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Introduction: Mindfulness meditation (MM) involves and benefits cognitive 
functioning, especially attention and inhibition processes, which are also 
implicated in the control of complex motor skills, such as bimanual coordination. 
Thus, MM practice could potentially enhance bimanual coordination control 
through its cognitive benefits. Accordingly, in this study, we investigated the acute 
effects of a brief MM session on bimanual coordination dynamics, attention, and 
inhibition abilities, as well as the mediation link between MM’s cognitive and 
motor improvements.

Methods: Healthy meditation-naïve (novices, n = 29) and meditation-experienced 
participants (meditators, n = 26) were randomly assigned to either an active 
control intervention (attentive listening to a documentary podcast) or a MM 
intervention (breathing and open monitoring exercise), both lasting 15 min. In the 
motor domain, pre- and post-tests assessed participants’ ability to intentionally 
maintain the anti-phase coordination pattern at maximal movement frequency 
and resist the spontaneous transition to the in-phase pattern. In the cognitive 
domain, the participants’ attentional, perceptual inhibition and motor inhibition 
abilities were assessed.

Results: Following both interventions, meditators and novices improved the 
stability of their anti-phase coordination pattern (p = 0.034, ηp

2 = 0.10) and their 
attentional performance (p’s < 0.001, ηp

2 > 0.40). Only following the MM intervention, 
meditators and novices improved their ability to intentionally maintain the anti-
phase pattern by delaying or even suppressing the spontaneous transition to in-
phase (p’s < 0.05, ηp

2 ≥ 0.11), and improved concomitantly their motor inhibition 
scores (p = 0.011, ηp

2 = 0.13). No effects were found on perceptual inhibition. The 
increase in motor inhibition capacities did not however statistically mediate the 
observed acute effects of MM on bimanual coordination control.

Conclusion: We showed that a single MM session may have acute benefits in 
the motor domain regardless of the familiarity with MM practice. Although 
these benefits were concomitant to enhanced attentional and motor inhibition 
abilities, no formal mediation link could be  established between the observed 
motor and cognitive benefits. This study paves the way for the investigation of 
the mechanisms underlying MM effects on motor control, as well as longer-term 
benefits.
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1. Introduction

Cognitive and motor processes are functionally intertwined, 
especially with regard to complex movement control (Diamond, 2000; 
Prinz and Koch, 2009; Leisman et  al., 2016; Stuhr et  al., 2018). 
Cognitive interventions are hence progressively gaining interest as a 
promising way to improve motor function (Chan et  al., 2013; 
Smith-Ray et  al., 2015; Slimani et  al., 2016). The present study 
investigated whether mindfulness meditation (MM), which is a 
mental practice involving attentional regulation (Bishop et al., 2004; 
Malinowski, 2013) could as well be a suitable candidate to enhance 
motor control through its cognitive benefits. We tested this hypothesis 
in a bimanual coordination task, which has been frequently used to 
study the role of cognition in complex motor skills (Serrien et al., 
2007; Temprado et al., 2020).

Mindfulness practice and its benefits have witnessed a soaring 
scientific interest during the last 15 years (Baminiwatta and 
Solangaarachchi, 2021). MM can be  defined as the training of 
attention to be fully drawn to the immediate moment with a sense of 
curiosity, openness, and acceptance (Bishop et al., 2004; Kabat-Zinn, 
2017). It invites the meditator to observe their thoughts, feelings, and 
sensations without any judgment, filter, or expectations. Among the 
multiple cognitive processes that are mobilized during MM, attention 
and inhibition play a central role (Bishop et al., 2004; Malinowski, 
2013). Attention is necessary to orient, maintain, and supervise the 
meditator’s focus on the present moment, with or without including a 
specific object (e.g., focusing on the breath, or openly monitoring 
anything that occurs in the present experience). Whereas inhibition is 
necessary to suppress the elaborative processing of thoughts, feelings, 
sensations and the interferences from irrelevant stimuli (Bishop 
et al., 2004).

The current literature is supportive of the positive effects of short 
and long-term MM practice on cognitive functions, such as attention, 
inhibition, working memory and cognitive flexibility (Chiesa et al., 
2011; Gallant, 2016; Cásedas et al., 2019). Even a single brief session 
of MM, sometimes referred to as mindfulness induction (Creswell, 
2017), appears to be beneficial for cognitive performance, especially 
in tasks involving complex higher-order functions (Gill et al., 2020). 
Although discrepant results can be found in the literature, a recent 
study, wherein confounding factors were controlled (familiarity with 
this practice, individual-dependent response, engagement in the 
intervention), showed that a single brief MM session (10 min) acutely 
enhances cognitive performance without the need of any previous 
practice (Sleimen-Malkoun et al., 2023). These cognitive benefits were 
observed using the Stroop task (Stroop, 1935) that involves mainly 
cognitive flexibility, attention, and inhibition. Such finding suggests 
that MM could be a highly plausible way to improve performance in 
complex motor tasks involving attentional control and/or inhibition, 
such as bimanual coordination. However, so far, the effects of MM on 
motor performance have been scarcely investigated, with a limited 
interest in the underlying mechanisms of action. The existing studies 
are mainly limited to the investigation of the effects of long-term MM 
practice (minimally 4 weeks) on precision control. The authors, who 
were interested in precision sports (e.g., darts, golf), reported benefits 
on performance after several weeks of MM practice in elites (John 
et  al., 2011) and in participants with no previous sports practice 
(Meeûs et al., 2010). The studies that addressed MM effects on motor 
control using fine motor tasks (tracking or reaching task) showed that 

8 week of MM practice improves movement accuracy in meditation-
naïve participants (Meeûs et al., 2010; Naranjo and Schmidt, 2012) 
and experienced meditators (Naranjo and Schmidt, 2012), on the 
detriment of movement speed (Naranjo and Schmidt, 2012). Some 
authors (Naranjo and Schmidt, 2012) suggested that MM enhance 
motor control performance by improving the monitoring of task-
relevant perceptual and motor cues, which in return improves the 
control of movement trajectory. Hence, they hypothesized that MM 
benefits on motor control could be linked to its effects on cognitive 
regulation. However, researchers have not yet formally addressed or 
demonstrated the link between MM effects on motor control and its 
known cognitive benefits. Furthermore, the effects of short-term MM 
practice on motor control, which could clarify the underlying 
mechanisms of action, remain unknown.

To fill the remaining gaps in the literature, the present study 
investigated the acute effects of a single MM session on motor control 
and examined their potential link with its cognitive effects on attention 
and inhibition capacities. To do so, we  used a cyclic bimanual 
coordination task, which is a recognized paradigm to study motor 
control and the involvement of cognitive resources therein, notably 
attention (Temprado et al., 1999, 2002) and inhibition (Temprado 
et al., 2020).

Two stable preferred movement patterns characterize the 
spontaneous cyclic bimanual coordination: the in-phase and the anti-
phase patterns (Kelso, 1984). The in-phase pattern results from the 
simultaneous activation of homologous muscle groups, giving rise to 
mirror symmetrical movements with respect to the body midline (e.g., 
simultaneous pronation and supination of the forearms). Whereas the 
anti-phase pattern results from simultaneous activation of 
non-homologous muscle groups, so that one limb moves toward the 
body midline while the other one moves away from it (e.g., one 
forearm pronating while the other is supinating). Coordination 
patterns are characterized by the relative phase (RP) representing the 
spatiotemporal relationship between the two limbs (0° for the 
in-phase, 180° for the antiphase) (Haken et al., 1985). Pattern stability, 
indexed by the magnitude of fluctuations of the relative phase (SDRP), 
has been shown to be  higher for in-phase than for anti-phase 
coordination pattern (Monno et al., 2002). As a result of this stability 
difference, when movement frequency increases beyond a given 
critical value, so-called the transition frequency, a spontaneous and 
abrupt transition from anti-phase to in-phase occurs (Kelso, 1984; 
Temprado et  al., 2010). This spontaneous dynamic can, however, 
be modulated by cognitive processes (Schöner and Kelso, 1988; Scholz 
and Kelso, 1990; Temprado et al., 1999; De Luca et al., 2010). For 
instance, it has been shown that attention (Temprado et al., 1999; 
Monno et  al., 2000) and inhibition (Temprado et  al., 2020) may 
contribute to delay (Temprado et al., 2002) or, even, to suppress the 
spontaneous transition from anti-phase to in-phase (Lee et al., 1996). 
Therefore, we can expect that a session of MM could acutely enhance 
anti-phase maintenance at critically high movement frequency 
through its benefits on attention and/or inhibition.

Traditionally, the involvement of attentional processes in bimanual 
coordination has been assessed via the dual-task paradigm that 
consists in performing simultaneously a bimanual coordination 
pattern and a reaction time task (Temprado et al., 1999; Monno et al., 
2000). Nevertheless, the simultaneous performance of both tasks can 
create artifact perturbations in motor behavior (Temprado et al., 1999, 
2001). To avoid such interferences that can bias pattern stability 
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analysis, we chose to evaluate MM acute effects on attention through 
a dedicated test.

Regarding inhibition, as bimanual coordination is governed by 
both perceptual (e.g., visual perception of inter-limb phase 
relationship) and motor processes (e.g., control of homologous or 
non-homologous muscles) (Temprado et al., 2003; Bingham, 2004; 
Carson, 2004; Salter et al., 2004), we adopted the distinction between 
motor inhibition and perceptual inhibition (Nassauer and Halperin, 
2003; Dillon and Pizzagalli, 2007; Lustig et al., 2007). Specifically, 
perceptual inhibition is defined as the capacity to maintain the focus 
of attention by preventing interference from task-irrelevant stimuli. 
Conversely, motor inhibition is considered as the capacity to suppress 
prevalent, but inappropriate, motor responses. Although this 
distinction is not common in MM literature, it has been successfully 
used to investigate the link between cognition and motor control 
through the study of balance (Redfern et  al., 2009, 2018, 2019; 
Mendelson et  al., 2010), and bimanual coordination (Torre et  al., 
in press).

In summary, the overarching objective of this study was to 
investigate the acute effects of a short MM intervention on motor 
control and their link with the potential concomitant benefits on 
attention and inhibition capacities. To this end, we  allocated 
participants with and without previous experience in MM practice 
(respectively called meditators and novices) to either a MM 
intervention or an active control intervention (attentive listening). 
We assessed their engagement in the interventions through dedicated 
questionnaires. To investigate the effects of the interventions on 
bimanual coordination control, we  tested whether they acutely 
improved anti-phase coordination pattern stability and maintenance 
at high movement frequency relative to baseline. We also investigated 
the interventions’ effects on selective attention, and on perceptual and 
motor inhibition capacities. Finally, we  tested if the observed 
MM-related cognitive effects statistically mediated the observed 
motor benefits. Due to the implication of attentional resources in both 
interventions, better anti-phase stabilization (i.e., lower SDRP) and 
higher attentional abilities were expected after both interventions, but 
more so after the MM one. Also, we expected to observe a better 
ability to maintain the anti-phase pattern (i.e., more trials without 
transition and more movement cycles before the transition) and better 
motor and perceptual inhibition abilities only after the MM 
intervention. All these expected benefits were hypothesized to 
be independent of previous MM experience. Finally, we hypothesized 
that MM-specific benefits in the cognitive domain would mediate 
those observed in the motor domain.

2. Materials and methods

2.1. Study design and randomization

A two-arm randomized controlled design was used to assess 
cognitive effects of a 15-min guided MM session compared to a 
15-min control intervention requiring attentive listening to a podcast, 
in meditators and in participants with no prior MM practice (called 
novices). The randomization was conducted using a computer-
generated allocation sequence (MATLAB R2018b, MathWorks, 
Natick, MA, USA) with a ratio of 1.1. to the experimental intervention 
(MM) and active control intervention (podcast). It was not stratified 

but was done through blocks of 5 participants for the meditators and 
novices to balance enrollment across interventions during the 
recruitment period.

Due to the nature of the study, researchers and participants 
discovered group allocation during the experimental session. 
Participants were however not informed about the specific objectives 
of the study. After allocation, the participants were individually tested 
at baseline (T0) and after their respective 15-min intervention (T1). A 
10-min delay post-intervention was respected before testing (T1) in 
order to optimize the chances of observing acute effects (Luu and Hall, 
2017). During this break, the participant completed a short 
questionnaire to assess their engagement in the allocated intervention 
(TMS following the MM session, Control Quiz following the control 
intervention). At T0 and T1, they underwent a bimanual coordination 
task, an attention test and an inhibition test in a randomized order that 
was counter-balanced across groups. A summary of the study design 
can be found in Figure 1. During all the experimental session, the 
participant was seated in a height adjustable chair without armrests, 
with their back straight leaning against the seatback.

For sample size calculation we used G*Power3 Software (Faul 
et  al., 2007). It indicated that for a repeated measure analysis of 
variance (4 groups, 2 tests) at least a total of 48 participants would 
be required to obtain a large effect size (f = 0.45, α = 0.05, 1-β = 0.08, 
ρ = 0.5). Fifty-five participants were enrolled to compensate any 
drop-out or problems with data acquisition.

2.2. Participants

Fifty-five healthy volunteers were recruited through 
advertisements on social media platforms and emails, and via 
instructors of MM. Inclusion and exclusion criteria, as well previous 
MM practice, were verified through a self-reported questionnaire. 
Inclusion criteria included being aged between 20 and 55 years, being 
native French speaker or bilingual, and having at least completed a 
high-school education level. Additionally, for meditators, they needed 
to report practicing MM at least once a week since minimally 
2 months. Exclusion criteria included previous or current neurological 
or psychiatric disorders, dyslexia, recent or current musculoskeletal 
problems of the upper limbs, ongoing psychopharmacological 
medication, uncorrected vision, addiction to drugs or alcoholism, 
expert sport practice, and for novices, any previous or ongoing 
practice of any discipline with a mindfulness component (e.g., Yoga, 
Taï-Chi). Among the 55 recruited participants, 26 were meditators 
(40.50 ± 10.77 years, 81% women) and 29 had no prior experience in 
MM practice, which we  called novices (32.34 ± 11.99 years, 59% 
women). The meditators reported practicing MM for at least one time 
a week (mean = 6.38 sessions per week, range: 1–28 sessions), since 
minimally 2 months (mean = 48.77 months, range: 2–120 months).

After the randomization procedure, 15 Novices and 13 meditators 
were allocated to the control intervention (n = 28), while 14 novices 
and 13 meditators were allocated to the MM intervention (n = 27). 
Three participants of those allocated to the MM intervention (2 
novices and 1 meditator) abandoned before having completed any test 
for health reasons (COVID-19). Hence, in the final analyzed sample 
(N = 52), 28 participants were assigned to the control intervention 
(36.21 ± 11.33 years, 13 meditators, 71% women) and 24 to the MM 
intervention (37.58 ± 12.68 years, 12 meditators, 66% women). The 
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Consolidated Standards of Reporting Trials (CONSORT) flow 
diagram of the study can be found in Figure 2.

Demographic characteristics of the four subgroups (novices 
control, meditators control, novices MM, meditators MM) are 
presented in Table 1. These sub-groups were not statistically different 
regarding age (one factor ANOVA: F(1,48) = 2.404, p = 0.079), and 
gender (chi-square test: χ2(3,52) = 2.901, p = 0.407).

Prior to their enrolment, all participants were given written 
information about the study, without stating its precise objective or 
the underlying hypotheses. To limit the contribution of external 

factors, participants were requested, to abstain from practicing 
physical activity and MM, drinking alcohol or energy drinks, and 
ingesting a copious meal for at least 3 h before the experimental 
session. All participants declared having complied with 
these requirements.

All participants gave their written informed consent to the 
experimental procedure that agreed with the Declaration of Helsinki 
and was approved by the Ethics Committee for Research in Science 
and Techniques of Physical and Sports Activities (CER STAPS n° 
IRB00012476-2021-16-11-135).

FIGURE 1

Study design.

FIGURE 2

CONSORT flow diagram.
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2.3. Interventions

During both interventions, an audio recording was played 
through a speaker (Beats Pill 2.0 by Dr. Dre, Santa Monica, 
United  States), with the volume adjusted to the participants’ 
convenience. Both recordings lasted 15 min and featured the same 
voice with the same (slow) pace of speech. Before the start of the 
intervention, the participants were invited to adopt a comfortable 
posture and to close their eyes when ready.

The MM recording was provided by a certified Mindfulness Based 
Stress Reduction (MBSR) instructor, member of the French 
organization for the development of mindfulness (ADM). It was a 
guided fundamental breathing exercise based on classic instructions 
used in MBSR programs, followed by an open monitoring exercise. 
The participant was asked to listen attentively and follow, as closely as 
possible, the given instructions. First, they were instructed to focus 
their attention on their breathing by counting the number of breath 
and restart if distracted. This exercise aimed at training the participant 
to avoid distractions and redirect their awareness to the present 
moment in a non-reactive and non-elaborative manner (Bishop et al., 
2004; Malinowski, 2013; Lutz et al., 2015; Lymeus et al., 2018; Zanesco 
et  al., 2018). Then, the participant was invited to extend their 
attentional focus to their environment (sensations, background noises, 
emotions) by mentally putting a word on what they were noticing (for 
example “noise” when hearing something). Finally, they were asked to 
bring back their attention to their breath before being invited to open 
their eyes at the end of the session.

The control recording was a reading in French of a Natural Killers 
documentary about the Siberian tiger (“Dans l’ombre du tigre,” 
International Masters Publishers BV 2005). The participant was 
instructed to listen attentively, not to fall asleep, and not to meditate. 
This intervention was used to control for the attentional investment 
that is non-specific to MM.

2.4. Measures

2.4.1. Questionnaires

2.4.1.1. Mindfulness state during the MM intervention: 
toronto mindfulness scale

Following the MM session, participants completed the Toronto 
Mindfulness Scale (TMS, Lau et al., 2006). This 13-item self-reported 
questionnaire evaluates the mindful state reached by the participants 
during the MM session. Six items assess curiosity that is awareness of 

one’s experience with a quality of curiosity (e.g., “I experienced myself 
as separate from my changing thoughts and feelings”), and seven items 
assess decentering that is awareness of one’s experience with some 
distance and disidentification (e.g., “I experienced myself as separate 
from my changing thoughts and feelings”). Participants responded on a 
5-point Likert scale from 1 (“not at all”) to 5 (“very much”). A 
decentering score and a curiosity score are derived by adding up items 
of each subscale. Higher scores were associated with reaching a more 
mindful state during the proposed guided-meditation session and 
hence, to a better auto-reported success in following the instructions 
during the MM intervention.

In the absence of a scientifically validated French version of this 
questionnaire, we used a translation/back-translation procedure as 
described in Brislin (1970) and in Gjersing et al. (2010). The obtained 
version was tested with 25 respondents (48.24 ± 14.45 years) prior to 
its final validation and use in this study.

2.4.1.2. Attentiveness during the control intervention: the 
control quiz

Following the control intervention, participants completed a quiz 
evaluating how well they attended to the Siberian tiger recording. 
They had to answer eight multiple-choice questions about information 
given in the documentary (e.g., “Where does the Siberian tiger live? 
Taiga / Steppe / Tundra”). We derived a score out of 8 by adding up one 
point for each correct answer. Higher scores were associated to a 
higher involvement in the control intervention.

2.4.2. Bimanual coordination task
The experimental setup was the same as the one used in Temprado 

et al. (2010, 2020). It consisted of pronation-supination movements of 
the forearms in the frontal plane using rotating handles with elbows 
flexed at 90°. Movements were recorded at a sampling frequency of 
100 Hz using potentiometers placed on the axis of rotation of each 
handle. The participant was instructed to produce the required 
bimanual movement pattern as accurately and continuously as 
possible, with a large amplitude (at least 45° around the central 
position), and in synchrony with an auditory metronome prescribing 
the required frequency. A full movement cycle had to be performed 
between two subsequent metronome beats. Fifty cycles of IP and anti-
phase bimanual movements at 1 Hz and 1.5 Hz were performed as 
a familiarization.

Before the formal testing, the participant performed a block of six 
trials to identify their transition frequency. During these six trials, the 
metronome frequency was increased stepwise by 0.5 Hz every 10 s, 
starting from 1 Hz until the occurrence of the transition. The 

TABLE 1 Demographic characteristics of the 4 subgroups.

Control group MM group

Novices Meditators Novices Meditators

Number of participants 15 13 12 12

Age in years (M ± SD) 31.77 ± 11.39 39.31 ± 9.31 32.25 ± 11.37 42.92 ± 12.03

Percentage of women 9 11 7 9

Number of months of MM experience (mean, min-max) N.A. 53.62, 2–120 N.A. 46.08, 3–120

Number of MM sessions per week

(mean, min-max)

N.A. 6.08, 1–28 N.A. 6.08, 1–21
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participant was instructed to adopt the AP pattern, and not to 
intervene if at some point they felt the need to switch to the in-phase 
pattern. The individual transition frequency was defined as the higher 
frequency of the six trials at which the participant switched from anti-
phase to in-phase.

At T0 and T1, the participant performed six trials of 50 movement 
cycles at their previously identified transition frequency. They were 
instructed to maintain the anti-phase pattern as long as possible and 
resist the spontaneous tendency to switch to the in-phase pattern. If 
switching occurred, they were asked to continue until the end of the 
trial with the new adopted in-phase pattern and not to attempt to go 
back to the initial anti-phase pattern.

For each trial, we calculated the mean RP (in degrees) between the 
oscillations of the right and left hands, with the right hand as reference. 
The RP represented the difference in phase angles between the 
two hands:

 
RP t t

T
=

−
× °

1 2
360

with t1 being the time in seconds of the right hand’s peak 
(maximal or minimal), t2 the time in seconds of the left hand’s peak, 
and T the period in seconds of the right hand. The onset of the 
transition was set as the first value of three consecutive cycles of the 
RP under 135°. The stability and maintenance of the anti-phase 
pattern was assessed using three complementary indicators: (i) the 
conventional SDRP (in degrees), (ii) the number of trials without 
transition (NT) and, (iii) the number of cycles before transition (NC). 
If there was a transition, RP, SDRP and NC were calculated only before 
the transition onset. Lower SDRP indicated a higher stability of the 
anti-phase pattern. Higher NT and NC indicated a better capacity to 
maintain the anti-phase pattern and to resist the spontaneous 
transition from anti-phase to in-phase.

2.4.3. Attention test: D2-R
Selective attention was assessed with the D2 test (Brickenkamp, 

1962). It is a cancelation task that consists in crossing out targets (the 
letter “d” with two dashes below and/or above it) while ignoring 
irrelevant distractors (the letter “d” with one or three dashes, the letter 
“p” with one, two, or three dashes under and/or below it). In this 
study, we used the D2-R (Brickenkamp et al., 2016), a computerized 
version implemented in French (Hogrefe Testsystem, HTS 5, Hogrefe 
Editions). Its internal consistency was shown for a European 
population of 18–55 years old, as well as its good test–retest reliability 
(Brickenkamp et al., 2015). At T0 and T1, participants completed 14 
successive series including six lines of 10 characters. In each series, 
participants had to cross as many targets as possible in 20 s while 
scanning row by row from left to right. For each series, three main 
scores were calculated: (i) Total Number (TN) of targets scanned at 
the final cancelation reflecting the rate of processing, (ii) 
Concentration Capacities (CC) calculated as CC TN EO EC= − − , 
with EO the number of errors of omission (targets not canceled), and 
EC the number of errors of confusion (distractors canceled), and (iii) 
accuracy (E%) which corresponds to the percentage of errors:

 
E EO EC

TN
% .=

+





×100

The individual scores were summed across the 13 series 
(systematically excluding the first one usually related to an adjustment 
period) and standardized to T-scores relative to the European 
age-specific population. With this quotation, scores are comprised 
between 25 and 85, with the mean at 50. For a T-score of 50, 50% of 
Europeans of the same age present a superior score and 50% an 
inferior one. Higher scores were associated with higher selective 
attention capacities.

2.4.4. Motor and perceptual inhibition test
Motor and perceptual inhibition abilities were assessed with the 

MAPIT (Jennings and Mendelson, 2011), that was validated by 
Nassauer and Halperin (2003). It was programmed with ICE ® 
software.1 The MAPIT is a reaction time task that requires 
responding as fast as possible according to the direction or the 
location of a black arrow presented on a white background 
computer screen (Dell24 P2418HT, 23.8 inches). The displayed 
arrow can point either left or right, and be positioned at the left, the 
center, or the right of the screen. The participant responded using 
a modified AZERTY keyboard on which only two letter keys were 
kept, with the “Q” key corresponding to the answer “left” and the 
“M” key corresponding to the answer “right.” They were instructed 
to press the “Q” key with their left index and “M” key with their 
right index. A central fixation cross was presented on the screen and 
disappeared with onset of the first stimulus, which remained on the 
screen until the participant responded by pressing one of the keys. 
The test included three blocks of 80 trials each presented in a fixed 
order (Figure 3): a preliminary block, a perceptual inhibition block, 
and a motor inhibition block.

The preliminary block included two separated sets (40 trials each, 
with 20 arrows in each direction). The first one was a familiarization 
set in which arrows, pointing randomly right, or left (20 trials of each), 
were presented in the center of the screen. Participants had to press 
the key corresponding to the direction of the arrow (e.g., press Q with 
the left finger when the arrow points to the left). The second set was 
used to elicit and reinforce the prepotent spatial responses. It consisted 
of 40 black squares randomly presented on the right or the left side (20 
trials of each) of the screen. The participant had to respond according 
to the square’s location (e.g., press Q with the left finger when the 
square is on the left side of the screen).

The perceptual inhibition block included two sets (40 trials each, 
with 20 arrows in each direction) that were combined. This resulted 
in 80 trials randomly interspersed. In the perceptual congruent set the 
spatial location of the arrow coincided with its pointing direction (e.g., 
left pointing arrow on the left side of the screen), while in the 
perceptual incongruent set the spatial location of the arrow conflicted 
with its pointing direction (e.g., left pointing arrow on the right side 
of the screen). The participant was required to press the key 
corresponding to the arrow direction regardless of its location. Hence, 
in the incongruent trials, the participant had to inhibit the natural 
tendency of processing the arrow’s location, and instead to focus on 
its pointing direction.

The motor inhibition block included two separated sets (40 trials 
each, with 20 arrows in each direction) wherein the arrows were 

1 https://trello.com/b/EtNCNrZH/ice
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always located at the center of the screen. In the motor congruent set, 
the participant had to press the key in accordance with the arrows’ 
direction, while in the incongruent set they were required to press the 
key opposite to the arrow direction (e.g., press Q with the left finger 
when the arrow points to the right). Hence, in the incongruent trials 
the over-learned response that is spatially compatible with the 
stimulus had to be inhibited.

For each set, the median response time (RT, in milliseconds) of 
correct trials was calculated. We chose medians instead of means to 
minimize the influence of possible outliers. The perceptual inhibition 
(PI) and the motor inhibition (MI) scores were derived from 
these latter:

 PI Median RT Median RTPerceptual incongruent Perceptual congr= −  uuent

 MI Median RT Median RTMotor incongruent Motor congruent= −  

Lower MI and PI scores were, respectively, associated to higher 
motor inhibition and perceptual inhibition capacities (Nassauer and 
Halperin, 2003; Jennings and Mendelson, 2011).

2.5. Data processing

Data were processed with MATLAB R2018b (MathWorks, Natick, 
MA, United States) and Microsoft Excel 2010 (Microsoft Corporation, 
Impressa systems, Santa Rosa, California, United States).

For the bimanual coordination task, we removed the three 
first seconds of each trial to ensure the stabilization of the 
participant’s behavior. Raw data were filtered with a dual-path 
Butterworth filter (cut-off frequency 10 Hz, order 2), with 
application of the correction factor (Robertson and Dowling, 
2003). Frequency artifacts of the non-sinusoidal signals were 
removed with an amplitude centering procedure. Trials were 
discarded from RP, SDRP, and NC computation if a transition 
appeared before having at least four movement cycles 
(representing less than 7% of trials).

For the MAPIT, we ensured that all participants had more than 
75% of correct answers and that none of the analyzed RT values 
exceeded 3 s or were below 200 milliseconds.

2.6. Data analysis

We statistically analyzed our data using STATISTICA (version 
13.3, StatSoft Inc., Tulsa, OK, United States) and JASP (version 0.14.1, 
JASP Team, Amsterdam, Netherlands).

We report the results of the studied variables in the bimanual 
coordination task (SDRP, NT, NC), the D2-R (TN, CC, E%) and the 
MAPIT (MI, PI) as means with within-subject correlation-adjusted 
error bars (M ± CI), with CI representing the 95% confidence interval 
normalized to account for the within-subjects design (Cousineau, 
2005; Cousineau et al., 2021). Questionnaires’ data (Control Quiz and 
TMS scores) are reported as means with standard deviation (M ± SD).

Were first compared novices and meditators on questionnaires’ 
data. For the TMS scores, we used unpaired t-tests after a normality 
check with Shapiro–Wilk test. For the control questionnaire scores, 
due to normality violation, we used the U-Mann Whitney test. Then, 
to investigate the effects of interventions on bimanual coordination 
and cognitive abilities in meditators and novices, we used a three-ways 
repeated measures analysis of variance (ANOVA) with test (2: T0, 
T1) × experience (2: novices, meditators) × intervention (2: MM, 
control). The level of significance was set to 5% (p < 0.05). Effect sizes 
are reported as Cohen’s d effect size for independent sample t-tests and 
U-Mann Whitney tests, and partial eta square (ηp

2) for ANOVAs. 
When main effects or interactions were statistically significant, Fisher 
LSD post-hoc comparisons were conducted to test for significant 
pairwise differences. Finally, mediation analyses were conducted with 
a bootstrapping procedure (bootstrapped sample, 1,000). This was 
done to investigate whether MM effects on bimanual coordination 
were indirect and mediated by its effects on cognitive abilities. 
We used only motor and cognitive variables significantly impacted by 
the MM intervention, i.e., for which the ANOVA revealed a significant 
test × intervention interaction. The predictor was the intervention 
dichotomously coded as control or MM, the moderator was the T0-T1 

FIGURE 3

Illustration of the MAPIT. The on-screen display and the expected correct response are presented for all the 12 conditions of the test. Each of the three 
blocks (Preliminary, Perceptual inhibition, and Motor inhibition) included two sets with two randomized conditions. Only the sets of the perceptual 
inhibition bloc were intermixed. The correct keyboard letter to press as soon as the on-screen stimulus is presented is indicated by the black pointing 
hand on the last row (Q with left index or M with right index). For sake of simplicity, in the different blocs, we depicted the conditions requiring the 
same response in the same column.
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change score for the D2-R or MAPIT variables, and the outcome was 
the T0-T1 change score for bimanual coordination variables. Estimate 
(E), standard error (SE) and value of p of total direct and indirect 
effects are reported. For the sake of brevity, only values of statistically 
significant effects are reported in the text and the figures of the 
Results section.

Internal consistency of the TMS scores was analyzed using 
McDonald’s omegas (Dunn et al., 2014).

Due to technical problems some data were corrupted or missing. 
Specifically, in the bimanual task, data of two novices and two 
meditators who followed the control intervention, and one meditator 
who followed the MM intervention were not correctly acquired, and 
thus could not be analyzed. For the D2, data of one novice and two 
meditators of the MM group could not be analyzed. Finally, for the 
MAPIT, data of two novices who followed the control intervention 
could not be analyzed.

3. Results

3.1. Questionnaires

The TMS showed good internal consistency (McDonald’s omega) 
for the curiosity and decentering scores (respectively, 0.70 and 0.88). 
The mean curiosity and decentering scores of all participants were, 
respectively, 14.79 ± 5.38 /24 and 19.63 ± 5.02 /28. The unpaired t-tests 
revealed a significant effect between the meditators and novices only 
for the decentering score (t(22) = −2.99, p = 0.007, d = 1.221) that was 
higher in meditators (22.08 ± 4.06) than in novices (17.17 ± 4.00).

Regarding the control recording quiz, the mean obtained score of 
all participants was 7.32 ± 0.1 /8, with no statistically significant 
difference between novices and meditators.

3.2. Bimanual coordination

Mean values and confidence intervals of all bimanual coordination 
variables of the 4 subgroups are presented in Table 2. For the mean RP, 
the ANOVA revealed no significant effects, with a grand average close 
to the required 180° representing the anti-phase pattern 
(161.37 ± 1.54°). Regarding the SDRP (Figure  4), we  observed a 
significant effect of test (F(1,43) = 4.78, p = 0.034, ηp

2 = 0.10), with lower 
values at T1 (12.98 ± 1.54°) than at T0 (14.14 ± 1.64°). For NT and NC, 
the ANOVA revealed a significant test × intervention interaction (NT: 
F(1,43) = 7.18, p = 0.010, ηp

2 = 0.14; NC: F(1,43) = 5.28, p = 0.027, 
ηp

2 = 0.11). The post-hoc decompositions showed that more trials 
without transition (p = 0.001) (Figure 5A) and more movement cycles 
before transition (p = 0.018) (Figure 5B) were observed at T1 compared 
to T0 only after the MM intervention, regardless of previous 
meditation experience.

3.3. Selective attention

Mean values and confidence intervals of all D2 variables of the 4 
subgroups are presented in Table 2. For TN, we found a statistically 

significant effect of experience (F(1,48) = 6.00, p = 0.018, ηp
2 = 0.11) and 

test (F(1,48) = 382.00, p < 0.001, ηp
2 = 0.89). TN was higher in novices 

(60.11 ± 2.68) than in meditators (54.70 ± 3.59), and higher at T1 
(59.90 ± 2.23) than at T0 (55.12 ± 2.25) (Figure  6A). For CC, the 
ANOVA revealed a statistically significant effect of experience 
(F(1,48) = 5.87, p = 0.019, ηp

2 = 0.11) and test (F(1,48) = 114.83, 
p < 0.001, ηp

2 = 0.71) (Figure  6B). CC was higher in novices 
(61.79 ± 2.87) than in meditators (56.16 ± 3.74), and higher at T1 
(62.25 ± 2.27) than at T0 (55.92 ± 2.34). For E%, the ANOVA revealed 
only a statistically significant effect of test (F(1,48) = 36.58, p < 0.001, 
ηp

2 = 0.43), with higher score at T1 (53.36 ± 1.54) compared to T0 
(51.00 ± 2.17) (Figure 6C).

3.4. Motor and perceptual inhibition

Mean values and confidence intervals of MI and PI scores of the 
4 subgroups are presented in Table 2. For the PI score, we found no 
statistically significant effects. For the MI score, the ANOVA revealed 
a statistically significant effect of experience (F(1,46) = 12.47, p < 0.001, 
ηp

2 = 0.21) with lower scores in novices, test (F(1,46) = 6.59, p = 0.014, 
ηp

2 = 0.13), and test × intervention interaction (F(1,46) = 7.04, p = 0.011, 
ηp

2 = 0.13). The post-hoc decomposition showed, a reduction of MI at 
T1 compared to T0 (p < 0.001) only after the MM intervention and 
regardless of past meditation experience (Figure 7). The post-hoc 
decomposition also showed that at T1, the MI scores of the MM group 
were significantly lower than those of the control group at T0 
(p = 0.034) and at T1 (p = 0.031).

3.5. Mediation analysis

As results showed significant MM effects on motor inhibition 
performance, we defined the delta MI as the possible mediator of the 
MM effects on motor performance in the mediation analysis. Results 
revealed that while the total effect of the intervention on NT was 
significant (E = 1.16, SE = 0.42, p = 0.006), the indirect effect through 
delta MI was not statistically significant. Similar results were found for 
NC with a statistically significant total effect of the intervention 
(E = −0.45, SE = 1.87, p = 0.016) but no statistically significant indirect 
effect through delta MI.

4. Discussion

The present study investigated the acute effects of a single brief 
MM session on motor control and their link with concomitant benefits 
on attention and inhibition. We used a cyclic bimanual coordination 
task to assess motor control performance, the D2 test to assess 
selective attention abilities, and the MAPIT to assess motor and 
perceptual inhibition abilities. We  tested participants who were 
novices or meditators at baseline and following either a 15-min guided 
MM session or an active control intervention requiring an attentive 
listening to a 15-min neutral podcast. As a prerequisite, we verified 
the participants’ engagement in the proposed interventions through 
dedicated questionnaires.
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4.1. Participants’ engagement in the 
interventions

The participants’ TMS scores, which reflect the mindful state reached 
during the MM session, were similar to those reported in the literature 

following a similar short MM session (Caldera, 2017). Our decentering 
scores were even higher [19.63 ± 5.02 in our study and 14.06 ± 5.32 in 
(Caldera, 2017)]. This is not surprising as participants enrolled in 
Caldera’s study were novices (Caldera, 2017), while part of ours were 
meditators. Effectively, our statistical analysis showed higher decentering 
scores in meditators suggesting that they were more able to decenter 
themselves from the lived experience than the novices. Regarding the 
control quiz that was completed following the control intervention, 
participants showed high scores irrespective of their previous experience 
in MM. We conclude that, as requested, they carefully listened to the 
podcast. Overall, the questionnaires’ results suggest that all participants 
succeeded in following the instructions of their allocated intervention.

4.2. Acute effects of MM on bimanual 
coordination

As both MM and control interventions implicated attentional 
resources, we  were expecting to observe better stabilization of 
bimanual coordination, reflected by lower inter-limb coordination 
variability, after both interventions, but more so after MM. Our results 
showed that both interventions reduced coordination variability, 
however to a similar extent. Additionally, the MM intervention was 
expected to enhance bimanual coordination maintenance of the anti-
phase pattern by increasing the number of trials without transition 
and the number of cycles before transition independent of previous 
MM experience. This was fully confirmed by our results. Our findings 
lend credence to the hypothesis that intentional maintenance of the 
anti-phase pattern at high frequency may involve two separate 
mechanisms, both affected by MM practice: (i) an inhibitory 
mechanism delaying and suppressing the emergence of the IP pattern 
as a spontaneous response, and (ii) a pattern stabilization mechanism, 
presumably resulting from an increase in inter-limb coupling strength 
(see Temprado et al., 1999, for a detailed development). Moreover, 
they suggest that the solicitation of attentional resources enhances the 

TABLE 2 Cognitive and motor performance of the 4 subgroups at T0 and T1.

Control intervention
Mean (CI)

MM intervention
Mean (CI)

Novices Meditators Novices Meditators

T0 T1 T0 T1 T0 T1 T0 T1

Coordination

  RP (°) 161.30 (4.25) 164.03 (3.38) 160.83 (5.51) 159.84 (4.73) 160.89 (4.36) 161.37 (5.24) 160.83 (3.60) 161.42 (4.58)

  SDRP (°) 12.86 (2.67) 11.18 (1.98) 14.85 (4.53) 15.20 (4.70) 14.05 (2.64) 13.05 (2.64) 15.03 (3.60) 12.81 (2.69)

  NT 3.23 (1.22) 3.23 (1.44) 4.18 (1.26) 4.00 (1.21) 2.92 (0.98) 4.33 (1.17) 2.73 (1.59) 3.46 (1.36)

  NC 35.25 (5.17) 33.17 (6.70) 36.98 (5.57) 36.86 (5.55) 36.90 (2.31) 41.67 (2.49) 32.54 (7.65) 34.39 (7.29)

D2

  TN 58.40 (3.15) 63.60 (3.15) 52.00 (4.81) 56.62 (5.15) 56.50 (4.29) 61.50 (4.03) 53.00 (5.48) 57.25 (4.86)

  CC 59.27 (2.93) 65.93 (2.97) 52.85 (5.10) 59.62 (2.22) 57.67 (5.00) 63.92 (4.37) 53.33 (5.37) 58.83 (4.98)

  E% 51.47 (3.62) 56.40 (2.47) 51.08 (4.73) 58.31 (2.80) 51.75 (4.27) 57.00 (2.71) 49.58 (5.26) 53.58 (4.10)

MAPIT

  PI (ms) 44.07 (19.06) 47.02 (14.65) 44.00 (16.62) 56.87 (19.45) 29.04 (19.21) 36.37 (24.41) 50.03 (15.48) 51.95 (18.39)

  MI (ms) 41.48 (18.25) 50.69 (18.62) 104.14 (47.64) 95.82 (41.12) 44.08 (23.86) 22.82 (11.42) 92.31 (23.75) 59.33 (19.03)

FIGURE 4

Mean relative phase variability (SDRP) at T0 and T1, irrespective of 
mindfulness experience and intervention. Error bars represent the 
normalized 95% confidence interval. *p ≤ 0.05.
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pattern stabilization mechanism, while the MM component of 
orienting attention to the present moment enhances more specifically 
the inhibitory mechanism (Bishop et al., 2004). The results of the 
attentional test that we discuss in the following subsection corroborate 
this assumption.

Regarding the contribution to MM literature, the observed acute 
benefits of MM practice on bimanual control adds on to those previously 

reported on precision control in novices following longer interventions 
(8 weeks, Meeûs et al., 2010; Naranjo and Schmidt, 2012). It extends the 
actual knowledge by showing that a single 15-min MM session is 
sufficient to observe transient benefits on motor control independent of 
whether participants had or had not a previous experience in MM.

4.3. Acute effects of MM on selective 
attention

We were expecting both interventions to enhance selective 
attention in both meditators and novices, but more so following 
MM. Our results showed indeed higher scores in the selective 
attention test after both interventions irrespective of previous MM 
experience, however to a similar extent for both. These results suggest 
that the solicitation of attentional resources within or outside MM 
practice could enhance selective attention, which is the ability to select 
perceptual task-relevant information. This observation goes hand in 
hand with the reduction of bimanual coordination variability that was 
observed after both interventions.

These findings add on to the previously reported benefits of MM 
on selective attention in novices following longer interventions 
(8 weeks, Jha et al., 2007; Jensen et al., 2012). The results of this study 
corroborate those of a recent work (Sleimen-Malkoun et al., 2023) on 
acute cognitive benefits of MM. That study showed that when 
controlling possible confounding factors, notably the participant’s 
engagement in the intervention, a unique MM session can acutely 
enhance cognitive performance, including selective attention, in both 
meditators and novices.

4.4. Acute effects of MM on motor and 
perceptual inhibition

We were expecting MM intervention to enhance motor and 
perceptual inhibition capacities in both meditators and novices. Our 

FIGURE 5

Bimanual coordination performance before (T0) and after (T1) both 
interventions, irrespective of mindfulness experience. (A) Number of 
trials without transition (NT) and (B) Number of cycles before 
transition (NC). Error bars represent the normalized 95% confidence 
interval. *p ≤ 0.05 and **p ≤ 0.01.

FIGURE 6

D2 performance at T0 and T1 irrespective of mindfulness experience 
and intervention. (A) total number of targets scanned (TN), 
(B) concentration capacities (CC), and (C) accuracy (E%). Error bars 
represent the normalized 95% confidence interval. ***p ≤ 0.001.

FIGURE 7

Motor inhibition scores (MI) for both interventions, at T0 and T1 
irrespective of mindfulness experience. Error bars represent the 
normalized 95% confidence interval. ***p ≤ 0.001.
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results partially confirmed this assumption, as only motor inhibition 
scores showed a statistically significant improvement following the 
MM session. This was equally the case for novices and meditators.

Our results suggest that a single MM session improves the ability 
to keep up with the task goal by suppressing prevalent responses, 
without the need for any previous experience in MM. However, it does 
not seem to be enough to help in preventing the consequences of 
interferences from task-irrelevant perceptual (visual) stimuli. These 
observed benefits of MM on motor inhibition appear consistent with 
a previous work on acute effects of MM on habitual responding 
(Wenk-Sormaz, 2005). That study showed that a single 20-min MM 
session can enhance the inhibition of prevalent verbal responses. The 
present study extends previous findings by showing that meditators 
and novices may equally benefit from MM. We could interpret the 
reduced automatic responding following MM as a de-automatization 
of the mental processes that shape and interpret perceptual stimuli 
(Lutz et al., 2008). It might be related to the development of a present-
centered awareness and to the decoupling between the perceived/
internal experiences and the overt behavior (Bishop et al., 2004; Levin 
et al., 2015). This has been reported in several behavioral areas, such 
as chronic pain or depression (Levin et al., 2015), while our results 
suggest that it might extend also to cognitive performance.

However, due to methodological heterogeneity, it’s not 
straightforward to compare our results with the available literature. 
An original and crucial aspect of the current study is the use of a single 
validated cognitive test (the MAPIT) to assess the effects of MM on 
motor and perceptual inhibition. Indeed, so far to our knowledge, the 
effects of MM practice on perceptual and motor inhibition have been 
investigated separately through different task paradigms (e.g., 
Go-Stop, Go/No-go for motor inhibition; Stroop, Hayling task for 
perceptual inhibition) and protocols, with no comparison between 
meditators and novices. When using separate tasks based on different 
frameworks, inconsistent results have been found following short-
term MM practice. For perceptual inhibition, some studies reported 
benefits [e.g., (Luu and Hall, 2017)] while others reported no effects 
[e.g., (Polak, 2009)]. Regarding motor inhibition, which has been 
scarcely investigated, studies reported short-term MM effects at the 
neural level (Andreu et  al., 2018), but not at the behavioral level 
(Andreu et al., 2018; Jaiswal et al., 2020; Baranski, 2021).

4.5. Mediation of MM’s benefits on 
bimanual coordination through Its motor 
inhibition benefits

Due to the functional link between cognition and motor control 
(Diamond, 2000; Prinz and Koch, 2009; Leisman et al., 2016; Stuhr 
et  al., 2018), especially during bimanual coordination [e.g., 
(Temprado et  al., 1999, 2020; Monno et  al., 2000)], we  were 
expecting that MM benefits on cognition could mediated its 
observed effects on motor control. Since no statistically significant 
test × intervention interaction was found for attentional and 
coordination variability benefits, and since no benefits were found 
on perceptual inhibition, we did not conduct mediation analysis 
with these variables. It was only conducted with the delta MI (score 
change in motor inhibition) as the mediator, and delta NT (change 
in number of trials without transition) or delta NC (change in 
number of cycles before transition) as the outcome.

Our results revealed no statistically significant indirect effect of 
MM on motor variables through delta MI. Hence, despite the fact that 
the observed MM acute effects on motor control and motor inhibition 
were concomitant and converging toward reduced reflexive 
responding, we  found no formal evidence for a mediation link 
between them. Nevertheless, this result does not exclude that MM 
benefits on cognitive functions could mediated its benefits on motor 
control at a longer-term, for instance, or through other functions. A 
plausible explanation of our findings is that the motor inhibition 
aspect assessed by the MAPIT is not specifically implicated in the 
intentional maintenance of anti-phase bimanual coordination pattern 
at transition frequency. This seems to be corroborated by a recent 
work (Sleimen-Malkoun et al., accepted) reporting that intentional 
maintenance of the anti-phase pattern is significantly correlated with 
perceptual inhibition capacities, but not with motor inhibition, as 
measured by the MAPIT. Moreover, the motor inhibition evaluated in 
the MAPIT might not be of the exact same nature as the one involved 
in the bimanual coordination task. Indeed, it has to be noted that the 
MAPIT implicates a discrete perceptual-motor task, while the 
bimanual coordination paradigm is a continuous cyclic task belonging 
to a separate movement class (Hogan and Sternad, 2007). It is 
noteworthy to acknowledge that motor inhibition processes involved 
in canceling prepared discrete movements and stopping ongoing 
rhythmic movements might be different (Hervault et al., 2019, 2021).

4.6. Conclusions, limitations and future 
directions

The present study offers evidence on the efficacy of a short MM 
session to enhance motor control, as well as selective attention and 
motor inhibition in healthy adults. These acute improvements were 
reflected by a better ability to stabilize and maintain intentionally the 
anti-phase bimanual coordination pattern, as well as a better ability to 
select perceptual task-relevant information and to suppress dominant 
responses. Orienting attention to the present moment, which is a 
specific component of MM, seems to be  crucial in the ability to 
maintain intentionally the anti-phase bimanual coordination pattern 
and for motor inhibition improvement. Since we  tested both 
meditators and novices and assessed the participants’ engagement in 
the interventions, one can conclude that these effects were not out of 
familiarity with mindfulness practice. However, although we found 
concomitant and coherent positive effects of MM on motor control 
and motor inhibition, we could not establish a formal mediation link 
between them. Overall, the demonstrated acute effects support the 
interest of MM as a training method in both motor and cognitive 
domains. In addition, it paves the way for the investigation of the 
mechanisms underlying MM effects on motor control.

These encouraging findings come, however, with some 
limitations that need to be addressed in future work. In the present 
protocol, the number of used cognitive tests had to be limited since 
acute effects are transient and their duration is still unknown. 
Hence, a first limitation is the difficulty of specifically testing all the 
relevant cognitive functions that could hold the mediation link. In 
future research, it would be interesting to assess cognitive flexibility 
and working memory, knowing their relevance to complex motor 
skills (Rigoli et al., 2012; Stuhr et al., 2018) and their improvement 
following MM (Chiesa et  al., 2011; Gallant, 2016). Another 
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limitation is the use of only an active control group. As suggested 
by Davidson and Kazsniak (Davidson and Kaszniak, 2015), a 
rigorous approach must include several control groups designed to 
rule out all alternative explanatory mechanisms of the expected 
effects. Relative to a passive intervention that does not significantly 
tap into attentional resources, it may have been possible to 
investigate the link between attentional and motor benefits 
following the MM intervention. Additionally, we recognize that one 
cannot exclude the possibility that the increase in D2 scores 
following both interventions could result, at least in part, from a 
repetition effect, as previously suggested (Prätzlich et al., 2016). 
Although the D2’s test–retest reliability has been proven even 
within 1 h (Brickenkamp et al., 2016), adding a second baseline test 
would further confirm this reliability. A larger sample size would 
be also needed to confirm the robustness of the observed benefits. 
Finally, using neuro-imaging techniques in combination with 
behavioral assessment would be  of great interest to reveal the 
neurophysiological underpinnings of the studied effects.
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