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Abstract

Theexperiment investigatkethe progressionsf the qualitative and quantitative changes
in the movement dynamics of learning the sikitulatoras a functiorof priorrelated task
experience.fhe focus was the differential time scales of change in the candidate collective
variable,neuromuscularsynergies, joint motions and task outcome as a function of learning
over 7 days opractice. Half of thenovice participantsevealedn day la transitionof in-phase
to anti-phase“coupling akenter of masgCoM) - platformmotionwhereaghe remaining novices
and experienced growl producedn the first trialan antiphaseCoM-platformcoupling. The
experienced up alsohad initially greater amitude andvelocity of platform motionr-a
performanc@dvantage over the novice graimat wasreduced but not eliminatedth 7 days of
practice Thenovice participants who had anphase CoM-platform couplingn the initial
trialsof day 1 also showed the stoestricted platform motiom those trials Frior related
practice experiencdifferentially influenced the learningf the task as evidenced bygth the
gualitativeserganization and quantitative motion properties antfigidual degrees of freedom
(dof) to meetthe task demandsThefindings providefurther evidencéo the proposition tha
CoM-platferm coupling isa candidateollective variablan the skisimulator task thgtrovides
organization and boundary conditions to the motions of the indivjomtidof and their

couplings.

1. Introduction

Bernstein' postulated that learning was in essence, the mastery of the reddegiass
of freedom ¢lof) in joint coordination dynamics as a function of practice. He conceptualized tha
a novice performer learned to coordinate and control a large number of mekcteinidaile
attemping to learn a novel motor task. Bernstein proposed that novices would to the degree
necessary.freeze out ttef (joint angles) at the initial learning stagan hypothesis that has
been experimentally supported in the motions of arm segments in pistol sHatgprso and
leg motions in the skéimulator task, although the particulasrder to freezing and freeing

(releasing)of the joint motion appears strongly task dependent.
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In the skisimulatordynamic balance taskowever, freezing the joint angles to project
the CoM of the body vertically over the platfotemds to resulin an inphase (upright standing
posture-like) coupling between Codhd the platform, a kinematic relation thatits therange
of lateral motion of thelatform. Indeedthe inphasemacroscopic coordination relation is
relatively unstabl®n the platform and cannot realize the task goal of large,dhaldefficient
platform movement (amplitude and velocity) as reflected in a skillediskilator performance.
Thus, themacroscopicCoM — platform couplinges boundary conditions on the platform
motion as'determined in the task space of its amplitude and vetbtity

The CoM and platfornrelativemotionreflects an emergent propedj/the qualitative
and quantitative movement dynamics that we examine here in the progressions of learning th
dynamic balance sldimulator task as a function of prior related task experieAgerimary
guestion was whether timacroscopigphase transitionf the CoM- platform motionoccurs
only dter considerable practi@nd a change in the intrinsic dynamaésfound in learninghe
roller ball task* or whether it occurs following limited practice as a consequence of
familiarization-@ndgetting the idea’ of the task’. The latter concept of ‘getting the idea’ has
been long heldto occum the early stage ahotorskill learning but typicallyit hasnotbeen
studied directlyn terms of qualitative movemekinematics Qualitativeis used in the context
of a different nominaiacroscopienovement pattern such as in-phase and anti-phase of CoM to
platform

Herewe examine this feature of learnimgterms ofthe presence and/or change of the
macroscopienavement dynamics as a function of learning. The proposition to be investigated is
that a qualitative variable such as GéNatform inphaseelative motiorconstrains the
organization of the joint and synergy motions and thus the learning of teemslator task
requires arantrphase pattern to its organizatifom successful performancé&etting ths
macroscopic.organization the movement dynamics can be viewedhasdynamical essence of
‘getting the idea’ of the task. Moreover, a rapme scale of changef the CoM -platform
phase relatiomvould support the interpretation that both itheand antiphase Colplatform
dynamics are.relatively stable states of the dynaasds the HKB model for bimanual cool
8.

The propositiorthat CoM-platform coupling may be a candidatalective variable in the
whole body skisimulator taskhasexperimental rationaleThat CaM is a property of the
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macroscopiwariable follows from it being a spatial point where the body mass is distributed
equally in all directions thus making it fundamental to postural balance’taiks also
corsistent with tle evidencdor CoM-CoP as the candidate collective variable in experimental
investigations of standing postufeand an externally driven dynamic platform balance protocol
1 An important consequence of the several joint space degrees of freedom ibadyle
dynamic balance tasks is that they allow in principle, unlikedbgicted2 dof bimanual
coordinationtask, the independent consideration of the motion of a macroseapable from
that of particular neurmuscularoint synergies (couplings) and individual jointShis broader
range of variables in the task dynamics allows a test of the nafti@ctiprocal causality of the
organization othe macroscopigariable with the individual joint motion and synerdtesThus,
the skisimulator task with many joirdof motions involved afforda rich context for movement
dynamics and the study of the rates of change of the motiaamdidate collective variable,
neuro-muscular synergies, individual joints and platform as a function of priorcgracti
experience.and dayof practice in the ski task.

In coardihation dynamic¥, the changes in movement dynamidth learningare
embedded'withithe formation of the collective variallerough reciprocal causality withe
individualdef joint motions and couplings of varying relations, strengths and time scales
between.the'multipldof — adjoining phase relations in joint spaté®. IndeedBernsteir
proposed that the three stages of learning\eel skill involve— freezing out mechanicdbf of
joints, gradually releasing the constraimefland finally exploiting(taking advantage ofhe
reactive forees,of the motions of ttef to produce economical and efficient movement as a
function of‘pactice. Thigpathway of change in motor learning eventually leads to fluent,
rhythmical and large amplitude movement in thesskiulator task'*’, including potentially an
anti-phase coupling of CoMlatform motion that is required (albeit implicitly) to realize the task
demands?,

In thisstudy we examined the hypothesis that the tsrales of change in forming the
respective.eouplings would be different for the macroscegui@ble(CoM-platform motion)
than thenetr@muscularsynergy variables as a function of the control parameter that is, the
increasing platform amplitude and weity motionthat emerges with practic& It was
anticipated that if the anpihase collective variablgasnot produced in the initial trials of
practice it would emerge from a transition at some point in practice to aphase pattern. In
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contrast, the synergy variables would refleahsientand faster time scale changemwadifferent
relative phase values than the candidate collective variable over the progression of practice.
Furthermore, it was Ippthesized that thearticipantsexperienced in task related
activitieswould produce an earlier and more distinct anti-phase coupling than the novice
participants,even though they had not practiced the specific lateral motisimsikator task
studied here This isconsistent the propositidhat the intrinsic dynamigsrovide boundary
conditions'tothe organization movement of coordination and control and the change of it in
learning, retention and transfer The time of acquisition of a new bimanual relative phase has
been shown to be dependent on the prior experience of the Ie&fiarluding in the context
of sports skillg%?*
In general, it was expecatd¢hat,that the rate of freeing the individual joutdf across
practice days would be different as a function of prior practice and task expge®a@ed that this
would be influenced by the phase relation of the macroscopic CoM-platform motion. Tbe novi
group would initially produce a more progressive rate of increment of lower limb joirg angl
range (freginglof) than the experienced group because initially in practice they would have a
more restricted platform amplitude through reduced ankle, knee, and hip joint motion. And, to
realize this.change, the novice group would produce a higher variability of lowejoimlangle
motion as-a‘function of practice (exploitidgf) given that they had more change in platform
motion to realize the task goal from their limited initial posture and movement conditions.
The.rates of change of the motion of taadidatecollective variable, synergies,
individual jeints,and platform would be different as a function of prior prackpereence and
days of practie‘in the ski task.The qualitative and quantitative changes in the movement
dynamics/would show properties of both the continuity and discontinuity of motor skilihigarn

2326 that dependmprior practice experience.

2. Methods
Participants

Twelve healthy female participan@3 + 5 yearsjvere recruited according to an
experimental protocol approved by The Pennsylvania State University InstituiRievialw
Board. The participants consistefdtwo groups — novice and experienced skiers. The novice
group had no previous experience of dynamic balancing tasks such as surfing, skiing,
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rollerblading and snowboarding, whereas the experienced group consisted of expergneed al
skiers (> 5 yearsf skiing) from a local ski club team. None of the participants from either
group had any previous practice experience on thsiskitator task studied here. Their average
height was 164.,4 + 6.2 cm and their averagsswas 53.2 + 4.3 kgThere was no average
group difference in height/masall participants selreported no apparent neurological
disorders or musculoskeletal injuries that could negatively influence postural control.

Apparatus

The skisimulator (Skier's Edge, Utah) wasetkxperimental apparatus that is a movable
wheeled platform comprising of two co-dependent footpfatéhe elastic band fitte
underneaththe footplates facilitates lateral oscillatigxisix-camera3-D motion analysis
system (QTM, Sweden) was positioned with the cameras equally distant from each other around
360 of the participant to encompass the calibrated space of the test area and record the motion
of passive markers that were attached to the anatomical joints of the experimental participants.
The data were'sampled at 100 Hz amate digitally lowpass filtéed with a second order
Butterworth filter and a cedff frequency of 5 Hz.An initial assessment to determine the
frequencyspoewer of the dependent variables was carried out by running an FFT. It was found
that the_sighal power was constrained to <2 étzafl signalsand subsequentgnalyzed

consistent withan earlierstudy™.

Task and Rrocedures

The participant’s task instruction wasmake as large an amplitude and velocity-side
side movements on the ski-simulator as they could with their hands folded inrthefftloeir
torsa No additional information was provided. Each participant practiced foriad
spanning ever.7 consecutive days. Every trial consisted of 45 s of practice followedrbgfl mi

rest.

Data Analysis
Kinematic variables. The kinematic variables wetke individual joint angles (hip, knee
and ankle) calculated in the mediolatdML) axisthat were defined based on passive markers

attached to anatomical landmarks. The CoM was calculated from the 13 segment model,
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reconstructed from a 20 anatomical marker systkateral side of head, shoulder (lesser tubercle
of humerus), wrist (radial styloid process), elbow (lateral epicondyle of humerus), iliac (tubercle
crest), hip (greater trochanter), knee (lateral femoral epicondyle), ankle (frontal talus} toe (3
metatarsalpccording to the anthropometric dateDefmpster’. Applying the weighting factsr

of the segmental masses, the whole body CoM position was estimated by the weighted
summation.of the individual segment CoM positidns

Cophase: The coupled variables of CoM-platform, head-platform, hip-ankle, hip-knee
and knee‘ankle were investigated through the cophase techhidemr kinematic data analysis,
we consideredithe right ipsilateral joints. Here, 0° implies that the signals are coupled and in
phase, whereas afthase mode would be reflected by +180°.

Cophase(f) = atan2d[—imag(Sap(f)), real (Sqp (f))] €Y)
whereS,, (f).is.the cross power spectral density of the two timees?.

The,cophase characterizbgleadlag relationof two signals as a function of frequency.
For example;7a’ 0° cophase indicates aphase coupling that two tirseries simultaneously
travel together On the contraryl80° cophase represents an-phtise coordination that one
signal haswa.half cycle delay to tbier (e.g.,280° implies that signglleadsx). More
preciselyjfithe phase difference is stable and constant over time i.e., phase locked then
coherence=1.0 and if time difference between two signals varies from mtoyreatnent then
coherence=0. The descriptive circular statistics (mean and SD) were derived to reveal the
cophase patterns for all articular couplings and the @&form coordination qualitatively®

Coherence: The coupled ariables wer@nalyzed using the Chronux toolbdx
Coherence measures the correlation of two signals in the frequency domain whietapaul
spectral toolreduces the spectrum estimation bias by obtaining multiple independent estimates
from the timeseries that are dependent on the sampling frequertyimeseries bandwidtff.
Typically, values range between 1 (perfect linear prediction between variables) to 0 (variables

are linearly‘independent).

Coherence(f)? = M (2)

 Sa(£)-Sp(f)

whereS,(f) andS, (f) are the power spectral densities of signahdb, respectively.
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Statistics: A two-way mixed design repeated measures ANOVA of 7 (days) x 2 (groups —
novice and experienced) was carried out indepahden theCoM-platform, head-platform,
hip-ankle, hipknee and kneanklecouplings, individual joint angle variables and platform
kinematics..The Tukey post hoc test was used to determine the differences between all paired
levels for the dependent variables. Circular statistics was used to calculate the mean and

standard deviation of coherence across the trial pétiodlpha level was sqt < .05.

3. Results
Platform Kinematics

Theramplitude of the lateral skiing movement for the novice group increased sigphyfic
as a function ofipractice days and more than the experienced group (see Figurdn&), but t
experienced group still produced a greater range of platform motion than the novig®gr
day 7. The amplitude of platform motion of the novice group was 16.36 + 4.26=<®) (On
day 1 whichyinecreased to 37.32 + 1.56 cm on day 7. In contrast, the experienced group had a
mean of 35.9%«* 1.51 cm on day 1 that increased to 40.45 + 1.05 cm on day 7.

A'repeated measures ANOVA witlays (7) and groups (2: novice and experienced) on
platform_amplitude showed a significant main effect of gréifp, 70) = 21.62p < 0.05; day,
F(6, 70) = 236.34p < 0.05, and a significant interaction between groups and B&ys70) =
10.34,p < 0.05. The Tukey post-hoc test showed that all pairwise comparisons of the interaction
were significant.

[Insert Figurel about here]

A repeated measures ANOVA witltays (7) and groups (2: novice and experienced) on
platform frequency showed a significant main effect of gréiip, 70) = 10.07p < 0.05; day,
F(6, 70) =.46.37p = 0.05, and a significant interaction between groups and Bé&ys70) =
55.90,p < 0.05./ The Tukey postec test showed that all pairwise comparisons were significant
although therdirection of initial group difference was reversed in days 3-7.

For platform velocity the main effect of group was signific&l, 70) = 489.01p <
0.05, and there was a significant interaction of group andrqéy70) = 201.24 gh < 0.05. The
Tukey posthoc test showed that all pairwise comparisons were significant.

[Insert Figure2 about here]
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Figures 2a andi2depict example time series of platformMand head motion early
and late in practice for a novice participant who showed a phase transition gbl&bdim
motion. The ML motiorkinematicsof CoM, Head and Platform showed arpimase CoM
platform notion on day 1, trial 1 and subsequent performance with an anti-phasel@dim
motion on day.7, trial 20, respectively. On day 1, trial 1, the amplitude of the platform motion
was highly,constrained (~ 1 cm) with a low CoM oscillating amplitude (~2 cm) and a relatively
large hed'escillating amplitude (~7 cm), reflecting an inverted pendulum motion, i.e. larger
amplitude“in‘the distal end (e.g., head) and constrained amplitude at the pivoted end (e.g.,
platform).. In contrast, for the same participant on day 7, trial 20, the oscillatinguatapf the
platform wasdarger (~ 17 cm), whereas the amplitude of CoM oscillated intermediately (~ 5 cm),
and the amplitude of head oscillation was highly conserved (~ 3 cm), reflectingiaghan
pendulum and an anphase ColMplatform mode.

Figure 2 reflects the platform amplitude for the first three trials on day 1. The bold line
plot represents the group mean of the novice participants, whereas the dottext hiepipts the
subset of threernovice participants who did not detnategan antiphase coupling o€oM and
platform in‘thesinitial stage of practicd.he platform amplitudappears to haveralation with

the cophase values among the three novices as shown and discusseéigee idl.

Joint Angle Properties
[Insert Table 1 and Figui@about here]

Figure*3and Table 1 depict the mean &2 of joint angle motions - ankle, knee and hip
- for the twesgroups, calculated over joint angles from both sides of the body as a function of
practice days. Clearly, the novices enhanced substantially their joint angle range across practice
days for ankle, knee and hip motiose€ Figure). The novices also increased thelative
standard deviatio(CV%) for all lower joint angle®ver practice days (see Table 1), thas
reflected by a larger change in percentage of coefficient of variation. Theesxqeligroup
essentially.maintained their respective joint angle standard deviations across practice days.

A two-way repeated ANOVA of (days) x 2 (groups — novice and experienced) on the
knee joint angle range showed significance for grép, 70) = 21.07p < 0.05 A similar
analysis on hip joint angle range also showed significance for the main eftgoupfF(1, 70)
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=13.17,p< 0.05 There was neither a nmegffect for days nor an interaction between groups
and days.

A two-way repeated ANOVA of (days) x 2 (groups — novice and experienced) on the
knee angle showed a main effect of grdefd, 70) = 50.16p < 0.05, where the experienced
group had larger joint angle motions than the novice group. Similarly, there was a ®eetiofeff
group for the hip anglé;(1, 70) = 50p < 0.05, where the experienced group had larger joint
angle motions‘than the novice group. A tway repeated ANOVA of (days) x 2 (groups —
novice and experienced) on the standard deviation of ankle joint angle showed aasigmiéit
effect of groupF(1, 70) = 234.84p < 0.05. For knee joint angle and hip joint angle standard
deviation, thesmain effect of group was also significk(t, 70) = 102.71p < 0.05 and~(1, 70)
= 236.57 p< 0:05, respectively.

Cophase

Figure 3dllustrates the cophase values of the Cplsitform coupling for each individual
novice participant on day 1 across trials 1 to 3. Two nowdiiduals in the study, transitioned
from in-phasercoupling (~0°) to anti-phase coupling (~180°) between trial 1 and trial 2. One
novice individual transitioned from iphase to anfphase coupling between trial 1 and trial 3,
whereas the remaining noeg and all the experienced participants showeephiaise CoM-
platform_coeupling on the initial trial of day 1.

[Insert Figured about here]

Figure 4 illustrates the cophase on the different couplings (CoM-platform, reséat+pl
hip-ankle, hipknee and kneankle) across practice days for the two groupgperienced (left
panel) and'nevice (right panel). The CoM-platform cophase values were around 174° for the
experienced (ex) and 161° for the novice (no). Similarly, the two groups showed a difiarenc
headplatform coupling, 155° (ex) and 135° (no), respectively. Regarding the joint motions, the
mean cophase.values were 77° (ex) and 76° (nd)feankle, 46° (ex) and 40° (no) for hip-knee
and 55° (ex).and 57° (no) for knaakle.

A twe=way repeated ANOVA of (days) x 2 (groups — novice and experienced) on the
cophase values of CoM-platform showed a significant main effect of gr¢Lip70) = 231.24p
< 0.05 Similarly, for heaeplatform cophase values the group main effect was signifieéht,

70) = 43.69p < 0.05. Although the main effects of days and groups were non-significant for the
hip-ankle cophase values (dependent variablejetivas a significant interaction of group and
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days,F(6, 70) = 2.19p < 0.05. A post hoc Tukey test showgldat for thevariable of hipankle
cophase, the valu@screased with practice in the experienced but not in the novice group, with
groups differing significantly gt < 0.05 For hipknee cophase values the main effect of group
was significantF(1, 70) = 43.6p < 0.05.

Coherence
[Insert Figures about here]

Figure Sillustrates the coherence wiib of the different couplings of CoM-platfom,
headplatform far experienced (upper left panel), lhipkle, hipknee and kneankle for
experienced (upper right panel), CqNatfom, head-platform for novice (lower left panel) and
hip-ankle, hipknee and kneankle for novice (lower right panel). A tweay repeated ANOVA
of 7 (days) x 2 (groups — novice and experienced) on the coherence values pfaffoktn
showed a significant main effect of groti{l, 70) = 241.26p < 0.05 Similarly, for head
platformcoherence values the group main effect was signifi€ghg,70) = 44.37p < 0.05. The
interactionsef-group and days(6, 70) = 2.23p = 0.05was significanfor hip-ankle coherence
A TukeyKramer posthoc showed an interactiarf groupexperienceand day 5p = 0.05.

Tukey post=hoc test showed that coherence of the experienced grogpeasthan the novice

group.

4. Discussion

Thesstudy investigated the acquisition of a dynamic postural balance taskr{gkitor)
as a functionsof prior praéice experience in a related whdiedy motor task (downhill skiing).
The theoretical and operational focus was to investigate if there were differential qualitative and
guantitative pathways of change in the candidate collective variable (Gfdrm), joint
synergies,.individual joint motions and task outcome of this muldigii¢gask as a function of
prior practice experience. We examined ifséheategories of system variashave differentl
time scales.of changeelations and functional roles of influence in the evolving organization of
thedof andtask outcome as has been proposed in dynamical systems approaches to motor skill
acquisition™1#2333
Task outcome. The platform frequency, amplitude and velocity were analysed to

investigate the change task outcome as a function prior practice experience and actual practice
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on the skisimulator’**3> The two groups clearly showed different pathways of continuous
changein task outcomever pactice®**’, and this was most evident in progressionglafform
amplitude and velocity. The novice group had very limited platform motion on the inélal tr
of day 1, particularly in the early trials of the participants showing amase CoM- platform
motion, but.they progressively increased the amplitude range of motion and averaigg okloc
the platform over the 7 days.

Aftertheinitial trials of Day 1the platform frequency remained relatively constant
(change <".10%) over practice days for both groups whereas the novice group increased
amplitude and average velocity by more than 100%. Indeed, it seems that the leat@gy str
for both greups,once théecame ‘familiarized’ orgotthe idea’ of the task**was to increase
platform amplitude and average velocity whelesentiallypreserving a modal frequency of the
anti-phase CoM-platform motion. Thus, both the phase-relation and frequency gbl@bdvim
motion are_providing an organizational structure of the macroscopic dynamicsshkithis
simulatortask. The relatively stable modal frequeretdyer initial practice is consistent with the
propositiopsthat this variable is driving the efficiency of the movement ski-sionula

We anticipate that further practice would reduce and eventually eliminate the
performance difference between the grotipsNeverthelesshere-organization of theelease of
thedof by.the novice groupeems on a slower time scalghis whole body task than typically
found in the motor learning of upper limb movement scatisgs®’. This difference in the time
scales of change in the kinematics reflects the different stages of learning realized by the novice
and experienced groups. The slower rate of release of joint angle by the noaises is
consistent'with'the proposal that the stability requirement (staying upright on the simulator)
induces a/more cautious search strategy in terms of increment of change in the movement
kinematics'.

The experienced group had practiced downhill skiing for many more hours than were
practiced her@'the lateral ski motioof the simulatoran experience that clearly induced a
positivetransfer taboththe qualitative and quantitative movement dynamics of the laboratory
ski analogue.An interestingtheoretical and open experimental question that has gahcti
ramifications is whethguositive transfer also occurs frasnginal practice orthe skisimulator

to the actual activity of downhill skiing.
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CoM-Platformrelation. A central focus was an examinatiorBarnstein (1967¢lof
problem in the early stage of skill acquisition (freezing the redurdddnand the subsequent
stages of skill acquisition (including freeing the redundaft In an earlier study, evidence
was shown for the phenomena of freezing and fredahgs a function of practice in the ski-
simulator task. However, previos skisimulator and acquisition of multiptief coordination
studies have not compared the pathways of change of individual joint motions and their
couplings'with'the change of a candidate collective variable, together with howskllitavel
influences sl motor learnifgy'®3%4:

The findings showed that there were both qualitative (see Figuen@djuantitative (see
Figure 4& Figure 5) patterns of change as a function of pradiioe in learning the lateral
skiing movement.Prior practice experience in a related tasis found to influence the
probability of producing on the initial trial an anti-phase mode to @tdform motion. All
experienced skiers showed an gftase mode of ColMatform on trial 1 that was performed
consistently through the practice days whereas three (50%) novices showed a phase transition
from an inphase to anfphase CoM-platform coordination mode betweé@l 1 and trial 3 on
day 1. However he three novices that transitioned the Cplsitform relative phase did so after,
in effect, minimal practice. The relatively rapid transition with practice is consistent with the
position tha@ relatively stable mode of afthase CoMplatformwasavailable that required
merely familiarization through plieninary practice in context to induce.

This finding on theapidchange in the qualitative movement dynamics is consistent what
Fitts (1964)called ‘getting the idea’ of the task in motor learnifige rapidtransition from in
phase to anfphase for theubset ohovice learners holds parallels with the experimental
evidenceffom the HKB model for bimanual contrl In contrastthe learning of the rollerball
task that has shown performance discontinuities with diffeddithe scales of change across
practice that.reflects the freeingdiff at different stages of practiéeIt appears that the time
scaleof forming a macroscopiariable for a coordination pattern in a novel motor task is likely
to have considerable variation over participants and tasks.

The*indings showed that as a function of practice the inverted pendulum mode of CoM-
platform switched to a hanging pendulum mode with progressively large amplitude istéthe di
end (platform) and constrained amplitude at the pivoted end (head) to refleeirthedef a

new anti-phase coordinatigatterr*®. Only the antphase CoMplatform mode provides the
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biomechanical support to the freeing of the joint spit@nd a larger amplitude and more rapid
lateral oscillatory movement pattern. This reveals trafréezing and freeing of the individual
joint space motions as articulated by Bernstein (1967) need to be considered indkeatdhe
macroscopic organizing eollective variable for the tasf!?42

We interpret the transition in the Meplatform coordination pattern to be consistent with
the hypothesis©f it being the collective variatolethis task. The experiment did not test this
proposition"by‘scaling a movement property as a control variable as shown origiribéyHKB
model® of bimanual coordination and for an externally driven platform posture dynamic balance
task™’. Rather, here we had a sgéfnerated motion by learners with different prior practice
experience:and actual practice acting as a control variable that influenced the formation and
expressionof the global variable of CoP-platform coupling and the differentiiaigsofithe
individual and synergetic joint motions.

The organization of thelof showedalsothat the CoM and head motiocan reflect
independent kinematic properties when compared from the first (day 1, trial 1) to the last phase
of practices(day 7, trial 20) (see Figure 2a and Figure 2b). A subset of the novicegadici
adopted initially in practice an inverted pendulum mode iaittpe amplitude in the distal end
(head) and.constrained amplitude at the pivoted end (platform) that was eyserpihiise.

The CoM.motion when compared to head motion as a function of increasing platform velocity
reveals that CoM has a slower rate of change and was more stable as a function of the emergent
control parameter (platform velocity)Y.hus, our findings show thaead motion can become
independentte,some degree of the motion of the CoM given the confluence of constraints to
movementin.actioft® including the task demands

Joint motion excursions and couplings. Prior practice experience significantly
facilitated the release with practice of the excursion of motion at the individual joint (ankle,
knee, and_hipdof but this only took place within the anti-phase CpMtform mode. Thus,
release of the individuaof and the increased excursion of joint motion were strongly influenced
by prior pragctice experience and the adoption of the antiphase CoM-platform ede.
postulate thatthe relatively slower rate of change (release) in joint motion by novice learners
over practice was due to the stability demands of the dynamic postural task and a conservative

approach to the perceived negative consequences of thd hedarace on the sldimulator.
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The coherence values of the coupling of CoM, head, platform, hip, knee and ankle
motion along ML direction revealed that the experienced group was already attuhed t
demands of the sldgimulator task and hence executat-ghase coupling of CoNsatform
from trial 1, day.1 unlike 50% of the novice group. The coherence analysis showed that the
coordination.dynamics of thHeéoM-platformcoupling had distinct coherence values (~1) when
compared to the coupled synergy valésl(~ <0.5) across practice days (see Figufer both
groups.” The'intermediate coherence values of synergy variablds@epankle pairings)
provide furtherevidence that the coupling of the synergies was on a differerdaieneem that
of the cadidate collective variablea feature that can emerge in the multigidétask*".

Overall, forbeth groups, the coupling measures of coherence and cophase of the joint motions
showedittle‘persistent change over the 7 days of practice and little influence of prior practice
experienceconsistent with a reflection of a different functional role than that ofahdidate
collective variable and the regulation of the task outcommeleed where a drift in mean value

of the cophase or coherence for the synergies occurred the relative level of change was
considerablyssmaller than the order of magnitude changes in the task outcomeéhgtund

motions and the CoMpatform relative pase(for those participants who showed the transition).

The.multiple patterns of change in ttiéerentcategories of variables over practice time
reflectthesflexibility and degeneracy of the system and the challenge of understanding change
and learning in a nonlinear system with multigté *. Nevertheless, the findings revealed
continuity'in the incremental progression of task outcome (platform position and velocity) in
both the nevice, and experienced groups in a wayishtansistent with traditional findings of
change in task‘outcome through motor learfti§ This does not mean that the change in task
outcome ih motor learning is always continuous and progreseivihat the persistent change
over practice time in the collective variable, individual joint motions or synergieoldai the
differentialpatterns and time scales shown here.

Perspectives. The findings show thah learning this wholdody sportselated ski
simulator task prior experience and practice indiifferent rates of changa the categories of
movementariables including: task outcome, the candidate collective variable, neuromuscular
synergies and joint motions. Traditional emphasis in motor skill learning has bedmeaxinac
the task outcomand to a lesser extent the role of the change in joitibn®to realize this goal

Here, however, the functional role of the macroscwopr@able ofCoM-Platformmotion (phase
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relation and frequency) is revealed in organizing the motions of the indivdduahd joint

motions. The release of the individi@iht dof with practice'® is dependent on the global
organization of the movement system. The formation of the macroscopic movement dynamic
through practice is an under researched problem of the early stage of skitiggaaviously
described agetting the idea of the task®. The findings show the functional role of the
integration,of postural and limb motiogramicsin a sportselated taskand provide a new

directiofofinguiry for the manyexisting instructionastrateges of motor skill acquisitiof?.
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Dynamic ski-simulator balance with generalized skill level

Table 1. Group mean coefficient of variatioBY %) of experienced and novice groups of their joint (ankle, knee and hip)

motions aer@ss practice days.

Ankle Angle (CV %) Knee Angle (CV %) Hip Angle (CV %)
Practice Experienced Novice Experienced Novice Experienced Novice
Day 1 7 30 5 16 4 10
Day 2 8 34 6 19 5 13
Day 3 7 37 6 22 5 15
Day 4 7 45 6 22 5 16
Day 5 6 43 6 25 5 17
Day6 7 51 6 23 5 17
Day 7 7 53 6 24 5 17
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Dynamic skisimulator balanceiith generalized skill level

Figure Legends
Figure 1.Group mearof platform frequency, amplitude, velocity (error lbetween subjectstandard deviatigrof lateral
skiing moevement as a function of experienced and novice groups across practice days.
Figure 2. Representative novice subjeefa) - dayl, trial 1, (b) day7, trial 20(c) — platform amplitude fonovice group and
group average for day 1, trials 1-3, ¢dphase values of Cojlatform (ML plane) all novices fatay 1, trials 1-3.
Figure 3."Group mearf joint angle range (ankle, knee and hgrror bar betweesubjects’'standard deviatigrof
experienced and novice groups across practice days.
Figure 4. Group mearof cophase of pair-wise couplings of experienced and novice groups (ertatlwaersubjects’
standard deviation) across practice days.
Figure 5-Group mearfof coherence of pair-wise couplings of experienced and novice groups (error bar kmtibjeets’

standard,deviation) across practice days.
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Figure 2.
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Figure 3.
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Figure 4.
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Figure>5.
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