American Journal of Life Sciences v :
2014; 2(2): 90-95 SCIENCE iats

Published online April 10, 2014 (http://www.sciepaelishinggroup.com/j/ajls) V Sdance Publishing Greup
doi: 10.11648/j.ajls.20140202.19

Extensive practice improves adaptation to predictable
perturbations in a sequential coincident timing task

Herbert Ugrinowitsch™ ", Rodolfo Novellino Bend4, Umberto Cesar Corréd, Go Tani®

'Sports Department, Universidade Federal de Minaai§eBelo Horizonte, Brazil
2Physical Education Department, Universidade Fediraflinas Gerais, Belo Horizonte, Brazil
3Pedagogy Department, Universidade de S&o Pauld?&ilo, Brazil

Email address:
herbertu@ufmg.br (H. Ugrinowitsch), rodolfobenda@ya.com.br (R. N. Benda), umbertoc@usp.br (U. C. @rré
gotani@usp.br (G. Tani)

To cite this article:

Herbert Ugrinowitsch, Rodolfo Novellino Benda, Umlne@esar Corréa, Go Tani. Extensive Practice Imprédeptation to Predictable
Perturbations in a Sequential Coincidente TimingkTAmerican Journal of Life Sciences. Vol. 2, No. 2, 2014, pp. 90-95.

doi: 10.11648l/j.ajls.20140202.19

Abstract: The levels of learning in motor tasks have beerstigated by means of extensive practice (i.ectipathat is
continued beyond the achievement of performanchiligi@ion), which shows better performance thaactice until
performance stabilization when facing situationat trequire adaptation. However, the better perfogeaaof extensive
practice has been tested with unpredictable pextionn, in which changes are necessary after theemewt onset, but not
with predictable perturbation, which allows plargia new organization of the action before the mav@nonset. The
present study investigated adaptation to predietpéfturbation, comparing no performance stabibnedt all, practice until
performance stabilization and practice beyond perémce stabilization, i.e., extensive practiceg ooincident timing task.
This task required the performance of a sequeno®wéments in accordance with a visual stimulustyFiove self-reported
right-handed volunteers participated in this staghg they were randomly divided into three groupsnd) the first phase of
the study: Pre-Stabilization (PG), Stabilizatiols}Sand Extensive Practice (EG), which were openally defined as 10
trials, three trials in a row with absolute errdiE) < 30 msec and six blocks of three trials in a roshvE <30 msec,
respectively. In the second phase, the velocityhefvisual stimulus changed, causing a perceperalipation. The results
showed that adaptation is easier after performastabilization and that the variability observederfperformance
stabilization could be a source of adaptabilitygémeral, these results indicate that the proces®tor learning continues
beyond performance stabilization.

Keywords: Adaptation, Extensive Practice, Stabilization, Rtdble Perturbation

. new goal), which requires a change in performatics, is,
1. Introduction adaptation [2].

The acquisition of motor skills requires practigg [n the Adaptation has been found to differ depending om th
last few years, studies have shown that extensiaetipe predictability of the perturbation [8]. Fpr mstamd_:onse_ca
(ie., practice beyond performance stabilizationpviles €t @l [2] have shown that extensive practice wath
individuals with increased capacity to adapt to sitwations  S€duential coincident timing task increases thditatio
[2,3. Thus, motor learning can be conceived of aas adapt to an unpredictable perturbation comparech wit
continuous process [4] that extends beyond perfocena practice until performance stabilization. Extenspractice
stabilization [5]. For instance, with extensive qiice increased the variability of the structure that tools the
individuals become able to adopt different stratego reach SKill: thereby providing individuals with the aftjiito adapt
the goal of the task [6]. It has been suggestedetkiansive © unpredictable perturbation. This type of peratidn
practice might change the structure that contrasskill and ~ '€duires changes in the planned action after theement
that perturbations may expose different levelgafiing, the ©NSet, which demands that the structure that cisntfe
highest of which is the ability to adapt to thesetyrbations MOtor skill must be highly adaptable [9]. Extenspractice
[2,3,7]. A perturbation refers to a change in thekt(e.g., a IMProves the ability to adapt by increasing theiatfity,
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particularly of the last component of the sequétdisk [2].

It has also been suggested that adaptation istéaed
when some type of cue is provided to the partidipmaior
to the trial (making the perturbation predictaltempared
with no cues at all [9]. It is likely that the cuwmables
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The apparatus was designed to accomplish a complex
coincident timing task [2,7]. The participant satfiont of
the table with the right hand on sensor 0 (Fig)rd fie first
LED (yellow diode) was turned on to attract the jeats
attention, and when it turned off, all of the othed LEDs

participants to plan changes in the action befdre tturned on and off in sequence, simulating an object

movement begins. Therefore, we sought to investigjae
effects of planning an action in advance [10] usamy
initially unpredictable, abrupt perturbation thantands a
large change in the response and that is introdanddhen
kept constant through several trials. This condit@dlows
the participant, after the first trial introducinghe

perturbation, to plan all of the changes in actioadvance
and to use feedback from one trial to the next tken
corrections. In this situation, extensive practivay not
provide an advantage in
performance stabilization. Therefore, we sought

investigate whether the effects of extensive pcactbn

adaptation to unpredictable perturbation are rafgit with

predictable perturbation.

Our expectations were as follows: first, under pidle
perturbation, extensive practice would produce Igimi
performance as practice until performance stahitina
second, extensive practice would diminish the peréace
variability under the perturbation condition; thiektensive
practice would incur smaller changes in the stmgchf the
skill to adapt to the predictable perturbation.

2. Method
2.1. Sample

Forty-five college students (24 males and 21 feg)a1®
to 30 years of age (mean 24.7 *

experience with the sequential coincident timingkta

participated in this experiment. All participantsens
self-reported as right handed and had normal
corrected-to-normal vision. The study was perfornied
accordance with the ethical standards establishteti1964
Declaration of Helsinki amended in 1989.

2.2. Instrument and Task

Figure 1. Instrument of the complex coincident timing task.

descending the array toward the table.

The LEDs were turned on and off at a constant 14
which was the time constraint of the task. Durihig time,
the participant had to touch the other five sensora
pre-determined sequence (1, 4, 2, 3, 5) at anycirglout
with the constraint that the last sensor had ttobhehed at
the same time that the last diode was turned an, i.
coincident timing. We analyzed the task in five gaments:
component 1 (Cl) was the movement from sensor 0O

relation to practice unti{Reaction Time) to sensor 1; component 2 (C2) vhas t
tonovement from sensor 1 to sensor 4, and so onughaut

the experiment, the participants could visuallyleate their
touching the last sensor and the last diode turaimg

2.3. Experiment Design

The experiment was divided into two phases; the
pre-exposure and the exposure phase. To investiyafest
hypothesis, during the first phase of the expertmtémee
groups with three levels of performance stabilativere
created: a) a pre-stabilization group (PG), withridls (i.e.,
far too few trials for any participant to actualiarn the
task); b) a stabilization group (SG), whose pardoits had
to perform three trials in a row with the absolateor less
than or equal to |30 msec| in a maximum of 120stréand c)
an extensive practice group (EG), whose particgpaat to
perform six blocks of three trials in a row withsahute error

3.4), without prioless than or equal to |30 msec| in a maximum oftBal3.

These criteria were adopted because stability ightk}
different in a continuous than in a discrete tatk],[ and

groincident timing tasks are generally considerectessful

when the absolute error ranges from 1 to 30 ms2d 31
This procedure guaranteed that the groups hadetitféevels
of performance stabilization [2,3] and that SG &%l had
learned the task [14]. One volunteer did not rebetrequired
performance level and was not included in datayaisal

The perceptual perturbation (change in the timestcaimnt)
was inserted three minutes after the end of thesxpesure
phase by manipulating the velocity at which thedd®were
turned on and off. Although the velocity was constduring
the first phase, during the second phase it wageslio the first
half (the first 49 diodes) and faster during theosel half (the
last 50 diodes). The total time was the same dsirhtne
previous phase, similarly to the method used bys€cmet al.
[2]; however, the perturbation was inserted inegljatable way,
similarly to the Kagerer et al. study [10]. Diffetevelocities of
the time constraint were tested [3], and the eaiesthe most
difficult were adopted for the pre-exposure and osxpe
phases, respectively. The exposure phase com@iséaals
with the same response sequence for touching tiserseas in
the pre-exposure phase.
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2.4. Data Analyzes

difference between groups (F (2, 42) = 4.271, p.GR0).
The Tukey test determined that PG was less accthate

The following dependent variables were used tosassegg (p < 0.046) and EG (p < 0.034). Figure 1b shaws

performance: a) absolute error (AE), a measurestess
performance accuracy; b) variable error (VE), asueato
assess performance consistency; c) standard aeviatithe
relative time (RT) of the five components of thekiadefined
as the variability of the time spent to perform thevement
from one sensor to another divided by the total enoent
time, which reflects the structure that controbs skill [15].

The results related to accuracy (AE) and consigtéviE)
of performance during the pre-exposure phase vesied
with a two-way ANOVA (3 groups x 2 blocks) for tfiest and
last blocks because the participants had diffexemunts of
practice during the pre-exposure phase. Duringeip@sure
phase, data were analyzed with a two-way ANOVAr(igs
x 5 blocks) on blocks of five trials each. Whenessary, a
post hoc TukeyHSD test was adopted for
comparison in both phases. The stability of thecstire of the
skill (relative time - RT) was tested with a MANOVA
comparing the first and last blocks in both phastshe
experiment, followed by a univariate test of sigwihce when
necessary. The type | error was set at 5%, whicins¢hat
the effects were significant at p < .05. All datealgsis was
carried out using Statistica 8.0 for Windows.

3. Results

3.1. Pre-Exposure Phase
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Figure 2. Comparison during the pre-exposure phase. The absolute error
(+ SD) in the FIRST and LAST blocks of the pre-exposure phase (a). The
variable error (+ SD) in the FIRST and LAST blocks of the pre-exposure
phase (b). The standard deviation of the componentsin the FIRST and LAST
blocks of the pre-exposure phase ().

Data obtained in a previous study using an unptallie
perceptual perturbation [2] showed that extensitgctre
resulted in better performance (i.e., adaptatibahpractice
until performance stabilization. Moreover, exteesiv
practice resulted in a smaller number of changeshin
structure of the skill. In our study, Figure la whkothat
during the pre-exposure phase, there was a signtfeffect
of practice on performance accuracy — AE diminishgd
(1, 42) = 53.002, p < 0.001), and there was a fagmit

significant interaction between groups and bloaksthie
performance consistency measure (F (2, 42) = 3.038,
0.038). The Tukey test determined that PG and Sfarbe
more consistent from the first to the last block (@.05), but
EG was less consistent than PG (p < 0.002) andiB& (
0.023) in the last block.

Figure 1c shows that the RT of all three groupsobess
more consistent from the first to the last blockto$ phase
(MANOVA: Wilks' » =0.868, F (10, 76) = 11.246, p < 0.001).
Univariate tests showed that PG increased the stensly of
components C1 and C3 (p < 0.01) and that both SIEah
increased consistency from C1 to C5 (p < 0.003).

3.2. Exposure Phase

pairwise

Figure 2a shows significant interaction betweenugso

and blocks during the exposure phase in performance

accuracy (F (8, 168) = 6.453, p < 0.05). The Tutest
detected that in the first block, SG and EG wereemo
accurate than PG (p < 0.04 and p < 0.001, resmdytiand
that PG increased its accuracy from the first t© ldter
blocks (p < 0.04). After the second block, all gysu
showed similar accuracy (p > 0.05). Figure 2b alsows
significant interaction between groups and blocks i
performance consistency (F (8, 168) = 2.164, pG33).
The Tukey test detected that in the first block, B@&s
more consistent than PG (p < 0.002) and SG (p £8).0
Subsequently, EG consistency decreased in the @her
blocks (p < 0.05). Figure 2c shows that the coesist of
the RT of the three groups changed from the firghe last
block of the exposure phase (MANOVA: Wilks= 0.173,

F (10, 76) = 12.602, p < 0.005). Univariate testeveed
that PG diminished consistency of component C1 (p05)
and increased consistency of component C3 (p 9,035
increased consistency of component C3 (p < 0.0%);EG
increased consistency of components C3 and C5(p4.
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Figure 3. Comparison during the exposure phase. The absoluteerror (+ SD)
in the Perturbation blocks of the exposure phase (a). The variable error (+

D) in the Perturbation blocks of the exposure phase (b). The standard

deviation of the components of the Perturbation blocks of the exposure
phase (c).
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4. Discussion
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[2] found better adaptation with extensive pragticethis
study, SG and EG reached similar performance acgura

This study aimed to investigate whether extensivghowing that when it is possible to plan the moveme

practice facilitates the acquisition of the abilityadapt to
predictable perturbation in a sequential motor | stabk
compared to practice until performance stabilizatis no
stabilization at all. Initially, we analyzed thesfi phase of
the experiment, and then we used the exposure phasst
our hypotheses. In the condition without pertudnatiSG

before the movement onset, extensive practice is no
necessary for performance adaptation. Moreover, tRé,
group that practiced only 10 trials before facirie t
perturbation, reached similar performance accuiacthe
second block of the exposure phase, giving suppottie
_proposal that an unpredictable perturbation is nddffecult

and EG had better performance accuracy than PGhwhi adapt to than a predictable one [9].

was reflected in the variability of the structurfetioe skill:
although PG exhibited diminished variability in gooments
C1 and C3, SG and EG exhibited diminished varighiti
all components. Similarly to the results from poas
studies [2,3], practice until achieving a stabiiiaa criterion
seems to be enough to form a structure to corteoskill in
a coincident timing task. Moreover, at the endhig phase,
PG and SG had higher performance consistency tGaAE
first glance, this result may seem counterintuitheeause it

might be expected that performance variability wioul

diminish with learning [16]. Nevertheless, thereaistudy

The second hypothesis proposed that the performance
variability with extensive practice would diminishder the
perturbation condition. Unexpectedly, the resutterf the
variable error showed that EG had higher varigb(libower
consistency) than PG and SG prior to the pertushaMost
likely, this effect occurs because the stabilitytaf system is
related to the performance consistency when faang
perturbation [18]. This finding is another countguitive
result because traditionally, it is expected thatiability
would decrease throughout the learning process. [16]
However, when the perturbation was introduced, EG

showing that when practice extends beyond perfoogan pecame more consistent than the other groups. Sixéen

stabilization, the variability increases [3], mobkely
because changes in variability are related to éwellof
learning [17]. When a subject had only a few triafs
practice (PG), performance accuracy was poor, hat
participants did not know how to improve it. As
consequence, variability was low. With practice dray
performance stabilization (EG), it was possibléaee high
variability in performance while keeping the stuuret
consistent at the same time. The results fromiteeghase
indicate that low performance consistency resulfiregn
extensive practice is helpful for adaptation [2,8hese
results led us to the first and second hypotheses.

The first hypothesis proposed that under predietabl

perturbation, extensive practice as well as practiatil
performance  stabilization would produce

performance and both would produce better perfocman

than no performance stabilization at all. Whengabups
were exposed to predictable perturbation, the pexdoace
accuracy results showed that in the first block tioé
exposure phase, PG was less accurate than SG and
however, from the second block onward, all groupsalme
similar. These results are different from those otfier
studies [2,3]. Most likely, the type of perturbatimfluenced
these results. Ugrinowitsch et al. [3] manipulabedh the
time constraint and the sequence of movementshwhade
perturbation more difficult to adapt to than in caiudy.
Fonseca et al. [2] manipulated the perturbationam
unpredictable way, whereas our study manipulatesl
perturbation in a predictable way. Predictable yrbdtion
facilitates the ability of all groups to plan thehaole

similar,

practice increases performance variability, which i
characteristic of the motor system [19] and cand®ful for
adaptation [20,21,22]. Reaching this level of perfance
t (i.e., extensive practice) gives more informatioithe motor
@gsystem, which constitutes a source of adaptabditgserve
capacity that allows a system to face perturbati@33.
Latash calls this reserve “abundance” [24]. Duting first
phase, PG had smaller variability than EG, but wihevas
exposed to perturbation, its variability was higtrean that
of EG, and its accuracy was lower. In other woods results
show that variability before performance stabiliatis
detrimental [16], particularly for adaptation, balfter
performance stabilization, variability is helpfulorf
adaptation [21,22]. Moreover, our results show that
variability is necessary for change [10] becauabikty and
variability can have different mechanisms of cohi{&b].
Other studies also showed that variability changes
throughout the learning process [17] but did noalgae
variability in an extensive practice condition.
ECGrhe third hypothesis proposed that extensive pmacti
would have a more stable structure and consequeaniiyd
need smaller changes to adapt to the predictabterpation.
Accuracy and consistency of performance result ftbm
structure of skill [2,15]. Relative time represeatstructure
of the skill showing the relationship between comgrats of
the task and tends to become fairly consistennbtirigid
with practice [26]. This measure aims to identifianges in
he relationship between components of the skifl] [By
comparing the blocks immediately prior to with tahiring
exposure to the perturbation. This analysis conte®to the

sequence of movements before the movement onsen[9] nqerstanding of how the structure of the skill des

contrast, when the perturbation is unpredictabitenges in
the plan of action can happen only after the movermeset,

making it more difficult to change the movement and,,

accomplish the goal of the task [8]. Although Faraset al.

facing the perturbation, and it shows that the gsoadapt
differently to the perturbation. Although the pehation
as predictable, and all groups could plan thetesgsa
before the start of the task, only PG exhibitedidisihed
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consistency in the structure, particularly in Qddicating
that the amount of practice during the pre-expoginase
was not enough for this group to acquire a flexgitecture
to control the skill. Moreover, this observatiodicates that
PG was using online planning, as C1 is the firshgonent
of the task. In addition, PG still increased thasistency of
C3, similarly to SG and EG. However, SG and EGedétl

extensive practice but also that variability isdtional when
practice continues beyond performance stabilizatidost
notably, we think that this is the first study tovéstigate
extensive practice and predictable perturbatiotureuwork
should compare the predictability of the pertudmatin
similar experimental conditions.

In conclusion, the results of the present studygssigthat

from PG in that they did not lose consistency iry anextensive practice provides a more flexible stmectd the skill,
component and became more consistent in compofxhts which implies variability However, the variability diminishes

and C5. These results indicate a hierarchy in magate

when adapting

to predictable perceptual perturbatio

perturbation;: PG exhibited increased consistencyorid Moreover, the results indicate that the small ‘litg that
component and decreased consistency of another; 3$8mains after performance stabilization (EG) fattis

exhibited increased consistency of one componet;EG
exhibited increased consistency of two components.
Comparison with other studies using the same task

adaptation, indicating that motor learning is a ticmous
process that extends beyond performance stalulizati

indicates that predictable perceptual perturbasaasier to

adapt to than predictable perceptual-motor periaba References
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