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Abstract
Background: Implicit motor learning is considered to be particularly effective for learning
sports-related motor skills. It should foster movement automaticity and thereby facilitate
performance in multitasking and high-pressure environments. To scrutinize this hypothesis,
we systematically reviewed all studies that compared the degree of automatization achieved
(as indicated by dual-task performance) after implicit compared to explicit interventions for
sports-related motor tasks.
Methods: For this systematic review (CRD42016038249) conventional (MEDLINE,
CENTRAL, Embase, PsycINFO, SportDiscus, Web of Science) and grey literature were
searched. Two reviewers independently screened reports, extracted data, and performed risk
of bias assessment. Implicit interventions of interest were analogy-, errorless-, dual-task-, and
external focus learning. Data analysis involved descriptive synthesis of group comparisons on
absolute motor dual-task (DT) performance, and motor DT performance relative to singletask motor performance (motor DTCs).
Results: Of the 4125 reports identified, we included 25 controlled trials that described 39
implicit-explicit group comparisons. Risk of bias was unclear across trials. Most comparisons
did not show group differences. Some comparisons showed superior absolute motor DT
performance (N=2), superior motor DTCs (N=4), or both (N=3) for the implicit compared
to the explicit group. The explicit group showed superior absolute motor DT performance in
two comparisons.
Conclusions: Most comparisons did not show group differences in automaticity. The
remaining comparisons leaned more toward a greater degree of movement automaticity after
implicit learning than explicit learning. However, due to an overall unclear risk of bias the
strength of the evidence is level 3. Motor learning-specific guidelines for design and especially
reporting are warranted to further strengthen the evidence and facilitate low-risk-of-bias trials.
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1. Introduction
The prospect for enhancing motor skill learning is exhilarating for practitioners in sports,
rehabilitation, and physical education. Accordingly, when implicit learning interventions were
proposed in handbooks of coaching and sport psychology41,77,81,82 as alternative to traditional
explicit instruction-based learning methods, these were readily adopted in sports practice
(e.g. football,83 soccer,84 and baseball85). The more traditional methods presume that motor
learning necessarily progresses from an initial verbal-cognitive phase, during which a learner
gains declarative knowledge about the technicalities of movement skill (i.e., regularities and
facts of movement execution) to increase performance, to a final autonomous phase, in which
the skill has become an automatized, procedural routine and the learner is barely aware of
movement execution.45,46 This mode of learning is generally referred to as explicit learning:
“… learning which generates verbal knowledge of movement performance (e.g. facts and
rules), involves cognitive stages within the learning process and is dependent on working
memory involvement”47(18, p.5).
By contrast, implicit learning methods take as starting point that such an initial cognitive
phase of declarative knowledge accrual is not mandatory. Instead, motor skill acquisition
would involve direct accumulation of procedural knowledge, which is inaccessible for
consciousness and is not dependent on working memory processing. Learners generally are
unable to verbally describe the technicalities of the skill.41,47,49,86 Thus, motor skills that are
learned implicitly are thought to be less reliant on declarative knowledge compared to skills
that are learned explicitly,49 and instead more strongly capitalize on automatic processes.47,72
In other words, after implicit learning motor control should be characterized by a greater
degree of automaticity or, since they are two sides of the same coin, by reduced conscious
control. This should be particularly evident in early learning, given that with protracted
practice also explicit motor learning would eventually culminate in automatized motor
control (see Figure 2.1).
Automatized motor skills are less easily disturbed when the performer’s cognitive resources
are compromised, for instance, due to fatigue or pressure or when concurrent tasks are
performed. Especially dual-tasking has been exploited by researchers to examine the degree
of movement automaticity achieved, or conversely, the degree of conscious control still
required.49,72,86–88 The tenet is that the degree of automaticity is proportional to the disruption
caused by cognitively demanding dual-tasks: The more automatized the motor skill, the more
robust performance is in dual-task conditions.19 A critical prediction therefore is that implicit
learning results in superior dual-task performance compared to explicit motor learning,
already after short practice periods.
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Figure 2.1. Schematic representation of the relation between implicit and explicit motor learning
and conscious control/automatic control as a function of skill level. With explicit learning (solid line),
motor control is highly cognitively demanding at the start of learning (in what Fitts and Posner called the
verbal-cognitive stage). With implicit learning (dashed line), motor control is relatively less dependent on
conscious control, and hence more automatic right from the start of learning. As skill acquisition unfolds
both explicit and implicit learning will result in more and more automated motor control, and eventually
converge. By measuring dual-task performance the degree of automaticity achieved can be measured.19,86,87
Please note that the model also takes into account that skill level and automaticity are tightly related, but
not interchangeable entities (i.e., skill acquisition involves more than just automating motor control).89,90
For the same level of skill performers may substantially differ in terms of the degree of conscious/
automatic control involved. On the other hand, skill level and automaticity generally co-develop with
practice. Hence, skill level is an important confounder when assessing automaticity of movement.

The presumed greater automatization of motor skills after implicit motor learning bears
great significance. In sports, maintaining performance in face of highly demanding dual-task
situations is key to success (e.g., simultaneously monitoring game tactics and hitting a drop
shot in tennis) and might even diminish risk of (re-)injury.91,92 Moreover, motor performance
should be more resilient to break down in fatiguing or high pressure situations41 – i.e., when
the athlete does not accumulate explicit knowledge early in learning, he/she will be less likely
to de-automatize motor performance by falling back on (or “reinvest”) such knowledge in these
situations.93 Hence, implicit motor learning methods have gained increasing interest among
sport coaches. It is recommended in handbooks of sport psychology77,82,94 and implicit motor
learning principles are now increasingly applied in (inter-)national sports (e.g. football,83
soccer,84 and baseball85). Similar developments have been signaled in rehabilitation.78,79,95
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Given its potential significance to sports science and practice, it is important to verify
whether implicit motor learning indeed results in a greater degree of movement automaticity
relative to explicit learning. Although individual research papers seem to support this claim, a
systematic review is lacking. Hence, our aim here was to perform a comprehensive systematic
review comparing the degree of movement automatization achieved after implicit and explicit
motor learning interventions of sports tasks in healthy adults. Automaticity of movement
was operationalized as motor skill performance during dual-tasking, probed on a separate
test after the explicit or implicit learning interventions were terminated. Two aspects of dualtask performance were investigated, namely (1) absolute motor performance in dual-task
conditions and (2) the robustness of motor performance to dual-task interference (i.e., the
relative difference in performance between single- and dual-task conditions, so-called motor
dual-task costs). If implicitly learned skills are indeed more automatic we should find higher
absolute motor dual-task performance and lower motor dual-task costs for the implicit groups
compared to explicit groups. In addition to summarizing the evidence, we performed a risk
of bias assessment to assess the certainty that there were no systematic factors that distorted
the implicit-explicit comparisons in the included studies. This is imperative for reliable
evaluation of results, as higher risk of bias leads to less reliable effect estimates, especially in
light of recent reports of issues with bias in motor learning research in general.96,97
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2. Methods
Prior to our search we registered our review on PROSPERO (International prospective
register of systematic reviews; registration number CRD42016038249).

2.1. Criteria for inclusion of studies
2.1.1. Population
Studies that investigated healthy athletes/adults (>18 years of age) were included. Studies
that included athletes with non-neurological sports-related injuries (e.g., ankle sprain, knee
injury) were also eligible for selection.

2.1.2. Experimental design
Studies were included if they compared the effects of an implicit- with an explicit motor
learning intervention on motor task performance in single- and dual-task (motor-motor or
motor-cognitive) conditions on separate retention tests (i.e., after practice was terminated
and the experimental interventions were no longer provided). Such tests are imperative
to determine whether an intervention has any lasting effect on motor performance and
automaticity. We distinguished between studies with immediate (<24h) and delayed (>24h)
retention tests.61,98 Published and non-published controlled trials for which a full report was
available were eligible for inclusion.

2.1.3. Implicit and explicit motor learning interventions
Studies were included if they compared explicit and implicit motor learning interventions.
This review followed the definitions outlined by a recent Delphi study,47 which we also used in
an earlier review on implicit motor learning post-stroke.96 As such, implicit and explicit motor
learning are thus not necessarily considered to be separate processes, but rather as two ends
of a continuum, with purely implicit motor learning on one end (motor performance occurs
without any processing of declarative movement related knowledge in working memory) and
purely explicit motor learning on the other end (motor performance is completely dependent
on the processing of declarative movement related knowledge in working memory). In sports
practice, it will be difficult to induce pure implicit motor learning, as athletes will always
have some awareness and verbal knowledge of their performance. Yet, interventions may
lead to relatively more implicit learning when they actively minimize athletes’ use of explicit
declarative knowledge to improve their performance.
Hence, the following motor learning interventions were labeled as ‘implicit’: (1) Analogy
learning: Providing the learner with a metaphorical instruction (e.g., for basketball free
throws: “Shoot as if you are trying to put cookies into a cookie jar on a high shelf ”54); (2)
Errorless or error-reduced learning: Minimizing the chance of mistakes during practice (e.g.,
Initially practice golf putting at close range, and then gradually increase putting distance48);

26

Does implicit motor learning lead to greater automatization of motor skills compared to explicit motor learning?
A systematic review

(3) Dual-task learning: Performing an attention-demanding secondary task during practice
(e.g., randomly generating letters while performing a table tennis forehand55); (4) External
focus learning57: Focusing attention on movement effects/goals (e.g., for dart throwing:
focusing on the flight of the dart or the bull’s eye99).
In contrast, verbal explicit instructions (that describe how the participant should perform the
movement), errorful learning/trial-and-error learning, and internal focus learning (where the
learner is instructed to focus on movement execution itself ) were considered to be ‘explicit’
motor learning strategies.47 So-called “discovery learning” interventions were only included
as an explicit intervention if learners were explicitly instructed to actively search rules of
movement.

2.1.4. Types of motor tasks
Classical studies into implicit motor learning have focused on the sequencing processes
underlying motor learning, by having participants learn a sequence of button presses (i.e.,
the serial-reaction time” (SRT) paradigm). Learning sports-related tasks, however, typically
requires one to acquire and optimize the dynamics of movement rather than to master the
appropriate sequence of movement.95 Therefore, we only included studies in which participants
needed to learn tasks with relatively complex movement dynamics (e.g., throwing, kicking,
jumping, grasping, balancing, and the like), while excluding studies that merely focused
on sequence (SRT) learning.95 Also, since performing as good as possible is a key element
in sports, we considered motor tasks to be sports-related only when such a performance
optimizing criterion was given.

2.1.5. Outcome measures
In order to make a consistent comparison between learning interventions, we only focused
on (dual-task) performance measures (e.g. seconds, meters, percentages, etc.). The degree of
automaticity of movement was operationalized as motor dual-task performance after practice
was completed. Two aspects of dual-task performance were assessed: (1) absolute motor
performance in dual-task conditions and (2) the robustness of motor performance to dualtask interference (i.e., the relative difference in performance between single- and dual-task
conditions, so-called motor dual-task costs).14

2.2. Data sources & search strategy
A medical research librarian assisted in the formulation of our search strategy (see Appendix
2.1). We did not impose any restrictions to our search. Two investigators (RP and EK)
searched the following electronic databases, from their inception up till March 2nd 2017:
MEDLINE (via Pubmed), CENTRAL, Embase, PsycINFO, SportDiscus and Web of
Science. Unpublished reports, conference abstracts, ongoing studies and other grey literature
were searched in BIOSIS Previews, British Library Inside, OpenGrey.eu, Clinical Trials.gov,
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The European Union Clinical Trials Register, ISRCTN registry, and the WHO International
Clinical Trials Registry Platform.

2.3. Study selection
First, study eligibility was assessed based on title and abstract. Potential relevant reports were
further assessed based on full text. The selection process was performed by two reviewers
independently (RP and EK). In case of disagreement, reviewers sought consensus through
discussion. A third independent reviewer (JK) was consulted in case of persistent disagreement.

2.4. Data extraction
Two reviewers (RP and EK) independently extracted data by means of a standardized data
extraction form. We extracted information regarding design, methodology, demographics
(e.g., age, gender, skill level, cognitive function tests); information regarding the experimentaland control intervention (e.g., type of motor learning intervention; frequency, volume, and
duration of practice, retention test interval, type of dual-task); outcome measures and findings
(estimates and measures of dispersion).

2.5. Risk of bias assessment
As stated earlier, for systematic reviews to obtain reliable conclusions, it is pertinent that
potential limitations of the included studies are considered carefully. We used the Cochrane’s
risk of bias tool for this purpose.100 Two reviewers (one with expertise in motor learning, EK,
and one epidemiologist, MW) independently evaluated the 5 major domains of biases (see
Cochrane for detailed information100):
•

•

•
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Selection bias: i.e., the presence of systematic differences between experimental groups in
terms of possible confounding prognostic factors. This can be prevented by proper random
allocation of participants to an experimental and control group, and by concealing the
allocation from the persons involved in participant enrollment.
Performance bias: i.e., the presence of systematic differences between groups in how
interventions are administered, other than the differences between the experimental and
control intervention. Think of more, longer, or more intense practice sessions for one
group compared to the other, or of differences in exposure to other important factors
(e.g., the person providing the intervention may implicitly have a more positive attitude
towards and/or gives more attention to one group of participants than to the other. This
can be prevented by blinding the participants and personnel providing the intervention
to group allocation)
Detection bias: i.e., a systematic difference in how the intervention’s outcome is
determined. This may especially influence subjective outcomes (e.g., the outcome assessors
beliefs/hypotheses regarding the interventions of interest may implicitly make him/her
more likely to award higher points to one group than to the other), but also plays a role
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•

•

•

with objective outcomes (e.g., when the assessor (implicitly) has a more positive attitude
toward one group of participants than to the other, this may systematically influence
performance outcomes). Detection bias can be prevented by blinding the outcome
assessor
Attrition bias: i.e., the presence of systematic group differences in the number of persons
that quit or drop-out from the experiment prematurely, or that are excluded from
analyses. Attrition bias is low when a study accurately reports study flow, and there are
no clear imbalances between groups in terms of drop-outs or exclusions.
Reporting bias: i.e., the presence of differences between the reported (published) findings,
and the initially planned and/or non-reported analyses. Low risk of reporting bias can be
ascertained when a registered study protocol confirms that all analyses were carried out as
planned, and all planned outcomes have been reported.
Other bias: We additionally determined whether there were any other potential risk of
biases, such as the absence of a separate pre-test to assess possible baseline differences in
motor ability between groups

Two reviewers (one with expertise in motor learning, EK, and one clinical epidemiologist,
MW) independently evaluated the included studies. Risk of bias on each domain was scored
using a set of predefined criteria. In line with recommendations, we specifically modified
these criteria for the purpose of this review (Appendix 2.2).100,101 Individual items were scored
‘+’ for low risk of bias; ‘-’ for high risk of bias and ‘?’ for unclear risk of bias. Eventually,
controlled trials were classified as low risk of bias (all items: ‘+’), moderate risk of bias (1 or 2
items: ‘-’), or high risk of bias (>2 items: ‘-‘). Trials were assigned an unclear risk of bias when
4 or more items were scored ‘?’.
We scored the corresponding overall ‘Level of Evidence’ in accordance to the table of
Oxford’s Centre for Evidence-Based Medicine.102 In this system, level 1 evidence is assigned to
systematic reviews. Randomized controlled trials at low risk of bias are classified as level 2 of
evidence. Lastly, nonrandomized controlled trials are assigned a level 3 evidence. In case of an
overall unclear or high risk of bias the strength of the evidence may be reduced by 1 level.102

2.6. Data synthesis and analysis
The analysis focused on both absolute dual-task performance and dual-task costs at retention.
For absolute performance, we assessed performance of the primary, newly-learned motor
skill and the secondary task during dual-task conditions. To determine dual-task costs, we
calculated the percentage difference in performance between single-task (ST) and dual-task
(DT) conditions at retention using the following formula: DT costs (DTC) = [(ST-DT)/
ST*100]. Higher costs indicate a larger deterioration of performance in the DT condition
compared to the ST condition. If possible, we also calculated DT costs for the secondary task.
Secondly, we assessed the reported amount of declarative knowledge of the intervention- and
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control groups, to assess the degree to which the interventions induced explicit (and thus
implicit) learning. If the implicit group had gained significantly less declarative knowledge
than the explicit group, the manipulation was considered successful.41,47,49,96
By means of the risk of bias assessment we determined whether quantitative data synthesis
through meta-analysis or subgroup analysis would be possible. Only low or moderate risk of
bias studies are eligible for data synthesis.100 If studies overall were at unclear or high risk of
bias, we planned a descriptive synthesis. When data of interest was not specifically reported in
the text, extraction of outcome values would be done, if necessary, manually (i.e., conversion
from graphs using InkScape). Subsequently, we conducted an unpaired independent t-test if
the exact relevant means and standard deviations could be obtained. If not, P-values for the
comparisons of interest were extracted from the studies’ text. Finally, a funnel plot was used
to assess the possible presence of publication bias.

3. Results
3.1. Study selection
Figure 2.2 shows the flow of study selection. The search yielded a total of 4125 single hits.
Screening for title and abstract resulted in the identification of 119 possibly relevant reports.
However, a majority of these reports was excluded after full text screening because they did
not make a comparison between implicit- and explicit learning interventions (N=37), or
lacked dual-task assessment at retention (N=37). Nine other studies were excluded because
they did not investigate a sports-relevant (motor) task. Three congress abstracts were identified
that were possibly relevant. However, attempts to contact the primary investigators were
unsuccessful.
Eventually, 25 studies were included in this systematic review (Figure 2.2).48,50,54–56,72,74,75,87,103–
118
Several studies described multiple experiments (N=448,56,110,113), retention tests (i.e., both
immediate and delayed retention tests; N=3105,111,113), or intervention groups (i.e. two implicit
groups; N=648,55,72,104,111,118). We evaluated these separately, such that our review includes a total
of 39 implicit-explicit motor learning comparisons: 29 concern comparisons on immediate
retention tests, and 10 concern comparisons on delayed retention tests. The possibility of
publication bias was explored by means of a funnel plot (Appendix 2.3). Only half (N=19)
the comparisons could be included in the funnel plot, as standard deviations were missing
for the other studies. No evidence for publication bias was deemed present: The funnel plot
appeared to have a symmetrical distribution, and Egger’s119 test revealed that the distribution
was not statistically asymmetrical (B0=-1.821,SE=1.192, 95% CI[-4.335, 0.693], p=0.145).
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6927 records identified
through database searching

161 records identified
through other sources

Embase: U6NH

British Library: U8

Medline BPubMedt: Nk6U

BIOSIS: Nx

Web of Science: N8x6

Open Grey: U=

PsychInfo: 88=

Clinicaltrialsggov: x-

SPORTDIScus: H69

ISRCTN: Hk

Cochrane: Nk8

EU Clinical Trials Register: WHO: =

7088 reports

2963 duplicates

4125 single reports
screened based on
title and abstract

4006 reports excluded based on title and
abstract

119 full-text articles
assessed for eligibility

94 articles were excluded:
no implicit vsg explicit comparison BN=Hkt
no dual.task at retention BN=Hkt

no suitable Bsports.relevantt task BN=N6t

no full text BN=Ht
no RCT BN=xt

no adults BN=Ht

25 studies included in
the systematic review

29 implicit vs. explicit
comparisons at
¨immediate¨ retention test
:<24h)

10 implicit vs. explicit
comparisons at
¨delayed¨ retention test
:>24h)

Figure 2.2. Flow chart of study search and selection.
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3.2. Study characteristics
Appendix 2.4 provides a detailed overview of each study’s characteristics. Twenty-five
randomized controlled trials were included, totaling 1040 participants (41% men vs.
59% women). Most studies concerned young adults (mean age=26.50 years; range=18-67
years), who were novice with respect to the motor task they needed to learn: 20 of the 25
studies explicitly state that participants had no prior experience, 5 studies do not describe
participants’ experience. Overall the majority of studies involved small sample sizes
(mean=13.9 participants per experimental group, range=6-25). Practice durations varied
from 1 day to 6 weeks, while subsequent retention interval ranged from 5 minutes to
2 weeks. The types of motor tasks investigated included: golf tasks (N=648,50,56,72,114,115), table
tennis tasks (N=655,104,105,107,112,118), balance board tasks (N=475,87,110,111), basketball free throws
(N=254,106), rugby passing (N=274,109), miscellaneous aiming/throwing tasks (N=3103,113,116),
and a surgical task108 and Pedalo riding117 (both N=1). Dual-task assessments at retention
mostly consisted of counting tasks; both backward counting (N=854,55,103–105,112,117,118) and
tone counting (N=648,50,56,72,110,113) were frequently tested. Other studies used (variants of )
probe reaction tasks (N=587,106,107,114,115) or had participants generate random digits/letters or
sequences thereof (N=674,75,108,109,111,116).

3.3. Risk of bias assessment
The risk of bias assessment was performed separately for each experiment. In this section, we
therefore refer to experiments, rather than studies.
Figure 2.3 provides an overview of biases per domain per experiment. Overall, experiments
exhibited an unclear risk of bias. This was predominantly due to a significant lack
of reporting. For instance, no detailed descriptions were available of randomization
procedures[cf. 111] and blinding of researchers, participants and outcome assessor, nor were
any study protocols available to assess reporting bias. Further, only 5 experiments reported
on the number of drop-outs in the experiment.74,75,109,111,114 Of these, 2 experiments109,111
scored a high risk of so-called attrition bias, due to a drop-out rate of more than 10%.
Generally, experiments scored best on one item of performance bias, namely the check the
degree to which learning was indeed more implicit in the implicit learning group than in the
explicit learning group. In 14 experiments the implicit group reported less explicit knowledge
than the explicit group,54–56,72,74,103–106,108,111,112,115,118 while this was not the case for 9 other
experiments.48,50,56,75,104,107,110 Seven experiments lacked this manipulation check, and therefore
were scored as having an “unclear risk of bias” on this item.87,109,113,114,116,117
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Abdoli zBRz

Chauvel zBRz

Koedijker zBB7 3 analogy vsT explicit

Koedijker zBB7 3 external vsT internal focus

Koedijker zBB8

Lam zBB9a

Lam zBB9b

Lam zBRB

Liao zBBR 3 Experiment R
Masters zBB8a

Masters zBB8b

Maxwell zBBR 3 Experiment R

Maxwell zBBR 3 Experiment z

Maxwell zBBz 3 Experiment R

Maxwell zBBz 3 Experiment z
Orrell zBB6a

Orrell zBB6b

Poolton zBB5

Poolton zBB6 3 Experiment R

Poolton zBB6 3 Experiment z
Poolton zBB7a

Poolton zBB7b

Sanli zBRI 3 Experiment R

Sanli zBRI 3 Experiment z
Schucker zBRB

Schucker zBRG

Singer R99G

Totsika zBBG

Tse zBR7

Wulf zBBR

Figure 2.3. Summary of risk of
bias assessment per experiment.
NB: ‘-’ is high risk of bias; ‘+’ =
low risk of bias; ‘?’ = unclear risk
of bias
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In the category other biases it was assessed whether groups were of similar motor skill before
the intervention. For 3 experiments no differences in motor skill were evident on a pretest,
and these were thus scored as having a low risk of bias on this domain.104,105,114 All other
studies were assigned a high risk of bias. With regard to the use of a pretest, we acknowledge
that there is a good reason for researchers to not incorporate a pretest in their design. That
is, during a (task-specific) pretest learners may already acquire explicit knowledge of the tobe-learned motor skill, which would interfere with subsequent implicit motor learning.48
However, please note that the overall risk of bias assessment would be unaffected and remain
“unclear”, even if the absence of pretest assessments would not be taken into consideration.
We refer to the discussion section for a more detailed discussion of this and the other risk of
bias issues noted here.
Overall, all studies were generally found to be at unclear risk of bias. This meant that (1) the
strength of the evidence was confined to level 3 (nonrandomized controlled trials); and (2)
that descriptive data synthesis was performed, as data synthesis by means of meta-analysis
was not justified.[29]

3.4. Descriptive synthesis
Table 2.1 gives an overview of the main intervention effects for all experiments and
comparisons made. Based on retention interval, we made a distinction between immediate
(<24h) and delayed (>24h) retention test phases. We categorized different comparisons of
learning interventions to discuss our main outcome values: absolute (motor + cognitive) dualtask (DT) performance; (motor + cognitive) dual-task costs (DTC); declarative knowledge.
In order to show strong evidence for superior DT performance due to implicit motor
learning, we determined that the implicit group must demonstrate significantly better motor
DT performance (i.e., better absolute motor DT performance or lower motor DTCs) and
significantly less declarative knowledge compared to the explicit group.
Finally, where possible, we also report single-task (ST) results for each group comparison.
This was done to check whether differences in motor skill level possibly confounded group
comparisons in dual-task performance. For instance, less skilled ST motor performance may
result in greater decrements in motor performance in DT conditions,120 (see also Figure
2.1).
We refer to the ‘Results’ column of Appendix 2.4 for details on the extracted data
for each comparison.
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Table 2.1. Summary of intervention effects for comparisons with immediate (<24 h) retention
intervals.
Study/experiment

Chauvel et al.
(2012)

72

Comparison

Errorless vs Errorful Young
Errorless vs Errorful
- Old
Analogy vs Explicit

Significant group differences (implicit vs explicit group)
Motor
ST
=
=

Motor Cognitive Motor
DT
DT
DTC
=
=
N/A
=

=

N/A

Cognitive
DTC
N/A

Declarative
knowledge
+

N/A

+

=

=

=

=

N/A

+

External vs Internal

=

=

=

=

N/A

=

Koedijker et al.
(2008) - Test phase
1 105
Lam et al. (2010) 107

Analogy vs Explicit

=

=

=

=

N/A

+

Errorless vs Errorful

=

=

=

=

N/A

=

Liao et al. (2001) Experiment 1 55

Analogy vs Explicit

?

?

N/A

+

N/A

+

Dual-task vs Explicit

?

?

N/A

+

N/A

+

Masters et al. (2008a)

Errorless vs Explicit

=

=

N/A

=

N/A

+

Errorless vs Errorful

=

+

N/A

+

N/A

N/A

Errorless vs Errorful

=

+

=

+

N/A

=

Errorless vs Errorful

?

?

=

N/A

N/A

=

External vs Internal

=

=

=

=

N/A

=

External vs Internal

=

=

=

=

N/A

=

Errorless vs Explicit

=

=

N/A

=

N/A

=

Koedijker et al.
(2007) 104

108

Masters et al.
(2008b)109
Maxwell et al. (2001)
- Experiment 1 48
Maxwell et al. (2001)
- Experiment 2 48
Maxwell et al. (2002)
- Experiment 1110
Maxwell et al. (2002)
- Experiment 2 110
Orrell et al. (2006a)
111

Orrell et al. (2006b) Test phase 1 75

Analogy vs Explicit

-

-

N/A

=

N/A

+

Errorless vs Explicit

=

=

N/A

=

N/A

+

Poolton et al. (2005)

Errorless vs Errorful

?

?

=

+

N/A

=

Poolton et al. (2006) - External vs Internal
Experiment 1 56
Poolton et al. (2006) - External vs Internal
Experiment 2 56
Poolton et al. (2007a) Errorless vs Errorful

=

+

=

+

N/A

+

=

=

=

=

N/A

=

=

=

N/A

+

N/A

+

?

?

N/A

+

N/A

+

Errorless vs Errorful

=

=

=

=

N/A

N/A

Errorless vs Errorful

=

=

=

=

N/A

N/A

50

74

Poolton et al. (2007b) Analogy vs Explicit
112

Sanli et al. (2014)
- Experiment 1-Test
Phase 1 113
Sanli et al. (2014)
- Experiment 2-Test
Phase 1 113
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Table 2.1. Continued
Schücker et al. (2010) Analogy vs Explicit

=

=

=

?

N/A

N/A

?

=

=

N/A

N/A

+

114

Schücker et al. (2013) Analogy vs Explicit
115

Singer et al (1993) 116

External vs Internal

?

+

=

N/A

N/A

N/A

Tse et al (2017) 118

Analogy vs Explicit –
Young
Analogy vs Explicit
– Old

+

+

N/A

=

N/A

+

+

+

N/A

=

N/A

+

NB: Green ‘+’: Significantly (p<0.05) better performance or less declarative knowledge for implicit group
compared to explicit group; Yellow ‘-’: Significantly (p<0.05) better performance or more declarative
knowledge for explicit group compared to implicit group; ‘=’: No significant difference between implicit
and explicit groups; ‘?’: Outcome measure was assessed, but corresponding p-values could not be
obtained; N/A: Outcome measure not assessed. Abbreviations: DT= dual-task; DTC= dual-task costs.
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Table 2.2. Summary of intervention effects for comparisons with delayed (>24 h) retention intervals.
Study/
Experiment

Comparison

Abdoli et al.
(2012) 103
Koedijker et al.
(2008)
- Test phase 2 105
Lam et
al.(2009a) 106
Lam et
al.(2009b) 54
Orrell et al.
(2006b)
- Test phase 2 75
Sanli et al.
(2014) Experiment 1-Test
Phase 2 113
Sanli et al.
(2014) Experiment 2-Test
Phase 2 113
Totsika et al.
(2003) 117
Wulf et al.
(2001) 87

Significant group differences (implicit vs explicit group)

Errorless vs Errorful

Motor
ST
+

Motor
DT
+

Cognitive
DT
=

Motor
DTC
+

Cognitive
DTC
N/A

Declarative
knowledge
+

Analogy vs Explicit

=

=

=

=

N/A

+

Analogy vs Explicit

=

=

=

=

N/A

+

Analogy vs Explicit

=

+

=

+

N/A

+

Analogy vs Explicit

-

-

=

?

N/A

+

Errorless vs Explicit

=

=

=

?

N/A

+

Errorless vs Errorful

=

=

=

=

N/A

N/A

Errorless vs Errorful

=

=

=

=

N/A

N/A

External vs Internal

+

+

N/A

?

N/A

N/A

External vs Internal

+

+

+

=

+

N/A

NB: Green ‘+’: Significantly (p<0.05) better performance or less declarative knowledge for implicit group
compared to explicit group; Yellow ‘-’: Significantly (p<0.05) better performance or more declarative
knowledge for explicit group compared to implicit group; ‘=’: No significant difference between implicit
and explicit groups; ‘?’: Outcome measure was assessed, but corresponding p-values could not be
obtained; N/A: Outcome measure not assessed. Abbreviations: DT= dual-task; DTC= dual-task costs.
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3.4.1. Immediate retention (<24h)
3.4.1.1. Errorless vs Errorful/Explicit instruction
First, we describe the results of the thirteen comparisons of errorless and errorfull/explicit
motor learning interventions. These comparisons concerned the following motor tasks: golfputting (N=5),48,50,72 rugby-throwing (N=2),74,109 disc-propelling (N=2),113 a surgical task
(N=1),108 balancing (N=2),75,111 and table tennis.107 The DT assessments consisted of tonecounting (N=7),48,50,72,113 probe reaction time(N=1),107 random letter generation (N=3),74,111
and digit sequence recall plus kettle lift (N=2).75
No single comparison showed significant differences in motor ST performance for the implicit
(i.e., errorless) compared to the explicit group.
Two comparisons48,109 found significantly better motor DT performance for the implicit group
compared to the explicit group. Nine comparisons72,74,75,107,108,111,113 did not show significant
differences, whereas this measure could not be obtained for two other comparisons.48,50
Cognitive DT performance did not differ for eight comparisons48,50,72,107,113 whereas this
measure was unavailable for the other five comparisons.74,75,108,109,111 Four comparisons48,50,74,109
revealed significantly lower motor DTC for the implicit group. Six comparisons75,107,108,111,113
did not show significant differences, whereas no motor DTCs were available for other three
comparisons.48,72 No comparisons were available for cognitive DTCs.
Five comparisons72,74,108,111 found significantly less declarative knowledge for the implicit
group, five others48,50,75,107 did not reveal any group differences, while the three others109,113
did not assess this measure.
Combined, no comparison showed superior absolute motor DT performance paired with
less declarative knowledge for the errorless group compared to the explicit group, while one
comparison showed superior motor DTCs and less declarative knowledge for the errorless
group compared to the explicit group.74 Thus, there is little evidence that errorless learning
benefits motor DT performance compared to explicit learning.
3.4.1.2. Analogy vs Explicit
Second, we included nine comparisons of analogy versus explicit motor learning interventions.
These concerned the following motor tasks: table-tennis (N=6),55,104,105,112,118 balancing (N=1),111
and golf (N=2).114,115 DT assessments included counting backwards (N=6),55,104,105,112,118 digit
sequence recall plus additional kettle lift (N=1),111 or a tone-judgment task (N=2).114,115
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With regard to single-task motor performance, group differences were evident for three
comparisons. Tse et al. found significantly better ST performance for the implicit (i.e., analogy)
groups (both young and old) than for the explicit groups,118 while Orrell et al. reported opposite
results.111
Tse et al.118 found significantly better motor DT performance for the implicit groups than
for the explicit groups, both in young and older adults. In contrast, Orrell et al.111 found
significantly better motor DT performance for the explicit- in comparison to the implicit
group. Four comparisons104,105,114,115 did not show significant differences, whereas this
measure could not be obtained for two other comparisons.55,112 In four comparisons104,105,114,115
cognitive DT performance did not significantly differ, whereas for the other five55,111,112,118 this
measure was not assessed. Two comparisons55,112 showed significantly lower motor DTC for
the implicit group. Five comparisons104,105,111,118 did not show significant differences, whereas
this measure was not available for two other comparisons.114,115 None of the experiments
analyzed DTC for the cognitive task.
For eight comparisons55,104,105,111,112,115,118 significantly less declarative knowledge was reported
by the implicit group than by the explicit group. Schücker et al.114 did not asses this measure.
Combined, two comparisons reported superior absolute motor DT performance combined
with less declarative knowledge for the analogy group compared to the explicit group,118
while one comparison found inferior absolute motor DTs and less declarative knowledge for
the analogy group.111 Two comparisons revealed superior motor DTCs and less declarative
knowledge for the analogy compared to the explicit groups.55,112 Thus, there is weak evidence
that analogy learning benefits motor DT performance compared to explicit learning.
3.4.1.3. External vs Internal Focus
Third, we included six external versus internal focus comparisons. These concerned the
following motor tasks: table-tennis (N=1),104 balancing (N=2),110 golf (N=2),56 and ball
throwing (N=1).116 DT assessments ranged from counting backwards (N=1)104 and tonecounting (N=4)56,110 to digit sequence recall (N=1).116
No single comparison showed significant differences in ST motor performance for the implicit
(i.e., external) compared to the explicit (i.e., internal) group.
Two comparisons56,116 revealed significantly better motor DT performance for the implicitin comparison to the explicit group. The remaining four comparisons did not show any
group differences in motor DT performance.56,104,110 Cognitive DT performance was similar
across groups for all six comparisons. Poolton et al. (Experiment 1)56 reported significantly
lower motor DTC for the implicit group. Four comparisons56,104,110 did not show significant
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differences, whereas Singer et al.116 did not assess this measure. No comparisons were available
for cognitive DTCs.
Poolton et al. (Experiment 1)56 found significantly less declarative knowledge for the implicit
group. For four comparisons, no significant differences were found between groups.104,110
Singer et al.116 did not assess this measure.
Taken together, one comparison56 found that the external focus group showed superior
absolute motor DT performance, superior motor DTCs, and reported less declarative
knowledge compared to the explicit group. Thus, there is little evidence that external focus
learning benefits motor DT performance compared to explicit learning.
3.4.1.4. Dual-task vs Explicit
The fourth comparison of interest was that of dual-task vs explicit motor learning interventions.
Liao et al.55 compared the effectiveness of these interventions on learning a table tennis task.
The dual-task assessment consisted of counting backwards.
No absolute motor and cognitive single and dual-task performance measures could be
obtained from the report. Significantly lower motor DTCs for the implicit group were
reported. Cognitive DTCs were not reported. Liao et al.55 also reported significantly less
declarative knowledge for the implicit group.
Thus, this comparison found evidence for better motor DT performance with implicit
learning: the dual-task group showed both superior motor DTCs as well as less declarative
knowledge compared to the explicit group.

3.4.2. Delayed retention (>24h)
3.4.2.1. Errorless vs Errorful/Explicit instruction
First, we included four errorless vs errorful/explicit instruction comparisons. These concerned
the following motor tasks: disc-propelling (N=2),113 ball-throwing (N=1),103 and balancing
(N=1).111 DT assessments consisted of tone-counting (N=2),113 counting backwards (N=1),103
and tone-counting while kettle-lifting (N=1).111
Abdoli et al.103 reported significantly better ST motor performance for the implicit (i.e.,
errorless) than for the explicit group. The other three comparisons did not show any differences
in single-task performance.111,113
Abdoli et al.103 reported significantly better motor DT performance for the implicit group.
The three other comparisons111,113 did not reveal any group differences in motor DT
performance. Implicit and explicit groups showed similar cognitive DT performance in all
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four comparisons. Abdoli et al.103 reported significantly lower motor DTC for the implicit
group. Two comparisons113 did not show significant group differences in motor DTC, while
motor DTCs were unavailable for one comparison.111 Cognitive DTCs were lacking for all
four comparisons.
Two comparisons103,111 found significantly less declarative knowledge for the implicit- than
for the explicit group. No information was available for the other two comparisons, because
Sanli et al.113 did not assess learners’ declarative knowledge.
Combined, out of the 4 comparisons, only Abdoli et al.,103 reported superior absolute motor
DT performance, motor DTCs, and less declarative knowledge for the errorless compared to
the explicit group. There thus seems to be some evidence for better motor DT performance
with errorless learning.
3.4.2.2. Analogy vs Explicit
Second, we included four comparisons of analogy and explicit motor learning. These
concerned the following motor tasks: basketball-throwing (N=2),54,106 table-tennis (N=1),105
and balancing (N=1).111 DT assessment consisted of counting backwards (N=2),54,105 probe
reaction time (N=1),106 and tone counting while kettle-lifting (N=1).111
Orrell et al.111 reported worse ST motor performance for the implicit (i.e., analogy) group
than for the explicit group. The other three comparisons did not find differences in ST motor
performance.54,105,106
Lam et al.54 found significantly better motor DT performance for the implicit group. Orrell
et al.,111 on the other hand, demonstrated significant better motor DT performance for the
explicit group. The two remaining comparisons105,106 did not show significant group differences
in motor DT performance. None of the comparisons revealed significant differences in
cognitive DT performance. Lam et al.54 reported significantly lower motor DTC for the
implicit group. Two comparisons105,106 did not reveal significant differences, whereas this
measure was unavailable for one other comparison.111 Cognitive DTCs were lacking for all
four comparisons.
All comparisons revealed significantly less declarative knowledge for the implicit group.
Combined, one comparison54 reported superior absolute motor DT performance, superior
motor DTCs, and less declarative knowledge for the analogy group compared to the explicit
group, while one comparison111 found inferior absolute motor DT performance, similar motor
DTCs, and less declarative knowledge for the analogy group. Therefore, there is conflicting
evidence that analogy learning benefits motor DT performance compared to explicit learning.
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3.4.2.3. External vs Internal
Finally, we included two comparisons of external versus internal focus interventions. One of
these involved ‘Pedalo’ riding (N=1)117 whereas the other involved learning of a balance board
task (N=1).87 The DT assessments were counting backward (N=1)117 and a probe reaction
time task (N=1).87
Both comparisons revealed87,117 significantly better ST motor performance for the implicit(i.e., external) than for the explicit (i.e., internal) group.
For both comparisons87,117 significantly better motor DT performance was evident for the
implicit group. Moreover, Wulf et al.87 also showed a significantly better cognitive DT
performance for the implicit group. This measure could not be obtained from Totsika et al.117
Wulf et al.87 reported no significant differences in motor DTC, but did find lower cognitive
DTC for the implicit group. Totsika et al.117 did not assess motor and cognitive DTCs.
Both Wulf and Totsika did not assess87,117 learners’ declarative knowledge.
Combined, there are clear indications for superior motor DT performance for the external
focus groups than for the explicit groups. However, because declarative knowledge was not
assessed, it is unclear whether this superior DT performance could be attributed to implicit
motor learning.

4. Discussion
This systematic review assessed whether greater automatization of movement (or conversely,
reduced reliance on conscious control) is achieved after implicit motor learning compared to
explicit motor learning. This should be evidenced by implicit learning interventions resulting
in superior absolute motor DT performance and/or lower motor DTCs, and less declarative
knowledge compared to explicit interventions.

4.1. Main findings
In total, we included 25 controlled trials that described 39 implicit-explicit motor learning
comparisons. In the majority of comparisons there were no group differences in absolute motor
DT performance or motor DTCs. In 5 comparisons did the implicit group show superior
absolute motor DT performance and less declarative knowledge compared to the explicit
group.54,56,103,118 In 7 comparisons lower DTCs and less declarative knowledge were found
for the implicit group than for the explicit group.54–56,74,103,112 Only in three comparisons did
the implicit group show both significantly superior absolute DT performance and superior
motor DTCs compared to the explicit group.54,56,103 Opposite results were virtually absent,
except for two comparisons which showed inferior absolute motor DT performance for the
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implicit group compared the explicit group.111 No comparisons revealed better motor DTCs
for the explicit group.
Those comparisons that found beneficial effects of implicit learning on motor DT performance
involved different types of interventions – errorless learning,74,103 dual-task learning,55
analogy learning,54,55,112,118 and external focus learning.56 Also, these comparisons involved
both immediate55,56,109,112,118 and delayed54,103 retention intervals. Thus, there are no strong
indications that the effects of implicit motor learning on dual-task performance are influenced
by the type of implicit intervention used, nor by retention interval. Yet, when we look at those
comparisons for which ST motor performance results were also available, a trend is observed
that ST and DT motor performance were correlated. That is, three of the six comparisons
that showed better motor DT performance for implicit groups, also reported better ST motor
performance103,118 (with the other three not showing any ST differences54,56,74). Also, both
comparisons that showed better DT performance for the explicit group also found better
ST performance after explicit learning.111 This raises the possibility that group differences in
motor DT performance could in part be attributable to group differences in skill level per se,
rather than the type of motor learning intervention (cf. Fig 1).
In sum, the majority of comparisons did not show differences in dual-task performance
measures between implicit and explicit motor learning interventions. For the remaining
comparisons there was a tendency toward better DT performance with implicit motor
learning compared to explicit motor learning. As all studies scored an overall unclear risk of
bias, the strength of the evidence is level 3. Below, we will first discuss how minimizing the
risk of bias and more detailed reporting can strengthen motor learning research. We close
with the implications for research and sports practice.

4.2. Minimizing risk of bias and strengthening research practices
The Cochrane risk of bias tool indicated an unclear risk of bias across the included studies,
mostly due to underreporting of results. It thus seems that the expectations about reporting
(and design) of authors, researchers, reviewers and editors in the field did not accord to the
criteria used in the Cochrane risk of bias tool. To start with, we want to make absolutely
clear that this must not be interpreted as an attack on the integrity of authors of the included
studies, nor as evidence that the included studies were of poor quality. Also, we suspect
that these findings are not specific to the studies in this review; earlier reviews revealed
similar issues regarding underreporting and risk of bias issues in motor learning research
in general.96,97 Yet, the fact that we cannot establish the extent to which biases were actually
present, or whether they affected the outcomes of the studies is precisely the main problem:
It is impossible to tell whether the results summarized in this review are an accurate estimate
of the underlying “true” effect, or whether they over- or underestimate it.97 We therefore
agree with Lohse et al.97 that if the field of motor learning is to remain relevant, research and
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especially reporting practices need to be strengthened. Hence, the remainder of this section
aims to increase awareness of the importance of detailed reporting and minimizing the risk
of bias, and develop initial proposals to yield stronger levels of evidence. The risk of bias
assessment performed in this review provides clear leads for this. These will be discussed in
turn.

4.2.1. Reporting bias
The main issue noted in this review is a serious lack of reporting. Therefore, first and foremost
future studies should use the CONSORT121 and STROBE122 statements to ensure that
researchers comprehensively describe their methods and results. In addition, study protocols
should be registered in advance to improve transparency and prevent possible reporting bias.
We acknowledge that up till now limited options were available to pre-register non-medical
research. Currently though suitable alternatives are widely available, either in the form of
open-access repositories such as the Open Science Framework (https://cos.io/our-products/
open-science-framework) or Dataverse (https://dataverse.org/), or in the form of so-called
“registered reports” format that is increasingly adopted by scientific journals, in which the
study protocol is pre-registered and peer-reviewed before the experiment is conducted.123,124
For more clinically oriented studies the ‘US National Institutes of Health Trial Register’ and
‘European Clinical Trial Register’ are respected platforms for registration.

4.2.2. Selection, detection and performance bias.
Other necessary methodological improvements to minimize the risk of selection, detection,
and performance bias include a detailed assessment of participants’ baseline and background
characteristics, proper blinding of personnel, and a manipulation check to ascertain the
extent to which the experimental interventions indeed resulted in relatively more implicit/
explicit motor learning.
First, participants’ baseline and background characteristics should be described in detail,
to ascertain sufficient group comparability. Most importantly, participants should be tested
before commencement of the intervention to assess whether the investigated groups are
similar in terms of motor ability. It has been argued that such a baseline assessment test
should not involve the exact same motor task as during the training- and test phase, because
learners would already acquire explicit knowledge of the to-be-learned motor skill, and hence
be less able to learn implicitly. In fact, this is why many researchers purposely have discarded
the use of pretest assessments in implicit motor learning research.48 One way to avoid this
might be to have participants perform a baseline assessment on a different, presumably
related motor task (e.g., measure participants’ sway during upright standing as baseline-test
for stabilometer practice). This is only a preliminary suggestions of how baseline assessments
may be done, whilst trying to prevent that subsequent implicit learning is thwarted. Future
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research is needed to test this approach, or to find alternative, possibly more suitable ideas to
address this problem.
Second, with regard to blinding, future studies should strive to have independent and
blinded researchers perform the group allocation and outcome assessment. This minimizes
the possibility that the experimenter will be (subconsciously) influenced while performing
allocation and pre- and post (retention)-tests. Blinding of the person who administers the
intervention will be more difficult to achieve, if not impossible. One way to minimize such
performance bias could be to appoint a research assistant with sufficient experimental skills
(e.g., in the domains of biomechanics, physiology, social psychology), but who does not have
in-depth knowledge of motor learning theories and is not aware of the research question and
expected results. However, this will only partly reduce the performance bias risk; it cannot be
ruled out that with time this person will figure out the hypothesis under investigation.
Third, studies must always include a manipulation check, in the form of an assessment of
learners’ declarative movement-related knowledge after practice is terminated. It is preferable
if such assessments also probe a learner’s episodic knowledge and not only the accumulated
generic knowledge, as the former is more closely linked to the degree to which people
explicitly control their performance.125 A clear strength of the current literature is that most
studies already incorporate episodic knowledge assessments,48,50,54–56,72,75,103–112,118 Future
studies could also screen episodic knowledge reports for hypothesis testing statements, which
may be particularly indicative of explicit learning.[e.g., 48]
The above described suggestions illustrate how the robustness of research practices in the field
of motor learning may be improved. They complement recommendations made by Lohse
and co-workers97 who additionally highlighted statistical biases in motor learning research.
Combined, these suggestions may be suitable starting points for a so-called Delphi study
in which motor learning experts along with statistical and methodological experts try to
find consensus on standard protocols and reporting guidelines for different types of motor
learning research.

4.3. Implications for research
There is some evidence that implicit motor learning improves movement automatization
compared to explicit motor learning, but there is obviously a need to further strengthen
the level of evidence. Based on our findings, analogy learning interventions may be best
suited for further research, as it seemed most apt at inducing implicit motor learning. When
we only consider the comparisons for which participants’ declarative knowledge reports
were available, analogy learning interventions most consistently effectuated implicit motor
learning. Specifically, analogy groups reported less declarative knowledge than the explicit
groups in all 12 comparisons that performed such checks.54,55,104–106,111,112,115,118 In contrast,
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comparisons that concerned errorless learning (7 out of 12 comparisons72,74,103,108,111) were
considerably less successful in this regard. Results are unclear for external focus interventions;
one comparison revealed less explicit knowledge for the implicit group,56 two did not,56,110 while
declarative knowledge checks were unavailable for the remaining 5 comparisons.87,104,116,117
Dual-task learning successfully induced implicit motor learning in the one experiment that
we included55 (see also Masters41).
Relatedly, retention intervals influenced whether interventions successfully elicited implicitand explicit motor learning. Manipulation checks were more often positive for comparisons
that concerned a delayed retention test (N=6/6) than for comparisons that concerned
immediate retention tests (N=15/24). Thus, a sharper distinction between implicit- and
explicit learning interventions may be achieved when the retention tests are delayed by at least
one night’s sleep. This would be in line with findings that sleep results in better consolidation
of both declarative and procedural knowledge,[e.g. 126] which may enhance the contrast between
these knowledge types. Since the variety in used retention intervals could possibly affect the
studies’ outcome, one should strive to a fixed retention interval of more than 24 hours.61,98
Also, we recommend that studies not only compare explicit and implicit groups’ motor DT
performance, but also compare the extent to which performance deteriorates in DT compared
to ST conditions – for instance by calculating DT costs.14 In addition, the calculation
of (cognitive) DT costs of the secondary task is required when examining the degree of
movement automaticity. This could only be obtained from one87 of the reviewed studies.
Without cognitive DTC assessment it is impossible to say whether group differences in the
primary motor DT performance and motor DTCs are not simply due to group differences
in task prioritization during dual-tasking. Relatedly, it is important that researcher use task
priority instructions and report these.
Further research may also validate potentially more objective methods than DT performance
to assess the degree of movement automaticity. A promising addition is the use of EEG
measurements. Zhu and co-workers found that increased movement automaticity is
characterized by reduced coherence between left-sided verbal-analytical brain regions (T3electrode) and central premotor brain regions (Fz).68,127 In addition to this, there is evidence
that task-irrelevant probes elicit less distinct event-related potentials (e.g., reduced amplitude
of the P3 component observed at the Pz electrode) when the motor task is more automatic.128
Future research should also strive for longer practice periods. The majority of studies in this
review only involved a single practice session.48,50,55,56,72,74,75,104,107–113,115,117,118 As such, most of
the evidence concerns the very early stages of learning, but relatively little is known about
the long-term effects of implicit and explicit motor learning interventions (see Koedijker et
al.,105 Schücker et al.,114 and Maxwell et al.49 for noteworthy exceptions). There is good chance
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that differences in single- and dual-task motor performance become smaller with increased
practice duration, given that – with sufficient practice – explicit learning should also lead to
similar degrees of automaticity.105 A sufficiently long practice period would allow researchers
to compare movement automaticity between implicit and explicit groups at the end-stage,
but also intermediate stages of skill development. This allows more fine-grained assessment of
the degree to which implicit motor learning enhances movement automatization at different
learning phases and/or skill levels.
Finally, future studies should incorporate larger samples, based on appropriate power
calculations. Most studies in this review concerned relatively small groups (mean N=14 per
experimental group). If studies lack sufficient power they are less likely to find significant
effects. Also, when they do find an effect it is more likely to over- or understate the “true”
effect.97,129

4.4. Implications for practice
For sports practice, there is currently not sufficiently strong evidence for the superiority of
implicit interventions over explicit ones – at least not when it comes to improving automaticity
(and dual-tasking). Please note that we did not assess other possible benefits of implicit motor
learning to athletic performance (i.e., greater single-task performance increase, more resilient
performance in fatiguing and high-stress conditions), so it is certainly possible that implicit
motor learning benefits performance in other ways. For now, it may therefore be best for
coaches and trainers to incorporate both approaches in their practice regimes, sometimes
encouraging their athletes to use a more explicit approach and sometimes stimulating them
to learn relatively implicitly. Based on this review, analogy learning may be one of the most
promising implicit learning methods for practical application, although it certainly does
require some ingenuity on the part of the coach to find proper individualized and meaningful
analogies for each athlete for different tasks. There is currently no direct evidence that tells us
in what circumstances it is best to either opt for an implicit or explicit approach. Some have
hypothesized that explicit learning is best suited for improving (strategic) action selection
(i.e., which movement solution is best for the given situation), whereas implicit strategies
may be more suitable to refine the actual implementation of the movement. Also, it has
been postulated that explicit approaches are useful when athletes want to improve or refine
a firmly consolidated yet “attenuated” motor skill, or when they are confronted with novel,
complex situations.130 Coaches may also want to take into account their athletes’ preferences
and working memory; people with explicit motor control preferences and larger working
memory capacity may benefit more from explicit interventions, and vice versa.73,131 Still,
please note that these are but hypotheses that await verification, and can by no means be used
as fixed guidelines.
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4.5. Strengths and limitations
We used a highly sensitive search strategy that was formulated by a research librarian and
motor learning expert, and that encompassed numerous conventional electronic databases,
grey literature sources, trial registers and hand searching of reference lists of included studies.
Another strength is that all steps in the review process were performed by two independent
reviewers. In addition, an epidemiologist and motor learning expert independently thoroughly
assessed studies’ risk of bias by means of the reference standard, the Cochrane’s risk of bias
tool. Nonetheless, several limitations remain.
First, this review was specifically restricted to the question of whether implicit motor learning
leads to a greater degree of automatization of sports-related motor tasks compared to explicit
motor learning. By doing so, we only focused on dual-task performance. Although singletask performance was assessed as well, this was only done for those studies that also looked at
DT performance. Therefore, the fact that a few studies showed a benefit of implicit learning
over explicit learning for single-task performance may be taken as indicative for the larger
number of studies available on this topic, they are by no means definitive. Also, this review
did not look into other presumed benefits of implicit motor learning, such as more robust
performance under psychological and physiological stress.[e.g., 41] However, as these benefits
are assumed to be associated with implicit motor learning resulting in accelerated movement
automation, it was deemed to be most important to first scrutinize this latter proposition.
A second limitation is that for this review we relied on learners’ self-reported declarative
knowledge to verify whether the explicit group indeed learned more explicitly than the
implicit group. There is debate regarding the validity of this approach, as it is unclear whether
the rules reported post-learning are also actually used during practice, and whether their use
actually gave rise to the observed performance improvements. Also, this measure may not
be particularly sensitive to detect group differences.132 Still, despite their limitations, verbal
reports are currently the best available and most frequently used measures, that can best be
compared across studies.
A third limitation is the absence of data synthesis by means of meta-analysis. Such an analysis
allows to weigh studies according to their relative sample sizes and/or the precision of the
effect estimate, and would therefore have provided more detailed insight into the relative
effectiveness of implicit and explicit motor learning. However, the unclear risk of bias
compromised the validity of meta-analysis, and required us to limit ourselves to a descriptive
data synthesis.100
Fourth, the review was limited to four types of implicit motor learning interventions, namely
analogy learning, errorless learning, dual-task learning, and external focus learning. This
approach resulted in the exclusion of several other used interventions, such as discovery
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learning, which narrows the scope of this review. Also, while experts and practitioners generally
agreed upon the former three interventions to be implicit motor learning interventions,47
they did not label external focus learning as such. Nonetheless, this intervention was
incorporated in this review, because there are indications that external focus learning is a
relatively implicit form of learning,86 that is suggested to result in a reduced build-up of
declarative knowledge.56,57
Finally, the presence of publication bias was assessed by means of a funnel plot. However, not
all comparisons could be included, due to missing standard deviations for certain comparisons.
Hence, the possibility of publication bias cannot be completely excluded.

5. Conclusions
This study found level 3 evidence for a small positive effect of implicit motor learning on
movement automaticity when compared with explicit motor learning. There is a clear need
to further investigate the possible benefits of implicit motor learning for sports practice. This
calls for uniform, motor learning-specific guidelines on design and reporting, to enable lowrisk-of-bias trials that yield stronger evidence.
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Appendix 2.1. Search strategy
Example of the search strategy for Medline.
#1

“Learning”[Mesh] OR Learn*[tiab] OR memor*[tiab] OR knowledge[tiab]

#2

Implicit*[tiab] OR procedural*[tiab] OR unintentional*[tiab] OR incidental*[tiab] OR
nondeclarative[tiab] OR non declarative[tiab] OR analogy[tiab] OR analogies[tiab] OR errorless[tiab] OR
dual task[tiab] OR external*[tiab] OR observational*[tiab] OR unconscious*[tiab] OR Explicit*[tiab] OR
internal*[tiab] OR reinvestment*[tiab] OR discover*[tiab] OR trial and error*[tiab] OR declarative*[tiab]
OR conscious*[tiab]
“Psychomotor Performance”[Mesh] OR “Motor skills”[Mesh] OR psychomotor*[tiab] OR task
perform*[tiab] OR motor*[tiab] OR movement*[tiab] OR muscle control*[tiab] OR muscular
control*[tiab]
“Sports”[Mesh] OR sport[tiab] OR sports[tiab] OR distract*[tiab] OR multi task*[tiab] OR ((dual[tiab]
OR secondar*[tiab] OR concurrent*[tiab]) AND task*[tiab]) OR (cognitive*[tiab] AND demand*[tiab])
OR (attention*[tiab] AND demand*[tiab])
(#1 AND #2 AND #3 AND #4) NOT (“Animals”[Mesh] NOT “Humans”[Mesh])

#3

#4

#5
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Appendix 2.2. Cochrane Risk of Bias Tool
Domain of bias

Qualification Criteria for assigning risk of bias
Sequence generation

Selection bias
+
?

Computer based random number generators, a table with random
numbers or similar methods
Quasi randomization procedures e.g. allocation based on date of birth or
on day of the week
None described sequence generation
Allocation concealment

Selection bias
+
?

Person(s) responsible for randomization should be independent and
blinded to participant at randomization
Person(s) responsible for randomization should are not independent or
blinded to participant at randomization
None described allocation concealment
Blinding of participants and personnel

Performance bias (1)
+

-

?
Performance bias (2)
+
?

Blinded participants and personnel;
It is stated that participants were not specifically informed about the nature of
the intervention
Personnel that provided intervention was not informed about nature of the
intervention
Non blinded participants and personnel;
It is not stated that participants were not specifically informed about the
nature of the intervention
Personnel that provided intervention was not informed about nature of the
intervention
None described or unclear blinding of participants and personnel
Manipulation check of degree to which motor learning had been implicit/
explicit
Implicit group demonstrated significantly less movement-related
knowledge than explicit group after learning
No clear differences in movement-related knowledge between implicit and
explicit groups
No manipulation checks described/reported
Blinding of outcome assessment

Detection bias
+

Blinded outcome assessor

-

Non blinded outcome assessment

?

Methods of (blinding) the outcome assessment were not described
Incomplete outcome data

Attrition bias
+

?

Random lost to follow up of participants was present when ≤ 10% was
lost to follow up
Selective lost to follow up of participants was present when > 10% was
lost to follow up
Unclear lost to follow up

+

Selective reporting (www.controlled-trials.com, ClinicalTrials.gov, http://
apps.who.int/trialsearch/ were searched for protocols)
Articles that reported all a priori described outcomes

-

Articles that did not report all a priori described outcomes

-

Reporting bias
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?

The protocol was not found.

+

No other systematic errors were present

-

Any other systematic errors that could lead to bias (e.g., baseline
differences between groups in motor skill, or other possibly relevant
factors)

Other biases
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Appendix 2.3. Funnel plot of included studies

mmFxx4mEm
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mmFxO8
mmF7pmEm
m3mxx7
mmFxO4mEmmm
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mmFxO5
mmFxxx
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mmFxxmEm
mmF75mEmmFm
mmF7pmEmm
mmFxO4mEmmFm
mmFxx8mEm
mmF48mEmmx
mmF54
mmFxOw

NB: Only comparisons for which standard deviations were available could be included in the funnel plot.
Assessment was conducted on the difference in absolute motor dual-task performance (X-axis) between
implicit and explicit groups at the latest retention test; experiments with positive value on X-axis indicate
better dual-task performance for the implicit group, in contrast to negative values which suggest explicit
superiority. Only participants in Orrell et al.75,111 executed a secondary motor task. These results were not
included in this funnel plot. Some experiments consisted of more than one test phase75,105,113 or motor
outcome.114 Therefore, multiple funnel plots were conducted to inspect whether this affected the result,
but this was not the case. Abbreviations: EF = external focus; IF = internal focus; SMD = standardized
mean difference; SE = standard error;

53

54

Number at baseline:
30

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): 0/30
Age (years): 22±2.0
All participants were right
handed

Number of groups: 3
Errorless (n=10)
Errorful (n=10)
Control (n=10)

Inclusion/exclusion criteria:
No visual/motor impairment

Participants

Study

Abdoli et al.103

Implicit versus Explicit comparison:
Motor ST: p=.003
Motor DT: p<.0001
Motor DTC: p<.05
Secondary DT:
Accuracy: p=.41
Speed: p=.20
Secondary DTC: N/A
Declarative knowledge: p<.0001

Declarative knowledge:
Implicit = 5.1±1.0
Explicit = 9.4±1.8

Secondary task performance:
Implicit
ST = N/A
DT
Accuracy = 87±77%
Speed = 13.68±2.97
DTC = N/A
Explicit
ST = N/A
DT
Accuracy = 66±13%
Speed = 10.99±5.63
DTC = N/A

Motor task performance:
Implicit
ST = 49.4±4.5
DT = 46.3±5.3
DTC= 6.3%
Explicit
ST = 41.9±5.3
DT = 31.2±3.4
DTC = 25.5%

Primary outcome:
Primary motor task:
Throwing precision (number of
points awarded per block; M± SD)
Secondary task:
Counting accuracy & speed
(M±SD)

Groups of interest:
Errorless (‘Implicit’):
Distance from target was progressively
increased (2.5-3.5 m in 0.25 m steps).
Errorful (‘Explicit’):
Distance from target was progressively
reduced (3.5-2.5 m in 0.25 m steps);

Ball-throwing task
- Hitting a concentric target
on a board by bouncing
the ball via a specific target
zone on the ground
- Maximum score: 10
points/throw
Secondary outcome:
Procedure:
Declarative knowledge:
Days 1-3: Learning phase:
Number of explicit rules (M±SD)
5 blocks 25 ST trials / day
End of day 3: 1 block of 10 ST trials at
3 m distance
Day 4:Test Phase:
2 test blocks of 10 trials, at 3 m distance:
ST
DT (counting backwards from 1100 in
steps of 3)
2 transfer tests (throwing from shorter/
longer distance than 3 m)

Results (retention)

Outcome measures

Intervention

Task

Appendix 2.4. Study Characteristics.
Chapter 2

Study

Participants

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Younger adults
Gender (m/f ): 24/24
Age (years): 23.5±3.3
Older adults
Gender (m/f ): 25/23
Age (years): 65.0±3.7

Number of groups: 4
Errorful-young (n=24)
Errorless-young (n=24)
Errorful-old (n=24)
Errorless-old (n=24)

Inclusion/exclusion criteria:
No visual/hearing impairments
No history of neurological
disease
No medication that affects
cognition.

Chauvel et al.72 Number at baseline:
48 younger adults
48 older adults

Groups of interest:
Errorless (‘Implicit’):
Distance from target was progressively
increased (0.25-1.0 m in 0.25 m steps)
Errorful (‘Explicit’):
Distance from target was progressively
reduced (2.25-1.5 m in 0.25 m steps)

Golf putting task

Procedure:
Day 1: Learning phase:
4 blocks of 40 ST trials.
Day 1: Test phase:
One 40 trial-block, at 1.25 m distance
Groups were split:
ST: ½ of errorless & errorful groups
DT: ½ of errorless & errorful groups
(secondary tone counting while putting)

Intervention

Task

Secondary task performance:
Implicit-young		
ST = N/A
DT = 87.5±14.1%
DTC = N/A
Explicit-young
ST = N/A
DT = 89.2±8.8%
DTC = N/A
Implicit-old
ST = N/A
DT = 85.7±9.2%
DTC = N/A
Explicit-old
ST = N/A
DT = 78.6±9.9%
DTC = N/A

Motor task performance:
Implicit-young
ST = 29.1±7.0
DT = 26.9±5.0
DTC = N/A
Explicit-young
ST = 29.1±3.0
DT = 27.5±4.3
DTC = N/A
Implicit-old
ST = 24.1±10.7
DT = 26.5±7.0
DTC = N/A
Explicit-old
ST = 24.0±6.7
DT = 21.5±6.7
DTC = N/A

Primary outcome:
Primary motor task:
Number of successful putts
(M±SD)
Secondary task:
Counting accuracy (%; M±SD)
Secondary outcome:
Declarative knowledge:
Number of explicit hypothesis
(M±SD)

Results (retention)

Outcome measures
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Inclusion/exclusion criteria:
No experience in table tennis.

- Analogy vs.
Explicit

General descriptives (of total
sample – combined with Koedijker
et al., 2007 – External vs.
Internal focus):
Gender (m/f ): 7/27
Age (years): 21.8±3.6

Number of groups: 2
Explicit (n=9)
Analogy (n=8)

Number at baseline:
17

Participants

Koedijker
et al.104

Study

Table tennis task
- Participants stood
opposite a ball machine
and hit the ball to target at
opposite side of table

Task

Primary outcome:
Primary motor task:
Combined score of accuracy and
movement execution (M± SD)
Secondary task:
Counting accuracy (%) and speed
(s; M± SD)
Secondary outcome:
Declarative knowledge:
Number of explicit (combined
internal and external focus) rules
(M± SD)

Procedure
Day 1: Pretest:
50 ST trials
Day 1: Learning phase
9 blocks of 50 ST trials
Day 1: Test phase:
3 test blocks of 50 trials:
Low-pressure ST (LPT-ST)
High-pressure ST (HPT-ST)
Low-pressure DT (counting backwards
from 1100 in steps of 3)

Outcome measures

Groups of interest:
Analogy (‘Implicit’):
“Pretend drawing a right-angled triangle
with the bat”
Explicit (‘Explicit’):
Explicit instructions on table tennis
forehand performance

Intervention

Declarative knowledge:
Implicit: 4.0±1.8
Explicit: 7.6±2.8

Secondary task performance:
Both groups combined:
ST = N/A
DT =
Accuracy: 96-98%
Speed: 2.46-2.87 s

Motor task performance:
Implicit
(LPT-)ST = 2.88±1.21
DT = 3.09±1.66
DTC= -7.3%
Explicit
(LPT-)ST = 3.23±0.87
DT = 2.43±1.18
DTC= 24.8%

Implicit versus Explicit comparison:
Young groups
Motor ST: p=1.0
Motor DT: p=.76
Motor DTC: N/A
Secondary DT: p=.73
Secondary DTC: N/A
Old groups
Motor ST: p=.96
Motor DT: p=.09
Motor DTC: N/A
Secondary DT: p=.08
Secondary DTC: N/A
Combined groups:
Declarative knowledge: p=.042

Declarative knowledge:
Implicit – young&old combined:
1.2 ± 0.9
Explicit – young&old combined:
1.6 ± 1.0

Results (retention)
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Inclusion/exclusion criteria:
Same as described above
(Koedijker et al. 2007 – Analogy
vs. Explicit Learning)

– External vs.
Internal Focus

Pre-test single task motor
performance:
External = 1.49±0.76
Internal = 1.66±1.00
T-test on pretest: p=.70

Specific group characteristics:
N/A

General descriptives:
Same as described above
(Koedijker et al. 2007 – Analogy
vs. Explicit Learning)

Number of groups: 2
External Focus (n=9)
Internal Focus (n=8)

Number at baseline:
17

Pre-test single task motor
performance:
Explicit = 1.63±0.59
Analogy = 1.08±0.45
T-test on pretest: p=.049

Specific group characteristics:
N/A

Participants

Koedijker
et al.104

Study

Table tennis task
- Same as for Koedijker
et al. 2007 – Analogy vs.
Explicit Learning

Task

Procedure
Identical to Koedijker et al. 2007 –
Analogy vs. Explicit Learning

Groups of interest:
External focus (‘Implicit’):
“Attend to the ball at all times”
Internal focus (‘Explicit’):
“Focus on movement execution”

Intervention

Secondary outcome:
Declarative knowledge:
Number of explicit (combined
internal and external focus) rules
(M±SD)

Primary outcome:
Primary motor task:
Combined score of accuracy and
movement execution (M±SD)
Secondary task:
Counting accuracy (%) and speed
(s; M±SD)

Outcome measures

Implicit versus Explicit comparison:
Motor ST: p=.89
Motor DT: p=.93
Motor DTC: p>.05
Secondary DT: p>.05
Secondary DTC: N/A
Declarative knowledge: p=.23

Declarative knowledge:
Implicit: 6.5±3.1
Explicit: 4.9±2.0

Secondary task performance:
Both groups combined:
ST = N/A
DT =
Accuracy: 96-98%
Speed: 2.46-2.87 s

Motor task performance:
Implicit
(LPT-)ST = 2.53±1.01
DT = 2.18±0.92
DTC= 13.8%
Explicit
(LPT-)ST = 2.60±1.00
DT = 2.22±1.01
DTC= 14.6%

Implicit versus Explicit comparison:
Motor ST: p=.50
Motor DT: p=.37
Motor DTC: p>.05
Secondary DT:
Accuracy: p>.05
Speed: p>.05
Secondary DTCs: N/A
Declarative knowledge: p=.007

Results (retention)
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Number at baseline:
15

Pre-test single task motor
performance:
Analogy = 1.94±1.48
Explicit = 1.33±0.73
T-test on pretest: p=.32

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): 2/13
Age (years): 19.6±3.4

Number of groups: 2
Analogy (n=7)
Explicit (n=8)

Inclusion/exclusion criteria:
No experience in table tennis

Participants

Study

Koedijker et
al.105
Primary outcome:
Primary motor task:
Combined score of accuracy and
movement execution (M±SD)
Secondary task:
Number of incorrect counts, and
number of counts/second (M±SD)
Secondary outcome:
Declarative knowledge:
Number of explicit (combined
internal and external focus) rules
(M± SD)

Groups of interest:
Analogy (‘Implicit’):
“Pretend drawing a right-angled triangle
with the bat”
Explicit (‘Explicit’):
Explicit instructions on table tennis
forehand performance
Procedure:
6 sessions, spread over six weeks:
Week 1: Pretest (PT):
50 ST trials
Week 1: Early learning phase:
14 blocks of 100 ST trials
Week 1: Test phase 1:
3 test blocks of 50 trials
Low-pressure ST (LPT-ST)
High-pressure ST (HPT-ST)
DT (counting backwards from 1100 in
steps of 3)
Weeks 2 -5: Prolonged learning phase:
- Sessions 2&3: 15 blocks of 100 trials
- Sessions 4&5: 20 blocks of 100 trials
Week 6: Test phase 2:
- Procedure similar to test phase 1,
except that there was no pretest.

Table tennis task
- Participants stood
opposite a ball machine
and hit the ball to target at
opposite side of table

Outcome measures

Intervention

Task

Secondary task performance:
Both groups and test phases combined:
ST = N/A
DT =
Accuracy: 2.8±2.5 incorrect
Speed: 0.5/s

Motor task performance:
Test phase 1 (Immediate)
Implicit
(LPT-)ST = 4.67±2.35
DT = 4.47±2.31
DTC= 4.3%
Explicit
(LPT-)ST = 4.09±1.60
DT= 3.84±1.87
DTC= 6.1%
Test phase 2 (Delayed)
Implicit
(LPT-)ST = 4.42±1.53
DT = 4.24±1.06
DTC= 4.1%
Explicit
(LPT-)ST = 5.56±0.95
DT= 4.84±1.21
DTC= 12.9%

Results (retention)
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Study

Participants

Task

Intervention

Outcome measures

Implicit versus Explicit comparison:
Test phase 1 (Immediate)
Motor ST: p=.58
Motor DT: p=.57
Motor DTC: p>.31
Secondary DT: p>.39
Secondary DTC: N/A
Declarative knowledge: p=.001
Test phase 2 (Delayed)
Motor ST: p=.10
Motor DT: p=.33
Motor DTC: p>.31
Secondary DT: p>.39
Secondary DTC: N/A
Declarative knowledge: p=.003

Declarative knowledge:
Test phase 1 (Immediate)
Implicit: 2.9±1.7
Explicit: 7.5±2.4
Test phase 2 (Delayed)
Implicit: 2.4±0.6
Explicit: 5.0±1.8

Results (retention)
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Number at baseline:
24

Pre-test single task secondary
task performance:
Analogy: 452.3±79.7
Explicit: 424.3±67.9

Pre-test single task motor
performance: N/A

Specific group characteristics:
Analogy:
Gender (m/f ): 0/12
Age (years): 21.9±1.7
Weight (kg): 53.8±9.7
Height (m): 1.61±0.04
Explicit:
Gender (m/f ): 0/12
Age (years): 21.1±1.2
Weight (kg): 53.9±6.5
Height (m): 1.63±0.04

Number of groups: 2
Analogy (n=12)
Explicit (n=12)

Inclusion/exclusion criteria:
Only female participants

Participants

Study

Lam et al.106
Groups of interest:
Analogy (‘Implicit’):
“Shoot as if you are trying to put cookies
into a cookie jar on a high shelf.”
Explicit (‘Explicit’):
Eight instructions describing correct
shooting technique

Basketball free throws
- Shooting from a seated
position into a standard
basketball rim

Procedure:
Day 1&2: Learning phase:
6 blocks of 40 trials
All participants aimed to maximize their
shooting performance while responding
as quickly as possible to auditory probes
Day 3:Test phase:
2 retention blocks of 40 trials; ad
random trials were performed
Without auditory probes
With auditory probes presented before
movement initiation
With auditory probes presented during
movement execution
1 transfer block (similar procedure
as for retention, but in high-pressure
conditions)

Intervention

Task

Secondary outcome:
Declarative knowledge:
Number of explicit rules (M±SD)

Motor task performance: ?
Authors do not report motor performance
for trials with and trials without probes for
implicit and explicit groups separately

Primary outcome:
Primary motor task:
Accuracy (number of points per
block; M± SD)
Secondary task:
Probe reaction time (ms; M±SD)

Implicit versus Explicit comparison:
Motor ST: p>.10
Motor DT: p>.10
Motor DTC: p>.05
Secondary DT: p>.05
Secondary DTC: N/A
Declarative knowledge: p<.0001

Declarative knowledge:
Implicit= 1.9±1.3
Explicit = 6.2±2.2

Secondary task performance:
Implicit
ST = N/A
DT (execution)= 447.7 ms
Explicit
ST = N/A
DT (execution)= 455.7 ms

Results (retention)

Outcome measures
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Number at baseline:
27

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): ?
Age (years): 21.0±1.1
Weight (kg): 49.1±5.7
Height (m): 1.59±0.05

Number of groups: 3
Explicit (n=9)
Analogy (n=9)
Control (n=9)

Inclusion/exclusion criteria:
No previous experience with
basketball shooting

Participants

Study

Lam et al.54
Groups of interest:
Analogy (‘Implicit’):
“Shoot as if you are trying to put cookies
into a cookie jar on a high shelf.”
Explicit (‘Explicit’):
8 instructions describing correct
shooting technique

Basketball free throws
- Shooting from a seated
position into a standard
basketball rim.

Procedure:
Day 1-3: Learning phase:
8 blocks of 20 ST trials per day
Day 4:Test phase:
3 test blocks of 20 trials:
2 ST blocks
1 DT blocks (counting aloud backward
in threes from 1100)

Intervention

Task

Implicit versus Explicit comparison:
Motor ST: p=.96
Motor DT: p<.001
Motor DTC: p<.05
Secondary DT:
Accuracy= p>.05
Speed= p>.05
Secondary DTCs: ?
Declarative knowledge: p<.0001

Declarative knowledge:
Implicit = 2.7±0.8
Explicit = 7.9±2.2

Secondary task performance:
Implicit
ST = N/A
DT
Accuracy= 91.9%
Speed= 20.8 counts/min
DTC = N/A
Explicit
ST = N/A
DT
Accuracy= 91.1%
Speed= 21.1 counts/min
DTC = N/A

Motor task performance:
Implicit
ST = 65.7±3.5
DT = 65.7±4.1
DTC= 0%
Explicit
ST = 65.8±5.1
DT = 59.3±1.6
DTC= 9.9%

Primary outcome:
Primary motor task: Accuracy
(number of points per block;
M±SD)
Secondary task:
Counting accuracy (%) and speed
(counts/minute; M±SD)
Secondary outcome:
Declarative knowledge:
Number of explicit rules (M±SD)

Results (retention)

Outcome measures
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Number at baseline: 36

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): 22/14
Age (years): 21.5±2.0

Number of groups: 2
Errorless (n=18)
Errorful (n=18)

Inclusion/exclusion criteria:
No experience with golf putting
or field hockey

Participants

Study

Lam et al.107

Groups of interest:
Errorless (‘Implicit’):
Distance from target was progressively
increased (0.25-2.0 m in 0.25 m steps)
Errorful (‘Explicit’):
Distance from target was progressively
reduced (2.0-0.25 m in 0.25 m steps)

Golf putting task

Procedure:
Day 1: Learning phase:
8 blocks of 50 trials
Ad random trials were performed
Without auditory probes
With auditory probes presented before
movement initiation
With auditory probes presented during
movement execution
Day 1: Test phase:
4 blocks of 50 trials, at 2 m distance:
2 blocks with similar procedure to
practice blocks
2 transfer blocks: putting with unusual
putters

Intervention

Task

Implicit versus Explicit comparison:
Motor ST: p=.34
Motor DT: p=.73
Motor DTC: p>.12
Secondary DT: p=.39
Secondary DTC: N/A
Declarative knowledge: p=1.0

Declarative knowledge:
Implicit = 4.3±2.2
Explicit = 4.2±2.2

Secondary task performance:
Implicit
ST = N/A
DT = 513.7±100.6
Explicit
ST = N/A
DT = 559.3±117.9

Motor task performance:
Implicit
ST (no probe) = 101.1±38.6
DT (execution) = 94.9±37.0
DTC= 6.1%
Explicit
ST (no probe) = 88.6±38.5
DT (execution) = 88.8±35.4
DTC= 0.2%

Primary outcome:
Motor task:
Accuracy (number of points per
block; M±SD)
Secondary task:
Probe reaction time (ms; M±SD)
Secondary outcome:
Declarative knowledge:
Number of explicit
(mechanical+hypothesis testing)
rules (M± SD)

Results (retention)

Outcome measures

Chapter 2

Number at baseline: 30

Pre-test single task motor
performance: N/A

Specific group characteristics:
For each group, gender (m/f ):
2/8

General descriptives:
Gender (m/f ): 6/24
Age (years): 27.5±4.4

Number of groups: 3
Analogy (n=10)
Dual-task (n=10)
Explicit (n=10)

Inclusion/exclusion criteria:
Novice table tennis players
Never received any form of
instruction
Never practiced more than once
a fortnight

Participants

Study

Liao et al.55
Groups of interest:
Analogy (‘Implicit’):
“pretend to draw a right-angled triangle
with the bat”
Dual-task (‘Implicit’):
Performed concurrent secondary task
(random letter generation)
Explicit (‘Explicit’):
Received 12 basic instructions on how to
hit topspin forehand

Table tennis task
- Hit table tennis ball onto
target area with topspin
using forehand stroke

Procedure:
Day 1: Learning phase:
6 blocks of 50 trials
Day 1: Test phase:
2 test blocks of 50 trials:
ST
DT (counting aloud backwards in threes
from 1100)

Intervention

Task

Implicit versus Explicit comparison:
Motor ST: ?
Motor DT: ?
Motor DTC:
Analogy&Dual-Task groups vs. Explicit
group: p<.01
Analogy vs. Dual-task group: p=.97
Secondary DT: N/A
Secondary DTC: N/A
Declarative knowledge:
Analogy&Dual-Task vs. Explicit group:
p<.001
Analogy vs. Dual-task group: p=.52

Secondary task performance: N/A
Declarative knowledge:
Implicit (analogy) = 1.51
Implicit (dual-task) = 0.97
Explicit = 6.54

Motor task performance:
Implicit (analogy)
ST = 30.67
DT = 29.92
DTC= 2.4%
Implicit (dual-task)
ST = 28.01
DT = 27.46
DTC= 2.0%
Explicit
ST= 32.59
DT = 18.81
DTC= 42.3%

Primary outcome:
Primary motor task:
Accuracy (number of points per
block; M±SD)
Secondary task:
Performance not assessed
Secondary outcome:
Declarative knowledge:
Number of explicit rules (M±SD)

Results (retention)

Outcome measures
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Participants

64

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): ?
Age (years): 20.5±1.2

Number of groups: 2
Errorless (n=17)
Errorful (n=18)

Inclusion/exclusion criteria:
Not specified

Masters et al.109 Number at baseline: 41 (6
drop-outs)

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): 17/19
Age (years): 22±3

Number of groups: 3
Errorless (n=12)
Explicit (n=12)
Control (n=12)

Inclusion/exclusion criteria:
Right-handed
No previous operative experience

Masters et al.108 Number at baseline: 36

Rugby passing task
- Rugby ball needed to be
thrown underhand at an
elevated target (125 cm)
consisting of 3 concentric
squares (30, 100 & 150 cm)

Groups of interest:
Errorless (‘Implicit’):
The correct position of suture points
were pre-marked to reduce mistakes
Explicit (‘Explicit’):
Detailed verbal instructions about the
task were provided concurrent with
demonstration of skill

Suturing and knot tying
task

Primary outcome:
Primary motor task:
Accuracy (millimeters from target;
M±SD)
Secondary task:
Performance not assessed

Implicit versus Explicit comparison:
Motor ST: p=.29
Motor DT: p=.04
Motor DTC: p<.05
Secondary DT: N/A
Secondary DTC: N/A
Declarative knowledge: N/A

Secondary task performance: N/A
Declarative knowledge: N/A

Motor task performance:
Implicit
ST = 188.2±43.1
DT = 184.0±37.5
DTC= -2.2%
Explicit
ST = 171.6±47.7
DT = 211.2±39.0
DTC= 23.1%

Implicit versus Explicit comparison:
Motor ST: p=.60
Motor DT: p=.31
Motor DTC: p=.12
Secondary DT: N/A
Secondary DTC: N/A
Declarative knowledge: p=.03

Secondary task performance: N/A
Declarative knowledge:
Implicit = 2.8±1.8
Explicit = 5.3±3.4

Motor task performance:
Implicit
ST = 211.3±45.1
DT = 214.8±45.3
DTC= 1.7%
Explicit
ST = 202.2±37.8
DT = 238.1±62.8
DTC= 17.8%

Primary outcome:
Primary motor task:
Task completion time (seconds;
M±SD)
Secondary task:
Performance not assessed
Secondary outcome:
Declarative knowledge:
Number of explicit rules (M±SD)

Results (retention)

Outcome measures

Secondary outcome:
Declarative knowledge:
Procedure:
No declarative knowledge
Day 1: Learning phase:
assessment
100 ST trials
Day 1: Test phase:
4 test blocks of 10 trials, from 3.5 m
distance:
2 ST
1 DT (random letter generation)
1 transfer block (10 ST trials after
fatigued performance test on a treadmill)

Groups of interest:
Errorless (‘Implicit’):
Distance from target was progressively
increased (1.0-3.0 m in 0.5 m steps)
Errorful (‘Explicit’):
Distance from target was progressively
reduced (6.0-4.0 m in 0.5 m steps)

Procedure:
Day 1: Learning phase:
5 familiarization ST trials after
observation of two different expert
demonstrations of skill
50 ST practice trials
Day 1: Test phase:
2 test blocks of 5 trials:
ST
DT (random letter generation)

Intervention

Task

Chapter 2

Study

Participants

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): ?
Age (years): 20.9±2.4

Number of groups: 3
Errorless (n=11)
Errorful (n=9)
Control (n=9)

Maxwell et al.48 Number at baseline: 29
Experiment 1
Inclusion/exclusion criteria:
No golfing experience
Groups of interest:
Errorless (‘Implicit’):
Distance from target was progressively
increased (0.25-2.0 m in 0.25 m steps)
Errorful (‘Explicit’):
Distance from target was progressively
reduced (2.0-0.25 m in 0.25 m steps)

Golf putting task

Procedure:
Day 1: Learning phase:
8 blocks of 50 ST trials
Day 1: Test phase:
3 blocks of 50 trials, from 2 m distance:
1 ST
1 DT (tone counting task)
1 transfer block from novel distance
of 3 m

Intervention

Task

Implicit versus Explicit comparison:
Motor ST: p=.086
Motor DT: p=.006
Motor DTC: p=.047
Secondary DT: p=.66
Secondary DTC: N/A
Declarative knowledge: p=.10

Declarative knowledge:
Implicit= 4.3±1.6
Explicit = 3.1±1.5

Secondary task performance:
Implicit
ST = N/A
DT = 93.3±8.8%
Explicit
ST = N/A
DT = 94.9±6.9%

Motor task performance:
Implicit
ST = 41.4±6.6
DT = 41.6±6.7
DTC= -0.6%
Explicit
ST = 36.6±4.8
DT = 32.8±5.9
DTC= 10.3%

Primary outcome:
Primary motor task: Number of
successful puts (M±SD)
Secondary task:
Accuracy (%; M±SD)
Secondary outcome:
Declarative knowledge:
Number of explicit rules (M±SD)

Results (retention)

Outcome measures
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Study

Participants

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): ?
Age (years): 21.0±2.8

Number of groups: 4
Errorless experimental (n=14)
Errorless control (n=13)
Errorful experimental (n=14)
Errorful control (n=14)

Maxwell et al.48 Number at baseline: 55
Experiment 2
Inclusion/exclusion criteria:
No previous golfing experience

Groups of interest:
Errorless (‘Implicit’):
Distance from target was progressively
increased (0.25-0.75 m in 0.25 m steps)
Errorful (‘Explicit’):
Distance from target was progressively
reduced (1.75-1.25 m in 0.25 m steps)

Golf putting task

Procedure:
Day 1: Learning phase:
3 blocks of 50 ST trials
Day 1: Test phase:
1 block of 50 trials, from 1 m distance
ST: errorless & errorful control groups
DT (tone counting task): errorless &
errorful experimental groups

Intervention

Task

Implicit versus Explicit comparison:
Motor ST: ?
Motor DT: ?
Motor DTC: N/A
Secondary DT: p=.94
Secondary DTC: N/A
Declarative knowledge (combined
errorless vs combined errorful groups):
p>.05

Declarative knowledge:
Implicit:
Errorless control = 3.2
Errorless exp = 4.1
Explicit
Errorful control = 5.3
Errorful exp = 6.1

Secondary task performance:
Implicit
ST (errorless control) = N/A
DT (errorless exp)= 95.2±5.4
DTC = N/A
Explicit
ST (errorful control) = N/A
DT (errorful exp)= 95.3±4.9
DTC = N/A

Motor task performance:
Implicit
ST (errorless control) = 39.4
DT (errorless exp) = 34.4
DTC = N/A
Explicit
ST (errorful control) = 35.5
DT (errorful exp)= 30.6
DTC = N/A

Primary outcome:
Primary motor task: Number of
successful puts (M±SD)
Secondary task:
Accuracy (%; M±SD)
Secondary outcome:
Declarative knowledge:
Number of explicit rules +
hypotheses (M±SD)

Results (retention)

Outcome measures

Chapter 2

Number at baseline: 20

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): ?
Age (years): 21.2±4.2

Number of groups: 2
External focus (n=10)
Internal focus (n=10)

Inclusion/exclusion criteria:
No experience with surfing,
windsurfing or skate boarding
(i.e., skills similar to the wobble
board task)

Participants

Study

Maxwell et
al.110
Experiment 1
Groups of interest:
External focus (‘Implicit’):
Augmented feedback of deviation of
balance board (red dot)
“Keep the board within the target circle”
Internal focus (‘Explicit’):
Augmented feedback of deviation of
their feet (same red dot)
“Keep your feet within the target circle”

Balancing task
- Keeping a stabilometer
(wobble board) horizontal

Procedure:
Day 1: Learning phase:
Ten 90-second ST trials
Day 1: Test phase:
2 blocks of three 90-second trials
ST
DT (tone counting task)

Intervention

Task

Implicit versus Explicit comparison:
Motor ST: p>.05
Motor DT: p>.05
Motor DTC: p>.05
Secondary DT: p>.05
Secondary DTC: N/A
Declarative knowledge: p>.05

Declarative knowledge:
Implicit: 1.7
Explicit: 2.0

Secondary task performance:
Implicit
ST = N/A
DT = 94.64%
Explicit
ST = N/A
DT = 91.54%

Motor task performance:
Implicit
ST = 85.84
DT = 86.85
DTC= -1.2%
Explicit
ST = 84.71
DT = 86.31
DTC= -1.9%

Primary outcome:
Primary motor task:
Time on target (seconds) (M± SD)
Secondary task:
Accuracy (%; M±SD)
Secondary outcome:
Declarative knowledge:
Number of explicit (combined
internal and external focus) rules
(M±SD)

Results (retention)

Outcome measures
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Number at baseline: 20

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): ?
Age (years): 22.2±4.0

Number of groups: 2
External focus (n=10)
Internal focus (n=10)

Inclusion/exclusion criteria:
No previous golfing experience

Participants

Study

Maxwell et
al.110
Experiment 2
Groups of interest:
External focus (‘Implicit’):
“Keep the board horizontal”
Internal focus (‘Explicit’):
“Keep your feet horizontal”

Balancing task
- Keeping a 2-axial
stabilometer horizontal

Procedure:
Day 1: Learning phase:
Ten 90-second ST trials
Day 1: Test phase:
2 blocks of three 90-second trials
ST
DT (tone counting task)

Intervention

Task

Implicit versus Explicit comparison:
Motor ST: p>.05
Motor DT: p>.05
Motor DTC: p>.05
Secondary DT: p>.05
Secondary DTC: N/A
Declarative knowledge: p>.05

Declarative knowledge:
Implicit: 2.1
Explicit: 1.8

Secondary task performance:
Implicit
ST = N/A
DT = 95.83%
DTC = N/A
Explicit
ST = N/A
DT = 94.14%
DTC = N/A

Motor task performance:
Implicit
ST (‘Pitch’) = 18.0
DT (‘Pitch’) = 18.2
DTC (‘Pitch’) = 1.1%
ST (‘Roll’) =18.4
DT (‘Roll’) =18.2
DTC(‘Roll’) = -1.1%
Explicit
ST (‘Pitch’) = 20.1
DT (‘Pitch’) = 21.1
DTC (‘Pitch’) = 5.0%
ST (‘Roll’) = 20.3
DT (‘Roll’) = 20.2
DTC(‘Roll’) = -0.5%

Primary outcome:
Primary motor task:
Pitch (RMSE backward-forward
deviations; M±SD)
Roll (RMSE medio-lateral
deviations; M±SD)
Secondary task:
Accuracy (%; M± SD)
Secondary outcome:
Declarative knowledge:
Number of explicit (combined
internal and external focus) rules
(M± SD)

Results (retention)

Outcome measures

Chapter 2

Number at baseline: 24 (2
drop-outs in stroke groups)

Pre-test single task motor
performance: N/A

Specific group characteristics:
Errorless-stroke
Gender (m/f ): 4/1
Age (years): 49.2±15.7
MMSE: 26.8±0.8
BBS: 38.4±5.8
Errorless-control:
Gender (m/f ): 3/3
Age (years): 67.2±8.7
MMSE: 29.2±0.7
BBS: 52.3±1.4
Discovery-stroke
Gender (m/f ): 5/0
Age (years): 54.6±12.2
MMSE: 25.8±1.3
BBS: 38.0±9.0
Discovery-control
Gender (m/f ): 3/3
Age (years): 63.2±5.3
MMSE: 29.3±0.8
BBS: 53.5±0.8

Number of groups: 4
Errorless–stroke (n=5)
Errorless–control (n=6)
Discovery-stroke (n=5)
Discovery–control (n=6)

Inclusion/exclusion criteria:
No neurological impairment

Participants

Study

Orrell et al.75
Groups of interest:
Errorless-control (‘Implicit’):
Progressively reduced braking resistance
(2.5kg-0kg in 0.5kg steps)
Discovery-control (‘Explicit’):
Instruction to discover rules of how to
perform the balancing task

Balancing task
- Keeping a 1-axial
stabilometer horizontal

Procedure:
Day 1: Acquisition phase:
Twenty-four 60-second ST trials
Day 1:Test phase 1: (no braking
resistance)
4 ST-retention trials
2 ST-DT “Recall” trials
1st 30 seconds: ST
2nd 30 seconds: DT (recall random
6-digit sequences)
2 ST-DT “Kettle” trials
1st 30 seconds: ST
2nd 30 seconds: DT (reach out and pick
up a 1-kg kettle with 1 hand)
Day 7: Test phase 2:(no braking
resistance)
2 ST trials

Intervention

Task

Outcome measures

Secondary outcome:
Declarative knowledge:
Number of explicit rules reported
(M±SD)

Primary outcome:
Primary motor task: RMSE of
deviation from horizontal (M±
SD)
Secondary tasks:
Performance not assessed

Results (retention)

Implicit versus Explicit comparison:
Motor ST:
Recall: p=.27
Kettle: p=.46
Motor DT:
Recall: p=.59
Kettle: p=.15
Motor DTC
Recall: p=>.05
Kettle: p=>.05
Secondary DT: N/A
Secondary DTC: N/A
Declarative knowledge: p = 0.12

Declarative knowledge:
Implicit = 1.8±0.8
Explicit = 2.7±1.0

Secondary task performance: N/A

Motor task performance:
Implicit
ST (1st 30 s of ST-DT trial)
Recall = 6.09±0.23
Kettle = 5.79±0.25
DT (2nd 30 s of ST-DT trial)
Recall = 6.25±0.36
Kettle = 6.08±0.27
DTC (‘Recall’) = 2.6%
DTC (‘Kettle’) = 5.0%
Explicit
ST (1st 30 s of ST-DT trial)
Recall = 6.35±0.43
Kettle = 5.96±0.42
DT (2nd 30 s of ST-DT trial)
Recall = 6.37±0.38
Kettle = 5.81±0.33
DTC (‘Recall’) = 0.3%
DTC (‘Kettle’) = -2.5%
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Number at baseline: 42 (6
drop-outs)

Specific group characteristics:
Analogy:
Gender (m/f ): 5/6
Errorless:
Gender (m/f ): 6/7
Discovery:
Gender (m/f ): 6/6
Pre-test single task motor
performance: N/A

General descriptives:
Gender (m/f ): 17/19
Age (years): 20.3±1.2

Number of groups: 3
Analogy (n=11)
Errorless (n=13)
Discovery (n=12)

Inclusion/exclusion criteria:
No previous experience of
surfing, snowboarding or other
similar balancing tasks

Participants

Study

Orrell et al.111

Groups of interest:
Analogy (‘Implicit’):
“Pretend to be soldiers standing on guard
outside Buckingham Palace”
Errorless (‘Implicit’):
Amount of available displacement from
horizontal axis was gradually increased
every second trial
Discovery learning (‘Explicit’):
Instructions to discover rules of how to
perform the balancing task

Balancing task
- Keeping a 1-axial
stabilometer horizontal

Procedure:
Day 1: Acquisition phase:
Sixteen 60-second ST trials
Day 1: Test phase 1:
4 ST trials
2 ST-DT “Recall” trials
1st 30 seconds: ST
2nd 30 seconds: DT (recall random
7-digit sequence)
2 ST-DT “Kettle” trials
1st 30 seconds: ST
2nd 30 seconds: DT (reach out and pick
up a 1-kg kettle with 1 hand)
Day 15: Test phase 2:
2 ST trials
2 ST-DT trials “Count+Kettle”
1st 30 seconds: tone counting
2nd 30 seconds: tone counting + kettlelifting task

Intervention

Task

Outcome measures

Secondary outcome:
Declarative knowledge:
Number of explicit rules (M±SD)

Primary outcome:
Primary motor task: RMSE of
deviation from horizontal
(M±SD)
Secondary task:
Recall & Kettle: Performance not
assessed
Tone counting: Accuracy (%;
M±SD)

Results (retention)

Explicit
ST (1st 30 s of ST-DT trial)
Recall = 2.84±0.36
Kettle = 2.74±0.41
DT (2nd 30 s of ST-DT trial)
Recall = 2.55±0.31
Kettle = 2.85 ±0.36
DTC (‘Recall’) = -10.2%
DTC (‘Kettle’) = 4.0%

Motor task performance:
Test phase 1 (Immediate)
Implicit
ST (1st 30 s of ST-DT trial)
Analogy:
Recall = 3.51±0.20
Kettle = 3.25±0.21
Errorless:
Recall = 2.91±0.46
Kettle = 2.81±0.48
DT (2nd 30 s of ST-DT trial)
Analogy:
Recall = 3.26±0.26
Kettle = 3.55±0.20
Errorless:
Recall = 2.77±0.49
Kettle = 2.94±0.50
DTC Analogy (‘Recall’) = -7.1%
DTC Errorless (‘Recall’) = -4.8%
DTC Analogy (‘Kettle’) = 9.2%
DTC Errorless (‘Kettle’) = 4.6%

Chapter 2

Study

Participants

Task

Intervention

Outcome measures

Declarative knowledge:
Implicit
Analogy = 1.6±1.1
Errorless = 2.1±1.0
Explicit = 2.8±0.8

Secondary task performance: N/A

Explicit
ST = 2.95±0.47
DT
Count = 2.92±0.46
Count+Kettle = 2.44±0.45
DTC (‘Count’) = -1.0%
DTC (‘Count+Kettle’) = -17.3%

Test phase 2 (Delayed)
Implicit
ST
Analogy = 3.44±0.29
Errorless = 2.96±0.34
DT
Analogy:
Count = 3.59±0.28
Count+Kettle = 3.46±0.28
Errorless:
Count = 2.59±0.43
Count+Kettle = 2.69±0.43
DTC Analogy (‘Count’) = 4.4%
DTC Errorless (‘Count’)= -12.5%
DTC Analogy (‘Count+Kettle’) = 0.6%
DTC Errorless (‘Count+Kettle’) = -9.1%

Results (retention)
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Study

Participants

Task

Intervention

Outcome measures

72
Implicit versus Explicit comparison:
Test phase 1 (Immediate):
Analogy vs Explicit
Motor ST:
Recall: p<.0001
Kettle: p=.0001
Motor DT:
Recall: p<.0001
Kettle: p<.0001
Motor DTCs
Recall: p=.84
Kettle: p=.81
Secondary DT: N/A
Secondary DTC: N/A
Errorless vs Explicit
Motor ST:
Recall: p=.68
Kettle: p=.70
Motor DT:
Recall: p=.20
Kettle: p=.61
Motor DTCs
Recall: p=.84
Kettle: p=.81
Secondary DT: N/A
Secondary DTC: N/A
Test phase 2 (Delayed):
Analogy vs Explicit
Motor ST: p=0.005
Motor DT:
Counting: p<.001

Results (retention)

Chapter 2

Study

Participants

Task

Intervention

Outcome measures
Counting+Kettle: p<.0001
Motor DTCs: ?
Secondary DT (Counting): p>.11
Secondary DTC: N/A
Errorless vs Explicit
Motor ST: p=0.95
Motor DT:
Counting: p=.08
Counting+Kettle: p=.17
Motor DTCs: ?
Secondary DT (Counting): p>.11
Secondary DTC: N/A
Test Phase 1+2:
Declarative knowledge:
Analogy vs Explicit: p = .008
Errorless vs Explicit: p = .048

Results (retention)
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Number at baseline: 35

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): 11/24
Age (years): 21.1±1.5

Number of groups: 2
Implicit-Explicit (n=17)
Explicit (n=18)

Inclusion/exclusion criteria:
No previous golf putting
experience

Participants

Study

Poolton
et al.50

Groups of interest:
Implicit-Explicit (‘Implicit’):
Distance from target was progressively
increased (0.25-2.0 m in 0.25 m steps);
After fourth block of trials, a set of
6 putting technique instructions was
provided
Explicit:
Distance from target was progressively
increased (0.25-2.0 m in 0.25 m steps)
Different from the implicit group, the
6 technical putting instructions were
provided from start of learning

Golf putting task

Procedure:
Day 1: Learning phase:
8 blocks of 50 trials (400 trials):
Day 1: Test phase:
3 test blocks of 50 trials, all at 2 m
2 ST
1 DT (tone counting)

Intervention

Task

Implicit versus Explicit comparison:
Motor ST: ?
Motor DT: ?
Motor DTC: p<.01
Secondary DT: p=.68
Secondary DTC: N/A
Declarative knowledge: p>.05

Declarative knowledge:
Implicit = 4.1
Explicit = 5.2

Secondary task performance:
Implicit
Single task = N/A
Dual-task = 94.1%
DTC = N/A
Explicit
Single task = N/A
Dual-task = 92.8%
DTC = N/A

Motor task performance:
Implicit
ST = 28.23
DT = 31.11
DTC= -10.2%
Explicit
ST = 29.98
DT = 26.19
DTC=12.6%

Primary outcome:
Primary motor task:
Number of successful putts
(M±SD)
Secondary task:
Tone counting accuracy
(%; M±SD)
Secondary outcome:
Declarative knowledge:
Number of explicit rules
(M±SD)

Results (retention)

Outcome measures

Chapter 2

Number at baseline: 30

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): 7/23
Age (years): 24.1±5.9

Number of groups: 2
Internal focus (n=15)
External focus (n=15)

Inclusion/exclusion criteria:
No experience with golf putting

Participants

Study

Poolton et al.56
Groups of interest:
Internal focus (‘Explicit’):
“Direct attention to the swing of your
hands”
External focus (‘Implicit’):
“Focus on swing of the putter head”

Golf putting task

Procedure:
Day 1: Learning phase:
10 blocks of 30 ST trials
Day 1: Test phase:
3 blocks of 30 trials
2 ST
1 DT (tone counting)

Intervention

Task

Implicit versus Explicit comparison:
Motor ST: p=0.54
Motor DT: p<.05
Motor DTC: p<.05
Secondary DT: p=.42
Secondary DTC: N/A
Declarative knowledge: p<.05

Declarative knowledge:
Implicit: 4.0
Explicit: 5.3

Secondary task performance:
Implicit
ST = N/A
DT = 91.2%
DTC = N/A
Explicit
ST = N/A
DT = 93.3%
DTC = N/A

Motor task performance:
Implicit
ST = 9.08
DT = 9.81
DTC= -8.0%
Explicit
ST = 9.44
DT = 7.30
DTC= 22.7%

Primary outcome:
Primary motor task:
Number of successful putts (M±
SD)
Secondary task:
Tone counting accuracy (%; M±
SD)
Secondary outcome:
Declarative knowledge:
Number of explicit (combined
internal/external) rules (M± SD)

Results (retention)

Outcome measures
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Number at baseline: 39

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

Number of groups: 2;
Internal focus (n=19)
External focus (n=20)

General descriptives:
Gender (m/f ): 15/24
Age (years): 20.4±3.8

Inclusion/exclusion criteria:
No experience with golf putting

Participants

Study

Poolton et al.56
Primary outcome:
Primary motor task:
Number of successful putts
(M±SD)
Secondary task:
Tone counting accuracy
(%; M±SD)
Secondary outcome:
Declarative knowledge:
Number of explicit (combined
internal, external, and neutral)
rules (M±SD)

Groups of interest:
Internal focus (‘Explicit’):
Received 6 instructions regarding desired
movement of their hands
External focus (‘Implicit’):
Received 6 instructions regarding desired
movement of the club
Procedure:
Identical to experiment 1

Golf putting task.

Outcome measures

Intervention

Task

Implicit versus Explicit comparison:
Motor ST: p>.56
Motor DT: p>.56
Motor DTC: p=.42
Secondary DT: p=.81
Secondary DTC: N/A
Declarative knowledge: p=.19

Declarative knowledge:
Implicit: 5.5
Explicit: 4.8

Secondary task performance:
Implicit
ST = N/A
DT = 89.4
DTC = N/A
Explicit
ST = N/A
DT = 88.4
DTC = N/A

Motor task performance:
Implicit
ST = 41.08
DT = 27.77
DTC= 32.4%
Explicit
ST = 41.83
DT = 35.11
DTC= 16.1%

Results (retention)

Chapter 2

Number at baseline: 56 (1
person excluded in errorful
group)

Specific group characteristics:
Errorless & Errorful combined:
Gender (m/f ): 23/22
Age (years): 23.0±5.0
Control
Gender (m/f ) = 4/6
Age = 29.0±5.3
Pre-test single task motor
performance: N/A

Number of groups: 2
Errorless (n=23)
Errorful (n=22)
Control (n=10)

Inclusion/exclusion criteria:
No previous experience with
rugby throwing task

Participants

Study

Poolton et al.74
Groups of interest:
Errorless (‘Implicit’):
Distance from target was progressively
increased (1.0-3.0 m in 0.5 m steps)
Errorful (‘Explicit’):
Distance from target was progressively
reduced (6.0-4.0 m in 0.5 m steps)

Rugby throwing task
- Rugby ball needed to be
thrown underhand at an
elevated target (125 cm)
consisting of 3 concentric
squares (30, 100, & 150
cm).
Procedure:
Day 1: Learning phase:
10 blocks of 10 trials
Day 1: Test phase:
4 test blocks of 10 trials, at 3.5 m:
2 ST
1 DT (random letter generation)
2 Transfer blocks (ST after fatiguedperformance test)
One year later: Test phase 2:
1 ST block (10 trials at 3.5 m)

Intervention

Task

Implicit versus Explicit comparison:
Motor ST: p>.05
Motor DT: p=0.06
Motor DTC: p<.01
Secondary DT: N/A
Secondary DTC: N/A
Declarative knowledge: p<.005

Declarative knowledge:
Implicit = 2.4±1.8
Explicit = 4.5±2.9

Secondary task performance: N/A

Motor task performance:
Implicit
ST = 213.3
DT = 200.5
DTC= -6.0%
Explicit
ST = 189.7
DT = 240.4
DTC= 26.7%

Primary outcome:
Primary motor task:
Distance from target in mm
(M±SD)
Secondary task:
Performance not assessed
Secondary outcome:
Declarative knowledge:
Number of explicit rules
(M±SD)

Results (retention)

Outcome measures
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Study

Task

Table tennis task
- Hit table tennis ball onto
target area with topspin
Inclusion/exclusion criteria:
Not having received formal table using forehand stroke
tennis coaching or played table
tennis more than once a month
Cantonese as first language
Right hand dominant

Participants

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): ?
Age (years): ?

Number of groups: 2
Analogy (n=14)
Explicit (n=14)

Poolton et al.112 Number at baseline: 28

Procedure:
Day 1: Learning phase:
300 ST trials
Day 1: Test phase:
3 test blocks
2 ST
1 DT (counting backwards)

Groups of interest:
Analogy (‘Implicit’):
“Move the bat as though it is traveling
up the side of a mountain.”
Explicit:
6 technical table tennis forehand
instructions

Intervention

Implicit versus Explicit comparison:
Motor ST: ?
Motor DT: ?
Motor DTC: p<.05
Secondary DT: N/A
Secondary DTC: N/A
Declarative knowledge: p<.001

Declarative knowledge:
Implicit = 3.3
Explicit = 5.8

Secondary task performance: N/A

Motor task performance:
Implicit
ST = 18.53
DT = 17.67
DTC= 4.6%
Explicit
ST = 19.27
DT = 13.76
DTC= 28.6%

Primary outcome:
Primary motor task:
Number of points scored (M±SD)
Secondary task:
Performance not assessed
Secondary outcome:
Declarative knowledge:
Number of explicit rules (M±SD)

Results (retention)

Outcome measures

Chapter 2

Number at baseline: 19

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): 10/9
Age (years) 25.6±3.2

Number of groups: 2
Errorless (n=10)
Errorful (n=9)

Inclusion/exclusion criteria:
Not specified

Participants

Study

Sanli et al.113
Experiment 1
Groups of interest:
Errorless (‘Implicit’):
Progressively reduced target size (i.e., 316.5 cm diameter, in 3.5 cm steps)
Errorful (‘Explicit’):
Progressively increased target size (i.e.,
6.5-31 cm diameter, in 3.5 cm steps)

Aiming task
- Subjects needed to propel
small disc over a smooth
table top, with the aim to
stop it in a specified target
circle

Procedure:
Day 1: Acquisition phase:
200 trials (25 to each of eight target
sizes)
Day 1: Test phase 1:
2 test blocks of 25 trials, with 6.5 cm
target size
1 ST
1 DT (tone counting)
1 Transfer test block of 25 trials, with
a 4.5 cm target size that had not been
practiced
Day 2: Test phase 2:
Identical to test phase 1.

Intervention

Task

Secondary outcome:
Declarative knowledge:
Not assessed

Primary outcome:
Primary motor task:
Proportion of errors (i.e., number
of times the disc did not stop
completely within the target area)
(M±SD)
Secondary task:
Tone counting accuracy
(%; M±SD)

Outcome measures

Implicit versus Explicit comparison
(Test phase 1 & 2 combined):
Motor ST: p>.05
Motor DT: p>.05
Motor DTC: p>.05
Secondary DT: p>.05
Secondary DTC: N/A
Declarative knowledge: N/A

Secondary task performance: ?
Declarative knowledge: N/A

Motor task performance:
Test phase 1 (Immediate)
Implicit
ST = 0.81
DT = 0.76
DTC= -6.2%
Explicit
ST = 0.82
DT = 0.75
DTC= -8.5%
Test phase 2 (Delayed)
Implicit
ST = 0.83
DT = 0.81
DTC= -2.4%
Explicit
ST = 0.81
DT = 0.81
DTC= 0%

Results (retention)
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Number at baseline: 20

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ) = 8/12
Age (years) 21.2±2.9

Number of groups: 2
Errorless (n=10)
Errorful (n=10)

Inclusion/exclusion criteria:
Not specified

Participants

Study

Sanli et al.113
Experiment 2
Groups of interest:
Errorless (‘Implicit’):
Progressively increased distance from
target (i.e., 3.5-7.5-11.5-15.5-18.5-22.526.5-30.5 cm distance)
Errorful (‘Explicit’):
Progressively reduced distance from
target (i.e., 30.5-26.5-22.5-18.5-15.511.5-7.5-3.5 cm distance)

Aiming task
- Subjects needed to propel
small disc over a smooth
table top, with the aim to
stop it in a specified target
circle (6.5 cm diameter)

Procedure:
Identical to Sanli 2014 – Experiment 1

Intervention

Task

Secondary outcome:
Declarative knowledge:
Not assessed

Primary outcome:
Primary motor task:
Proportion of errors (i.e., number
of times the disc did not stop
completely within the target area)
(M±SD)
Secondary task:
Tone counting accuracy
(%; M±SD)

Outcome measures

Implicit versus Explicit comparison
(Test phase 1 & 2 combined):
Motor ST: p>.05
Motor DT: p>.05
Motor DTC: p>.05
Secondary DT: p>.05
Secondary DTC: N/A
Declarative knowledge: N/A

Secondary task performance: ?
Declarative knowledge: N/A

Motor task performance:
Test phase 1 (Immediate)
Implicit
ST = 0.89
DT = 0.84
DTC = -5.6%
Explicit
ST = 0.88
DT = 0.82
DTC = -6.8%
Test phase 2 (Delayed)
Implicit
ST = 0.95
DT = 0.89
DTC = -6.3%
Explicit
ST = 0.87
DT = 0.84
DTC = -3.4%

Results (retention)

Chapter 2

Pre-test single task motor
performance:
Analogy
Carry (m)=70.4±25.3
Off-line(°)=12.9±5.5
Technical learning
Carry (m)=80.2±26.6
Off-line(°)=12.4±3.6
Between group pre-test
comparison
‘Carry’: p=.21
‘Off-line’: p=.73

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): 33/18
Age (years): 32.7±12.3
Handedness (r/l): 49/2

Number of groups: 2
Analogy (n=25)
Technical learning (n=21)
Procedure:
Week 1-6 Learning phase:
1 golf lesson/week from golfprofessional+1 hour free practice
Test Phases:
Pre (after 1st training):10 ST trials
Post-ST (after 5th training): 10 ST trials
Post-DT (after 6st training):
Tone judgment task (judging in which
phase of swing tone was played)
12 low-pressure DT trials
12 high-pressure DT trials

Groups of interest:
Analogy (‘Implicit’):
9 analogies on different aspects of
position & 21 analogies on different
aspects of swing; (e.g., “Imagine you
have an open tube of toothpaste between
your hands and the contents must not be
pushed out” (grip))
Technical (‘Explicit’):
9 technical instructions on position &
21 technical instructions on golf swing

Full swing golf stroke

Number at baseline: 51 (5
drop outs)

Inclusion/exclusion criteria:
Inexperienced in golf playing
and had no official permission to
play golf in Germany

Intervention

Task

Participants

Study

Schücker et
al.114

Outcome measures

Secondary outcome:
Declarative knowledge:
Not assessed

Primary outcome:
Primary motor task:
“Carry” distance (m; M±SD)
“Off-line” flight deviance in
degrees (M±SD)
Secondary task:
Tone judgement accuracy (%;
M±SD)

Results (retention)

Implicit versus Explicit comparison:
Motor ST
Carry: p=.34
Off-line: p=.66
Motor DT
Carry: p=.24
Off-line: p=.44
Motor DTC: p= ?
Secondary DT: p=.88
Secondary DTC: N/A
Declarative knowledge: N/A

Declarative knowledge: N/A

Secondary task performance:
Implicit
ST = N/A
DT (low pressure) = 27.0±13.9
DT = N/A
Explicit
ST = N/A
DT (low pressure) = 27.6±11.7
DTC = N/A

Motor task performance:
Implicit
ST
Carry (m) = 81.7±27.4
Off-line(°) = 12.2±5.0
DT (low pressure)
Carry (m)=80.8±23.3
Off-line(°)=16.1±7.5
DTC (‘Carry’) = 1.1%
DTC (‘Off-line’) = 32.0%
Explicit
ST
Carry (m) = 90.2±32.1
Off-line(°) = 12.9±5.7
DT (low pressure)
Carry (m)=89.7±27.3
Off-line(°)=14.5±6.1
DTC (‘Carry’) = 0.6%
DTC (‘Off-line’) = 12.4%
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Number at baseline: 41

Pre-test single task motor
performance: N/A

Specific group characteristics:
Analogy:
Gender (m/f ): 11/9
Handedness (r/l): 17/3
Technical
Gender (m/f ): 12/9
Handedness (r/l): 18/3

General descriptives:
Gender (m/f ): 23/18
Age (years): 21.4±3.0
Handedness (r/l): 35/6

Number of groups: 2
Analogy (n=20)
Technical learning (n=21)

Inclusion/exclusion criteria:
No previous golf experience
Never having received formal
golf putting instructions

Participants

Study

Schücker et
al.115
Groups of interest:
Analogy (‘Implicit’):
“Perform the putt like a pendulum (with
visual instruction of a weight swinging
on a cord)”
Technical (‘Explicit’):
A set of 6 technical putting instructions

Golf putting task

Procedure:
Day 1: Learning phase:
6 blocks of 50 ST trials (300 trials total)
Day 1: Test phase
4 blocks of 20 trials, all with DT
(judging pitch of tone or movement
phase when tone was played)
1 familiarization DT block
2 low pressure DT
1 high pressure DT

Intervention

Task
Motor task performance:
Implicit
ST = N/A
DT = 28.2±6.8
DTC = N/A
Explicit
ST = N/A
DT = 27.9±7.3
DTC =N/A
Secondary task performance:
Implicit
ST = N/A
DT
Pitch: 93.3±11.2
Movement phase: 0.83±0.38
DTC = N/A
Explicit
ST = N/A
DT
Pitch: 92.8±12.1
Movement phase: 0.70±0.37
DTC = N/A

Primary outcome:
Primary motor task:
Mean distance from target (cm;
M±SD)
Secondary task:
Tone pitch judgment accuracy
(%; M±SD)
Movement phase judgment
accuracy (%; M±SD)
Secondary outcome:
Declarative knowledge:
Number of explicit rules (M±SD)

Implicit versus Explicit comparison:
Motor ST: N/A
Motor DT: p=.89
Motor DTC: N/A
Secondary DT
Pitch: p=.89
Movement phase: p=.27
Secondary DTC = N/A
Declarative knowledge: p<.001

Declarative knowledge:
Implicit = 2.0±1.0
Explicit = 3.4±1.2

Results (retention)

Outcome measures

Chapter 2

Totsika et al.117

Number at baseline: 72

Pre-test single task motor
performance: N/A

Specific group characteristics:
Internal focus
Gender (m/f ): 5/6
External focus
Gender (m/f ): 5/6

General descriptives:
Gender(m/f ): 10/12
Age (years): 23.4±?

Number of groups: 2
Internal focus (n=11)
External focus (n=11)

Inclusion/exclusion criteria:
No experience with Pedalo task

Number at baseline: 22

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): 36/36
Age (years): 20.1±?

Number of groups: 4
Awareness group (n=18)
Non-awareness (n=18)
5-Step Approach (n=18)
Control (n=18)

Inclusion/exclusion criteria:
Not specified

Participants

Study

Singer et al.116

Riding a Pedalo for 7
meters

Groups of interest:
Non-awareness (‘Implicit’):
Focus on one situational cue (e.g., center
of the target) and to ignore movement
information
Awareness (‘Explicit’):
Instructions to be aware of the way that
they threw the ball

Non-dominant overhand
throwing task
- Subjects threw paddle
balls via the ground at
acircular target (diameter =
65.45 cm), from a 3.66 m
distance

Procedure:
Day 1: Learning phase:
20 ST trials at preferred pace
Day 2: Test phase
3 test blocks of 4 trials
ST (riding forward as fast as possible)
ST (riding backward as fast as possible)
DT (riding forward as fast as possible +
counting aloud backward in threes from
two-digit number)

Groups of interest:
External focus (‘Implicit’):
“Focus on pushing the platforms
forward”
Internal focus (‘Explicit’):
“Focus on pushing your feet forward”

Procedure:
Days 1&2: Learning phase:
5 blocks of 25 ST trials per day (250
in total)
Day 2: Test phase
50 DT trials (Subjects learned a 5-digit
sequence before throwing & needed
to call out one of these digits when
prompted during throwing)

Intervention

Task

Secondary outcome:
Declarative knowledge:
Not assessed

Primary outcome:
Primary motor task:
Movement time (s) (M±SD)
Secondary task:
Performance not assessed

Implicit versus Explicit comparison:
Motor ST: p<0.001
Motor DT: p<0.05
Motor DTC: ?
Secondary DT: N/A
Secondary DTC: N/A
Declarative knowledge: N/A

Secondary task performance: N/A
Declarative knowledge: N/A

Motor task performance:
Implicit
ST = 11.5
DT = 15.8
DTC= 37.4%
Explicit
ST = 15.0
DT = 19.1
DTC= 27.3%

Implicit versus Explicit comparison:
Motor ST: N/A
Motor DT: p<.05
Motor DTC: N/A
Secondary DT: p>.05
Secondary DTC: N/A
Declarative knowledge: N/A

Secondary task performance: ?
Declarative knowledge: N/A

Motor task performance:
Implicit
ST = N/A
DT = ?
DTC = N/A
Explicit
ST = N/A
DT = ?
DTC = N/A

Primary outcome:
Primary motor task:
Radial error (distance from target
in degrees) (M±SD)
Secondary task:
Accuracy on digit recall task
(%; M±SD)
Secondary outcome:
Declarative knowledge:
Not assessed

Results (retention)

Outcome measures
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Number at baseline: 70

Pre-test single task motor
performance: N/A

Specific group characteristics:
Younger adults
Gender (m/f ): ?
Age (years): 21.9±2.3
MMSE: >24
Digit span memory: 26±4.2
Older adults
Gender (m/f ): ?
Age (years): 66.9±4.6
MMSE>24
Digit span memory: 20.0±5.4

Number of groups: 4
Analogy – Young (n=18)
Explicit – Young (n=18)
Analogy – Old (n=17)
Explicit – Old (n=17)

Inclusion/exclusion criteria:
No experience with task
Right-handed
No neurological disease
No (chronic) pain in back and
right forearm, shoulder or hand

Participants

Study

Tse et al.118
Groups of interest:
Analogy (‘Implicit’):
“Move your racket such that it is
travelling up the side of a mountain”
Explicit (‘Explicit’):
Received 9 basic instructions on how to
hit topspin forehand

Table tennis task
- Hit table tennis ball onto
target area with topspin
using forehand stroke

Procedure:
Day 1: Learning phase:
180 ST trials
Day 1: Test phase 1
2 test blocks of 30 trials
DT (counting backwards)
ST
Day 2: Test phase 2
1 test block of 30 trials
ST

Intervention

Task

Implicit versus Explicit comparison:
Young groups
Motor ST: p<.001
Motor DT: p<.001
Motor DTC: p>.05
Secondary DT: N/A
Secondary DTC: N/A
Declarative knowledge: p<.001
Old groups
Motor ST: p<.001
Motor DT: p<.001
Motor DTC: p>.05
Secondary DT: N/A
Secondary DTC: N/A
Declarative knowledge: p<.001

Declarative knowledge:
Implicit-young: 3.8±1.2
Explicit-young: 9.2±2.7
Implicit-old: 4.4±1.3
Explicit-old: 7.4±2.1

Secondary task performance: N/A

Motor task performance:
Implicit-young
ST = 54.4±5.1
DT = 44.5±5.3
DTC = 18.3%
Explicit-young
ST = 37.9±5.3
DT = 26.6±5.7
DTC = 30.0%
Implicit-old
ST = 31.3±7.6
DT = 25.0±7.3
DTC = 20.3%
Explicit-old
ST = 20.7±6.8
DT = 15.9±7.3
DTC = 23.4%

Primary outcome:
Primary motor task:
Accuracy (number of points per
block; M±SD)
Secondary task:
Performance not assessed
Secondary outcome:
Declarative knowledge:
Number of explicit rules (M±SD)

Results (retention)

Outcome measures

Chapter 2

Number at baseline: 28

Groups of interest:
External focus (‘Implicit’):
“Focus on markers attached to the
platform, and keep them horizontal”
Internal focus (‘Explicit’):
“Focus on feet, and keep them
horizontal”

Balancing task
- Keeping a 1-axial
stabilometer horizontal

Procedure:
Day 1+2: Learning phase:
7 trials of 90-seconds
6 DT (Probe reaction time task)
1 ST
Day 3: Test phase:
7 trials of 90-seconds
6 DT (Probe reaction time task)
1 ST

Intervention

Task

Implicit versus Explicit comparison:
Motor ST: p<.05
Motor DT: p<.05
Motor DTC: p>.05
Secondary DT: p<.01
Secondary DTC: p<.001
Declarative knowledge: N/A

Declarative knowledge: N/A

Secondary task performance:
Implicit
ST = 295
DT = 301
DTC= 2.0%
Explicit
ST = 307
DT = 331
DTC= 7.8%

Motor task performance:
Implicit
ST = 3.5
DT = 3.3
DTC = -5.7%
Explicit
ST = 4.1
DT = 4.2
DTC = 2.4%

Primary outcome:
Primary motor task:
RMSE deviation from horizontal
(M±SD)
Secondary task:
Probe reaction time (ms; M±SD)
Secondary outcome:
Declarative knowledge:
Not assessed

Results (retention)

Outcome measures

NB: P<0.05: Significant difference between implicit- and explicit group; ?: Outcome measure was assessed, but exact values could not be obtained. N/A: Outcome
measure not applicable from report. Abbreviations: BBS=Berg Balance Scale; DT= dual-task; DTC= dual-task costs; M=mean; MMSE=Mini-Mental State
Examination; PRT=probe reaction time; RMSE=root-mean-square error; SD=standard deviation; ST=single-task;

Pre-test single task cognitive
performance:
Internal focus: 360±?
External focus: 349±?

Pre-test single task motor
performance: N/A

Specific group characteristics:
N/A

General descriptives:
Gender (m/f ): 5/23
Age (years): ?

Number of groups: 2
Internal focus (n=14)
External focus (n=14)

Inclusion/exclusion criteria:
No experience with task

Participants

Study

Wulf et al.87
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