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Abstract. The am of this study was to analyse the characteristics of the volleyball serve with the new rules tested at the inaugural Volleyball Men's
Under 23 World Championship (set to 21 points, excluding the fifth set; 15 seconds between points). In a sample of 36 matches played in 123 sats,
4588 serves were studied. The variables used were serve type, serve quality, serve zone, placement zone, in-game role, score trend and set outcome.
Pearson’s Chi-Square test was used for data analysis. Significant differences were observed in the following varigble relations: serve type by in-game role
(p = .000), serve type by score trend (p = .000), serve quality by serve zone (p = .039), serve qudity by in-game role (p = .000), serve qudity by set
outcome (p = .000), serve zone by in-game role (p = .000), serve zone by set outcome (p = .000), placement zone by serve qudity (p = .000) and
placement zone by serve zone (p = .004). If these changes become part of the officid volleybal rules, this study will be a useful guide for building team
tactics and strategy. It also provides insight for FIVB about the effect of the tested rules for further developments in the game.

Key words. in-game role, serve zone, receiving zone, serve quality, set phase, serve type.

Resumen. El objetivo de este estudio fue andlizar las caracteristicas ddl saque en voleibol con las nuevas reglas probadas en € primer Campeonato
del Mundo Sub 23 Masculino (set a 21 puntos, excluyendo € quinto set; 15 segundos entre puntos). En una muestra de 36 partidos disputados en 123
sets, fueron estudiados 4588 saques. Las variables utilizadas fueron: tipo de saque, cdidad del servicio, zona de sague, zona ala que se saca, rol del jugador
que saca, la tendencia ddl marcador en @ momento del sague y d resultado find del set. Para @ andlisis de los datos se utilizo la prueba Chi-Cuadrado
de Pearson. Se observaron diferencias significativas en la rdacion de las sguientes varigbles: tipo de saque y rol ddl jugador que saca (p = .000), tipo de
sague y tendenciadel marcador (p = .000), calidad del servicio y zona de saque (p = .039), cdidad del servicio y rol del jugador que saca (p = .000), cdidad
dd sarvicio y resultado del set (p = .000), zona de sague 'y rol del jugador que saca (p = .000), zona de sague y resultado del set (p = .000), zona ala que
s sacay cdidad dd saque (p = .000) y zona ala que se sacay zona de saque (p = .004). S| estos cambios forman parte de las reglas oficides de voleibal,
edte estudio sera una guia Util para condruir la téctica y la edtrategia del equipo. También proporciona informacion para la FIVB sobre € efecto de las

reglas probadas para futuros desarrollos del juego.

Palabras clave: rol de jugador, zona de saque, zona de recepcion, calidad dd servicio, fase del s, tipo de sague.

Introduction

Volleybal isateam sport that hasbeen played since 1895. Because
of the many changes and developments introduced, it has become a
dynamic, popular sport throughout the world (Claver, Jménez, Gil,
Moreno, & Moreno, 2013; Huang & Hu, 2007; Tillman, Hass, Brunt,
& Bennet, 2004). In 2013, Fédération I nternationaledeVolleyball (FIVB)
organised the inaugurad Men's U23 World Championship, where the
main god wasto test new rulesintended to modernise volleyball and
makeit moregppedling for fansboth at metchesand watchingtelevision
(Fédération InternationdledeVolleybdl [FIVB], 2013b).

Many of the changesin the history of volleyball have affected the
first dement inthegame: the serve (Garcia-Tormo, Redondo, Valada:
res, & Morante, 2006; Molina, Santos, Barriopedro, & Delgado, 2004).
In 1897, William G Morgan introduced the serve as the firgt written
rule (Giddens & Giddens, 2005; Kenny & Gregory, 2006; L 6pez,
2013; Urefia, Gdlardo, Delgado, Hernandez, & Calvo, 2000). In the
earliest rules, the following applied to the serve: 1) the serving player
hed two attempts, in casethefirst servefailed; 2) theserver hadto have
onefoot on the back lineand use hishand to hit the ball, which hed to
go over the net without touching; 3) apartner could help the ball over
thenet using onetouch; 4) if the servewas correct therewas no second
serve and 5) every «unreceived» serve was a point for the team who
served, but if the opponent team scored, they earned the chance to
serve. In 1920 therulesweremodified and the server wasnot permitted
to step ontheback lineof the court during the serve. In 1947 the server
had to serve from theright Side behind the court (back line), till with
onefoot ontheground (Urefiaet d., 2000). In 1949 theserver could run
andjumpbeforehittingtheball, andin 1951 theserver couldlandinside
the court after jumping and hitting the bal. The serving zone was
expanded to anunlimited areabehind theline, butin 1953t waslimited
by two lines of 20 cm behind the back line of the court (Urefiaet .,
2000). More than 40 years later, further new rules for serving were
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added: in 1994 the serve zone was extended to 9 m to provide more
optionsin serving (Ureflaet d., 2000); from 1998 the server had only
one attempt to serve, to reduce the duration of the match; and from
1999 the server had 8 secondsto serve. In 2000 the ball wasalowed to
touch the top of the net and pass over it without interrupting the
continuity of the game (FIVB, 2015).

Thesarveistheaction of hittingtheball withthearm and directing
it over the net into the opponent’s court by the server placed in the
serve zone (Congero, Claver, Fernandez-Echeverria, Gil-Arias, &
Moreno, 2017), who has 8 seconds from the first referegs signd for
serve (FIVB, 2012). Thevolleybdl serveisatechnica skill (Parid, &
Raiola, 20148) and a complex individud skill that can be adapted
depending on thematch situation, the player’s capabilitiesand tactica
needs (Moras et ., 2008). In volleybdll, each team has four options
(H&yrinen, Hoivaa, & Blomavist, 2004) for scoring points: by serving,
blocking, attacking and from opponent error. As the first offensive
action (Raiola Altavilla, De Luca, & Di Tore, 2016) through which a
point can be scored, the volleyball serve is an essentia eement of
today'selitevolleybdl (Agterios Kogtantinos, Athanasos, & Dimitrios,
2009; Dévila-Romero, GarciaHermoso, & Saavedra, 2012; Drikos,
Kountouris, Laios, & Laos, 2009; Huang & Hu, 2007; Masumura,
Marquez, Koyama, & Michiyoshi, 2007; Moras et d., 2008). The
primary god of theserveisto scoreadirect point (ace) or to prevent the
opponent making a good attack (Claver et d., 2013; MacKenzie,
Kortegaard, LeVangie, & Barro, 2012; Raolaet d., 2016). The serve
actiondirectly dependson oneplayer (Marcdino, Mesuita, & Afonso,
2008; Raiola et d., 2016) and the player’s technicd, physica and
psychologica preparation.

Serve and reception are related elements that determine the
continuation or the end of the point. When the serve is better than the
reception, the serving team can score a direct point or disrupt the
opponent’s attack (Rentero, Jodo, & Moreno, 2015). The attack has
changed over time because reception has been congtantly forced to
adapt to changesinthe serve (Ureflaet d., 2001). Inthelast 15 years,
Jump Spin Serve (JSS) and Jump Float Serve (JFS) have becomethe
predominant serve types in men's volleyball (Agelonidis, 2004;

Retos, nimero 33, 2018 (1° semestre)



Héyrinen, Lahtinen, Mikkola, Honkanen, Paenanen, & Blomavigt, 2007,
Moras et d., 2008; Tdvika & Pgpadopoulou, 2008). Because of the
importance of the serve and its relation to the find outcome, it is
important to train and devel op serve efficacy (Jodo, Silva, Lacerda, &
Vaz, 2012).

Many reseerchers have studied the serve action in relaion to the
following aspects: servetype, servezone, reception zone, effectiveness,
ingameroleof thereceiver, servedirectionandtiming (Gil-Arias, Claver,
Fernandez-Echeverria, Moreno, & Moreno, 2016); serve type and
servedirectioninmen’svalleybal (Moreno, GarciadeAlcardz, More-
no, Molina, & Santos, 2007); serve technique, zone from where the
player serves sarvedirectionand sarveeficiency (Calgon-Lirola 2006);
srvetype, in-game role, quaity of serve, serve outcome, placement
zone (Ciuffarella, Russo, Masedu, Vaenti, 1zzo, & DeAngdlis, 2013);
effectivenessof theserveinahigh-leve volleybdl tournament (Moras
et d., 2008); and positive serve and negative serve (Davila-Romero et
a., 2012).

At the inaugural Volleyball Men's Under 23 (U23) World
Championship,inBrazil (Uberlandia), twonew rulesweretested (FIVB,
2013a). The first was directly connected to the serve and the second
was indirectly connected to the serve. The 15 second rule for serve
means that the player hears the referegs sgnd to serve within 10
seconds of the point finishing and has 5 secondsto perform the serve.
With the second rule, the set iswon by the first team to win 21 points
with aminimum difference of 2 points, except thefina fifth set, which
isunchanged (FIVB, 2013b). Theaim of thisstudy wasto andysethe
characterigticsof thevolleybd| serve(Servetype, Servezone, Placement
zone, In game-role, Score trend and Set outcome) during new rules
tested a theinaugurd Volleybal Men'sUnder 23World Championship
(setto 21 points, excluding the fifth set; 15 seconds between points).

Methods

Participants

The sample comprised 36 matches played in 123 setsby the 144
players from the 12 nationa teams participating at the Men's U23
World Championshipsin Uberlandia(Brazil). Anandysiswasmadeof
4588 srves. The nationd teams participating in the study were from
Argentina(6 matchesandysed), Austrdia(5 matches), Brazil (7 matches),
Bulgaria (7 matches), Dominican Republic (5 matches), Egypt (5
matches), Iran (7 matches), Mexico (4 matches), Russia (7 matches),
Serbia (7 matches), Tunisa (6 matches) and Venezud a (6 matches).

Variables

Severd sudieshaveused Smilar varigblestothoseinthisstudy. In
thestudy by Fernandez-Echeverria, Gil, Moreno, Claver, and Moreno
(2015), theindependent variableswere serve zone, servetype, striking
technique, in-game role of the server, reception zone, receiver player
and serve direction, and the dependent varigble was serve efficacy.
Cdlgjon-Lirola(2006) used the categoriesand variablesof: 1) Serving
technique: jump spin serve, jump float serve, overhead float serve; 2)
Aress from where the serve is made: behind zone 1, behind zone 6,
behind zone5; 3) Quditative measure of serveefficiency: Six different
values, and 4) Zone of impact of the serve: nine zones.

Inthisstudy, the serve varigbleswere divided into 7 categories:

I. Type of serve:

Overheed Hoat Serve (OFS).
Jump Floa Serve (JFS).
Jump Spin Serve (JSS).

1. Qudity of serve, divided into 5 levels (L6pez-Martinez &
Palao, 2009):

O=error.

1 = maximum opponent attack options (action was easily passed
and dlowed the opponent to attack).

2 =limited attack optionsfor the opponent (action was passed and
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opponent attacked with someattack options- «second tempo» actions).
3 = no opponent attack options (action was passed but opponent
could not attack; they smply passed the ball - free ball).
4= Point (ace).

1. Serve zone (Zone from where the player sarves) (Cdlejon-
Lirola, 2006):

Serveexecution behind zone 1 (BZ1).

Serveexecution behind zone 6 (BZ6).

Serveexecution behind zone5 (BZ5).

IV. Placement zone on the opponent’s court (divided into 9 equal
fields) (Figurel).

4 3 2
7 8 9
5 6 1

Figure 1. Serve placement zones.

V.In-gamerole 1=seter; 2=outsdehitter; 3=middleblocker; 4
= opposte.

VI. Scoretrend (Early, Middle, and Final phase). Early phaseis
from the start of the st to the 8th paint (6th point in the fifth set),
Middle phase from 9th to 16th point (7th to 12th point in thefifth set),
and Final phase from the 17th point to the end of the st (from 13th
point to the end of the set in thefifth set).

VII. Set outcome: St Winner and Set Loser (Gonzdlez-Silva, Mo-
reno, Ferndndez-Echeverria, Congjero, & Mareno, 2016).

TheVolleybdl Information System (V1S), crested by the Technical
Commission of theFIVB (FIVB, 2000), was used to collect datafrom
themeatches. FIVB'sVolleybd | Information Systemisusedtocalculate
points scored for individual skills of volleyball players (FIVB, n.d.).
Thissoftwareisaccepted asavalid tool in volleybal| reseerch and has
been used in many studies (Joéo, Leite, Mesquita, & Sampaio, 2010;
Marcdino et d., 2008; Marcdino, Mesquita, Sampaio, & Anguera,
2009). Because of its efficiency, smplicity and accuracy, VISisthe
software FIVB uses mogt frequently for collecting data. It isdso the
method most used by coaches and observersto assessindividua and
collective performance of playersin each phaseof thevolleybal game
(FIVB, 2000). VIS cdculatesthefollowing servevaues (FIVB, n.d.):
Aces(thenumber of pointsdirectly scored by theserve); Faults(number
of sarve mistakes); Serve hits (number of serves played whentheraly
continues); and Totd attempts (total number of serves). From dl the
data collected by the FIVB technicians specidly trained for VIS, who
are approved, supervised and appointed by the FIVB Technical
Commission, only datareferring to the competition phase was used.

Procedure

The36 gameswerevideotaped andevad uated. Video/matchandys's
in volleybdl is of great importance for qualitative and quantitetive
performance assessment (Parig, & Raiola, 2014b; Raiolaet d., 2016;
Raiola Parid, Giugno, & Di Tore, 2013). All gameswerefilmed using
the same PANASONIC HC-V720 HD digita camcorder in AVCHD
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format. The camera was dways located at the same position, behind
the court a a height of 5 m above floor level (Claver et d., 2013) to
obtainan optima angleof view. Oncethedifferent categoriesand their
corresponding variables had been established, they were studied and
andysed from aquantitative and aquditative point of view, following
the principles established in the observationd investigation (Calgion-
Lirola, 2006).

FIVB officidly authorised this study and the use of al match
videosand datafrom the VIS gatigtica recording programme and the
FIVB webste Thestudy wasperformedinaccordancewiththeHe sinki
Dedlaration of 1975.

Reliability

Theobserver wastrained to achieve condstency inthecriteriaand
quality in coding the data. The training comprised a briefing on the
definition of thevariablesand adatarecording period of twowesksuntil
heachieved aCohen' sk gopava uehigher than.90. Theobserver had a
least threeyears' experiencein datalogging during volleyball research
and extensiveexperienceasavolleybal scout and coach.

Toensurerdiahility of theca culaionto avoid any learning effect,
12% of theserveswerere-anaysed after asx-wesk interval, exceading
thereferenceva ueof 10% (Tabachnick & Fiddl, 2007). Two edditional
volleyball researchersand nationa coacheswho had received 10 hours
of training in data collection conducted secondary observation of the
data Cohen'sKgpparanged from .84t0.91 for inter-observer riability
andfrom .82t0.92 for intra-observer rdigbility. All valuesfulfilled the
criterion of .75 suggested intheliterature (Fleiss et d., 2003).

Satidtical analyss

All numerica dataareexpressedinfrequencies, specified for each
volleybal dement analysed. Asdl| thedatistical serieshed characterigtics
of nomind scale, Pearson’s Chi-Sguaretest wasused asan gopropriate
dataanaysisprocedure. Theresultswere caculated using IBM SPSS
v.19 software. The dtatistical inferences were performed at the
sgnificanceleve of .05(p<.05).

Results

Servetypewasandysadinrdationtotwocriteria: in-gameroleand
scoretrend.

SERVETY PEby IN-GAME ROL E - Contingency andlysisshowed
that different in-gamerolesused Sgnificantly different typesof serve(p
=.000). Comparison of relative frequencies showed that setters and
middle blockers mainly used Jump Float Serve (77.3% and 71.6%),
whereas opposite players performed Junp Soin Serve (72.0%) more
often. Outsde hitters dso frequently used Jump Float Serve (54.9%),
closdy followed by Jump Sin Serve (44.7%) (Figure 2). Outside
hitters performed the most serves (1531), followed by middle blocker
(1411), setter (953) and opposite (692).

80% -

60% - m Overhead Float Serve

140% - Jump Float Serve

= Jump Spin Serve
20% -

Setter Outside... Middle... Opposite

0% -+

Figure 2. Serve type distribution by in-gamerole.

SERVE TYPE by SCORE TREND - The dtatistical anaysis
showed asignificant difference between serve typeand set phase (p=
.000). Comparison of rdaivefrequenciesinal phasesof the set showed
that the most used serve type was Jump Float Serve (60.6%) and the
least used was Overhead Float Serve (4.6%). Jump Spin Serve wes
performed for about athird of dl serves (34.9%). In most sets, Jump
Float Serve was used more in the Final phase (64.0%) than in the
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Middle phase (62.9%) and the Early phase (55.8%). In contragt, the
frequency of Jump Spin Serve (40.2%) in the Early phase was greater
than in the Final phase (30.6%), whilein the Middle phase the value
was 32.6%. Overhead Float Servewas performed with thefollowing
vaues: Early phase 3.9%, Middle phase 4.5%, Final phase5.4%.

Serve quality was andysed in relation to four criteria: serve zone,
in-gamerole, scoretrend and set outcome.

SERVE QUALITY by SERVE ZONE—A sgnificant difference(p
=.039) was found between serve quality and serve zone. Reative
frequency anadlys's showed that most serves related to serve quality
were performed from BZ1 (54.6%), followed by BZ5 (26.3%) then
BZ6 (19.1%). Almost 60.0% of aceswere served from BZ1 (59.7%),
comparedto 22.0%from BZ5and 18.3%from BZ6. Serveerrorswere
predominantin servesfrom BZ 1 (58.6%), compared tova uesof 21.3%
fromBZ5and 20.1%from BZ6. Although servesresultingin Freeball
hed the lowest percentage (51.7%) among al serves from BZ1, the
percentagefromthiszonewashigher thanfrom BZ5 (26.0%) and BZ6
(22.3%). Servesreaulting in Free ball performed from BZ6 had the
highest percentage among al serves from BZ6. From BZ5 the most
frequent serves were those that resulted in first (27.8%) and third
(26.9%0) tempo attack and Free ball (26.0%).

SERVEQUALITY by IN-GAME ROLE- A sgnificant difference
(p=.000) wasobserved inthe contingency analyssof servequdity by
in-gamerole(Table1). Anayssof descriptivecheracterigicsandrd aive
frequencies showed that most serves by dl in-game roles gave the
opponent the opportunity to organise dl types of atack. Opposteis
the in-game role with the lowest number of serves at the tournament
(n=692), dthough these players accounted for the highest number of
aces(7.4%) and thehighest number of serveerrors(22.5%6), undoubtedly
causing thegreatest troublefor receivers. Serveshy Setter in-gamerole
(n=953) resulted in the highest number of opponent third-tempo attacks
andfreebdls. Fromatota of 1412 serves, Middleblocker positionhad
the highest relative frequency of serves that alowed a firg-tempo
atack (58.5%), followed by Outsde hitter with 54.7% from 1531
srves

Table1

Serve quality distribution by in-game role
Serve quality Setter Outside hitter Middle blocker Opposite
Count % Count % Count % Count %
Serveerror 82 8.6 243 159 147 104 156 225
First tempo 484 50.8 838 547 826 58.5 277 40.0
Third tempo 244 25.6 270 176 288 204 138 199
Freeball 105 110 121 79 108 76 70 10.1
Ace 38 4.0 59 39 43 3.0 51 74
Total 953 100 1531 100 1412 100 692 100
Note. Chi-Square = 156.213*, (p = .000).
Table2
Serve quality distribution by serve placement zone
A f;r;mt Serve error First tempo Third tempo Free ball Ace
Count (%) Count (%) Count (%) Count (%) Count (%)
1 157 25.0 497 205 206 219 83 205 44 230
2 1 2 4 2 6 6 1 2 4 21
3 3 5 3 1 7 7 8 20 7 37
4 2 3 4 2 2 2 1 2 3 16
5 142 22,6 703  29.0 294 313 139 344 55 288
6 249 39.6 863 35.6 307 327 122 302 43 225
7 25 4.0 89 37 34 36 18 45 9 47
8 25 4.0 167 6.9 55 59 25 62 16 84
9 24 38 95 39 29 31 7 17 10 52

Total 628 100 2425 100 940 100 404 100 191 100
Note. Chi-Square = 139.760%, (p = .000).

Table3
Serve placement zone by serve zone
Placemen
t BZ1 BZ1 BZ5 BZ5 BZ6 BZ6 Total Total
zone
Count (%) Count (%) Count (%) Count (%)
1 573 229 235 195 179 20.4 987 215
2 8 3 6 5 2 2 16 3
3 13 5 9 7 6 7 28 6
4 7 3 1 1 4 5 12 3
5 654 26.1 398 329 281 32.0 1333 29.1
6 916 36.6 385 319 283 323 1584 345
7 92 37 49 4.1 34 39 175 38
8 156 6.2 80 6.6 52 59 288 6.3
9 84 34 45 37 36 4.1 165 36

Total 2503 100 1208 100 877 100 4588 100
Note. Chi-Square = 34.880*, (p =.004).
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SERVEQUALITY by SCORE TREND - It wasfound that serve
qudity isnot sgnificantly different in the various set phases.

SERVE QUALITY by SET OUTCOME - Contingency andysis
(Chi-squaretest) reved ed satigticaly significant differences(p=.000)
between set winnersand set losersby servequdlity. Relaivefrequencies
showed that both Winner and Loser groups of teams were able to
organised| atackson most serves (\Wnner teams49.8%, Loser teams
56.6%), and on asmall percentage it was possible to organise only a
third tempo atack (Wnner teams 21.3%, Loser teams 19.4%). The
same comparison of the Winner and Loser groups showed thet the
winning group sgnificantly medefewer serveerrors(13.0% compared
to 14.6%), executed fewer serves that permitted al types of attack,
performed more servesthat compelled the opponent to organiseathird
tempo attack, provoked more free balls from the opponent (10.4%
compared to 6.8%), and made more aces (5.4% compared to 2.6%).

Servezonewasandysad inrelaionto three criteria in-gamerole,
scoretrend, and set outcome.

SERVE ZONE by IN-GAME ROL E—A significant difference (p
=.000) was observed in the contingency analysis of servezone by in-
game role (Figure 3). Relative frequenciesindicate that from behind
zone 1, themost used zone, Opposite performed 69.2% of total serves
by thisin-gamerole, setter 63.2% and outside hitter 64.4%, whereas
middle blocker in-gamerole had thelowest percentage of servesfrom
thiszone(30.9%). Middleblocker wasuniquein performingthehighest
percentage of sarvesfrom BZ5 (46.9%) and thelowest percentagefrom

kel

Middle
blocker

70%
60%
50% Behind zone 1
40% _
m Behind zone 5
30%

20% = Behind zone 6

10% -
0%
Setter Outside hitter Opposite

Figure 3. Serve zone distribution by in-game role.

SERVE ZONE by SCORE TREND — The choice of serve zone
did not change significantly during the various set phases.

SERVE ZONE by SET OUTCOME - Set Winner and set Loser
groups showed significant differences (p = .000) in the zones they
served from. Set Winner group performed 2554 serves, compared to
2034 sarves by set Loser group. Interms of relative frequencies, indl
phasesthe set Winner and set Loser teams performed 54.6% of serves
fromBZ1, 26.3%fromBZ5and consderably fewer fromBZ6(19.1%).
Set Winner teams performed congiderably more serves (21.5%) from
BZ6 than set Loser teams (16.2%). Asarule, set Loser teamsexecuted
more serves (57.2%) from BZ1 than set Winner teams (52.4%). Both
groupsperformed dmost thesamenumber of servesfromBZ5 (Winner
teams 26.1%, Loser teams 26.6%).

Placement zone was andysed in relation to three criteria serve
quality, serve zone and set outcome.

PLACEMENT ZONE by SERVE QUALITY — Statistical
andysis showed asignificant difference between placement zone and
serve qudlity (p = .000). Reldive frequency analyss revealed that
zones1, 5and 6 werethemost frequent placement zones(Table2). The
highest number of ServeErrorsweremeadein servesto zone6 (39.6%),
compared to vaues of 25.0% for Serve Errorsto zone 1 and 22.6%to
zone5. Theeas est serveswere performed to zone 6 (35.6%), followed
by zone 5 (29.0%). Servestheat triggered opponent third tempo attack
weredirected to zones’5 (31.3%) and 6 (32.7%0). Thehighest number of
freeballs (34.4%) and aces (28.8%) resulted from servesto zone 5.

PLACEMENT ZONE by SERVE ZONE—Contingency andys's
showed asignificant difference between placement zoneand servezone
(p=.004). Intable 3, relaivefrequencies show thet from BZ5to zone
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5 (32.9%) and zone 6 (31.9%), and from BZ6 to zone 5 (32.0%) and
zone 6 (32.3%), players served in dmog the same percentage. For
serves executed from BZ5 to zone 1 the vaue was 19.5% and from
BZ6 to zone 1 the vaue was 20.4%, wheress from BZ1, players
mostly served to zone 6 (36.6%), then to zone 5 (26.1%) and zone 1
(22.9%).

PLACEMENT ZONE by SET OUTCOME — The only datafor
which no significant differences were found between the \Winner and
Loser groupsof teamsin any set phasewerefor serve placement zone.

Discussion

Analyss of relations between the varigbles used in this study
reveded many significant results. For serve type, a clear trend of an
increeseintheuseof JFSwasobsarved, inagreement withthestudy by
Moreno et d. (2007). Jump Floa Serve was used in more than 60.0%
of sarves, followed by ava ueof 34.9%for ISSand only 4.6%for OFS,
indicating that the new rulestested probably caused the predominance
of JFS. Thisconcurswith studiesby Hayrinenet d. (2007) and Tsvika
and Papadopoul ou (2008), who found JFSto bethe predominant serve
type. Incontrast, Mackenzieet d. (2012) identified JSSand JFSasthe
main serve types in dite volleyball. Other authors (Callgén-Lirola,
2006; Ciuffardlaet d., 2013) reported JSS asthe most frequent serve,
followed by JFSand OFS. Andysisof mae playersunder 16 yearsof
ageinthestudy by Gil-Arias, Claver, Fernandez-Echeverria, Moreno,
and Moreno (2016) showed ahigher valuefor servewithjump (56.6%)
than serve from the ground with no jump (43.4%).

Andysis of SERVE TYPE by IN-GAME ROLE reveded the
followingtrend of relativefrequenciesfor eechin-gamerole: settersand
middleblockershad ahigher use of JFS(77.3% and 71.6%) whilethe
most frequent serve by opposite players was JSS (72.0%). Outside
hitters frequently served using JFS (54.9%), closdly followed by JSS
(44.7%). Outs dehitter and middleblocker weretheonly in-gameroles
to perform a amilar number of serves (1531 and 1411). The lowest
number of serves(692) performed by oppositecan beexplained by the
high number of serveerrorsand thelack of opportunity to serveseverd
timesinarow, for examplelikethe setter (953 serves). Middleblocker
wastheleeder in executing OFS which made up 13.5% of total serves
by thisin-gamerole. The literature includes severd studies about the
serve and in-game role, but they are not comparable with this sudy
because they are about women's and youth volleyball. Fernandez-
Echeverriaet d. (2015) compared in-game role and serve. Although
their study was about U14 and U16 femde players, it isinteresting to
note the tendency among younger players. It seems that most teams
decide to try to atack with JFS, which datisticaly provokes fewer
errorshut gill crestes problemsfor receivers.

For the relation between SERVE TYPE and SCORE TREND,
thereisno parald literaturefor comparison. It wasfound thet in most
sats, thefrequency of JFSincreased (Early phase’55.8%, Middle phase
62.9%, Final phase64.0%0). In contrast, thefrequency of JSSdecreased
with the gpproach to the Final phase (Early phase 40.2%, Middle
phase 32.6%, Final phase 30.6%). Overhead Float Serve showed a
smilar trend to JFS, increasing in frequency with the approach to the
Final phase (Early phase 3.9%, Middlephase4.5%, Final phase5.4%).

The third corrdaion between SERVE QUALITY and SERVE
ZONE showed thet the highest quality serve was from BZ1 (54.6%),
withthehighest number of acesandfreebdlls, followed by BZ5 (26.3%),
while BZ6 was the zone from where fewest serves were performed
(19.1%). Cdlgon-Lirola (2006) and Moreno et d. (2007) found that
the highest percentage of serves (46.7% and 67.2%) are performed
from BZ1, concurring with this study. Moreno et d. (2007) reported
that thelowest percentage of serves (7.40%) are performed from BZ5,
and Cdlgdn-Lirola(2006) reported 21.0% for thesame servezone. In
the study by Gil-Arias, Claver, Fernandez-Echeverria, Moreno, and
Moreno (2016), themost performed serve(35.7%) at the Championship
in 2005 was with maximum opponent atack options, wherees the
most performed serve (37.3%) at the Championshipin 2010 waswith
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limited attack options for the opponent.

From the andlyss of SERVE QUALITY by IN-GAME ROLE,
theresultsfor Outsdehitter and Middleblocker in-gamerolesindicate
thet these positions are safe sarvers, because their serves led to the
highest percentage of First tempo attacks (54.7% and 58.5%) and
achieved thelowest percentage of aces(3.9% and 3.0%) and Freeballs
(7.9% and 7.6%0). Outside hitter wasresponsiblefor moreserveerrors
(15.9%) than Middle blocker (10.4%) because of the higher relative
frequency of JSS (44.7% compared to 14.7%6). The term constantly
offendve serve can be gpplied to Sdtter in-gamerole, as their serves
resultedinthemogt Thirdtempo attacks(25.6%) and Freeballs(11.0%).
Opposite in-game role causad the lowest percentage of First tempo
attack (40.0%) and the highest percentage of aces(7.4%). Oppositein-
gamerolecanbedestribed asahighly offensiveserving position, because
these players achieved most aces, caused a high number of free balls
(10.1%) and third tempo attacks (19.9%) and made the minimum
number of sarvesthat |et the opponent organise a First tempo attack.
Becauseof thishighly offensveserve, Oppositein-gamerolemadethe
most serve erors (22.5%). According to Callgon-Lirola (2006) and
Ciuffardlaetd. (2013), ISSistheservewiththemost errorsbut dsothe
most aces. Raiolaetd. (2016) found no dependence betweentherel aive
number of acesand servetype.

For QUALITY OF SERVE by SET OUTCOME, st Winner
teamshad clearly better resultsinal serveaspects, concurring withthe
study by Marcdino et d. (2008), who found thet the number of serve
errors and percentage of serve points are associated with the teeam’s
tournament ranking. Claver et d. (2013) found the sametrend of winner
teams showing higher parformancein the serve. In this study thetotal
pointswon by servewere4.2%, compared tothefindingsof Marcdino
and Mesuita(2006) inther study of highleve volleybdl, whoreported
only ameanvalueof 4.98+2.87 pointswon by serveper match. Intheir
study of men'svalleyball Pdao, Manzanares, and Va adés (2015) found,
asarule, that the set Winner teams score 1-2 points per set. Set Winner
teams had a lower percentage of serve errors (13.0% compared to
14.6%) and a higher percentage of aces (5.4% compared to 2.6%),
partly concurringwith Marcdino et d. (2008), who found that the best
teams fail a higher number of serves but win more points with this
action. Inthisstudy, set Winner teeamsmede dightly fewer serveerrors
(13.0%) thanthe vaue of 14.6% found by Hayrinen et d. (2004), who
reported more serve errors for the Loser teams (16.6% compared to
18.6%). Thisstudy showed that dl typesof attack could be organised
(first tempo attack) from 52.9% of serves performed. Moreno et d.
(2007) found a vaue of 52.4%. Further differences between the two
studieswere 19.2% for serve error reported in this study compared to
13.7% by theseauthors, 5.8%for acescompared to 4.2%, and 5.3%for
servesresultinginafreeball compared to 8.8%.

For SERVE ZONE by IN-GAME ROLE, it was found that
Oppositeplayers withthehighest percentageof JSS(72.0%), performed
mogt servesfrom BZ1 (69.2%), probably becauseitisdirectly infront
of theareawherethispostion plays(zones2 and 1). Also, immediately
after the powerful jump and hit during the serve, it isusud for these
playersto land in their defence zone (zone 1), otherwise they would
need to make additional movementsto reech thiszone. Oppositeisthe
ingamerolewithminimumzonechange Theamal percentageof serves
fromBZ5(16.0%) and BZ6 (14.7%) could befrom eft-handed Opposite
players. Sitter and Outside hitter varied serve zones much more then
Opposite. Outsde hitter in-gamerole served dightly more from BZ6
(20.0%), probably because of the move to the usud defence zone of
thispogitionimmediately &fter the serve. Middle blocker in-gamerole
showed the most variety in serve zones, with the highest percentage
from BZ5 (46.9%), wherethisplayer isin theright defence zone (zone
5) dfter landing. The high percentage of JFS performed from BZ1
(30.9%) by Middleblocker in-gameroleindicatesthat these playersdid
not find it difficult to moveto their defence zone (zone5). Gil-Ariaset
d. (2016) found the highest percentage of serveswere performed from
BZ1 (51.6% in 2005, 50.8% in 2010), followed by BZ6 (33.5% in
2005, 27.3%in 2010) and BZ5 (14.9% in 2005, 21.9%in 2010).
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For SERVE ZONE by SET OUTCOME thereisno literaturefor
comparison. This andlyss showed that, as a rule, both Winner and
Loser group of teams served mostly from BZ1, followed by BZ5 and
BZ6. Set Winner performed 520 more serves than Loser group. In
percentages, Loser teams performed more serves from BZ1 (57.2%
compared to 52.4%) and BZ5 (26.6% compared to 26.1), wheress st
Winner teams performed more sarves from BZ6 (21.5% compared to
16.2%).

For PLACEMENT ZONE by SERVE QUALITY, the totd of
4.2% aces performed is divided as follows: 28.8% to zone 5, 23% to
zoneland 22.5%to zone6. Ciuffarellaet d. (2013) reported 5.62% of
aces, divided asfollows: 35.5%to zone 6, 18.4%to zone 5 and 16.4%
tozone 1. The22.5% of acesinzone 6 confirmsthat most ServeErrors
(39.6%) were made by serving to this zone. The resultsindicate that
zone 5 is the most effective zone to serve to. Gil-Arias et d. (2016)
found that the zone most served to was zone 6 (53.9%in 2005, 49.5%
in2010), followed by zone5 (24.0%in 2005, 31.3%in 2010) and zone
1(17.82%in 2005, 15.8%in 2010). Other authorsreported theequivaent
zones most served to. Callgién-Lirola (2006) indicated the following
order: zone6 (33%), zone 1 (15.2%), zone 5 (16.0%0), zone 8 (14.8%),
zone 9 (8.3%) and zone 7 (9.5%). Ciuffardlaet d. (2013) found that in
zone6, themogt hit zone, 83.5% of servesweredirected by JSS, 14.2%
by JFS and 2.3% by OFS. Moreno et d. (2007) reported that most
serves (36.45%) go to zone 6, followed by zone 5 (21.8%) and zone 1
(17.73%). In thisstudy the following vaueswerefound for serving to
zones 7 (3.8%), 8 (6.3%) and 9 (3.6%), and Moreno et d. (2007)
reported avalue of 23.94% for dl three zones.

Andyssof PLACEMENT ZONE by SERVE ZONE, dsoknown
asservedirection, showed that the most frequent serve direction from
BZ1 wasto zone 6 (36.6%), followed by zone 5 (26.1%). From BZ5
the mogt frequent serve direction wasto zone 5 (32.9%), followed by
zone 6 (31.9%), and from BZ6 it was to zone 6 (32.3%) and zone 5
(32.0%). The vaue for serves performed from BZ1 to zone 1 was
22.9%, from BZ5 to zone 1 19.5% and from BZ6 to zone 1 20.4%,
which partialy agreeswith theresultsfrom the study by Moreno et dl.
(2007), who found dmogt haf thisvauefor servesfrom BZ1to zone
1(12.76%) and dmost the samefrom BZ5 and BZ6 to zone 1, at about
20.0%. Gil-Ariaset d. (2016) found medium diagond to be the most
frequent servedirection (57.7%in 2005, 53.0% in 2010), followed by
pardld (28.4%in 2005, 31.6% in 2010) and long diagond (13.9%in
2005, 15.3%in 2010).

No sgnificant differences were found for the rdations SERVE
ZONE- SCORETREND, QUALITY OF SERVE - SCORETREND
and PLACEMENT ZONE - SET OUTCOME and no studies
andysing therelations between these variableswere found.

Conclusions

At the Volleybal Men's U23 World Championship, Jump Float
Serve was the predominant serve type under the new rules tested.
Setter, middle blocker and outside hitter in-game roles mostly used
Jump Float Serve, whereas opposite in-game role mostly performed
Jump Soin Serve. This serve type appears to be a safe but complex
weapon that becomes more frequent towards the end of the set,
compared to Jump Spin Serve, which decreased in frequency with the
goproachtotheFinal phase. Thehighest quaity serveswereperformed
from behind zone 1, resulting in the grestest number of aces and free
balls. Outside hitter and middle blocker werefound to be ssfe sarvers,
wheress setter wasaconstantly offendveserver. Oppositewasahighly
offendve serving postion, with the most aces and errors. To win the
<, the team has to perform controlled serves but dso attack with
minimum errors, ensuring their serves result in as few firgt tempo
attacks as possible. It was observed that most servers performed the
Jump Float Serve after both types of time out, indicating that most
teamswanted to ensureasafe serveingdethe court. Set Winner teams
hed clearly better results in al serve agpects than set Loser teams.
Middle blocker wasfound to bethein-gamerolethat used the grestest
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combination of serving zones, followed by both setter and outsde
hitter, whereas oppositein-game role mostly served from behind zone
1. Serving morefrom behind zone6 and dightly lessfrom behind zones
1 and 5weresgnificant characteristicsfor set Winnerscompared to set
Losers. Set Winners often deployed their servers among three serving
zones. Most serves were executed from behind zone 1 to zone 6
(medium diagona) and zone 5 (paralld). If these rulesbecome part of
theofficid volleybd| rules, thisstudy will beahe pful guidefor building
team tactics and strategy. It also providesinsight for FIVB about the
effect of thetested rulesfor further developmentsin the game.
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