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Abstract

It has been claimed that extensive amounts ofdilbak practice results in the emergence of
especial skills. We aimed to determine whether @apskill emerges as a result of other
predictors such as age, years of experience, affigi in shot performance, etc. We also
tested a hypothesis regarding visual dependenegpacial skills effect.

Ten male basketball players took part in two dédfégrexperimental conditions: in normal and
blurred vision conditions. Players performed fi@®tv shots from 7 distances including shots
from the free throw line (4.57 m). We detected esdeskills using previously reported

statistical methods, however this was not the edsan analyzing data with the probit model.



Introduction
The relationship between extensive practice aedethergence of especial skills has been
addressed in a number of recent studies (Bredllges, Kennedy, Hanlon, & Williams,
2010; Keetch, Lee, & Schmidt, 2008; Keetch, Schmldte, & Young; 2005; Simons,
Wilson, Wilson, & Theall, 2009). Keetch et al. (Z)0for the very first time showed that
massive amount of practice may lead to the devedopraf especial skills, a skill that has a
unique place within the class of movements exechyeone General Motor Program (GMP).
Studying basketball players who were estimatedht@ve already performed thousands of
shots from the three throw line, Keetch et al. obse that shot proficiency from this standard
distance, i.e. 4.57 m (15 ft), was higher than gted by regression line computed for several
shooting distances excluding 4. 57 m.
Keetch et al. (2005) proposed a number of possljdanations for the phenomenon of
especial skills (for review see: Breslin, SchmidtL&e, 2012). One explanation relates to
Thorndike’s identical elements theory (Thorndik@11, 1914, 1932) and refers to specificity
of practice whereas another, reflects generalityrasof the assumption of Schmidt's schema
theory (Schmidt, 1975). They verified also hypothedout context dependency, and having
founded none concluded that the most suitable agfilan is parameterization, in which
constant perceptual cues are linked with specdi@ameters, and while executing movement,
automatic mechanism select appropriate ones. Kesteth. (2005, Exp. 2) studied context
dependency by covering the shooting area of tha .flib could be assumed that more visual
cues are available from the basket hoop and thkbbacd than from the floor of the court.
Parameterization was also supported in studieBreglin et al. (2010) and Simons et al.
(2009).
All previous papers focused on very experience&yets and in all of them, authors used

linear regressions, either straight lines (Bresliral, 2010; Keetch et al, 2005) or parabola



(Simons et al., 2009), to explain the phenomenrespécial skills. Therefore, it was of interest
to look at a broader context of especial skillsludmg other possible predictors such as
general shot proficiency, commonly referred as ‘habd” (Burns, 2004; Gillovitch, Villon,

and Tversky, 1985; Rao, 2009), playing positiormbar of games played, time spent on the
court, or simply the height of basketball playersperience and age of the participants into
the probability model, based on Bernoulli disttibn. Probit or logit models appear to be
useful in such applications, therefore our maripséocuses on the methodological context

of the especial skills phenomenon.

Statistical model — form, estimation and inference
Probabilistic model

We present statistical analysis of individual-ledata on the behavior of individuals.
Observed variable has binomial distribution witstjone trial: miss or successful shot. Its
value isyijq, wherei indicates the number of experimert](...,75),j=1 or O indicates shots
performed with or without glasseg,indicates the distance of shots={,...,7) andl is the
number of a player 1£€1,...,10). Total number of observatiop;; was 10500 (75
shots*2conditions*7 distances*10 players). Eachptdyer was described by other predictors
(independent variables): number of years of trgnmumber of games played last season,
mean time (min) played, mean number of points stdre games in the last season.
Additionally, we included shot proficiency (%) f@& and 3 points as well as free throw
proficiency for the last season (total percentamddst season). It is worth mentioning that
all of these factors only characterize players amdconstant while shooting with or without
glasses from each of the seven shooting distarfobserved data set is a group data
(Gourieroux, 2000), i.e. for different values ofdegenous variable identical combination of

exogenous variable is noticed. Grouped data arair@ust by observing the responseNgf



individuals all of whom have the same set of exalary variables. Such data may be
obtained by aggregation of individual observatidhis type of grouped data is called many
observations per cell (Cameron and Trivedi, 2008)e objective of our study was to
determine the effect of a shot (miss or succesdgppned by a player from a certain distance
with or without glasses. Our statistical model loase observatiory;; obtained forT=140
objects in experiments=1,...,75 (thenN; =75 for everyt). Dependant variablg: may have
two values,y;=1 means successful shot from a certain distantke @n without glasses
whereasy;; =0 means miss shot, fox1,...,T. Therefore each observatign is treated as a
single draw from a Bernoulli distribution. The datee discrete, so in which case nonlinear

methods as probit and logit models are used.

Probabilistic assumption and model

In the literature (e.g. Greene, 2003, Cameron anegdi 2005) binary outcome models have
hierarchical representation and one of the equstisnregression equation for latent (or
unobserved) variablg; (i=1,...,75,t=1,...,140) which is interpreted as individual’s iyilof

two choices between 1 and 0. In our study, thisabée represents shooting skills from
different distances with or without glasses. Ifsekills are higher than the threshold value, a
successful shot will be recorded, otherwise a stititbe unsuccessful. In an individual
observation, binary choice model adequate to oudyswill have following form (see:

Amemiya, 1981, 1985; Gourieroux, 2000):

Z =% LB+E,
_[1 gdy z=20 1)
0 gdy z <0

it

where x; is a vector ofk-variable values for an objet¢t and a vector okx1 unknown

parameterg. In this casex represents player’s characteristic and informagibout distance



and vision conditions (normal — without glasses bhared — with glasses). Additionally, it
includes intercept which represents a constant temeagression fog;.

Random components; are independent on both indexes and considerindeamifiability of
model parameters (1) and convenience of their esitom it is assumed that has mean zero
and fixed (known) variance.

Different distributions forg; lead to different binary outcome models. The nmmhmon
models are logit and probit, that assume, respalgtivdisturbances are standardized logistic
distributed and standard normal distributed.

For symmetric distributions probability of succéssqualPr(yn =1) =p, = F(x[ EB) , Where
F(a) is an cumulative distribution function in poiatone of the probability distribution for
assumed;;. Estimation of such a model (1) is usually doneabyiaximum likelihood method
(ML), a one-step procedure. The logit and probg likelihoods are globally concave and
hence relatively easy to maximize using the NewRaphson algorithm. The estimator of an

asymptotic covariance matrix of the maximum likebll estimator is quite simple:
TN, O N
Y MNW){Z . x:xt} , @

where Ift = F(xt[;’), af, = f(xt,é) is the probability density function &f; and ,@ is the ML

estimator,
If the experiment was conducted only onbk=1) then for each may be obtained a binary
choice model for individual data. It is worth nainhat having group datdN{>1) causes
better precision of parameter estimation compavdte lower number of individual data (see
equation (2)) foN;=1.

In our study we use model (1) i.e. probit modetaReeter estimation was undertaken

using maximum likelihood method.



Model description

Hypotheses

We advanced six hypotheses which were verifieduinpoobabilistic model:

1.

Increased throwing distance decreases the pratyadiila successful shot (H1). This
hypothesis was based on Schmidt, Zelaznik, andkfraf1978) conclusion that
increase in throwing distance results in a linearaase in the variability of the aimed
movement.

Players shooting in glasses, which deteriorategplayision, will decrease their shot
proficiency (H2). There is a continuous and intégglaelationship between perception
and movement outcome (see e.g. Montagne, LauramigyD and Bootsma, 1999)
therefore, we may expect a decrease in shot peofigi while shooting in glasses.
There are some predictors which substantially erfiee shot proficiency, for example
years of training, shot proficiency in played gametc. all of which positively
influence probability of successful shots (H3). #ated in previous studies (Keetch et
al, 2005; Simons et al., 2009; Breslin et al., 20H0significant amount of practice
may be the crucial predictor of especial skills.wdger, more predictors may be
included into the model.

Probability of a successful shot performed fromftiee throw line (4.57 m) should be
higher compared throws from other distances (H#)s should hold true for both
conditions — throws performed by players with otheut glasses. This hypothesis is
based on parameterization explanation (see Breshh, 2012).

There is an unknown distanaex @nte) from which the probability of successful shots
is the highest and that distance is not necesgaelglosest distance to the basket rim
(2.74 m) or free throw line (4.57 m) (H5). Thereyntee at least two possible distances

from which the probability of successful shots vadl the highest: the closest distance



(Schmidt et al., 1978), or free throw distance 4md,7which is the highly trained
distance, and is related to especial skills (Keetchal., 2005). However, we assumed
that there might be a different distance, unknowfote analysis, neither 4.57 m nor
2.74 m.

6. If the parameterization hypothesis about emergeasicepecial skills advanced by
Keetch et al. (2005) is correct, then in conditiofshrowing in glasses deteriorating
visual acuity shot proficiency at 4.57 m shouldrdase less than at other distances

(H6).

Predictors

In a regression, omission of a variable is oftea fihrst example of inconsistency of many
estimators. Too many regressors cause little hdom, too few regressors can lead to
inconsistency. Thus, a long list of potential exkory variables was examined. We assumed
that the following predictors (independent variagblmay characterize each player: number of
years of trainingws), number of games played in last seasmj), (nean time spent per game
in the last season (in minutesys], mean points per game in the last seasw), (shot
proficiency for 2-points (percentwf), shot proficiency for 3 points (percentysf, shot
proficiency for three throws for the last seasoer¢pnt)(wg); see (Table 1). Other regressors
were considered, such as height of a player angingigposition. However, both predictors
caused co-linearity problems and had small vaitgbiMoreover, playing position predictor
had a nominal scale (5 values representing 5 diftgplaying positions) what required 4 more
free parameters and additional binary variablegréfore, these two variables were excluded
from the further analysis.

Two of the important determinants that may explainability of shot proficiency may be the

shooting distance and glasses worn or not whiletsig. Following Keetch et al.’s procedure



(2005) we set 7 shooting distances: 2.74 m (BfP5 m (11 ft), 3.96 m (13 ft), 4.57 m (15

ft), 5.18 m (17 ft), 5.79 m (19 ft) and 6.4 m (21 f

Model specification
To verify advanced hypotheses we constructed thewimg regression model for a latent

variablez::
9
Z = ﬂo + 218] Hth + /810 i (457) (th) + ﬂll [qvvtl)z + ﬂlZ O (1) (Wtz) a (457) (th) T &, (3)
j=1

where | (o) is a indicator function of a data set i.eifdJ@ , than } (=1, otherwise J
(w)=0. Descriptive variables are included in TableWe verified our hypothesis using

equation (3).

Table 1. Variables description.

Variables description Variables Parameters Hypeth BSPar;}gmneters
Shot proficiency at 4.57mf, ) Dependent S S —
Shooting distancen;) Independent B H1 -
Wear glasses (ye®,=1 or no:W;,=0) Independent B H2 -
Years of training \{s) Independent B3 H3
Number of games player in last seasdg) Independent B H3 +
M ti layed in last inut
ean time played in last season (minutes per Independent A H3 N
game) Wis)

Mean points per gam&W) Independent BGs H3 +
2-points shot proficiency;) Independent yea H3 +
3-points shot proficiencys) Independent S H3 +

Free throw shot proficiency\(g) Independent Lo H3 +
Shot from 4.57m?
(yes:Wiuc=1, if Wy =4.57m or noWi=0 ) Independent Bio H1 and H4 H4: +
(Distance Wi; = (Wy)? Independent B H1 and H5 H5: -
- 5 o
Shot from 4.57m in glasses? (y@4i,=1, if Independent o H1, H2, HE: +
Wp=1 andW;;=1, or no:W,;=0) andH6

In equation (3) it was assumed that most of thelipters affect linearly foz:. Therefore,
parameterg, L, s, Lo, Br, P, andFinform how strong the influence of predictors are

characterizing each player for shot proficiencyp@tyesis H3). We may assume that these



parameters should be positive if statistically gigant, and furthermore, two predictonsi{)
and (v) are not linear.

If we assumed that the dependence of probabiliguotessful shots and throwing distance is
unknown, we could expect that this probability @éases while distance increases. [Although,
it would be necessary to estimate whether this ity decreases proportionally (linearly),
decreases less than proportionally or more thapgptionally]. In the general case this
dependence can be described by a function thatitken convexnor concave. Sigmoid
function is an excellent example of this form, hesmit has a concave part and a convex part
(see e.g. S-shaped curve in Rao, 2009).

Individual-level data are at a low level of aggrega Cameron and Trivedi (2005, p. 5)
remarked that in this case “in many, if not mostses linear function forms turn out to be
simply inappropriate”. A disaggregation brings e heterogeneity of individuals that should
be properly controlled (modeled). Many variableBer inter-individual heterogeneity, for
example, number of years of training. There are differences in individual motivation and
ability and so forth, which are not observed. Hegeneity plays a very importer role in this
analysis differences in individual motivation angilidy are not observed. This unobserved
heterogeneity is controlled for in probit regressmodel.

From a mathematical point of view, if we don't knakae analytical form of the regression
model, then under certain assumptions, it can Ipeoapnated by a polynomial of degree
over a small interval. The higher tmg the better the approximation. Another distinct
statistical problem is related to the method ofrappnation and its accuracy. In this case,
Taylor series expansions and approximations haveraleadvantages. One of them is that it
is linear in their parameters, what make the estanaasier. On the other hand, non-linearity
regarding predictors (independent variables) emdcinterpretation characteristic of the

model. The simplest universal statistical modeldufee description of dependency between
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variables is multiple regression. However, more gl@x non-linear models are used,
especially so-called Flexible Functional Forms. Tmast frequently used functional form is
translog function, which is a second order (allssrterms included) log-linear form. This
function fit data much better than linear funct{eny. Cobb-Douglas specification).
Methodological and empirical arguments for usinghsa function have been aroused in 70.
in the XX. century (see: Christensen, Jorgensom, bau, 1973; Fare and Sung,1986;
Diewert, 2002). Approximations of higher order aret very useful. Occasionally, cubic
function is used but only for one predictor. Adwaggs of non-linear function were also noted

in medical and sport sciences. For example, Hosaner Lemeshow (2000) discussed a
criteria for including a variable in a logit modahd noted that (p. 97) () for continues

variables we should check the assumption of litgarithe logit model (...)", because “(...)
assuming linearity in the logit at the variableesibn stage is common practice”. As an
alternative they proposed methods of fractionalypainials, developed by Royston and
Altman (1994); see also Royston and Altman (19%.wish to determine what value \of
(w>0) yields the best model for covariates. Roysttman (1994) proposed restricting the
power to be among those in the set {-2, -1, -0,9).5, 2, 3}, wherg =0 denotes the log of
the variable. This Box—Cox power transformation aiable is a useful method, because
including it alleviate heteroscedasticity. It iglavice for generalizing the linear model, used
in many sport researches (e.g. Hamrick and Raspl;2Wimmer, Fenske, Pyrka, and
Fahrmeir, 2011).

Considering the model presented in his paper, wagh noting that quadratic function is a
natural and economical generalization of a lineadeh Of course, it does not exclude the
situation that statistical data can be well exm@diby a linear model. In such case, estimation
of parameteB;; will be statistically insignificant or estimation$ parameterg; and ;1 will

result in values on the right arms of the parababgroximation linear function. The relevant
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question is whether this quadratic model is sigaiftly better than a linear model. We can
answer this question by verifying the hypothe8is=0. In our model we used also hyperbolic
function or sigmoidunction, which is nonlinear in their parametersialvcaused numerical
complication. Ex post analysis showed that accgrdm the Akaike information criterion
(AIC) quadratic approximation is better than hymdid or sigmoid function (see equation
(1)). Therefore, both were excluded from furthealgsis.

Considering probability of a successful shot asirection of these two predictors (distance

and wearing glasses) while all of the other predgcare held constant, we get that:

P = F 11(Wt1)2 +131th +1310 |:"(4,57)(\’\41)'*':312 Dl(l)(VVIZ)D](4,57)(Vvtl)+IBZVVIZ +Co)’ (4)
wherecpis constant.

Negative parameteh, and restrictions,o=£11=£1=0 makes hypothesis H1 more probable i.e.
increasing distance decreases probability of a emsfal shot. Additional restriction
Li=L11=L12=0 are sufficient to keep strong negative corretatihis is a situation in which a
probability of successful shot at 4.57m is highsant from closer to the basket distances.
Therefore restriction31;=0 is weaker and necessary, if H1 is true. Suchefmitdon of
variables, wherewm,=1 means blurred vision conditions (wearing glassewlies that
negative £ is a necessary stipulation if H2 is true — weargigsses while shooting
substantially decrease probability of successfot.s®n the other hand, positiy&, reflect
the assumption that throws fromthe free throw distaincreases the probability of success.

In H5 a decisive parameter f&;, if it is positive it means that there is a vahfem;
which minimalize p;, whereas negative maximalize. It was expected thgf; will be
negative and as a result, the highest shot profigiewill be at the closest to the basket
distance 2.74 m or the 4.57 m. Hypothesis H5 vélkierefore accepted, fi1is negative. It
has to be noticed that hypotheses H1 and H4 ac#fispeases of H5, and of interest would be

finding out which effect is dominant.
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Hypothesis H6 is a conjunction of hypotheses H2 BHdd There are three separate
situations which fully describe H6 as a productvafiablesa;; andws,.

Verification of hypothesis H6 is a) a shot from iatance without glassesw — any,
wi,=0), b) a shot in glasses at 4.57 wy£4.57,w,=1), c) a shot in glasses from any other
distances than 4.57 m{#4.57 m,w=1). As a result, we have a nominal variable witte¢
possible values. To identify parameters in regogssguation, we recognize two variablas
andw;;, which reflect situations a) and b), and situatipmsca reference category. If a player
in glasses shoot from the 4.57m distance, his @ludiciency should decrease less than while
shooting in glasses from other distances.

A positive parametep;, is crucial and sufficient for confirming hypothes#6. This
parameter provides information about an incredsshot proficiency at 4.57 m distance
comparing to shot proficiencies from other distamddle shooting in glasses. Moreover,
parameterg?, and S, are unequally related. Paramef@rreflects an average effect of shot
proficiency at all distance. However, one of thdstances is special, because it is expected
that shot proficiency at this distance should kghér than from the other distance. In other
words, parametef, measures the effect c), that is resultant in 8@oa b) and a). It is worth
mentioning, that our model tries to verify diffetdrypotheses, especially H4 and H6, which
are a combination of main hypotheses H1 and H2a Assult, we may expect that effects of
H1 and H2 will be dominant, so statistical resuits this two hypotheses should be
convincing.

Furthermore, in hypothesis H6 a crucial binary afale w;, shows rather small
variation, since only in 10 cases for 140 (about) 7 present conditions confirming
hypothesis Wi12=1). Mean experimental probability of a successhut in glasses at 4.57 m

distance is 0.60 (+0.06), whereas from other dcstans 0.56 (+0.18).
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Verification of hypotheses H1-H6 consisted of mstion of unrestricted probit model
and six additional restricted models (Table 2). Thest general model MO included all
predictors, whereas models M2-M6 were computedudinl restrictions3=0, that is
reflecting falsification of particular hypothesisor example, model M2 assumes that shooting
in blurred vision conditions (with glasses) does intpact the probability of success; model
M1 assumes that increasing the shooting distaree, probability of a successful shot
decreases. If model M1 is better than MO, it wouoldan that there are no sufficient
arguments to doubt monotonic character of relabetween shooting distance and shot
proficiency. Otherwise, the hypothesis about eristeof relation between these variables

should be accepted. This relation is representeanbglel M1. Model MO represents all

effects simultaneously.

Table 2. Model description.

. : Restriction in relation to| Number of parameters ip
Model Model interpretation model MO the model
MO Model with all effects - 13
M1 Model with linear distance effect Lio=Li=L1,=0 10
M2 Model without glasses effect S=0 12
M3 Model without players characteristit B5=8,=8s=Fs=5:=5:==0 6
M4 Model without especial skills effect Lio=0 12
Model without optimal shooting _
M5 distance effect Au=0 12
Model without especial skills effect in _
M6 blurred conditions effect £=0 12

The econometric methodology of general-to-specificdaiing was employed for model
building. The general model MO expresses the leadtrictive conviction about potential
relations between predictors and dependent varididelel reductions were done thereafter,
using t-test and likelihood ratio test (LR) (GreeB803). Additionally, the AIC was used to

compare strength of the models, which are nonnesi@d M4 and M5 as well as M3 and
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M5. Model M2, M4, M5 and M6 have same number ofapaeters, and therefore AIC gives
the same conclusions as LR test. A lower rank mbdthal (m=1,...,6) in models ranking in
relation to MO will make particular specificatioand the related hypothesis) more probable.
On the other hand, higher position in this rankimg reflect a lack of effect, that is the

advanced hypothesis should be rejected.

Experiment 1
Participants
Ten male players (mean age 17.7, SD 2.16) partegipan the experiment. Two players
belonged to the cluBlask Wroctaw and the others were members of the WKigaw club.
Participants were seniors playing in tH¥ Rague at the time of the study and represented
various positions on the team (e.g. point guardpshg guard, center) and each had at least 7
years of experience in basketball shooting (medh, BD 1.9). Statistics including number of
games played in the last season, mean time spergapee in the last season (in minutes),
mean points per game in the last season, shotcmody for 2-points (percent), shot
proficiency for 3 points (percent), shot proficigntor three throws for the last season
(percent) were collected by experimenters in aaruews and from official basketball web

pages (Table 3). All participants exhibited norwialial acuity.

Table 3. Descriptive statistics of players.

. Shot proficiency
. Years of Mean time spen .
i - Played : Mean points per . . Free
training ames\Wi) In games ame W) 2 points | 3 points | -
W) | P (minutes) ) | 9AME e Wo) | W) |
1 6 8 17 4.4 42 27 50
2 4.5 16 10 2.3 44 28 60
3 11 11 6 1.3 40 25 57
4 7 24 12 1.9 50 23 44
5 8 23 25 13.6 61 30 63
6 5 14 9 2.9 58 0 63
7 10 23 21 9.7 48 27 67
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8 7 15 7 0.9 43 9 56
9 9 16 8 2.8 53 30 67
10 8 24 26 6.1 47 15 71

All participants gave written informed consent &ixe¢ part in the experiment and the study

was approved by Wroclaw’s School of Physical EtiooaResearch Ethics Committee.

Apparatus and Procedure

Procedure was based on methods reported in Keeteh. €2005,Exp. 1). Participants
performed set shots from seven different distan2ze&t m (9 ft), 3.35 m (11 ft), 3.96 m (13
ft), 4.57 m (15 ft), 5.18 m (17 ft), 5.79 m (19,f6.4 m (21 ft) from the spot on the floor
directly under the front edge of the backbo#&atording to FIBA regulations, the 4.57 m line
on the basketball court is the foul line (free thrine). The throwing distances were marked
on the floor with a strip of masking tape 3 cm wadel 5 m long. All throwing positions were
placed on the straight line going from the backdaward the centre of the court. Set shots
were taken with an official basketball, normallyedsn matches of thé'2league. The rim to
which players were aiming was mounted at the srdutight of 3.05 m (10 ft).

Participants performed their shots like regulae figrows in basketball and without any pre-
shot routine (e.g. dribbling the ball). Shots wiaeen by players with their preferred limb and
with their feet maintaining contact with the floatr all times. Participants were asked to keep
their feet as close as possible to, but not onptakking tape while performing the shot.

Each participant performed 1050 shots in total oarfconsecutive days of testing
(approximately 250 — 275 — 250 — 275 shots). Theese 75 shots for each distance
performed in two throwing conditions — in the firshe players were throwing without
eyeglasses (normal vision), in the second (bluwisthbn) participants while throwing wore
eyeglasses used by people suffering from hyper@yeglasses with dioptric value +4.00). It

Is expected that the average person’s visual aeuiltydrop to approximately 6/60 (Snellen
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fraction), which constitutes legal blindness (insfralia, Great Britain, USA) if a +3.00 over-
refraction lenses or glasses are used (Mann, Hgddea, Watson, and Taylor, 2007). Mann
et al. (2007) reported that only a +3.00D overaetion is required before any significant
decrease in movement performance is achieved,using glasses +4.00 assured that players
would have limited accessibility to visual cues.

All participants performed set shots without eyegés on the first two days of testing and
with eyeglasses on the subsequent two days. Befrk throw an experimenter announced
the shooting distance and the shot number. Thes site taken with 5-second rest intervals
between trials, with a quasi-random order such tisatmore than two shots were performed
from the same distance on consecutive trials. Adtashot was taken, the first experimenter
retrieved the ball and handed it back to the paditt. All shots were recorded with the use of
Sony Handycam DCR SR50 camera. Participants weteueaged to perform each throw
with the same level of effort and desire to schreghot.

The second experimenter assessed scoring shoaagamd recorded the results on the mark
sheets. Outcome scores were assessed on eaalsinigia 2-point scoring system. This type
of coding system was also reported by Keetch ¢2@D5) in experiment 1.

One point was given for a successful shot whereas point was awarded for unsuccessful

shot.

Preliminary analyses

Following the previous study, linear regressiorswamputed for shots performed in normal
visual context and in blurred vision (shooting lasges). For computing linear regression we
used shot proficiency at all shooting distancesdbbf m. The special skills were noted while
players performed shooting in normal vision comhd (empirical mean at 4.57

m=71.871£5.74; predicted 4.57 m=65.53+5.23; onedaikF4.81, df=9, p<0.000Eigure 1).
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The special skills were also present when we coetpampirical (mean=60.39+6.53) and
predicted (mean=55.79+7.59) shot proficiency a7 41 in blurred vision conditions (one-

tailed t=2.05; df=9, p=0.03%igure 2).
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Figure 1 Linear regression computed for shot praficy in normal vision conditions.
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Figure 2 Linear regression computed for shot preficy in blurred vision conditions.

Table 4. Probability and SD of successful shotsrfdividual players in blurred and in normal visioonditions.
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herein
i S Without glasses With glasses
rVie=1) (W;=0) (Wi=1)

1 0.57 #0.11 0.61 +0.10 0.52 +0.09
2 0.70 +0.08 0.72 +0.08 0.68 +0.07
3 0.60+0.11 0.66 +0.09 0.53 £0.09
4 0.53 +0.18 0.61 +0.14 0.45 +0.19
5 0.62 +0.14 0.65 +0.12 0.60 +0.16
6 0.54 +0.21 0.59 +0.18 0.48 +0.22
7 0.64 +0.21 0.70 +0.19 0.59 +0.21
8 0.62 +0.17 0.68 +0.13 0.56 +0.18
9 0.64 +0.14 0.66 +0.12 0.61 +0.15
10 0.69+0.16 0.76 £0.14 0.62 +0.16

Table 5. Mean values and SD of probability of acessful shot from different distances

herein
Distance in meterdi, Prie=1) Without glasse®Vi,=0 With glassesVi,=1
2.74 0.76 +0.08 0.76 +0.09 0.75 +£0.07
3.35 0.73 £0.10 0.77 £0.08 0.69 +0.10
3.96 0.70 £0.11 0.77 £0.06 0.64 +0.10
4.57 0.66 +0.08 0.72 +0.05 0.60 +0.06
5.18 0.58 +0.11 0.65 +0.08 0.52 +0.10
5.79 0.49 +0.12 0.55 +0.07 0.43 +0.12
6.40 0.38 £0.13 0.43 +0.10 0.32 £0.13

Probit model analysis
Results estimation and testing from the discretgcehmodel perspective
Parameter estimation and estimation errors wetdestahile comparing different models
(detailed estimation information is presented in ®hly absolute terms showed some co-
linearity between an intercept and the variablgs andw:;,. Supplementary, tables 7 and 8
include results of likelihood ratio tests and rangkiaccording to AIC. Tests results are
satisfactory and the ranking reliable. Logit moglelds equivalent results to probit.
It was advanced in hypothesis H1 a strong monotat&tion between shot proficiency and a
shooting distance. We assumed that increasingndistatom the basket would have resulted
in decrease of shot proficiency. Falsification lagthypothesis was determined in models MO
and M1. In MO, estimation of parametgris significantly negative, since there is a small
standard error of estimation in relation to estedatoefficients. Hypothesis th&#<0 was

confirmed in analysis, however, it was confirmedttf=£11=£1,=0, thus an advantage of
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model M1 over MO was not shown. The likelihood sadtatistic for both models was 44.08
with the critical value of 7.81 and p-value arout@. The AIC also prefers MO over M1,
since M1 is only 8 in the ranking of all models (Table 8). As theulefiypothesis H1 failed
with hypothesis H5, which means that the effect‘@ftimal distance” is stronger than
“distance” effect.

Hypothesis H2 claimed that blurred vision conditidwearing glasses) should decrease shot
proficiency and it was supported in all models. Va&ue of parametef, is negative, stable
and very precisely estimated. Model M2 which isantéd by restriction3,=0 in model MO,
When removed from the general model MO, we receivediel, took the 8 place in the
ranking of all 7 models (see table 8).

The LR statistic of parametefs, G, 5, 5, B, Bs , and S confirm hypothesis H3. Testing
model M3 against MO LR is 134, critical value 12tG-value is lower than 8. Model M3,

in which was assumed that aggregate influenceeadettvariables is not significant is the last
model in the AIC ranking. Moreover, in general mod#0, t-test values for individual
parameters are higher than 2. It may be conclutlecefore, that the influence of these
variables are significant and hypothesis H3 wadiaoad.

Hypothesis H4 about special skills at 4.57 m was gamfirmed. Although, estimation of
parameteiBo is positive but statistically not significant in aes from first (M6) and third
(MO) place in the AIC ranking. Reduction of the M@odels to model M4 is therefore
legitimate. The p-value~(.38) for LR test indicates no sufficient eviderioe existence of
~special skills”. The “special skill” effect is psent provided that in analysis will be omitted
effects of distance (model M2) or “optimal distah¢émodel M5). However, both of these
models (M2 and M5) are not very probable, they warked & and 4" in the AIC ranking

accordingly.
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Hypothesis H5 advances that there is a certaimaptilistance from which the probability of
a successful shot is the highest. It is worth magicthat hypotheses H1 and H4 were not
strongly supported by data, it was reasonable peexthat H5 may be confirmed.

The estimation of parametgf; is negative in all models. Call in question thieef optimal
distance present in estimation results in model B1Bpt is not authorized in the data. LR test
for model M5 against MO strongly support model MOur data strongly confirmed
hypothesis H5. One could therefore set an optirhabsng distance which maximizes the
probability of a successful shot. However, falgifion H5, the distance of 4.57 m was

excluded as the “optimal distance” and it was neamgsto compute additional equation:
Zit = Bll(\lvtl)z + Blvvtl + ConStant (5)
where 311 and 31 represent estimation of the values andepresents theoretical ability to

shot successfully computed on estimated model. Basaesults of estimation of model MO,
optimal distance maximizing the probability of sessful shot was computed. Considering
models MO, M4, and M6, the optimal distance wag 21§ 2.49 m, and 2.37 m, respectively,
and it was shorter than the closest shooting distamour experiment (2.74 m).

Verification of hypothesis H6 consisted of examgqwhetherS,>0. In all five models, in
which the effect of “especial skills in blurred B conditions” (shot proficiency at 4.57 m in
glasses) was included, this parameter was negadind, not different from zero when
performing t-test. The model in which variablg, was excluded, turned out to be the best,
according to the AIC. Testing models M6 over MO (1eRt) showed that it is better to remove
this variable (high p-value>0.53). Hypothesis Heswat therefore confirmed. The effect of
“special skills in blurred vision conditions” coulthve been confirmed, provided that two
other effects had been excluded: optimal distar&) and special skills, i.e. effect of 4.57 m
(H4). In this case, paramet@ was negative, which is discrepant with our intuitiand

earlier study (e.g. Keetch et al., 2005).
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Table 6. Estimation values of profit models. Sympbimeans that variable was excluded from the nhoGeitical value of t-test1.98, at p=0.05 (two tailed test). Symbol

»*" means that test was not significant at p=0.08,L () — log likelihood value.

Model 0 Model 1 Model 2 Model 3 Model 4 Model 5 Model
Variable Paramete Estimate t ratio Estimate t ratio Estimate t ratio Estimate t ratio Estimate t ratio Estimate t ratio Estimate
r + error + error + error + error + error + error + error
v B | uotee | Y64 | sous| 135 *T7%0| 088 | piio| 404 | yorgs | 132 | gyp| 1281 | g
Shooting distance (M) B | S0 sar | 2278\ age2 | 22T | 4ga | D292 | 526 | 092 | 12 | 02101 4904 | 22
wear glasses B | soors | Y192 | jopna| 23 | - | - | loois| 185 | oors | 1883 | joois | 1825 | oo
vears of raining iy B | o008 | %% | so00a| 8 | sooos| %% | - | - | o008 | %3 | so008| 8 | 4008
e oo bt ous | a0 | S0 e | 005 ew | | | 9| o | 3% 7ee | SO
Mean time played in last
s ool | 08| o0 | 08| 0w | 50| 0w | - | - | 50| 0w | 20 0= | 2%
Mean points per gamékg) Gs i%%logé 2.33 t%%1035 2.45 i%%logé 2.24 - - 10(5901036 2.32 10690103; 2.43 t%%lOBS
P g | oe | 9% | Joooe | 077 | Woor | %% | - | - | Dooe| % | ooz | 2 | looo
?v_\z:))ints shotprofeiency A i%%0061 6.57 i%%0061 6.74 i%%0061 6.35 ) ) 106900061 6.57 106900061 6.71 i%%0061
g | Sor | 1888 | Sooa | 74| moor | 10 | - | - | Soo | 987 | oo | T2 | o
Shot from 4.57mWyo) Bo | 920 | 162 i | 0 ean | 209 1ee i oor | 565 | 00
(Shooting distancéWi, Bu | 2221 1001 ; | 20| 04 | 2992 1 1010 | (2090 1 1130 : | 2oee
P e B R - R A R R
Ln L(BY) - -6 509.62 -6 531.66 -6 558.33 -6 576.67 -6 510.01 -6 524.83 -6 509.82
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Table 7. LR test results.

. | Number of| Critical value for

Hypotheses LR statistic restriction X°- test @=0.05) p-value

M1 over MO 44.08 3 7.81 <1b

M2 over MO 97.41 1 3.84 <1&

M3 over MO 134.10 6 12.59 <18

M4 over MO 0.78 1 3.84 0.377

M5 over MO 30.42 1 3.84 <106

M6 over MO 0.40 1 3.84 0.525

Table 8. Ranking of models according to AIC.
Model Model interpretation Number of AlIC Rank
parameters
MO Model with all effects 13 13 045.24 3
M1 Model with linear distance effect 10 13 083.32 5
M2 Model without glasses effect 12 13 140.66 6
M3 Model Wlthout_ pl_ayers 7 13 167.35 7
characteristic
M4 Model without especial skills effect 12 13 044.02 2
M5 Model W|t_h0Ut optimal shooting 12 13 073.66 4
distance effect
M6 Model without especial skills effect 12 13 043.65 1
in blurred conditions effect
Discussion

We did not confirm hypothesis H1 regarding decedashot performance when the shooting
distance was increased. Hypothesis H2 regardingditeimental influence of blurred vision
conditions on shot performance was confirmed. Sirlyi] the influence of player’s
characteristics on shot performance was also coaftir(H3). Probit analysis did not confirm
that shot proficiency at 4.57 m is significantlyttee than at other distances, either with or
without glasses (H4). However, the optimal shootigjance (H5), the distance from which
the shot proficiency should be the highest was adgetpat 2.37, 2.49 and 2.37 m. These
distances were closer to the basket rim than amptsty distances recognized in our
experiment. Hypothesis H6 about emergence of spgdilés in blurred vision conditions was

not confirmed.
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Analysis of the probit model confirmed the paramestion hypothesis (Ketch et al, 2005;
Breslin et al., 2010). It has to be pointed thablurred vision conditions special skills were
noted using Keetch et al.’s (2005) method howelir éffect was rather weak (p=0.035 for
one-tailed t-test). The lack of special skills imrbed vision conditions either in preliminary
analysis (line plus one data point) or in the probodel confirmed that constant perceptual
cues are linked with specific parameters. It shobtmvever be underlined that this result is a
little confusing. If we claim that there were naeesjal skills in blurred vision conditions noted
while using Keetch’ et al. statistical method, waymassume that the conclusion about the
lack of context dependency (Keetch et al. 2005pisnecessarily applicable in our case.
However, it may be very interesting why there egekills were absent when analyzing the
probit model, whereas they were noticed when udfegtch et al.’s analysis. Both
approaches have quite different foundations. Tha @b this analysis was to identify and
estimate fundamental parameters that charactehee rélationship between basketball
shooting efficiency and many explanatory variableften called the structural approach.
Structure was defined as the set of relations d@sgrhuman ability or behavior. In the
above model, many hypotheses were tested in amgttt®s explain the mechanism behind
these effects. Formally, this approach is consistéih the principles of statistical inference.
We use a microdata which may be quite noisy. Orother hand, the process of aggregation
leads to smoothing with many movements in oppaditections canceling in the course of
summation. Cameron and Trivedi (2005, p. 5) renthrtket “A relationship between two
variables a micro level may be piecewise lineathwitany nodes. After aggregation the
relationship is likely to be will approximated bsnsoth function.” Here you can look for the
causes of negative conclusions.

Some limitations of our study have to be emphasizedmall group of participants and a

different sample than in the studies by Keetch let(2005) and Breslin et al. (2010).

24



Basketball players in these studies were recruitetNorth America while in our experiment
Polish players were used. It is obvious that thming system may be different in both cases.
In summary, our study has shown that differentisttedl approach may result in quite
contradictory conclusions about the absence orepoes of special skills and its causes.
However, we encourage future research to applyerdifit statistical models to assess its

applicability.
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