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HIGHLIGHTS

+ The second half of 2010 was a watershed in
the history of practice organizations.

+ Perceptual differences between more and
less repetitive practices were found.

+ Less repetitive practice (e.g., random)
induces higher demand for processing.

+ Parietal and occipital areas are more
requested in less repetitive practice.

+ Different neurophysiological measures have
been applied.
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ABSTRACT

Background: The benefits of variable practice in motor learning have been traditionally explained by the
increased demand for memory processes induced by trial-to-trial changes. Recently, a new perspective
associating increased demand for perception with variable practice has emerged.

Aim: This revision aims to present and discuss the findings in this exciting topic newly opened.

Results / Interpretation: In the second half of 2010’s, a number of studies have pointed out differences in
perceptual processing when compared variable and repetitive practices. Different levels of (a) hemodynamic
activation, (b) electroencephalographic activity, (c) neurochemical activity, and (d) oculomotor behavior have
provided evidence that perceptual processes are affected differently by variable and repetitive practices.

KEYWORDS: Practice organization | Memory | Perceptual mechanisms | Mental workload

INTRODUCTION

This review aims to synthesize and update the recent findings of an important
topic investigated in the Motor Learning area, the practice organization. These findings
have the potential to redirect the research efforts in this field. To achieve such an aim, the
review was structured into two main sections. The “focus on memory” section presents to
the reader the schedules of practice and the traditional behavioral hypotheses that explain
the benefits of the more variable practices, compared with more repetitive ones, through
memory processes. Then, the “focus on perception” section aims to explore new
explanations beyond memory processes that have recently been presented in the literature.
The new findings involving perceptual functions and brain areas are presented in
chronological order. These discoveries expand our knowledge about the mechanisms that
underlie the practice organization.
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PRACTICE ORGANIZATION: THE FOCUS ON MEMORY PROCESSES

Two important factors that influence the quality and quantity of information
received, processed, and generated by the learner are the number and order of skills.! In
this sense, different levels of processing are expected when comparing more repetitive
and more variable types of practice organizations. In essence, there are two practice
schedules: constant and variable.2 The constant practice consists of learning only one skill
during a practice session. Thus, only a repetitive order of trials is possible. Variable
practice refers to learning two or more skills,3 as consequence, different orders of skills
presentation are possible (Figure 1a).

Practices that are more variable lead to better learning than more repetitive
practices. While variable practices result in more effective motor learning than constant
practice,* random and serial variable practices are more effective than the blocked variable
practice.>8 A point of convergence in all proposed behavioral hypotheses is that more
variable practices demand more from mnemonic processes than more repetitive practices,
being this feature responsible for the better learning observed in random and serial
practices when compared with constant and blocked practices.

The variability of practice hypothesis claims that variable practices produce
stronger memory schemas than constant practice.”® The elaborative-processing
hypothesis proposes that random practice, compared with the blocked practice, leads to
increased elaboration and distinction of skills in memory.® Lastly, the forgetting-
reconstruction hypothesis suggests a stronger involvement of random practice in
processes of forgetting and reconstruction of action plans of the skills in memory.10
Altogether, these behavioral hypotheses directed the efforts of investigation about practice
organization for more than 40 years from the behavioral level of analysis'! to the molecular
level of analysis.'2

These efforts resulted in a significant advance in our knowledge about processes
involving working memory and long-term memory. As well as, we improved deeply our
view about neurobiological mechanisms involved in more repetitive and variable practices.
For example, during movement preparation, more variable practice promotes increased
activity in the premotor cortex and the supplementary motor area throughout the
practice.'314 Regarding the movement execution phase, increased levels of activity in the
supplementary motor area,!® premotor cortex, and primary cortex' were observed during
random practice over the course of practice. Altogether, these results show that the
cortical structures from the frontal lobe, involved in the planning and execution of skills,
exhibit greater activity during random practice than during blocked practice,? as exhibited
in Figure 1b.
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a) [[ Practice schedules ]]
H Number of tasks ]J‘ ﬂ Order of presentation ]J
[ Memory demand ]
[ Lower demand ] [ Higher demand ]
Constant practice Serial practice
AAAAAAAAAAAA ABCABCABCABC
Blocked practice Random practice
AAAABBBBCCCC BCABACACBCBA

Figure 1. The number and order of skills impact on memory processes. (a) Serial and random practices
present higher demand on memory, as well as (b) these practices present increased activity of frontal areas
of the brain.

PRACTICE ORGANIZATION: COULD PERCEPTUAL PROCESSES BE
AFFECTED?

From the very firsts behavioral studies in 197978 until the first two reviews in 2015
and 2016 regarding neurobiological aspects involved in practice organization,2'5> much
less has been discussed beyond the effects on memory processes. From a sensorimotor
perspective, much has been studied about the motor output and almost nothing has been
investigated in terms of sensory input. Only in 2017, two studies addressed the role of
perceptual aspects in practice organization.'6.17 Lelis-Torres et al.’é investigated the level
of mental workload involved in random and constant practice with an electrophysiological
approach. They applied two electroencephalography measures related to cognitive states.
A former involving inference about working memory load, and a second concerning
sensory processing and attention resources involved in information-gathering and visual
scanning. The results showed that random practice induced a higher mental workload,
compared with constant practice, in terms of perceptual processing. For the first time, it
was observed a higher level of task engagement reflecting the allocation of perceptual
processing associated with visual scanning and information gathering in practice that is
more variable.

The results of Lelis-Torres et al.'® were interpreted through the necessity of
dealing with continuous changes imposed trial-by-trial in random practice. In each new trial,
the learned needs to perform visual scanning to gather information about the new goal for
the next trial. Conversely, the relevance of visual scanning to gather information to
movement planning should be lower, taking into account the trial-to-trial stability promoted
by the consecutive repetition of the goal task in constant practice. There is no need for
continuous visual search since the learner can maintain the goal task active in working
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memory. Another point discussed by the authors was the role of visual scanning and
gathering information on the feedback information. Once the trial execution is finished, two
main sources of feedback information are usually available for the learner. The former is
the information about intrinsic feedback, and the second is the extrinsic information
supplied by knowledge of results (KR). In both constant and random conditions of practice,
the learner needs to gather these types of information to feed the next action planning.
However, differences in time or frequency of visual fixation spent in KR information could
be expected because the levels of errors differ between variable and repetitive practices.
Bicalho et al.'8 posteriorly investigated this hypothesis.

Another study investigating perceptual processing in practice organization was
also published in 2017. Thiirer et al.'” observed that mechanisms related to online
feedback are increased within the parietal cortex in random practice, compared with
blocked practice. The parietal cortex is the main control center for sensory feedback in the
brain. More specifically, the posterior parietal cortex (PPC) stands out for its importance in
the formation of sensory representations that are involved in both movement planning and
error corrections.'® In motor adaptation tasks the unpredictability of perturbations under
random practice, forces the learner to correct their movements during the execution
requiring more from perceptual processes, and consequently, from brains areas involved
in processing online feedback.!”

Surprisingly, after these two studies in 2017, three new studies investigating
perceptual processes in practice organization were published in 2018.202122 Pauwels et
al.22 observed that random practice leads to higher recruitment of brain areas associated
with the planning and execution of a bimanual visuomotor task. Increased intertask
comparisons in random practice induced a higher level of activation of areas involved in
visual processing. Pauwels and colleagues linked the behavioral hypothesis of elaborative-
processing with neural substrates involved in visual processing, particularly the middle
temporal region (MT/V5+). This brain region presents a central role in visual motion
perception,23 involving, among other functions, feedback processing.2* Pauwels et al.22
also observed that the bilateral lateral occipital cortex, precuneus, and V1 remained more
active in random practice compared to the blocked practice during the retention test. A
possible explanation is that these visual processing areas became an intrinsic part of the
motor representation, even when visual feedback is not supplied.

Chalavi et al.20 hypothesized that random practice would decrease more the levels
of GABA, the main inhibitory neurotransmitter in the brain, than blocked practice. Motor
learning modulates the GABAergic (gamma-aminobutyric acid) system within the
sensorimotor cortex. This hypothesis was partially confirmed, since decreased GABA
levels in random practice were found in the sensorimotor and occipital cortex. The
bimanual task applied imposed the use of visual information processing during practice
demanding not only activation of the sensorimotor cortex, but also the occipital cortex. An
unexpected finding was the increased GABA level from pre-training from post-training-
induced by blocked practice. The explanation for this finding was based on the rationale
that repeated presentation of stimuli results in reduced neuronal responses, a
phenomenon defined as “repetition suppression”. The repetitive context of task execution
involved in blocked practice increases the GABA level within the occipital cortex in
conjunction with a decrease of activity in the task-irrelevant neurons and an increase in the
task-relevant neurons. This assumption needs to be investigated.
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Henz et al.2' conducted the third study published in 2018, in which different
practice protocols were compared in the learning of badminton serves. Variable practice
protocols involving random variations of tasks and differential learning (variation of
movement solutions) were applied, as well as a repetitive practice. Distinct neural
processes were found after these practice protocols. Variations of a movement pattern
applied in differential learning protocol increased more electroencephalography theta and
alpha power within somatosensory central and parietal regions than a random variation of
tasks and repetitive practice. Henz et al.2! proposed that differential learning induces more
integration from different sensory modalities compared to the random variation of tasks
and repetitive practice protocols. Taking into account the theoretical difference of the
differential learning approach in comparison with the other studies analyzed,6:2022 the
conjunction of findings show that variation of parameters of the same task induces different
perceptual processing compared to the repetitive practice. Only Henz et al.2! applied a
random variation of different tasks, and they did not find differences between variable and
repetitive practices. More studies are necessary to clarify whether intra- and inter-task
variations induce different levels of perceptual processing.

Bicalho et al.'® published the last article on this subject during the second half of
The 2010’s. They extended the knowledge about mental effort and perceptual differences
provided by Lelis-Torres et al.’® in practice organization through oculomotor analyses.
Lelis-Torres et al.'® hypothesized that visual scanning to gather information would be
different from practice schedules. In sequential learning tasks with two temporal goals to
be learned, information about the next goal to be planning and information about errors, or
KR, is supplied concerning the goals related to absolute timing, or the parameters of
movement, and relative timing, or pattern of movement. The hypothesis proposes that
learners in variable practice direct their attention more to the absolute dimension of the
task because they are concerned about the trial-to-trial changes in the absolute goal. On
the contrary, during repetitive practice, attention is focused more on the relative goal of the
task, which is maintained fixed trial-to-trial. This proposition was based on behavioral
findings, which indicated that constant practice benefits learning of the relative timing of
the movement, and random practice benefits the learning of the absolute timing.425.26

The results found by Bicalho et al.”® confirmed partially the hypothesis. As
expected, random practice showed a higher amount of KR and goal information gathered
from the absolute dimension than constant practice. These differences were found in both
KR period and planning period. However, constant practice, compared to the random
practice, showed higher amounts of goal information gathered only from goal, but not from
KR. As random practice induces higher levels of errors in both absolute and relative goals,
learners cannot direct their visual attention to only one dimension. Another hypothesis
proposed by Lelis-Torres et al.'8 and investigated by Bicalho et al.’® was that, throughout
practice, a constant practice should decrease more visual scanning because of its
repetitive nature. The learner could maintain in working memory the information about
goals. The results showed that both groups diminished the gathering of this information
from the first to the last block of the acquisition phase but, random practice exhibited a
higher amount of information gathering since the first block of trials. Taken together, the
results indicate many differences in visual scanning associated with variable and repetitive
practices. Additionally, pupil dilation and amount of eyeblinks were used as dependent
variables to inform about mental workload involved in variable and repetitive practices. A
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higher level of pupil dilation and amount of eyeblinks were induced by variable practice
compared to the repetitive practice. Figure 2 synthesizes all findings from Bicalho et al.'8
and previous studies presented.

a) Practice schedules ]J
|
ﬂ Number of tasks JJ Order of presentation ]J
[ Perceptual demand ]
[ Lower demand ] [ Higher demand ]
Constant practice Serial practice
AAAAAAAAAAAA ABCABCABCABC
Blocked practice Random practice
AAAABBBBCCCC BCABACACBCBA

Figure 2. The number and order of skills impact on perceptual processes. (a) Serial and random practices
present higher demand on perception. (b) Differences in parietal and occipital areas were found in different
behavioral and neurobiological measures.

CONCLUSION

In conclusion, the second half of the 2010’s can be considered a watershed in the
practice organization history. Several studies pointed out news possibilities to thought
perceptual mechanisms involved in more variable and repetitive practices. Some popular
topics in the Motor Learning area have been revisited by neuroscientists,?” and the
organization of practice has been profoundly beneficiated by this movement. As quoted by
Lelis-Torres et al.,'® “the increased demand for sensory processing observed in random
practice opens a new exciting field of study in practice organization”.
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