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Abstract

The aim of this study was to construct an observational tool
in water polo and to assess the exhaustibility and mutual ex-
clusion (E/ME) of each category included in each criterion of
the categorical system, in addition to determining the optimal
sample size for the behaviour to be generalizable. We did so
by applying generalizability analyses to six female water polo
matches at the 2012 London Olympics. The observational
tool consists in a mixed system of format fields and a validat-
ed E/ME categorical system. In addition, the results revealed
that the categorical system showed suitable fit data (with ab-
solute and relative G coefficient values close to zero), and
that the sample size was large enough to generalize the be-
haviour shown (with absolute G coefficients close to one).

Keywords: water polo, validation, observational tool,
olympics

Introduction

The observational methodology (OM) makes it possi-
ble to record the occurrence of perceptible behaviours
which take place in natural or everyday contexts
through an instrument developed specifically for this
purpose, while guaranteeing the quality of the data
(Anguera & Hernandez-Mendo, 2013, 2014). OM
has been used in both individual and group sports
(Anguera & Herniandez-Mendo, 2013, 2014, 2015,
2016) to try to understand athletes’ behaviour and
thus transfer this knowledge to training (Hughes &
Franks, 2004). One of the phases in the OM process
which must be rigorously carried out (Anguera &
Hernandez-Mendo, 2013) is the analysis of the quali-
ty of the data from the observational tool that will be
used for the study, prior to the observation and re-
cording of the athletic behaviour in question (Anguera
& Hernandez-Mendo, 2013).
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Resum

L’objectiu del present estudi va ser construir una eina d’observa-
ci6 en el waterpolo i valorar I’exhaustibilitat i mitua exclusivitat
(E/ME), de les categories que formen cadascun dels criteris del
sistema de categories, aixi com determinar la mida Optima de la
mostra per a generalitzar el comportament observat, mitjancant
una analisi de generalitzabilitat, amb sis partits femenins dels Jocs
Olimpics de Londres 2012. L’eina observacional esta constituida
per un sistema mixt de formats de camps i un sistema de catego-
ries E/ME validat. A més, els resultats mostren que el sistema de
categories presenta unes dades d’ajust adequades (amb valors dels
coeficients G absoluts i relatius proxims a zero) i que la mostra
va ser suficient per a generalitzar el comportament mostrat (coefi-
cients G absoluts i relatius proxims a un).

Paraules clau: waterpolo, validacid, eina observacional,
jocs olimpics

Introduccio

La metodologia observacional (MO) permet el registre
de I’ocurrencia de conductes perceptibles, desenvolu-
pades en contextos naturals o habituals, mitjancant un
instrument elaborat especificament i garantint la qua-
litat de la dada (Anguera i Herndndez-Mendo, 2013,
2014). La MO ha estat utilitzada tant en esports in-
dividuals com en esports col-lectius (Anguera i Her-
nandez-Mendo, 2013, 2014, 2015, 2016) per a tractar
d’entendre el comportament dels esportistes, i poder
aixi, traslladar-lo a I’entrenament (Hughes i Franks,
2004). Una de les fases del procés de la MO que ha
de realitzar-se rigorosament (Anguera i Hernandez-
Mendo, 2013), és 1’analisi de la qualitat de la dada
de I’eina observacional que s’emprara per a aquest es-
tudi, abans de I’observacid i registre de la conducta
esportiva en qiiesti6 (Anguera i Hernidndez-Mendo,
2013).
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The quality analysis not only includes qualita-
tive and quantitative procedures depending on the
primary parameters used (frequency, order or dura-
tion) (Anguera & Hernindez Mendo, 2013) but can
also include the use of Generalisability Theory (GT)
(Blanco-Villasefior, Castellano, & Hernandez-Men-
do, 2000; Blanco-Villasenor, Castellano, Hernan-
dez-Mendo, Sanchez-Lopez, & Usabiaga, 2014). This
theory uses the procedures of analysis of variance and
experimental designs (Martinez-Arias, 1995), assum-
ing that any measure has infinite sources of variation
(called facets) (Cronbach, Gleser, Nanda, & Rajarat-
nam, 1972). Thus, GT seeks to estimate the compo-
nents of variance of the different facets that comprise
the observational tool, which may be causing errors
in the measurement of behaviour, in order to subse-
quently implement strategies that lower the influence
of these sources of error on the measurement (optimi-
sation of the measurement design) (Blanco-Villasefior
et al., 2000, 2014). In order to carry out a generalis-
ability study, the following are needed: (1) to define
the facets of the study; (2) to analyse the variance of
the scores obtained on the facets of the study; (3) to
calculate the components of error; and (4) to optimise
the generalisability coefficients (Blanco et al., 2014;
Hernandez-Mendo, Blanco-Villasefior, Pastrana, Mo-
rales-Sanchez, & Ramos-Pérez, 2016).

The current literature on water polo primarily re-
volves around analysing the effectiveness of plays in
order to ascertain the play situations in which the most
goals are scored or the right strategies for improving per-
formance. To accomplish this, the throws made by the
players in different micro-situations (numerical equali-
ty, numerical superiority, transitions, counterattacks and
penalties) have been analysed (Argudo, Alonso, Garcia,
& Ruiz, 2007; Lupo, Condello, Capranica, & Tessitore,
2014), as well as according to a variety of variables (the
quarter in the match, the kind of throw, the result of the
throw, the player who throws, the tactical system used)
(Argudo et al., 2007; Garcia, Argudo, & Alonso, 2012)
which may explain the success or failure of the teams in
competition (Argudo et al., 2007; Garcia et al., 2012;
Lupo et al., 2014). A revision of the current literature
shows that there is just one study that considers applying
OM in water polo to analyse the interactions according
to the player’s role (Santos, Sarmento, Alves, & Cam-
panico, 2014). Nonetheless, the number of factors pres-
ent during a water polo match which can affect it renders
it essential to validate an observation system which allows
coaches and researchers to have a user-friendly, valid

L’analisi de qualitat, a més d’incloure procediments
qualitatius i quantitatius en funcié dels parametres pri-
maris emprats (freqiiencia, ordre o durada) (Anguera i
Hernidndez Mendo, 2013), pot incloure la utilitzacié de
la Teoria de la Generalitzabilitat (TG) (Blanco-Villa-
sefior, Castellano 1 Hernandez-Mendo, 2000; Blanco-Vi-
llasefior, Castellano, Hernandez-Mendo, Sanchez-Lépez
i Usabiaga, 2014). Aquesta teoria, utilitza els procedi-
ments de I’analisi de la variancia i dels dissenys experi-
mentals (Martinez-Arias, 1995), assumint que qualsevol
mesura posseeix infinites fonts de variaci (denominades
facetes) (Cronbach, Gleser, Nanda i Rajaratnam, 1972).
Aixi, la TG cerca I’estimacié dels components de va-
riancia de les diverses facetes que componen 1’eina ob-
servacional, les quals poden estar aportant error al me-
surament conductual per a, posteriorment, implementar
estrategies que redueixin la influéncia d’aquestes fonts
d’error sobre la mesura (Optimitzacié del Disseny de
Mesura) (Blanco-Villasefior et al., 2000, 2014). Per al
desenvolupament d’un estudi de generalitzabilitat és ne-
cessari: (1) definir les facetes d’estudi; (2) analitzar la
variancia de les puntuacions obtingudes sobre les facetes
d’estudi; (3) calcular els components d’error, i (4) opti-
mitzar els coeficients de generalitzabilitat (Blanco et al.,
2014; Hernandez-Mendo, Blanco-Villasefior, Pastrana,
Morales-Sanchez i Ramos-Pérez, 2016).

La revisié de la literatura actual en waterpolo se
centra, principalment, en I’analisi de ’efectivitat de
les jugades per a coneixer la situacié de joc on es pro-
dueixen més gols o les estrategies adequades per a acon-
seguir millorar el rendiment. Per a aix0, s’han analit-
zat els llancaments realitzats per jugadors o jugadores
en diferents microsituacions de joc (igualtat numerica,
superioritat numerica, transicions, contraatacs i penals)
(Argudo, Alonso, Garcia i Ruiz, 2007; Lupo, Conde-
llo, Capranica i Tessitore, 2014), aixi com en funci6 de
diverses variables (el quart del partit, el tipus de llanca-
ment, el resultat d’aquest, el jugador que exerceix el rol
de llancador, o el sistema tactic emprat) (Argudo et al.,
2007; Garcia, Argudo i Alonso, 2012) que podrien ex-
plicar I’éxit o fracas dels equips en competicié (Argudo
et al., 2007; Garcia et al., 2012; Lupo et al., 2014). La
revisi6 de la literatura actual suggereix que només hi ha
un estudi que hagi contemplat 1’aplicaci6 de la MO en el
waterpolo, per a I’analisi de les interaccions en funcid
del rol del jugador (Santos, Sarmento, Alves i Campani-
¢o, 2014). Amb tot aix0, la quantitat de factors presents
durant un partit de waterpolo i que poden afectar-lo, fa
necessari que es validi un sistema d’observacié que per-
meti a entrenadors i investigadors tenir una metodologia
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methodology to analyse them with the goal of improving
team training and performance.

For this reason, the objective of this study is to
make a generalizability analysis which enables us to
determine the precision, reliability and validity of
the categorical system created to analyse water polo
matches, determining the appropriateness of the cat-
egories and the fulfilment of the exhaustiveness and
mutual exclusiveness (E/ME) criteria; this will allow
future studies to achieve the proper quality and schol-
arly rigour. Likewise, this analysis will allow the be-
haviour of water polo players to be described, as well
as the optimal sample size required to get numerical
structures to be determined, in order to make it gen-
eralisable to other situations with similar sample char-
acteristics.

Method
Design
This study used an observational design situated in
quadrant IV, meaning that it is nomothetic, moni-

toring and multidimensional (Anguera, Blanco-Vil-
lasefior, Hernandez-Mendo, & Losada, 2011).

Participants

Six matches of all of those played in the 2012 London
Olympics, chosen by convenience, were analysed:
Russia vs. Great Britain (qualifying), Australia vs.
Italy (qualifying), Australia vs. Russia (qualifying),
Spain vs. Hungary (semi-final), Australia vs. Hunga-
ry (third place) and Spain vs. United States (final).

Materials and Coding Instrument

The observational record was made using a mixed
system of field formats and a categorical system. The
process of constructing the observational tool started
with ad libitum sampling with the goal of collecting
information for making the ad hoc tool called the
Water Polo Observational Tool (WOT). To define
the categories, in addition to bearing in mind previ-
ous studies (Argudo et al., 2007; Garcia et al., 2012;
Lupo et al., 2014), meetings were held with two ex-
perts in sport and science. Finally, the observation-
al tool was made up of 9 criteria and a total of 48
categories (Table 1), with the minimum unit of ob-
servation being the attack-defence interaction when a
throw is made.

facil i valida per a la seva analisi amb vista a la millora
de I’entrenament i rendiment dels equips.

Per aix0, 1’objectiu d’aquesta recerca és realitzar
una analisi de generalitzabilitat que permeti determinar
la precisio, fiabilitat i validesa del sistema de categories
creat per a I’analisi dels partits de waterpolo, determinant
I’adequaci6 de les categories i el compliment de criteris
d’exhaustivitat i mitua exclusivitat (E/ME) d’aquestes;
la qual cosa dotara futurs estudis de I’adequada qualitat
i rigor cientific. De la mateixa manera, aquesta analisi
permetria descriure el comportament dels i les waterpo-
listes, aixi com valorar la mida Optima de la mostra que
es requereix per a obtenir estructures numeriques genera-
litzables a altres situacions amb caracteristiques mostrals
similars.

Metodologia
Disseny

En el present treball s’ha utilitzat un disseny observacio-
nal situat en el quadrant IV, sent de caracter nomotetic,
seguiment i multidimensional (Anguera, Blanco-Villa-
sefior, Hernandez-Mendo i Losada, 2011).

Participants

Es van analitzar sis partits, seleccionats per convenién-
cia, dels disputats en els Jocs Olimpics de Londres 2012:
Russia vs. Gran Bretanya (classificacid), Australia vs.
Italia (classificacid), Australia vs. Russia (classificacid),
Espanya vs. Hongria (semifinal), Australia vs. Hongria
(tercer classificat) i Espanya vs. Estats Units (final).

Materials i instrument de codificacio

El registre observacional s’ha realitzat utilitzant, un sis-
tema mixt de formats de camp i sistema de categories.
El procés de construccid de 1’eina observacional es va
iniciar amb un mostreig ad libitum, amb 1’objectiu de
recollir informaci6 per a elaborar 1’eina ad hoc, deno-
minada Waterpolo Observational Tool (WOT). Per a la
definici6 de les categories, a més de tenir en compte
treballs previs (Argudoet al., 2007; Garcia et al., 2012;
Lupo et al., 2014), es van mantenir diverses reunions
amb dos experts en I’esport i ambit cientific. Finalment,
I’eina observacional va estar constituida per 9 criteris i
un total de 48 categories (taula 1), considerant la unitat
minima d’observacié la interacci6 atac-defensa quan es
realitza un llancament.
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Table 1

System of criteria and categories

Taula 1

Sistema de criteris i categories

Criterion
Criteri

Category
Categoria

Categorical core

Nucli categorial

Play
micro-
situation
Micrositua-
cio de joc

Offensive
tactical
system
Sistema
tactic
ofensiu

Defensive
tactical
system
Sistema
tactiu
defensiu

Numerical
equality
Igualtat
numerica
Numerical
superiority
Superioritat
numerica

Transition
Transicié

Counterattack
Contraatac

Penalty
Penal

4:2

Other
Altre

Pressing
Pressionant

Zone 1-2
Zona 1-2

Situations of numerical equality (even situations)
are characterised by an equal number of offensive
and defensive players

Situations of numerical superiority (power-play or
man-up situations) are those caused by the expul-
sion of a player for 20 seconds

Transitions start when a team gets back the ball and
goes near the other team’s goal to start an attack;
a throw in these situations is characterised by an
offensive player playing far from the defence zone
and the other offensive players

Quick transition, strategically occupying the free
spaces to create numerical superiority

Play situation characterised by the presence of
a thrower in the penalty zone (5 m) in front of
the other team’s goal, with the goalie under the
goal and without any defence that could block the
throw

In a 3:3 offensive tactical system with numerical
equality, there are 3 players at the 2-metre line
(right and left wings and centre) and 3 players at
the 5-metre line (right and left flats and point). In
situations of numerical inequality, the players may
be facing one part of the field of play to help pla-
yers from the other part of the field enter or move;
this can also vary into a semicircle or it can be on
the right or left side of the field of play according
to the position occupied by the best throwers on
the team

In situations of both numerical equality and supe-
riority, in a 4:2 system there are 4 players located
at the 2-metre line (wings, centre and point) and 2
players across from the 5-metre posts

Any other offensive tactical system which does not
fit the explanations above; especially for transitional
and counterattack situations where there is no defi-
ned tactical system

The pressing defence is characterised by being the
most aggressive kind in which the players are face-
to-face with their individual opponent, trying to steal
the ball from them

This defence is characterised by double defensive
tagging (on the right side of the field of play) against
the centre

Les situacions d'igualtat numerica (even situations)
es caracteritzen per un nombre igual de jugadors/
dores ofensius i defensius

Les situacions de superioritat numeérica (power-play
0 man-up situations) son les causades per I'expulsié
d’un jugador/a durant 20 segons

La transicié es dona des del moment en qué un
equip recupera la pilota i s’aproxima cap a por-
teria contraria per a iniciar I'atac; un llangament
en aquesta situacié es caracteritza perqué un
jugador/a ofensiu/va esta jugant lluny de la zona
de defensa i de la resta de jugadors/dores ofen-
sius/ves

Rapida transicié, ocupant estratégicament els es-
pais lliures per a crear una superioritat numerica

Situacio de joc caracteritzada per la preséncia d’'un
llancador/a en la zona de penal (5 m) davant de
la porteria contraria, estant el porter/a situat sota
porteria i sense cap defensa que pugui bloquejar
el llancament

En un sistema tactic ofensiu 3:3 en igualtat
numeérica, hi ha 3 jugadors/dores situats en la
linia de 2 m (extrems dret i esquerre i boia) i 3
jugadors/dores en la linia de 5 m (laterals dret
i esquerre i central). En les situacions de des-
igualtat numerica els jugadors/dores poden es-
tar orientats cap a una part del camp, per a fa-
cilitar I'entrada o desplacament dels jugadors/
dores en l'altra part del camp; podent al seu
torn, variar al semicercle, o realitzar-se cap a
la zona dreta o esquerra del camp en funcié
de la posicié ocupada pels millors llangcadors/
dores

Tant en igualtat com en superioritat numerica, en
un sistema 4:2, hi ha 4 jugadors/dores situats
en la linia de 2 m (extrems, boia i doble boia) i
2 jugadors/dores estan col-locats al davant dels
palsa5m

Un altre sistema tactic ofensiu que no s’ajusti a les
explicacions anteriors; sobretot per a situacions de
transicié i contraatac on no hi ha un sistema tactic
definit

La defensa pressionadora (pressing) es caracterit-
za per ser la més agressiva on els jugadors/dores
estan en una situacié de cara a cara amb el seu
oponent individual, intentant robar-los la pilota

Aquesta defensa es caracteritza per un doble mar-
catge (en la zona dreta del camp) defensiu sobre el
jugador boia
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Table 1

(Continuation)

Taula 1

(Continuacio)

Criterion
Criteri

Category
Categoria

Categorical core

Nucli categorial

Defensive
tactical
system
Sistema
tactiu
defensiu

Goalie
position
Posicié
del porter

Action prior
to the throw
Accid
prévia al
llangament

Zone 2-3-4
Zona 2-3-4

Zone 4-5
Zona 4-5

Clustered
Agrupats

Anticipating
Anticipacio

Other
Altre

Centre
Central

Left
Esquerra

Right
Dret

Pass
Passada

Foul
Falta

Entry
Entrada

This defence is characterised by double defensive
tagging against the centre of the defending players
in positions 2, 3 and 4. Depending on the zone in
the field of play where the ball is, the defender doing
this double-tagging can change (the one opposite to
the zone where the ball is being played)

This defence is characterised by double defensive
tagging (on the left side of the field of play) against
the centre

This defence is characterised by double defensive
tagging, in this case by the centre on the defending
team (who has to be defending the point of the
attacking team in the case of individual defence)

In cluster defence, the players are across from the
goalie raising their arms, usually arranged in lines
following a 3:2 system. This defence is common in
situations of numerical inferiority

In this defence, the defenders are among the
throwing players (5-metre line) in a dynamic situa-
tion trying to steal the ball

Grouping not included in the previous ones, usually
used for transitional and counterattack situations

Position of the goalie in the centre of the goal

Position of the goalie towards the left side of the
field of play (with the goalie facing the players with
roles 4 and 5 on the attacking team)

Position of the goalie towards the right side of the
field of play (with the goalie facing the players with
roles 1 and 2 on the attacking team)

Passing occurs when the player who has the ball
is facing a pressing defence or does not find a gap
between the goal and the goalie on the other team
where they can throw the ball, so they are forced
to pass it

An ordinary foul punished with a free throw (from
outside 5 m) usually caused by interfering with or
supporting oneself on a member of the other team
or hindering their freedom of movement. It is deter-
mined by the referee’s signal

The player makes a move to get into a favourable
position to receive the ball (and after trying to throw)
or to break the defensive system and create the op-
portunity for another player to throw

Defensa caracteritzada per un doble marcatge
sobre el jugador boia dels jugadors/dores defen-
sores de les posicions 2, 3 i 4. En funcié de la
zona del camp on es trobi la pilota sera un de-
fensor o un altre el que realitzara aquest doble
marcatge ('oposat a la zona on s’estigui jugant
la pilota)

Defensa caracteritzada per un doble marcatge
(en la zona esquerra del camp) defensiu sobre el
jugador/a boia

Defensa caracteritzada per un doble marcatge, rea-
litzat en aquest cas pel jugador/a boia de I'equip
defensor (que hauria d’estar realitzant una defensa
sobre el central de I'equip atacant en cas d’'una de-
fensa individual)

En la defensa agrupada (cluster), els jugadors/
dores se situen davant de la porteria contraria ai-
xecant el brag, normalment organitzats per linies
d’acord amb un sistema 3:2. Defensa propia de les
situacions d’inferioritat numerica

En aquesta defensa (anticipating), els defensors se
situen entre els jugadors/dores llangadors (linia de
5 m), en una situacié dinamica per a intentar robar
la pilota

Agrupacié no contemplada en els anteriors, nor-
malment utilitzada per a situacions de transicio i
contraatac

Posicié del porter/a en el centre de porteria

Posicié del porter/a a la zona esquerra del camp
(estant el porter/a orientat/da als jugadors/dores
amb rols 4 i 5 de I'equip en atac)

Posicié del porter/a a la zona dreta del camp (estant
el porter/a orientat/da cap als jugadors/dores amb
rols 1i 2 de I'equip en atac)

El rol de passador/a és aquell en qué el jugador/a
que té la pilota es troba davant una defensa pres-
sionadora o no troba buit entre la porteria i el
porter/a contrari on llancar la pilota, estant obligat/
ada a passar la pilota

La falta ordinaria castigada amb un tir lliure (des de
fora de 5 m) normalment causada per destorbar o
recolzar-se en un contrari o impedir la seva llibertat
determinada pel senyal de I'arbitre

El jugador/a realitza un desplagament per a acon-
seguir una posicié favorable on recepcionar la pi-
lota (i després tractar de llangar) o per a trencar el
sistema defensiu i crear I'oportunitat que un altre
jugador llanci
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Table 1 Taula 1
(Continuation) (Continuacio)
8:;2:% gztzgg:i{;\ Categorical core Nucli categorial
Action prior  Throw Given that the role of thrower exists, it is possible  Atés que existeix el rol de llangcador, és possible
to the throw  Llangcament for the player to throw the ball towards the goal and  que el jugador/a llanci la pilota cap a porteria i
Accid it bounces off the posts on the other side’s goal, aquest rebot en els pals de la porteria contraria,
prévia al leading to a ball bounce situation; the team then has ~ donant-se una situacié de rebot de la pilota, tor-
llangament another 30 seconds of possession to try another nant a tenir 30 s de possessié per a realitzar nova-
play and successfully score a goal ment una altra jugada i aconseguir una finalitzacié
reeixida
Kind of Tense Powerful direct throw from the armed position, exe-  Llangcament directe potent realitzat des de la
throw Tens cuting the action by moving the arm from back to  posicié d’armat i executant I'accié mitjancant
Tipus de front, releasing the ball after flexing the wrist with  la translacié del bra¢ de darrere cap endavant,
llangament the elbow extended in front, parallel to the surface  deixant sortir la pilota després de la flexié de ca-
of the water. The throw is usually in a straight line, nell, amb el colze estés anteriorment i paral-lel
parallel to the surface of the water. a la superficie de I'aigua. Normalment el llanga-
ment té una trajectoria recta i paral-lela a la la-
mina d’aigua
Bounce throw Powerful spike towards the surface of the water with  Llangament potent en picat cap a la lamina d’aigua
Amb bot the goal of getting the ball to bounce on it and shift ~amb I'objectiu que la pilota boti sobre la superfi-
its course, which can cause some confusion in the cie de l'aigua i canvii la seva trajectoria, podent
goalie on the other team causar confusié en el porter o la portera de I'equip
contrari
Backwards Throw common from the centre with their back fa- Llangament caracteristic del jugador/a boia,
Del revés cing the goal, which starts from holding it from abo- ~ d’esquena a porteria, que parteix d’'un agafador
ve or with the forearm and throwing it towards the  superior o d’avantbrac i amb una pronacié rapida
goal with rapid pronation de la ma I'adreca cap a la porteria
Overhand Throw common from the centre in which they don't  Llangament caracteristic del jugador/a boia on no
Cullera catch the ball, and control of it comes from holding it ~ agafa la pilota, el seu control es realitza mitjancant
from the bottom and projecting it in a circular move-  un agafador inferior i es projecta, amb un movi-
ment from the water to the other team’s goal ment circular, des de l'aigua fins a la porteria con-
traria
Arc Throw characterised by not being very power- Llangcament que es caracteritza per ser poc potent,
Vaselina ful, which creates a parabola that goes above the el qual crea una parabola que passa per sobre dels
heads of the defensive players, making it impossi-  jugadors/dores defensores, impossibilitant el blo-
ble for them to block it, and it usually is aimed at queig d’aquest i que normalment es dirigeix a les
the upper, less accessible part of the goal since it zones més altes de la porteria, i menys accessibles,
comes at a better angle to score a goal with another  per tenir millor angle per a marcar gol, amb un altre
kind of throw (i.e., tense) tipus de llancament (tibant)
Other Throws not included in the previous categories Llangcaments no contemplats en les categories an-
Altre (e.g., Bozsi, Swedish, tap, etc.) teriors (bozsi, suec, palmellades, etc.)
Role of P1 Right wing. Player at the 2-metre line on the right  Extrem dret. Jugador/a situat en la linia de 2 men la
the player side of the field of play and bit further (approxima-  zona dreta del camp i una mica més allunyat (apro-
Rol tely 1 metre towards the bench) from the first post of ~ ximadament 1 m cap a la banqueta) del primer pal
jugador/a the other team’s goal de la porteria contraria
P2 Right flat. Player at the 5-metre line on the right side  Lateral dret. Jugador/a situat en la linia de 5 m en
of the field of just across from the first post of the la zona dreta del camp just al davant del primer pal
other team’s goal (the first post meaning the one  de la porteria contraria (entenent el primer pal com
closest to the bench) el més proxim a la banqueta)
P3 Point, defence of the centre. Player located appro-  Central, defensa del boia. Jugador/a que es col-loca

ximately 6 metres away and centred with regard to
the other team’s goal

aproximadament a 6 m i centrat/da respecte a la
porteria contraria
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Table 1 Taula 1
(Continuation) (Continuacio)
Criterion Category . . .
Criteri Categoria Categorical core Nucli categorial
Role of P4 Left flat. Player at the 5-metre line on the left side of  Lateral esquerre. Jugador/a situat en la linia de 5 m
the player the field of just across from the second post of the  en la zona esquerra del camp just davant del segon
Rol del other team’s goal pal de la porteria contraria
Jugador P5 Left wing. Player at the 2-metre line on the left side  Extrem esquerre. Jugador/a situat en la linia de
of the field of play and bit further (approximately 1) 2 m en la zona esquerra del camp i una mica més
from the second post of the other team’s goal allunyat (aproximadament 1 m) del segon pal de la
porteria contraria
P6 Centre forward. Player at the 2-metre line centred  Boia (center forward), jugador/a situat en la linia de
with regard to the other team’s goal 2 m i centrat respecte a la porteria contraria
Throwing 1 Upper right zone Zona superior dreta
zone 2 Lower right zone Zona inferior dreta
Zona de
llancament 3 Lower central zone Zona inferior central
4 Lower left zone Zona inferior esquerra
5 Upper left zone Zona superior esquerra
6 Upper central zone Zona superior central
Other Another zone not included in the previous ones Una altra zona no contemplada en les anteriors
Altra (balls which leave from the goal or blocked balls  (pilotes que van fora de porteria o pilotes bloqueja-
where a clear throwing zone cannot be determined)  des en les quals no podia establir-se una zona de
llangament clara)
Result Goal Well-directed throw to the other team’s goal (within  Llangament ben dirigit a la porteria contraria (dins
Resultat Gol the posts) which is not stopped or blocked, and de pals) que no és aturat, ni bloquejat i que no im-
which does not hit the goal posts, leading to an in-  pacta en els pals de la porteria, i que es produeix un
crease in the score of the scorer augment de puntuacié en el propi marcador
Stop Ball that is blocked or stopped by the goalie Pilota bloquejada o aturada pel porter/a
Parado
Block Stopped or intercepted by a defensive player Detingut o interceptat per algun jugador/a defen-
Bloquejat siu/siva
Post Poorly directed ball which hits the posts or crosspie-  Pilota mal dirigida que impacta en els pals o traves-
Pal ce of the other team’s goal ser de la porteria contraria
Out of bounds Poorly directed ball landing outside the otherteam’s  Pilota mal dirigida, fora de la porteria contraria
Fora goal
Cancelled Ball which enters the other team’s goal but is can-  Pilota que entra dins de la porteria contraria pero el
Anul-lat celled by the referee since it would not have been  resultat del qual és anul-lat per I'arbitre perqué no

legally earned

s’hauria realitzat en una situacio licita de gol

The observations were made using the HOISAN Les observacions es van realitzar amb el programa
software (Hernadndez-Mendo, Ldpez-Lopez, Cas- HOISAN (Hernandez-Mendo, Lopez-Lopez, Castellano,
tellano, Morales-Sanchez, & Pastrana, 2012). The Morales-Sanchez i Pastrana, 2012). Les dades van ser
data were analysed using the SAS statistical software  analitzades usant el paquet estadistic SAS (SAS Institute

(SAS Institute Inc., 1999), and the SAGT software Inc., 1999)

i el programa SAGT (Herndndez-Mendo et

(Hernandez-Mendo et al., 2016) was used to develop  al., 2016) es va utilitzar per al desenvolupament de les
the generalizability analyses. analisis de generalitzabilitat.

106

Apunts. Educaci6 Fisica i Esports. 2019, nim. 136. 2n trimestre (abril-juny), pag. 100-112. ISSN-

0214-8757



Estudi observacional en el waterpolo olimpic
Observational Study of Olympic Water Polo

Procedure

The recordings of the water polo matches were got-
ten from the official DVDs from the 2012 London
Olympics. The water polo matches were analysed
with an observer, following previous studies (Lupo
et al., 2014). The intra-observer concordance coef-
ficients (Cohen’s kappa) were determined by observ-
ing the same match twice (Anguera, 1990; Lupo et
al., 2014), yielding an index of 0.88, which is higher
than the minimum acceptable of 0.80 (Garcia et al.,
2012). Throughout the observation, lack of observ-
ability was never more than 10% of the total match
time (Anguera, 1990). Likewise, intra-session con-
stancy was guaranteed (Anguera & Hernandez-Men-
do, 2013).

Statistical Analysis

A variance components analysis was performed
by least squared procedures (VARCOMP Type I)
and maximum likelihood (GLM - General Linear
Model), in order to later carry out a generalizabil-
ity analysis with a two-faceted orthogonal model:
categories [C] and teams [T], (C*T). Within this
model, two measurement plans were determined.
The C/T model revealed the degree of general-
isability of the teams’ behaviour, while the T/C
model revealed the goodness of fit of the cate-
gories in the observational system. If the results
show a concurrence of categories of different cri-
teria (where the G coefficients would tend towards
1 in the T/C model), since the WOT is a mixed
system of format fields and a categorical intracri-
terion but not intercriterion E/ME system, a sub-
sequent generalizability analysis was performed in
each of the criteria to ascertain the criteria of ex-
haustiveness and mutual exclusiveness (E/ME) of
the categories.

Results

Via the variance components analysis by least squared
procedures (VARCOMP Type I) and maximum like-
lihood (GLM - General Linear Model), it was found
that the residual error is the same in both procedures.
Therefore, it is assumed that the sample is linear, nor-
mal and homoscedastic (Hemmerle & Hartley, 1973;
Searle, Casella, & McCulloch, 1992). In addition, it

Procediment

Els enregistraments dels partits de waterpolo van ser
obtinguts a partir dels DVD oficials dels Jocs Olim-
pics de Londres 2012. L’analisi dels partits de wa-
terpolo es va realitzar amb un observador seguint
recerques previes (Lupo et al., 2014). La determi-
naci6 dels coeficients de concordancga intraobserva-
dor (Kappa de Cohen), es van realitzar observant el
mateix partit dues vegades (Anguera, 1990; Lupo et
al., 2014), obtenint-se un index de 0.88, superior al
minim acceptable de 0.80 (Garcia et al., 2012). Al
llarg de 1’observacid, la no observabilitat no va su-
perar el deu per cent del temps de total de partit (An-
guera, 1990). Aixi mateix, es va garantir la cons-
tancia intrasessional (Anguera i Hernandez-Mendo,
2013).

Analisi estadistica

Es va realitzar una analisi de components de variancia
per procediments de minims quadrats (VARCOMP Ti-
pus I) i de Maxima Versemblanca (GLM - General Li-
near Model), per a posteriorment, dur a terme una
analisi de generalitzabilitat amb un model ortogonal
de dues facetes, categories [C] i equips [E], (C*E).
Dins d’aquest model, s’han configurat dos plans de
mesura. El model C/E permet coneixer el grau de
generalitzabilitat del comportament dels equips, 1 el
model E/C permet coné¢ixer la bondat d’ajust de les
categories del sistema observacional. En cas que els
resultats mostrin una coocurréncia de categories de
diferents criteris (on els coeficients G tendirien a 1
en el model E/C), ja que el WOT és un sistema mixt
de formats de camps i un sistema de categories E/ME
intracriteri pero no intercriteri, s’efectuara una pos-
terior analisi de generalitzabilitat en cadascun dels
criteris per a coneixer els criteris d’exhaustivitat i
miutua exclusivitat (E/ME) de les categories.

Resultats

Mitjancant 1’analisi de components de variancia per pro-
cediments de minims quadrats (VARCOMP Tipus I) i
de maxima versemblanca (GLM), es va comprovar que
Ierror residual és similar en tots dos procediments. Aixi
doncs, s’assumeix que la mostra és lineal, normal i ho-
mocedastica (Hemmerle i Hartley, 1973; Searle, Case-
lla i McCulloch, 1992). A més es va comprovar que el
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Table 2
Variance analysis and generalisability with the C*T model for the
system of categories

Taula 2
Analisi de variancia i de generalitzabilitat amb el model CE per al
sistema de categories

Source Font SS DF F-value PrsF C/T model

SC GL F-valor Model C/E
Model Model 17015.06 247 9.81 <0.01 e? 0.98
Categories [C]  Categories [C] 13131.29 43 43.49 <0.01 [ 0.98
Team [T] Equip [E] 279.29 6 6.63 <0.01 T/C model | Model E/C
cT CE 995.51 198 0.72 0.99 e? 0.96
Error Error 1783.71 254 2 =090 0] 0.49
Total corrected  Total corregit 18798.77 501 e

Note. DF= degrees of freedom, SS = sum of squares (Type Ill ANOVA), e =
relative G coefficient, ® = absolute G coefficient. The T/C model shows whether
the categories match the condition of being E/ME, while the C/T model shows the
optimal and sufficient sample size to generalise the behaviour observable in the
participants in the universe in question.

was confirmed that the model y = C*T, (categories [C]
and teams [T]), is significant and explains 90% of the
variance (Table 2). In this model, the categories explain
89% of the variance and the teams 2%, while the inter-
action of both facets (teams and categories) explains 8%.

In terms of the values of the generalisability coef-
ficients, for both the C/T model the relative G coef-
ficient (e?) and the absolute G coefficient (®) is 0.98
cases, showing very homogeneous behaviour of the
teams. For the T/C model, the ¢?is 0.98 and the Sym-
bol is 0.49, which shows the concurrence of catego-
ries of different criteria.

Table 3 shows the results of the variance anal-
ysis, as well as the generalisability coefficients
for the C*T model posited. The T/C measurement
plan in each of the criteria was used to ascertain
the E/ME of intracriterion categories, and gener-
alisability coefficients close to zero were obtained
for both.

To the contrary, the C/T measurement plan
reflects the high level of precision of the gener-
alisation of the participating teams which were
observed and analysed (0.85-0.99) except in the
‘throwing zone’ criterion, which tended to zero,
showing that the zones of the goal (upper left,
lower left, lower centre, lower right, upper right
and upper centre) to which the players throw is
quite disparate.

Nota. GL= graus de llibertat, SC = Suma de quadrats (ANOVA tipus Ill), e = co-
eficient G relatiu,® = coeficient G absolut. El model E/C mostra si les categories
s’adequen a la condicié de ser E/ME, mentre que el model C/E mostra la mida de
la mostra optima i suficient per a generalitzar el comportament observat en els
participants a I'univers en qliestio.

model y = C*E, (categories [C] i equips [E]), és signifi-
catiu i explica el 90% de la variancia (taula 2). En aquest
model, les categories expliquen el 89% de la variancia i
els equips el 2%, mentre que la interacci6 de totes dues
facetes (equips i categories) explica el 8%.

Quant als valors dels coeficients de generalitzabilitat,
per al model C/E el coeficient G relatiu (¢?) i el coefi-
cient G absolut (®) és en tots dos casos de 0.98, mos-
trant un comportament dels equips molt homogeni. Per
al model E/C es mostra un ¢> de 0.98 i un ® de 0.49
que mostra la coocurréncia de categories de diferents
criteris.

A la taula 3 es mostren els resultats de 1’analisi de
variancia, aixi com els coeficients de generalitzabilitat
per al model CE plantejat. El pla de mesura E/C en
cadascun dels criteris es va utilitzar per a coneixer I’E/
ME de les categories intracriteri, obtenint per a tots
dos coeficients de generalitzabilitat resultats proxims a
Zero.

Per contra, el pla de mesura C/E respon a I’alt
nivell en la precisié de la generalitzacié dels equips
participants que han estat observats i analitzats (0.85-
0.99) excepte en el criteri ‘zona de llancament’, el
qual tendeix a zero, mostrant que les zones de la por-
teria (superior esquerra, inferior esquerra, inferior
central, inferior dreta, superior dreta i superior cen-
tral) a la qual les jugadores llancen és molt dispar.
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Table 3

Variance analysis and generalisability for each of the criteria of the

Taula 3

Analisi de variancia i de generalitzabilitat per a cadascun dels

categorical system criteris del sistema de categories
Offensive Defensive
tactical tactical
Micro- system system Throwing Kind of Goalie  Previous
situation Sistema  Sistema zone throw position action
Micro- tactic tactic Player Zona de Tipo de Posicié Accid Result
situacio ofensiu defensiu Jugadora llangament llancament  portera prévia Resultat

Model SS SC 1136.86 655.20 552.82 347.49 215.92 1809.16 2436.34 3085.00 615.31
Model DF GL 24 18 46 42 48 30 19 19 28
c SS SC 854.78 492.55 244.80 176.41 29.29 1409.89 1796.25 2463.32 333.48
c DF GL 4 2 7 6 7 5 2 3 4

% % 90.23 81.45 44.43 44.84 3.08 93.89 91.97 94.76 79.67
T SS SC 20.47 50.82 35.40 11.22 24.09 24.60 42.32 43.15 17.26
E DF GL 6 6 6 6 6 6 6 6 6

% % 0.12 0.35 0.88 0.00 2.07 0.70 0.00 0.20 0.00
oo T SS SC 7718 89.06 219.66 158.21 143.60 68.99 132.83 111.42 70.38
C'E DF GL 14 10 33 30 35 19 11 10 18

% % 9.65 7.42 54.69 55.16 94.90 5.40 8.03 5.04 20.33
Error SS SC 194.17 94.67 108.17 241.17 95.17 148.33 69.83 55.00 107.17
Error DF GL 12 11 22 29 30 16 15 10 13
Total SS SC 3796.00 3710.00 1948.00 1847.00 1383.00 3898.00 5112.00 6140.00 2894.00
Total DF GL 37 30 69 72 79 47 35 30 42
C/T model e e 0.98 0.97 0.85 0.85 0.18 0.99 0.98 0.99 0.96
Model C/E [N 0.98 0.97 0.85 0.85 0.18 0.99 0.98 0.99 0.96
T/C model e e 0.05 0.12 0.11 0.00 0.14 0.43 0.00 0.13 0.00
Model E/C SO 0.01 0.02 0.06 0.00 0.14 0.04 0.00 0.08 0.00

Note. SS = sum of squares (Type Il ANOVA), DF= degrees of freedom % =
percentage of variance explained by each facet or the interaction of two facets,
categories and teams; €? = relative G coefficient ® = absolute G coefficient. Let-
ters: C and T correspond to the facets of the categorical system, as categories
and teams, respectively. The T/C model shows whether the categories match the
condition of being E/ME, while the C/T model shows the optimal and sufficient
sample size to generalise the behaviour observable in the players in the universe
in question.

Discussion and Conclusions

The objective of this study was to estimate the va-
lidity of the WOT observational tool using the bases
of the OM in water polo, which will enable future
studies to be carried out with the proper quality in
terms of precision, validity and reliability. To do
so, a generalisability study with two facets, catego-
ries [C] and teams [T] was carried out, as well as a
study of their respective interactions in 6 women’s
water polo matches in the 2012 London Olympics.
The goal of this analysis was to first ascertain the
variance components which contribute to error in the

Nota. SC = Suma de quadrats (ANOVA tipus Ill), GL= graus de llibertat, % = per-
centatge de variancia explicat per cada faceta o la interaccié de les dues facetes,
categories i equips; €? = coeficient G relatiu, ® = coeficient G absolut. Lletres: C
i E es corresponen amb les facetes del sistema de categories, sent categories
i equips, respectivament. EI model E/C mostra si les categories s’adequien a la
condicié de ser E/ME, mentre que el model C/E mostra si la grandaria mostral
és optim i suficient per a generalitzar el comportament observador pels jugadors
a l'univers en questio.

Discussio i conclusions

L’objectiu del present estudi va ser estimar la vali-
desa de ’eina observacional WOT utilitzant les bases
de la MO en waterpolo que permetin desenvolupar fu-
turs estudis amb 1’adequada qualitat en termes de pre-
cisio, validesa i fiabilitat. Per a aixo, I’estudi de ge-
neralitzabilitat es va desenvolupar en dues facetes: la
de categories [C] i la d’equips [E], aixi com les seves
respectives interaccions en 6 partits de waterpolo fe-
meni jugats durant els Jocs Olimpics de Londres 2012.
Amb aquesta analisi es pretenia coneixer, d’una ban-
da, els components de la variancia que contribueixen a
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measurement, as well as to ascertain whether the ob-
served behaviours can be generalised to the universe
in question (C/T) and to learn the E/ME of the cat-
egories comprising each criterion in the WOT tool
(T/C).

The variance analysis enabled us to ascertain the
variance that explains each facet (Lafave & Butter-
wick, 2014). The results of the variance components
show that the model made up of the facets ‘catego-
ries’ and ‘teams’ explains 90% of the variance, with
the ‘categories’ facet being the one that explains the
most (89%). The high variability associated with the
‘categories’ facet implies that they fulfil the E/ME
condition. Table 3 shows the percentage of variance
of each facet associated with each criterion, where
the criteria of ‘micro-situation’, ‘offensive tactical
system’, ‘goalie position’, ‘previous action’, ‘type of
throw’ and ‘result’ seem to be the ones that explain
the highest percentage of variance. These results en-
able us to confirm that these criteria should indeed
be included within the observational tool, since they
explain much of the variability of the model and, by
extension, enable us to explain much of the behaviour
of the water polo players.

In terms of the ‘teams’ facet, it explains 2% of the
variance of the model. The low explained variance
reveals very similar behaviour among teams, and
the highest percentage of variance for the ‘teams’ is
shown in the criteria ‘offensive tactical system’, ‘de-
fensive tactical system’ and ‘throwing zone’. In this
sense, the high variability associated with the ‘teams’
facet shows different behaviour among teams, which
could be used in future inferential studies to segment
and compare the sample in accordance with the tech-
nical-tactical behaviour of the competitors (offensive
tactical system, defensive tactical system and throw-
ing zone).

In terms of the generalizability analysis, the T/C
measurement plan was used to check whether the
categories fulfilled the E/ME condition, with a gen-
eralisability coefficient near zero, thus fulfilling the
E/ME condition of the categories and avoiding their
overlap, which could distort the results of the ob-
servational study (Anguera, Magnusson, & Jonsson,
2007). In this sense, the optimal generalisability co-
efficient values are a strong indicator of the reliabil-
ity of the observational tool (Lafave & Butterwick,
2014).

I’error de mesura, aixi com si les conductes observa-
des que poden ser generalitzables a 1’univers en qiies-
ti6 (C/E), i d’altra banda, es volia con¢ixer I’E/EM de
les categories que formen cada criteri de 1’eina WOT
(E/C).

L’analisi de variancia permet coneixer la variancia
que explica cada faceta (Lafave i Butterwick, 2014). Els
resultats dels components de variancia mostren que el
model constituit per les facetes ‘categories’ i ‘equips’
explica el 90% de la variancia, sent la faceta ‘catego-
ries’ la que explica la major part (89%) de la variancia.
L’alta variabilitat associada a la faceta ‘categories’ im-
plicaria que aquestes categories compleixen la condicié
E/ME. A la taula 3 es pot observar el percentatge de
variancia de cada faceta associada a cada criteri, on els
criteris de ‘microsituacié’, ‘sistema tactic ofensiu’, ‘po-
sici6 del porter/a’, ‘acci6 previa’, ‘tipus de llancament’
i ‘resultat’ semblen ser els que més percentatge de la
variancia expliquen. Aquests resultats permeten confir-
mar que la inclusié d’aquests criteris dins de 1’eina ob-
servacional va ser encertada, ja que permeten explicar
gran part de la variabilitat del model, i per extensio,
permetran explicar gran part del comportament de les
waterpolistes.

Quant a la faceta ‘equips’, aquesta explica el 2% de
la variancia del model. La poca variancia explicada ens
indica un comportament molt similar entre els equips,
sent en els criteris de ‘sistema tactic ofensiu’, ‘sistema
tactic defensiu’ i ‘zona de llancament’ on es mostren
els majors valors de percentatge de variancia per als
‘equips’. En aquest sentit, una alta variabilitat associada
a la faceta ‘equips’ mostraria un comportament diferent
d’aquests, el qual podria utilitzar-se en futurs estudis in-
ferencials per a segmentar i comparar la mostra d’acord
al comportament tecnicotactic de les competidores (sis-
tema tactic ofensiu, sistema tactic defensiu i zona de
Ilancament).

Quant a I’analisi de generalitzabilitat, el pla de mesu-
ra E/C es va utilitzar per a comprovar si les categories
complien la condicié d’E/ME, donant-se un coeficient
de generalitzabilitat proxim a zero i complint-se la con-
dici6 d’E/ME de les categories, evitant la superposicio
d’aquestes, fet que podria distorsionar els resultats de
I’estudi observacional (Anguera, Magnusson i Jonsson,
2007). En aquest sentit, els valors optims del coeficient
de generalizabilidad presenten un fort indicador de la
fiabilitat de 1’eina observacional (Lafave i Butterwick,
2014).
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On the other hand, the C/T measurement plan
was used to ascertain the level of precision of the
generalisation of the participating teams which
were observed and analysed, showing values near 1
(Blanco-Villasefior et al., 2014). According to Blan-
co-Villasefior et al. (2014), the sample of 6 match-
es could be considered sufficient to generalise the
data to all the women’s matches in the 2012 London
Olympics. Previous studies (Blanco-Villasefior et
al., 2000; Hernandez-Mendo et al., 2016) have al-
ready shown the vast potential of GT, which allows
behaviour to be generalised through the analysis of
smaller samples.

The limitation of this study may be the use of
a single expert observer; however, previous stud-
ies using the OM have applied GT in sports with-
out considering that parameter (e.g., Blanco-Vil-
lasefior et al., 2000) and highlighting the reliability
of the results. Finally, it is worth noting that this
study shows variables related to a completion action
(throw), which can be used by coaches and athletes
in applied situations, as well as by researchers for
future studies.

This study offers the scholarly and professional
community a valid tool capable of generalising the in-
formation observed in the corresponding universe and
showing an observational design through the WOT
tool which fulfils the E/ME demands of the categories
in the OM, thus laying the groundwork for using OM
in this sport.
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D’altra banda, el pla de mesura C/E va ser uti-
litzat per a coneixer el nivell de precisi6o de la
generalitzacié dels equips participants que han es-
tat observats i analitzats, mostrant valors proxims
a 1 (Blanco-Villasefior et al., 2014). D’acord amb
Blanco-Villasefior et al. (2014), pot considerar-se la
mostra de 6 partits com a suficient per a generalitzar
les dades a la totalitat de partits femenins dels Jocs
Olimpics de Londres 2012. Estudis previs (Blanco-
Villaseiior et al., 2000; Hernandez-Mendo et al.,
2016) ja mostraven el gran potencial de la TG perme-
tent generalitzar el comportament a través de 1’analisi
de mostres més petites.

La limitacié d’aquest estudi podria ser la utilitzacid
d’un Unic observador expert; no obstant aixo, estudis
previs en la MO han aplicat la TG en I’esport sen-
se contemplar aquest parametre (Blanco-Villasefior et
al., 2000) i destacant la fiabilitat dels resultats. Final-
ment, cal destacar que el present treball mostra varia-
bles relatives a una accié de finalitzacié (Ilancament)
que pot ser utilitzada per entrenadors i esportistes en
el camp aplicat aixi com per investigadors per a futurs
estudis.

Aquest treball ofereix a la comunitat cientifica i pro-
fessional una eina valida capac de generalitzar la infor-
macié observada a 1’univers corresponent i mostrar un
disseny observacional a través de I’eina WOT que com-
pleix amb les exigencies d’E/ME de les categories pro-
pies de la MO, creant aixi les bases de la MO en aquest
esport.
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