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ABSTRACT

The association between contextual interference effect (CIE) and kinematic measures has been little investigated. The
purpose of this study was to investigate the CIE on velocity and acceleration kinematic profiles of upper limb. Thirty-two
subjects (23,7 £ 3,3 years) were assigned to groups of blocked practice (GPB) and random practice (GPA). The task
consisted in achieve three targets in three specific sequences as quickly and accurately as possible. The study was designed in
acquisition phase and transfer test. The variables of performance were reaction time, movement time, and response time and
the kinematic variables were peak of speed, relative time to peak of speed, and number of peak acceleration points. The main
findings showed that GPA showed lower movement time and response time than GPB. Regression analysis indicated that
change in peak velocity during practice was associated to the change of the reaction time from practice to the transfer test. As
peak velocity is a measure related to preprogramming, it is suggested that central control was essential to the CIE.
Keywords: Learning. Memory. Biomechanical phenomenona. Kinematics.

RESUMO

Pouco se sabe a respeito da associagdo entre o efeito da interferéncia contextual (EIC) e medidas cinematicas. O objetivo do
presente estudo foi investigar o EIC nos perfis cinematicos de velocidade e aceleragdo do membro superior. Vinte e dois
participantes (23,7 £+ 3,3 anos) foram alocados em dois grupos de pratica: em blocos (GPB) e aleatéria (GPA). A tarefa
consistiu em acertar trés alvos apresentados no monitor em trés sequéncias pré-determinadas o mais rapido e preciso possivel.
O estudo foi dividido em fase de aquisi¢@o e teste de transferéncia. As variaveis de desempenho foram tempo de reagéo,
tempo de movimento e tempo de resposta e as variaveis cinematicas foram pico de velocidade, tempo relativo para o pico de
velocidade e niimero de corre¢des para alcangar o alvo. Os principais achados mostraram que o GPA apresentou menor
tempo de movimento e de resposta do que o GPB. Analise de regressdo indicou que a mudanga observada ao longo da pratica
para a medida de pico de velocidade estava associada a mudanga do tempo de reagdo da fase de aquisi¢do para o teste de
transferéncia. Como o pico de velocidade ¢ uma medida associada a pré-programagdo, sugere-se que o controle central seja
essencial para a observagdo do EIC.

Palavras-chave: Aprendizagem. Memoria. Fendmenos biomecanicos. Cinematica.

Introduction

During one same session, practice can be organized in a constant way, in which the
learner practices only one skill, or in a varied way, when two or more skills or two or more
variations of the same skill can be practiced throughout the session. The most investigated
varied practice structures are blocked practice and random practice. In blocked practice, all
trials of a certain skill are performed together before the next skill is performed, thus enabling
a greater repetition and predictability of the practice to the learner (e.g., AAAABBBBCCCC).
In random practice, skills are executed without a previous sequence in order to generate a low
level of predictability and repetition (e.g., BACABCCAABCCB)'~.

The way skills are ordered during practice can generate a degree of interference in
learning as a previously practiced task can influence the processing of another one practiced
afterwards®. This phenomenon is known as contextual interference effect (CIE)®. It is
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accepted in the literature that the non-consecutive repetition of one same ability produces
more contextual interference. Thus, it is assumed that a high level of contextual interference
would be generated in random practice, whereas a low level would be produced in blocked
practice'. Practice with high contextual interference demands more from cognitive processes
that positively affect learning™”.

CIE studies predominantly analyze the product of movement, that is, performance,
through variables such as reaction time and movement time. According to Lage et al.', there
are few studies investigating processes involved in CIE. Learning the processes involved in
the acquisition of skills allows inferring about changes in the planning, organization and
control of movements. One of the control models most used in the study of manual skills such
as aiming is Woodworth’s two-stage hybrid model®. Movement time is subdivided into two
sub-movements. The first corresponds to the initial impulse phase, in which the movement is
centrally controlled, pre-programmed, and aims to displace the limb ballistically to the target’.
Near the end point of the movement, the second sub-movement begins, the so-called current
control phase of the movement, characterized by use of feedback’. Visual and proprioceptive
information on the relative positions of the limb and the target are used for possible
adjustments in movement trajectory so the target is hit with precision®’. In sequential aiming
skills characterized by changes of direction (e.g., reciprocal aiming), the second sub-
movement of a given segment of the movement is influenced not only by corrective
processes, but also by implementation processes of the posterior segment.

One way to investigate the processes involved in CIE is by using kinematic analyses
of movement. It is assumed that in aiming movements the period of time that precedes peak
velocity during the trajectory of the limb refers to the initial impulse phase and, after peak
velocity, the current control phase of the movement begins. The number of corrections after
peak velocity is achieved by analyzing the number of discontinuities in the acceleration
profile®’. One strategy of the motor system is to minimize the total duration of the movement
by optimizing the time distribution between the first and second sub-movements. A greater
duration and size of the first sub-movement indicate a more efficient motor system control,
longer ballistic displacement period and less need for corrections in the second sub-
movement'’. As a hypothesis, it is expected that the more repetitive nature of blocked practice
will generate a first greater sub-movement than the random practice would, as well as higher
peak velocity and fewer corrections in the second sub-movement. This is due to the
possibility of maintaining a more stable planning, thus facilitating the adoption of a strategy
with greater emphasis on the central control phase. In this way, better planning would lead to
higher peak velocity and fewer adjustments in the second sub-movement compared to random
practice. Trial after trial, changes required in random practice would demand greater cognitive
effort in both planning and correction of the movement. This type of requirement would lead
to a less effective control during practice, but would lead to the development of more flexible
control mechanisms that would facilitate the transfer of learning. The neural activation
observed when transfer of learning is required is associated with the brain activation verified
in the final stage of skill acquisition''. Transfer seems to be an accelerated form of learning in
which processes experienced at the end of acquisition are superimposed on those required in a
near condition in the learning test'”.

Kinematic analysis would therefore enable one to learn the effect of practice structures
on the velocity and acceleration profiles of the limbs during the learning process. However,
the use of kinematic measures is not common in contextual interference investigations. Thus,
the present study aims to investigate the effect of contextual interference on motor learning by
analyzing not only motor performance but also changes in motor control through the analysis
of the velocity and acceleration kinematic profiles of the upper limb. It is expected that the
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more repetitive characteristic of blocked practice will allow consistency in planning, making a
more central control possible throughout practice. In random practice, due to its non-repetitive
nature, this possibility reduces and the current control phase would be more emphasized.
However, in the transfer test the inverse effect is expected, that is, greater duration and size of
the first sub-movement, higher peak velocity and fewer corrections in the random practice in
relation to blocked practice. This hypothesis is based on the logic that the processes
experienced at the end of random practice associate more with those required in transfer, thus
leading to better performance.

Methods

Sample

Twenty-two college students aged between 18 and 35 years old (23.7 + 3.3 years), of
both sexes, right-handed and inexperienced in the task, participated in the study. The
individuals’ handedness was confirmed through the Edinburgh Handedness Inventory', in
which they should present an index above 80 points for the right hand. All volunteers signed a
free and informed consent form. The study was approved by the Research Ethics Committee
of the University where the study was conducted, under protocol No. CAAE:
13205513.6.0000.5149.

Experimental Design

The subjects were randomly divided into two groups: blocked practice group (BPG)
and random practice group (RPG). The BPG performed blocks of trials for each task while the
RPG performed the trials for each task in a random sequence.

The study consisted of acquisition phase and transfer test. In the acquisition phase,
each group performed 20 trials for each of the three tasks, totaling 60 trials. In the transfer
test, which occurred 24 hours after the end of the acquisition phase, the participants
performed 10 trilas of a new sequence.

Instrument and task

The motor task was performed on a tablet (WACOM Intuos 3, 200 Hz capture speed,
with dimensions of 30 x 30 cm) controlled by MovAlyzer software (Neuroscript, Tempe, AZ,
USA) and connected to a microcomputer. To determine the volunteer’s handedness index, the
Edinburgh Handedness Inventory'® was applied. To execute the task, the volunteer should
move a sensor pen on a tablet so that he could hit the next target only if he hit the previous
one, with corrections in the tracing being therefore allowed (Figure 1).

The subjects performed a serial aiming task that mandatorily consisted of hitting three
targets in pre-determined sequences. The design of the task consisted of nine targets arranged
in three columns with three targets each. Of these targets, three were in evidence (in red)
while the others were green (Figure 2). The subjects should hit the red targets.
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The location of the targets highlighted in the task varied in three different conditions,
but the aiming sequence of the targets always followed the left-right and top-bottom or
bottom-top order, thus creating an alternating movement (zigzag). The subjects should
perform the task as fast and accurately as possible.

Procedures

Sitting in front of the microcomputer and the tablet, the individuals found a
comfortable position, with the medial region of the body aligned with the initial point of the
movement (Figure 1), and received instructions on the task. They were asked to perform the
task as quickly as possible and to be precise, given that it was mandatory to hit each of the
targets presented. In order to begin the task execution, the sensor pen, manipulated with the
right hand, should be positioned on the starting point of the task, and only after a beep
controlled by the software the trial could be initiated. To ensure that the pen was properly
positioned on the starting point, a warning stimulus was visible on the screen for two seconds.
In that period, the targets to be hit already indicated what sequence would be executed. This
initial stimulus disappeared and within 2 to 3 seconds the sequence to be performed was
displayed.

Measures adopted

Performance dependent variables were reaction time (RT), movement time (MT) and
response time (respT). Kinematic dependent variables were peak velocity (PV), relative time
to peak velocity (RTPV) and number of corrections to hit the target (NC). For each of the
three task segments, the six dependent variables were recorded. The RT was determined as
the time interval between the beeping of the sound command to start the task and the
beginning of the pen displacement. MT was analyzed as the sum of the elapsed time between
the beginning of the pen displacement and the hitting of the target in each segment. RespT is
the sum of RT plus MT. Peak velocity refers to the highest velocity value reached during the
trajectory toward the target, given in cm/sec. Relative time to peak velocity was calculated as
the proportional time to reach peak velocity. The number of corrections after peak velocity to
hit the target is calculated by the number of discontinuities in the acceleration profile,
represented by positive and negative acceleration peaks occurring during the 2" sub-
movement, or current control phase. In tasks of aiming at multiple targets and that require
change of direction, discontinuities are generated by processes of correction of the current
movement and implementation of the next segment of the movement.

All performance and kinematic measures used, as well as the data filtering method,
were provided by the MovAlyzer software (e.g., studies'*'®). The movements of the pen on
the tablet were filtered by a low-pass filter at 12 Hz using the Fast Fourier Transform (FFT)
method and differentiated to obtain estimated velocity and acceleration curves. Each trace was
segmented into primary and secondary sub-movement. The first sub-movement was the
interval from the beginning of the movement until the first transition of the acceleration curve
from negative to positive, or also defined as zero crossing. From this moment, the 2™ sub-
movement starts. The number of corrections after peak velocity for the 1% target was
calculated by the number of discontinuities in the acceleration profile, represented by positive
and negative acceleration peaks that occurred during the 2" sub-movement, or current control
phase.

Analyses of online and offline learning effects were used. The difference between the
performance achieved in the last block of the acquisition phase and the performance achieved
in the first block of the acquisition phase is defined as online learning. This measure concerns
the change process observed during practice. The difference between the performance
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achieved in the transfer test block and the last block of the acquisition phase is defined as
offline learning. This measure concerns the process of motor memory consolidation'’. To
explain the effects of kinematic measures on performance measures, the online learning of
PV, RTPV and NC measures was calculated, and the offline learning of RT, MT and respT
measures was calculated as well.

Data analysis

Intra-subject performance was analyzed by mean and standard deviation in blocks of
10 trials. Six blocks were analyzed in acquisition and one block in the transfer test (TT). For
each of the dependent variables, except for RT, the mean of the three sequences of the
movement was calculated for each practice trial. As an example, for a given trial the mean
movement time of the three trace sequences was calculated.

The Shapiro-Wilk W test was conducted to assess data normality. Normal data
distribution was found for all variables. Regarding inferential analyses for the acquisition
phase, a two-way ANOVA was used with repeated measures in the second factor (2 groups x
6 blocks) and, for the transfer test, Student’s t-test was used. For post hoc analyses, Duncan’s
test was employed. Significance was set at p <0.05.

Multiple linear regressions were conducted to analyze the association between
kinematic measures in acquisition and the reaction time and movement time performance
measures in the transfer test. Initially, Spearman correlations were conducted to assess which
independent measures (RT, RTPV and NC) would participate in the regression model.
Kinematic measures related to online learning were correlated with performance measures
(RT, MT and respT) related to offline learning. Significance was set at p <0.2. Regressions
were conducted between (a) the means of online learning measures that reached significance
in the correlation and (b) the means of each of the offline learning measures.

Results

Performance measures
Reaction Time

Descriptive analysis suggests that the groups started the acquisition phase with similar
levels of performance (Figure 3a). The 95% confidence interval in the acquisition phase of the
BPG was 0.58 to 0.61, and the RPG’s was 0.51 to 0.56. In inferential analysis, the two-way
ANOVA with repeated measures in the second factor did not show significant difference
between Groups [F (1.20) = 1.69, p = 0.20, n*> = 0.07], and no significant interaction was
detected between Groups X Blocks [F (5.100) = 1.84 p = 0.11, n*> = 0.08]. Difference was
detected for the Blocks factor [F (5.5) = 10.07, p <0.001, n* = 0.33]. Duncan’s post hoc test
indicated that the RT of the 1* block was significantly higher than the others. The RT of the
2" block of acquisition was significantly higher than the last block of acquisition. Analyzing
the transfer test block, Student’s t test did not indicate a significant difference between
Groups [t(20) = 1.53, p = 0.13, d = 0.74]. The 95% confidence interval in the transfer test of
the BPG was 0.54 to 0.68, while the RPG’s was 0.45 to 0.60.

Movement Time

Descriptive statistics are presented in figure 3b and suggest that the groups had similar
performance throughout the acquisition phase. The 95% confidence interval in the BPG’s
acquisition phase was 2.36 to 2.62, and the RPG’s was 2.36 to 2.70. In inferential statistics,
the two-way ANOVA with repeated measures in the second factor did not detect significant
difference between Groups [F (1.20) = 0.16, p = 0.68, n* = 0.07] and did not identify
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significant interaction between Groups X Blocks [F (5.100) = 1.62 p = 0.16, n*> = 0.07].
Difference was detected for the Blocks factor [F (5.5) = 21.11, p <0.001, n* = 0.51]. Of the
main significant differences shown by Duncan’s post hoc test, it is worth noting that the RT
of the 1% block, except for the 3™ block, was significantly higher than the others. Analyzing
the transfer test, Student’s t test indicated shorter MT for the RPG compared to the BPG [t
(20) = 2.24, p <0.05, d = 0.07]. The 95% confidence interval in the BPG’s transfer test was
2.89 to 3.18, and the RPG’s was 2.56 to 2.95.

Response Time

Descriptive analysis is displayed in figure 3c and suggests that the groups performed
similarly throughout the acquisition phase. The 95% confidence interval in the BPG’s
acquisition phase was 2.94 to 3.23, and the RPG’s was 2.88 to 3.26. The two-way ANOVA
with repeated measures in the second factor did not indicate a significant difference between
Groups [F (1.20) = 0.01, p = 0.90, n*> = 0.07], and no significant interaction was detected
between Groups X Blocks [F (5.100) = 1.82 p = 0.11, n? = 0.08]. Difference was detected for
the Blocks factor [F (5.5) = 24.75, p <0.001, n* = 0.55]. In the transfer test block analysis,
Student’s t Test indicated lower respT for the RPG compared to the BPG [t (20) = 2.63, p
<0.05, d = 0.02]. The 95% confidence interval in the BPG’s transfer test was 3.46 to 3.82, and
the RPG’s was 3.09 to 3.48.
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Figure 3. Mean and standard deviation of performance measures

Legend: BPG = Blocked Practice Group; RPG = Random Practice Group; B1 ... B6 = mean and standard deviation of the 11
participants in 6 blocks of 10 trials each; TT = transfer test, and * p <0.05

Source: The authors

Kinematic Measures
Peak Velocity

Descriptive analysis suggests that the groups performed similarly throughout the
acquisition phase (Figure 4a). The 95% confidence interval in the BPG’s acquisition phase
was 18.61 to 20.16, and the RPG’s was 19.28 to 21.46. The two-way ANOV A with repeated
measures in the second factor showed no significant difference between Groups [F (1.20) =
0.44, p = 0.51, n> = 0.02] and did not detect significant interaction between Groups X Blocks
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[F (5.100) = 1.38 p = 0.23, n* = 0.06]. Difference was detected for the Blocks factor [F (5.5) =
12.11, p <0.001, n* = 0.37]. Among the main findings, Duncan’s post-hoc test stands out,
indicating that 1* block PV, except for the 3" block, was significantly lower than the others.
In the transfer test analysis, Student’s t test did not indicate a significant difference between
Groups [t (20) =-1.73, p = 0.09, d = 0.31]. The 95% confidence interval in the BPG’s transfer
test was 23.18 to 29.26, and the RPG’s was 26.75 to 34.18.

Relative Time to Peak Velocity

Descriptive analysis is presented in Figure 4b and suggests that the BPG showed
higher RTPV throughout the acquisition phase. The 95% confidence interval in the BPG’s
acquisition phase was 40.17 to 42.64, and the RPG’s was 41.25 to 41.30. In the inferential
analysis, the two-way ANOVA with repeated measures in the second factor did not indicate
significant difference between Groups [F (1.20) = 1.01, p = 0.32, n* = 0.04], and no
significant interaction was detected between Groups X Blocks [F (5.100) = 1.97 p =0.23, n*> =
0.06]. Difference was detected for the Blocks factor [F (5.5) = 12.11, p <0.001, n* = 0.37].
Among the main findings, Duncan’s post-hoc test stands out, showing that the 1* block
RTPV, except for the 3 block, was significantly shorter than the others. Analyzing the
transfer test block, Student’s t test did not indicate significant difference between Groups [t
(20) =-0.32, p = 0.75, d = 0.38]. The 95% confidence interval in the BPG’s transfer test was
40.65 to 40.70, and the RPG’s was 41.25 to 41.30.

Number of Corrections

Descriptive statistics suggest that the groups showed similar behavior throughout the
acquisition phase (Figure 4c). The 95% confidence interval in the BPG’s acquisition phase
was 7.29 to 8.51, and the RPG’s was 6.77 to 8.03. In the inferential statistics, the two-way
ANOVA with repeated measures in the second factor did not detect significant difference
between Groups [F (1.20) = 0.45, p = 0.50, n*> = 0.02] and did not detect significant interaction
between Groups X Blocks [F (5.100) = 1.11, p = 0.23, n?> = 0.06]. Difference was detected for
the Blocks factor [F (5.5) = 21.60, p <0.001, n? = 0.51]. Among the main findings, Duncan’s
post-hoc test stands out, showing that the 1* block NC was significantly lower than the others.
Analyzing the transfer test block, Student’s t test did not indicate significant difference
between groups [t (20) = 1.14, p = 0.26), d = 0.23]. The 95% confidence interval in the BPG’s
transfer test was 8.00 to 11.18, and the RPG’s was 6.91 to 9.77.

Multiple Linear Regressions

Correlation analyses between online learning measures and offline learning measures
indicated that only the correlation between the online learning measure of PV (r = 0.61, p =
0.04) correlated significantly with the offline learning measure of RT. Thus, a simple linear
regression analysis was conducted and showed significant association [F (1.9) = 540, p =
0.04, 1 = 0.30] between the measure related to PV change in the acquisition phase and the
measure related to RT change from the end of acquisition to transfer test [B = 0.61].
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Figure 4. Mean and standard deviation of kinematic measures

Legend: BPG = Blocked Practice Group; RPG = Random Practice Group; B1 ... B6 = mean and standard deviation of the 11
participants in 6 blocks of 10 trials each, and TT = transfer test

Source: The authors

Discussion

The objective of the present study was to investigate the effect of contextual
interference on the velocity and acceleration kinematic profiles of the upper limb. Although
differences between the practice groups were not observed in the acquisition phase for any of
the measures assessed, the transfer test results showed contextual interference effect for
movement time and response time measures. That is, the random practice group performed
better as to these variables compared to the blocked practice group. Regarding the kinematic
analyses, no difference was found between groups for any of the measures used. However, it
was observed that peak velocity online learning is associated with the offline change in
reaction time only in the random practice group.

Analyzing the performance of practice groups during the acquisition phase in CIE
studies, differences between groups is frequently not observed'®. It is expected that the
random practice group performs worse during practice, considering that variations occurring
trial after trial lead to a higher level of interference, generating a higher level of error'.
However, it is important to consider that CIE results from differences in type of processing
required throughout practice and that it is possible to observe similar performances that are
generated by different levels or processing types™"”.

A result that strengthens the hypothesis that distinct processes occurred between
practice groups is found in the regression analysis. The change observed from the beginning
to the end of the practice in the peak velocity measure (online learning) as to the random
practice group had a significant impact on the change observed in the reaction time between
the end of the practice and the transfer test (offline learning). The same was not found
analyzing the blocked practice group. Peak velocity is a measure associated with the central
control phase, that is, the preprogrammed phase of the action’. Random practice requires the
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reconstruction of the action plan with each new practice trial’*'. Bearing in mind that one of

the task’s goals is velocity, it is possible that this is the main parameter to be programmed
during the trials. As this process of reconstructing the action plan is less required during
blocked practice, it seems that peak velocity did not present the same level of association with
the reaction time measure in the more repetitive practice compared to the less repetitive one.
A strategy used by individuals to improve performance in the manual task used in the studies
by Lin et al.***, which confirmed CIE, was to emphasize improvement in time-related
variables. Transfer seems to be an accelerated form of learning in which processes
experienced during acquisition are superimposed on those required in a near condition in the
learning test'?. Future studies need to be conducted to investigate this hypothesis that in
random practice the main parameter programmed in the acquisition phase, and that impacts
transfer, is peak velocity.

No difference was found between groups as to relative time to peak velocity. This
result indicates that both groups presented a similar motor control strategy. Both in
acquisition phase and transfer test, the groups had a higher percentage of time in the current
control phase, evidencing a strong dependence on the use of feedback to try to hit the targets
with precision”**. The groups presented a range of 60 to 65% of the time in the current
control phase. Compared to studies that used a similar task, but with the requirement of
discrete movements (displacement to a single target), this range was below the one previously
observed”?. The second sub-movement is affected in aiming tasks with changes of direction’.
In the present study, the higher percentage of time spent in the current control phase,
compared to studies with discrete aiming movements, is explained by the overlap of processes
related to the correction of errors in the segment being executed and to the implementation of
the next task segment. This overlap leads to an increase in time in the final phase of the
movement’. Another result that reinforces the proposition that the strategy of both groups was
based predominantly on current control is the average number of corrections. Because the
participant had to hit all targets, besides the corrections to hit the targets a behavior observed
during the data collection was the production of reverse movements back to the target that
was overpassed, but not hit.

Conclusion

Contextual interference effect was found in movement time and response time
measures. The random practice group performed better as to these two dependent variables in
the transfer test. High contextual interference leads to greater strengthening of active
processes due to complete or partial forgetfulness that forces the learner to reconstruct his
action plan with each new practice trial'®. This strengthening of active processes was
observed in the transfer test, when the random practice group managed to be faster than the
blocked practice group, meeting the task goal, which was to execute as quickly as possible.
No differences were observed between groups in the kinematic measures analysis. However,
the regression analysis showed that the changes generated in peak velocity, when practiced
randomly, impact the reaction time in a new practice condition. Altogether, these results
reinforce the hypothesis that distinct processes occurred between the practice groups and that
peak velocity is the kinematic measure that most impacts the observed performance.
However, further studies need to be conducted to investigate the possibility of velocity being
the main parameter to be programmed during trials in sequential tasks that require velocity
and precision.

J. Phys. Educ.v. 29, 2904, 2018.



The contextual interference effect Page 11 of 12
References
1. Lage GM, Fialho JVA, Albuquerque MR, Benda RN, Ugrinowitsch H. O efeito da interferéncia contextual na

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

aprendizagem motora: contribui¢des cientificas ap6s trés décadas da publicag@o do primeiro artigo. RBCM
2011;19(2):107-119.

. Shea JB, Morgan RL. Contextual interference effects on the acquisition, retention, and transfer of a motor

skill. J ExpPsychol Hum Learn 1979;5(2):179-187. DOI:10.1037/0278-7393.5.2.179

. Magill RA, Hall KG. A review of the contextual interference effect in motor skillacquisition. Hum Mov Sci

1990;9:241-289. DOI: 10.1016/0167-9457(90)90005-X

. Lee TD, Magill RA. The locus of contextual interference in motor-skillacquisition. J ExpPsychol Learn Mem

Cogn 1983;9:730-746. DOI: 10.1037/0278-7393.9.4.730

. Lai Q, Shea CH. Generalized motor program (GMP) learning: effects of reduced frequency of knowledge of

results and practice variability. ] Mot Behav 1998;30:51-59. DOTI: 10.1080/00222899809601322

. Woodworht RS. The accuracy of voluntary movement. Psychol Rev 1899; 3(2):1-119.
. Elliot D, Helsen WF, Chua R. A century later: Woodworth’s (1899) Two-Component Model of goal-direct

aiming. Psychol Bull 2001;127(3):342- 357. dx.doi.org/10.1037/0033-2909.127.3.342

. Lage GM, Gallo LG, Miranda MG, Vieira DR, Schickler DJ, Coelho RR et al. Assimetrias manuais e

complexidade da tarefa em habilidades de apontamento. Rev Port Cien Desp 2008;8:47-57.

. Lage GM, Malloy-Diniz LF, Neves FS, de Moraes PHP, Corréa H. A kinematic analysis of the association

between impulsivity and manual aiming control. Hum Mov Sci 2012;31:811-823. DOI:
10.1016/j.humov.2011.08.008

Teulings HL. Optimization of movement duration in accurate handwriting strokes in different directions in
young, elderly, and parkinsonian subjects. In: Meulenbroek, RGJ, Steenbergen B, editores. Proceedings of
the 10™ Biennial Conference of the International Graphonomics Society. Nijmegen: University of Nijmegen;
2001, p. 40-45.

Seidler RD. Neural correlates of motor learning, transfer of learning, and learning to learn. Exerc Sport Sci
Rev 2010;38:3-9. DOI: 10.1097/JES.0b013e3181c5cce?

Seidler RD, Noll DC. Neuroanatomical correlates of motor acquisition and motor transfer. J Neurophysiol
2008;99(4):1836-45.

Oldfield RC. The assessment and analysis of handedness: the Edinburgh inventory. Neuropsychology 1971;
9:97-113. DOlL.org/10.1016/0028-3932(71)90067-4

Romero DH,Teulings HL. Submovement analysis in goal-directed pen movements. In: Teulings HL,Van
Gemmert AWA, editors. Proceedings of the 11th Conference of the International Graphonomics Society.
Scottdale: IGS; 2003, p.103-106.

Saltuklaroglu T, Teulings HL, Robbins M. Differential levels of speech and manual dysfluency in adults
who stutter during simultaneous drawing and speaking tasks. Hum Mov Sci 2009;28:643—654.

DOI: 10.1016/j.humov.2008.08.003

Teulings HL, Contreras-Vidal JL, Stelmach GE, Adler CH. Parkinsonism reduces coordination of fingers,
wrist, and arm in fine motor control. Exp Neurol 1997;146:159—170. DOI: 10.1006/exnr.1997.6507
Apolinario-Souza T, Romano-Silva MA, Miranda DM De, Malloy-Diniz LF, Benda RN, Ugrinowitsch H,
Lage GM. The primary motor cortex is associated with learning the absolute, but not relative, timing
dimension of a task: a tDCS study. Physiol Behav 2016;160:18-25. DOI: 10.1016/j.physbeh.2016.03.025
Lee TD, Simon DA. Contextual Interference. In: Williams AM; Hodges NJ, editores. Skill acquisition in
sport: research, theory, and practice. New York: Routledge; 2004, p. 29-44.

Lee TD, Magill RA. Can forgetting facilitate skill acquisition? In: Goodman D, Wilberg RB, Franks IM,
editors.Differing perspectives in motor learning, memory, and control. Amsterdam: Elsevier; 1985, p. 3-22.
Lage GM, Ugrinowitsch H, Apolinario-Souza T, Vieria MM, Albuquerque MR, Benda R N. Repetition and
variation in motor practice: a review of neural correlates. Neurosci Biobehav Rev 2015;57:132-141. DOI:
10.1016/j.neubiorev.2015.08.012

Lage GM, Souza TA, Albuquerque MR, Portes LL, Janudrio MS, Vieira MM et al. The effect of constant
practice in transfer tests. Motriz 2017;23(1):22-32. DOI: 10.1590/s1980-6574201700010004

Lin CH, Fisher BE, Wu AD, Ko YA, Lee LY, Winstein CJ. Neural Correlate of the Contextual Interference
Effect in Motor Learning: a Kinematic Analysis. J Mot Behav 2009;41(3):232-242. DOIi:
10.3200/JMBR.41.3.232-242

Lin CH, Fisher BE, Winstein CJ, Wu AD, Gordon J. Contextual interference effect: elaborative processing or
forgetting-reconstruction? A post hoc analysis of transcranial magnetic stimulation-induced effects on motor
learning. J Mot Behav 2008;40(6):578-86. DOI: 10.3200/JMBR.40.6.578-586

J. Phys. Educ.v. 29, 2904, 2018.



Page 12 of 12 Lelis-Torres et al.

24. Elliot D, HansenS, Mendoznza J, Tremblay L. Learning to optimize speed, accuracy, and energy
expenditure: a framework for understanding speed-accuracy relations in goal-directed aiming. J Mot Behav
2004;36:339-351. DOI: 10.3200/JMBR.36.3.339-351

25. Lage GM, Miranda DM, Romano-Silva MA, Campos SB, Albuquerque MR, Corréa H et al. Association
between the catechol-o-methyltransferase (COMT) vall58met polymorphism and manual aiming control in
healthy subjects. PloSOne 2014;9:¢99698. DOI: 10.1371/journal.pone.0099698

Acknowledgements: This study was funded by Minas Gerais State Agency for Research and Development
[Fundagdo de Amparo a Pesquisa do Estado de Minas Gerais] (FAPEMIG: APQ-02134-13).
Institutional Program for Scientific and Technological Initiation Scholarships — FAPEMIG

Received on Jan, 28, 2016.
Reviewed on May, 10, 2017.
Accepted on May, 17, 2017.

Author address: Guilherme Menezes Lage.Escola de Educacdo Fisica, Fisioterapia e Terapia Ocupacional, Universidade
Federal de Minas Gerais, Av. Presidente Antonio Carlos, 6627, Pampulha, Belo Horizonte, MG, Brasil,
CEP 31270-901. E-mail: menezeslage@gmail.com

J. Phys. Educ.v. 29, 2904, 2018.



