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Effects of the amount and schedule of varied practice after
constant practice on the adaptive process of motor learning

Efeitos da quantidade e do regime de pratica variada apods a pratica
constante sobre o processo adaptativo de aprendizagem motora
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ABSTRACT
This study investigated the effects of different amounts and schedules of varied practice, after constant
practice, on the adaptive process of motor learning. Participants were one hundred and seven children
with a mean age of 11.1 = 0.9 years. Three experiments were carried out using a complex anticipatory
timing task manipulating the following components in the varied practice: visual stimulus speed (ex-
periment 1); sequential response pattern (experiment 2); and visual stimulus speed plus sequential re-
sponse pattern (experiment 3). In all experiments the design involved three amounts (18, 36, and 63
trials), and two schedules (random and blocked) of varied practice. The experiments also involved two
learning phases: stabilization and adaptation. The dependent variables were the absolute, variable, and
constant errors related to the task goal, and the relative timing of the sequential response. Results
showed that all groups worsened the performances in the adaptation phase, and no difference was ob-
served between them. Altogether, the results of the three experiments allow the conclusion that the
amounts of trials manipulated in the random and blocked practices did not promote the diversification
of the skill since no adaptation was observed.
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RESUMO
Este estudo investigou os efeitos de diferentes quantidades estruturas de pratica variada, apds a pratica
constante, no processo adaptativo de aprendizagem motora. Os participantes foram 107 criangas com
idade média de 11.1 * 0.9 anos. Trés experimentos foram realizados usando uma tarefa de timing
antecipatério complexo manipulando os seguintes componentes na pratica variada: velocidade visuais
estimulo (experimento 1); padrdo de resposta sequencial (experimento 2), e velocidade de estimulo
visual mais padrio de resposta sequencial (experimento 3). Em todos os experimentos, o design envol-
veu trés quantidades (18, 36 e 63 ensaios), e dois regimes (aleatéria e por blocos) da pratica variada.
Os experimentos também envolveram duas fases de aprendizagem: estabiliza¢do e adaptagdo. As varia-
veis dependentes foram os erros absoluto, varidvel e constante relacionados ao objetivo da tarefa, e o
timing relativo para avaliar o padrao de resposta. Os resultados mostraram que todos os grupos piora-
ram os desempenhos na fase de adaptagio, e nenhuma diferenca entre eles foi observada. No seu con-
junto, os resultados dos trés experimentos permitem concluir que as quantidades de tentativas mani-
puladas nas praticas aleatéria e por blocos nio promoveram a diversificagio da habilidade desde que
nao foi observada nenhuma adaptacio.
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INTRODUCTION

Motor skills are among those phenomena
that have most intrigued scientists over the
centuries (Connolly, 2000), probably because
their biological, psychological, social, cultural
and evolutionary importance to human beings
are without question. Motor skills, as other
human skills are essentially adaptive behaviors
because they are the means by which individu-
als constantly interact with their changing
environment.

In the last few years a non-equilibrium
model has been developed in order to explain
motor skill learning as an adaptive process
(Choshi, 1985, 2000; Choshi & Tani, 1983;
Tani, 2005a). Non-equilibrium models are
characterized by the interplay of positive and
negative feedback mechanisms, i.e., they ex-
plain the motor skill learning by considering
its nonlinear and self-organizational character-
istics (Tani et al., 2014). The adaptive process
model considers motor learning as comprised
by two phases: stabilization and adaptation. In
the stabilization phase, initially inconsistent
and incorrect responses are gradually reduced
by a negative feedback mechanism. As a result,
a functional stabilization is achieved, which
means the formation of a structure, i.e., pat-
tern (Corréa, Ugrinowitsch, Benda, & Tani,
2010a; Corréa, Alegre, Freudenheim, Santos, &
Tani, 2012; Tani, 1995, 2005b).

In this model the skill structure is assumed
to be organized in two hierarchical levels: mac-
roscopic and microscopic. The macrostructure
corresponds to the overall pattern which
emerges from the interaction between the sys-
tem’s components, which is responsible for
consistency in the actions consistent. And, the
microstructure refers to the individuals com-
ponents. It is oriented to disorder, leading to
variability in the actions. Functional stabiliza-
tion, and the skill macro and microstructure
have been accessed, respectively, by measures
related to the (i) goal task, (ii) sequencing,
relative size, and relative timing, and (iii) total
size, and movement time (Tani et al., 2014, for
details).

In open systems the new environmental
demands and changes in the task’s goal may
challenge (or perturb) the learner, even when
stabilization is achieved. In such situations,
they need to adapt. Thus, the adaptation phase
refers to the reorganization of a pre-existing
structure, which implies a breakdown of stabil-
ity followed by another regimen of stability.
Adaptation in this case can take place in three
different ways: (i) based on the flexibility of
the previously acquired structure, that is, keep-
ing the structure and modifying only the
movement parameters (e.g., overall time, di-
rection, and force of movement); (ii) by the
reorganization of the structure itself, that is,
changing the way some components or parts
(e.g., relative timing of a component) of the
previous structure interact; or (iii) through the
emergence of a completely new structure, that
is, a new pattern of interaction between com-
ponents.

This adaptive process model of motor learn-
ing has stimulated two main research lines.
The first one has been developed in order to
investigate the model’s propositions (Fonseca,
Benda, Profeta, & Ugrinowitsch, 2012;
Ugrinowitsch & Tani, 2004). Results have
shown that the adaptation depends on the
levels of the stabilization achieved and on type
of perturbation introduced.

In the second line of research, the adaptive
process model has been investigated regarding
the effects of practice schedules (Corréa, Ben-
da, Meira Jr., & Tani, 2003; Corréa et al.,
2010a). Practice is a sine qua non condition for
learning. The main question has been how
adaptive process takes place when the process
of stabilization is carried out under different
practice schedules. The results of this body of
studies have indicated that the constant fol-
lowed by random practice (constant-random)
promotes better adaptation than the constant,
random, and random followed by constant
(random-constant) practice schedules. For
instance, Corréa et al. (2010a) using a complex
coincident timing task showed that when the
modification in the task involved changes in



perceptual and motor requirements simultane-
ously (e.g., velocities of the visual stimulus
and sequences of responses), the constant-
random group adapted by reorganizing the
acquired structure; similar result was observed
when the task was modified only in terms of
motor requirements, but when the modifica-
tion was perceptual, the adaptation did not
demand any modification of the acquired struc-
ture.

As an explanation of these results, it has
been hypothesized that the benefits of the
constant-random practice for the adaptive pro-
cess are mainly due to the effect of earlier con-
stant practice. This sequence of practice allows
the formation of an initial structure of the task
so that the subsequent variations by random
practice promote its diversification. According
to Corréa et al. (2010a), diversification can be
thought as a process of applying different pa-
rameters to the skill structure that increases its
flexibility facilitating adaptation. To put it in
another way, the varied practice promote the
increase of an array of skill parameters, items,
values or/and appropriate solutions for a given
motor problem (Ugrinowitsch, Corréa & Tani,
2005).

Based on those findings further studies
have been carried out in order to verify in
which stabilization level (i.e., stage of struc-
ture formation) the process of skill diversifica-
tion could be initiated. Three studies investi-
gated this problem (Corréa, Gongalves, Barros,
& Massigli, 2006; Corréa, Barros, Massigli,
Gongalves, & Tani, 2007; Corréa et al., 2010b).
In each one the design involved three groups of
different amounts of constant practice, before
random practice. These experiments were dif-
ferent in relation to the aspects of the task
manipulated during the random practice (per-
ceptual, motor, and both aspects). Results
showed that in all studies the varying amounts
of constant practice prior to random practice
had similar effects on the adaptive process.
Therefore, it was concluded that the minimum
amount of practice needed to the formation of
the structure was enough for initiating the skill
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diversification process. It seems that the min-
imum amount of practice was sufficient to put
the learners into a region of self-organized
criticality. In such a region a given system be-
comes located at the border or edge of chaos
ready for creation, innovation, and evolution
(Kauffman, 1993; Langton, 1992; Packard,
1988). Thus, one could say that the minimum
amount of practice could prepare the learner
for diversification.

From this point, we sought to investigate
the practice during the diversification process.
Two main questions were posed: whether the
amount of practice in the diversification pro-
cess would affect the adaptation, and whether
the diversification of motor skills could occur
in a different schedule of varied practice (ran-
dom and blocked). In fact, blocked practice has
been used in numerous motor learning studies
in the last four decades as an alternative to
random practice (see Brady, 1998, 2004; Magill
& Hall, 1990; for a review). While random
practice is characterized by the execution of
different tasks in a non-systematic or unpre-
dictable way, the blocked practice is character-
ized by a sequence of stable conditions because
the learner performs all trials of each task vari-
ation before moving to next variation. There-
fore, the aim of this study was to investigate
the effects of different amounts and schedules
of varied practice after constant practice on the
adaptive process of motor learning.

EXPERIMENT 1
In this experiment the random and blocked
practices were manipulated in relation to per-
ceptual requirements of the task, that is, dif-
ferent visual stimulus speeds (Table 1A).

Participants

Participants, task, and apparatus were simi-
lar to those used by Corréa and colleagues in
previous studies (Corréa et al., 2006, 2007,
2010a, 2010b). Thirty-six right-handed chil-
dren, both boys (n = 20) and girls (n = 16),
with a mean age of 11.6 years (SD = 0.5) took
part in the experiment. Participation required
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Table 1

Experimental design of the experiments 1 (A), 2 (B), and 3 (C)

(A - Experiment 1)

Stabilization Phase

GROUP - Adaptive Phase
Constant Varied
Plus 18 Trials Random 36 trials
CV 18 Until performance-criterion (SQ1; V1, v2,V3) (SQ1; v4)
(SQ1; v1) Plus 18 Trials Blocked 36 trials
(SQ1; V1, V2, V3) (SQ1; v4)
Plus 36 Trials Random 36 trials
C.V 36 Until performance-criterion (SQ1; V1, V2, V3) (SQ1; v4)
(8Q1; V1) Plus 36 Trials Blocked 36 trials
(SQ1; V1, V2, V3) (SQ1; v4)
Plus 63 Trials Random 36 trials
CV 63 Until performance-criterion (SQ1; V1, V2, V3) (SQ1; v4)
(8Q1; V1) Plus 63 Trials Blocked 36 trials
(SQ1; V1, V2,V3) (SQ1; v4)
(B - Experiment 2)
GROUP Stabilization Phase . Adaptive Phase
Constant Varied
Plus 18 Trials Random 36 trials
CV 18 Until performance-criterion (V1; 8Q1, sQ2, SQ3) (SQ4; V1)
(8Q1; V1) Plus 18 Trials Blocked 36 trials
(V1; SQ1, SQ2, sQ3) (SQ4; V1)
Plus 36 Trials Random 36 trials
CV 36 Until performance-criterion (V1; 8Q1, sQ2, SQ3) (SQ4; V1)
(8Q1; V1) Plus 36 Trials Blocked 36 trials
(V1; SQl, SQ2, sQ3) (SQ4; V1)
Plus 63 Trials Random 36 trials
CV 63 Until performance-criterion (V1; 8Q1, sQ2, SQ3) (SQ4; V1)
(SQ1; V1) Plus 63 Trials Blocked 36 trials
(V1; SQ1, SQ2, sQ3) (SQ4; V1)
(C - Experiment 3)
Stabilization Phase .
GROUP - Adaptive Phase
Constant Varied
Plus 18 Trials Random 36 trials
C-V 18 Until performance-criterion (V1, V2,V3; SQl, SQ2,5Q3) (SQ4; V4)
(8Q1; v1) Plus 18 Trials Blocked 36 trials
(V1, V2,V3; SQl, SQ2,5Q3) (SQ4; v4)
Plus 36 Trials Random 36 trials
C-V 36 Until performance-criterion (V1, V2,V3; SQl, SQ2,5Q3) (SQ4; V4)
(5Q1; v1) Plus 36 Trials Blocked 36 trials
(V1, V2,V3; SQl, SQ2,5Q3) (SQ4; v4)
Plus 63 Trials Random 36 trials
C-V 63 Until performance-criterion (V1, V2,V3; SQ1, SQ2,5Q3) (SQ4; V4)
(5Q1; v1) Plus 63 Trials Blocked 36 trials
(V1, V2,V3; SQl, SQ2,5Q3) (SQ4; v4)

Note: V = visual stimulus velocity; SQ = sequence of responses; The performance-criterion for stabilization: three consecu-

tive trials within an error threshold of 50ms.
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Figure 1. Diagram of apparatus for measuring coincident timing in complex tasks

the written consent of those responsible for
the children. The study was approved by the
Institutional Review Board of the University of
Sao Paulo.

Instruments and task

A complex coincident timing apparatus was
used (Fig. 1). The task required the partici-
pants to touch with the dominant hand five
response keys during the presentation of a
visual stimulus, so that the touch on the last
one coincided with the lighting of the final led
(see Fig. 1). The visual stimulus consisted of a
sequence of LEDs that started to light in a
sequence two seconds after the participant has
been warned by LED alert.

Design and procedures

The design utilized characterized this re-
search as quasi-experimental. The experiment
involved the stabilization and adaptation phas-
es. In the first, the children performed the
trials under constant practice until the follow-
ing performance-criterion for stabilization:

three consecutive trials within an error thresh-
old of £50 msec. Studies have shown that
inexperienced adults can stabilize their per-
formance at +£30 msec error threshold in this
kind of task (Fonseca et al., 2012). However,
children need =50 msec to do that (Corréa et
al., 2006, 2007, 2010a, 2010b). Thus, the crite-
rion of three consecutive trials within an error
threshold of +£50 msec was used in this study
in order to guarantee that all learners reach the
same performance level. After achieving that
they performed the practice trials under either
random or blocked practice.

According to Table 1A, children of C-V 18
groups performed 18 trials under random (C-R
18) or blocked practice (C-B 18). The C-V 36
groups performed 36 trials under random (C-R
36) or blocked practice (C-B 36), and the C-V
63 groups performed 63 trials under random
(C-R 63) or blocked practice (C-B 63).

In the stabilization phase, while the practice
was constant the children performed the trials
in the same sequence of responses (SQ1=1-2-
4-3-5, Figure 1) and visual stimulus speed
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(V1= 1.422 m/s). Subsequent trials were per-
formed varying the visual stimulus speeds
(V1= 1.422 m/s; V2= 1.657 m/s; and V3=
1.245 m/s) according to the varied condition
(random or blocked). In this phase the chil-
dren received knowledge of results after each
trial by one 10 cm wide, 20 cm long and 2 cm
high box with diodes that indicated that the
performance was within (central diode) or out
of criterion (right or left diode), respectively,
when the individual touched the sensor after
or before that criterion (Fig. 1). Still, children
were given explanations about the task, and
they were informed that from the moment they
reached the criterion of performance the speed
of visual stimulus, touch sequence of the sen-
sors, or both would begin to vary, according to
each experiment. In the adaptation phase a
new visual stimulus speed (V4 = 1.049 m/s)
was introduced for all groups. No KR was pro-
vided in this phase. In both phases a six se-
conds interval between trials was provided.

Data analyses

Data were analyzed in relation to two per-
formance measures: (i) coincident timing and
(ii) response pattern. The first one referred to
the difference between the last touch and the
firing LED target. It was analyzed in relation to
absolute, variable, and constant errors in order
to evaluate the performance concerning accu-
racy, consistency, and time bias of responses,
respectively. To consider the
among amount of varied practice (18, 36, and
63 trials), schedule (random and blocked), and
blocks of trials, 3 X 2 x 3 ANOVAs were con-
ducted, with repeated measures on the last
factor. To ensure the power of the statistical
analyzes for all these interactions the last block
of the stabilization phase and two blocks of the
adaptation phase (first and last) were com-
pared.

Response pattern was analyzed by relative
timing of each task component (C). It referred
to the proportion of time of each task compo-
nent in relation to the overall response time
(time between the start of the visual stimulus

interactions

and the performance of the last - fifth -
touch). It consisted of six time intervals: the
reaction time, i.e., the time between the firing
of the first diode and the beginning of the
movement, i.e., withdrawal of the dominant
hand of a sensor (C1) and the time before each
of the five subsequent touches (C2, C3, C4,
C5, and C6). In order to verify how the adapta-
tion took place in terms of response pattern,
the analyses considered the last block of the
stabilization phase and the first block of the
adaptation phase. A 6 X 2 ANOVA was carried
out for each group to identify main effects of
components and blocks of trials. Observed
significant effects were followed up using
TukeyHSD post-hoc tests. For all analyses, the
level of significance was set at p< 0.05, using
STATISTICA® 10.0 software (Stat Soft Inc.,
Tulsa, USA). The observed difference in the
degrees of freedom reported in the ANOVA’s
results referred to the missing data caused by
outliers and technical problems related to the
software. For instance, outliers emerged when
the children performed a wrong sequence of
movements, repeated or missed a particular
sensor, or forgot to finish the sequence (e.g.,
to perform the last touch).

RESULTS
The performances related to the coincident
timing and to the response pattern are pre-
sented at the Figures 2A and 3A, respectively.

Coincident timing

For absolute error, a 3 X 2 x 3 ANOVA
(amount of varied practice X practice schedule
X blocks of trials) revealed interaction be-
tween blocks and practice schedule (F(, ¢y=
8.84, p< 0.01, n’= 0.22). It was observed that
the constant-blocked practice groups increased
error from the last block of the stabilization
phase to the first of adaptation block (p<
0.01), and decreased from first to last adapta-
tion block (p< 0.01).

Concerning variable error, a 3 X 2 X 3
ANOVA (amount of varied practice X practice
schedule X blocks of trials) also revealed an
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Figure 2. Mean of absolute, variable, and constant
errors (ms) considering the last block of the stabili-
zation (LS) and all blocks of the adaptation phase
(A1, A2, A3, and A4), for the groups C-R 18, C-B
18, C-R 36, C-B 36, C-R 63, and C-B 63 of the ex-
periments 1 (A), 2 (B), and 3 (C)

interaction between practice schedule and
blocks (F, ¢y= 3.26, p< 0.05, n’= 0.09). Post
hoc testing showed that the constant-blocked
practice groups increased the variable error
from the last block of the stabilization phase to
the first adaptation block (p< 0.01), and di-
minished from first to last adaptation block
(p< 0.01).

Finally, for constant error a 3 X 2 X 3
ANOVA (amount of varied practice X practice
schedule X blocks of trials) revealed effects
only for blocks (F,, ¢y= 55.31, p< 0.01, n*=
0.64). Post hoc testing showed that this error
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changed from positive (execution of the final
touch after the firing LED target) to negative
signal (execution of the final touch before the
firing LED target), from the last block of the
stabilization phase to all adaptation blocks (p<
0.01), and diminished from first to last adapta-
tion block (p< 0.05).
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Figure 3. Mean of relative timing of the six task com-
ponents (C1, C2, C3, C4, C5, and C6), in the last
block of the stabilization (LS) and first block of the
adaptation phase (Al), Experiment 1 (A), Experi-
ment 2 (B), and Experiment 3 (C)

Response pattern

For all groups, the 6 x 2 ANOVA revealed
main interaction effects between components
and blocks of trials: C-V 18 R (F 5= 17.58,
p< 0.01), C-V 18 BL (Fs ,5= 13.61, p< 0.01),
C-V 36 R (F5, ,5= 22.59, p< 0.01), C-V 36 BL
(F, 25= 21.89, p< 0.01), C-V 63 R (Fs, 5=
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20.95, p< 0.01), and C-V 63 BL (F s ,5= 35.16,
p< 0.01). Post hoc testing showed that with
the introduction of the new visual stimulus
velocity all groups changed their response pat-
tern by diminishing the relative timing of the
first and fourth components (p< 0.01).

EXPERIMENT 2
In this experiment, the varied practice
(blocked and random) was manipulated in
relation to the movement pattern, that is, dif-
ferent sequences of touches in the sensors
(Table 1B).

Participants, task and equipment, design and
procedures, and data analyses

These aspects were similar to those of ex-
periment 1. Participants were thirty-six chil-
dren, both boys (n= 18) and girls (n= 18),
with mean age of 11.4 years (SD = 1.0).

In this experiment, during the constant
practice the learners performed the task trials
in the same sequence of touches in the sensors
(SQl= 1-2-4-3-5, Figure 1) and visual stimu-
lus speed (V1= 1.422 m/s). Subsequent trials
were performed varying the sequence of touch-
es (SQl= 1-2-4-3-5, SQ2= 1-3-2-4-5 e SQ3=
1-4-2-3-5, Figure 1) according to varied condi-
tion (random or blocked). For adaptation
phase a new movement pattern (SQ4= 1-4-3-
2-5, Figure 1) was introduced for all groups.
Regarding the variability of the touch sequence
of the sensors, children were visually informed,
before each trial by a paper put on the left cor-
ner of the table.

RESULTS
The performances related to the coincident
timing and to the response pattern are pre-
sented at the Figures 2B and 3B, respectively.

Coincident timing

For absolute error, a 3 X 2 X 3 ANOVA
(amount of varied practice x practice schedule
x blocks of trials) revealed interaction between
practice schedule and blocks (F(, = 6.13, p<
0.01, n?>= 0.16). It was observed that the con-

stant-blocked practice groups increased the
absolute error from the last block of the stabi-
lization phase to the first adaptation block (p<
0.01), and decreased from first to last adapta-
tion block (p< 0.01).

Regarding variable error, a 3 X 2 X 3
ANOVA (amount of varied practice X practice
schedule X blocks of trials) revealed effects
only for blocks (F, s5= 3.45, p< 0.05, n’=
0.10). Post hoc testing showed that this error
diminished from last block of the stabilization
phase to the last blocks of the adaptation phase
(p< 0.01). And, in relation to the constant
error, a 3 X 2 X 3 ANOVA (amount of varied
practice X practice schedule x blocks of trials)
revealed interaction between blocks and prac-
tice schedule (F, ¢,= 4.83, p< 0.05, n’=
0.13). Similarly to the absolute error, the
Tukeyys, tests showed that the constant-
blocked groups increased the absolute error
from the last block of the stabilization phase to
the first adaptation block (p< 0.01), and de-
creased from first to last adaptation block (p<
0.01).

Response pattern

For all groups the 6 X 2 ANOVA revealed
main interaction effects between components
and blocks of trials: C-V 18 R (F 5 ,0= 8.82, p<
0.01), C-V 18 BL (Fs,25= 17.03, p< 0.01), C-V
36 R (Fs, 5= 12.59, p< 0.01), C-V 36 BL (F
5= 21.72, p< 0.01), C-V 63 R (Fs, 5= 14.91,
p< 0.01), and C-V 63 BL (Fg5, ,5= 14.51, p<
0.01). Post hoc testing showed that with the
introduction of the new sequence of touching
all groups changed their response pattern by
reducing the relative timing of the first and
fourth components (p< 0.01). Furthermore,
there was an increase of the relative timing of
sixth component for the C-V 18 BL and C-V 63
R groups (p< 0.01), and of the second compo-
nent for the C-V 36 BL group (p< 0.05) (Fig-
ure 3B).

EXPERIMENT 3
In this experiment, the varied practices
were manipulated both in terms of velocities of



the visual stimulus and sequences of touching.

Participants, task and equipment, design and
procedures, and data analyses

These aspects were also similar to those of
experiment 1 and 2 (Table 1C). Participants
were thirty-five children, both boys (n= 18)
and girls (n= 17), with mean age of 10.4 years
(SD = 1.0).

In this experiment, during the constant
practice the learners performed the task trials
in the same sequence of touches in the sensors
(SQl= 1-2-4-3-5, Figure 1) and visual stimu-
lus speed (V1= 1.422 m/s). The remaining
trials were performed varying the sequence of
touches (SQl= 1-2-4-3-5, SQ2= 1-3-2-4-5 e
SQ3= 1-4-2-3-5, Figure 1) and the visual
stimulus speeds (V1= 1.422 m/s; V2= 1.657
m/s; and V3= 1.245 m/s) according to varied
condition (random or blocked). For adaptation
phase a new movement pattern (SQ4= 1-4-3-
2-5, Figure 1) and visual stimulus speed (V4 =
1.049 m/s) were introduced for all groups.

RESULTS
The performances related to the coincident
timing and the response pattern are presented
at the Figures 2C and 3C, respectively.

Coincident timing

The statistical analysis revealed no differ-
ences for the absolute, variable, and constant
errors.

Response pattern

For all groups the 6 X 2 ANOVA revealed
main interaction effects between components
and blocks of trials: C-V 18 R (F5 5= 21.65,
p< 0.01), C-V 18 BL (Fs, 5= 26.19, p< 0.01),
C-V 36 R (Fs, 15 = 25.02, p< 0.01), C-V 36 BL
(Fs, 5= 6.70, p< 0.01), C-V 63 R (F5 25=
13.47, p< 0.01), and C-V 63 BL (Fs ,5= 15.33,
p< 0.01). Post hoc testing showed that with
the introduction of the new sequence of touch-
ing all groups changed their response pattern
by reducing the relative timing of the first and
fourth components (p< 0.01). Furthermore,
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there was an increase of the relative timing of
the sixth component for the C-V 18 R group
(p< 0.01), and of the second component for
the C-V 36 R group (p< 0.01).

DISCUSSION

The aim of this study was to investigate the
effects of different amounts and schedules of
varied practice after constant practice on the
adaptive process of motor learning. We asked
whether the amount and schedule of varied
practice for diversification of the skill in terms
of different task demands (e.g., perceptual and
motor) would affect the adaptive process of
motor learning.

It was hypothesized that the varied practice
of applying different parameters to the skill
structure would promote its diversification,
thus increasing its flexibility and facilitating
adaptation, independently of the amount of
practice. Actually, with regard to the amount
of practice we expected that there would be a
critical threshold in which the acquired flexi-
bility would be enough to promote adaptation
as in the case of systems placed in a region of
self-organized criticality (Kauffman, 1993;
Langton, 1992; Packard, 1988). For instance,
Corréa et al. (2006, 2007, 2010b) showed that
varying amounts of constant practice prior to
random practice had similar effects on the
adaptive process, and they concluded that the
minimum amount of practice needed to the
formation of a structure was enough for initiat-
ing the diversification process.

However, the results of the three experi-
ments suggest that the amounts and schedules
of varied practice manipulated in this study did
not promote the diversification of the skill. It
is because a new regime of stability should be
reached in the adaptive phase and it did not
occur. For instance, in all blocks of adaptation
phase the absolute error remained above 100
msec, that is, two times higher than the crite-
rion of 50 msec considered for stabilization.
Therefore, since the motor skill acquisition
involves the formation of more complex struc-
tures by a breakdown of stability followed by



44 | UC Corréa, C Walter, C Torriani-Pasin, J Barros, G Tani

another regime of stability in a cyclical way
(Choshi, 1985, 2000; Choshi & Tani, 1983;
Tani, 2005a) we could say that individuals
failed to achieve the new stabilization of per-
formance, given they remained with high lev-
els of error.

It is important to note that the main focus
is on the performance in the adaptive phase
and not on the levels of performance during
the varied practice in the stabilization phase.
While in the varied practice we manipulated
the independent variable (amount and sched-
ule), the adaptation was the locus of the effect
investigated. Actually, it was expected that the
level of error would be higher during the varied
practice than in the practice without variability
because of the difficulty learners would have to
use feedback during the varied practice. That
is, while the constant practice allows the indi-
viduals to use information related to the previ-
ous trial in the next trial, the varied practice
involves changes of that information trial to
trial or of block to block.

Thus, it is possible that the diversification
of the skill did not take place, and the flexibil-
ity of the formed skill structure with the con-
stant practice had been insufficient to deal
with the perturbation. In other words, the
demands of the new task might have been
beyond the predictability of the system (Corréa
et al,, 2012) so that no adaptation was ob-
served.

In addition to that we propose two possible
explanations that obviously require investiga-
tion. First, the variations introduced after con-
stant practice may have been inadequate to
promote skill diversification. They may have
acted as a perturbation to the pattern formed
with constant practice. In other words, instead
of promoting diversification, they may have
impaired it, so that when the new task was
introduced, the system was already disturbed.
This hypothesis is based on the fact that nei-
ther the aspect of the task manipulated in the
varied practice nor the amount of practice was
able to positively affect the adaptation.

Second, although previous studies have

pointed for performance-criterion of three con-
secutive trials within an error threshold of £50
msec for achieving functional stabilization, i.e.
structure/pattern formation (Corréa et al,
2006, 2007, 2010a, 2010b), one could think
that this may not have been enough to prepare
the skill structure for the diversification pro-
cess. In this regards, recent studies by
Ugrinowitsch et al. (2010, 2011) have shown
that the extensive practice during the stabiliza-
tion phase can provide the learners with more
capacity to adapt. For instance, Ugrinowitsch
et al. (2010) investigated the effects of the
stabilization level on adaptation in motor skill
learning. They manipulated two performance-
criteria: three consecutive trials with an error
of < 25 msec and six blocks of three trials with
an error of < 25 msec. Results showed better
adaptation for those learners who practiced six
blocks of three trials within the error level
established.

Interestingly, our results also showed that
the aforementioned effects did not occur equal-
ly with regard to the kinds of varied practice.
For instance, the results of interactions be-
tween blocks and practice schedule observed in
experiments 1 and 2, respectively those that
varied the velocity of visual stimulus and se-
quence of touches, showed that only the per-
formance of the constant-blocked groups
worsened at the beginning of the adaptation
phase. Furthermore, the behaviors of the
groups were also different with regard to the
response pattern. While in the experiment 1
they changed equally their response patterns
by reducing the relative timing of the first and
fourth components, in experiment 2 some
groups changed their response pattern in rela-
tion to these components (first and fourth)
and other altered it in relation to those first,
fourth, and sixth . Furthermore, in experiment
3, results showed that the groups C-R 18 and
C-R 36 altered their movement pattern in rela-
tion to the three components (first, fourth, and
sixth; first, second, and fourth, respectively).
The remaining groups changed only two com-
ponents (first and fourth). Considering the



propositions of adaptive process of motor
learning described in the introduction and the
level of performance of all groups in the adap-
tation phase, we could suggest that those mod-
ifications in the response patterns did not refer
to an adaptation by the modifying the struc-
ture of the skill. Considering there was degra-
dation of the performance in the adaptation
phase, these alterations in components might
indicate a system dismantling. There are basi-
cally three possibilities for responding when a
system is perturbed. It can (i) attempt to neu-
tralize the perturbation while maintaining
stability, (ii) use the perturbation as source of
order toward higher states of complexity. The-
se two possibilities have as a prerequisite the
competence acquired by the system. The ab-
sence of this implies the third possibility: (iii)
the system is destroyed (Tani, 2005).

In the present study, after the initial charac-
terization of the motor skill, i.e. structure for-
mation by the constant practice, the diversifi-
cation of the skill was the focus of analysis. It
was operationalized by varying the quantity of
trials of blocked or random practices. Three
experiments were carried out in order to inves-
tigate the diversification in terms of the per-
ceptual (exp. 1), motor (exp. 2), and perceptu-
al coupled to motor aspects of the task (exp.
3). The findings of this study allow us to con-
clude that the amounts of trials manipulated in
the random and blocked practices did not pro-
mote the diversification of the skill since no
adaptation was observed. Concerning the
study’s limitations two aspects warrant further
investigations: (1) the establishment of differ-
ent criteria for inferring the pattern formation
considering both the value of the error as the
number of trials, and (2) the variation of spe-
cific items practiced (e.g., values of velocities
of visual stimulus) and/or the amount of spe-
cific items varied in the practice (e.g., amount
of velocities of visual stimulus).
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