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Abstract
This study aimed to investigate the relatively explicit (errorful) or implicit (errorless) conditions on the
learning the relative timing was a motor task. Healthy participants (N = 38, Mage = 22.6 years, SDage = 3.2
years) were randomly assigned to one of three groups (control, errorful, errorless). We conducted the
study in four phases: (1) Pretest; (2) Acquisition (group speci�c); (3) Retention at 10-minutes and 24-
hours post-acquistion; (4) Transfer at 10-minutes and 24-hours post-acquisition. Each phase consisted of
10 trials, except for Acquisition, which consisted of 45 trials. The transfer tests and also the high
correlation between scores the total MSRS scores with errorful and control schedules. participants were
tested, in a novel total movement, timing creations and relative timing structure (1300 MS, 325 MS for
each segment, respectively). In both the retention and transfer tests, the errorless group in the relative
timing ( RMSE) performed more accurately than other groups ( p ≤ 0.05). These results suggest that
implicit learning in the form of errorless acquisition results is a smoother and more accurate motor
performance for the retention and transfer tests. The results support previous �ndings that display an
errorless learning paradigm, effectively minimize skill degradation under pressure conditions that are
further consistent with the implicit learning and reinvestment theories.

Introduction
A primary reason a person practices skills is to improve their ability to perform in future situations
(Schmidt & Lee, 2013; Magill, 2011). In the last 20 years, the motor control literature discussed how,
besides practice time, also practice quality plays a crucial role (i.e., Magill, 2011; Masters, 1993). In other
words, besides extensive practice, what matters is also how a speci�c skill is learned.

Errorful Versus Errorless Learning
Within the motor control literature, two major learning strategies seem to emerge. On the one hand, we
have a more classical and somewhat sponateous type of learning, which we can call explicit or errorful
(Fitts & Posner, 1967). This involves deliberate practice and, inevitably, performance errors that trigger in
the learner movement speci�c hypothesis-testing, in an attempt to �nd and store a set of explicit,
declarative rules for a pro�cient skill execution and performance. This skill-focused hypothesis-testing
process, also known as conscious processing (i.e., Masters, 1992; Maxwell, Masters, & Eves, 2003), would
happen within our working memory (Baddeley, 2012), a limited-resources system which is responsible for
retrieving and manipulating consciously accessible declarative knowledge so to enable our motor (and
cognitive) system to control movement online. On the other hand, we have implicit errorless learning,
which, as the name suggests consists in a practice schedule whereby the chance for error is reduced and
the learner acquires the skill without the involvement of working-memory mediated hypothesis testing
and without the creation of explicit movement rules and therefore low conscious processing (Masters et
al., 2014).
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What are the advantages/disadvantages of these two strategies? Errorful learning, because of its explicit
focus on the skill seems to have the advantage of granting an overall faster skill acquisition. For
example, Bellomo, Cooke, and Hardy (2018) showed how errorful learning during a sequence learning-
task led to faster chunking, reduced conscious reprocessing, and increased cortical e�ciency (higher left-
temporal high alpha power) compared to errorless learning. Some theorists additionally suggest that
errorful learning might also contribute to create an autonomy-supportive environment that increases
con�dence and self-e�cacy. Errorful learning gives learners the chance to make task-relevant choices.
The Optimizing Performance via Intrinsic Motivation and Attention for Learning (OPTIMAL) theory of
motor learning emphasizes learner autonomy through choice possibilities. (Lee et al., 2016; Wulf,
Chiviacowsky, & Cardozo, 2014; Lee et al., 2016; Sanli, Lee, et al., 2015; Chien, & Chen, 2017;Levac, Galvez,
Mercado, O'Neil,2017). According to Lee et al. (2016), incorrect acts follow the mechanisms proposed by
the schema theory. Guided error-based learning elucidates a student's basic schema, allowing educators
to better comprehend it and employ student-centered pedagogy. Furthermore, errors in motor skills
exercises may result in the storage of response information about improper motions in the brain. The
database of the recall schema will be used to hold the responsive information of improper motions. To
enhance the relationship with the recognition schema, rea�rmation might be done by recalling the erring
experience. Wrong actions can lead to an increase in skills self-e�cacy and learning effectiveness in the
acquisition phase, according to the mechanics of the generalized motor program in the schema theory.
However, although explicit processes would be particularly advantageous crucial early in learning, they
could also back�re at later stages, once the skill has been consolitated and automatized (Masters &
Maxwell, 2008). This would happen in speci�c scenarios, usually characterized by increased pressure
performance, where stakes for errors are high and skill-failure is not an option (e.g., important
competitions)(Adams, 1971). In these situations, experienced performers might try to consciously control
of the execution of automatized movements, thus de-automatizing them and, in most of the cases,
hindering performance. This return to conscious control is also known as “reinvestment” (Masters &
Maxwell, 1992) and is the pivotal concept of Reinvestment theory (Masters, 1992; Masters & Maxwell,
2008).

And here we come to the advantages of implicit, errorless learning. In fact, the theory additionally
suggests that if motor skills are learned implicitly rather than explicitly, reinvestment and therefore motor
performance impairment under pressure would be less likely (since little explicit and conscious motor skill
knowledge has been stored; Masters, 1993). Although several implicit acquisition of motor skills
schedules have been developed throughout the years (i.e., dual-task practice; Masters, 1992; Masters, Kerr,
& Weedon, 2001, removing performance or providing subliminal feedback; Maxwell et al., 2003; Masters,
Maxwell, & Eves, 2009, analogy learning; Lam et al., 2009; Liao & Masters, 2001; Poolton et al., 2006; Tse,
Wange, Masters, 2017; North, Warren, & Runswick, 2017)errorless learning con�gures itself as the most
popular and implemented implicit learning strategy (Masters et al., 2004; Masters, Poolton, & Maxwell,
2008; Maxwell et al., 2001; Poolton, Masters, & Maxwell, 2007; 2005; Capio, Poolton, Sit, Eguia, et al.,
2013; North et al., 2017; Capio et al., 2017; Maxwell et al.2017) and scaling of equipment (Burton & Welch,
1990; Farrow & Reid, 2010; Buszard, Farrow, Reid,& Masters, 2014). In addition to its bene�ts for
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performance under pressure, implicit learning seems to ensure a more generalized motor program, which
might have additional advantages in some high pressure situations (Van Ginneken and colleagues, 2014)

On the other hand, task type can be considered a factor that in�uences present and past research
�ndings and solves the challenges and con�icts and generalizations of the research literature. The nature
and type of the task is an under-explored variable in this �eld, Mount, Parker, et al., (2007) and Levac et
al., (2017) argued that more research is needed to identify the characteristics of tasks, such as task
complexity, motor versus non-motor tasks, and type of task (laboratory tasks or non-laboratory tasks) in
errorless and errorful approaches. To the best of our knowledge, errorless and errorful practice
approaches have been addressed just in �ne tasks such as golf putting, button-press task (Maxwell,
Masters et al., 2001; Poolton, Zachry, 2007; Zhu, Wilson, Maxwell, & Masters, 2011, Bellomo et al., 2018)
or gross-motor tasks rugby throws,respectively (Masters, Poolton & Maxwell, 2008; Gabbet & Masters,
2011).

Although most researching work performed on errorless and errorful protocols has been somewhat
con�rmed in indicators such as distance from the target (e.g., Maxwell et al., 2001; Poolton et al., 2005;
Zhu, Poolton et al., 2011; Maxwell, Capio et al., 2016; Sanli&Lee,2014 Experiment 2) or target size (Capio,
Masters, et al., 2013; Masters et al., 2008; Ong, Lohse, Sze, & Hodges,2013; Sanli&Lee,2014 Experiment 1).
However, some studies report limited evidence of the e�cacy of error-reduced learning in �eld and
laboratory setting (Sanli & Lee, 2014; Ong, Lohse, & Hodges, 2015; Lee, Eliasz, Gonzalez, Alguire, Ding,
Dhallwal,2016).

In contrast, Sanli and Lee (2014) in studies in two experiments showed that skill training with the gradual
progress from easy -to di�cult (error reduced) did not consistently induce implicit learning processes and
is not consistently bene�cial to performance under secondary -task load. The experiment �ndings did not
support the predictions based on schema theory and only partially supported the predictions based on
reinvestment theory.

Sanli and Lee (2014) suggested that the timing of errors with task di�culty (functional di�culty) is
probably an important factor in motor learning. but they also found minimal evidence to support previous
claims that error-reduced approaches cause implicit motor learning. In this regard, Lee et al. (2015) in a
study investigated the role of errors in learning a laboratory task of distinct keypress sequences that
varied in the amounts of advance information (i.e., choice). Although these �ndings support the bene�cial
role of error in motor learning, they also suggest that not all errors are equal in the learning process.
Instead, they distinguish between factors that cause errors that have a desirable effect on learning than
those that have an undesirable effect. Ong et al. (2015) revealed that also participants throwing darts at a
larger target (i.e., error reduced) did not differ in performance (radial error) during practice (90 trials) or
under secondary task load, compared to those who are throwing at a small target (i.e., error-strewn).

Sanli and Lee (2014) suggested that the timing of errors in relation to task di�culty is likely to be a
critical factor in motor learning. We selected a �ne-motor task in a laboratory setting so that we could
assess performance more precisely, such as the size and variability of error. We were also particularly
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interested in the impact of different implicit and explicit learning paradigms on immediate and delayed
retention, dual-task, and transfer tests.Therefore, there are some criticisms of these papers; speci�cally,
that the present research is seeking to study the effect of errorless and errorful practice on learning by
manipulating relative timing as an unknown issue that is an invariant feature of the generalized motor
program (Schmidt, 1975), rather than by emphasizing variabilities and parametric indicators. In the
present research, a �ne-motor task that has been used more in the early works (Lai & Shea, 1998; Lai &
Shea et al., 2001; Rahbanfard & Proteau, 2011; Apolinário-Souza, Ferreira, Oliveira, Nogueira, Pinto and
Lage,2020) was employed to provide the possibility of more accurate assessment of performance, such
as size and variability of errors.Thus, given the challenges and contradictions in the past literature on the
e�cacy of errorless and errorful practice in learning tasks, there is a partial timing (Sanli et al., 2014; Lee
et al., 2015) yet unclear or inconsistent and wholly understood.

Although most previous studies search implicit learning is useful in learning motor skills. but the new line
of the present study is the study of retention and immediate transfer, assessments of delayed task recall
and transfer have not been studied as extensively (Poolton & Zachry, 2007). The disadvantage of not
having delayed retention and transfer tests is that the condition that is bene�cial to performance during
acquisition may be detrimental to learning in other situations.

Recent evidence suggests that some conscious processes may be bene�cial to beginners during learning,
but but detrimental in the performance under pressure. Therefore, the present study seeks to �ll this gap.
Based on previous research (bellomo et al., 2018), we hypothesized that participants in both groups show
a timing task during acquisition, but the explicit group improves more rapidly. Also, based on the
reinvestment theory (masters & Maxwell, 2008), we predicted that under pressure, the de-chunking would
be greater in the explicit group, while the implicit group would be immune. we expected that in explicit
group under dual-task load and under pressure following practice, pressure would elicit increases in
conscious processing and possibly de-chunking of the movements therfore, we expected this to be less
for implicit motor learning paradigm because implicit training should limit the rules of verbal-analytic
rules required for reinvestment to occur. Moreover, In line with the retention phase �ndings, some studies
have shown that implicit learning strategies are more stable and resilient and over time than those
associated to explicit learning (Masters, Poolton, & Maxwell, 2008; Poolton, Masters, & Maxwell, 2007).
Schmitz et al., (2014) believe errorless learning allows for faster automation of serial response time tasks
compared to errorful learning in both alzheimer’s disease healthy older subjects. This study investigated,
in a controlled laboratory enviroment, the role of motor learning errors during practice, retention, and
transfer using errorless and errorful practice schedules. Previous studies only have examined
performance and retention conditions. no studies have examined the conditions of delayed retention and
transfer. An important aspect of the present study is the study of delayed retention and transfer
conditions. We expect more robust performance under dual task in the implicit learning.

Therefore, in this study, in line with the reinvestment theory and previous research, we hypothesized that
practicing a task in an incremental di�culty paradigm (easy to di�cult) leads to fewer errors and more
stable learning of the relative timing (GMP) compared to di�cult to eary / errorful and compared to
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control. We also expected relatively implicit learner (errorless) to report less explicit knowledge of the
performance of timing task compared to explicit (declarative) learners. Moreover, we expected the
amount of reported task-speci�c declarative knowledge to correlate with the Movement- Speci�c
Reinvestment (MSRS) scores in the errorful group.

Method

Participants
A total of thirty-eight (N = 38, Mage = 22.6 years, SDage = 3.2 years) healthy male participants from Buali
Sina University of Hamden (Iran) were recruited by means of convenience sampling. All participants were
right-handed, did not have a speci�c physical problem; had normal or corrected-to-normal vision, and
were unfamiliar with the experimental task.

The required sample size was determined using the G*Power software with setting for mixed-model
ANOVA (within-between interaction) at 95% con�dence level, α = 0.05; power = 0.85, Group = 3 and r = 0.5,
and medium effect size = 0.23 from similar research (Wong, 2019; de Oliveira et al. (2017).
Recommended total sample size was 39 (Faul, Erdfelder, Lang, & Buchner, 2007). However, one
participant from the control group was excluded from the data analysis process due to personal
problems. Before partaking into the study, all participants signed an informed consent. Participants were
randomly assigned to one of the experimental groups: Errorless (N = 13), Errorful (N = 13), and Control (N 
= 12).
Apparatus And Task

We employed the same the apparatus and four-part sequential timing task of Rohbanfard and Proteau
(2011). As illustrated in Fig. 1, the apparatus consisted of a wooden base (45 × 45 cm) embedded with
three wooden barriers (with the height of 11 cm and width of 8 cm) as vertical and a target (11× 8 cm) as
horizontal. There was a start button in the middle of the horizontal target. The distance between the start
button and the �rst barrier was 15 cm, and distances among the remaining parts of the task were 32 cm,
18 cm and 29 cm, respectively. Motor timing was controlled by microswitches placed under vertical
barriers and horizontal target. The microswitches were connected to a computer via IO port and A-D
convert. Participants sat in front of the apparatus. close to the start position. then, from the starting
button began each trial with their right hand on the home position. articipants were asked to be as
accurate as possible with the relative goal segment ratios. Four targets appeared on the screen and
participants had to move towards each targets in a sequential order The participant was then asked to
successivelly knock down the �rst, second, and third obstacles (thus releasing the microswitches) in a
clockwise motion, and �nally to hit the target. each segment of the task, depending on the training group,
must be completed in a different intermediate time(ITS) for a 1200 ms TMT. The movement pattern,
ITSand TMT are shown on a poster in front of the apparatus during all of experimental phases.

Procedure
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This study was carried out in six experimental phases. During the �rst phase (pretest), each participant
was asked to perform for 10 trials with the total time of 1200 MS and a relative time of 300 MS per
segment (intermediate times) without receiving any feedback. During the Acquisition block participants
performed the tast for a total of 45 trials. in all all the other blocks they performed the tast for 10 trials.

 
Table 1

Experimental groups and phases
Phase

Group

Pretest ACQ 10–min
RET

10-min
TR

24-hr

RET

24-hr

TR

Errorless Perform
10 trials
(task B)
without
knowledge
of results
(KR)

3 sessions (45 trials
each) Practicing
respectively tasks A
(15 trials), B (15
trials) & C (15 trials)
in each session

Perform
10 trials
(task B)
without
knowledge
of results
(KR)

Perform
10 trials (
TMT = 
1300 ms,
325 ms
each
segment)

Perform
10 trials
(task B)
without
knowledge
of results
(KR)

Perform
10 trials (
TMT = 
1300 ms,
325 ms
each
segment)
+ Tone
Counting

Errorful 3 sessions (45 trials
each) Practicing
respectively tasks C
(15 trials), B (15
trials) & A (15 trials)
in each session

Control No practice

Task A (simple task): ITs = 200, 375, 300 & 325 MS; Task B (moderate task): ITs = 300, 300, 300 & 300 MS;
Task C (di�cult task): ITs = 300, 300, 240 & 360 Ms. TMT was 1200 MS for all tasks

Before performing the acquisition protocol, expected relative timing for performing fourth segments of
the task was calculated using a pilot study equal to 17, 27, 25 and 31% for the �rst to the fourth segment.
This task was as a simple task (Task A) in the practice protocol. Before starting the �rst trail, participants
were asked to try to match the movement pattern as closely as possible(intermediate time) as well as gol
segment ratios. Accordingly, a task with relative times of 25% per segment was a moderate task (Task B),
because the participant then focuses on learning the �rst and last segments of the sequence. Also, a task
with relative times of 25, 25, 20, and 30% was di�cult (Task C).our assuption that the25% relative time
was simpler to carry out the 25, 25, 20, and 30% relative time.In this case, in addition to the initial and
�nal segment, the subject must also learn the task's middle sections. In the acquisition phase, as shown
in Table 1, the errorless practice group started each training session with a simple task and ended with a
complex task, while the errorful practice group acted reversely (from a di�cult task to a simple task)(
Bellomo et al., 2018). Finally, 10-min and 24-hr, after the acquisition phase, immediate and delayed
retention, and transfer tests were performed. The pre-test, post-test and retention phases included
attempting to complete the movement sequence for pre-instructed absolute and relative times without
any augmented feedback(no augmented FB).
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Retention tests were performed similarly to the pretest. In contrast, during the transfer tests, participants
were: 1) asked to complete the same task but with a total movement time of 1300 milliseconds (ms); 2)
performed it while two in dual-task condition while counting the total number of high (1000 Hz) pitched
tones (simultaneous with the transfer of the 24-hour test). Crucially, the high pitch tones were alternated
with low pitch (500Hz) tones. tones were presented in a randomised order at one-second intervals

Measures

Movement-speci�c conscious reinvestment scale. The English version Movement- Speci�c Reinvestment
Scale (MSRS-C) was used to assess the participants' conscious control propensity (Masters et al., 1993;
Masters et al., 2005; Wong et al., 2008, 2015, 2016, Chu& Wong,2018). This scale consists of 10
questions, consists of two sub-scales including Conscious Motor Processing (CMP) of and Movement
Self-Consciousness (MSC) Each of which contains �ve questions (�ve items each) which measure
propensity for control (e.g., "I am concerned about my style of moving") and conscious monitoring (e.g., "I
was aware of the way my body was working"), respectively. Items are rated on a 6-point Likert scale from
"strongly disagree" to "strongly agree" summed to a total Scores range from 10 to 60, with lower scores
re�ecting a lower trait propensity to consciously process movement and higher scores re�ecting a greater
trait propensity to process movement consciously. Its test – re-test reliability for two factors is r = 0.67,
0.76 and Cronbach's alpha for measuring its internal reliability for two factors was 0.71 and 0.78
(Masters et al.,2005). The internal consistency (Cronbach’s alpha) for the subtest of the conscious
movement process is obtained 0.8, for self-consciousness movement subtest, which is attained 0.73 and
for the total scale is 0.77. In the present study, the Cronbach's alpha coe�cient for the total Reinvestment
and subcomponents of conscious movement processes and movement-speci�c self-consciousness was
0.88, 0.73 and 0.72, respectively.

Verbal Protocols. At the end of each block, a verbal report protocol was used to assess the amount of
declarative knowledge about the timing task's rules or reported hypothesis testing. Here, the participants
were asked to recall and to describe any rules, strategies, methods or techniques that were associated
with completing the timing task successfully; for example, how to adjust the speed of handing barriers
according to the order time of each segment) when practice and testing (Liao & Masters, 2001; Maxwell
et al., 2001; Maxwell et al., 2006), the number of rules and techniques reported by the participants in the
practice sessions and during the learning phases were counted independently by the two blind raters. The
average number of rules reported by the two raters was considered the verbal rule report protocol's
individual score.

Relative timing. We computed the root mean square error (RMSE) for intermediate times, which presents
in a single score how much each participant deviated from the prescribed relative timing pattern. For each

trial:  where ITI represents the intermediate time for segment, i

and target is the goal movement time for each segment of the task (i.e., 300 MS for the immediately and

RMSE = √∑
Segment4

Segment1
( )

IT i−T arget2

4
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delay retention trials and 325 MS for the transfer trials). Relative timing (RMSE) was computed as the
sum of the absolute difference between the goal proportions and each segment's actual proportions.

Data analysis
Sphericity and normality checks were performed and controlled for whenneeded. When main effects or
interactions were found, separate ANOVAs, post hoc tests (Bonferroni corrected) or polynomial trend
analyses were performed.

The Shapiro-Wilk and Levene's tests con�rmed the normality of distributing the data and the
homogeneity of variance at all experimental phases, respectively (ps > 0.05). mixed-model ANOVAs were
employed to analyze data. The multivariate method of reporting results was adopted as it minimizes the
risk of violating sphericity and compound symmetry assumptions in repeated measures ANOVA (Vasey &
Thayer, 1987). Effect sizes are reported as partial η squared (η p 2 ), with the values .01, .06 and .14
indicating relatively small, medium and large effect sizes, respectively (Cohen, 1988).

Acquisition Block

The acquisition data of the three experimetal groups were analysed with a 3 (group: errorless, errorful,) x9
blocks of trials (Blocks: 1–15, 16–30, 31–45, …121–135) mixed-model ANOVA with group (errorless,
errorful).

Retention And Transfe Phases

Furthermore, in retention phase, data were compared by using compound ANOVA in a (within- between-
subjects) design including 3 groups (between-subjects factor) (control, errorless, and errorful) x 3 phases
(pretest, 10-min retention, and 24-hr retention) with within-subjects factor repeated measures on the last
factor. Finally, one-way ANOVA was used to analyze groups' performances in different learning phases
(transfer, 24-hr transfer, verbal reporting protocol, and accuracy of dual-task). A Pearson product-moment
intra-class correlation coe�cient was used to access the inter-rater reliability the number of rules reported
in participants' verbal protocols and scores of the independent raters. multiple regression analysis were
carried out for predicting the MSRS score and dual-task conditions.

When the assumption of sphericity was violated a Greenhouse-Geisser correction was used. Excel
software (2016) was used to draw the graphs, and alpha (α) level was set at 0.05. For all signi�cant
effects, post hoc analyses using LSD were conducted (P < 0.05). The partial eta square ( 2) is the effect
size reported for the signi�cant main effects and interactions (Cohen, 1988).

Results
Relative timing error (RMSE). add results please
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Acquisition (RMSE).The Group x Block mixed-model ANOVA on RMSE revealed a signi�cant main effect
of Block (F(8, 192) = 5.294, p = 0.001, 2 = 0.181), but neither main effect of group nor interactions were
not signi�cant. This effect was probed with LSD post-hoc test, which revealed the greater error in the �rst
block relative to the last block of trials (P < 0.05). In other words, as shown in Fig. 2, RMSE decreased with
practice in both groups during the acquisition phase.

Retention phases. As illustrated in Fig. 2b, ANOVA computed on (RMSE) in retention phases revealed
signi�cant main effects of Group (F (2, 35) = 6.793, p = 0.001, 2 = 0. 440) and Phase (F (2, 70) = 20.185,
p = .001, 2 = 0. 366) and a signi�cant interaction (F (4, 70) = 5.763, p = 0.001). LSD post hoc analyses
revealed no signi�cant differences between groups at pre-test.

The results obtained from post hoc LSD test are shown in Fig. 2 (Panel b) suggest that the groups and
signi�cant difference between errorless group and other groups (errorful, control) in both 10-min and 24-
hr retention phases, respectively, so that errorless group performed with less relative timing error than two
groups (Ps < 0.05).

Transfer (10-min) and 24hrTransfer tests (dual-task). For the Transfer test, the data related to the relative
timing error in the transfer phase exhibited signi�cant differences among the group (F (2, 35) = 17.86, p 
= .001). Based on the results obtained from LSD post hoc testing, a signi�cant difference was found
between the control group and the other two groups (Ps ≤ 0.05). The data analyzed by the LSD test,
showed in Fig. 2 (Panel b) as oval and star symbols demonstrated that errorless group had better
performance relative to errorful and the control groups (Ps ≥ 0.05). Besides, regarding the 24-hr transfer
phase, the results' pattern was similar to that of 10-min one, implying that the groups were signi�cantly
different from each other F (2, 35) = 22.012, p = .001). LSD post hoc testing showed errorless practice
group had a signi�cantly smaller (RMSE) than the two practice groups.

Verbal protocols.

Participants reported the number of task-relevant knowledge and rules that they used to about their
movements during both) learning and test phases). The number of rules was analyzed using one way
ANOVA and LSD post hoc tests. Pearson’s product-moment correlation coe�cient indicated a high inter-
rater reliability (r = .88, n = 38, p < .001). The mean number of rules was reported by two independent raters
blind to the experimental conditions under which each participant performed as a verbal protocol score.

The analysis with one-way analysis of variance (ANOVA) revealed signi�cant group difference (F (2, 35) = 
11.22, p = .001). LSD post hoc test showed a signi�cant difference in the number of task-relevant
knowledge and rules reported by the errorless compared to the control and errorful groups (p = .001, p 
= .001, respectively). There was no signi�cant difference between the other groups in the paired
comparison.

Mean number of explicit rules by the errorful (M = 3.30, SD = 2.9), errorless (M = 2, SD = .70), control
groups (M = 3.08 SD = .66), respectively. Figures (3) illustrates the mean of the number of rules reported.
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also, the results related to tone counting showed that there were no signi�cant differences among all the
groups (F2, 35 = .978, P = 0.123) Mean and standard deviation values of tone counting absolute
percentage accuracy were 94.36% and 4.31, 93.53% and 4.76, 94.58% and 2.79, and 92.13% and 3.17 for
the errorless, errorful, and control groups, respectively.

The regression analysis results showed that the total scores of the Movement-Speci�c Reinvestment
Scale (MSRS) positively correlated with the performance of groups in the dual-task conditions. (F (1, 36) 
= 12.27, p = .0012, R square = 0.254). As shown in Fig. 4, There was a positive correlation between the root
mean square error (RMSE) with the errorless group in which participants performed signi�cantly better
with lower propensity for Reinvestment (MSRS score). In contrast, in the two errorful and control groups,
this relationship was reversed. As these two groups scored higher on the Movement-Speci�c
Reinvestment Scale (MSRS), they performed signi�cantly worse in the dual-task conditions.

Discussion
The present research aimed to assess the role of errorless and errorful practices in acquisition and
relative timing learning of a motor task. The research �nding showed that both groups performed better
in all retention and transfer tests than control one in relative timing (RMSE). The existence of a signi�cant
difference between practising groups and control shows the occurrence of learning. In the acquisition
phase, the results revealed that practice, regardless of the type, led to performance progress. Lage et al.
(2007) argue that the opportunity to remain steady during the early-stage trials of the practice schedules
provided by some of the practice schedules allows the learner to be desirable in acquiring a movement's
structure. Therefore, these practice conditions allow a learner to pay attention to relative timing structure
by trial- to- trials stability during practice, the acquisition of skilled performance overall depends on the
number of practice more practice leads to better performance. One possible reason for the lack of
�ndings between the two groups was the relatively short period of acquisition phase in the current
experiment (135 trials for each group consisting of three blocks of 45 trials in each session of different
tasks). The main effect of block suggest regardless of practice type, performance improved with
repetition (end of the acquisition phase). Both transfer and transfer tests were applied to separate the
transitory effects of performance from learning. Since the retention and transfer tests allow access to
learning phenomena with different dimensions, while the retention test con�rmed the persistence of the
performance improvement, the transfer test provided the ability to generalization the learned skill to
another situation.Accordingly, success in doing relative timing in the early practice program helped learn
the motor pattern and generalization in retention and transfer phases. This research's exciting results
were observed in retention and transfer phases, in which the errorless group showed higher performance
than the other practising groups. In fact, in the relative error measure, the errorless groups performed with
a lower error than the errorful and control groups. According to prediction of reinvestment theory (master
et al, 2008), enhancing trial-to-trial consistency during the acquisition phase is bene�cial to the
development of relative – timing (GMP). These �ndings are of high importance from the theoretical
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aspect. The errorless group's superiority over other groups is justi�ed by the implicit learning literature
and the reinvestment theory (Maxwell and Masters, 1992, 2008). underpins of implicit approaches to
learning is the theory of reinvestment(Masters & Maxwell, 2008).

based on reinvestment theory (Masters & Maxwell, 2008), Conscious control of a movement movement
execution causes it to return to an earlier, more cognitive stage of control, which is characterized by
inconsistency, instability and inaccuracy (Sparks, Aussanu. Masters ,Ring,2021, Masters & Maxwell,
2008).

Success in the early practice program causes limitation in making errors so that participant errorless
group the involvement rate of working memory is reduced and participants can acquire stable patterns
implicitly without requiring a hypothesis test. Thus, consistent with the �ndings of Maxwell et al. (2001),
Masters et al. (2008) and Miler (2014) learners in an easy-to-di�cult practice progression (errorless
group) would use fewer on working memory resources, results in implicit learning of new motor skill and
later performing retention, and under secondary-task conditions should not have a problem with the task

The difference between practising blocks in practising groups became greater when cognitive demand for
attention resources, and the need to hypothesis test increased. It seems that practising groups led to the
improvement of performance in the acquisition phase.

The results of the current research in acquisition phase are in line with the results reported by the previous
researcher (Masters, & Maxwell, 2001; Poolton, Masters, & Maxwell, 2006; Chauvel et al.; 2012; Abdoli et
al., 2012, Savelsbergh et al., 2012; Wang, Masters et al.,2013, Capio, Poolton et al., 2013; Van Ginneken et
al., 2014; Sanli et al., 2014; Maxwell et al.,2017; Kishawi, Khalaf,, Masters & Winning;2020). Errorless and
errorful practice protocols caused an improvement in performance in the acquisition phase. It seems that
the practice of working memory in errorless groups in the �rst blocks was less involved in correcting the
errors, and that processing occurred implicitly. A possible explanation for these results may be the results
of a the verbal reporting protocol. The results of the verbal protocol showed that the errorless group uses
less declartive knowledge, so less working memory is used to learn the skill, so the task manipulation to
show the effects of implicit and explicit learning It has been successful.as explained in the introduction,
for example, Maxwell et al. (2001), constrained the environment to reduce the amount of errors that
occurred during practice, thus reducing the necessity for working memory to be engaged in hypothesis
testing because performance was successful.errorless- learners exhibited performances that seemed to
be less reliant on explicit processes than errorful learners. they reported fewer rules than errorful learners.
decreased capacity for verbally reporting of aspects of task performance has been one of the most
consistently considered to be an indicators of reduced contriburtion from explicit processes (e.g. Masters
Maxwell, 2004; Maxwell,Capio, Masters, 2016) and has been interpreted as re�ecting a greater share of
implicit processes in motor learning. (Masters 1992, Maxwell, Capio, Masters, 2016).the �nding
consistent with the learning stage model presented by Gentile (1972) states that the novice performer
needs an opportunity to get the overall idea of the movement in the early stages of learning before
enhancing the practice environment's more complexity (Porter & Magill, 2010). Therefore, in the errorless
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learners, limiting the acquisition phase errors resulted in reducing hypotheses to improve motor patterns
in the retention and transfer tests. When the success in the relative timing of a task increases, the
individual achieves the appropriate motor pattern and thus there is no need to correct the pattern in
practice.The systematic reduction of learning errors sounds an in�uential tool in encouraging the implicit
learning of motor skills (Capio, Sit, Abernethy, & Masters, 2012; Poolton et al., 2007). These �ndings are in
consistence with the �ndings of many previous types of research (Masters, & Maxwell, 2001, 2008;
Poolton, Masters, & Maxwell, 2007; Chauvel, Maquestiaux, Hartley, et al., 2012; Abdoli et al., 2102, Wang,
Masters et al., 2013, Capio, Poolton, Sit, Euiga, & Masters, 2013; Ong et al., (second study) 2013; North et
al., 2017; Van Ginneken, 2014: Capio, Poolton, Eguia, Choi, & Masters,2017; Haslam, Wagner, Wegener, &
Malouf, 2017; Levac et al., 2017, Kishawi, Khalaf, Masters,2020).

In the present study, errorless and errorful practice schedules were used to progress through tasks in a
different di�culty order (Sanli & Lee, 2015). Implicit learning (errorless practice) improves learning by
reducing errors during the practice and reducing feedback on the performance consequences.

This study showed that mere variability and high error rates, cognitive attempt (errorful group) and
challenging practice during practice do not lead to desirable learning. Continuous changes in errorful
groups in the early stages of performance cause these groups' learners to be dependent on the accurate
identi�cation of the functional relationship between the performer and the environment. Maxwell et al.
(2001) stated that this relationship might be di�cult to establish when the number of errors is high.
Signi�cant resources may be selectively allocated to identify this functional relationship, thereby
interfering with acquiring functional dynamics. Maxwell et al. (2001) argued that During practice,
performers in errorless learning group, working memory was not required to perform the task and was
therefore freely available for tone counting. Therefore, performers do not interfere with skill performance
in these situations As previously mentioned, a slightly disrupted motor performance, when performing a
secondary cognitive task during the motor performance, showed that no conscious processing resources
were required to control performance. on the other hand,Skills learned explicitly using working memory
for verbal analytical processing are impaired under dual task conditions, while acquired skills are
implicitly robust under dual task conditions (e.g., Maxwell et al., 2003). Thus, it proves an implicit learning
occurrence (Masters, Maxwell, 2004, 2008).

In the dual-task condition, the pattern of the results obtained from the secondary cognitive task was
approximately similar to those of retention and transfer phases in the relative timing (RMSE). So that
errorless group (task di�culty group from easy to challenging) showed a more stable performance at 24-
hr transfer (simultaneously performing tone counting of the secondary task and the primary task). In
contrast, errorful group were involved in the explicit learning process and using attentional capacity, thus
with limitation of attentional capacity in performing two tasks, they could not distinguish between the
two tasks and follow the controlled and conscious processing, thereby leading to the reduction of
performance in the primary task. The overload resulting from the secondary task caused their attention to
be transferred from the primary task to the secondary task. They also used the hypothesis testing process
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and more working memory resource, and as a result, they committed more errors in carrying out two tasks
simultaneously.

However, errorless learners do not rely on the hypothesis test at the These results are similar to those
reported by (Bellmoet al. 2018; 2020; Maxwell et al,2016).secondary task's simultaneous performance
since they should correct a limited amount of errors during the practice. Thus, errorless learners implicitly
learn the task, with less dependence on reinvestment processes. The �ndings of this study in the errorless
group are in line with those of Masters (1992), Maxwell et al. (2001), Poolton et al. (2005), Capio et al.,
(2013), and Chauvel et al. (2012).

Masters et al. (1992) suggested that limiting the environment in the early stages of learning provides the
advantages of procedural learning by reducing the load on working memory processes and prevents the
hypothesis testing strategy. Advantages of implicit motor learning strategies explained Reinvestment's
theory (Masters and Maxwell, 2008). The Reinvestment hypothesis states that errorful learners use a
hypothesis testing strategy (an explicit knowledge) to correct errors and accumulate explicit knowledge
associated with motor solutions in a large pool. As a result, the errorful group had a propensity to
Reinvestment due to the accumulation of explicit knowledge, and thus they suffer from a performance
disruption under the secondary task conditions. One of the reasons for the errorful group's poor
performance was declarative knowledge in performing simultaneously two tasks.

Masters (1992) stated that implicit learning limited declarative knowledge accumulation and reduced
reinvestment phenomenon opportunity. Masters and Maxwell (2004, 2008) argued that explicit
knowledge is an indicator of dependency on working memory during learning. In this context, the Verbal
Reporting Protocol was used to measure the amount of explicit knowledge. The errorless group reported
signi�cantly fewer unwritten rules of timing task in the verbal reporting protocol than control and errorful
groups. The errorless group was dependent less on conscious processes compared to other groups.

This study's �ndings regarding verbal report agree with those of previous researchers (e.g., Liao and
Masters, 2000; Masters, 1992; Masters & Maxwell &, Poolton, 2006; Poolton, Masters & Maxwell, 2007;
Lam, Masters, & Maxwell, 2009; Maxwell et al., 2017; van Abswoude, Nuijen, van der Kamp, and
Steenbergen, 2018). The number of explicit rules (explicit knowledge) is a signi�cant factor in disrupting
the secondary task's performance. Previous research has found a direct relationship between explicit
rules and task-relevant knowledge and reduced performance under pressure.

Furthermore, there was no signi�cant difference in tone counting among the groups. All the groups
performed the task of tone counting relatively well to not ignore the secondary task (tone counting) for
greater accuracy in performing timing tasks. Therefore, the allocation of attentional resources to the
primary task of relative timing and the secondary task of tone counting does not explain the functional
differences among the groups under secondary task conditions.

Collective �ndings have provided further support for errorless learning as implicit learning methods
(Masters, 1992). The present study's �ndings showed that practice environments, providing the
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conditions for learners' success by reducing problem-solving/information processing requirements,
decrease the learner's cognitive challenge in the acquisition phase of skill learning. Our results also
showed that adding new information gradually increases more choice/error opportunities and enhances
retention, while practice conditions emphasize success rather than errors (Masters & Maxwell, 2004;
Poolton et al., 2005). Some of the limitations of this research should be considered in future research.
The organization of practise schedules that reduce the error amount during the practice session leads to
optimal learning in relative timing task as a new condition (contrary to parametric, size and distance of
the target indicators). Some of the limitations of this research should be considered in future research. In
the present study, the effect of errorless and errorful practices was created by generalized motor program
modi�cation (relative timing); this effect can also be created by parametric modi�cations (total
movement time).

Future investigations are required to explore this subject. However, one of the remarkable results of the
current study was, supported the implicit learning theory of Masters (1992), in which the organization of
practice schedules that restricted the learning environment to allow early-stage practice trials to be free of
error and consequently leads to optimal learning in relative timing task (contrary to parametric, size and
distance of the target indicators).. It seems the errorless learning environment is an effective strategy to
promote implicit learning.
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Figures

Figure 1

Illustration of the experimental setup from the perspective of the experimenter.
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Figure 2

Root Mean Square Error (RMSE) in blocks of acquisition phase (Panel a) and other experimental phases
including pretest, 10-min retention (ret10), 24-hr retention (ret 24), transfer and dual-task (24-hr transfer)
(Panel b) for control, errorless and errorful groups.
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Figure 3

Mean number of explicit rules reported by participants in each group

Figure 4
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Relationships between groups and MSRS on performance under dual-task    condition
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