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Abstract - Aim: This systematic review aimed to investigate the acute effects of cardiovascular exercise on motor
learning of non-disabled individuals. Methods: Forty studies were identified through database searching (PsycINFO,
CENTRAL, Google Scholar, Scielo, and PUBMED). The studies demonstrated heterogeneity and were classified into
two categories to guide the analyses: (1) — studies that investigated the effects of exercise-induced fatigue during prac-
tice on the performance in the retention test; (2) — studies that verified the acute impact of the cardiovascular exercise in
close temporal proximity to the task practice on motor learning. Results: The studies demonstrated that (1) - the prac-
tice under fatigue conditions did not impair motor learning and that (2) — the cardiovascular exercise bout performed in
close temporal proximity to task practice enhances the motor learning processes. Conclusion: Cardiovascular exercise
enhances motor learning processes; however, these priming effects are dependents on the timing between practice and

exercise, type of exercise, and task characteristics.
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Introduction

The development of neuromodulatory strategies to
enhance motor skill acquisition can benefit the interven-
tion of several movement professionals (e.g., physical
education professionals, personal trainers, yoga and
pilates instructors, sports coaches, physiotherapists, physi-
cians). Among other alternatives, cardiovascular exercise
is a cost-effective approach to enhance the capacity of the
neuromotor system to be more receptive to practice and
optimize motor learning and recovery'~.

Cardiovascular exercise stimulates neuropsychologi-
cal mechanisms associated with better motor learning out-
comes, such as better blood flow and oxygenation®, an
increase of cerebral volume™® and secretion of neuro-
transmitters and catecholamines’, and enhancement of
neuroplasticity and neurogenesis through a hyperregula-
tion of Brain-Derived Neurotrophic Factor (BDNF) and
Neurotrophin-3*"'".

These positive effects on the Central Nervous Sys-
tem (CNS) have been associated with enhancements on
the motor memory creation process and, consequently, on
motor learning®'?. Cardiovascular exercise may induce
better motor performance during the acquisition phase and
retention test, when performed in temporal proximity to
the motor practice (immediately before or after). These
results suggest that cardiovascular exercise improves the

encoding and consolidation processes of motor memory
creation'*™">.

Nevertheless, the impact of cardiovascular exercise
on the motor learning process is mediated by multiple fac-
tors, such as the nature of the motor task and exercise
characteristics (i.e., intensity and type). This systematic
review aimed to investigate the acute effects of cardiovas-
cular exercise on motor learning of non-disabled indivi-
duals. We presented the impacts of each potential factor
that influence the relationship between cardiovascular
exercise and motor learning (i.e., motor task character-
istics, the timing between cardiovascular exercise and
practice, exercise intensity, and exercise features).

Material and methods

Identification and selection of studies

PsycINFO, Pubmed, CENTRAL, Google Scholar,
and Scielo databases were searched from 1968 to April
2020. The selection of studies was run from January 2020
to June 2020. The search strategy comprised the following
keywords and Boolean Operators: (“motor learning” OR
“motor memory”) AND (“aerobic exercise” OR ‘“high-
intensity interval training” OR HIIT OR “cardiovascular
exercise”), without the addition of filters to the search.
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Additionally, the reference list of the studies included was
reviewed to identify other relevant studies.
Eligibility criteria

The eligibility criteria for include the studies were:
1) Experimental studies investigating the acute effects of
cardiovascular exercise (before, during, or after practice)
on motor learning. 2) Studies with non-disabled indivi-
duals, 3) Studies with an acquisition phase (motor prac-
tice), and a retention test or a transfer test in the
experimental design. 4) Dependent variable based on the
motor performance (either acquisition or retention and
transfer test). 5) Studies in English.

The exclusion criteria were: 1 - Experimental studies
that exclusively investigated mechanisms (without motor
performance analysis) related to the effects of cardiovas-
cular exercise on the motor learning process (i.e., neuro-
physiological, genetic, or neuroimages studies), 2 -
Studies with disabling or clinical participants (i.e., stroke
survivors and people with Parkinson's disease) or non-
human sample. 3 - Studies with no retention (at least 1 h
after practice) or transfer tests in the experimental design.
4 - Intervention-based studies that investigated resistance
or strength exercises. 5 - Studies investigating the chronic
impact of the cardiovascular exercise or fitness level on
motor learning and executive function. 6 - Studies includ-
ing tasks without motor demand (i.e., perceptual tasks). 7 -
Pilot and review studies. 8 - Not published and preprint
studies (e.g., thesis and dissertations), 9 - Methodological
inconsistency or discrepancy in data analysis (e.g., to pro-
mote practice immediately before retention test).

Data extraction and analysis

Data extraction followed the items: sample char-
acteristics, motor task characteristics, methodology
(research design), exercise parameters, and results related
to behavior outcome (motor performance).

The selected studies showed heterogeneity concern-
ing method and procedures. Some studies investigated
exercise as a neuromodulatory strategy to enhance motor
performance and learning without exhausting exercise
protocols and choosing motor tasks unrelated to exercise
(i.e., stationary bike and upper limb motor tasks). In con-
trast, other studies investigated the effects of exercise-
induced fatigue during task practice on motor learning,
with exhaustion exercise protocols and/or choosing motor
tasks related to exercise (i.e., running on treadmill and
Bachman Ladder Climb). Thus, we separated these studies
into two subcategories: fatigue studies and non-fatigued
studies to better guide the studies analysis.

There is no specific instrument to assess methodolo-
gical rigor in motor learning studies. This review used the
methodological quality assessment employed in the motor
learnling systematic review developed by Subramanian
etal.'®.

Cardiovascular exercise and motor learning

Firstly, the studies were evaluated using the PEDro
Scale'’, with some items adapted to the motor learning
background. PEDro Scale has been proposed to assess the
quality of controlled trials; however, its acceptance as a
strength criterion for experimental research quality allows
its application in other contexts, including motor learning
reviews'®. In PEDro Scale, 11-items allow evaluating the
generalizability of the findings (criteria 1), blinding meth-
ods, randomization and internal validity details (criteria 2-
9), and data analysis and statistical reporting (criteria 10-
11). The PEDro items adaptations and the assessment of
each item of the scale for each study included in this
review can be found in the Supplementary Material.

The assessment of the quality of the studies was per-
formed based on the methodology described previoulsy'®.
Then, the score derived from the PEDro Scale was classi-
fied by following conditions proposed by Foley et al.,'®: 9
to 10, excellent; 6 to 8, good; 4 to 5, fair; and < 4, poor.
Following, Sackett's evidence levels were used to deter-
mine the strength of the conclusions for each analysis of
this review'”. The evidence was classified in 1A (> 2 good
or excellent studies supported it), 1B (1 good or excellent
study supported it), 2A (> 1 fair study supported it), 2B
(PEDro score < 3 studies or nonrandomized studies sup-
ported it), 3 (several pre-post design studies showed simi-
lar results), 4 (indicated contradictory results of > 2
studies with similar design and quality) or 5 (absence of
experimental studies).

Both authors evaluated the methodological quality
of the studies included, including a third person who was
consulted in case of incoherence in the PEDro scores
(physiotherapist, Master Degree, and Ph.D. student in
Motor Behavior area).

Results

It was found a total of 6542 records. Removing
duplicates and screening for title and abstract resulted in
54 articles considered for full-text assessment. In the elig-
ibility criteria assessment, 14 studies were excluded (7
with no retention test, 1 duplicated, 1 showed methodolo-
gical inconsistency in the data extraction and analyses, 2
studies investigated genetic and neurophysiological
mechanisms exclusively, 1 study did not demonstrate
motor performance analyses, 1 study used a perceptual
task with no motor demand, and 1 study investigated the
effect of the strength exercise). Figure 1 demonstrates the
flow of study selection.

From 40 studies included, none were classified as
excellent, 27 studies were considered good (6 to 8 points
in the PEDro scale), 20 studies were classified as fair (4 to
5 points in the PEDro scale), and one study was classified
as poor (< 4 points in PEDro scale). Ten studies did not
perform the allocation process by a random process (or
they did not relate it in the manuscript), which compro-
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Figure 1 - Flowchart of the study.

mises their evidence level. Two studies were composed of
2 experiments®™?'; each experiment was analyzed sepa-
rately. Table 1 demonstrates the main characteristics and
results of all studies included in this review.

Discussion

General findings

The main findings of this review show us the acute
benefits effects of cardiovascular exercise on motor per-
formance and learning. Previous studies showed that exer-
cise-induced fatigue does not impair motor learning,
mainly when exercise does not involve the same motor
effector related to motor task performance. Also, the
effects of cardiovascular exercise on motor learning are
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more evident when the exercise is carried out in temporal
proximity to the practice; moreover, depending on the
order between exercise and practice, the priming effects
may have a different impact on the motor learning pro-
cess.

Two fatigue studies demonstrated the adverse effects
of fatigue on motor learning. Benson®® demonstrated that
the fatigue induced by stationary bike impaired the jump-
ing task learning, and Carron & Ferchuk®' reported that
the fatigue induced by stationary bike mitigated the bal-
ance stabilometer task learning. In sum, the excessive fati-
gue induced by cardiovascular exercise only impacts
motor performance. Fatigue conditions may not be related
to motor learning. The level of this evidence is 2A.

Besides, cardiovascular exercise seems to be a pos-
sible strategy to prime the CNS and induce better motor
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practice. From the 30 non-fatigue studies investigating the
cardiovascular effects on motor learning, 19 demonstrated
some positive effects from cardiovascular exercise on
motor performance®®*** or learning®' >, In the 30 stu-
dies investigating the effects of cardiovascular exercise
(without excessive fatigue) on motor learning (retention
test), some of them reported null effects****>'=? but any-
one demonstrated adverse effects.

Therefore, it can be supposed that the evidence that
cardiovascular exercise enhances motor learning has a
level of 4 (conflicting results). In this case, the positive
effect of cardiovascular exercise on motor learning is mul-
tifactorial, and it depends mainly on the task and exercise
characteristics and the timing of exposure of the exercise
in relation to the practice.

Specifically, regarding the motor performance dur-
ing practice, the findings demonstrated that a cardiovas-
cular exercise bout before motor practice improves the
subsequent motor performance concerning the error rate”’,
temporal synchronization®Z, kinematics reaching accuracy
measures, time duration, and reaction time>>.

The cardiovascular exercise benefits on motor mem-
ory consolidation were reported in the retention tests from
5 h*® to 7 days?'>>3843454 Nevertheless, it seems that
cardiovascular exercise effects on motor memory con-
solidation are more robust in the long-term retention tests.
For instance, some studies did not find the effect of the
cardiovascular exercise in the short-term retention test (1-
h or l-day retention test); however, the exercise group
demonstrated a better long-term retention test (7-days
retention test) if compared to the control group3 443,51

Concerning the consolidation of motor memory,
Mang and colleagues®, and Opie and Semmler*® demon-
strated that a cardiovascular exercise bout impacts the
relearning of a serial motor sequence task and a thumb
abduction task, respectively. Thus, cardiovascular exercise
may influence the following motor practice sessions, pro-
viding a faster relearning rate than original learning.

Finally, cardiovascular exercise effects on motor
learning seem to be multifactorial, including motor tasks
and exercise characteristics. In the following sections,
each potential factor was analyzed separately.

Timing

The effects of cardiovascular exercise on the motor
learning process may depend on exposure to the exercise
concerning the practice. The exposure timing can be con-
jectured based on two aspects: 1 - The temporal proximity
between cardiovascular exercise and practice. 2 - the order
between cardiovascular exercise and practice.

Regarding the temporal proximity between cardio-
vascular exercise and practice, the findings have demon-
strated that cardiovascular exercise must be performed in
close temporal proximity to the practice to engage
enhancements on motor performance and learning. Hence,

Statton et al.”* demonstrated that cardiovascular exercise
performed immediately before the practice improves
motor performance more than when cardiovascular exer-
cise is performed 1 h before the practice. Thomas, Beck,
et al.*’ demonstrated that performing cardiovascular exer-
cise 20 min immediately after the practice induced better
motor performance in the 1-day and 7-days retention tests
than rest, or to perform cardiovascular exercise after 1 h or
2 h the practice. Therefore, the level of evidence for the
temporal proximity between cardiovascular exercise and
practice to enhance motor learning is 1B.

About the effects of the order between cardiovas-
cular exercise and practice, it has been suggested that
maybe the priming effects from the cardiovascular exer-
cise on the motor memory creation processes are order-
dependents'>'?. Therefore, whether the practitioner per-
forms exercise before or during the practice, better motor
performance is expected. On the other hand, whether the
cardiovascular exercise is performed after the motor prac-
tice, an improvement in the consolidation process is
expected, and therefore, a better retention test'>">.

However, the order-dependent hypothesis was not
fully confirmed in the studies that investigated it. Roig
et al.* and Tomporowski and Pendleton?’ demonstrated
that performing cardiovascular exercise after the practice
induced better retention than performing a cardiovascular
exercise before the practice. In a contrary way, Ferrer-Uris
et al.’’ did not demonstrate a significant difference in
motor learning of adults who perform a cardiovascular
exercise before or after the practice; and Ferrer-Uris
et al.*® demonstrated that the children who perform cardi-
ovascular exercise before the practice demonstrated better
retention if compared to children who perform cardiovas-
cular exercise after the practice.

Therefore, the order-dependent hypothesis must be
more investigated for further conclusions; 2 good studies
(both 7 points in PEDro scale) supported it, but 2 other
good studies (both 7 points on PEDro scale) did not corro-
borate with that.

Exercise characteristics

Type

Most studies that were incorporated in this review
used running or stationary bikes in their exercise protocol.
Concerning the running studies, 4 of the 8 studies reported
positive cardiovascular exercise effects on motor
learning®**°. While of the 20 studies that used the sta-
tionary bike, 6 studies demonstrated the null effect of car-
diovascular exercise on motor performance and
learning®*>"9%>*3%5% ' Only 1 study used an upper body
ergometer for cardiovascular exercise prescription, and it
did not report the positive effect of cardiovascular exercise
on the learning of a locomotor skill>>. Besides, 1 study
used a whole-body exercise involving upper and lower



limbs in the exercise, and it did not demonstrate the posi-
tive effects of the exercise on locomotor learning™’.

From these findings, it can be considered that maybe
the effects of cardiovascular exercise on motor learning
are more evident for exercises that use exclusively the
motor effector that is not involved in the performance of
the motor task. More investigations about this topic should
be run because the level of this evidence is 4.

Additionally, 3 studies investigated different types of
exercises on motor learning. Thomas et al.** identified that
a rest group demonstrated better motor performance of a
visuomotor tracking task in the 1-h retention test than the
3 groups with different exercise types after practice;
strength training, circuit training, and hockey. However, in
the 1-day retention test, the exercise groups demonstrated
offline gains (without difference among them) that were
not found in the rest group. These findings revealed that
the fatigue might harm the short-term retention test; how-
ever, in a 24 h retention test (without fatigue effects), it is
possible to verify that the exercise improved the con-
solidation processes. In agreement with these findings,
Lundbye-Jensen et al.>> also showed that a non-traditional
exercise (floorball) could enhance motor learning com-
pared to running; besides, both groups were superior in the
retention test than rest condition.

In a complementary perspective, Tomporowski &
Pendleton®' demonstrated that performing an exercise
after the practice based on a dance routine with a high
complexity level (high complexity steps involved in the
dance routine) improved more the consolidation processes
than a simple dance routine. Though, when exercises
(simple and complex) were performed before the practice,
there was no enhancement effect on the retention of the
pursuit-rotor task.

These studies demonstrated that the exercise priming
effects might also be provided using non-traditional exer-
cise types, with a level of evidence of 1A. It seems that
mental engagement during the cardiovascular exercise
session can be a factor that may influence the priming
effect derived from cardiovascular exercise, with a level of
evidence of 1B.

Intensity

Thomas, Johnsen, et al.*® showed that the group that
performed High-Intensity Interval Training (HIIT)
demonstrated better retention if compared to the group
that performed the interval training with the intensity of
45% W ax; yet, both groups were better in the retention
test than the group that just had practice. Contrary, Opie &
Semmler®® related that a low-intense running protocol
induced better 24-h retention of a ballistic thumb abduc-
tion task than a high-intense condition; also, they reported
that both exercise conditions (low and intense) induced
better retention than just practice condition.

Cardiovascular exercise and motor learning

On the other hand, Baird et al.>® did not demonstrate
a significant difference in motor performance and learning
in the groups with interval training of high intensity 80%
Winax and low intensity 40 W .., with the energy expendi-
ture matched between them. In this case, this finding
allows us to suppose that the effect on motor performance
and learning is not derived from the intensity, but it is
energy-expenditure dependent, in other words, total work
dependent.

Another two studies did not demonstrate significant
differences between high and low intensities on motor
performance and learning. Wanner et al.”> did not find a
significant difference in the motor performance and learn-
ing of a balance task among the groups that had low-
intensity (25% Wpax), moderate-intensity (45% Wiax),
and high-intensity (90% W,.,) exercises before practice.
Lorés et al.* did not demonstrate a significant difference
in the learning of golf putting task between the groups
with a cardiovascular exercise at either 50% to 75% of the
age-predicted maximal heart rate.

These results did not support the idea that exercise
priming is dependent on high-intensity cardiovascular
exercise. Contrary, perhaps the critical aspect can be the
total volume instead of intensity per se.

Volume

As demonstrated by Baird et al.’®, the volume or
total work may be more important than intensity concern-
ing cardiovascular exercise effects on motor learning.
However, Angulo-Barroso et al.>’ demonstrated that a
long-High Intense Interval Training (HIIT) (total 13 min)
was not significantly different from a short-HIIT (total 5
min); moreover, both exercise groups were better than the
rest group in the retention test. In this case, there is no
consensus about the volume or total work effect of cardio-
vascular exercise on motor learning.

Given the heterogeneity of the exercise protocols
used in the studies incorporated in this review and the lack
of information about the exercise, it was impossible to
assess the volume exercise effects on motor learning com-
pared to the other studies.

Task characteristics
Continuous, serial, and discrete skills

Most studies that identified positive effects of the
cardiovascular exercise on consolidation processes used
continuous and temporal synchronization
tagkg?!2433:37:40.41,43-45.47.48.50 Nevyertheless, most studies
that used serial tasks did not demonstrate effects from car-
diovascular exercise on the motor memory con-
solidation?%->!9%343638 o1 just demonstrated effect on
relearning®.

In this case, these findings revealed that cardiovas-
cular exercise priming effects on motor learning are
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superior in continuous and temporal synchronization tasks
than serial tasks. This evidence has a level of 1A.

Regarding discrete skills, only Lorés et al.** investi-
gated the effect of different cardiovascular exercise inten-
sities in golf putting task learning. However, this study can
not infer the cardiovascular exercise effect; there was no
control group (rest condition). It is necessary to investigate
more discrete skills to create reliable conclusions for this
motor skill type.

Simple and complex tasks

Most studies that were incorporated in this review
used simple perceptual-motor laboratory skills. Among
them were used visuomotor accuracy-tracking
tagk?2432:3741.43-43.4748.50 - qequential visual isometric
pinch task®®*®, motor sequence task*®, serial targeting
task®, rotational visuomotor adaptation task®>***’, serial
reaction time task>> and keyboard typing task™*.

Only 5 studies incorporated complex motor skills in
their experimental design, demonstrating the necessity of
the subsequent studies in this area to incorporate it. As
mentioned before, Wanner et al.>® and Lords et al.*” inves-
tigated the intensity effects of cardiovascular exercise on
motor learning. Both studies demonstrated that the inten-
sity did not impact the learning of balance and golf putting
tasks, respectively.

Helm et al.>® and Charalambous et al.> investigated
cardiovascular exercise effects on locomotor skill learn-
ing. Both studies demonstrated that cardiovascular exer-
cise did not benefit the learning of a locomotor skill; this
evidence has level 1B. These studies used protocols of
exercise mutually different. Helm et al.” 3 proposed exer-
cise using HIIT protocol in an upper-body ergometer
before the practice (to avoid fatigue effect on motor effec-
tor related to the motor performance). Whereas Char-
alambous et al.” promoted exercise after motor practice
using a continuous protocol in a total body exerciser erg-
ometer. Both studies corroborated with the no effect of
cardiovascular exercise on motor learning even with dif-
ferent exercise protocols, reinforcing the non-suscept-
ibility of locomotor skill to exercise priming.

Finally, Chartrand et al.’® identified that a moderate-
intense continuous running session performed after the
practice did not influence the learning of laparoscopic sur-
gery simulator tasks. However, in this study, the partici-
pants practiced 3 tasks simultaneously, promoting an
interfering effect.

Retroactive interference

The studies demonstrated that a cardiovascular exer-
cise bout exerts a protective effect on retroactive inter-
ference*'**°, However, when the retention test was
performed on the same day of the practice, there was no
protective effect against retroactive interference, suggest-
ing that the cardiovascular exercise effects are sleep-
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dependent in this case®'. It was also demonstrated that the
protective effect of cardiovascular exercise is more evi-
dent when the cardiovascular exercise is performed in a
temporal close to the task to be prioritized*. The evidence
that cardiovascular exercise induces a protective effect
against retroactive interference has a level 1A.

Adaptation

There was no effect of the cardiovascular exercise on
motor adaptation across the practice in all of them. It was
verified in young adults®**>” and children’®. Also, Angulo-
Barroso et al.*” verified that increasing the exercise dura-
tion (volume) did not impact the adaptation during motor
performance. There is evidence of 1A that cardiovascular
exercise did not influence the adaptation during motor
performance.

Implicit x explicit

Some insights maybe support the hypothesis that
cardiovascular exercise would be an attractive strategy to
improve implicit motor learning. Mang et al.”’ demon-
strated in a serial motor sequence task that the cardiovas-
cular exercise improved motor performance related to the
implicit representation, which did not occur in the pseu-
dorandom sequences.

Besides, Poolton et al.>’ and Masters et al.>® demon-
strated that a high fatigue level impacts the motor learning
process based on explicit mechanisms. Both studies
demonstrated that implicit learning is resistant to the high
level of effort and fatigue provided by cardiovascular
(VO, max fatigue test) and anaerobic (Wingate anaerobic
test peak power).

Then, the priming effects from the cardiovascular
exercise are related to the type of motor learning process
that was engaged during the skill acquisition. The implicit
motor learning is more resilient and stable under stress and
fatigue effects, suggesting that the exercise can induce
better motor consolidation of implicit motor memories
than explicit motor memories®°.

Methodological considerations

Some studies used cross-over designs in their
experimental setup>2>4%44¢0_ Cross-over designs induce
significant limitations in the inference about motor learn-
ing. The participants may transfer the learning from the
first phase to the second phase of the experiment, promot-
ing fewer motor improvements in the second phase, which
may induce misconceptions. The cross-over studies adop-
ted some strategies to avoid problems with that, such as
1 - to allocate the participants by a random process such
that half of the participants completed the rest condition
first and the other half the cardiovascular exercise condi-
tion. 2 - to promote washout of at least two weeks between
the phases of the study. 3 - to provide some modification in
the task between the first and second study phases. How-



ever, even with all these methodological details, this
experimental design must be avoided in further studies to
ensure a reliable interpretation of the motor learning phe-
nomenon.

Study limitations

Motor learning literature has not had any methodo-
logical quality assessment tool to evaluate motor learning
studies. In this way, this review used health research sci-
ence tools in an adapted approach that can be verified in
the Supplementary Material. This methodological assess-
ment was based on a previous systematic review of the
motor learning area. The development of instruments for
assessing the methodological quality of motor learning
studies may have particular implications for further sys-
tematic reviews in this area. It may be useful to guide the
subsequent studies in the motor learning field.

Conclusion

This systematic review of 40 studies provides a
synopsis of evidence that indicates the benefit of the acute
effects of cardiovascular exercise on motor performance
and learning. Until now, the evidence suggests that exer-
cise-induced fatigue does not impair motor learning,
mainly when the exercise does not engage the same motor
effector involved in the performance of the motor task.

The studies also demonstrated that the effects of car-
diovascular exercise on motor learning are more evident
when the exercise is performed in temporal proximity of
the practice; besides, depending on the order between
exercise and practice, the priming effects perhaps can
impact the motor learning process differently.

There is evidence that different types of exercise
may induce positive effects on motor learning. However,
the exercise that involves a higher amount of muscle mass
may stimulate priming effects with more regularity. Given
that cardiovascular exercise that does not engage larger
muscle groups during the performance (e.g., upper body
ergometer) may be limited by local/neural fatigue, conse-
quently, it does not stimulate in a high magnitude the
metabolic/ cardiovascular systems, which may decrease
the priming effects.

The exercise intensity was not more determinant
than the total work for motor performance and learning
enhancements. So, the importance attributed to high-
intensity protocols needs to be revisited. In this case, the
moderate-intensity protocols are equally effective as high-
intensity protocols if the total work is pared between them.

Regarding task characteristics, the exercise priming
on motor learning is more evident for continuous tasks
than serial tasks. The cardiovascular exercise has an inter-
esting effect on avoiding retroactive interference when
allocated between the practice of 2 different motor skills;
probably, this effect is sleep-dependent and occurs when

Cardiovascular exercise and motor learning

the cardiovascular exercise is performed immediately after
the practice of the first motor skill. Finally, the current evi-
dence suggests that cardiovascular exercise does not influ-
ence adaptation. It was identified with different exercise
protocols and the timing (before or after practice).
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