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Anterograde interference emerges when two differing tasks are learned in
close temporal proximity, an effect repeatedly attributed to a competition
between differing task memories. However, recent development alterna-
tively suggests that initial learning may trigger a refractory period that
occludes neuroplasticity and impairs subsequent learning, consequently
mediating interference independently of memory competition. Accordingly,
this study tested the hypothesis that interference can emerge when the same
motor task is being learned twice, that is when competition between memories
is prevented. In a first experiment, the inter-session interval (ISI) between
two identical motor learning sessions was manipulated to be 2 min, 1 h or
24 h. Results revealed that retention of the second session was impaired as
compared to the first one when the ISI was 2 min but not when it was 1 h
or 24 h, indicating a time-dependent process. Results from a second exper-
iment replicated those of the first one and revealed that adding a third
motor learning session with a 2 min ISI further impaired retention, indicat-
ing a dose-dependent process. Results from a third experiment revealed that
the retention impairments did not take place when a learning session was
preceded by simple rehearsal of the motor task without concurrent learning,
thus ruling out fatigue and confirming that retention is impaired specifically
when preceded by a learning session. Altogether, the present results suggest
that competing memories is not the sole mechanism mediating anterograde
interference and introduce the possibility that a time- and dose-dependent
refractory period—independent of fatigue—also contributes to its emer-
gence. One possibility is that learning transiently perturbs the homeostasis
of learning-related neuronal substrates. Introducing additional learning
when homeostasis is still perturbed may not only impair performance
improvements, but also memory formation.
1. Introduction
Extensively studied over the last two decades, anterograde interference is
the phenomenon whereby initial learning of motor task A interferes with sub-
sequent learning and retention of a differing motor task B [1–6]. This effect has
been documented to be temporally graded, meaning that interference does not
occur if a sufficiently long time interval (approx. 4–6 h) elapses between the two
learning sessions [7,8].

The most common explanation for this phenomenon is that anterograde
interference emerges because of competition between two differing task
memories for storage in overlapping brain areas [9–11]. However, this notion
of competition in the strict sense can be hard to reconcile with other lines of be-
havioural evidence. Namely, it has been shown thatmotor tasks A and B can both
be acquired and retained if their learning occurs in different contexts [12–18],
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Figure 1. Apparatus and procedures of experiment no. 1. (a) Side view of the virtual environment. (b) Chronology of a typical trial. (c) Overview of the gradual
visuomotor adaptation sessions. The two sessions were identical. The average of each phase (baseline, 60 trials; acquisition, 180 trials; retention, 120 trials) was
calculated for the statistical analyses.
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even if their learning involves common motor cortical areas
[19]. Moreover, acquiring differing motor tasks in an inter-
leaved manner in the same context facilitates their long-term
storage, a well-documented effect referred to as contextual
interference [20]. Altogether, this evidence raises the possi-
bility that mechanisms other than competing memories
could also contribute to the emergence of anterograde inter-
ference. Along these lines, neurobiological work and human
transcranial magnetic stimulation (TMS) studies have shown
that neuroplastic induction capabilities are limited over a
short period of time [21–24], such that a learning event can
transiently occlude subsequent capabilities to induce neuro-
plasticity in motor areas [7,25]. In this light, an interesting
possibility is that anterograde interference does not only
stem from competing motor memories, but could also be
attributed to transiently occluded neuroplastic capabilities,
where an initial learning session triggers a refractory period
impairing any kind of subsequent learning-induced neuro-
plasticity in the same network [26]. So far, this possibility
has been difficult to isolate because paradigms used to study
interference have systematically used tasks of differing
nature (A→ B). A more direct and compelling test would
be to observe anterograde interference of A over A, that is
when competition between differing memories does
not occur.

The objective of the present study was to investigate
the possibility that anterograde interference emerges when
learning the same motor task twice (A→A). To do so, partici-
pants acquired the same gradually introduced clockwise
21° visual deviation twice over two separate, but identi-
cal, sessions. Immediately after acquisition, retention was
assessed through persisting reach biases (i.e. after-effects;
[12,16,27]) as a means to indirectly quantify the extent of
learning-induced neuroplastic changes that occurred
during acquisition [28–30]. Specifically, it was hypothesized
that anterograde interference between A→A would be
temporally graded. To address this possibility, a first exper-
iment manipulated the inter-session interval (ISI) to be either
2 min (n = 20), 1 h (n = 20), or 24 h (n = 20). Based on the results
of this first experiment, a dose-dependent relationship
between the number of sessions and the extent of interference
was further hypothesized. To test this possibility, a second
experiment had participants (n = 20) take part in three sessions
each separated by a 2 min ISI. A third experiment (n = 20) was
conducted a posteriori to rule out the possibility that fatigue
could mediate the posited anterograde interference.
2. Methods
(a) Participants
A total of 100 right-handed human participants took part in this
study (57 females; 23.2 ± 0.7 years old; all reported values rep-
resent means ± 95% confidence intervals). Specifically, three
groups of 20 individuals and one group of 20 individuals took
part in experiment no. 1 and no. 2, respectively. An additional
group of 20 individuals took part in experiment no. 3. Participants
were self-reported neurologically healthy with normal or cor-
rected-to-normal vision. Informed consent forms approved by
the ethical committee of the Centre intégré universitaire de santé
et services sociaux de l’Estrie were signed prior to the start of
the experiment. The experiment conformed to the standards set
by the Declaration of Helsinki.

The sample size was determined based on an a priori sample
size analysis conducted with G*Power 3 (version 3.1.9.2; [31]).
The analysis revealed that 20 participants per group would be
needed to achieve sufficient power in the present experimental
design (see Statistical analyses).

(b) Gradual visuomotor adaptation paradigm
In a virtual environment (figure 1a and electronic supplementary
material), participants had to perform centre-out reaching move-
ments with their right hand (figure 1b) towards visual targets
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while adapting to a visuomotor deviation. The time-course of
visuomotor adaptation sessions is shown in figures 1c, 3a and
4a. For both experiments, all sessions were identical. Prior to
the start of the experiment, a practice phase of 120 trials preceded
the first session to allow participants to familiarize themselves
with the task requirements (not shown in figures). Participants
first executed a ‘baseline’ phase (60 trials) with veridical visual
feedback. Then, during ‘acquisition’, participants adapted to a
gradually introduced visual deviation that steadily increased
by −0.7° per 3-trial bins over 90 trials (ramp phase) until it
reached −21°. Then, the −21° visual deviation was maintained
constant for 90 trials (hold phase). Immediately upon completion
of the hold phase, ‘retention’ was assessed with an initial phase
in which vision of the cursor was occluded for 60 trials (no vision
phase). This phase allowed us to evaluate the persistence of the
adapted reaching behaviours in the absence of corrective visual
feedback. Subsequently, participants executed 60 trials with ver-
idical visual feedback (washout phase). Importantly, participants
were never informed that a visual deviation had been intro-
duced. Verbal reports confirmed that none of the 100
participants noticed the visual deviation at any moment.

(c) Manipulation of the inter-session intervals
Regarding experiment no. 1, the rationale behind the 2 min and
the 24 h ISIs was to prevent and allow, respectively, a return to
baseline of neuroplastic—and learning—capabilities. The 1 h
interval was chosen as an intermediate ISI to inquire about the
time-course of anterograde interference. This interval was selected
on the basis of animal, cellular andmolecular studies showing that
1 h should be sufficient to restore neuroplastic capabilities [26].
During their 1 h ISI, participants of the 1 h groupwatched a docu-
mentary (Planet Earth (2006); British Broadcasting Corporation) in
order to experimentally control their behaviour during the ISI.
Regarding experiments no. 2 and no. 3, ISIs of 2 min were selected
upon the results of experiment no. 1.

(d) Kinematic data reduction
A custom-made MATLAB script was used to display and acquire
kinematic data during the experiment. The primary variable of
interest was hand direction at peak tangential velocity (PV),
which was used to evaluate performance. This early kinematic
marker was chosen because it is considered a reflection of the
movement planning process. Additionally, reaction time (RT;
defined as the temporal difference in milliseconds between the
auditory go cue and movement onset), movement time (MT;
defined as the temporal difference in milliseconds between
movement onset and movement end) and accuracy at movement
endpoint (the absolute distance in centimetres between the
cursor and target centroids at movement end) were also ana-
lysed. Data were averaged across phases (baseline, acquisition,
retention) to perform subsequent analyses.

(e) Statistical analyses
The a priori analysis assumed that two-tailed dependent t-tests
would be conducted, Cohen’s dz values of 0.8 (large effect size),
deemed as the smallest effect size of interest in the context of
this research [32], a power of 80% and an α-value of 0.017.
Namely, rather than using an α-value of 0.05, 0.017 was used in
anticipation that the significance threshold would decrease
upon correction for multiple comparisons (0.05/3 comparisons =
∼0.017). This was to ensure adequate power evenwhen correcting
for multiple comparisons.

To analyse data, mixed or repeated measures factorial ana-
lyses of variance (ANOVAs) were separately conducted on
hand direction at PV, RT, MT and accuracy at movement
endpoint. For experiment no. 1, 3 groups (2 min, 1 h, 24 h) × 2
sessions (first, second) × 3 phases (baseline, acquisition, reten-
tion) ANOVAs were conducted, where groups was the sole
between-subject factor. For experiment no. 2, 3 sessions (first,
second, third) × 3 phases (baseline, acquisition, retention)
ANOVAs were conducted (no between-subject factor). For exper-
iment no. 3, 3 sessions (practice, practice-preceded, single) × 3
phases (baseline, acquisition, retention) ANOVAs were con-
ducted (no between-subject factor). ANOVAs were used over
their equivalent non-parametric tests because they can handle
multifactorial designs, but also because they are robust to devi-
ations from normality or variance homogeneity [33]. Posthoc
pairwise tests were conducted to break down significant two-
way interactions and main effects [34]. If data were abnormally
distributed (Shapiro–Wilk test; p < 0.05), Wilcoxon’s and U
Mann–Whitney signed-rank tests were used over dependent
and independent t-tests, respectively. Alpha values below 0.05
were deemed statistically significant. The Benjamini–Hochberg
procedure [35] was used to correct for multiple comparisons
during posthoc pairwise tests.
( f ) Additional methods
Additional methodological details concerning the procedures,
delivery of performance-contingent feedback, and outlying
data rejection are reported as electronic supplementary material.
3. Results of experiment no. 1
(a) A 2 min inter-session interval selectively impaired

retention during the second session
Behaviouraldata fromexperimentno. 1arepresented in figure2.
The descriptive statistics of the data used in the following
analyses are reported in the electronic supplementary material,
table S1. A three-way ANOVA conducted on hand direction at
PV revealed a three-way interaction (F4,110= 2.652, p = 0.050,
n2p ¼ 0:088), which was broken down by conducting two-way
ANOVAs on each level of the moderating group factor.
Namely, subsequent 2 sessions × 3 phases ANOVAs revealed
two-way interactions for each level of the group factor (all F>
7.414, all p < 0.002, all n2p . 0:292). Subsequent dependent pair-
wise comparisons revealed that, for all groups, reaching
performance was systematically greater at baseline during the
second session as compared to the first one (all t > 3.692, all
p < 0.002; all Cohen’s dz > 0.847). For the 2 min group (figure 2a),
results revealed that acquisition was similar across the two
sessions (t18= 0.225, p = 0.825, Cohen’s dz= 0.052) but that reten-
tionwas impaired in the second session as compared to the first
one (t18= 2.976, p = 0.024, Cohen’s dz = 0.683). These results indi-
cate that learning twice the same task in close temporal
proximity impaired its retention. A different pattern emerged
for the 1 h and 24 h groups (figure 2b,c); namely, acquisition
was enhanced in the second session as compared to the first
one (both t> 2.845, both p < 0.017, both Cohen’s dz> 0.653), but
retention was similar across the two sessions (both t< 0.498,
both p > 0.936, both Cohen’s dz < 0.114). Thus, when using ISIs
of 1 h or 24 h, there was no evidence of interference. Hence,
when taken together, the pattern of results for acquisition (i.e.
enhanced in the 1 h and 24 h groups, but not the 2 min group)
is fully compatible with that for retention (i.e. impaired in the
2 min group, but not the 1 h and 24 h groups), in that they
both point towards the notion that the capacity for new learning
was reduced in the 2 min group. For additional results, see the
electronic supplementary material.
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4. Results of experiment no. 2
(a) Adding a third session further impaired retention
Behavioural data from experiment no. 2 are presented in
figure 3b. The descriptive statistics of the data used in the
following analyses are reported in the electronic supplemen-
tary material, table S2). A two-way ANOVA conducted on
hand direction at PV revealed an interaction (F4,76 = 19.203,
p < 0.001, n2p ¼ 0:503). Subsequent dependent pairwise com-
parisons revealed that reaching performance at baseline was
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greater during both the second and third sessions as compared
to the first one (both t19 > 3.640, both p < 0.003, both Cohen’s
dz > 0.814), but did not differ from each other (t19 = 0.118, p =
0.907, Cohen’s dz = 0.026). Acquisition was similar across the
three sessions (all t19 < 1.445, all p > 0.341, all Cohen’s dz <
0.323), but retention was found to decrease across all three ses-
sions (all t19 > 2.754, all p < 0.013, all Cohen’s dz > 0.616). In
addition to replicating the findings from experiment no. 1,
these results indicate that adding a third session further
impaired retention as compared to the second one. For
additional results, see the electronic supplementary material.
5. Rationale and results of experiment no. 3
An additional experiment was conducted in order to verify
that the accumulation of fatigue could not account for the
retention impairments observed when the ISI was of 2 min.
For that purpose, an additional group of 20 participants
took part in two distinct experimental visits that were separ-
ated by a 7-day interval and occurred in a counter-balanced
order to minimize carry-over effects. For each participant,
visits occurred at the same time of day. One of the experimen-
tal visits consisted of an initial practice session (hereafter
referred to as practice session) that preceded a single
adaptation session (hereafter referred to as practice-preceded
session). A 2 min ISI separated these two sessions. Both of
these sessions were identical to the ones used in the previous
experiments, except that no visual deviation was introduced
during the practice session (figure 4a). The other experi-
mental visit consisted of a single adaptation session that
was identical to the ones used in the previous experiments
(hereafter referred to as single session; figure 4b). The same
procedures as reported in the Methods section apply for
this experiment and for data analysis.
It was expected that if fatigue—as putatively accumulat-
ing during the practice session—mediated the previously
observed retention impairments, then the practice-preceded
session should show impaired retention as compared to the
single session where no fatigue would have previously accu-
mulated. In the event that no retention difference would
be observed between the practice-preceded and single
sessions, the results would indicate that the retention impair-
ments previously reported could not be accounted for by
fatigue. More importantly, they would also indicate that a
prior learning session is required to interfere with subsequent
retention capabilities.

Behavioural data from experiment no. 3 are presented in
figure 4c. Additional results and the descriptive statistics of
the data (electronic supplementary material, table S3) are
reported as electronic supplementary material. Briefly, con-
cerning hand direction at PV, breakdown of a sessions ×
phases interaction (F4,76 = 521.500, p < 0.001, n2p = 0.965)
revealed that reaching performance did not differ between
the practice-preceded and single sessions during both acqui-
sition (t19 = 0.625, p = 0.539, Cohen’s dz = 0.140) and retention
(t19 = 0.486, p = 0.633, Cohen’s dz = 0.109). These results
indicate that the practice session did not interfere with sub-
sequent acquisition and retention capabilities, showing that
the accumulation of fatigue cannot account for the previously
observed retention impairments.
6. Discussion
This study investigated the possibility that anterograde inter-
ference is not a phenomenon exclusive to differing tasks
(A→ B) by testing the hypothesis that anterograde interfer-
ence can also emerge when acquiring the same task twice
(A→A). The present study provides evidence in support of
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this hypothesis. On the one hand, in the 2 min group of
experiment no. 1, acquisition was found to be similar in the
two sessions, whereas retention was lower in the second ses-
sion as compared to the first one. On the other hand, the 1 h
and 24 h groups both showed enhanced acquisition but simi-
lar retention. Globally, the results of experiment no. 1 suggest
that learning the same task twice can induce temporally
graded anterograde interference. Results of experiment no.
2 replicated the results of the 2 min group but also showed
that adding a third session further impaired retention when
compared to the second session. These results hint towards
a dose-dependent relationship between the number of learn-
ing sessions occurring in close temporal succession and the
extent of retention. Results of experiment no. 3 revealed
that practicing baseline reaches without concurrent learning
did not impair subsequent retention capabilities, thus ruling
out fatigue as a confounding factor for the previously
observed retention impairments. These results further indi-
cate that subsequent retention capabilities are impaired only
when preceded by learning. Altogether, these results suggest
that learning transiently perturbs the homeostasis of learn-
ing-related neuronal substrates and that introducing
additional learning while homeostasis remains perturbed is
detrimental to memory formation.

(a) Anterograde interference may not be exclusive to
differing memories

One novelty of this work is to use A→A to study anterograde
interference, which allowed us to determine if anterograde
interference necessarily requires competition between differ-
ing memories as in A→ B paradigms. Results indicate that
competition between differing memories is not mandatory
for anterograde interference to emerge. Specifically, perform-
ance levels were greater at baseline of the second session
across every group and condition, but ensuing performance
during acquisition and retention differed depending on the
ISI and the number of sessions experienced. Namely, ISIs of
2 min did not enhance subsequent acquisition and impaired
subsequent retention, whereas ISIs of 1 h and 24 h enhanced
subsequent acquisition but did not enhance subsequent reten-
tion, indicating that acquiring the same motor task twice can
also lead to temporally graded anterograde interference.

First, although the impairments were only observed
during retention, the lack of acquisition enhancements when
ISIs were of 2 min may constitute the flip side of the retention
impairments, thus also suggestive of anterograde interference.
Recently, Lerner and co-workers [6] showed that the initial
acquisition of Amay interfere with the subsequent acquisition
of B by transiently decreasing error sensitivity (less than 1 h),
thus temporarily reducing the brain’s subsequent learning
capabilities. Moreover, human TMS studies have related
such acquisition impairments of A over B to transiently (less
than 6 h) occluded neuroplastic capabilities [7,25]. Hence, an
interesting contention is that the present lack of acquisition
enhancements of A→A when the ISIs were of 2 min could
be imputed to occluded neuroplastic capabilities. However,
the notion of occlusion is unlikely to solely account for the pre-
sent retention impairments, which indicate a reversal
(forgetting)—rather than an occlusion (saturation)—of the
induced neuroplastic changes during learning. Hence the cur-
rent results extend these previous lines of work by showing
that initial learning does not only occlude subsequent
acquisition capabilities but also impairs the mechanisms of
memory formation (see below for mechanistic explanations).

Second, despite controlling for acquisition rates with the
gradual introduction of the deviation, the 1 h and 24 h
groups showed enhancements of subsequent acquisition
(see [6] for similar results). Such a result is reminiscent of clas-
sic savings (defined as a faster relearning upon re-exposure to
a perturbation; [36]). However, because savings are thought
to stem from explicit learning processes [37] and that none
of the 100 participants consciously perceived the visual devi-
ation—suggesting that the task was predominantly implicit—
the similarity of the mechanisms that underlie the current
results versus those that mediate classic savings remains an
open question. Interestingly, the enhanced acquisition for
both the 1 h and 24 h ISIs is not entirely incompatible with
results from Hotermans et al. [38], who revealed a short-
lived performance boost—akin to savings—emerging after a
break of 5 min, 30 min and 24 h—but not of 4 h—following
the explicit learning of a finger sequence press task. It
should be noted, however, that because the mechanisms of
memory formation between explicit sequence learning and
implicit motor adaptation probably differ [39], the ISIs used
by Hotermans et al. [38] may not directly map onto the present
ones. Furthermore, the occurrence of such boost has not been
corroborated byothers [40] and has yet to be replicated. Never-
theless, this evidence suggests that a sufficiently long ISI—
which duration may depend on the task demand (task com-
plexity and requirements, number of muscles involved,
extent and overlap of the neural structures involved, the pres-
ence or the absence of overlearning, etc.)—is crucial for
performance to improve during a subsequent learning session.

Of interest, the present results echo well with studies that
investigated the influence of massed versus spaced distri-
bution of practice sessions on acquisition and retention [41].
For instance, Shea et al. [41] found that an ISI of 24 h between
two acquisition sessions of a balance task enhanced long-term
(24 h) retention as compared to a 20 min ISI. Furthermore, in a
second experiment, the authors added a third acquisition ses-
sion of the same task and found that an ISI of 24 h enhanced
long-term (24 h) retention, whereas a 10 min ISI impaired it.
Although the present investigation only probed short-term
retention (immediately after acquisition), results from Shea
et al. [41] suggest that long-term retention could also be nega-
tively influenced by short ISIs and by the number of sessions
during the acquisition phase of learning. One important impli-
cation of these results is that the learning history, even if it
involves identical tasks, may not only prevent performance
improvements but also impair the retention of memories.
These results indicate that cumulating multiple learning ses-
sions in a short time period may become counter-productive
for memory formation.
(b) Evaluation of alternative interpretations
An alternative interpretation of the present results could be
that the non-rotated trials between the two sessions (washout
and baseline phases of the first and second sessions, respect-
ively) acted as a competing memory causing the emergence
of anterograde interference (as in A→ B paradigms; [5,8]).
However, because this feature of the protocol was constant
across all groups of experiment no. 1, it would be expected
to affect them all similarly and is thus unlikely to account
for the retention impairment selectively observed for the
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2 min group. Although not impossible in other contexts, the
present results thus do not support the possibility that non-
rotated trials acted as a competing memory that triggered
anterograde interference. Moreover, in all three experiments,
none of the participants consciously perceived the gradually
introduced visual deviation and the retention impairments
were apparent in the no vision phase, that is when partici-
pants were unaware of their performance. This makes it
unlikely that participants used explicit strategies to revert to
baseline levels of performance quicker during the second
session as compared to the first one.

The possibility that the accumulation of fatigue—whether
physical or attentional—could also account for the present
results was examined by a series of additional analyses (see
the electronic supplementary material) and by a third exper-
iment. In the three experiments, the additional analyses
revealed no evidence of fatigue in RT, MT, and accuracy at
movement endpoint, as these variables either remained
stable or improved across sessions. Moreover, the additional
results also revealed that similar levels of adaptation were
reached by the end of the acquisition phase in all experiments,
which further suggests that fatigue did not emerge. More
importantly, the results of the third experiment revealed that
practising in the absence of concurrent learning—with the
intent of causing fatigue accumulation—did not impair sub-
sequent retention capabilities. While these results suggest
that fatigue can be ruled out as an alternative interpretation,
they also indicate that the retention impairments are learn-
ing-specific. This implies that the mechanisms mediating
these impairments must interact with—or oppose—those
involved in learning (see below).

(c) Learning may trigger transient refractoriness to
subsequent learning and promote forgetting

One interesting result of the present study is that retention,
assessed through the persistence of reach biases, was impaired
when learning sessions were separated by 2 min ISIs. Reason-
ably assuming that the assessment of retention represents the
extent of neuroplastic changes that occurred during acqui-
sition [28–30], one possibility is that neuroplastic capabilities
were temporarily constrained following the first learning
session. Such a phenomenon has been previously referred to
as metaplasticity [21,22] and emphasizes that learning can
transiently perturb the homeostasis of learning-related
neuronal substrates [42]. A perturbation to homeostasis may
induce a refractory period during which subsequent learning
capabilities are impaired [26] or even reversed [21,22], that is
until homeostasis is restored [26]. One possibility is that ante-
rograde interference is mediated, at least in part, by such
a phenomenon.

Although the mechanisms involved in the emergence of a
refractory period remain to be fully uncovered [43], several
mechanisms have been documented to fit the present time-
course of anterograde interference (less than 1 h; for a
review, see [26]). For instance, approximately 45–60 min are
required to stabilize the reorganization of dendritic spines as
well as to allow sufficient time for intracellular signalling path-
ways to induce gene expression and de novo protein synthesis
(for a review, see [26]). A subsequent learning episode occur-
ring within this posited 45–60 min interval may impair
subsequent learning by activating enzymes that perturb
and oppose the signalling pathways involved in synaptic
potentiation (protein phosphatases; [44,45]). Namely, by
maintaining intracellular calcium levels to moderate concen-
trations [46], continuous (massed) learning would favour the
activation of protein phosphatases [44,45] which oppose learn-
ing by promoting synaptic depression and forgetting (for a
review, see [47]). In this light, one possibility is that cumulating
a large amount of learning in a short time-period becomes
counter-productive to learning by promoting forgetting [48].
The dose-dependent effect found in experiment no. 2 dovetails
this possibility; accumulating a third learning session further
impaired retention, thus suggesting that the larger the
amount of learning, the greater the opposition to subsequent
learning. In the light of all this evidence, one possibility is
that the 2 min ISIs were too brief to allow recovery from
these molecular constraints and restore neuroplastic capabili-
ties upon the second session, thus leading to impaired
subsequent retention capabilities. Globally, the above evi-
dence indicates that the learning history can homeostatically
constrain subsequent learning capabilities.

It is worth pointing out that the above mechanisms
implicitly lead to infer that these molecular constraints are
specific to the neurons involved in both (or multiple) learning
sessions, suggesting that such homeostatic constraints should
not emerge when consecutive learning sessions recruit
non-overlapping neuronal substrates. The required degree
of overlap between learning-related neuronal substrates to
observe the emergence of homeostatic constraints remains a
query for future studies.
(d) Implicitly acquired memories may be stabilized
faster than explicitly acquired ones

At odds with previous studies showing that 4–6 h is required
for memories to become resistant to interference [49,50],
results from experiment no. 1 rather revealed that 1 h may
have been sufficient for memories to become resistant to
interference in a manner similar to if 24 h had elapsed. One
possibility is that the present use of a gradual rather than
sudden sensorimotor perturbation favoured the formation
of implicit rather than explicit memories, leading us to specu-
late that implicitly acquired memories may consolidate faster
(approx. 1 h) than explicitly acquired ones (approx. 4–6 h;
[51]). In line with previous behavioural studies [52], this
possibility finds support in functional magnetic resonance
imaging studies [53–55] showing that explicit and implicit
learning activate overlapping brain networks over time, but
that the recruitment of sensorimotor areas occurs sooner
after learning under implicit as compared to explicit con-
ditions. Specifically, Sami et al. [55] showed that motor
sequence learning under explicit conditions necessitated 6 h
to enhance functional connectivity in a sensorimotor cortical
network, whereas this enhancement was seen immediately
after acquisition under implicit conditions. These results
suggest that memories acquired implicitly may require less
time to consolidate than those formed under explicit con-
ditions in cortical motor areas. Given that considerable
efforts have been devoted to investigating the interaction
between explicit and implicit learning processes during
acquisition [56–58], future studies may benefit from extend-
ing knowledge on the potentially differing time-course of
consolidation between implicitly and explicitly acquired
memories. Doing so may hold the promise to speed up
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consolidation by favouring the contribution of implicit pro-
cesses during the acquisition phase of learning.
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