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Abstract

Aim

This systematic review investigates the effectiveness of instructions and feedback with
external focus applied with reduced frequency, self-controlled timing and/or in visual or audi-
tory form, on the performance of functional gross motor tasks in children aged 2 to 18 with
typical or atypical development.

Methods

Four databases (PubMed, Web of Science, Scopus, Embase) were systematically searched
(last updated May 31st 2021). Inclusion criteria were: 1. children aged 2 to 18 years old; 2.
Instructions/feedback with external focus applied with reduced frequency, self-controlled
timing, and/or visual or auditory form as intervention, to learn functional gross motor tasks;
3. Instructions/feedback with external focus applied with continuous frequency, instructor-
controlled timing, and/or verbal form as control; 4. performance measure as outcome; 5.
(randomized) controlled studies. Article selection and risk of bias assessment (with the
Cochrane risk of bias tools) was conducted by two reviewers independently. Due to hetero-
geneity in study characteristics and incompleteness of the reported data, a best-evidence
synthesis was performed.

Results

Thirteen studies of low methodological quality were included, investigating effectiveness of
reduced frequencies (n = 8), self-controlled timing (n = 5) and visual form (n = 1) on motor
performance of inexperienced typically (n = 348) and atypically (n = 195) developing chil-
dren, for acquisition, retention and/or transfer. For accuracy, conflicting or no evidence was
found for most comparisons, at most time points. However, there was moderate evidence
that self-controlled feedback was most effective for retention, and limited evidence that

PLOS ONE | https://doi.org/10.1371/journal.pone.0264873  August 25, 2022

1/28


https://orcid.org/0000-0002-5730-4684
https://doi.org/10.1371/journal.pone.0264873
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0264873&domain=pdf&date_stamp=2022-08-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0264873&domain=pdf&date_stamp=2022-08-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0264873&domain=pdf&date_stamp=2022-08-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0264873&domain=pdf&date_stamp=2022-08-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0264873&domain=pdf&date_stamp=2022-08-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0264873&domain=pdf&date_stamp=2022-08-25
https://doi.org/10.1371/journal.pone.0264873
https://doi.org/10.1371/journal.pone.0264873
https://doi.org/10.1371/journal.pone.0264873
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

How can instructions and feedback with external focus be shaped to enhance motor learning in children?

Funding: The author(s) received no specific
funding for this work.

Competing interests: The authors have declared
that no competing interests exist.

visual analogy was most effective for retention and transfer. To improve quality of move-
ment, there was limited evidence that continuous frequency was most effective for retention
and transfer.

Conclusion

More methodologically sound studies are needed to draw conclusions about the preferred
frequency, timing or form. However, we cautiously advise considering self-controlled feed-
back, visual instructions, and continuous frequency.

Trial registration

Registration: Prospero CRD42021225723. https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42021225723.

Introduction

Children apply many different gross motor skills in a wide variety of contexts, such as physical
education (PE) classes, sports and playtime [1]. These so-called functional skills are defined as
motor skills used in sports or other daily life activities that entail relatively complex movement
organization [2]. Most children learn these skills almost effortlessly. Their increasing gross
motor competence results from the interaction between factors in child (e.g. age, executive
functions, psychological characteristics, and motor skill level), task (e.g. rules of the game, type
of task, and level of task complexity) and environment (e.g. opportunities for PE and sports)
[1,3-5]. However, motor skills learning can be challenging for some children, due to neurolog-
ical conditions [6,7] or neurodevelopmental disorders [8-11]. Motor learning can be defined
as a set of processes associated with practice or experience leading to relatively permanent
improvements in the capability for producing motor skills [12]. Instructors, like PE teachers,
trainers, coaches, and occupational and physical therapists, apply motor learning on a daily
basis [13-16]. They use various motor learning variables, such as instructions and feedback,
which they adapt to the child and the task practised [15-19]. Their instructions and feedback
are shaped by parameters, such as content (e.g. a specific focus of attention), frequency, form
(e.g. visual or verbal), and timing (self- or instructor-controlled) [18,20,21].

With implicit motor learning, a child learns without awareness and with no or minimal
increase in verbal knowledge [22]. It is suggested that children benefit from this type of learn-
ing, because there is minimal involvement of the working memory [2,23,24]. Implicit motor
learning can, for instance, be shaped by using an external focus of attention (EF) [23]. With an
EF, the child’s attention is directed to the impact of the movement on the environment [25].
On the contrary, with an internal focus of attention (IF) the attention is directed to its body
movements [25]. According to the constrained action hypothesis, an IF promotes a larger
involvement of cognitive processes due to a greater reliance on conscious control strategies.
These strategies interfere with the normal automatic control processes of the motor system.
An EF promotes these automatic control processes, therefore, enhancing motor learning more
[26]. A recent systematic review investigated effectiveness of implicit learning strategies in
functional motor skills learning in typically developing children (TDC) [23]. They concluded
that the use of an EF appeared to be as, or even more, effective than an IF [23]. An EF was also
more effective than an IF in motor learning for children with Mild Intellectual Disabilities
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(MID) [27] and Attention Deficit and Hyperactivity Disorder (ADHD) [28]. However, an IF
appeared more effective in children with Autism Spectrum Disorder (ASD) [29]. In children
with Developmental Coordination Disorder (DCD), no differences were found for retention
and transfer between groups using an EF or an IF [30,31]. Although, the beneficial effects of
the EF have not yet been shown for each population, the constrained action hypothesis pro-
motes using an EF for teaching motor skills [26]. Therefore, this systematic review focuses
instructions and feedback with EF.

When using an EF in practical settings, instructors have to decide how often (frequency),
when (timing) and in what form to provide their instructions and feedback (20). Feedback can
be provided after each trial (continuous frequency) or after a number of trials (reduced fre-
quency) [32-34]. Based on the guidance hypothesis, a reduced frequency would be more bene-
ficial for retention and transfer than a continuous frequency because it reduces the feedback
dependency enhancing the processing of other sources of information, which results in more
implicit learning [34]. In stroke patients, it is indicated that reduced frequency is preferred
[35]. However, in (a)typically developing children, this remains unclear [32,33]. The timing of
instructions and feedback can be determined by the instructor (instructor-controlled) or the
child (self-controlled) [36]. Self-controlled timing advances a child’s autonomy, which is
essential to enhance intrinsic motivation according to the Self-Determination Theory [37]. As
motivation is considered relevant in motor learning, self-controlled timing could be more
effective [38]. Studies in children showed that self-controlled feedback may enhance motor
learning more than instructor-controlled feedback [36]. Most instructions and feedback are
provided verbally [23,32,36] but instructors also use visual, tactile, and auditory (e.g. sound
beeps) forms [14,17,19,20]. Currently, it remains unclear what frequency, form and timing are
to be preferred when using instructions and feedback with EF [14,32,36].

While previous reviews suggest that the effectiveness of EF may be moderated by child and
task characteristics, like working memory capacity, motor skill level and type of task [23,36],
we hypothesize that the effectiveness of EF may also be moderated by the instructors’ chosen
frequency, timing, and form. Therefore, this systematic review investigates the effectiveness of
instructions and feedback with EF applied with reduced frequency, in visual or auditory
forms, and/or on request of the child (I), compared to instructions and feedback with EF
applied with continuous frequency, in verbal form, and/or initiated by the instructor (C), on
the performance of functional gross motor tasks (O) in children aged 2 to 18 with typical and
atypical development (P).

Methods

A systematic review of randomized controlled trials (RCTs) and non-randomized controlled
clinical trials (CCT's) was performed. The hypotheses were: 1. instructions and feedback with
EF applied with reduced frequency will be more effective than those applied with continuous
frequency; 2. self-controlled instructions and feedback with EF will be more effective than
instructor-controlled instructions and feedback; and 3. visual or auditory instructions and
feedback with EF will be more effective than verbal instructions and feedback. This systematic
review is written according to the Preferred Reporting Items for Systematic Reviews and
Meta-analyses 2020 (PRISMA 2020) [39,40] and registered in the international prospective
register of systematic reviews (PROSPERO) under registration number: CRD42021225723.

Inclusion and exclusion criteria

Inclusion and exclusion criteria were defined in line with the PICOT structure (Population,
Intervention, Control, Outcome, Type of study).
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Inclusion criteria were:

. Population: Children with (a)typical development aged 2-18 years. Studies which included

a combined population of adolescents and adults were included if there were sub-analyses
with adolescents.

. Intervention: Instructions or feedback with EF applied with reduced frequency, in visual or

auditory form and/or with self-controlled timing, used to learn functional gross motor
tasks. With instructions or feedback with EF the instructor directs the attention of the child
to the effects of the movement on the environment (e.g. “Try to focus on the red markers
and try to keep the markers at the same height” when balancing a stabilometer) [25]. With
Knowledge of Results feedback (KR) the instructor informs the child about the effects of
the movement on the environment (e.g. by indicating to what extent the ball deviated the
target in direction and distance) [41]. This information serves as a basis for error correc-
tions improving next performances [34]. Although in KR the child needs to process the
obtained information more to determine how to act, both EF and KR focus on the effects of
the movement on the environment. Therefore, we considered KR as a subtype of feedback
with EF. An analogy, a metaphor that integrates the complex structure of the to-be-learned
task [42], is considered an EF because a child aims to reproduce the metaphor [38].
Reduced frequencies can be applied in fixed frequency (feedback after a fixed number of tri-
als) or faded frequency (reducing the frequency over time) [32,35].

. Control: Instructions and feedback with EF applied with continuous frequency, in verbal

form and/or with instructor-controlled timing.

. Outcome: A performance measure (e.g. accuracy or quality of movement) as primary out-

come, used to assess acquisition and/or learning of functional gross motor tasks. Acquisi-
tion is measured during practice blocks or with a post-intervention test (“post-test”), and
learning is measured with retention and/or transfer tests [43].

. Type of study: Studies using a RCT or CCT without randomization design.
. Publication type: Publications of original RCTs and CCTs.

. Language: Studies written in English or Dutch.

Exclusion criteria were:

. Population: Children with (a)typical development under the age of 2 years or adults.

. Intervention: Instructions or feedback with an IF; intervention methods like Neuromotor

Task Training, because they provide no insight into effectiveness of separate instructions or
feedback; instructions and feedback used to learn laboratory, fine motor and static balance
tasks, because they did not meet the definition of functional gross motor task [2].

. Control: A tactile form of instructions and feedback, because it directs the attention of the

child to the body, therefore, promoting an IF.

. Outcome: Outcome measures that assessed brain anatomy and functions as primary

outcomes.

. Type of study: Studies performed with designs other than RCT and non-randomized CCT.
. Publication type: Conference proceedings/reports and books.

. Language: Studies not written in English or Dutch.
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Literature search

A systematic search was conducted in PubMed, Web of Science, Scopus and Embase. The
search was last updated on the 31% of May 2021. Because instructions and feedback are also
used when applying practice conditions, a broad search query was used to ensure that no rele-
vant studies were missed. The search terms concerned four key topics: motor learning, instruc-
tion, feedback, and practice conditions. These topics were combined as motor learning AND
(instruction OR feedback OR practice conditions). An explorative search to inventories rele-
vant search terms showed that, in title and abstract, participants were often described in gen-
eral (e.g. subjects). It also showed that various outcome measures were used to assess motor
task performance (e.g. accuracy, speed, count, distance). To prevent studies being missed,
search terms did not incorporate terms related to population or outcome. No date restrictions
or filters were applied. See S1 File for the detailed search queries.

Study selection

The eligibility of the studies was assessed in two phases: on title and abstract (phase 1); on full
text (phase 2). The selection criteria were applied in a fixed sequence (population, intervention,
control, outcome, type of study, publication type and language) by two reviewers indepen-
dently (IvdV and EV). If necessary, authors were contacted for full texts. After each phase, a
consensus meeting discussed the results of the article selection. Full text versions were read in
case of disagreement after phase 1 and an independent reviewer (ER) was consulted in case of
disagreement after phase 2. References of the included studies and of the three systematic
reviews concerning children’s motor learning (23,32,36) were checked by one reviewer (IvdV)
to ensure that all relevant studies had been included.

Data extraction

Data were extracted using a standardized sheet by one reviewer (IvdV or EV) and checked and
complemented by the other. Corrections and additions were discussed between both review-
ers; in the case of disagreement, an independent reviewer (ER) was consulted. Authors were
not contacted for further details about studies.

For each study, the following data were extracted: 1. Characteristics of the study design:
information regarding the group allocation of the participants (e.g. randomization procedure),
blinding of participants, assessors, outcome measures and all relevant data for analyses; 2. Pop-
ulation characteristics: number of participants in total and per group, age range, mean age and
standard deviations (SD), skill level (inexperienced or trained), and diagnosis, if given; 3. Inter-
vention characteristics: details about instructions or feedback to the experimental and control
group(s), the task, and the practice sessions (e.g. frequency, volume and duration); 4. Outcome
and assessment time points: the primary and secondary outcome(s) to measure motor perfor-
mance and type and timing of measurements in acquisition and test phase (pre-, post-, reten-
tion and/or transfer tests); 5. Results: summary statistics with measures of precision for each
group, the data for differences between groups, and thresholds of minimal clinically important
differences.

Methodological quality assessment

The revised Risk of Bias tool (RoB2), for randomized trials [44], and the Risk of Bias in Non-
randomized Studies of Interventions (ROBINS-I) [45], were used to assess methodological

quality.
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The RoB2 evaluates five major domains of biases: selection, performance, detection, attri-
tion, and reporting biases. Signalling questions were answered to reach a domain-specific RoB
judgement of ‘low’, ‘some concerns’ or ‘high’. If not referred to a registered trial protocol,
Questions 5.2 and 5.3 were answered based on the data-analysis section. Using the judgements
of the five domains, an overall RoB judgement was made. If at least four domains were of some
concern, the overall RoB was considered high.

The ROBINS-I evaluates seven major domains of biases: confounding, selection, classifica-
tion, performance, detection, attrition, and reporting biases. As for the RoB2, signalling ques-
tions were used to reach a domain-specific RoB judgement of ‘low’, ‘moderate’, ‘serious’,
‘critical’ or ‘no information’. If not referred to a registered trial protocol, Questions 7.1, 7.2
and 7.3 were answered based on the data-analysis section. Based on the domain-specific judge-
ments, an overall RoB judgement was made.

Four reviewers (IvdV, EV, ER and KK) investigated RoB. Each study was assessed by two
reviewers independently. A consensus meeting was organized with all reviewers and an epide-
miologist (CB) to reach consensus.

Analyses

Results were described for study selection, study characteristics and methodological quality.
The RoB judgments were visualized [46]. To answer the hypotheses, as a first step a meta-anal-
ysis was planned with studies comparable for study design, instructions and feedback, and
task. Therefore, the instructions and feedback were coded according to each parameter (fre-
quency, timing and form). For frequency, the intervention was coded as reduced fixed or
reduced faded frequency and the control as continuous frequency (hypothesis 1). For timing,
the intervention was coded as self-controlled and the control as instructor-controlled (hypoth-
esis 2). In studies investigating timing, the control group is either yoked (the children received
feedback as their counterpart in the intervention group requested feedback) or instructor-con-
trolled (the instructor determined when the child received feedback). Because of the chosen
focus of this systematic review in the self-controlled aspect, we combined both yoked and
instructor-controlled groups as control intervention. For form, the intervention was coded as
visual or auditory and the control as verbal (hypothesis 3). Studies were grouped according to
the type of comparison between coded intervention and control. Each task is defined by its
own constraints, which are related to the context in which the task is performed [47]. Only
studies with similar tasks could be combined in a meta-analysis. After subgrouping in subse-
quent steps according to (firstly) task and (secondly) population (TDC and per diagnosis), it
was still not possible to pool data due to heterogeneity and to the incompleteness of the
reported data. Therefore, a best-evidence synthesis was performed. The best-evidence synthe-
sis table was structured according to the parameter of interest (frequency, timing, or form)
and subdivided into comparisons of coded interventions and controls, as described above. If
studies included more than one group with reduced frequency, the frequency that was most
comparable with other studies was used for analysis. Within comparisons, studies were
ordered according to comparable tasks and population, mentioning studies of good methodo-
logical quality first to increase the prominence of the most trustworthy evidence. This study
aimed to investigate whether the instructor-controlled parameters frequency, timing and form
moderate effectiveness of instructions and feedback in children. Subsequent analyses with sub
groups were not performed for two reasons: 1. it was not possible to define relevant sub groups
due to insufficient insights, and presented data in the included studies, into which child char-
acteristics could be potentially relevant to moderate effectiveness [36]; and 2. the number of
studies per potential comparison and methodological quality was too low. Results were
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described per outcome measure. The results of each study were rated as significant (favouring
a specific frequency, timing or form), inconsistent or not significant [48]. Then, the evidence
for each comparison was rated according to the guidelines of van Tulder et al. [48]: strong
(consistent findings among multiple high quality RCTs), moderate (consistent findings among
multiple low quality RCTs and/or CCTs and/or one high quality RCT), limited (one low qual-
ity RCT and/or CCT), conflicting (inconsistent findings among multiple RCTs and/or CCTs),
or no evidence from trials (no RCTs or CCTs). Consistency was defined as 75% of the studies
assessing the same comparison showing results in the same direction.

Results
Study selection

The search resulted in 3813 unique hits. After screening title and abstract, 3521 hits were
excluded. The reviewers agreed in 86% of the studies on inclusion or exclusion, 14% of the
abstracts were discussed. The remaining 292 hits were screened on full text, eight of which met
the inclusion criteria. The reviewers agreed in 93% of the studies on inclusion or exclusion, 7%
of the articles were discussed. Reasons for exclusion were not meeting the criteria for: popula-
tion (n = 150), intervention (n = 84), control (n = 1), type of study (n = 41), publication type
(n =7) or language (n = 1). Of the excluded studies, 24 investigated effectiveness of instruc-
tions and feedback with EF in children’s functional gross motor learning in comparison with
an IF and/or no instructions or feedback, without distinction in frequency, timing or form
between groups [27-30,49-68]. Of the studies that distinguished in frequency, timing or form
between groups, eight used an IF [69-76]. One study was excluded because its control group
also used reduced instead of continuous frequency [77] (S2 File: overview of the excluded stud-
ies that nearly met inclusion criteria). Additionally, five studies were found through the refer-
ences check, resulting in a total of 13 included studies (Fig 1).

Methodological quality

Twelve RCT's were assessed with the RoB2, all of which having an overall RoB judgement of
high [41,78-88] (Fig 2A). Percentages of agreements between reviewers varied (Domain 1:
75%; Domain 2: 25%; Domain 3: 41%; Domain 4: 25%; Domain 5: 67%). Although studies
mentioned randomized groups, none described the generation method used and whether allo-
cation was concealed [41,78-88]. Only one study provided a demographic characteristics table
[79]. Most studies were at high risk for performance bias, none of the studies reported using
intention-to-treat (ITT) analysis and how they handled missing data [41,78-88]. Most studies
were also at high risk for detection bias, only one study reported no missing data [80]. In six
studies, the F statistics showed that there were missing data, but information on the amount, at
which time point and in which group was lacking [78,81,82,85-87]. In most studies, outcome
assessors were not blinded or it remained unclear whether they were blinded [41,78,80-89].
None referred to a registered trial protocol, raising concerns about possible reporting bias
[41,78-88]. The study of Hemayattalab & Rostami (2010) [89] was the only non-randomized
CCT included. It had an overall judgement of serious RoB due to a serious RoB in measure-
ment of outcomes, while the remaining domains were at low RoB [89] (Fig 2B). Reviewers
scored similar for all domains except Domain 6.

Study characteristics

Seven out of 13 studies included 348 inexperienced TDC [41,78,81-85], ages ranging from 6
[83,84] to 13 years [85]. Seven studies included 195 inexperienced children with motor
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Fig 1. Prisma flow diagram of the study selection. N = number.

https://doi.org/10.1371/journal.pone.0264873.9001

disabilities [79,80,83,86-89], ages ranging from 6 [79,83,87] to 18 years [87]. Mean ages and
SDs were not reported in five studies [80,82-84,89]. The children with motor disabilities com-
prised children with MID [88], DCD [80], ASD [79,83] or CP [86,87,89]. Overall, the studies
involved small sample sizes, the number of participants per group ranging from 6 [80] to 16
[88], with six studies having samples of 10 or less [78,80,83,86,87,89]. All studies used object
control tasks [41,78-89]; 12 throwing [41,78-87,89] and one golf-putting [88]. In 10 studies,
participants practised only once [41,78,79,81-86,88], the number of trials ranging from 30 [82]
to 90 [79,85]. Participants in the remaining studies practised five times with a total of 100 trials
[87], or eight times with a total of 240 trials [80,89]. All groups showed within group improve-
ments during practice in 12 out of 13 studies [41,78-87,89] (Table 1).

The effectiveness of feedback with EF applied in reduced frequency compared to continu-
ous frequency was investigated in eight studies [78,81-85,88,89], six of which included TDC
[78,81-85]. The remaining studies included children with ASD [83] or CP [89]. The reduced

PLOS ONE | https://doi.org/10.1371/journal.pone.0264873  August 25, 2022 8/28


https://doi.org/10.1371/journal.pone.0264873.g001
https://doi.org/10.1371/journal.pone.0264873

PLOS ONE How can instructions and feedback with external focus be shaped to enhance motor learning in children?

Risk of bias domains

Study

COO0POOOOOOOO

@Ol I L oI SOl JOI0I0

OO JOX QL X ) O )0

0000090000000

COOOOOOOOO®

Risk of bias domains

Fig 2. Methodological quality of the included studies. a. Methodological quality assessed with RoB2. D1 = selection bias; D2 = performance bias; D3 = detection
bias; D4 = attrition bias; D5 = reporting bias; @ = low risk; () = some concerns; @ = high risk. b. Methodological quality assessed with ROBINS-I. D1 = bias
due to confounding; D2 = selection bias; D3 = classification bias, D4 = bias due to deviation from intended interventions; D5 = bias due to missing data; D6 = bias
in measurement of outcomes; D7 = reporting bias; @ = low risk; @ = serious risk.

https://doi.org/10.1371/journal.pone.0264873.9g002

frequency was applied in three fixed frequencies of 20% [88], 33% [81,82] and 50% [83-85,89],
and one faded frequency decreasing from 100% to 0% with an average of 62% [78]. All studies
assessed accuracy [78,81-85,88,89], with two also measuring variability [81,85], and one qual-
ity of movement [82]. Acquisition was assessed in all studies [78,81-85,88,89], while retention
tests were used in seven [78,81-84,88,89], in which timing varied from 24 hours [78,82-84,88]
to 1 week [81,88]. Only three studies measured transfer [81,82,85], in which timing varied
from immediately after practice (0 hours) [81,82,85] to 1 week [81] (Table 1).
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Effectiveness of self-controlled feedback compared to instructor-controlled feedback to
improve accuracy in object control tasks was investigated in five studies [41,78,80,86,87]. TDC
were included in two studies [41,78], while the others included children with DCD [80] or CP
[86,87]. In four studies, the frequency of the self- and instructor-controlled feedback was the
same [41,80,86,87], while in one frequencies were different, 30% in the self-controlled group
and 100% in the instructor-controlled group [78]. All studies measured acquisition and reten-
tion [41,78,80,86,87]. In most studies, retention was measured after 24 hours [41,78,86,87],
though in one the timing was unclear (80). One-day transfer tests were used in two studies
[86,87] (Table 1).

One study with children with ASD and MID investigated the effectiveness of visual analogy
compared to verbal analogy for improving accuracy in basketball shooting on acquisition,
retention (24 hours), and transfer (0 and 24 hours) [79] (Table 1).

Best-evidence synthesis

Regarding frequency of feedback (hypothesis 1), three out of seven studies investigated the
effectiveness of reduced fixed frequency in similar tasks [81,83,84]. However, one reported no
summary statistics [81] and the other two had the same first author [83,84]. The remaining
studies used non-comparable tasks [82,85,88,89]. Only one study examined the effectiveness of
reduced faded frequency. As regards timing of feedback (hypothesis 2), four out of five studies
included similar tasks [41,78,80,86], but summary statistics were lacking in two of these
[41,78]; the remainder included different populations [80,86], and only one investigated a
visual form of instruction (hypothesis 3). Therefore, all studies were included in the best-evi-
dence synthesis [41,78-89] (Table 2). Although each study described whether there were sig-
nificant group differences, none mentioned thresholds for minimal clinically important
differences [41,78-89].

The following paragraphs describe the results from the best-evidence synthesis for the
parameters frequency, timing and form. For frequency, results were reported for the outcomes
accuracy, variability and quality of movement. Studies of timing and form only assessed accu-
racy. For each parameter, results are ordered according to the following time points: 1. Acqui-
sition measured during practice; 2. Acquisition measured with a post-test; 3. Retention; and 4.
Transfer.

Frequency. The evidence whether reduced fixed frequency of feedback was more effective
than continuous frequency (hypothesis 1) in improving accuracy of object control tasks on
acquisition was conﬂicting [81,82,84,85,88,89]. For acquisition measured during practice, con-
tinuous frequency appeared more effective in TDC [83,84] and in children with ASD [83] or
MID [88]; however, two other studies with TDC found no significant group differences
[81,85]. For acquisition measured with a post-test, the results of the studies varied with the pop-
ulation. No significant group differences were found in TDC [81,82], while continuous fre-
quency appeared more effective in children with CP [89]. For retention, conflicting evidence
was also found [81,82,84,85,88,89]: for TDC, two studies found no significant group differ-
ences [81,82], while two other studies indicated that reduced frequency was more effective
[83,84]; for children with motor disabilities, results showed that children with CP [89] and
MID [88] performed best with reduced frequency while children with ASD did best with con-
tinuous frequency [83]. For transfer, no evidence supported either frequency in TDC
[81,82,85] (Table 2). Only one study compared reduced faded frequency to continuous fre-
quency to improve accuracy in beanbag throwing in TDC [78]. For acquisition measured dur-
ing practice, they found no significant group differences [78]. For retention, limited evidence
was found favouring continuous frequency [78] (Table 2).
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Table 2. Best-evidence synthesis of instructions or feedback applied with a specific frequency, timing or form.

Parameter | Comparison Author Task Population Evidence synthesis per study Evidence synthesis summary
studied Acquisition Retention Transfer Acquisition | Retention | Transfer
During | Post | Timing | Effect | Timing | Effect | During | Post
Accuracy
Frequency | Reduced fixed | Sidaway etal. Throw TDC NS NS 1w NS Oh NS X X X -
vs continuous 2012 [81] with 1w NS
beanbag
Zamani & Throw TDC C NA | 24h R NA NA
Zarghami 2015 with
[84] beanbag
Woulf et al. Throw TDC NA NS 24h NS Oh NS
2010 [82] with 24¢h | NS
soccer ball
De Oliveira Throw TDC NS NA | NA NA Oh NS
et al. 2009 [85] | with bocha
ball
Zamani et al. Throw TDC C NA | 24h R NA NA
2015 [83] with
beanbag
Throw Children C NA | 24h C NA NA
with with ASD
beanbag
Hemayattalab Dart Children NA C 72h R NA NA
& Rostami throwing with CP
2010 [89]
Gillespie 2003 Golf Children C NA | 24h R NA NA
[88]* putting with MID 1w R
Reduced faded Sabzi et al. Throw TDC NS NA | 24h C NA NA - NA * NA
vs continuous 2012 [78] with C
beanbag
Timing Self-controlled | Chiviacowsky Throw TDC NS | NA | 24h SC NA NA X - . X
vs instructor- | etal. 2008 [41] with SC
controlled beanbag
(equal . Hemayattalab Throw Children NS NA | 24h SC 24h sC
frequency in etal. 2013 with with CP
both groups) beanbag
Hemayattalab Dart Children sSC NA | 24h NS 24h NS
etal. 2014 [87] | throwing with CP
Zamani et al. Throw Children NA NS NR SC NA NA
2015 [83] with tennis | with DCD
ball and MID
Self-controlled Sabzi et al. Throw TDC NS | NA | 24h C NA NA - NA * NA
30% vs 2012 [78] with IC-100%
instructor- beanbag
controlled
100% feedback
Form Visual analogy | Tse & Masters | Basketball | Children NS NA 24h VisA 24h VisA - NA * *
vs verbal 2019 [79] free throw | with ASD VisA VisA
analogy and MID
Variability
Frequency | Reduced fixed | Sidaway etal. Throw TDC NS NS 1w NS 1w NS - - - -
vs continuous 2012 [81] with
beanbag
De Oliveira Throw TDC NS NA | NA NA Oh NS
et al. 2009 [85] | with bocha
ball
(Continued)
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Table 2. (Continued)

Parameter | Comparison Author Task Population Evidence synthesis per study Evidence synthesis summary
studied Acquisition Retention Transfer Acquisition | Retention | Transfer
During | Post | Timing | Effect | Timing | Effect | During | Post

Quality of movement

Frequency | Reduced fixed Wulf et al. Throw TDC NA | NS 24h NS Oh NS NA - - -
vs continuous 2010 [82] with 24h NS
soccer ball

* = the groups did not improved performance during practice; h = hour(s); w = week(s); TDC = typically developing children; ASD = autistic spectrum disorder;

CP = cerebral palsy; MID = mild intellectual disabilities; DCD = developmental coordination disorder; NA = not applicable; NR = not reported; C = significant,
favouring continuous frequency; R = significant, favouring reduced frequency; SC = significant, favouring self-controlled feedback; IC-100% = significant, favouring
instructor-controlled feedback after every trial; VisA = significant, favouring the visual analogy. Consistency was defined as 75% of the studies assessing the same
comparison showing results in the same direction. Strength of the evidence according to the guidelines of van Tulder et al.:

*** = Strong-consistent findings among multiple high quality RCTs.

** = Moderate-consistent findings among multiple low quality RCTs and/or CCT's and/or one high quality RCT.

* = Limited-one low quality RCT and/or CCT.

X = conflicting-inconsistent findings among multiple RCTs and/or CCTs.

- = no evidence from trials—no RCTs or CCTs.

https://doi.org/10.1371/journal.pone.0264873.t1002

There was no evidence that reduced fixed or continuous frequency was more effective in
reducing variability or improving quality of movement in throwing in TDC for acquisition,
retention and transfer [81,82,85] (Table 2).

Timing. For accuracy in object control tasks, conflicting evidence was found on effective-
ness of self-controlled versus instructor-controlled feedback (hypothesis 2) with equal fre-
quency for acquisition measured during practice [41,86,87]. Of the studies including children
with CP [86,87], one showed that self-controlled timing was more effective [87], while another
found no significant group differences [86]; no significant group differences were found in
TDC [41]. Also, no significant group differences were found in children with DCD for acquisi-
tion measured with a post-test [80]. For retention, the self-controlled group performed best in
three studies [41,80,86], including TDC [41], children with CP [86] and DCD [80]. A fourth
study showed no significant group differences in children with CP [87], which resulted in only
moderate evidence favouring self-controlled timing [41,80,86,87]. For transfer, the evidence
was conflicting in children with CP: while one study showed that self-controlled timing was
more effective, another found no significant group differences [86,87] (Table 2).

One study used different frequencies in the self- and instructor-controlled groups to
improve accuracy in beanbag throwing in TDC [78]. For acquisition measured during practice,
no evidence supported either timing. However, there was limited evidence that 100% instruc-
tor-controlled feedback was more effective than 30% self-controlled feedback for retention
[78] (Table 2).

Form. One study investigated the effectiveness of visual analogy compared to verbal anal-
ogy (hypothesis 3) used to improve accuracy in basketball throwing in children with ASD and
MID (79). For acquisition measured with a post-test, no evidence supported either form [79].
However, for retention limited evidence was found favouring a visual form of instruction [79]
(Table 2).

Discussion

The aim of this systematic review was to investigate the effectiveness of instructions and feed-
back with EF applied with reduced frequency, with self-controlled timing or in visual form in
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the learning by (a)typically developing children of functional gross motor tasks. Although, the
constrained action hypothesis suggested that an EF would be more effective, previous research
investigating effectiveness of instructions or feedback with EF found conflicting results for
children [23,36] and adults [43,90]. It was hypothesized that the frequency, timing and/or
form of instructions and feedback [20] influenced their effectiveness. The following para-
graphs will discuss results by each hypothesis.

First, it was hypothesized that reduced frequency would be more effective than continuous
frequency. However, the results of the best-evidence synthesis did not support this. For acqui-
sition, conflicting evidence was found for accuracy, but studies found either no significant
group differences [78,81,82,85] or significant differences favouring continuous frequency
[83,84,88,89]. A possible reason why continuous frequency appeared more effective could be
the short practice duration, as most studies included only one practice session [78,81-85,88]
(Table 1). At the beginning of the learning process, feedback dependency is likely to be higher
because more information (e.g. by means of more instructions and feedback) is needed to
acquire new skills [12,34,91,92]. With inexperienced children, it is likely that some children
remained in the early learning stage due to insufficient repetitions and, therefore, performed
better with continuous frequency. In practical settings, children have longer training periods.
Therefore, future studies adopting longer practice durations would be of more practical inter-
est which will improve ecological validity as well. For retention, conflicting evidence was
found for accuracy as well, however, four out of seven experiments found beneficial effects for
reduced frequency [83,84,88,89] as expected [34]. From the remaining three studies, two
found non-significant results [81,82]. For transfer, no evidence was found for accuracy
[81,82,85]. However, these studies, also measuring variability and quality of movement, found
non-significant results for acquisition and retention as well [81,82,85]. Only one study com-
pared a faded reduced frequency to a continuous frequency in TDC using a one-day training
protocol, resulting in limited evidence for continuous frequency for retention [78]. The inter-
pretation of these results might be influenced due to methodological limitations, which will be
elaborated later. This limited or conflicting evidence is in line with previous research. System-
atic reviews investigating effectiveness of frequency of feedback to improve motor skills in
TDC and children with CP found limited or contradicting evidence for children with CP
[32,33]. They suggested that child characteristics and task complexity might moderate effec-
tiveness, but foremost they recommended that more studies of methodologically sound quality
including the investigation of relevant child characteristics are needed to draw conclusions
[32,33]. For TDC, they concluded that reduced frequency might be more effective [33]. How-
ever, two studies investigating the effectiveness of reduced frequency in TDC and CP did not
include a control group with a continuous frequency. Furthermore, the study that compared a
continuous with a faded frequency found no differences between groups for TDC [33]. In
summary, several individual studies in the best-evidence synthesis showed beneficial effects
for reduced frequency for retention, and for continuous frequency for acquisition. However,
overall results in this, and previous studies, were conflicting. Therefore, it was not possible to
draw conclusions about the preferred frequency.

Secondly, it was hypothesized that self-controlled timing would be more effective than
instructor-controlled timing. The results of the best-evidence synthesis confirmed this, with
moderate evidence for retention when frequency of feedback was similar in both groups
[41,80,86,87] (Table 2). On the contrary, when frequencies were dissimilar, the instructor-con-
trolled group appeared more effective for retention [78]. This inconsistency may be due to the
frequency of feedback, as the self-controlled group received less feedback than the instructor-
controlled group during the one-day training protocol [78] (Table 1). For all other time points,
either no or conflicting evidence was found. However, if results were conflicting, studies found
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either non-significant results or evidence favouring self-controlled timing as was expected by
the Self-Determination Theory [41,80,86,87]. The non-significant results might be due to the
low methodological quality of the included studies, which will be elaborated later. In this
study, the yoked and instructor-controlled groups were combined as control. However, it can
be argued that effectiveness can differ depending on the type of control group. Moreover,
instructor-controlled feedback may be more supportive to the child than the yoked controlled
feedback because of its timing; it is to be expected that the instructor estimates when the feed-
back would be most informative to the child, while in the yoked condition the moment of feed-
back is not related to the child’s performances. It would be interesting to explore this
assumption in future research. A systematic review investigating the effectiveness of autonomy
support in children’s functional skill motor learning yielded similar results [36]. It found that
self-controlled feedback was more effective in several studies, but it was argued that child char-
acteristics, like trait anxiety, cognitive skills and age, may have influenced effectiveness [36]. In
the best-evidence synthesis, three out of four studies with equal frequency of feedback in both
groups included children with either CP [86,87] or DCD [80]. These children are characterized
by cognitive deficits, which might influence their abilities for autonomous functioning
[6,37,93]. These characteristics, in addition to the methodological limitations, might explain
why results are not as consistent as expected [37]. Although more evidence is needed to draw
conclusions for all time points, the results from the best-evidence synthesis, supported by pre-
vious research, suggests that instructors should consider using self-controlled timing in chil-
dren’s motor learning.

Finally, it was hypothesized that children learnt functional gross motor skills best with a
visual form of instructions and feedback compared to a verbal form. However, only one study
investigated this specific comparison [79]. Post-hoc comparisons showed that children with
ASD threw more accurately after a visual analogy [79]. Similar results were found in studies
with healthy young adults and young adults with Down syndrome, where skill performance
improved more after video [94,95] or instructor demonstration [96] than with verbal instruc-
tions with EF. Although evidence is limited, instructors might consider using pictures, videos
or real live demonstrations as instructions or feedback to teach children motor skills.

This was the first study to systematically investigate the modifying role of frequency, timing
and form in instructions and feedback with EF on children’s motor learning. A strength of this
study was that it followed a registered protocol, comprising a selection process and RoB assess-
ment performed by two reviewers independently, with an epidemiologist (CB) to be consulted
in cases of disagreement. Furthermore, RoB was assessed by means of reference standards (the
Cochrane RoB tools) and findings were analysed according to a prespecified plan. There was
no need to contact authors of included studies for further details. There is a small possibility
that we interpreted reported information slightly different than meant by the authors. This
study included functional tasks which improved the ecological validity of this study.

Providing recommendations for instructors about the frequency, timing and form of
instructions and feedback with EF appeared challenging for three particular reasons. Firstly,
drawing evidence-based conclusions was difficult because of the poor methodological quality
of the studies [41,78-88] (Fig 2). In particular, blinding of outcome assessors, analysing
according to ITT, and handling missing data properly require attention in future studies
[97,98]. Furthermore, authors should report methods and results in more detail, essential for
adequately determining the RoB [97,98]. It is possible that methodological quality appeared
lower due to insufficient reporting of details. Additionally, the generally small sample sizes and
the lack of reported thresholds of clinically meaningful differences also hindered interpreta-
tion. Inadequate sample sizes increase the risk of finding non-significant results or contrary
conclusions with similar studies [99,100]. This might have influenced the number of non-
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significant results found in individual studies and, more specifically, the lack of evidence or the
conflicting evidence in the best-evidence synthesis (Table 2) [99,101]. In particular, the results
of the post-hoc comparisons should be interpreted cautiously [99]. Although some studies
found significant differences, it remains unclear whether these differences are large enough to
be relevant in practical settings [102,103]. More methodologically sound studies based on
proper sample size calculations are needed to draw conclusions regarding the preferred fre-
quency, timing and form of instructions and feedback.

Secondly, it is suggested that child and task characteristic may moderate effectiveness
[23,36]. However, more research is necessary to gain insights into which characteristics are rel-
evant, and their moderating role. Accordingly, it was not possible to perform sub analyses in
the best-evidence synthesis. For instructors, it is not only important to know how to shape
their instructions and feedback, but also how to adapt their instructions and feedback to child
and task [17,104]. Therefore, performing sub analyses on all potentially relevant variables such
as typical/atypical development, age, cognitive or motivational factors, would be recom-
mended for future research when more methodologically sound studies are available, includ-
ing relevant data to make sub groups properly.

Thirdly, generalizability of the results was hampered because all included studies used
object control tasks with inexperienced children, and measured accuracy. This overrepresenta-
tion of tasks, skill level and outcome is in line with previous research [23,36]. In therapy, PE
classes and sports, children learn various tasks with different levels of complexity [105] and,
depending the child’s needs, instructors teach new tasks to novice children or optimize exist-
ing skills in experienced or trained children [8,106,107]. The challenge point framework con-
ceptualizes the amount and specificity of information needed to learn skills, based on the level
of task complexity, the skill level of the individual, and the interaction of level of complexity
with skill level [91]. This framework, and other studies, suggest that instructors should adapt
frequency, timing and form of instructions and feedback to the individual and the task
[17,23,36,91,104]. Child characteristics as skill level, cognitive functioning, motivation, and the
presence of a diagnose are considered relevant [17,23,36,104]. However, more research is nec-
essary to gain a better understanding of their moderating role. Therefore, future research
should attempt to include a wider variety of tasks and/or child characteristics in their studies.
This will improve ecological validity, and generalizability of the studies as well. In order to
guarantee comparability of studies, a framework that classifies tasks based on their characteris-
tics could be helpful. Future research should give attention to developing such a framework.
Potentially relevant characteristics are the number of degrees of freedom, cognitive demands,
sequence of movement structure, spatial and temporal demands, and the context of tasks
[2,47,92]. As for outcome, few studies assessed variability [81,85] or quality of movement [82],
as well as accuracy. In practical settings, instructors often focus on improving functionality
instead of normality [8,106,107]. From that point of view, accuracy is a relevant outcome,
because it focuses on the result of the performance instead of on the optimal movement pat-
tern. However, instructors can target various improvements, depending on the child’s need.
Therefore, for better ecological validity, more result-related outcomes (e.g. variability, number
of successful attempts and distance) and movement pattern-related outcomes (e.g. quality of
movement and kinematic variables) should be considered in future studies. Irrespective of the
chosen outcome, researchers should use valid, reliable and responsive outcome measures.

Conclusion

Based on the results of this systematic review, instructors should consider using self-controlled
teedback with EF to enhance children’s motor learning (moderate evidence). Regarding a

PLOS ONE | https://doi.org/10.1371/journal.pone.0264873  August 25, 2022 21/28


https://doi.org/10.1371/journal.pone.0264873

PLOS ONE

How can instructions and feedback with external focus be shaped to enhance motor learning in children?

specific frequency or form, no conclusions can be drawn yet. However, based on limited evi-
dence, instructors could consider using visual instructions. Because specific child and task
characteristics can also moderate the effectiveness of instructions and feedback [23,36,91],
instructors should explore the optimal frequency, timing and form for each child until more
research provides us with a better understanding of their moderating role. Future research
should put effort into developing a framework that classifies tasks based on their characteris-
tics. Furthermore, it should aim to advance insights into the modifying role of frequency, tim-
ing and form in instructions and feedback with EF with methodologically sound studies
focusing on: 1. a variety of tasks; 2. populations with different skill levels, age ranges, and diag-
noses; 3. various outcome measures; and 4. with longer practice duration.
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