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Abstract

Navigating changes is fundamental to everyday life and requires updating existing memories to incorporate new details. This
study examined mechanisms underlying how reinstating an earlier event’s context during a later event influences memory
for both events. Two theories predict opposite outcomes. Interference theory holds that reinstating context from an existing
memory while experiencing a new, overlapping event produces response competition and impairs memory for both. In con-
trast, integration theory predicts that context reinstatement cues retrieval of earlier memories, enabling associative encoding
of past and present events that enhances memory. Prior work favors the latter, showing that reinstatement improves memory.
Three experiments extended this work by directly testing roles for study-phase retrievals and change awareness during study
and test. Word pairs with shared cues but changed responses (A-B, A-D) were presented with background contexts that either
repeated or changed. Repeating contexts increased detection of changes and recall of earlier responses during study, both
indexes of study-phase retrievals, as well as later cued recall of earlier (B) and changed (D) responses. The recall benefit
was proportional to the extent of study-phase retrievals, implicating retrieval practice. Moreover, the effect was enhanced
when participants remembered that changes had occurred, highlighting the role of recollecting integrated representations
that included change attributes. These findings align with integration theory, suggesting that memory updating is most
effective when current events cue retrieval of prior memories and engender associative encoding of past and present events,
establishing elaborate representations that support subsequent recall.
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Every day, we experience new events that are related to but  be differentiated from each other, thus preventing confu-

differ from past experiences. Consider the following sce-
nario. Ana attended the same professional conference two
years in a row. In 2023, she attended a talk about implicit
memory by Dr. Smith. In 2024, Ana attended another talk
by Dr. Smith, this time about explicit memory. Due to their
overlap, Ana’s subsequent memory of the recent talk could
interfere with her recall of the earlier talk. This is an exam-
ple of retroactive interference—a primary cause of forget-
ting (for reviews, see Anderson & Neely, 1996; MacLeod,
2024). To reduce interference, the contexts of the talks could
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sion about what concepts were discussed on each occasion.
Counterintuitive to this notion, interference may also be
reduced by associating events, their contexts, and details
into a unified memory—a process referred to as integra-
tive encoding. When successful, this process can update
episodic memories, leading to retroactive facilitation, as
shown by better memory after changes. Here, we replicate
earlier findings showing that reinstating contextual details
of an earlier event during a current event improves episodic
memory updating, which we operationally define as correct
recall of conflicting details from both events. Critically, we
directly examine how prior-event retrievals yield awareness
of changes that support such updating, thus leading to ret-
roactive facilitation.

One method for assessing such retroactive effects of
memory is the A-B, A-D paired-associate paradigm. In
this paradigm, participants learn cue-response pairs (A-B)
before learning changed pairs with shared cues and different
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responses (A-D). Retroactive effects are assessed by meas-
uring recall of first (B) and second (D) responses (for a
summary, see Anderson & Neely, 1996). To relate this to
the earlier example, A-B and A-D pairs are analogous to
the first talk (e.g., “Smith—implicit”) and second talk (e.g.,
“Smith—explicit”), respectively. Retroactive interference
would present as impaired recall of the B response relative
to a control condition in which changes did not occur, and/
or increased intrusions from D responses. Retroactive facili-
tation would present as improved recall of the B response,
which could be accompanied by fewer intrusions. Observing
reduced interference together with facilitation resulting from
a manipulation suggests that the experimental conditions
improved episodic memory updating.

Retroactive interference and facilitation have both been
observed in A-B, A-D paradigms. Interference effects were
once theorized to arise from the unlearning of original
associations when learning changed associations (Melton
& Irwin, 1940) and response competition at retrieval when
distinct events share a cue (Postman & Underwood, 1973).
Support for these accounts comes from studies showing that
changing responses paired with the same cue from one list to
the next impaired subsequent memory for earlier responses,
and evidence for facilitation effects—enhanced memory for
earlier responses—comes from other A-B, A-D studies (for
a review, see Anderson & Neely, 1996). It was originally
theorized that facilitation effects arise from an associative
mediation process activated when responses are semanti-
cally similar (Barnes & Underwood, 1959). Later, others
suggested that retroactive facilitation may arise when A-D
pairs cue retrieval of A-B pairs (Bruce & Weaver, 1973),
which may occur more for similar pairs. To extend this rea-
soning, interference reduction may depend on the potential
for cross-episode associations to be encoded, though such
integration was not articulated early on.

Other work has established a role for contextual asso-
ciations, showing that creating differentiated contextual
representations can reduce interference (for a review, see
Smith & Vela, 2001). For example, reductions in retroac-
tive interference in A-B, A-D paradigms was observed when
the learning contexts were varied between lists by changing
the environments (e.g., Bilodeau & Schlosberg, 1951) and
increasing time between A-B and A-D learning (e.g., Under-
wood & Ekstrand, 1966). Creating dissimilar list contexts
in these ways presumably counteracted interference by pre-
venting response competition. Findings such as these sup-
port classic interference theory and yet they clearly conflict
with results suggesting that uniting contexts can enhance
memory in A-B, A-D paradigms (e.g., Barnes & Under-
wood, 1959; Bruce & Weaver, 1973). One goal here was
to further test these mechanisms by manipulating whether
perceptual contexts associated with A-B and A-D pairs are
reinstated. To foreshadow, we find support for integration
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as a key mechanism. Another goal was to examine potential
roles for study-phase retrieval and awareness of changes in
such effects. We consider relevant background studies next
before describing our approach.

As mentioned above, research showing retroactive facili-
tation in A-B, A-D tasks suggests that reinstating context
should promote memory updating. The present study was
inspired by work showing retroactive facilitation across
various lags between A-B and A-D pairs that also proposed
a role for retrieval practice of A-B pairs in such effects
(Bruce & Weaver, 1973). They suggested that overlapping
features of A-D pairs cue retrievals of A-B pairs. Such
retrievals have been described as “study-phase retrievals,”
and are assumed to play a key role in memory enhancement
across a variety of tasks (e.g., Hintzman et al., 1975; Tzeng
& Cotton, 1980). Importantly, these retrievals can occur
spontaneously and covertly (e.g., Hintzman, 2011), which
may occur when more features are shared between A-B
and A-D pairs, such as semantic and contextual informa-
tion. However, study-phase retrievals may also be engaged
strategically using controlled processes, such as when task
instructions require overt responses (Jacoby, 1974). Con-
trolled study-phase retrievals may have played a critical role
in the retroactive facilitation observed when participants
were forewarned that items would change (see Robbins &
Bray, 1974a, b). This advisement of change was likely to
have motivated participants to look for changes and engage
encoding processes that compared related events.

The role of change awareness in retroactive facilitation
was directly examined using an A-B, A-D paradigm that
manipulated how participants engaged strategically con-
trolled, study-phase retrievals (Jacoby et al., 2015, Experi-
ment 1). Participants learned two lists with A-B pairs in
both lists and A-D pairs only in List 2. The manipulation
of change awareness occurred before List 2. One group was
told to look for changes from List 1 or 2 (N-Back) while
the other group was told to look for changes only within
List 2 (Within-List Back). The N-Back group should have
been more aware of between-list changes. On a final cued
recall test, B-response recall (from List 1) showed retroac-
tive facilitation in the N-Back group but not the Within-
List Back group. Memory for changes was also higher in
the N-Back group, suggesting that instructions to look for
changes promoted study-phase retrievals that engendered
integrative encoding of changes. Related studies showed
similar results of increasing change awareness, for example
by increasing study time for A-D pairs in List 2 (Garlitch &
Wahlheim, 2020; Negley et al., 2018) and interpolating A-B
retrieval practice with feedback prior to A-D learning (Wahl-
heim et al., 2023). Importantly, such manipulations showed
increased B-response recall in association with increased
memory for change, thus implicating roles for study-phase
retrieval and integration in facilitation effects.
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Of particular relevance here, reinstatement of percep-
tual contextual features has also been used to promote
retroactive facilitation in A-B, A-D paradigms. To show
such effects, the key study upon which the current experi-
ments are based manipulated whether the same or different
background scene appeared with corresponding A-B and
A-D word pairs (Cox et al., 2021). Both study phases and
the final cued recall test were separated by 24-hr intervals.
In the first two experiments, participants learned pairs to
criterion across each study phase, then took a cued recall
test without background scenes present. The test directed
retrieval first to the B then to the D response (Experi-
ment 1) or used a modified modified free recall (MMFR)
procedure in which participants reported responses from
both lists in the order that they came to mind (Experi-
ment 2). Retroactive facilitation was observed when
scenes repeated for A-B and A-D pairs, whereas retro-
active interference was observed when scenes changed.
Evidence for context-cued integration was indicated by
statistical dependences showing higher B-response recall
when D responses were also recalled, but only when the
A-B scenes were reinstated during A-D learning. These
findings were attributed to an integrative encoding mecha-
nism that was amplified when repeated scenes served as
potent retrieval cues. However, that study did not verify
differences in study-phase retrieval and change awareness
that would further implicate integrative encoding.

According to the Memory-for-Change (MFC) frame-
work proposed by Larry Jacoby and colleagues (Jacoby &
Wahlheim, 2013; Wahlheim & Jacoby, 2013), such pro-
cesses should play critical roles in retroactive facilitation.
Specifically, the account proposes that whether changed
responses improve or impair memory depends on whether
study-phase retrievals engender awareness of changes that
become integrated with responses. Importantly, the associa-
tive encoding that characterizes integration should lead to
memory representations that carry the subjective experience
of change as a contextual attribute, akin to metadata, that
later aids in identifying the sources of generated responses.
This view was inspired by findings from the interference and
temporal memory literatures showing that repeated stimulus
features promote retroactive facilitation (Barnes & Under-
wood, 1959; Bruce & Weaver, 1973) and memory for order
(Tzeng & Cotton, 1980; Winograd & Soloway, 1985), pre-
sumably by reminding people of past events, thus enabling
integrative encoding with current events. This idea has also
been supported by neural investigations showing that study-
phase retrievals and context reinstatement are associated
with reductions in retroactive interference (Koen & Rugg,
2016; Kuhl et al., 2010). The assertion that we test here
is that reinstating background scenes, a type of perceptual

context used by Cox et al. (2021), should evoke study-phase
retrievals that promote detection of changes and integration.

The present study

We extended upon Cox et al. (2021) by examining perceptual
context reinstatement effects in A-B, A-D paradigms with
direct measures of change detection and study-phase retrieval
during A-D study, as well as memory for changes on the final
test. Retroactive memory effects were assessed by compar-
ing B-response recall in A-B, A-D and A-B, C-D conditions
on cued recall tests, which first probed the B response. This
approach is justified because Cox et al. showed that retroac-
tive effects converge across directed retrieval and MMFR
tests. Across three experiments, we evaluated how retrieval
operations during A-D study affected subsequent memory
for B and D responses and awareness of their changes, as
required to test claims from the MFC framework. Experi-
ments 1 and 2 overtly measured change detection and study-
phase retrieval to confirm the roles of A-B retrieval and
A-D comparison processes in context reinstatement effects.
Experiment 3 tested whether the recall patterns from the
prior two experiments would replicate without overt change
detection or study-phase retrieval, and whether statistical
dependencies between B-response recall and memory for
changes would be greater when context was reinstated, as
in Cox et al.

This approach allowed us to test competing theoretical
predictions of interference and integration theories regarding
context reinstatement effects on episodic memory updating.
To reiterate, interference theory predicts that context reinstate-
ment during A-D study will impair memory updating, espe-
cially when changes are detected and study-phase retrievals
occur. Conversely, integration theory predicts that by promoting
context reinstatement and A-B retrievals, episodic memories
will be more effectively updated. Detecting change is crucial to
updating because it affords the conscious awareness necessary
to notice and encode differences. Based on Cox et al. (2021), we
expected that reinstating contexts will improve change detection,
retrieval of B responses during A-D study, as well as subsequent
recall of B and D responses and memory for changes on the cued
recall test. We also expected to observe a dependency in recall of
B and D responses, showing greater B-response recall when D
responses are also recalled and changes are remembered. This
will be especially prevalent when changes were detected and B
responses were recalled while studying A-D pairs during List
2, because such instances are necessary to engender the integra-
tive encoding that yields later dependencies. Collectively, these
findings would be compatible with predictions from the MFC
framework (Wahlheim & Jacoby, 2013).
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General statistical methods

All analyses were conducted with R software (R Core Team,
2025). We fitted logistic mixed-effects models with the
“glmer” function from the Ime4 package (Bates et al., 2015),
including subjects and items as random intercept effects.
We performed hypothesis testing with Type 2 Wald’s Chi
Square tests using the Anova function from the car package
(Fox & Weisberg, 2019) and pairwise comparisons using the
Tukey method from the “emmeans” function in the emmeans
package (Lenth, 2024). We report odds ratios (ORs) effect
sizes along with their 95% confidence intervals. We coded
cued recall responses using a strict criterion that required
exact matches to the original spelling. Misspelled words
comprised <2% of all trials.

Experiment 1

Experiment 1 examined the effect of context reinstatement
on episodic memory updating while overtly measuring the
detection of changed A-D pairs. Participants studied two
lists with word pairs that shared cues and changed responses
across lists (A-B, A-D) or were unique across lists (A-B,
C-D). We used a change detection measure to assess the
extent to which repeating a background scene across lists
encouraged participants to think back to List 1 during List
2. In a cued recall test, participants attempted to recall the B
response, indicated whether the response changed from List
1 to List 2, and if so, attempted to recall the D response. We
predicted that repeating scenes would increase change detec-
tion, and thus, study-phase retrievals, leading to improved
subsequent memory for both responses and memory for the
fact that they changed.

Method

All research reported below was approved by the Institu-
tional Review board at the University of North Carolina at
Chapel Hill (UNC-CH).

Participants

The participants were 74 undergraduate students from the
University of North Carolina at Chapel Hill. Participants
were recruited from the Psychology and Neuroscience
Department subject pool and compensated with course
credit. One participant was excluded from analysis due to
program failure and another was excluded due experimenter
error. The analyses reported below include the data from the
remaining 72 participants (50 women), ages 18-30 years
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(M = 19.80, SD = 2.10). The stopping rule was based on
available resources and sample size comparisons with prior
studies using A-B, A-D paradigms. We recruited at least
50% more participants than in prior studies (e.g., Cox et al.,
2021; Garlitch & Wahlheim, 2020; Negley et al., 2018) to
improve sensitivity to modest effect sizes. A sensitivity anal-
ysis using simr (Green & MacLeod, 2016) indicated that N
= 72 provides 80% power to detect the moderate observed
effect (OR = 1.61) of the context reinstatement manipulation
on D-response intrusions below.

Design

The experiment used a 2 (item type: A-B, C-D vs. A-B,
A-D) x 2 (context type: match vs. mismatch) within-subjects
design.

Materials

The materials consisted of 84 critical word triplets plus
eight buffer triplets, each including a cue (e.g., cloud) and
two responses (e.g., white, nine). For the critical items, cue
lengths ranged from 3-8 letters (M = 5.39, SD = 1.30) and
response lengths also ranged from three to eight letters (M =
5.29, SD = 1.21). We created the triplets such that cues were
semantically associated with both responses to ensure that
recall performance would be above floor. We verified these
associations by extracting the forward association strength
values from the University of South Florida Free Associa-
tion norms (Nelson et al., 2004), which are the normative
probabilities that participants generated responses when
given cues. For the critical items, the forward association
strengths ranged from .01-.10 (M = .04, SD = .02). In con-
trast, responses within triplets (e.g., white and nine) were
not normatively associated with each other.

The materials also included 84 critical scene images (42
indoor / 42 outdoor) plus eight buffer scenes. Scenes were
color photographs from the Change Blindness Database
(Sareen et al., 2016). For counterbalancing, the 84 scenes
were rotated across 24 formats (two lists per format block),
such that indoor and outdoor versions of each arbitrarily
numbered scene were balanced across context type (match
vs. mismatch) and distributed across item type (A-B, C-D
vs. A-B, A-D). In context-match conditions, the same scene
repeated across lists; in context-mismatch conditions, indoor
and outdoor versions were cross-assigned (e.g., Indoor Scene
1 in List 1 / Outdoor Scene 1 in List 2). Counterbalancing
was complete for context type but not fully crossed with item
type; each scene appeared equally often as a match and a
mismatch, but no scene appeared in all four item type X con-
text type combinations to avoid an unmanageable number
of formats while still distributing scenes across item types.
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Fig. 1 Schematic of the experimental procedures. On List 1 trials,
participants first indicated whether a scene belonged indoors or out-
doors. Next, they studied an A-B pair (e.g., cloud—nine) in association
with the scene. On List 2 trials, participants first indicated whether a
scene was from List 1 (Old/New judgments), then viewed a word pair
centered in the scene. Word pairs were either changed (e.g., “cloud—
white”) or new (“read—page”), and scenes were either the same as in
List 1 (match) or new in List 2 (mismatch). Next, participants made

The experiment comprised three phases: List 1, List 2,
and test. List 1 and List 2 each included four buffer pairs
(one from each combination of item and context type) at the
beginning and end of each list to control for primacy and
recency effects. Additionally, List 1 and List 2 each included
56 critical pairs divided evenly among the four combina-
tions of item and context types. Eighty-four total items were
required because the A-B, A-D conditions comprised one set
of 28 items that share cues but included different responses
across lists, whereas the A-B, C-D conditions comprised
two unique sets of 28 cue-response pairs in each list (56
items total). The cued recall test began with eight practice
trials derived from the buffers (two from each combination
of item and context type) then presented cues from all 56
critical items in List 1.

Procedure

E-Prime 2 (Psychology Software Tools, Pittsburgh, PA,
USA) controlled the stimulus presentation. Figure 1 displays
a schematic of the procedure. Variations in presentation
durations across phases were determined through piloting.

Changed?

world - ?

(1) Yes

(0) No

change detection judgments (Experiment 1), studied the pair then
recalled B responses after each changed pair (Experiment 2), or only
studied the pair (Experiment 3). On test trials, prompts appeared
against black backgrounds. Participants first attempted to recall the
B response, then indicated whether the response changed from List 1
to List 2, and if they responded “yes,” then attempted to recall the D
response. (Color figure online)

We chose durations that allowed participants to comfortably
execute each task. In all phases, trials appeared in pseudo-
random orders with the stipulation that no more than three
items from the same condition appeared consecutively. The
average serial position was matched across all within-subject
conditions.

Before List 1 began, participants were told that they
would view indoor and outdoor scenes, then word pairs
would appear superimposed onto the scenes. They were told
that their tasks would be to indicate if the scenes belonged
indoors or outdoors and to rate how well they could imagine
the words interacting with the scenes. On each List 1 trial,
a scene first appeared for 2 s, and participants pressed a
key to indicate whether it belonged indoor (1) or outdoor
(0).! After 2 s, the scene remained, a word pair appeared
in the center for 6 s, and participants pressed a key to rate

! Scene classification accuracy was compared in each experiment
using models with item and context type as fixed effects. Accuracy
was extremely high in all experiments: The model estimated proba-
bilities for all cells across combinations of item and context type were
>.98.
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the clarity with which they could imagine the words inter-
acting with the scene on a four-point scale (1 = unclear
- 4 = clear). Participants were also instructed to study the
words for a later test. After 6 s, the words disappeared, and
the scene remained for 2 s so that participants could con-
tinue encoding their image. A black screen ISI intervened
between trials for 500 ms.

Before List 2 began, participants were told that they
would view indoor and outdoor scenes, but that their
tasks would be to indicate if they recognized the scenes
from List 1 and to indicate if they detected changed word
pairs. On each List 2 trial, a scene first appeared for 3 s,
and participants pressed a key to indicate whether it was
“old” from List 1 (1) or “new” to List 2 (0). After 3 s, the
scene remained, a word pair appeared in the center for 4 s,
and participants pressed a key to indicate whether the pair
comprised a repeated cue and changed response (1) or was
entirely new (0), relative to List 1. A black screen ISI inter-
vened between trials for 500 ms.

Before the cued recall test, participants were told that
they would see cue words and be asked to recall responses
from each list and whether those responses changed. On
each cued recall trial, a cue from a List 1 pair appeared
with a question mark in lowercase white text on a black
screen (e.g., cloud - ?). Participants first attempted to
type the response word from the List 1 A-B pair and
then pressed a key to indicate whether the response word

Experiment 1

Experiment 2

changed across lists (1 = yes, 0 = no). When partici-
pants responded “yes,” another prompt appeared asking
for recall of the response word from the A-D pair in List
2. After participants attempted to type that response, the
program advanced to the next trial. When participants
responded “no,” the program advanced to the next trial.
Responses were self-paced, and participants were allowed
to pass when they could not recall the correct response.
A black screen ISI intervened between trials for 500 ms.

Results and discussion
List 2 study phase: Scene recognition

We compared the probability of “old” responses on rec-
ognition trials in List 2 (Fig. 2, left) to matched (old) and
mismatched (new) scenes to assess task adherence and the
extent to which context reinstatement directed retrieval
to List 1. A model with fixed effects of context and item
type indicated a significant effect of context type, X2(1)
=1189.45, p < .001, OR = 151.12 (CI [113.63, 200.98)),
showing that that participants responded “old” more to
repeated scenes. This verifies that scene reinstatement
cued retrieval of List 1 contexts for most items. No other
effects were significant, largest XZ(I) =237,p=.12,0R
= 1.45 (CI[0.90, 2.32]).

Experiment 3

1.0 . . ltem Type
0.9+ y o @ @ A-B,CD
© @ d © @ @ A-B,AD
0.8 1
o 0.71
2
o 0.61
o
3 05-
g0
59 0.4
© 13l
0.2
0.1+ .
Q @9 ©o @
0.07 s s s, B
Match Mismatch Match Mismatch Match Mismatch
Context Type

Fig.2 Scene recognition accuracy in List 2. Smaller points are indi-
vidual participant probabilities, and larger points are probabilities
for each condition in aggregate estimated from mixed-effects mod-
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els. Error bars are omitted from this figure because they were fully
obscured by the diameters of model-estimate points. (Color figure
online)
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List 2 study phase: Change detection

We compared the probability of “changed” responses in List
2 (Fig. 3A) to assess correct detection (A-B, A-D conditions)
and incorrect false alarms (A-B, C-D conditions). A model
with fixed effects of context and item type indicated a sig-
nificant effect of item type, showing higher correct detection
than false alarms, Xz(l) =873.72,p < .001, OR =22.72 (CI
[17.86,28.91]). There was also a significant effect of context
type, XZ(I) = 58.62, p < .001, OR = 1.67 (CI [1.42, 1.95]),
that was qualified by a significant interaction, Xz(l) =46.65,
p <.001, OR =3.02 (CI [2.20, 4.14]). Pairwise comparisons
showed significantly higher correct detection in the match
than the mismatch condition, z ratio = 10.25, p < 001, OR =
2.89 (CI [2.36, 3.55]), and no significant difference between
context conditions for false alarms, z ratio = 0.34, p = .73,
OR =1.04 (CI[0.82, 1.33]). These results suggest that con-
text reinstatement directed retrieval to List 1, which enabled
the detection of changes in List 2.

Test phase: Cued recall and memory for change

Figure 4 (left panels) displays the response probabilities for
each cued recall measure. For correct recall of B responses
and “changed” classifications (Fig. 4A and C), we compared
probabilities across conditions using models with context
and item type as fixed effects. For intrusions and recall of D
responses (Fig. 4B and D), we only compared context types
for A-B, A-D items because A-B, C-D items had List 2 cues
that did not match the List 1 cues.

A Experiment 1
1.0
Context Type
097 @ Match
@ Mismatch
o 0.8+ ¢
2
S 071
2 \
P 0.6 +
o
= 05'
3
o 0.4+
S
£ 0.3+
©
024
o o
0.1
0.0+ F
A-B, C-D A-B, A-D
Item Type

Fig.3. A Change detection (Experiment 1). B List 2 B-response
recall (Experiment 2). Smaller points are individual participant prob-
abilities, and larger points are probabilities for each condition in

The model for B-response recall (Fig. 4A, left) indicated
significant effects of context, Xz(l) =41.22, p < .001, OR
=2.13 (CI [1.74, 2.60]), and item type, Xz(l) =16.98,p <
.001, OR = 1.33 (CI [1.16, 1.54]), as well as a significant
interaction, Xz(l) = 16.34, p < .001, OR = 1.80 (CI [1.35,
2.39]). Pairwise comparisons indicated significantly higher
recall for A-B, A-D than A-B, C-D items in the match con-
dition, z ratio = 5.78, p < .001, OR = 1.79 (CI [1.47, 2.18])
and no significant difference between item types in the mis-
match condition, z ratio = 0.07, p = .95, OR = 1.01 (CI
[0.82, 1.24]). Additionally, recall was significantly higher for
A-B, A-D items in the match than the mismatch condition, z
ratio = 7.41, p < .001, OR = 2.13 (CI [1.74, 2.60]), but not
significantly different between contexts for A-B, C-D items,
zratio=1.63, p =.10, OR = 1.18 (CI1[0.97, 1.45]). Finally,
recall was significantly higher for A-B, A-D items in the
match condition than A-B, C-D items in the mismatch con-
dition, z ratio = 7.34, p < .001, OR = 2.12 (CI [1.63, 2.75]).
These results suggest that context reinstatement enhanced
recall enough to produce retroactive facilitation for changed
items, just as before (cf. Cox et al., 2021).

The model for D-response intrusions (Fig. 4B, left),
including only context type as a fixed effect, indicated a
significantly lower probability in the match than the mis-
match condition, x*(1) = 4.42, p = .04, OR = 1.45 (CI
[1.03, 2.06]). This suggests that repeating scenes promoted
study-phase retrievals that supported later rejection of those
response as intrusions.

The model for “changed” classifications (Fig. 4C, left),
which were correct remembrances for A-B, A-D items

B Experiment 2
1.0

0.9+
0.8+
0.7

0.6-
0.5- ¢

0.4-

0.3- +

0.2+

B-response Recall

0.1+

0.0+

Match
Context Type
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aggregate estimated from mixed-effects models. Error bars are 95%
confidence intervals. (Color figure online)
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Fig.4 Cued recall test response probabilities. Smaller points are indi-
vidual participant probabilities, and larger points are probabilities for
each condition in aggregate estimated from mixed-effects models.

and incorrect false alarms for A-B, C-D items, indicated a
significant effect of item type, Xz(l) = 476.60, p < .001,
OR = 5.66 (CI [4.85, 6.61]), showing higher probabilities
for correct than incorrect classifications. There was also
a significant effect of context type, Xz(l) =20.02, p <
.001, OR = 1.30 (CI [1.12, 1.51]), that was qualified by a
significant interaction, Xz(l) =17.82,p <.001, OR=1.91
(CI [1.41, 2.58]). Pairwise comparisons indicated signifi-
cantly higher correct classifications in the match than the
mismatch condition, z ratio = 6.13, p < .001, OR = 1.80
(CI[1.49,2.17]), and no significant difference in incorrect
classifications between contexts, z ratio = 0.49, p = .63,
OR = 1.06 (CI [0.84, 1.34]). These results suggest that
by improving the detection of changes in List 2, context
reinstatement also promoted better subsequent memory for
changes at test.

The model for D-response recall after participants
reported remembering that responses had changed (Fig. 4D,
left), which included only a fixed effect of context type, indi-
cated a significant effect, Xz(l) =7.09, p < .001, OR =
1.52 (CI [1.12, 2.07]), showing higher recall in the match
than the mismatch condition. Taken together with the other
cued recall measures, these findings suggest that reinstating
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background scenes promoted change detection by directing
retrieval to List 1, which improved recall of all responses
(i.e., enhanced episodic memory updating), suggesting that
context reinstatement promoted integrative encoding.

Test phase: Cued recall conditionalized on memory
for change

To examine how context reinstatement moderated the asso-
ciations between memory for changes and B-response recall,
we examined B-response recall conditionalized on detection
of changed responses in List 2 and “changed” classifications
at test for A-B, A-D items (Fig. 5). Prior work showed that
detecting change during study and remembering changes
at test were associated with enhanced recall of B responses
(Negley et al., 2018). This suggests that the retrieval of B and
its co-activation with A-D leads to memory representations
of B responses that includes attributes of the change expe-
rience, which should confer mnemonic advantages. If this
occurred here, then B-response recall would be enhanced
when participants remembered changes, especially if they
could also recall the D response. Taken with the increased
D-response recall when contexts were reinstated, this would
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Fig.5 Conditional recall of B responses from List 1 for A-B, A-D
items: Experiment 1. Points are estimated probabilities from a mixed-
effects model. Point areas reflect the relative observation counts. The
aggregate values from Fig. 4 appear here in dark gray (Match and
Mismatch All Responses). Recall conditioned on List 2 change detec-

suggest that context reinstatement promotes study-phase
retrievals, change awareness, and effective memory updat-
ing. In the following conditional analyses, we do not discuss
context effects redundant with those above.

B-response recall conditionalized on change detection
in List 2 suggested that such detection assayed study-phase
retrievals. A model with change detection and context type
as fixed effects indicated a significant effect of change detec-
tion, showing higher recall when change was detected than
when it was not detected, Xz(l) =60.74, p < .001, OR =
2.71 (CI [2.11, 3.47]), and no interaction, Xz(l) =171,p
=.19, OR = 1.38 (CI [0.85, 2.25]), suggesting that change
detection was often accompanied by retrieval practice of B
responses.

More critical to the proposal that study-phase retrievals
and change awareness contribute to memory updating, we
assessed B-response recall for detected changes, condi-
tionalized on memory for change at test. According to the
MFC framework, detected changes should provide more
opportunities for integrative encoding, and measuring

tion responses appear in orange and teal (Match and Mismatch List
2). Recall for detected changes conditioned on “changed” classifica-
tions at test appear in orange, purple, and teal (Match and Mismatch
Test). Error bars are 95% confidence intervals. (Color figure online)

memory for changes at test should provide evidence for the
extent to which integrative encoding engenders encoding
of change attributes that are later recollected (Wahlheim
& Jacoby, 2013). A classification variable included three
types of change remembrance reflecting whether or not
changes were remembered, and if so, whether D responses
were also recalled. A model with context type and clas-
sification as fixed effects indicated a significant effect of
classification, X2(2) = 99.52, p < .001, and no signifi-
cant interaction, X2(2) = 2.23, p = .33. Pairwise compari-
sons indicated significantly higher recall when changes
were remembered with D recall as compared to without
D recall, and when changes were remembered without D
recall than when changes were not remembered, small-
est z ratio = 3.36, p = .002, OR = 2.11 (CI [1.25, 3.57]).
Together, these results replicate prior findings of retroac-
tive facilitation accompanied by dependencies between B
and D recall arising when detected changes were later rec-
ollected (Negley et al., 2018), and support the predictions
from the MFC framework.
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Summary

Experiment 1 showed that reinstating background scenes for
changed word pairs enhanced change detection, B-response
recall, remembrance of changes, and D-response recall.
Conditional analyses showed that detecting change was
associated with enhanced B-response recall, suggesting
that such detection reflected study-phase retrievals. These
analyses also showed that when changes were detected, sub-
sequent recall of B responses was higher when participants
both remembered that responses changed and recalled D
responses. Collectively, these results suggest that context
reinstatement promoted integrative encoding between A-B
and A-D pairs, which counteracted retroactive interference.
According to the MFC framework, this suggests that inte-
grative encoding established associations between changed
responses and the experience of changes, thereby marking
the order of responses.

Experiment 2

In Experiment 1, participants detected more changes when
background scenes repeated across lists. Based on prior
work showing that manipulations affect change detection and
study-phase retrievals similarly (e.g., Wahlheim & Jacoby,
2013), we assumed that this increase in change detection
reflected an increase in study-phase retrievals of B responses
during List 2. However, change detection can occur without
study-phase retrievals, as when participants sense a com-
bination of cue familiarity and response novelty without
perceiving what exactly changed. To verify that the context
reinstatement benefits to change detection (and memory
updating more generally) in Experiment 1 largely reflected
effects on study-phase retrievals, Experiment 2 replaced the
change detection measure in List 2 with an overt measure
of B-response recall.

We predicted that repeating background scenes would
increase study-phase retrievals and replicate the patterns of
memory improvement for all other downstream measures.
Importantly, the study-phase retrieval measure increased
the precision of the conditional analyses by allowing us to
examine the downstream consequences of verified instances
when B responses were coactivated with A-D pairs. We
expected that final B-response recall would be highly suc-
cessful following earlier study-phase retrievals due to the
established benefits of retrieval practice in similar tasks
(Wahlheim et al., 2023). Moreover, we expected those
effects to be enhanced when participants also remembered
changes, because doing so would suggest that integration
had occurred, which should create a qualitatively superior
mnemonic representation. This conditional effect may be
more pronounced when D responses are recalled (Negley
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et al., 2018); however, this additional benefit has not consist-
ently occurred (Garlitch & Wahlheim, 2020).

Method
Participants

The participants were 74 members of the UNC Chapel Hill
community recruited from the university’s Psychology and
Neuroscience Department participant pool (z = 73) and fly-
ers posted around the campus and local community (n = 1).
Participants received partial course credit or $10 as compen-
sation, depending on the method of recruitment. Two par-
ticipants were excluded from analysis due to experimenter
error. The final sample size was 72 (53 women), ages 18-23
years (M = 19.30, SD = 1.20). The stopping rule was the
same as in Experiment 1.

Design and materials
The design and materials were identical to Experiment 1.
Procedure

The List 1 and test procedures were the same as in Experi-
ment 1, but the List 2 procedure was modified to directly
measure study-phase retrievals. Before List 2, participants
were again told that their first task would be to indicate
whether scenes repeated from List 1. They were told that
their next task would be to learn the word pairs in asso-
ciation with scenes and to consider how those pairs related
to List 1 pairs. They were told that their final task would
be to recall response words from List 1 after changed pairs
appeared in List 2. On each List 2 trial, after making a rec-
ognition judgment, participants studied a centered word pair
for 6 s (instead of 4 s as in Experiment 1). We increased
the study duration here because the low rates of D-response
recall and intrusions in Experiment 1 suggested that more
time was needed to fully encode List 2 pairs. For A-D pairs,
the scene and word pair were replaced by the cue that just
appeared paired with a question mark, prompting partici-
pants to type the B response from List 1 (see Fig. 1). For
C-D pairs, the trial advanced after study; participants did
not attempt B-response recall.

Results and discussion

List 2 study phase: Scene recognition

We compared the probability of “old” responses on recogni-
tion trials in List 2 (Fig. 2, middle) using a model with fixed

effects of context and item type. Replicating Experiment
1, a significant effect of context type, Xz(l) =1075.13, p
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< .001, OR =279.95 (CI [199.88, 392.11]), showed more
“old” responses for matched than mismatched scenes, thus
verifying that repeating scenes cued retrieval of List 1 con-
texts. No other effects were significant, largest Xz(l) =0.35,
p=.55,0R=1.18 (CI [0.68, 2.03]).

List 2 study phase: Cued recall

We compared B-response recall in List 2 for A-B, A-D items
(Fig. 3B) to assess differences in study-phase retrievals. A
model with a fixed effect of context type indicated a signifi-
cant effect, x*(1) = 75.08, p < .001, OR = 2.34 (CI [1.93,
2.84]), showing higher recall for matched than mismatched
scenes. This difference confirms the assumption we made in
Experiment 1 that reinstating scenes from List 1 promoted
study-phase retrievals in List 2.

Test phase: Cued recall and memory for change

Figure 4 (middle panels) displays the response probabilities
for each cued recall measure, analyzed using the modeling
approach from Experiment 1. The model for B-response
recall (Fig. 4A, middle) indicated significant effects of con-
text, x*(1) = 37.83, p < .001, OR = 1.53 (CI [1.34, 1.76)),
and item type, Xz(l) =15.53, p <.001, OR =1.60 (CI [1.32,
1.93]), as well as a significant interaction, Xz(l) = 8.19,
p = .004, OR = 1.49 (CI [1.13, 1.95]). Pairwise compari-
sons indicated significantly higher recall for A-B, A-D than
A-B, C-D items in the match condition, z ratio = 4.82, p <
.001, OR = 1.60 (CI [1.32, 1.93]) and no significant differ-
ence between item types in the mismatch condition, z ratio
=0.72, p = .47, OR = 1.07 (CI [0.89, 1.30]). Additionally,
recall for A-B, A-D items was significantly higher in the
match than the mismatch condition, z ratio = 6.38, p < .001,
OR =1.87 (CI [1.54, 2.26]) and the same was true for A-B,
C-D items, z ratio = 2.32, p = .02, OR = 1.26 (CI [1.04,
1.52]). Finally, recall was significantly higher for A-B, A-D
items in the match condition than A-B, C-D items in the
mismatch condition, z ratio = 7.10, p < .001, OR =2.01 (CI
[1.56, 2.58]). These results show that context reinstatement
again led to retroactive facilitation.

The model for D-response intrusions (Fig. 4B, middle),
including only context type as a fixed effect, indicated a sig-
nificantly lower probability in the match than the mismatch
condition, Xz(l) = 7.88, p < .001, OR = 1.85 (CI [1.20,
2.85]). This replicates Experiment 1, and more convincingly
suggests that repeating scenes enabled study-phase retriev-
als, which supported the later rejection of intrusions.

The model for “‘changed” classifications (Fig. 4C, middle)
indicated a significant effect of item type, Xz(l) = 997.15,
p < .001, OR = 18.30 (CI [15.28, 21.92]), showing higher
probabilities for correct than incorrect classifications. There
was also a significant effect of context type, Xz(l) =29.97,

p <.001, OR = 1.47 (CI [1.24, 1.74]), that was qualified by
a significant interaction, Xz(l) =5.82,p=.02, OR =1.51
(CI [1.08, 2.12]). Pairwise comparisons indicated signifi-
cantly higher correct classifications in the match than the
mismatch condition, z ratio = 5.85, p < .001, OR = 1.80 (CI
[1.48, 2.20]), and no significant difference in incorrect clas-
sifications between contexts, z ratio = 1.27, p = .20, OR =
1.19 (CI [0.91, 1.57]). These findings indicate that context
reinstatement promoted study-phase retrievals that increased
awareness of changes and made them more memorable at
test.

The model for D-response recall after participants
reported remembering that responses had changed (Fig. 4D,
middle), which included only a fixed effect of context type,
indicated a significant effect, Xz(l) =8.74,p =.003, OR =
1.44 (CI [1.13, 1.84]), showing higher recall in the match
than the mismatch condition, as in Experiment 1. This
result suggests that reinstating contexts promoted study-
phase retrievals that increased opportunities for integrative
encoding.

Test phase: Cued recall conditionalized on memory
for change

Similar to the approach from Experiment 1, we conditional-
ized B-response recall on study-phase retrieval in List 2 and
“changed” classification at test for A-B, A-D items (Fig. 6).
The MFC framework assumes that study-phase retrievals in
List 2 enhance B-response recall via retrieval practice effects
and by enabling co-activation of the B and D response that
engenders encoding of their relationship, including that they
changed (Wahlheim & Jacoby, 2013). In the following con-
ditional analyses, we do not discuss context effects redun-
dant with those above.

To determine if there was an overall study-phase retrieval
benefit, we first compared B-response recall at test condi-
tionalized on B-response recall during List 2. A model with
B-response recall and context type as fixed effects unsur-
prisingly indicated a significant effect, X2(1) = 607.26, p
< .001, OR = 171.12 (CI [113.68, 257.60]). B responses
recalled during List 2 were much more likely to be recalled
at test than those that were not initially recalled. There was
no significant interaction with context type, Xz(l) =0.62,p
= .43, OR =1.32 (CI [0.66, 2.63]).

To determine if encoding information about changes
when practicing B-response recall during study further
enhanced subsequent B-response recall at test, we compared
such recall across the three types of change remembrance
(i.e., classifications) only for items that were recalled in
List 2. A model with context type and classification as fixed
effects showed a significant effect of classification, X2(2)
=49.15, p < .001, and no significant interaction with con-
text type, X2(2) = 0.52, p = .77. This result indicated that

@ Springer



Memory & Cognition

Changed + List 2 List 2 Changed + List 2 List 2
1.0- Not Recalled Recalled Recalled Not Recalled Recalled
) Recalled , Q 6(:8 © , T
0.9 A Q Not
Changed
0.8
Changed
0.7 1
=
£ 06-
3
o 0.5+
(@)
—_
D- 0-4 _ ¢
0.3
0.2
Not Recalled Not Recalled
" O O
0.0
T T T T T T
Match Match Match Mismatch Mismatch Mismatch
All Responses List 2 Test All Responses List 2 Test

Context Type and Phase

Fig.6 Conditional recall of B responses from List 1 for A-B, A-D
items: Experiment 2. Points are estimated probabilities from a mixed-
effects model. Point areas reflect the relative observation counts. The
aggregate values from Fig. 4 appear here in dark gray (Match and
Mismatch All Responses). Recall conditioned on List 2 B-response

B-response recall was significantly higher when changes
were remembered than when changes were not remem-
bered, smallest z ratio = 4.89, p < .001, OR = 13.11 (CI
[3.82, 44.95]), suggesting that encoding change attributes
resulted in more elaborated representations. However, when
changes were remembered, B-response recall did not dif-
fer depending on whether D responses were also recalled,
zratio = 1.10, p = .52, OR = 1.77 (CI [0.52, 6.05]). Col-
lectively, these findings converge with Experiment 1 to sug-
gest that study-phase retrievals promote subsequent recall
via retrieval practice and that integrated memories including
attributes of change are superior. However, we did not find
the strongest possible evidence that integration promoted
recollection-based retrieval of how responses changed.

Summary

Experiment 2 provided additional support for the MFC
framework prediction that context reinstatement will
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recollection appear in orange and teal (Match and Mismatch List 2).
Recall for recollected B responses conditioned on “changed” classi-
fications at test appear in orange, purple, and teal (Match and Mis-
match Test). Error bars are 95% confidence intervals. (Color figure
online)

increase study-phase retrievals and enhance recall of B and
D responses. However, we did not show the recall depend-
ency from Experiment 1 in which B-response recall on the
final test was highest when D responses were also recalled.
This discrepancy likely reflects differences in which pro-
cesses comprise each conditional cell. Here, conditional
B-response recall on the final test was examined only for
items that evoked B-response recall during List 2 study.
This subsetting left little room for memory enhancement
associated with D-response recall over items remembered
as changed without D-response recall, given their near
ceiling performance (Fig. 6). Nevertheless, superior recall
associated with the general preservation of change attrib-
utes indicates that earlier-retrieved B-responses were com-
pared with D-responses in List 2, and that aspect at least
was encoded. Thus, these results suggest that context rein-
statement facilitated study-phase retrievals and integrative
encoding, leading to qualitatively different memories that
included changes with or without D responses.
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Experiment 3

Experiments 1 and 2 included measures that assessed
study-phase retrievals and their downstream consequences
for episodic memory updating. One caveat of asking par-
ticipants to judge whether pairs changed (Experiment 1) or
type responses from the prior list (Experiment 2) is that we
also diverted participants’ attention away from encoding
the List 2 pairs. This is similar to how participants engage
in rehearsal borrowing in item-method directed forgetting
(Bjork, 1970) and should diminish recall of the second
responses. Moreover, including overt measures of study-
phase retrieval may have also induced an increase in those
retrievals. We conducted Experiment 3 to mitigate these
caveats and determine whether context reinstatement would
promote retroactive facilitation effects without overt retriev-
als. Specifically, in List 2, we only asked participants to
make recognition decisions about scenes before the word
pairs appeared to verify that the scenes induced context rein-
statement. After those judgments, participants studied word
pairs without any additional task. Results replicating our
first two experiments would provide convincing evidence
that the patterns implicating integrative encoding in earlier
work (Cox et al., 2021) reflected the encoding of context-
cued study-phase retrievals, while still allowing us to assess
dependencies in retrieval at test along with awareness of
changes. Given that overt List 2 retrieval measures have
been shown to produce little if any reactivity (Wahlheim &
Jacoby, 2013), we predicted that we would largely replicate
the cued recall test response patterns from Experiments 1
and 2.

Method
Participants

The participants were 74 members of the UNC Chapel Hill
community recruited from the university’s Psychology and
Neuroscience Department participant pool (n = 64) or flyers
posted around the campus and local community (n = 10).
Participants received course credit or $10, depending on the
method of recruitment. Two participants were excluded from
analysis due to computer errors that led to incomplete data
files. The final sample included 72 participants (48 women)
ages 18-29 years (M = 19.60, SD = 1.70).

Design, materials, and procedure
The design, materials, and procedure were the same as in

Experiments 1 and 2, with one exception. We removed the
measure during List 2 which previously asked participants

to detect change (Experiment 1) or recall the B response
(Experiment 2). Before List 2, participants were again told
that their first task would be to indicate whether scenes
repeated from List 1. They were also told that some pairs
would change whereas others would be new and that their
task would be to learn the pairs in association with the
scenes and consider how they related to the pairs in List 1.
On each List 2 trial, participants first viewed a scene and
made a recognition decision before 3 s elapsed, then studied
a word pair that appeared centered for 6 s.

Results and discussion
List 2 study phase: Scene recognition

We compared the probability of “old” responses on recogni-
tion trials in List 2 as in the prior experiments (Fig. 2, right
panel). A significant effect of context type, Xz(l) = 1287.13,
p < .001, OR = 93.89 (CI [73.26, 120.34]), showed more
“old” responses for matched than mismatched scenes, veri-
fying that repeating scenes cued List 1 retrieval. No other
effects were significant, largest Xz(l) =1.11,p=.29,0R =
1.12 (C7[0.90, 1.39]).

Test phase: Cued recall and memory for change

Figure 4 (right panels) displays the response probabilities
for each cued recall measure, analyzed using the mod-
eling approach from Experiments 1 and 2. The model for
B-response recall (Fig. 4A, right) indicated a significant
effect of context type, Xz(l) =40.25, p < .001, OR =2.17
(CI[1.77, 2.67]), no significant effect of item type, Xz(l) =
0.98, p=.32, OR=1.28 (CI [1.04, 1.58]), and a significant
interaction, Xz(l) =16.62, p < .001, OR = 1.83 (CI [1.37,
2.44]). Pairwise comparisons indicated significantly higher
recall for A-B, A-D than A-B, C-D items in the match condi-
tion, z ratio = 3.52, p < .001, OR = 1.43 (CI [1.17, 1.74]),
and significantly lower recall for A-B, A-D than A-B, C-D
items in the mismatch conditions, z ratio = 2.28, p = .02,
OR = 1.28 (CI [1.04, 1.58]). Additionally, recall for A-B,
A-D items was significantly higher in the match than the
mismatch condition, z ratio = 7.36, p < .001, OR = 2.17
(CI[1.717,2.67]), but recall for A-B, C-D items was not sig-
nificantly different between context types, z ratio = 1.66, p
= .10, OR = 1.19 (CI [0.97, 1.46]). Finally, recall was sig-
nificantly higher for A-B, A-D items in the match condition
than A-B, C-D in the mismatch condition, z ratio = 5.15, p
< .001, OR = 1.70 (CI [1.30, 2.21]). Like Experiments 1
and 2, these results show that context reinstatement led to
retroactive facilitation. However, in contrast to those experi-
ments, disrupting context reinstatement by changing scenes
across lists impaired recall enough to produce retroactive
interference. Taken with the prior experiments, the finding
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of retroactive interference here suggests that the absence
of such interference in Experiments 1 and 2 resulted from
the List 2 measures encouraging a more global study-phase
retrieval task set .

The model for D-response intrusions (Fig. 4B, right),
including only context type as a fixed effect, indicated a sig-
nificantly lower probability in the match than the mismatch
condition, Xz(l) = 7.86, p < .001, OR = 1.56 (CI [1.14,
2.13]). Like Experiments 1 and 2, this suggests that context
reinstatement promoted study-phase retrievals that aided
intrusion rejections.

The model for “changed” classifications (Fig. 4C, right)
indicated a significant effect of item type, Xz(l) =263.18,p
< .001, OR = 3.44 (CI [2.95, 4.00]), showing higher prob-
abilities for correct than incorrect classifications. There was
also a significant effect of context type, XZ(I) =90.35,p
< .001, OR = 1.97 (CI [1.69, 2.29]), that was qualified by
a significant interaction, Xz(l) =10.48, p = .001, OR =
1.64 (CI [1.21, 2.21]). Pairwise comparisons indicated sig-
nificantly higher classifications in the match than mismatch
condition. This difference was greater for A-B, A-D items,
zratio = 9.35, p < .001, OR = 2.52 (CI [2.07, 3.05]), than
for A-B, C-D items, z ratio =3.71, p < .001, OR = 1.54 (CI
[1.22, 1.93]). This pattern replicates the prior experiments,
except for the difference in the A-B, C-D condition.

The model for D-response recall after participants
reported remembering that responses had changed (Fig. 4D,
right), which included only a fixed effect of context type,
indicated a significant effect, Xz(l) = 40.84, p < .001, OR
=2.72 (CI [2.00, 3.70]), showing higher recall in the match
than the mismatch condition, as before. This result suggests
that reinstating context again promoted study-phase retriev-
als that increased opportunities for integrative encoding.

Test phase: Cued recall conditionalized on memory
for change

To assess whether memory for changes at test were associ-
ated with improved B-response recall even without overtly
measuring study-phase retrievals, we compared recall across
the three types of change remembrance in the classification
variable at test in the A-B, A-D conditions (see Fig. 7). A
model with context type and classification as fixed effects
showed significant effects of context type, X2(1) =21.72,
p < .001, OR = 2.00 (CI [1.59, 2.52]), and classification,
X2(2) = 95.84, p < .001, and a significant interaction X2(2)
=21.42, p < .001. Pairwise comparisons in the match condi-
tion showed that recall was significantly different between
each classification level, smallest z ratio = 3.34, p = .002,
OR = 2.00 (CI [1.23, 3.25]). Conversely, in the mismatch
condition, recall was significantly higher when changes were
remembered and D responses were not recalled than when
changes were not remembered, z ratio = 2.66, p = .02, OR

@ Springer

= 1.42 (CI [1.04, 1.93]). No other comparisons were sig-
nificantly different, largest z ratio = 1.93, p = .13, OR =
1.64 (CI [0.90, 3.00]). Finally, the magnitude of the recall
benefits associated with remembering changes, whether or
not D responses were recalled, were greater in the match
than the mismatch condition, as shown by higher recall
associated with such classifications in the match than the
mismatch condition, smallest z ratio = 4.09, p < .001, OR =
3.53 (CI[1.93, 6.46]), and no significant difference between
context types when changes were not remembered, z ratio
=1.18, p = .24, OR = 1.12 (CI [0.93, 1.34]). These results
again implicate a role for integrative encoding of changes
in retroactive facilitation and suggest that such encoding is
supported by matching contexts. Notably, this mimics the
conditional results from Cox et al. (2021)—when neither
change awareness nor study-phase retrievals were assessed
in List 2—showing dependence between B and D response
recall only when scenes matched between study lists.

Summary

Experiment 3 showed that the memory benefits conferred
by context reinstatement in the prior experiments occurred
when participants were simply instructed to intentionally
encode. However, the overall test response patterns here dif-
fered in two ways. First, retroactive interference was observed
when background scenes were mismatched across lists, likely
because the absence of List 2 measures led to fewer study-
phase retrievals overall. This replicates the pattern reported
by Cox et al. (2021), who also did not overtly measure study-
phase retrievals. Second, when scenes matched across lists,
“changed” classification false alarm rates for A-B, C-D items
were slightly but significantly higher than when scenes mis-
matched, for reasons unbeknownst to us. Finally, the condi-
tional B-response recall pattern for A-B, A-D items which
accounted for change remembrances at test showed that the
benefit associated with remembering change and recalling the
D response was greater in the match than mismatch condition.
A similar retrieval dependency was observed by Cox et al.
(2021) and suggests that integrative encoding was better sup-
ported when the experimental conditions scaffolded List 1
context reinstatement.

General discussion

We examined the roles of study-phase retrievals and aware-
ness of changes at study and test in retroactive facilitation
induced by reinstating perceptual background contexts.
Across three A-B, A-D paradigms, we overtly measured
change detection (Experiment 1) and B-response recall
(Experiment 2) during new learning and verified that mem-
ory consequences of context reinstatement could be obtained
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Fig.7 Conditional recall of B responses from List 1 for A-B, A-D
items: Experiment 3. Points are estimated probabilities from a mixed-
effects model. Point areas reflect the relative observation counts. The
aggregate values from Fig. 4 appear here in dark gray (Match and

without these measures (Experiment 3). Based on prior
findings (Cox et al., 2021; Negley et al., 2018), we hypoth-
esized that repeating background scenes would evoke more
study-phase retrievals during new learning, thus promoting
the encoding of and subsequent memory for changes. This
outcome would be consistent with integration theory, gener-
ally, and the MFC framework (Wahlheim & Jacoby, 2013),
specifically. We found that repeating background scenes
increased change detection and study-phase retrievals, sug-
gesting that that context reinstatement supported associative
encoding of responses and that they changed. Moreover, con-
text reinstatement increased B-response recall, “changed”

Mismatch All Responses). Recall conditioned on “changed” classifi-
cation at test appear in orange, purple, and teal (Match and Mismatch
Test). Error bars are 95% confidence intervals. (Color figure online)

classifications, and D-response recall at test, showing that
context reinstatement enhanced episodic memory updating.
Finally, conditional analyses of B-response recall revealed
dependencies suggesting that detecting changes by compar-
ing A-D pairs with retrieved B responses promoted integra-
tive encoding: B-response recall was consistently highest
when changes were remembered at test, especially when
participants earlier detected changes or reported study-phase
retrievals. Collectively, these findings verified that context
reinstatement promotes study-phase retrievals and change
awareness that leads to integrative encoding, which supports
memory updating.

@ Springer
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The present findings add to a growing body of work show-
ing that the encoding conditions that promote study-phase
retrievals can produce retroactive facilitation in situations that
could otherwise produce retroactive interference. For example,
enhancement of B-response recall in retroactive memory para-
digms has been shown when participants were instructed to
look back in memory for A-B items during A-D study (Jacoby
et al., 2015, Experiment 1), longer study durations were pro-
vided for A-D pairs (Garlitch & Wahlheim, 2020; Negley et al.,
2018), A-B pairs received retrieval practice with feedback prior
to A-D study (Wahlheim et al., 2023), and semantic associa-
tions between A-D and A-B pairs were stronger (Antony et al.,
2022). These findings are also consistent with classic studies
showing retroactive facilitation under conditions where study-
phase retrievals and change awareness were likely (cf. Bruce &
Weaver, 1973; Robbins & Bray, 1974a, b). Taken together with
other studies that used converging assays of the contact made
between related episodes based on retrieval dependencies (Yu
et al., 2025), our findings suggest that integrative encoding
contributed to retroactive facilitation over and above the ben-
efits of retrieval practice, as proposed by the MFC framework.

Although the retrieval dependences in conditional
B-response recall here implicate roles for integration and
retrieval practice, the dependencies varied based on the
conditionalization method. Experiment 1 showed that
for detected changes, B-response recall was higher when
changes were remembered, especially when D responses
were also recalled. Experiment 2 showed that for verified
study-phase retrievals, B-response recall was higher when
changes were remembered, but this advantage did not vary
with D response recall success. Experiment 3 showed that
when not measuring study-phase retrievals, B-response
recall was higher when changes were remembered, espe-
cially when D responses were also recalled, as in Experiment
1. The discrepancies across experiments replicate differences
in patterns across earlier studies (e.g., Garlitch & Wahlheim,
2020; Negley et al., 2018) and raise a theoretical issue about
the characteristics of the memory representations that can
be inferred. It has been argued that the most successful inte-
grative encoding should result in recollection of changes,
defined as being able to remember that a change occurred,
and recall the alternative response, defined as what the target
event changed to or from (Negley et al., 2018; Wahlheim
et al., 2019). However, as mentioned above, remembering
changes without recalling the alternative response can still
indicate that participants integratively encoded the changed
experience, even if some of the content was lost. The present
discrepancies can be interpreted as showing that the lost
content will be more likely to influence final recall when the
conditionalization method does not first constrain the obser-
vations to successful study-phase retrievals. This constraint
resulted in ceiling effects in B-response recall in Experi-
ment 2 that limited the sensitivity to detect recall differences
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across classifications. Such differences, if they exist, may
be detectable using a task procedure with a longer retention
interval that brings B-response recall down from the ceiling.

The MFC framework also posits that memory for an item’s
order of occurrence, which is a type of source memory (i.e.,
items in List 1 appeared before items List 2), will be best
preserved when the original encoding operations supported
recollection-based retrieval of changes. Our measure of intru-
sion rates of D responses could be considered one assay of
source (or temporal) memory failure. All three experiments
clearly showed that fewer intrusions occurred with repeated as
compared with different scenes, indicating better source/tem-
poral memory following context reinstatement. Taken with
the increased remembering of changes promoted by context
reinstatement, these intrusion differences support the MFC
framework proposal that study-phase retrievals counteract
interference by engendering integrative encoding that sup-
ports memory for responses and their relative order.

By overtly measuring change detection and study-phase
retrieval here, we also changed the way that participants
approached the task. The consequences of these measures are
apparent when comparing overall D-response recall patterns
across the current experiments. The absence of retroactive inter-
ference in overall D-response recall when background scenes
mismatched in Experiments 1 and 2—a finding that deviates
from prior work (Cox et al., 2021)—suggests that requiring
participants to reflect on how List 2 pairs related to List 1 pairs
promoted controlled study-phase retrievals beyond the effects
of context reinstatement. Conversely, the finding of retroac-
tive interference in overall D-response recall when scenes mis-
matched in Experiment 3—one that replicates previous work
(Cox et al., 2021)—suggests that participants were less likely
to engage controlled study-phase retrievals when doing so was
unsupported by perceived contexts. This discrepancy across
experiments may seem surprising at first given that other para-
digms with similar dual study-list structures did not show such
reactivity when the presence of an overt change detection meas-
ure was manipulated between subjects (Jacoby et al., 2013).
However, the overt judgments reflecting study-phase retrievals
and the subjective experiences created by relatively long expo-
sure durations in Experiments 1 and 2 here may have instead
been more similar to looking back procedures that manipu-
lated the use of controlled study-phase retrievals (Jacoby, 1974;
Jacoby et al., 2015; Jacoby & Wahlheim, 2013).

The degree to which the present procedures required
looking back may have modulated neural mechanisms that
determine whether participants were in encoding or retrieval
states. Prior work suggests that encoding and retrieval can-
not be engaged simultaneously to the same extent (Dun-
can et al., 2012; Patil & Duncan, 2018) because they are
supported by overlapping neural mechanisms (Long &
Kuhl, 2019). Moreover, retrieval states triggered either by
task instructions or stimulus-driven signals may linger for



Memory & Cognition

seconds (Duncan et al., 2012). Here, reinstating context and
prompting scene recognition in List 2 may have induced
retrieval states that lingered into the presentation of word
pairs, thereby heightening sensitivity to stimulus-driven sig-
nals (e.g., repeated cues). Moreover, as suggested above, the
List 2 measures in Experiments 1 and 2 may have general-
ized retrieval states across all items, including those with
mismatched background scenes. However, mismatched
background scenes should have still undermined the rapid
initiation of a retrieval state, especially in Experiment
3, which included the least encouragement to look back.
Although this neurocognitive account is plausible, the clear-
est evidence for mnemonic brain states comes from neuro-
imaging data and neurocomputational models (e.g., Long &
Kuhl, 2019; O’Reilly & McClelland, 1994). Therefore, the
present results can at best provide targets for work using neu-
rocomputational methods to characterize these mechanisms.

Limitations

Two key limitations merit consideration. First, a major theoreti-
cal claim here is that retrieval practice and integrative encod-
ing both contributed to enhance memory updating. These
separate contributions were inferred from conditional analyses
showing that successful study-phase retrievals led to enhanced
B-response recall, with such enhancement being greater when
accompanied by change awareness. However, the experimental
paradigms did not allow us to disentangle the extent to which the
acts of study-phase retrievals and detecting changes during study
separately supported these effects. These processes could poten-
tially be isolated using multivariate neuroimaging approaches
that decode activation into cognitive processes using machine
learning (e.g., Chanales et al., 2019) and could be augmented
using computational modeling that separates item content from
contextual features, which may include changes (e.g., Lohnas
etal., 2015). Second, we chose the present word stimuli because
the use of these materials in similar paradigms suggested their
suitability for assessing context-cued integration and interfer-
ence effects here. We chose the background scenes based on
prior research which suggested that such scenes could cue suc-
cessful recognition when repeated. We pseudo-randomly paired
words with scenes without attempting to control for semantic
relatedness of words and scenes or the degree to which particular
combinations were imageable. We assumed that idiosyncratic
effects would filter into the error variance given our counter-
balancing scheme, and all models included items as random
intercept effects to control for variance created by inherent dif-
ferences in item memorability.

Future directions

We showed that reinstating background scene contexts
enhances episodic memory updating, but it is unclear how
these effects generalize across different context types. Con-
text can take many forms. For example, temporal context
can be manipulated by changing the time between study
phases (e.g., Underwood & Ekstrand, 1966; Underwood &
Freund, 1968). Internal states, such as thoughts, emotions, or
mood can be manipulated using induction techniques (e.g.,
Kiley & Parks, 2022; Macht et al., 1977). Finally, physi-
cal and mental contexts can be manipulated by changing
testing environments and the extent to which thoughts are
congruent with tasks occurring in those environments (e.g.,
Sahakyan & Kelley, 2002; Smith, 1979). Future research
could catalogue how variations in the degree to which these
and potentially other types of context congruence induce
change awareness that promotes memory updating.

We used single-shot learning phases and short
delays among phases to prevent multiple instances of
change detection and study-phase retrievals that would
complicate conditional analyses. However, the prior
study showing that reinstatement of background scenes
promotes retroactive facilitation used muti-trial learn-
ing phases that allowed participants to reach a perfor-
mance criterion, and separated each phase by 24 hours
(Cox et al., 2021). Despite these differences, both
studies showed near identical major results and pro-
vided support for integration over interference theory.
However, reconsolidation theory is also relevant here
(for a review, see Schroyens et al., 2023). Reconsoli-
dation theory uniquely proposes a role for post-study-
phase-retrieval memory malleability that determines
updating success. To evaluate this mechanism, stud-
ies must include a long enough delay between learn-
ing phases for memories to become consolidated then
reconsolidated after reactivation. Cox et al. (2021)
discussed this theory because their design included
24-hour retention intervals and concluded that recon-
solidation theory could not explain their findings of
retroactive facilitation. Indeed, other perspectives
from that literature have challenged the reconsolida-
tion account and argue that integration is a more viable
alternative (Gisquet-Verrier & Riccio, 2018). We could
not adjudicate between integration and reconsolida-
tion accounts here because of the short delays among
phases. Future studies using creative designs with
longer delays and precise overt List 2 measures may
accomplish this.

@ Springer
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Conclusion

The present experiments examined the roles for study-phase
retrievals and change awareness in the facilitative effects of
perceptual context reinstatement on episodic memory updat-
ing. Our findings are compatible with the variant of integration
theory proposed by Larry Jacoby and colleagues (Jacoby &
Wahlheim, 2013; Wahlheim & Jacoby, 2013) in supporting
the proposal that reinstating context promotes study-phase
retrievals that engender the encoding of changes leading to
memory representations with qualities that counteract retroac-
tive interference and promote retroactive facilitation. Accord-
ing to this MFC framework, reinstating context aided in the
establishment of cross-episode associations and subsequent
recollection-based retrieval of items and change attributes that
allows participants to infer the sources (i.e., lists) of items.
These findings further suggest that the assumption from classic
interference theory that interference is best mitigated by differ-
entiating contexts needs to be updated to consider how uniting
contexts can accomplish the same goal by another means.
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