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Abstract

Older adults sometimes show impaired memory for recent episodes, especially those that are
similar but not identical to existing memories. Two experiments examined if interpolated
testing between episodes improves recent memories for older and younger adults (N = 60 per
group and experiment). Participants studied two lists of cue-response word pairs. Some pairs
included the same cue in both lists with changed responses. Between lists, List 1 pairs were
tested (Experiments 1 and 2), tested with corrective feedback (Experiment 1 only), or
restudied (Experiment 2 only). On a final cued recall test, participants attempted to recall the
List 2 response, indicated if responses had changed between lists, and if so, attempted to
recall the List 1 response. List 2 recall for changed pairs operationalized episodic memory
updating. Older adults showed poorer List 2 recall than younger adults. But both age groups
showed improved List 2 recall following interpolated testing with or without feedback
compared to no-test and restudy contrast conditions. This so called forward testing effect was
accompanied by improved memory for responses having changed across lists. These results
contrast with the inhibitory deficit proposal that older adults should be more interference
prone than younger adults when competing responses are more accessible during encoding.
These findings are more compatible with the view that retrieval practice of competing
responses can support the encoding of cross-episode associations and potentially mitigate
interference, thus improving age-related associative memory deficits.

Keywords: associative memory, interference, retrieval practice, proactive effects,

testing effect
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Public Significance Statement
This study examined if a retrieval practice technique that can improve younger adults’
memory for recent episodes also benefits older adults. By promoting retrieval of existing
memories, testing prior information before new learning improved younger and older adults’
memory for more recent episodes. These findings suggest that retrieving existing memories
can promote memory for more recent related information, thus reducing the mental clutter

that sometimes impedes older adults’ memory accuracy.
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Testing Can Enhance Episodic Memory Updating in Younger and Older Adults

Everyday life is filled with changes that require people to update their memories to guide
their future behaviors. People you know may change their last names when they get married,
their dietary choices when they receive health news, or beliefs on controversial issues when they
learn contradictory information. Remembering the most recent details requires updating memory
to prioritize currently relevant information. But outdated long-term memories can proactively
interfere with remembering changes. This can have outsized effects on older adults who show
age-related deficits in many episodic memory tasks (Balota et al., 2000; Park & Festini, 2017,
Salthouse, 2011) and are generally more susceptible to interference (Hasher & Zacks, 1988;
Jacoby et al., 2001). This age-related difference signals the need to identify mnemonic
techniques that can reduce interference and enhance episodic memory updating.

Theoretical views of age-related episodic memory differences may guide the selection of
such techniques. One view proposes that older adults have inhibitory deficits that lead to mental
clutter that maintains inappropriate associations among target and competing memories (Amer et
al., 2022; Hasher & Zacks, 1988). Accordingly, older adults should experience more interference
than younger adults when searching for target memories and attempting to suppress competing
memories (e.g., Lustig et al., 2007). However, this view has been updated to account for findings
suggesting that excessive links among memories, or hyper-binding, can sometimes support
retrieval accuracy by enriching the content of the representations (e.g., Biss et al., 2013). Another
view proposes that older adults’ recollection deficit (e.g., Hay & Jacoby, 1999; Jacoby, 1999)
undermines the extent that event details cue retrieval of existing memories and associated
contextual information. This in turn presents fewer opportunities to create associations across

episodes that can enrich memories by incorporating details such as the temporal relationship
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between events (e.g., Wahlheim, 2014). Older adults should thus recollect fewer details that
distinguish target from competing memories, such as the original sources.

Despite proposing different mechanisms, the accounts above lead to one prediction:
Existing memories should enrich recent episodic memories for older and younger adults when
the associations include distinguishing information. In contrast, older adults should experience
more interference when memories with shared features are not properly linked. A mnemonic
technique that may therefore repair age-related episodic memory updating deficits is testing
existing memories before presenting new information with similar but not identical features. By
promoting the act of retrieval, testing has been shown to enhance memory for new information
and counteract proactive interference from outdated information (for reviews, see Pastotter &
Biuml, 2014; Yang et al., 2018). This forward testing effect has been observed across stimuli
and testing formats (for a meta-analysis, see Chan et al., 2018). Despite its efficacy, it has rarely
been used in the study of cognitive aging (cf. Pastotter & Biauml, 2019). The present study fills
this gap by examining if older and younger adults’ memory for new information is comparably
improved by prior retrieval of existing memories with shared and novel features.

Interpolating tests after study trials have consistently been shown to reduce prior-list
interference and improve subsequent recall (e.g., Divis & Benjamin, 2014; Szpunar et al., 2008).
However, only one published study used this multi-trial free recall paradigm to examine the
forward testing effect in adults older than typical college-aged students. That study used a cross-
sectional approach to characterize the forward testing effect in four age groups (Pastotter &
Béduml, 2019). Participants in their 40s, 50s, 60s, and 70s studied three lists, expecting a final
recall test. After each of the first two lists, participants either completed a free recall test or

restudied the prior list. After the third list, all participants completed a free recall test of that list.
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All age groups showed a forward testing effect: Final list recall was better when the task
interpolated among study trials was a free recall test rather than restudying the prior list.

The consistent forward testing effects in multi-trial free recall across adult age groups
also suggests that other instances of forward testing effects in younger adults could generalize to
older adults. However, the multi-trial free recall studies including lists of individually presented
words do not indicate if such effects will occur when existing memories share features with new
information. Because the stimuli in those tasks shared little meaning across lists, testing likely
enhanced new learning through some combination of differentiating list contexts (Bduml &
Kliegl, 2013; Szpunar et al., 2008), upregulating attention at the start of new lists (Pastotter et al.,
2011), inducing test expectancy that led to more effective encoding strategies (Weinstein et al.,
2011). From a strict inhibitory deficit view, testing in those free recall tasks benefitted older
adults by reducing cross-episode associations and attendant mental clutter (cf. Amer et al., 2022).

Findings from younger adult studies suggest that retrieval-induced differentiation could
benefit older adults’ memory for new information that shares features with existing memories.
This may occur, for example, in A-B, A-D paradigms that include pairs with cues that repeat (A)
and responses that change (B — D) across lists. Prior studies using this task have shown that
retrieving B responses in an interpolated cued recall phase before studying A-D pairs can reduce
interference on a subsequent cued recall test (e.g., Malis, 1970; Tulving & Watkins, 1974).
Those findings were initially interpreted as implicating a list differentiation mechanism of
interference reduction (e.g., Tulving & Watkins, 1974). However, there is mounting evidence
that repeating features across episodes, such as the A cue term, leads to remindings of prior-list
items that promotes cross-episode (list) associations (for a review, see Wahlheim et al., 2021). It

is therefore likely that when new information shares features with existing memories, older
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adults will show forward testing effects that depend on prior-list retrievals that enable enriched
(Amer et al., 2022) or integrative (Wahlheim, 2014) encoding of existing and recent memories.

The proposal that episodic memory retrieval can enhance new learning by promoting
associative encoding is supported by related studies using A-B, A-D paradigms. Those studies
inferred such associations from the degree of dependence in recall of changed responses (D)
when earlier responses (B) were also recalled (cf. Bellezza & Schirmann, 1975). One task variant
manipulated whether B responses were tested during A-D learning (Postman & Gray, 1977).
Subsequent recall of D responses, both overall and conditioned on recall of B responses, was
both higher when B responses were retrieved during A-D learning. Similar conditional recall was
observed in later studies where, during A-D study, participants indicated if pairs had changed
from the prior list and, if so, attempted to recall B responses (for a review, see Wahlheim et al.,
2021). Detecting changes during study, which involves overt retrieval of existing memories, has
been shown to be associated with better memory for new information when earlier information is
also recalled (for related findings in A-B, A-D tasks, see Davis & Chan, 2015; Finn & Roediger,
2013). Studies of age differences in the associations between retrieval of earlier and more recent
information have shown weaker associations for older than younger adults (Stawarczyk et al.,
2020; Wahlheim, 2014; Wahlheim & Zacks, 2019; but see Garlitch & Wahlheim, 2021). These
findings suggest that older adults bind details across events less effectively than younger adults,
which is a kind of associative encoding deficit (cf. Naveh-Benjamin, 2000).

The findings from A-B, A-D paradigms summarized above suggest that older adults’
impaired updating of episodic memory could be improved by increasing access to existing
memories before presenting related information. This would promote enriched, integrative

memory representations that support subsequent memory for recent information and its
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relationship to existing memories. This may be accomplished by testing A-B pairs between lists
to increase their accessibility when the shared cues of A-D pairs trigger remindings of A-B pairs,
as suggested by an earlier study of younger adults (Wahlheim, 2015). Participants in those
experiments studied two lists including A-B, A-D word pairs for which between lists, some A-B
pairs were tested while others were restudied. During final cued recall, participants recalled List
2 (D) responses and indicated if responses had changed between lists. Participants did not overtly
recall List 1 (B) responses, but earlier findings showed that remembering changes is often based
on such recalls (Wahlheim & Jacoby, 2013). Successful retrieval during interpolated testing
counteracted proactive interference and increased recollection that changes had occurred.
Recollecting change was associated with proactive facilitation in List 2 recall, suggesting that
testing benefitted new learning partly by promoting cross-episode associations between
responses. Similar facilitation should therefore be observed for older adults in the present study
to the extent that they successfully retrieve B responses during interpolated testing before
studying A-D pairs.
The Present Study

In two experiments using A-B, A-D paradigms, we tested the hypothesis that interpolated
testing will improve episodic memory updating for older and younger adults. We examined
forward testing effects by manipulating the tasks interpolated between lists for A-B, A-D items.
Both experiments included interpolated test without feedback and no-test contrast conditions.
The experiments also included contrast conditions to assess the effects of re-exposure to A-B
responses by including feedback after interpolated tests (Experiment 1) and restudy of complete
A-B pairs (Experiment 2). On final cued recall trials, participants attempted to recall the List 2

response, indicated if the response had changed, and if so, attempted to recall the List 1 response.
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This sequence allowed us to examine recall dependencies from which to infer successful
encoding of cross-episode associations (for a review, see Wahlheim et al., 2021). To rule out a
strict inhibitory deficit account, we selected experimental stimuli with overlapping orthography
for A-B and A-D responses that had produced no overall proactive interference and sometimes
proactive facilitation effects in earlier studies (e.g., Wahlheim & Jacoby, 2013; Jacoby et al.,
2015). We assumed that the feature overlap would create more salient retrieval cues, thus
triggering A-B remindings during A-D study and mitigating interference, consistent with an
integrative encoding view. We thus expected that younger and older adults would both show
greater overall proactive facilitation following interpolated testing.
Experiment 1

Experiment 1 was the first to examine forward testing effects on episodic memory
updating in older and younger adults in an A-B, A-D task. We compared three A-B, A-D
conditions with varying interpolated tasks: tests without feedback, tests with feedback, and no
test contrast trials. The proactive effects of A-B exposure and interpolated tasks were assessed by
comparing final cued recall for the A-B, A-D conditions with recall in the C-D control condition
including pairs that only appeared in the second study list. We expected older adults to show
lower overall memory performance across conditions based on established age-related memory
differences (for a review, see Rhodes et al., 2019). However, it was unclear if this age-related
difference would be comparable across conditions due to mixed prior findings in similar
paradigms. Some studies have shown greater age-related differences in recall for A-B, A-D than
control pairs (e.g., Ebert & Anderson, 2009; Jacoby et al., 2001; Wahlheim, 2014; Wahlheim &

Zacks, 2019), whereas others reported uniform deficits (e.g., Garlitch & Wahlheim, 2020, 2021).
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Our primary hypotheses concerned the effects of interpolated testing of A-B pairs on
subsequent memory. We attempted to equate interpolated retrieval success for older and younger
adults by including test prompts with complete cues and response fragments. We also included
the interpolated testing with feedback condition to determine if the forward testing effect was
comparable for older and younger adults when they were re-exposed to B responses after all
retrievals. Because we expected high interpolated test accuracy given the provision of response
fragments, we expected both age groups to show proactive facilitation in the form of better List
2 recall for A-B, A-D pairs in the interpolated test conditions than C-D control condition. We
also expected interpolated tests to increase memory for the fact that A-B, A-D pairs had changed
and recall of B responses by promoting detection of changes during List 2 study. Finally, we
expected List 2 recall of D responses to be substantially higher when B responses from List 1
were also recalled, thus reflecting cross-episode associations formed when A-D pairs reminded
participants of A-B pairs from List 1. Consistent with this view, to the extent that older adults
recall fewer D responses than younger adults, there should be attendant age differences in
memory for changes and B responses.

Method
Transparency and Openness

We report how we determined sample sizes, all data exclusions, all manipulations, and all
measures. The de-identified data on which the study conclusions are based, the analytical code
necessary to reproduce analyses, and the materials used in this study are freely available on the

Open Science Framework (OSF) website: https://osf.io/bxhwa/ (Kemp et al., 2023). We did not

pre-register this study. The research reported here was approved by the Institutional Review
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Board at The University of North Carolina at Greensboro (UNCG) under the title Interpolated
Testing and Proactive Effects (#20-0073).
Participants

The stopping rule was to collect usable data from 60 younger and 60 older adults based
on our available resources and prior work from our lab showing that these sample sizes were
sufficient to detect age-related differences in a recall-based episodic memory task (Wahlheim &
Garlitch, 2020). These sample sizes also allowed us to test an equal number of participants in
each of the five experimental formats. Data collection took place from September 2019 to
September 2021 in an urban area in North Carolina, United States. The final sample included 60
younger adults (44 women, 15 men, 1 gender diverse, ages 18-26 (M = 18.73, SD = 1.36)) from
UNCG, and 60 older adults (38 women, 22 men, ages 65-84 (M =71.02, SD = 4.96)) from
Greensboro and the surrounding areas. The younger adult sample comprised: 35% African
American (21), 33% Caucasian (20), 12% Hispanic or Latino (7), 12% multiracial (7), 5% Asian
or Pacific Islander (3), and 3% Other (2) participants. The older adult sample comprised: 80%
Caucasian (48), 12% African American (8), 2% Hispanic or Latino (1), 2% multiracial (1), 2%
Asian or Pacific Islander (1), and 2% American Indian and Native American (1) participants.
Two younger adults were replaced due to experimenter error, and one older adult was replaced
for scoring below the cut-off on the MMSE (62 younger and 61 older adults were tested). For
compensation, younger adults received course credit, and older adults received $10 per hour.

We assessed older adults’ cognitive health over the phone with the Short Blessed Test
(SBT; Katzman et al., 1983) and then in person with the Mini-Mental State Exam (MMSE;
Folstein et al., 1975). Older adults had a weighted SBT error score <4, an MMSE score > 25,

and a score of 20/50 or better with one or both eyes on the Snellen Eye Test of visual acuity
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(Hetherington, 1954). Table 1 displays years of education and performance on cognitive tasks.
Compared to younger adults, older adults scored higher on the Shipley Institute of Living
vocabulary subtest (Shipley, 1986), #(116.11) = 12.55, p < .001, and had more education,
1(95.95) = 13.96, p < .001. Younger adults scored higher than older adults on the Digit Symbol
Substitution Task (DSST; Wechsler, 1981) in number of symbols copied within 90 s, #(114.92) =
6.04, p <.001 and number of symbols recalled out of 9, #(110.32) = 3.38, p < .001. There was no
age difference in MMSE scores, #(113.16) = .93, p = .35.
Design

We used a 2 (Age: Younger, Older) x 5 (Item Type: A-B, A-B; ---, C-D [control], A-B,
A-D Not Tested; A-B, A-D Tested; A-B, A-D Tested with Feedback [Tested™]) design. Note
that the A-B, A-B item type included filler items that were not of theoretical interest. Age was
treated as a between-participants variable, and Item Type was manipulated within participants.
Materials

The materials were 80 three-word sets taken from Jacoby (1996) that each contained a
cue word (e.g., knee) and two response words (e.g., bone, bend) that were orthographically
related. The sets were designed so that the two responses could complete the same fragment
(e.g., b_n_). The average cue-response forward association strength (Nelson et al., 1998) was
.07 (SD = .10, range = 0—.49). Seventy-five sets included critical items. Five sets included
buffers. Five groups of 15 critical items were equated on the word frequency of cues (M = 9.36,
SD =1.79, range = 5-14) and responses (M = 9.35, SD = 1.68, range = 4—14) according to
Hyperspace Analog to Language (HAL) log frequency counts (Lund & Burgess, 1996) taken
from the English Lexicon Project database (Balota et al., 2007). The groups were also equated on

the length of cues (M =5.40, SD = 1.58, range = 3-9 letters) and responses (M =4.72, SD =
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1.21, range = 3-8 letters). Five experimental formats resulted from rotating groups through
conditions. The groups appeared equally often in each condition across participants. The buffer
items (that remained constant across formats) appeared 1) at the beginning and end of both study
lists to control for primacy and recency effects for critical items, 2) as fillers intermixed among
critical items in the interpolated test phase, and 3) as practice items on the final test.

The experiment included four phases: List 1 study, interpolated task, List 2 study, and
final cued recall (see Figure 1 for a schematic of the procedure). List 1 comprised 64 word pairs
(60 critical, four buffers [two primacy; two recency]) divided evenly across each of four groups
that later became A-B, A-B, or A-B, A-D items. The A-B, A-D items were split among
interpolated test (Tested), interpolated test with feedback (Tested'™) and no interpolated test (Not
Tested) conditions. The interpolated task comprised 32 word pairs (30 critical, two fillers) from
List 1 divided into groups as just described. List 2 included 80 word pairs (75 critical, five
buffers [two primacy; three recency]) evenly distributed across all conditions (15 critical and 1
buffer each). The A-B, A-B filler items repeated exactly across lists, and the A-B, A-D items
included cues (A) that repeated and responses that changed (B — D) across lists. Control items
(C-D) only appeared in List 2. The final cued recall test began with five practice trials including
buffer item cues and then moved to the actual test trials that included all 75 critical item cues.
Procedure

Participants were tested individually. The presentation software (E-Prime 2; Psychology
Software Tools, 2012) displayed all stimuli in white font on a black background, except for
interpolated test feedback that appeared in green. In all phases, stimuli appeared in a fixed
random order with the constraint that no more than three items from the same condition appeared

consecutively. The average serial position was equated across conditions.
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During List 1 study, participants read word pairs aloud and studied them for an upcoming
test. Pairs appeared for 5000 ms with a 500 ms interstimulus interval (ISI). During the
interpolated phase, participants completed test trials that sometimes included feedback. When
cue-fragment pairs (e.g., knee — b_n_) appeared, participants read the cue and recalled List 1
response aloud. All pairs appeared for 7000 ms each (500 ms ISI), but in the feedback condition,
pairs appeared alone for the first 5000 ms, and then List 1 responses appeared below for 2000
ms. Participants attempted to respond before the feedback, read the feedback silently, and were
discouraged from guessing. An experimenter recorded the responses. During List 2 study,
participants read word pairs aloud and studied them for an upcoming test. Pairs appeared for
5000 ms each (500 ms ISI). They were told that the list would contain List 1 pairs, pairs with
List 1 cues and changed responses, and new pairs. Participants were told to silently note when
pairs included changes.

During the final cued recall test, each cue appeared with a question mark (e.g., knee - ?).
Participants recalled the List 2 response (e.g., bone) by typing it onto the screen and indicated if
the response had changed by pressing the “1” key for “yes” and the “0” key for “no.” When they
responded “yes,” they were prompted to recall the List 1 response by typing it onto the screen
when they responded “no,” the program advanced to the next trial. Participants were allowed to
pass. After the test, participants completed a computerized Shipley Vocabulary test (Shipley,
1986), and written versions of the MMSE (Folstein et al., 1975) and DSST (Wechsler, 1981).

Statistical Methods
R software (R Core Team, 2021) was used for all statistical tests. To evaluate
experimental effects, we fitted logistic mixed-effects models using the g/mer function from the

Ime4 package (Bates et al., 2015). The models included random intercept effects for participants
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and items as well as fixed effects of Age and Item Type. Wald’s %> hypothesis tests were
performed using the Anova function of the car package (Fox & Weisberg, 2019). Post-hoc
pairwise comparisons using the Tukey method were performed using the emmeans function of
the emmeans package (Lenth, 2021). The significance level was o = .05.

We also conducted analogous Bayesian logistic mixed-effects models using the brms
package (Biirkner, 2018). The purpose of these analyses was to compare the relative likelihood
of the data under one model (e.g., an alternative model that assumes a main effect of age, M)
against that of another (e.g., a null model that only includes random effects of participant and
item type, Mo). The ratio of these likelihoods is the Bayes factor (BF), which reflects the relative
evidence for one model over another and can be interpreted continuously. For example, a BF1o of
0.1 suggests that the null model in the denominator is strongly preferred to the alternative model
in the numerator by a factor of 10, whereas BFios ranging from 1 to 3 and 3 to 10 respectively
indicate anecdotal and substantial evidence in favor of the alternative model in the numerator.
BFs were estimated by comparing models that included a predictor (e.g., a main effect of age)
against a model that excluded it (e.g., the null model) using the bridge sampler function (Gronau
et al., 2020) in the brms package. We used Wetzels and colleagues’ (2012) method for reporting
the BFs for the unique effect of each factor and the interaction. Following recommendations of
prior work using similar models (Bartsch & Oberauer, 2023; Oberauer, 2019) we applied Cauchy
priors (with a scale of 0.353) to the regression coefficients and non-informative LKJ priors to the
correlation matrices (with shape parameter 1). Each model was fit with four chains of 50,000
iterations each, with the first 1,000 warmup iterations excluded from analysis. We checked for

convergence of the chains via visual inspection and verified that the R-hat statistic was close to 1
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for all the parameters of the fitted models. Posterior predictive checks also ensured appropriate
model fits to the data.
Results

Interpolated Tests

Interpolated test accuracy (Table 2, left columns) was comparable for both age groups as
indicated by no significant effects from an Age x Item Type model, largest y*(1) = 2.60, p = .11,
all BFi0s < 0.010.
Final Cued Recall Test
List 2 Recall

We examined interpolated testing effects on episodic memory updating by comparing
List 2 recall across all conditions except the A-B, A-B fillers (Figure 2A). An Age x Item Type
model indicated a significant effect of Age, ¥*(1) = 13.79, p = .001, BF = 3.867x10%, showing
higher recall for younger than older adults. There was also a significant effect of Item Type, ¥*(3)
=132.66, p < .001, BF = 67.396, showing several differences. Recall was higher in the Tested

and Tested™

conditions than the Not Tested and Control conditions, smallest z ratio = 7.09, p <
.001, showing forward testing benefits to episodic memory updating. However, recall did not
differ between the Tested and Tested™ conditions, z ratio = 0.68, p =.91, nor did it differ
between the Not Tested and Control conditions, z ratio = 1.38, p = .51. Finally, the interaction
was not significant, ¥*(3) = 2.51, p = .47, BF = 0.075. These results show that interpolated testing
led to high rates of retrieval success that promoted comparable episodic memory updating for

older and younger adults.

Intrusions from List 1
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We further examined interpolated testing effects by comparing intrusion errors from List
1 in the A-B, A-D conditions (Figure 2B). An Age x Item Type model indicated no significant
effect of Age, y*(1) = 0.74, p = .39, BF = 0.353, a significant effect of Item Type, x*(2) = 11.50,
p < .01, BF = 5.113, and no significant interaction, y*(2) = 2.56, p = .28, BF = 0.157. Pairwise
comparisons showed no significant differences between the Not Tested and Tested conditions, z
ratio = 0.65, p = .79. But there were significantly more intrusions in the Tested™ than Not Tested
and Tested conditions, smallest z ratio = 2.57, p = .03, indicating that when alternative responses
were presented as feedback, this created more proactive interference.
Change Classifications

If interpolated testing benefitted List 2 recall by promoting cross-episode associations
during List 2, then more changes and List 1 responses should be remembered in the interpolated
test conditions. We assessed this by examining differences in Change Recollection, which
includes A-B, A-D items classified as changed and accurate List 1 recall (Figure 2C). We used
this measure to assay differences in the extent that interpolated testing presented opportunities
for cross-episode binding. Indeed, manipulations that affect in List 1 recall during List 2 study
have consistently shown parallel effects on change recollection (for a review, see Wahlheim et
al., 2021). For completeness, we also report these rates in Supplementary Materials (henceforth
SM) Table S1 alongside the rates for A-B, A-D items classified as changed with inaccurate List
1 recall (Change Remembered, Not Recollected) and not classified as changed (Change Not
Remembered). An Age x Item Type model of change recollection including only the A-B, A-D
conditions indicated no significant Age effect, ¥*(1) = 1.06, p = .30, BF = 0.558, a significant
Item Type effect, x> (2) = 352.69, p < .001, BF = 4.572 x 10%, and no significant interaction,

v*(2) =5.17, p = .08, BF = 0.852. Change recollection was higher in the Test and Tested™
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conditions than Not Tested condition, smallest z ratio = 14.84, p < .001, and was higher for the
Tested™ than Test condition, z ratio = 3.46, p < .01. Collectively, these findings suggest that
interpolated testing presented more opportunities to encode cross-episode associations, especially
when feedback was provided.

List 2 Recall Conditionalized on Change Classifications

Many studies have shown that List 2 recall is especially accurate when changes are
recollected (for a review, see Wahlheim et al., 2021). The combination of facilitated recall with
more recollected changes following manipulations that increase List 1 recall during List 2
indexes improvements in cross-episode binding. We followed this logic for assessing integrative
encoding differences by conditionalizing List 2 recall on recollected changes (Figure 3, left
panel). An Age x Item Type model including only the A-B, A-D conditions indicated a
significant Age effect, y*(1) = 32.82, p <.001, BF = 65,997.063, showing higher recall for
younger than older adults. The Item Type and interaction effects were not significant, largest,
v*(2) = 4.85, p = .09, BFs < 0.676. These results suggest that younger adults associated responses
across lists more successfully during encoding than older adults.

For completeness, we examined List 2 recall conditionalized on the other classifications
using the same model as previously for each classification. The model for remembered but not
recollected changes (middle panel) indicated a significant Age effect, v*(1) = 14.83, p < .001, BF
= 265.374, showing higher recall for younger than older adults. No other effects were significant,
largest y*(2) = 3.83, p = .15, BFs < 1.361. Additionally, the model for unremembered changes
(right panel) indicated a significant Item Type effect, ¥*(2) = 37.65, p < .001, BF = 3.667x10°,
showing that recall was significantly lower in the Tested™ condition than the Tested and Not

Tested conditions, smallest 4.19, p < .001. No other effects were significant, largest xz(l) =2.13,
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p = .14, BFs < 0.660. These results suggest that providing alternative responses as feedback
during interpolated testing created more proactive interference that had its effects when
participants were unable to remember changes.
Discussion

Experiment 1 showed that increasing accessibility of List 1 responses via interpolated
testing enhanced memory for changed List 2 responses comparably for both age groups, despite
older adults recalling less overall. Interpolated test feedback did not lead to memory differences
for changed List 2 responses but did increase intrusion errors for both age groups, suggesting that
re-exposure to the List 1 responses created proactive interference. There was evidence that the
proactive effects of interpolated testing can partially be attributed to improved cross-episode
binding. Both age groups recollected change more often for A-B, A-D items that were tested in
the interpolated phase than those not tested, and change recollection was associated with higher
List 2 recall. Providing feedback increased change recollection, but the benefits were offset by
greater interference when change was not recollected. Critically, when changes were recollected,
younger adults showed higher List 2 recall than older adults, suggesting that an age-related
difference in cross-episode binding remained, despite the benefits of interpolated testing.

Experiment 2

Although Experiment 1 provided the first evidence of forward testing effects in older and
younger adults in a paired-associate updating task, the contrast condition without interpolated
testing did not re-expose List 1 responses. It is therefore unclear whether the forward testing
effects observed in Experiment 1 reflect retrieval practice per se. Experiment 2 addressed this
issue by including an interpolated restudy task. Testing has been shown to improve memory for

retrieved information more than restudying at high levels of retrieval success (for a meta-analytic
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review, see Rowland, 2014). Because interpolated testing with response fragments in Experiment
1 led to high test accuracy, we hypothesized that retrieval practice benefits for memory updating
would be greater than those provided by re-exposure to studied pairs. We also assumed that
forward testing effects would reflect more opportunities to encode cross-episode associations;
therefore, interpolated testing should promote recollection of change better than interpolated
restudy. We had no a priori reason to predict age-related differences in such forward testing
effects.
Method

Participants

The stopping rule was to collect usable data from 60 younger and 60 older adults based
on our available resources and to match the sample sizes from Experiment 1. Data collection
took place from August 2022 to March 2023 in an urban area in North Carolina, United States.
The final sample included 60 younger adults (45 women, 14 men, 1 gender diverse, ages 18-29
(M =19.02, SD = 1.91) and 60 older adults (43 women, 17 men, ages 65-89 (M =71.78, SD =
5.35) from the same populations as Experiment 1. The younger adult sample comprised: 43%
Caucasian (26), 33% African American (20), 10% Hispanic or Latino (6), 7% Multiracial (4),
5% Asian or Pacific Islander (3), and 2% American Indian and Native American (1) participants.
The older adult sample comprised: 73% Caucasian (44), 17% African American (10), 3%
American Indian and Native American (2), 3% Other (2), 2% Hispanic or Latino (1), and 2%
Multiracial (1) participants. Nine younger adults were replaced because of MMSE scores below
cut-off (6), computer malfunction (2), and voluntary withdrawal (1); four older adults were
replaced because of computer malfunction (3) and an MMSE score below cut-off (1); one

middle-aged adult (39 years of age) was excluded for not fitting into the younger and older adult
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age ranges. A total of 69 younger, 64 older, 1 middle-aged adults were tested. For compensation,
younger adults received course credit, and older adults entered a raffle for 6 Amazon gift cards
($45 each).

Older adults’ cognitive health was assessed as in Experiment 1. Table 1 displays years of
education and performance on cognitive tasks. Compared to younger adults, older adults scored
higher on the Shipley Institute of Living vocabulary subtest (Shipley, 1986), #(102.89) = 12.39, p
<.001, and had more education, #(103.72) = 10.46, p < .001. Younger adults scored higher than
older adults on the Digit Symbol Substitution Task (DSST; Wechsler, 1981) in number of
symbols copied within 90 s, #(106.10) = 5.37, p < .001 and number of symbols recalled out of 9,
#(110.58) =4.36, p < .001. There was no age difference in MMSE scores, #(117.86) = .27, p =79.
Design, Materials, and Procedure

We used the Experiment 1 design, replacing the A-B, A-D Tested™ condition with an A-
B, A-D Restudied condition. The materials and procedure were identical to Experiment 1, but the
interpolated task comprised an equal number of cue-fragment test pairs and cue-response restudy
pairs that were repeated from List 1.

Results
Interpolated Tests
Interpolated test accuracy (Table 2, right panel) was comparable for younger and older
adults, x*(1) = 2.06, p = .15, BF = 0.008.
Final Cued Recall Test
Correct List 2 Recall
As in Experiment 1, we examined interpolated testing effects on episodic memory

updating by comparing List 2 recall across all conditions except the A-B, A-B fillers (Figure
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4A). An Age x Item Type model indicated a significant Age effect, ¥*(1) = 14.75, p < .001, BF =
1.103x103, showing higher recall for younger than older adults. There was also a significant
Item Type effect, x*(3) = 164.25, p < .001, BF = 92.835, showing several differences: Recall was
higher in all A-B, A-D conditions than in the Control condition, smallest z ratio = 4.64, p < .001.
In the A-B, A-D conditions, recall was higher for the Tested than Restudied and Not Tested
conditions, smallest z ratio = 7.62, p < .001, and did not differ between the latter conditions, z
ratio = 0.54, p = .95. Finally, the interaction was not significant, y*(3) = 2.23, p = .53, BF =
0.058. These results replicate the forward testing benefit for older and younger adults even when
contrasted with a condition that re-exposed all List 1 responses during the interpolated phase.
Intrusions from List 1

Also as in Experiment 1, we further examined interpolated testing effects by comparing
intrusions errors from List 1 in the A-B, A-D conditions (Figure 4B). An Age x Item Type model
indicated a significant Age effect, y*(1) = 4.21, p = .04, BF = 1.380, showing more intrusions for
older than younger adults. There was also a significant Item Type effect, ¥*(2) = 29.81, p < .001,
BF =22,691.711, showing more intrusions in the Tested and Restudied conditions than in the
Not Tested condition, smallest z ratio = 2.43, p = .04, and no difference between the Tested and
Restudied conditions, z ratio = 2.43, p = .07. The interaction was not significant, y*(2) = 0.02, p =
.99, BF = 0.090.
Change Classifications

We again examined differences in the potential encoding of cross-episode associations,
by assessing change classifications, focusing on change recollection (Figure 4C). We report the
other A-B, A-D classification rates in SM Table S2. An Age x Item Type model including only

the A-B, A-D conditions indicated a significant Age effect, ¥*(1) = 4.24, p = .04, BF = 1.730,
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showing higher change recollection for younger than older adults, and a significant Item Type
effect, ¥% (2) = 237.39, p < .001, BF = 4.555x10°°, showing significant differences in change
recollection in the following descending order: Tested > Restudied > Not Tested, smallest z ratio
=7.25, p < .001. The interaction was not significant, y*(2) = 0.67, p = .72, BF = 0.141.

List 2 Recall Conditionalized on Change Classifications

We again assessed cross-episode binding differences by conditionalizing List 2 recall on
recollected changes (Figure 3, left panel). An Age x Item Type model including only the A-B,
A-D conditions indicated a significant Age effect, ¥*(1) = 17.28, p < .001, BF = 217.755,
showing higher recall for younger than older adults. A significant Item Type effect, ¥*(2) =
14.53, p <.001, BF = 36.651, showed higher recall in the Tested than Restudied and Not Tested
conditions, smallest z ratio = 2.82, p = .01, and no difference in the latter conditions, z ratio =
0.89, p = .65. There interaction was not significant, ¥*(2) = 6.01, p = .05, BF = 0.697. These
results suggest that younger adults associated responses across lists better than older adults; they
also suggest that interpolated testing best supported such encoding.

For completeness, we examined List 2 recall conditionalized on the other classifications
using the same model as previously for each classification. The model for remembered but not
recollected changes (middle panel) indicated no significant Age effect, y*(1) = 3.56, p = .06, BF
= 1.132, a significant Item Type effect, ¥*(2) = 6.98, p = .03, BF = 1.369, and no significant
interaction, y*(2) = 5.64, p = .06, BF = 1.721. Recall was higher in the Not Tested than Tested
condition, z ratio = 2.51, p = .03; recall did not differ between these conditions and the Restudied
condition, smallest z ratio = 1.11, p = .51. Note that we do not offer an interpretation of these
results due to sparse observations. Additionally, the model for unremembered changes indicated

a significant Age effect, y*(1) = 7.60, p = .01, BF = 5.628, showing higher recall for younger
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than older adults, and a significant Item Type effect, ¥*(2) = 25.29, p < .001, BF = 7,713.658,
showing lower recall in the Restudied than Tested and Not Tested conditions, smallest z ratio =
4.33, p <.001, and no difference in the latter conditions, z ratio = 0.35, p = .93. There was no
significant interaction, y*(2) = 1.01, p = .60, BF = 0.291. These results suggest that providing
alternative responses as via re-exposure during restudied trials created more proactive
interference when participants were unable to remember changes.
Discussion

Experiment 2 replicated Experiment 1 in showing that interpolated testing of A-B pairs
enhanced memory for changed List 2 responses comparably for both age groups, and older adults
recalled less overall. Additionally, interpolated testing led to greater episodic memory updating
than interpolated restudy for both age groups, suggesting that the forward testing effects reflect
retrieval practice as opposed to re-exposure to the List 1 pairs. In contrast to Experiment 1,
interpolated testing of A-B, A-D items led to more intrusion errors of List 1 responses compared
to non-tested items, and older adults showed high intrusion rates. But as in Experiment 1, there
was evidence that interpolated testing enhanced episodic memory updating in part by promoting
the cross-episode binding. These findings are sensible given that conditions that increase the
accessibility of existing memories also increase the potential for interference, especially for older
adults. Both age groups recollected more changes when List 1 responses were tested during the
interpolated phase, and younger adults showed higher List 2 recall than older adults when
recollecting changes at test. Additionally, for both age groups change recollection occurred more
often for A-B, A-D items that were tested as opposed to restudied, and this was associated with

higher List 2 recall. Collectively, these results are generally more compatible with an integration
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than inhibition account in showing that practicing retrieval of competing responses improved
episodic memory updating and conditional recall that indexed cross-episode associations.
General Discussion

Two experiments examined interpolated testing effects on episodic memory updating in
older and younger adults using A-B, A-D tasks. Interpolated testing enhanced memory for
changed List 2 responses for both age groups, despite older adults recalling less overall. The
complete recall patterns suggested that interpolated testing promoted cross-episode binding
during encoding, as interpolated testing led to more recollection of changes that was associated
with enhanced List 2 recall. These results contribute to the nascent research on aging and the
forward testing effect by showing that interpolated testing can counteract proactive interference
in older and younger adults when existing memories share features with new information.

Previous work using A-B, A-D tasks have shown that older adults are generally more
vulnerable to interference than younger adults (for reviews, see Kane & Hasher, 1995; Kausler,
1994). While age-related memory differences using this paradigm have been observed (e.g.,
Arenberg, 1973; Wahlheim, 2014; Wahlheim & Zacks, 2019; Winocur & Moscovitch, 1983),
such differences are not always found (e.g., Freund & Witte, 1976; Garlitch & Wahlheim, 2020,
2021). These mixed results reflect moderating effects of variables that affect the accessibility of
existing memories when studying stimuli with shared and changed features, such as interpolated
testing, and relationships among stimulus features, and population characteristics (e.g., cognitive
health status, age, education). These variables determine the extent that competing responses are
co-activated during encoding, which could lead to memory impairment or improvement.

Inhibition deficit theory proposes that more co-activation should lead to more

interference for older adults who suppress irrelevant information less effectively than younger
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adults (for reviews, see Campbell et al., 2020; Lustig et al., 2007). A strict interpretation of this
view leads to the prediction of consistent age-related memory impairments when experimental
conditions promote retrieval of existing memories in new learning contexts. However, studies
have shown that impaired suppression can improve task performance by promoting meaningful
connections (for a review, see Amer et al., 2022). Alternatively, age-related memory differences
could reflect older adults being less able to recollect existing memories when studying related
information, thus providing fewer opportunities to integrate the past with the present (for a
review, see Wahlheim et al., 2021). This shared perspective holds that forming associative links
across contexts can promote episodic memory updating, regardless of age. Here, interpolated
testing promoted these connections and improved recall of recent information and memory for its
relationship with existing memories, which was more consistent with the view that noticing
relationships can counteract response competition and interference.

Although both age groups benefitted from interpolated testing via integrative encoding,
older adults showed a weaker association between recall of B and D responses. This may reflect
older adults’ binding deficits (for a meta-analysis, see Old & Naveh-Benjamin, 2008) disrupting
associative encoding when responses were coactivated. Additionally, older adults’ downstream
recollection deficits may have disrupted retrieval of cross-episode associations (Wahlheim,
2014). Here, we showed that successful retrievals of existing memories may be one way to
bolster older adults’ associative encoding. Based on work showing that older adults can benefit
from mnemonic training (e.g., Kirchhoff et al., 2012), the present findings suggest that study-
phase retrievals could be used strategically to support older adults’ memory updating.

The finding that interpolated testing benefited older adults’ episodic memory updating

replicates and extends previous work in younger adults (Wahlheim, 2015). One key difference
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between these studies is that interpolated testing led to proactive facilitation in overall List 2
recall here, but it eliminated proactive interference before. This discrepancy occurred partly
because, unlike the prior study, the interpolated tests here included word fragments that ensured
high levels of retrieval success. The discrepancy also occurred partly because the present word
sets contained responses with high orthographic overlap (e.g., lawn-grass; lawn-green), whereas
the prior study used responses with less overlapping orthography (e.g., coffee-table; coffee-
bean). The former was likely more effective at cueing retrieval of existing memories during new
learning. Collectively, these findings suggest that theories of aging and interpolated testing
effects must account for interactions of interpolated retrieval success and the potential for
stimulus characteristics to cue study-phase retrievals.

Following the assumption that retrieval success is necessary for interpolated testing to
promote integrative encoding, our first experiment also examined how interpolated testing
influenced episodic memory updating when accompanied by corrective feedback. Although
feedback can provide participants with more opportunities for integrative encoding by re-
exposing participants to unrecalled responses during new learning, it can also lead to more
proactive interference when subsequent retrieval is not recollection-based (Wahlheim, 2015;
Experiment 2). Consequently, overall recall of changed responses reflects influences of
interpolated test accuracy and subsequent recollection of changes. Here, we showed that
feedback provided more opportunities to notice changes as shown by higher recall of responses
from both lists on the final test. However, feedback also led to more intrusions of List 1
responses and poorer recall of List 2 responses when participants did not recollect changes on the
final test (for a similar discussion, see Chan et al., 2018), presumably because the enhanced List

1 accessibility rendered those responses more likely to be automatically retrieved later.
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The benefits and costs of interpolated test feedback have implications for predicting when
feedback should be delivered to improve episodic memory updating. Although testing promoted
episodic memory updating regardless of feedback here, the impact of its provision may be more
pronounced at lower levels of interpolated retrieval success. As mentioned earlier, to ensure
successful retrieval of earlier responses, we provided cues along with word fragments for the
responses. This was also done in part to equate interpolated recall between younger and older
adults because age-related episodic memory differences are smaller when more environmental
support is provided (Craik, 2017). Consequently, one may wonder how the outcomes associated
with feedback differ when retrieval cues provide less environmental support, particularly for
older adults. It seems reasonable that older adults would benefit less when interpolated testing
requires more self-generation, leading feedback to be corrective on more trials than here.
Although feedback may confer greater benefits to older adults, these benefits may also be offset
by the costs of recollection failures that would lead to feedback to produce more interference.

The present results are also relevant for disentangling the mechanisms of interpolated
testing benefits. In Experiment 2, we examined the possibility that the benefits of interpolated
testing via integrative encoding are unique to the act of retrieval practice as opposed to simply
restudying the List 1 pairs. Previous work has shown that when retrieval success is high, testing
can improve memory for retrieved information more than restudying (for a meta-analytic review,
see Rowland, 2014). The high retrieval success conferred by fragments in Experiment 1 led us to
predict the observed outcome that interpolated testing would enhance episodic memory updating
more than interpolated restudying. Critically, such benefits were accompanied by improved

recollection of changes, suggesting that cross-episode associations were better supported by
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interpolated testing than restudy. These findings join prior work suggesting that the forward
testing effect in paired-associate learning can reflect integrative encoding (Wahlheim, 2015).
Limitations and Future Directions

The present study had several limitations that should be acknowledged. First, we inferred
the role of integrative encoding in interpolated testing effects from dependence in the recall of
responses from both lists on the final tests. This was by design: An overt measure of List 1 recall
during List 2 study was not included to prevent reactive encoding strategies and to isolate
interpolated testing effects. We also avoided increasing working memory demands because aging
is associated with reduced working memory capacity (for a review, see Bopp & Verhaeghen,
2005), and we did not want to overburden older adults with a secondary List 2 task. The concern
was that this would disproportionately distract older adults from encoding changed responses.
While we did not measure List 1 recall during List 2 directly, prior findings give us confidence
that the change recollection measure was sensitive to differences in upstream integration-based
encoding. Indeed, prior work has shown that when participants cannot retrieve List 1 responses
during List 2, they almost never retrieve List 1 responses at test (Wahlheim & Jacoby, 2013).
Thus, retrieval dependencies assumed to support differences in opportunities for integrative
encoding are almost always exclusively observed when study-phase retrievals had occurred
upstream. Future work could still verify that the downstream change recollection measure is
sensitive to study-phase retrieval differences by measuring List 1 recall during List 2 study.

Second, the proactive effects of interpolated testing were observed using a unique
material set with orthographically related responses. As described above, such stimulus
characteristics should have consequences for episodic memory updating. The consequences of

those characteristics could be systematically explored by manipulating the degree of perceptual
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and conceptual response similarity. Prior work suggests that integrative encoding is promoted
when items are related semantically because this stimulates more remindings (e.g., Hintzman &
Block, 1973; McKinley & Benjamin, 2020; Tullis et al., 2014). Assuming that semantic
relatedness better supports cross-episode binding than perceptual relatedness, older adults may
benefit more from interpolated testing when competing responses are semantically associated.
Consistent with this proposal, age-related binding deficits can be mitigated by increasing
semantic associations among items (Delhaye et al., 2019; Loaiza & Srokova, 2020). However,
semantically related words may also lead to more interference when older adults fail to recollect
changes, given that those responses would be less distinctive. Interactions between interpolated
testing and semantic relatedness could also be inferred across studies using materials that vary in
personal relevance or familiarity to participants, such as videos of everyday actions (Wahlheim
& Zacks, 2019) and corrections of fake news headlines (Wahlheim et al., 2020). Currently, we
can only speculate how varying degrees of semantic relatedness affects the benefits associated
with interpolated testing for older adults, thus indicating the need for future studies to better
understand the generalizability of this mnemonic technique across different materials.

Third, the interpolated test cues were paired with response fragments. These fragments
varied in the number of blanks, and thus, possible completions (e.g., do_ vs. sh_ _ ).
Interference may be greater when there are more response possibilities leading to more response
competition, fewer successful retrieval attempts, and poorer episodic memory updating. We
explored this possibility by comparing interpolated recall and List 2 recall accuracy conditioned
on the number of fragments (SM1). Interpolated recall accuracy did not differ depending on the
number of possible fragment completions but there were differences downstream. List 2 recall

was highest for the fragments with one blank and there were no differences among fragments



TEST-ENHANCED MEMORY UPDATING 31

with two blanks and fragments with three blanks or greater. These results imply that more
response competition for items during the interpolated phase may negatively impact memory for
changed information. However, given the preliminary nature of these findings, future research
should test this assumption by directly comparing episodic memory updating as a function of
possible fragment completions.
Conclusion

The present experiments examined aging and the effects of interpolated testing on
episodic memory updating of stimuli with shared and changed features. Interpolated testing
produced comparable benefits for older and younger adults partly by promoting the cross-
episode integration of competing responses. This was shown by increased associations in
response dependence in interpolated testing conditions, which led to proactive facilitation in
recall of recent information. This association was weaker for older than younger adults,
suggesting that although older adults benefitted from more opportunities to integrate responses
during encoding, other cognitive deficits limited their ability to do so. This study adds to the
literature suggesting that age-related memory deficits created by response competition can be
reduced under conditions that engender integration of related information. Future work should
explore the boundary conditions of interpolated testing benefits on episodic memory updating in
older adults focusing on interactions among interpolated retrieval success, feedback, and the

perceptual and conceptual dimensions on which competing information can be associated.
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Table 1

Descriptive Statistics for Education and Performance on Cognitive Tasks: Experiments 1 and 2

Age
Younger Older
Experiment Measure M (SD) Range M (SD) Range
Experiment 1 Education (years) 12.72 (1.15) 12-17 16.78 (1.94) 12 -19
Vocabulary (out of 40) 26.83 (4.12) 17 -36 35.72 (3.61) 23 -40
DSST (in 90 s) 68.40 (9.82) 42 — 87 56.57 (11.58) 33-79
DSST (out of nine) 7.52 (1.90) 2-9 6.15 (2.49) 1-9
MMSE 28.38 (1.51) 25-130 28.62 (1.22) 25-130
SBT (error score) -- -- 0.53 (1.03) 0-4
Experiment2  Education (years) 12.78 (1.39) 12-19 16.13 (2.05) 12-19
Vocabulary (out of 40) 27.07 (4.31) 17 —-37 35.35(2.87) 28 — 40
DSST (in 90 s) 60.25 (9.08) 38 — 83 49.33 (12.87) 19-77
DSST (out of nine) 7.50 (1.93) 2-9 5.72 (2.51) 0-9
MMSE 28.28 (1.33) 25-130 28.35 (1.38) 25-130
SBT (error score) -- -- 1.25(1.49) 0-4

Note. Vocabulary = Shipley Institute of Living Scale vocabulary (Shipley, 1986); DSST = Digit Symbol Substitution Task (Wechsler, 1981);

MMSE = Mini-Mental State Exam (Folstein et al., 1975); SBT = Short Blessed Test (Katzman et al., 1983).
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Table 2

Interpolated Test Accuracy for A-B, A-D Item Types: Experiments 1 and 2

Experiment 1 Experiment 2
Age Test Test™ Test
Younger .90 [.86, .93] .89 [.84, .92] .89 [.85, .92]
Older .89 [.84, .92] .86 [.82, .90] .90 [.86, .93]

Note. 95% confidence intervals are displayed in brackets.
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Figure 1

Schematic of the Experiment Procedure: Experiments 1 and 2. A schematic overview of the
trial structures from the procedures in both experiments. In both experiments, during the
study of List 1, participants read out loud a list of word pairs. The main difference between
experiments was the trial structure during the Interpolated Task: In Experiment 1, participants
were provided a cue along with a fragmented response and were asked to recall some of the
List 1 responses (A-B, A-D Tested). For half of the trials, participants were provided with
corrective feedback following their response (A-B, A-D Tested™); In Experiment 2,
participants were provided a cue along with a fragmented response and were asked to recall
some of the List 1 responses (A-B, A-D Tested) or they were reshown pairs from List 1 and
asked to restudy them (A-B, A-D Restudied) In both experiments, during the study of List 2,
participants read out loud a list of word pairs that had the same cue as List 1 but a changed
response (blue, green, and red borders), that was repeated across Lists (orange border), or
were new (pink border). During the Final Cued Recall Test, participants first recalled List 2
responses, then indicated if the response changed across lists, and for those, attempted to
recall the List 1 response.

Figure 2

Correct List 2 Recall, Intrusions from List 1, and Change Classification and List 1 Recall on
the Final Cued Recall Test: Experiment 1. Probabilities of List 2 recall (Panel A), intrusions
from List 1 (Panel B), and Change Classification and List 1 recall (Panel C) on the final test
as a function of Age and Item Type in Experiment 1. Points are probabilities estimated from
mixed effects models; error bars are 95% confidence intervals. Blue points represent
probabilities for younger adults and red points represent probabilities for older adults.

Figure 3

Conditional Correct List 2 Recall on Final Cued Recall Test: Experiment 1. Probabilities of
List 2 recall conditioned on change classifications as a function of Age and Item Type in
Experiment 1. Points are probabilities estimated from mixed effects models; error bars are
95% confidence intervals. Blue points represent probabilities for younger adults and red
points represent probabilities for older adults. Point sizes indicate for each cell the relative
proportion of observations, which are also displayed in SM Table S1.

Figure 4

Correct List 2 Recall, Intrusions from List 1, and Change Classification and List 1 Recall on
the Final Cued Recall Test: Experiment 2. Probabilities of List 2 recall (A), intrusions from
List 1 (B), and Change Classification and List 1 recall (C) on the final test as a function of
Age and Item Type in Experiment 2. Points are probabilities estimated from mixed effects
models; error bars are 95% confidence intervals. Blue points represent probabilities for
younger adults and red points represent probabilities for older adults.

Figure 5

Conditional Correct List 2 Recall on Final Cued Recall Test: Experiment 2. Probabilities of
List 2 recall conditioned on change classifications as a function of Age and Item Type in
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Experiment 2. Points are probabilities estimated from mixed effects models; error bars are
95% confidence intervals. Blue points represent probabilities for younger adults and red
points represent probabilities for older adults. Point sizes indicate for each cell the relative
proportion of observations, which are also displayed in SM Table S2.



