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Abstract
Forgetting is a core dynamic of memory which follows a rapid loss that slows into gradual decline. Notably, recent evidence
suggests that selective retrieval strengthens recalled items, benefits nonretrieved ones, and reinstates the forgetting curve.
A central question is whether these retrieval benefits depend on prior knowledge or reflect a domain-general mechanism.
We tested 216 participants who studied high-knowledge (common) or low-knowledge (rare) Chinese characters and were
assessed either directly or after a selective retrieval phase. Across conditions, retrieval boosted recall for both retrieved and
nonretrieved characters and restarted forgetting functions. High-knowledge characters were remembered more accurately
overall, but forgetting rates and retrieval-induced gains were equivalent across knowledge levels. These findings suggest that
retrieval benefits can emerge independent of semantic expertise. By bridging expertise and forgetting literatures, our study
provides evidence that selective retrieval as a domain-general phenomenon for stabilizing memory over time.
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Introduction

Memory performance typically declines as the interval
between encoding and retrieval increases, with rapid initial
loss followed by a more gradual decline over time (Ebb-
inghaus, 1885). Importantly, retrieving a subset of studied
items after a delay may counteract this decline, enhancing
memory not only for the retrieved items but, under some
conditions, also for related nonretrieved items (Biduml &
Schlichting, 2014; Bauml & Trifl, 2022). These effects
can be examined using the selective retrieval paradigm, in
which participants study a set of items and subsequently
retrieve only a subset of them. This procedure yields two
item classes: retrieved items that receive direct retrieval
practice and nonretrieved items that remain untested but
are associated with the same study episode. Comparing
these item types makes it possible to assess how selective
retrieval influences the retention of both directly accessed
and related information over time. A central theoretical
question is whether these retrieval benefits depend on prior
knowledge or instead reflect a domain-general process that
operates independently of semantic expertise.

This question sits at the intersection of two major litera-
tures that make conflicting predictions. Research on expertise
shows that schemas and semantic scaffolds shape memory,
enabling experts to encode and retrieve more effectively
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than novices (Sala & Gobet, 2017; Wing et al., 2022). From
this view, retrieval benefits may manifest in two separable
ways: an immediate improvement in recall performance and
a potential alteration of the subsequent forgetting trajectory.
Critically, these components are not necessarily coupled
and must be assessed independently (Bauml & Trif31, 2022;
Roediger & Karpicke, 2006). Conversely, recent research on
forgetting suggests that the rate of decay remains remark-
ably stable across manipulations of initial strength, repetition,
and age (Rivera-Lares et al., 2022, 2023). Temporal-context
accounts propose that memories are encoded together with
features of the study context, which gradually drift over time
and reduce accessibility. Selective retrieval may partially
reinstate this context, thereby facilitating access to both
retrieved and related nonretrieved items (Bauml & Schlicht-
ing, 2014; Bauml & Trif31, 2022; Polyn et al., 2009; Polyn &
Woodman, 2025). To the extent that such retrieval benefits
rely on contextual reinstatement rather than semantic scaf-
folding, they may emerge independently of prior knowledge.

We tested these alternatives using Chinese characters that
naturally vary in familiarity. Common characters are processed
with fluent semantic and phonological support, whereas rare
characters require effortful structural analysis with minimal
prior knowledge (Chen & Peng, 1998; Perfetti & Liu, 2005).
Adapting the selective retrieval paradigm (Bauml & TriB3l,
2022), we compared the absolute forgetting curves for high-
knowledge and low-knowledge characters, both with and with-
out a retrieval phase. This design closely follows their experi-
mental framework while extending it to examine how prior
knowledge influences retrieval-induced changes in memory
over time. Our primary analyses focus on absolute forgetting,
defined as the reduction in recall performance over time and
expressed as the number of items or percentage points lost.
Equal absolute forgetting therefore indicates an equivalent
amount of memory loss across conditions. By contrast, rela-
tive forgetting expresses this loss as a proportion of the initial
recall level. Consequently, equal absolute forgetting does not
necessarily imply equal relative forgetting'.

This design isolates whether retrieval-induced enhance-
ment is knowledge-dependent, as expertise accounts predict,
or knowledge-independent, as temporal-context accounts pro-
pose. Resolving this issue clarifies not only the mechanisms of
retrieval-based learning but also the architecture of forgetting
itself, addressing whether retrieval practice serves as a phe-
nomenon of memory stabilization or one constrained by prior
knowledge.

! For example, declines from 80% to 60% and from 60% to 40% both
represent an absolute loss of 20 percentage points but relative losses
of 25% and 33.3%, respectively.
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Table 1 Stimuli used in the experiment

Knowledge  Chinese characters ~ Radicals
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Forty-two Chinese characters were selected based on familiarity rat-
ings from an independent pretest. Eighteen high-knowledge (famil-
iar) and 18 low-knowledge (rare) characters were used in the formal
experiment, and six additional characters served as practice stimuli.
Each character contained a unique radical used as a retrieval cue.

Methods
Participants

Two hundred and sixteen right-handed volunteers (148
women, aged 19.9 + 1.4 years) were recruited from South
China Normal University. Participants were randomly
assigned to two groups (selective retrieval vs. nonretrieval),
each containing four subgroups (n = 27) corresponding to
different test delays (2, 10, 20, or 30 min). The sample size
approximated prior studies investigating time-dependent for-
getting and selective retrieval (subgroup n = 24-28; Bduml
& Dobler, 2015; Bauml & Schlichting, 2014; Kliegl et al.,
2019) and provided 0.82 power to replicate medium-sized
effects. All participants had normal or corrected-to-normal
vision, no neurological or cognitive disorders, and provided
written informed consent.

Materials and apparatus

Stimuli were derived from the Modern Chinese Dictionary (Dic-
tionary Editing Office, Institute of Linguistics, Chinese Acad-
emy of Social Sciences, 2016). Characters were first screened
to include radicals with two—four strokes and total stroke counts
between six and eight, producing 1,547 candidates. To control
phonological, orthographic and semantic factors, only charac-
ters with unique pronunciations, clear left-right, top-bottom, or
enclosure structures, and differed semantically from its radical,
were retained (Ding et al., 2000; Ferrand & Grainger, 2003; Taft
et al., 2000; Yeh, & Li, 2002; Zhang et al., 2020).
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Fifty independent raters (28 women; 20.5 + 1.2 years)
evaluated the familiarity of each character on a 7-point
scale (1 = very unfamiliar, 7 = very familiar). Based
on these ratings, 42 characters were selected: 36 for the
main experiment and six for practice (see Table 1). The
36 experimental characters formed two lists—high-knowl-
edge (M = 6.84 + 0.83, indicating high familiarity) and
low-knowledge (M = 1.67 0.63, indicating low familiar-
ity)—each comprising 18 characters. Within each list, 10
characters served as retrieved items and 8 as nonretrieved
items when selective retrieval was included, whereas all
characters served as studied items when selective retrieval
was absent (see Fig. 1). Stimuli were identical for all par-
ticipants, and each character contained a unique radical
serving as its retrieval cue.

Stimulus presentation was controlled by custom Python
scripts. Participants placed their chins on a chin rest 60 cm
from the monitor used to present the stimuli.

Procedure and design

The design was a 2 (knowledge: high vs. low, within-sub-
jects) X 2 (selective retrieval: absent vs. present, between-
subjects) X 4 (delay: 2, 10, 20, or 30 min, between-subjects)
mixed design. Figure 1 depicts the procedure for high-
knowledge characters (the same applied to low knowledge).

During study, 18 characters were presented individu-
ally for 6 s each in random order. To prevent rehearsal and

All participants One group of participants

maintain comparable cognitive engagement across delays,
delay intervals were filled with one or more neutral distract-
ing tasks. These included a mental arithmetic task, a spatial
cueing task, a visual search task, and a change-detection
task, adapted from established paradigms (Posner & Cohen,
1984; Wang & Theeuwes, 2018; Wheeler & Treisman,
2002). For delay intervals of 20 min and 30 min, as well as
for the 30-min interval preceding selective retrieval, time
were subdivided into 10-min segments (two or three seg-
ments, respectively). Each segment was assigned a different
distractor task, randomly selected without replacement from
the spatial cueing, visual search, and change detection tasks,
ensuring that no task was repeated within a participant’s
session. The mental arithmetic task was used only for the
2-min delay condition.

Selective retrieval began 30 min after study and involved
two rounds of retrieval practice. In each round, participants
attempted to recall 10 of the 18 characters (i.e., retrieved
items) using their radicals as cues (6 s each) and wrote down
the corresponding complete characters. Participants, who
did not take part in selective retrieval, performed an equiva-
lent neutral task instead.

At test, radicals of all 18 studied items were presented
in random order. In the selective-retrieval group, non-
retrieved items were always tested first to avoid poten-
tial reactivation spillover from retrieval of related items
(Anderson et al., 1994; Bauml & Dobler, 2015; Bauml &
Schlichting, 2014).

Other group of participants

Study
6s each

s,

H

Selective retrieval
6s each

(=)

Test
6s each

Non-retrieved item
Non-retrieved item
. Retrieved item

% @ Retrieved item

\
/

Fig. 1 Experimental procedure. Participants studied 18 Chinese
characters that varied in familiarity (high vs. low knowledge). In
the control group, memory was tested after a delay of 2, 10, 20, or
30 min without any intermediate retrieval. In the selective retrieval
group, participants completed two rounds of retrieval practice 30 min

v

Time since study

| >
Time since selective retrieval

after study, producing retrieved and nonretrieved items. They were
then tested after an additional 2, 10, 20, or 30 min. In the selective
retrieval condition, nonretrieved items were always tested before
retrieved items to avoid reactivation spillover
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Power-function fitting

To characterize the temporal dynamics of forgetting, we fit-
ted a power function of time, R() = at’?, to recall accuracy
for each item types in different knowledge levels using maxi-
mum likelihood estimation (Bduml & Trifl, 2022; Riefer &
Batchelder, 1988). In this function, R(#) denotes the percent-
age of items recalled at time ¢, parameter b reflects the for-
getting rate over time, and parameter a represents the initial
recall level. Consistent with prior work, functions were fitted
to the group-average data (Wixted & Ebbesen, 1997).

Results
Forgetting without selective retrieval

We first examined how recall accuracy changed over time
when no selective retrieval occurred. To verify that these

A .
High knowledge level
80 Selective 1 - Studied items
retrieval \ ¥ Non-retrieved items
— 1 = Retrieved items
g '
o) I
e |
5 1
>
Q
o |
8 I
"
@ 201 Ry =621t070 I : R(t) = 65.2t %%
h
0 H
0 10 20 30 40 50 60

Time since study (min)

Fig.2 Recall accuracy of high-knowledge (A) and low-knowledge
(B) characters across delay intervals. Dots indicates mean recall accu-
racy at the corresponding delay, and error bars show standard error of

Table 2 Mean recall accuracy (%, M + SEM) across delay intervals

baseline results were not confounded by output interference
or testing order, we compared the recall accuracy of studied
items tested in the first half of the sequence (Positions 1-8)
with those tested in the second half (Positions 9-16). A 2
(testing position: first half vs. second half) X 4 (delay time:
2, 10, 20, or 30 min) repeated-measures ANOVA revealed
no significant main effect of testing position for either high-
knowledge, F(1, 104) = 1.54, p =.22, np2 =.02, or low-
knowledge items, F(1, 104) = 3.27, p =.07, npz =.03, and
no significant interaction between testing position and delay
time, high-knowledge: F(3, 104) =.03, p =.99, np2 =.001;
low-knowledge: F(3, 104) =.41, p =.74, np2 =.01. These
results indicate that recall performance remained stable
across the test sequence. Accordingly, data were combined
across testing positions. Overall, recall of these studied items
declined systematically for both high-knowledge and low-
knowledge characters (Fig. 2 and Table 2). A 2 (knowledge:
high vs. low) X 4 (delay: 2, 10, 20, 30 min) repeated-meas-
ures ANOVA showed significant main effects of knowledge,

B
Low knowledge level
80 7 Selective " = Studied items
retrieval \ 1 Non-retrieved items
—_ 1y - Retrieved items
R 601 P
& 1
o 1
3
8 401 I
8 I
K] 1
Q ] P
@ 201 Rry=486t0° | : R(t) = 50.0t 0.9
h
0 L
0 10 20 30 40 50 60

Time since study (min)

the mean (SEM). Lines show power-function fits, R(¢) = ar?, included
for descriptive purposes to illustrate the temporal trajectory of forget-
ting across conditions. (Colour figure online)

Item Knowledge Delay (min)
2 10 20 30
Studied High 56.79 +£ 1.97 50.21 £ 1.79 46.71 + 2.06 40.33 +£2.09
Low 4321+ 1.79 38.27+2.42 32.50 +1.82 28.59 + 1.89
Retrieved High 60.74 + 3.92 54.44 +2.58 50.74 + 2.67 46.67 +£3.11
Low 4556 +3.22 44.07 + 3.47 39.26 +2.13 33.70+2.45
Nonretrieved High 48.15+£2.96 43.52 +2.35 41.20 +£2.29 37.96 + 2.87
Low 37.04 +2.06 31.94 £2.25 29.17 £2.67 23.25 +2.64

Data are reported separately for studied, retrieved, and nonretrieved items at both knowledge levels (high vs. low).
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F(1, 104) = 103.5, p <.001, np2 = 0.5, and delay, F(3, 104)
= 18.6, p <.001, np2 = 0.35, with no interaction, F (3, 104)
= 0.20, p =.87, np2 <.01. Thus, forgetting followed the
same temporal function for both knowledge levels: high-
knowledge characters were recalled more accurately overall,
but the rate of decline was equivalent. Consistently, planned
comparisons showed that for high-knowledge items, recall
after 30 min was significantly lower than after 2 min, #52) =
5.73, p <.001; the same pattern appeared for low-knowledge
items, #(52) = 5.61, p <.001.

Power-function fits provided a descriptive characteri-
zation of the temporal patterns of forgetting (Wixted &
Ebbesen, 1997). Goodness-of-fit values indicated that the
model captured the data well for studied, retrieved, and non-
retrieved items across both knowledge levels (all R* values
>.75). These fits illustrate that, although recall levels dif-
fered across conditions, the overall trajectory of decline over
time was similar.

Forgetting after selective retrieval

Next, we examined how selective retrieval modified this
temporal forgetting. Retrieval-related improvements were
assessed by comparing recall of retrieved and nonretrieved
items at the 2-min delay following selective retrieval with
recall of studied items at the 30-min delay in the no-retrieval
condition. When selective retrieval occurred 30 min after
study, recall improved sharply for both retrieved and non-
retrieved items, indicating that retrieval interrupted ongo-
ing forgetting (Fig. 2 and Table 2). Compared with control
performance of studied items at an equivalent delay (i.e.,
3 min), recall was significantly higher for retrieved items,
1(52) = 4.91, p <.001 (high-knowledge) and #52) = 4.54,
p <.001 (low-knowledge). Nonretrieved items also showed
reliable improvement, #(52) = 2.20, p =.03 (high-knowl-
edge) and #(52) = 3.02, p =.004 (low-knowledge), though
their accuracy remained lower than retrieved items, #(26)
= 2.78, p =.01 (high-knowledge) and #26) = 2.28, p =.03
(low-knowledge). Notably, these beneficial effects may be
underestimated, given that the effective retention interval for
retrieved and nonretrieved items was 34 min (30-min delay
plus retrieval phase and 2-min delay), compared to the strict
30-min interval for the studied baseline. Importantly, these
retrieval-induced gains did not differ significantly between
high- and low-knowledge for retrieved items, #26) = 0.59,
p =.56 and nonretrieved items, #(26) = 0.14, p =.89. Thus,
while selective retrieval enhanced memory performance
overall, the magnitude of this benefit was comparable across
knowledge levels.

A complementary comparison for recall performance
at the 2-min delay showed that nonretrieved items were
recalled less accurately than both studied and retrieved

items, whereas retrieved and studied items did not differ
significantly. In addition, high-knowledge characters showed
significantly better performance than low-knowledge char-
acters across item types, but no interaction between item
type and knowledge level was observed, indicating that
the pattern of retrieval-related differences was consistent
across knowledge conditions (see Fig. S1 and supplement
for details).

Despite these benefits, both retrieved and nonretrieved
items showed clear time-dependent forgetting (Fig. 2). To
verify that the retrieval-related differences reflected changes
in overall recall level rather than differences in absolute for-
getting rate, we directly compared forgetting across item
types. A 3 (item type: studied, retrieved, nonretrieved) X
4 (delay: 2, 10, 20, 30 min) ANOVA was separately con-
ducted for each knowledge level. For both high-knowledge
and low-knowledge conditions, significant main effects of
item type and delay were observed, but critically, no interac-
tion between item type and delay was found (p values >.95;
see supplementary for details). This absence of interaction
indicates that studied, retrieved, and nonretrieved items
exhibited comparable rates of forgetting over time, despite
differences in overall recall performance.

We then tested whether prior knowledge modulated
temporal dynamics of forgetting after selective retrieval.
Separate 2 (knowledge: high vs. low) X 4 (delay: 2, 10, 20,
30 min) repeated-measures ANOVAs provided evidence.
For retrieved items, significant main effects were found for
knowledge, F(1, 104) = 47.01, p <.001, npz = 0.31, and
delay, F(3, 104) = 5.85, p =.001, np2 = (0.14, with no inter-
action, F(3, 104) =0.2, p =.9, nP2 <.01. For nonretrieved
items, we observed main effects of knowledge, F(1, 104)
=47.61, p <.001, np2 = 0.31, and delay, F(3, 104) = 7.96,
p <.001, np2 = 0.19, and again no interaction, F(3, 104) =
0.22, p =.89, np2 <.01. Hence, after selective retrieval, for-
getting proceeded at a similar rate for both knowledge levels,
with high-knowledge items maintaining an overall advantage
in recall accuracy. Consistently, planned comparisons further
showed that recall after 30 min was significantly lower than
after 2 min for both knowledge levels (retrieved: ¢ values >
2.81, p values <.01; nonretrieved: ¢ values > 2.47, p values
<.05), confirming that selective retrieval modifies the forget-
ting curve rather than eliminating it.

Relative forgetting

Our primary analyses focused on absolute forgetting. We
next examined whether the same general pattern emerged
when forgetting was expressed relative to recall perfor-
mance. First, we compared the parameter b derived from the
power-function fits, which serves as a standard index of rela-
tive decay (Nickl & Bduml, 2024). The estimated b values
were numerically similar across knowledge levels for each
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item type (see Table S1), providing no descriptive evidence
that prior knowledge systematically altered the proportional
rate of forgetting.

We additionally calculated the relative loss between con-
secutive delay intervals for each knowledge level using the
formula (n, - n,, ;)/n, (n, denotes the average number of items
that participants recalled at delay #; Wixted, 2022). Due to
our between-subjects design for the time delay, we used a
bootstrap procedure with 10,000 iterations to estimate the
95% confidence interval (CI) of the difference in relative for-
getting between high-knowledge and low-knowledge groups
for the studied, retrieved and nonretrieved item types. The
results showed that the 95% CI of the knowledge difference
under three item types contained zero, indicating that the
relative forgetting rates were statistically indistinguish-
able across knowledge levels (see Table S2 and Fig. S2).
Together, the power-function estimates and interval-based
analyses indicate that the general pattern observed for
absolute forgetting was also evident when forgetting was
expressed in relative terms.

Discussion

This study tested whether the benefits of selective retrieval
depend on prior knowledge. Across more than 200 par-
ticipants, selective retrieval enhanced memory for both
retrieved and nonretrieved characters and modified the for-
getting curve into a new trajectory. Our primary analyses
focused on absolute forgetting, defined as the amount of
recall lost over time. Crucially, although high-knowledge
characters yielded higher baseline recall, the rate of abso-
lute forgetting and the magnitude of retrieval-induced gains
were statistically equivalent across knowledge levels. Com-
plementary analyses of relative forgetting yielded the same
general pattern. These results provide direct evidence that
retrieval benefits can emerge independently of prior knowl-
edge, supporting a domain-general account rather than one
reliant on semantic scaffolds.

The present findings refine our understanding of the role
of preexisting semantic networks in memory enhancement.
While prior knowledge improves overall recall performance,
it does not appear to alter the dynamics of retrieval-induced
changes in forgetting within the present paradigm. Exten-
sive work shows that schemas and conceptual knowledge
improve encoding and retrieval efficiency (Sala & Gobet,
2017; Wing et al., 2022). If selective retrieval relied on such
scaffolds, its benefits should have been amplified for famil-
iar characters. Instead, retrieval improved memory equally
for high-knowledge and low-knowledge items, implying
that prior knowledge elevates overall performance but does
not interact with retrieval dynamics. This pattern converges

@ Springer

with recent demonstrations that forgetting rates remain
invariant across differences in learning strength, repetition,
and age (Rivera-Lares et al., 2022, 2023, 2024). Together,
these findings extend the rate-invariance phenomenon from
quantitative forgetting research to the domain of semantic
knowledge: the shape of forgetting—and its modification by
retrieval—appears stable regardless of how well information
is initially learned or semantically supported.

Our results offer a nuanced perspective on the dynamics
of selective retrieval that extends prior work. Earlier evidence
suggested that selective retrieval can reduce subsequent for-
getting for retrieved relative to nonretrieved items, implying
that retrieval may alter the rate of memory decay (Bauml &
TriBl, 2022). In the present study, however, selective retrieval
produced a clear initial recall advantage for retrieved over
nonretrieved items, while both item types showed compara-
ble absolute forgetting trajectories thereafter. One possible
explanation for this discrepancy concerns differences in task
timing and baseline structure. In our design, selective retrieval
occurred after an extended delay and was evaluated against a
time-delay baseline. Under these conditions, retrieval may have
reinstated the study context and elevated recall performance
without changing the later temporal profile of forgetting. This
interpretation is consistent with recent evidence suggesting
that retrieval can shift memory accessibility while leaving
the overall forgetting rate largely unchanged (Bduml et al.,
2025). More broadly, these findings indicate that the effects of
selective retrieval are not uniform and may depend on specific
experimental parameters, including the nature of the base-
line condition, the delay structure, and the retrieval demands.
Identifying these boundary conditions remains an important
direction for future research. Within the present design, our
results demonstrate that retrieval-induced changes in memory
accessibility and forgetting dynamics operate similarly across
different levels of prior knowledge.

Beyond absolute recall levels, the dynamics of relative
forgetting offer a complementary perspective on memory
stability. Standard accounts suggest that higher initial recall
levels are associated with reduced relative forgetting (Wix-
ted, 2022). However, complementary analyses of the power-
function parameter b and interval-based relative loss yielded
the same general pattern, with no reliable differences in rela-
tive decay across knowledge levels. This further reinforces
our primary finding that while prior knowledge elevates
overall memory performance, the fundamental dynamics of
forgetting and retrieval-induced stabilization remain domain
general and knowledge independent.

The present results highlight selective retrieval as a robust
behavioural influence on memory retention within the pre-
sent paradigm. Retrieval does not eliminate forgetting but
appears to reinstate and shift the forgetting trajectory by
reactivating temporal context. While this effect is likely
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time-limited and may diminish over extended retention inter-
vals (Bauml et al., 2025), its consistency across knowledge
levels suggests that selective retrieval operates as a robust
mechanism within the retention window examined here.
Accordingly, our findings are best interpreted as evidence for
a rate-invariance phenomenon within this paradigm, rather
than a universal principle of memory.

The parallel forgetting functions across knowledge lev-
els are consistent with the possibility that temporal con-
text reactivation contributed to retrieval-induced enhance-
ment. According to the Context Maintenance and Retrieval
(CMR) model (Polyn et al., 2009; Polyn & Woodman,
2025), recalling an item reinstates the temporal context of
the study episode, thereby increasing the accessibility of
associated traces. Because this process is content-agnos-
tic, it naturally explains why retrieval boosts both familiar
and novel materials. Consistently, our data suggests that
semantic scaffolds contribute additively—raising base-
line accuracy—but do not shape the temporal dynamics of
retrieval-based learning. Retrieval thus may operate through
a mechanism that transcends representational richness, reor-
ganizing memory over time through context reinstatement.

To situate our findings within the broader literature, it is
important to consider both inhibitory and facilitatory effects
of selective retrieval. Classical retrieval-induced forgetting
(RIF) studies demonstrate that retrieving a subset of items
can impair memory for related, nonretrieved items (Anderson
et al., 1994). In contrast, the present results show facilitation
rather than impairment, suggesting that the outcome of selec-
tive retrieval may depend on specific task condition. One key
factor may be the temporal structure of the experiment. Prior
work has shown that increasing the delay between study and
retrieval can alter retrieval dynamics, producing a gradual
shift from inhibition to facilitation (Bduml et al., 2025; Chan
et al., 2006; Kriechbaum & Bduml, 2023). Under longer-lag
conditions, retrieval may reinstate aspects of the original
study context, thereby facilitating access to both retrieved
and nonretrieved items. Spreading activation may provide an
additional account by increasing the accessibility of related
representations (Anderson, 1983; Collins & Loftus, 1975).
However, this explanation would require the net facilitatory
influence of spreading activation to become stronger at longer
study-retrieval lags; otherwise, it would not readily account
for the transition from impairment at shorter lags to facilita-
tion at longer lags. Rather than attributing the observed effects
to a single process, the present findings are consistent with a
framework in which multiple mechanisms—including inhibi-
tion, context reinstatement, and associative activation—jointly
shape retrieval outcomes. Finally, how prior knowledge inter-
acts with these processes remains an open question. Existing
evidence is mixed (Garcia-Bajos & Migueles, 2009; Marful
et al., 2016; Migueles & Garcia-Bajos, 2014), and further

work is needed to determine whether and how prior knowl-
edge modulates the balance between facilitation and inhibition
in selective retrieval paradigms.

The present results highlight selective retrieval as a uni-
versal phenomenon of memory stabilization. Retrieval not
only prevents loss but reorganizes memory by refreshing
its temporal context, a process that appears invariant across
levels of prior knowledge and across writing systems. This
universality implies that retrieval practice should enhance
learning even for novices, providing a theoretical foundation
for its wide applicability in educational and training settings.
Conceptually, our findings bridge the literatures on forget-
ting and expertise, suggesting that forgetting reflects not pas-
sive decay but an adaptive, time-structured architecture that
retrieval can temporarily modify.

Future work can extend these findings along several
paths. First, examining longer retention intervals—from
days to weeks—will test whether knowledge-independence
persists after consolidation. Second, using semantically
integrated materials could reveal when retrieval interacts
with schema formation, defining the boundary conditions
of the current effect. Third, combining behavioural para-
digms with neuroimaging or intracranial recordings may
help clarify the mechanisms underlying retrieval-induced
changes in memory, including whether context reactivation
produces transient or longer-lasting effects. Finally, apply-
ing selective retrieval paradigms to domains such as percep-
tual expertise, motor learning, or classroom education could
determine whether retrieval universally stabilizes memory
beyond verbal tasks.

Retrieval boosts memory and modifies forgetting for both
familiar and unfamiliar materials, suggesting that temporal
context reactivation can function as a domain-general mech-
anism of retention. By integrating the literatures on expertise
and forgetting, this study clarifies how retrieval reorganizes
memory across time and establishes selective retrieval as a
phenomenon for stabilizing knowledge.
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