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Abstract Constructive Operators) of Pascual-Leone (1987cuRds
The main purpose of the study was to examine whetkie Leone & Goodman, 1979), which includes two levels o
Capacity, as it is defined in Pascual-Leone’s Theofy constructs: (a) subjective operators or schemegs wi
Constructive Operators as the maximum number ofrseke analysis of cognitive processes, and (b) metastibgec
which can be simultaneously activated by attentiona operators, general resources of the mind withospeific

resources, is predictive of motor learning — irs ttése, of the content. but operatind in brocessing informatiorhe T
acquisition and development of the “third touch” in ’ P 9 P 9 :

volleyball. This hypothesis, supported by some iptielary outcome of a cognitive process depends on both the
observations on a small sample of young volleyptyers activated schemes and how the metasubjective apsrat
(Bisagno & Morra, 2013), was investigated throughtudy influence them. Historically, the TCO grows out af

with the participation of 120 volleyball playergeal between  comparison between Piaget's theory of developmedt a
6 and 26 years, engaged both in working memory s Witkin's studies on cognitive style (e.g., Witkirt al.,
practical tests of volleyball. Furthermore, eachhlete 1974). Pascual-Leone (1970, 1987) claims that sétasks

reported on his expertise, in terms of years ottma and : . . . .
number of trainings per week. The results pointed tvery including the Piagetian ones (for example, the eoraion

clear dissociation: while M Capacity represents thest tasks), require to keep in mind and work on a nuntufe
predictor of correct motor performance, experien@s the “schemes” (information units) that may exceed thpacity
key for the precision of the athletic skills. of a child who has not yet reached a sufficienturaton of

attention and working memory. Instead of an indreps

logical competence (as claimed by Piaget), accgrdm

Pascual-Leone, cognitive development depends on the
; hild’s ability to coordinate an increasing numbémental

Intr ion ¢ : . )

. . oductio o schemes; this number is called M Capacity — whéug “

It is well established that sport and cognitivehaist are  giands for “Mental energy”. The M-Operator is a
highly interconnected. Ellemberg & Deschés (2010)netasubjective operator that increments the aativatf the
compared the effect on cognitive performance off@@utes  schemes relevant to a task; in this sense, it iat@mtional
of aerobic exercise to the same time spent in Wadch (esource, whose capacity is expressed as the maximu

television, finding that even a single session @folic iS  umber of schemes that can be activated at the Same
able to produce a significant, though not permanenpsscyal-Leone (1987) suggests a possible

improvement in cognitive performance. Similar résuvere neuropsychological base for the M-Operator in trentél
reported by Pesce et al. (2009) and Davranche, 8all gnq prefrontal lobes: the attentional resourcesiavbe used
McMorris (2009). Also Diamond (2000) underlined fivk 4 activate the schemes, localized in differenticar areas.
between cognitive and motor development since, vithen Due to maturation, M Capacity develops during ditidd

first is affected (for example, because of aynq adolescence: according to the theory, at theot§-6 a
neurodegenerative disorder), also the second isthake typical child can coordinate 2 schemes, and thisiber

and many other studies point to a strong connett&ween  ncreases by one unit every second year, until abByears
sport and cognitive development, but often theylstiow 4 age. At that point, the individual is able, oveeage, to
physical activity affects our cognitive processest the .gordinate up to seven schemes — Miller's (195@)dias
opposite. The aim of this study, instead, was weestand if  magical number. Pascual-Leone’s TCO was mainly
and how ability in sports —volleyball in particularis  gypported by studies on perceptual-attentionakstasikch as
affected by cognitive abilities, such as workingmaey. the Compound Stimuli Visual Information task (Pasdeu
The framework for this study is the TCO (Theory of| gone, 1970), and reasoning tasks, such as théeztimality
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of water level” problem (Pascual-Leone & Morra, 199
Only rarely was motor learning studied in this feamork;
in this field, the most important experiments wessried
out by Todor (1975, 1977, 1979; see also Pascuathd.e
1987). In Todor's Rho Task, participants were asked
perform as quickly as possible a simple action, enafdtwo
basic movements, one circular and one linear: coemi
they describe a figure that is similar to the Gréstker p
(“rho”), from which the name of the task. Howevélre Rho
Task involves a very simple movement, hardly corapler
to the complexity of real-life motor tasks. Alsoskd on the
encouraging results of a preliminary observatiaeakarch

(Bisagno & Morra, 2013), this study aimed to tegtin

Pascual-Leone’s theory in the field of motor leagnand in
the context of a structured sport, volleyball. artrular, we

Motor Learning M easur ement

The first challenge in this study was finding a way
measure each athlete’s “level” of motor learnirtys twas

not an easy task, because volleyball is an opent spo

(Nicoletti & Borghi, 2008), in which success is @éehined
not only by the ability to reproduce a set of moeas, but
also by adaptability to the changing conditionghaf game.
However, in order to “purge” (as much as possilile
measure from the many uncontrollable variables watld
have been involved if we used an actual game gcti@n
decided to evaluate only a single technical gestine so-
called “third touch” (or “attack”), the one with wdh the
player pushes the ball into the opponent’s coumb&bly,
this gesture is also the one that undergoes thgedar
changes during the years, thanks to the physicaithrand

investigated whether M Capacity is a prerequisite Ojmproved technique of an athlete.

learning specific technical gestures.

Materials, Method and Hypotheses

Participants and the general research design

The study began in December 2013, contacting Viodly
teams for participation and collecting the informemhsent
from each athlete; it involved 120 young volleyhaltyers,
15 males and 105 females, from five different clutiEhe
participants were divided into six age groups afiacize,
which made it possible to observe a wide rangeeéls of
M Capacity development as theorized by Pascual-teon

There were 20 participants in each age group: &&sy
9-10, 11-12, 13-14, 15-17, as well as a group diltad
athletes, 18-26 years old and with at least 10 syedr
volleyball experience. This broad age range brialgsut a

large variability of both M Capacity and volleyball

experience. Consequently, it was possible to mealath
variables and test their effects; based on stutliesthat of
Chi et al. (1978) with young chess players, one staggest
that expertise is a key factor in determining thicome of a
specific athletic gesture. Therefore, it is impottato
distinguish the effects of M capacity and exper&nc

To avoid possible biases caused by the small dizheo

male sample g = 15; i = 105) and its unequal distribution

within the various groups of age, analyses werdopaed
twice, i.e., on the full sample and only on the &n

Six attack tasks of increasing difficulty were aefil. In
each task, the player was required to perform zitpe
action, in order to get the ball in a certain pdrthe field —
area 2 (4 meters away) for children up to 10 yedds or
area 1 (7 meters) for athletes older than 11 yeaand, if
they could, to score a direct hit in the middleadfula-hoop
ring, located in the same area. The six task lewel®:

1. “Basic” task - just throwing the ball with therd hands
towards the hula-hop target placed at a distanekeméters,
with no hedges between it and the athlete. Thik weas
performed only by the subjects in the 5-8 yeargeams a
control task in comparison with the subsequent dneas
expected that all children easily succeeded (anfiat, they
did). Therefore, it has not been taken into accaanthe
calculation of the total correct executions.

2. Tossing the ball over the net — the task is #xabe
same as the previous one, but the participantdaalitover
the net.

3. Set with feet on the ground — the ball was throly a
partner or by the coach, to the player and shettgdish it
with a setting, without approach, towards the aséahe
field indicated by the hula-hoop.

4. Set attack with approach — the gesture is theesas
the previous one, but preceded by a run-up.

5. Spike, with a run-up.

6. Spike against the block — this task is exadily $ame
as the previous one, but with the presence of guomgnt
performing the block.

subsample. For brevity, only the analyses on female The trials, all video-recorded, were performed udgrihe

participants are reported below. The pattern ailtesn the
whole sample, however, was nearly identical. Thiuadc
size of the age groups of females, on which thdyaea
reported below were carried out, varies from 12@o

This study involved collecting two major types ddtal:
measures of the participants’ motor skills and tafit M
Capacity. In addition, we considered the playeg®,aheir
years of volleyball experience and their numbetraining
sessions per week during the current year.
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regular hours of training (after about 20 minutésvarm-up
and some basic exercises with the ball, at theretistr of
the coaches). For each task, each athlete perfofimed
trials (items); a task level was considered passdéd a
minimum of 3 out of 5 correct executions. In ca$@ dits
or less, the test was discontinued without theetghpassing
to the next task levels. Performance on each taskseored
in two ways:

(a) correct executiorof the gestures, i.e., the number of
items on which the athlete performed the requiretibas



reaching the target area of the field;

to demand attentional resources from the individiibe M-

(b) precision i.e., the number of perfect hits in the hula-demand of the spike gesture is 6 schemes: “direciothe

hoop ring.

M Capacity M easurement

horizontal plane”, “throwing depth”, “monitoring ofhe
airborne phase of the ball”, “run-up control”, thattack
timing” (in this case as the need to hit the hadkjabove the

M-Capacity was measured in an individual session of€t tape), and finally, control of the “closing nesment of

about 80 minutes. Four tests were administeredatth e
athlete, in order to average performance in differe
domains. Two of these tests involve visual-spatiaterials,
the Mr Cucumber test (De Avila, Havassy & Pascuabie,
1976) and the Figural Intersection Test (Pascuahke&
Baillargeon, 1994), while the other two use vernaterials,
the Backward Digit Span Test and the Direction ¢wihg
Task (Pascual-Leone & Johnson, 2011). Only sontbese
tests had already been validated as M capacityumesalso
in samples older than 11 (e.g.,

showed that, in the age groups from 13 years tdtlamhd,
the Backward Digit Span (while correlating with tbther

see Morra, 1994,
PascualLeone & Johnson, 2011). Preliminary analyses

the wrist”, needed to confer to the ball the spske’
characteristic downward trajectory. Finally, it see
plausible to assume that the presence of the blockhe
sixth and final task, adds an extra load of onet wHhi
information to represent the obstacle that mustvméded.

Table 1: Regression analysis — Dependent varidtoltzl
number of correct executions (Volley_tot) 2R.74

Predictors B p
M Capacity .55 <.001
Volley Years .30 <.001
Weekly Training .15 .012

measures) had a lower mean, thus underestimatiag th

subjects’ capacity. Therefore, the M Capacity measvas
finally defined as the average of the other thessst

Task Analysis of the Motor Task

To identify the tasks’ difficulty according to tfi&CO, and
in particular to model the demand they place on apacity,
a task analysis was performed. Guided by the thandyby
a theoretical interpretation of the observationthg@ed by

Table 2: Regression analysis — Dependent variable:
Volleyball level (Volley_lev) — R= .64

Predictors B p
M Capacity .54 <.001
Volley Years 22 .009
Weekly Training A7 .014

Bisagno and Morra (2013), we aimed to identify the

requirements for correct execution of each tash -this
case, the number of schemes that need to be &ctivéth
attentional resources (M capacity).

Data Analysisand Results

Four dependent variables were considered in thewimg
analyses; two of them were related to correetation of

According to our task analysis, the basic task khou yolleyball trials, and other two were related te firecision

require an M Capacity of 2, corresponding to thkeestes
“target distance” and “target direction on the honital
plane” for the throwing. To these schemes a thing @
added, the “vertical push”, for the task of tossthg ball
over the net. Assuming that, with experience, distaand

of actions — i.e., to the amount of perfect hitshe hula-
hoop ring. In particular, we calculated:

(a) The total number of correct executions, whilsimply
given by the sum of all the trials properly accoistpgéd by
the athlete in all task levels except the basidk tamax

vertical push are combined and chunked into a s&inglpossible score = 25).

representation, the number of schemes necessancteed
in the third task (set with feet on the ground)wd be 4:
“direction on the horizontal plane”, “passing otke net”,
the “body and hands positioning” to embrace prop#ie
ball without committing foul, and the “clearancening” —
which involves coordinating one’s movements witke th
ball's parable. As regards the set attack with wpn-the
schemes involved should be 5: “direction on theizootal
plane”, the “passing over the net” scheme, “momnitpthe
airborne phase of the ball” (which is necessarghoose the
time for jumping), “run-up control” (a single patte

(b) The “volleyball level”, defined as the highdevel at
which the participant performed correctly on atstethree
trials (max possible score = 6).

(c) The total precision, which consists simply loé humber
of perfect hits in the hula-hop in all task levebscept the
basic task (max possible score = 25).

(d) The “corrected precision”, defined as the sufmthe
regression residuals, for all task levels perfornbgdthe
athlete, of the number of perfect hits on the numbke
correct trials; this variable was constructed aseasure of
motor precision that controls for simple correct@xtion.

because this movement should already have been wellThe following variables were considered as predsicto

practiced and automated without the ball), and“Hteack
timing” in harmony with the ball's downward trajecy. Set
as a gesture, technically, should already be fatlyuired at
this point, and therefore is considered automatedigh not
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- M Capacity, defined as the average of the scorédwee
tests: the Mr. Cucumber Test, the Figural InteieastTest,
and the Direction Following Task;



Table 3: Contingency table between Volleyball lexatl M Capacity

M-capacity 3 4 5 6 7 8 total
. . 0 0 1 0 3 1 5
k tthe blo¢gk = = = =

splke againstineblotk v'e6) (0520  (1.14)  (1.00)

spike 0 0 2 11 9 9 31

P (531) (325 (7.09)
set with run-u 1 5 17 10 8 ! 42
P (7.20)
set (feet on the groun 1 4 2 0 0 0 7
5 2 2 0 0 0 9

toss

basic task ! 0 0 0 0 0 1

total 18 11 24 21 20 11 105

- two measures of experience, that is, the numbgears
playing volleyball (indicated as Volley Years irettables),

Capacity than the participant has. The test conspéne
observed frequencies in these cells with those agpeby

and the current number of training sessions perkweechance (expected frequencies, reported in paresghis

(Weekly Training);

As one can note in Table 1, the best predictoheftbtal
number of correct executions was M-Capacity (B 5),.5
followed by the years of volleyball (3 = .30) ahe training
sessions per week (3 = .15). To assess whetheothey
age-related variable accounts for an additionatigorof
variance, we subsequently entered age in the asab# it
did not account for significant variance in additito that
already explained by the three main predictorss Tésult is
consistent with our hypothesis that an adequateayaCity
is required to learn motor skills in volleyball.nSlar results
were found analysing the volleyball level (see Eab); also
in this case, M Capacity was the first predictor=354),
followed by the years of practice (3 = .22) andnirey per
week (B = .17). The prominent role of M Capacity aas
predictor of acquisition of volleyball skills is éhmain
finding in this study.

Furthermore, we tried to infer whether there isiaimum
(threshold) prerequisite M Capacity, below whiclgigen
technical gesture cannot be accomplished. To dowso,
classified participants according to the “volleyblgvel”
they reached, and to their M-Capacity, approximatethe
nearest integer (3 to 8). The contingency tablebl@ )
reports the observed frequency of participants wittertain
M Capacity who passed each level. A statisticdl sled
Prediction Analyses of Cross-Classification (Hilckeid,
Laing, & Rosenthal, 1977), was performed on thest;d
our initial theoretical prediction stated that &kquencies
should be zero for the volleyball levels that (adaeg to
our task analysis presented above) reqairdarger M
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the critical cells in Table 3). Hildebrand et al1977) index
“Del” expresses the extent to which the predictibat one
or more cells have null frequency explains the edéfce
between observed and expected frequencies in ttieatr
cells. A positive value oDel indicates that the observed
frequencies in the critical cells are lower thapepnted by
chance; its maximum value is 1, when all the ailticells

are empty. Az value and a confidence interval can be

calculated forDel. If the confidence interval only includes
positive values, then the prediction is better tbhance; if
the interval, besides being positive, also inclube$ = 1,
then one accept the hypothesis that the frequencidise
predicted cells are not different from zero.

In our first attempt, based on the hypotheses ddrfxom
our original task analysis, the model was suppoadielg in
part; this led us to a slight revision of the ialitmodel that,
for the sake of brevity, is the only one preseniedhis
paper (see the critical cells, for which the freugies
expected by chance indicated in parentheses ineT3blin
the final discussion, we explain in detail whictpests in
the task analysis we modified after revising owdictions.

As one can observe in Table 3:

Total observed frequencies in the critical cel§ =

Total expected frequencies in the critical cell26:37,
from which the following statistics were computed:

Del = .848 6.E.=.074)

z=11.40,p<.001

99% C.l.= (.656, 1.040)

Because the confidence interval includesl = 1 (and
does not includeDel = 0), this revised prediction can be



considered accurate. of certain motor patterns, thus reducing the M-deanfar a
Whereas the results for correct performance clgaoipted  given motor task. On the other hand, a larger MaCup
to a major role of M capacity in learning the anto could facilitate faster acquisition of a techninavement.

involved in the “third touch”, very different ressilemerged The more specific predictions of our initial tagkadysis,

for the motor precision of these actions. however, were only partly confirmed — that is, witho

exceptions. Specifically, we found that the setnfro

Table 4: Regression analysis — Dependent varidtoltsl standstill (which, according to our task analysisguld have
number of perfect hits (Hits_tot) °R .20 requested a M Capacity of at least 4 units) watpaed by
athletes with an M Capacity of about 3. Similatlye set

Predictors p p with run-up would seem to require fewer attentional

Volley Years 45 <.001 resources than we hypothesized (4 activated schiestesad

Weekly Training  (excluded variable) of 5). These findings provide suggestions for fiafinour
M_Capacity (excluded variable) analyses as follows.

The schemes we assumed as necessary for execfition o
Table 5: Regression ana'ysis_Dependent variable: the set from standstill were “direction on the hontal

Corrected precision (Accuracy) 2 R .06 plane”, “passing over the net’, “body and hands
positioning”, and the “clearance timing”. Those tbe set
Predictors B p with run-up were “direction on the horizontal plane
Volley Years 25 010 “passing over the net”, “monitoring the airborneapé of
Weekly Training  (excluded variable) the ball”, “run-up control”, and the *“attack timihgTo
M_Capacity (excluded variable) discover where the flaw in our model was, we retdrio

the video recordings. One possibility is that thedy and
hands positioning”, in the set gesture, does nptesent a
load for M Capacity. Another possibility is thattthrowing
direction and the passing over the net actuallyaasingle
representation. These hypotheses might explainebeits,
and warrant further investigation. Our task analysi the
spike, instead, seems to be already accurate. The s
hypothesized schemes were “direction on the hotéton

The results of a regression analysis with the totahber of
perfect hits as dependent variable are reportetalvie 4,
and those for corrected precision are reported dbld 5.
The variance accounted for in these analyses wa#$ hegs
than for correct performance variables’fR20 for total
precision and R= .06 for corrected precision). In both cases
the years of volleyball experience were the ongnticant , o o .
pred)?ctor. Not surgrisinglyp,) in the precision ofs@g;e there plane”, th’r,O\an9 depth’, m:)nltorl‘r?g of the_ qlrh?,m phase
was a major difference between the experiencedt ad f the ball’, “run-up control’, the “attack timing'and the

. . ‘closing movement of the wrist”.
athletes and the others: of the overall 164 perfits; 56  ° . .
were attained by this group P Further observation of the athletes engaged intdbé,

and of their main errors, confirmed that the “moriitg the
airborne phase of the ball” and the “attack timinge
Conclusions actually different schemes. The errors relatedni® gkill, in
fact, seem to be of two types: some athletes stahie run
General findings up in the wrong moment, others delayed too much the

In general, it is possible to say that the resofitthe study ~ “stroke” with the arm.
are consistent with our main hypotheses: M Capacity This study could be continued, for instance refificait
actually proved to be the best predictor of mogarhing in ~ With a larger number of male athletes. More imputrthis
executing correctly the third touch in volleybalthereas model could be extended to other sports, includpgn-
experience is the key predictor of precision of #teletic ~ Skills, like volleyball, but also closed-skills sp@and motor
gesture. activities, such as gymnastics or dance.

This clear dissociation between measures of coresst ~ Further research may also consider a broader rahge
and precision seems to clarify the existence ofediht predictors of sports performance, including fortamse
processes in motor learning. In the “cognitive giashen ~ executive functions, cognitive styles and emotional
a gesture is learned in the first place (Nicol&tBorghi,  regulation.

2007), M Capacity is fundamental; however, when the

overall task is learned and sufficiently mastemdherience Practical implications

enables technical refinement, essential to perfavith Identifying in the TCO a good framework for the
consistency and precision the same task over amdamain, theoretical modelling of motor learning processes ®e
and achieve a higher degree of expertise. These twseful not only for the research, but also for ficat
different mechanisms could also influence eachrotfte  applications. In fact, knowing the M-demand of eauigle
example, experience can lead to automation (andkihg)  technical gesture would allow improving the tramin
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“late” athletes who start playing sports after yefrs of age cognitive  development. International Journal of
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worth of being explored. Science8, 301-367;
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