stable than recency effects
(e.g., Dilevski et al., 2021a; Rubinova et al., 2022), and (ii)
recency effects are sometimes absent (e.g., MaclLean
et al., 2018). Which mechanisms contribute to these
effects? Rubinova et al. (2022) described that a combi-
nation of novelty (only the first instance), unique encoding
context (e.g., Lohnas et al., 2015), and consequently
reduced interference contribute to more effective source
monitoring for items from the boundary instances (e.g.,
Johnson et al., 1993; Lindsay, 2008). Individuals likely
form stronger memories of the first (and final) instances
of repeated events that enable faster recognition of
items and contribute to higher accuracy, discriminability,
confidence, and more frequent judgments of remember-
ing. On the other hand, items from the middle instances
are likely involved in the process of script confirmation
(e.g., Farrar & Boyer-Pennington, 1999) or generalisation
and face increased interference due to high overlap of
source cues, consequently limiting the effectiveness of
source monitoring.

Our findings open new directions in repeated event
memory research. In the repeated event memory litera-
ture, which is largely focused on applied questions of the
ability of individuals to recall instances of repeated
events (e.g., Guadagno et al., 2006; Woiwod & Connolly,
2017), the semantic (script-based) nature of remembering
repeated events is typically highlighted (e.g., Deck & Pater-
son, 2021; Dilevski et al., 2021b; Kuebli & Fivush, 1994). On
the other hand, the autobiographical literature conceptu-
alizes repeated events as falling in between semantic
and episodic memory (e.g., Bontkes et al., 2023; Renoult
etal, 2012). Speculatively, our findings may indicate differ-
ences across instances of repeated events in the degree of
where they fall within episodic and semantic memory. It is
possible that memory for the first (and final) instances
retain more episodic aspects (e.g., they are remembered
in greater detail), while the middle instances may
become more semantic (e.g., they are remembered in
less detail).

In terms of applied implications, findings of the present
study also show potential of using confidence statements
accompanying memory-based decisions to improve infer-
ences about report accuracy (e.g., Roberts & Higham,
2002). At high levels of confidence, items from first
instances were associated with better confidence-accuracy
calibration compared to items from other instances; in
other words, statements of high confidence associated
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with items from first instances may serve as more reliable
indicators of accuracy. It should be noted that all CA cali-
bration curves showed overconfidence at higher levels of
confidence (i.e., participants’ confidence ratings were
higher than accuracy), although it is likely that the
overall placement of the CA curves was influenced by
the task. Specifically, in the present study, participants pro-
vided their statements following a forced-choice recog-
nition decision where they did not have the option to
withhold their response (or indicate “don’t know”"). It is
possible that in recall paradigms that permit participants’
regulation of memory output, the overall confidence-accu-
racy calibration would improve.

We would like to acknowledge limitations of the present
research. First, we presented repeated event stimuli and col-
lected memory responses within a single session. Can we
expect that a repeated event presented within a single
session would be encoded as a sequence of instances
rather than as a single event? In an analysis of experiments
using single-session presentation as well as presentation of
each instance on a separate day, patterns of accuracy and
consistency were similar across different procedures (Rubi-
nova et al., 2022), although the examination of differences
across procedures was not the focus in that study. Future
research should examine how encoding of repeated
events differs between singe- and multiple-session presen-
tation formats. Price et al. (2006) investigated the impact of
spacing on recall of play sessions (four sessions in one day/
across four days) and found that spacing led to superior
memory performance only when the delay to interview
was short (1 d) but not when the delay was long (1
week). Danby et al. (2023) reported no difference for
spacing in a sample of adults who watched sequences of
videos, and they also noted that in their study, accuracy
was at ceiling and error rates were at floor. Therefore, it is
not clear if spacing would have an impact on our results,
and we believe that more research is needed to understand
spacing effects with the use of more complex stimuli (i.e.,
real events rather than videos). Relatedly, we only used
one memory test with a short delay. Dilevski et al. (2021a)
measured recognition performance three times with
increasing delays (short, delay, 1, and 3 weeks), and found
that differences in discriminability diminished at the long
delay (3 weeks). Therefore, it remains to be established
how stable effects found in this study would be at longer
delays.

The second limitation directly follows: we used video
stimuli, therefore generalisability to real-life repeated
events may be limited. In an analysis of accuracy and con-
sistency of recall across studies with different complexity
of stimuli from wordlists to interactive events, Rubinova
et al. (2022) reported consistent patterns of effects across
stimuli. However, as Bontkes et al. (2023) highlighted,
real-life repeated events occur under much more variable
conditions including variability in place where instances of
the repeated event occur. Three of the four stimuli sets we
used in the present study did not change place across
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instances (one did). Therefore, in terms of similarity of
place, it is likely that we used predominantly one type of
repeated event stimuli, and our findings may have
limited generalisability to repeated events with greater
variability of place (see Bontkes et al., 2023).

Third, this study was conducted online, which may have
impacted participants’ metacognitive judgments, particu-
larly in terms of setting criterion. The presence of an auth-
ority figure, as may be the case with an in-person study,
might shift participants towards stricter criterion (see rel-
evant research on the impact of warnings on reducing
the size of the misinformation effect; Wyler & Oswald,
2016), and we should be wary of this impact when general-
ising the current findings.

Fourth, we selected new items from a pool of plausible
alternatives, but we did not test for lexical and semantic
characteristics, such as word frequency or semantic simi-
larity. However, we believe that the high variability of
our stimuli (i.e., the use of four sets with counterbalanced
order of instances and therefore items) provided a strong
test of the primacy and recency effects. Finally, our
samples included predominantly White women. Further
research should focus on more diverse populations to
see if our findings would generalize.

In conclusion, the present research found primacy (and
recency) effects in long-term recall of instances of repeated
events across a wide range of measures, indicating that first
(and partially final) instances of repeated events are
encoded with more attributes that uniquely link details to
the first (final) instance. When the recognition test required
engagement of source monitoring, old items from the
boundary instances were recognized faster and with
higher confidence compared to their adjacent middle
instances. Primacy, but not recency effects, were found in
memory judgments (items from first instances were more
frequently “remembered”), accuracy, discriminability, and
confidence-accuracy calibration. Our findings bring further
evidence that individuals form stronger memories of first
(and final) experiences of repeated events.
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Notes

1. Dilevski et al. (2023) did not find evidence for primacy and
recency effects when asking participants which domestic vio-
lence scenario they remembered best, possibly because more
than half of their participants selected one scenario that took
place at a different location than other scenarios. Scenarios
were presented randomly, so it is possible that the lack of
serial position effects was at least partially due to the stimuli
confound - if participants remembered the scenario because
of the different location, this location distinctiveness may
have driven participants’ selection.

2. Our estimates of means were based on typical patterns found
in correct recall (e.g., Rubinova et al., 2022), and within ranges
of reaction times from recognition studies (Ratcliff & Murdock,
1976). The specified pattern of means across Instances 1-4 was
0.73, 0.68, 0.68, 0.71 for the event condition, and 0.93, 0.88,
0.88, 0.91 for the instances condition, with a common SD =
0.27. This pattern reflects the estimated differences across
instances and conditions, although we erroneously flipped
the effects - the values indicated longer reaction times for
the boundary instances (an error due to correspondence to
typical accuracy patterns), while we expected shorter reaction
times for the boundary instances. The corrected pattern: 0.63,
0.68, 0.68, 0.65 for the event condition, and 0.83, 0.88, 0.88,
0.85 for the instances condition maintains estimated effect
sizes and reaches identical estimates of required sample size.

3. We computed a sensitivity analysis to evaluate statistical
power in the experiment. We used actual sample size,
obtained mean reaction times across instances and conditions
(following data exclusions and transformations), selected the
largest SD for the common SD, calculated the intraclass corre-
lation (package performance, Liidecke et al., 2021) as an esti-
mate of within-subjects correlation (Killip et al., 2004), ICC
=.682, and set a=.03. The sensitivity analysis indicated
100% power for detecting the effect of condition, 99%
power for detecting the effect of instance, and 97% power
for detecting the interaction. Therefore, our experiment had
sufficient statistical power to detect the expected effects.

4. Two new items were removed from analyses of Set 3 because
identical items were presented in two instances. One old item
was removed from Set 4 because of a typo.
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