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Handball game-r dated gatisticsin men at Olympic Games(2004-2016): Differencesand discriminatory

power
Egadigticas de juego en balonmano masculino en los Juegos Olimpicos (2004-2016): Diferencias'y poder
discriminatorio
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Abstract. Handball can be consdered a complex game. Sports performance analyss is a relevant topic for scientists and coaches. The objectives of the
present study were: (i) to compare handbal game-related dtatistics by match outcome (winning and losing teams) and (ii) to identify characteristics that
discriminate the performance in elite men’s handball. The game-related statistics of the 324 games played in the last four Olympic Games (Athens,
Greece, 2004; Beijing, China, 2008; London, United Kingdom, 2012; and Rio de Janeiro, Brazil, 2016) were anayzed. Differences between match
outcomes (winning or losing teams) were determined by using the chi-squared statistic, and by calculating the effect sizes of the differences. A
discriminant analysis was then performed applying the sample-splitting method according to match outcomes. The results showed that the differences
between winning and losing teams were shots, 9 m shots, asssts, goalkeeper-blocked shots fast bresk. Also, discriminant andysis selected four variables
(shots, goalkeeper-blocked shots, technical foul, and attacks) that classified correctly 82% of matches (Wilks's lambda=0.575; canonica correlation
index 0.652). The selected variables included offensive and defensive predictors: Shots, goalkeeper-blocked shots, technical foul, attacks. Coaches and
players can use these results as a reference againgt which to assess their performance and plan their team'’s training.

Keywords: notational analysis, performance, match, shot, goalkeeper.

Resumen. El baonmano puede considerarse un juego complgjo. El andlisis del rendimiento deportivo es un topico relevante para los cientificos y
entrenadores. Los objetivos del presente estudio fueron: (i) comparar las estadidticas de juego en balonmano en funcion del contexto (equipos ganadores
y perdedores) e (ii) identificar las estadisticas que discriminan € rendimiento en € balonmano masculino de dite. Se andizaron las estadidticas de juego
de los 324 partidos disputados en los Ultimos cuatro Juegos Olimpicos (Atenas, Grecia, 2004, Beijing, China, 2008, Londres, Reino Unido, 2012 y Rio
de Janeiro, Brasil, 2016). Las diferencias entre los equipos ganadores y perdedores) se determinaron usando € estadistico chi-cuadrado y calculando los
tamafios ddl efecto de las diferencias. A continuacion, se redizd un andlisis discriminante aplicando € método de por pasos. Los resultados mostraron
que las diferencias entre los equipos vencedores y perdedores se presentaron en las variables lanzamientos de 9 m, asistencias, lanzamientos blogueados
por e portero en Stuacion de contrataque. Ademas, € andisis discriminante seleccion6 cuatro variables (lanzamientos, lanzamientos bloqueados por
d portero, fata técnica y nimero de ataques) que clasificaron correctamente e 82% de los partidos (Lambda de Wilks=0,575; indice de correlacion
canbnica=0,652). Las variables seleccionadas incluyeron predictores ofensivos y defensivos: lanzamientos, paradas del portero, faltas técnicas y
atagues. Los entrenadores y 10s jugadores pueden utilizar estos resultados como referencia para evaluar su rendimiento y planificar € entrenamiento del
equipo.

Palabras clave: andlisis notacional, rendimiento, partido, lanzamiento, portero.

Introduction sudieshavefrequently focused oninjuries, physica and physiological
cpacities (Prieto, Gomez & Sampaio, 2015a).
Handball or Team-Handball isapopular indoor sport played at dl Ontheother hand, game-related statisticsin performance andlysis

levelsfromrecregtiondl tofully professiondl with originsin Scandinavia  iS@very popular method used in handball. This method andyses the
from the early 19" century. Handball has been an Olympic sport for ~ 9ame-related statisticsin function (among others) gamessituation (fest
men since 1972. This sport isafull body contact sport with 7-aside ~ Oreek, salic attack...) or player position (goalkesper, pivot, wings -
teams The aim is to throw the ball into the opponents goal, past the  fightand|eft-, backs-right andleft-, and centre). A study thetinvestigated
goalkeeper and 6 playersdefence formed around the «D-zone»which ~ NINé Maor tournaments, | ncl udl_ng Qlympl ¢ Games, World
isin 7mradiusaroundthegodl itself (ona20x40m court size). Handball - Championship and European Championship between 2004 and 2010
is known for its intermittent tempo, i.e. fast pace and rapid change  reported that theefficiency of fast bresk, pivot position and back court
between defence and offence, basing performance on muiltiplefactors pl ayers_were;trongly_ asociated withthehi gh ranking of the European
Suchasendurance, coordination andstrength. Inthisway, therelatively ~ t€ams in the internationdl tournaments (Bilge, 2012). Another study
small court sizeand rulesof thegame provideopportunitiesfor frequent  arried outin 1999 World Championships concluded that variables of
displays of shooting, hitting, pushing, blocking, jumping and running freqw’lglofsmotlngfrq‘n pathjar pos_tlonhadmsgnlflcamr_rflueme
(Milanese, Piscitelli, Lampis& Zancanaro, 2012). Inaddition, handball o thefindl result (Sthoj, Rogulj & Katic, 2001). At thesameline, one
canbeconsidered acomplex gameinfluenced by several factors somatic ~ Study donein the preliminary phase (four groups with six teems each)
physiological, technical, psychological, nutritional, and tactical, among of th_e World Champl ons_hl ps (2003) showed results not oo_nd usve
others(adapted from Wagner, Finkenzeller, Wiirth, S. & von Duvillard, (Gruic, Vuleta& Milanovic, 2006). Onthecontrary, theandysisfor the
2014). 2013 World Championshipsfound severd varigbleswere different by

Sincethefinal result of amatch in team sport is decided by gods theranking order (ls‘tq an, g to 16"and 1_7th to 24%) indL_ldingyeIIow
scored, coaches and port scientistshave conducted tudiesinorder to  Card, blocked-shots assist, technical fouls wing shots, penalties, festbreek
gain knowledge and improve training and thus competitive outcome ~ Shots, breakthroughs shots and tota shots (score and percentage)
(Carling, Williams& Reilly, 2005). Sportsperformanceanaysiscould (Hassar_l, 20_14). Another work studied the 'Frends in three World
be developed in several context (glite players, coaches, referess, eic)  Championships (2005, 2007 and 2009), revedling more shot attempts
(Gémez-Ruano, 2017). Over thelast year, such performance andlysis from 9m in 2007 than 2009, pardlel with decrease in 6m shots mede
hasbbeen used in many studies Between 1991 and 2015, 8.1%articles ~ (Melekatos, Vagenas & Bayios, 2011). In regards to the European
among sports performance andlysistopic included the term «sport» as Ch_ampl onship, astudy reported that the match outcome discri mi nant
the keywords (Gomez-Ruano, 2017). However, most of the handball  Variableswere: goals(scored and attempted sucoessful god), positional
attacks(number), shooting fromlong distance and goa keepershl ocked-
shots(Skarbdius& Pukenas, 2012). Fromtheandyssregarding «league

J;F';“’T‘w@gg;%ozﬂ Fecha de aceptacion: 03-05-17 system», the teams who reached the find's and came out victorious
savedra@ru.s haveawideand well-definedrangeof offengveactionsenablingthemto
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involve dl aspects of the game (Ferrari, dos Santos & Simoes Vaz,
2014). In the Croatian Leegue, the atack varigblesthat discriminated
winning andlosing teamwere: number of multipleinterruption attacks,
number of attacksdoneby pivot and number of atacksinleft Sdecourt
(Rogulj, Srhoj & Srhoj, 2004). Other variables that are often used in
gamedatisticsarehome advantage, period and team qudlity (Oliveira,
Gomez & Sampaio, 2012; L ago-Penas, Gomez, Viaho, Gonzdez-Garcia
& Fernéndez-Villarino, 2013; Gomez, L ago-Pefias, Viafio & Gonzdez-
Garcia, 2014), the influence of player exclusions (Prieto, Gomez &
Sampaio, 2015b) andtimeouts(Prieto, Gimez, Vol ossovitch & Sampaio,
2016).

As summary, it is possible to say that previous studies have
andyzed the game-related satisticsin severd whole or only findsin
International Championship (Olympic Games, World Championship
and European Championship) doing comparison betweenthem (Bilge,
2012, Jmenez-Olmedo, Espina-Agullo & Manchado, 2017), ancther
works have andlyzed only World Championship (Gruic et d., 2006;
Melekatos et a., 201; Hassan, 2014) or European Championship
(Skarbdiusé& Pukenas, 2012). Inaddition, severd sudieshaveandyzed
thegame-rel ated Stati sticsin «L eague System»» competitions (Rogulj et
d., 2004; Oliveiraet d. 2012; Lago-Penas et d., 2013; Ferrari et d.,
2014; Gomez et d., 2014; Prietoet d., 2015b; Prietoet d., 2016) Inthis
context, the current study analyzed the most relevant competition in
theworld, the Olympic Games between 2004 to 2016. The objectives
of thispresent study were: (i) tocomparehandba| game-related Setistics
by match outcome (winning and losing teams) and (ji) to identify
characteridticsthat discriminatetheperformanceinditemen’shandball.

Material and methods

Sudyitems

Dataincluded theresults and game-related Satistics of 324 men's
matches played in the last four Olympic Games (Athens, Greece,
2004; Beijing, China, 2008; London, United Kingdom, 2012 and, Riode
Janeiro, Brazil, 2016).

Procedures

Data was retrieved from the Officid Website of International
Handball Federation (http://www.ihf.info/lHFCompetitions/
OlympicGames/). A technician (Seeacknowledgement) retrieved each
datafrom the published webste and manually entered constructed the
datafile. Then, another author [IM S] performed datacleaning process
with random checking methods to detect deta input errors. Informed
consent washot necessary sincetheinformationwaspublicaly available
fromtheofficid website. Datapublishedinofficia websteisfrequently
used for the analysisin handball (Cdlin, 2010, Meetakos et d., 2011,
Yamada, Aida& Nakagawa, 2011; Pollard & Gomez, 2012).

Inthisstudy, theindependent variablewasmatch outcome (winning
and losing teams) and the dependent variables were the game-related
datigtics: shots (percentageof converted shotsrelativeto thenumber
of shotsmade), 6 m shots (percentageof converted shotsat 6 mrdative
to the number of shots mede. The area is from a zone outside the
45°angle from the left and right), 7 m shots (percentage of pendties-
7m- converted relative to the number of pendties taken, 9 m shots
(percentage of converted shots a 9 m relative to the number of shots
mede. The areafrom abackcourt player either —a- over or through the
defense, and—b- after abreskthrough but with another defenseplayerin
front), wing shots (percentage of converted shotsat wing areareaive
tothenumber of shotsmade. Theareaisfromwithinanangleof 45° |eft
andright without adefenseplayer infront), fast bresk shots(percentage
of shots converted in a Stuation of fast bresk — rgpid switch from
defenseto atack without the defense organized —relativeto thenumber
of shots made in this situation), breskthroughs shots (percentage of
shotsconverted inasituation of breskthroughs—(a) fromthebackcourt
playersafter breskthrough in the 9 m zonewithout adefense player in
front, (b) of the pivot after 1:1 Stuation, (C) from the left or right back
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after bresking through 1:1 Stuations— relative to the number of shots
mede in this stuation), yellow card (yellow cards received by each
player and/or coaching st&ff), red card (red cards received by each
player or coaching staff), 2-minutes exclusions (2-minute suspension
received by each player or coaching aff), assists (number of passes
from one offensive player to another leading directly to agod score),
technical fouls(number of turnoversmadeby the offensveteamwhere
thebd isawarded tothe defensedueto offensivefouls), e s(number
of turnoversin favour of the defense dueto actions of anticipation and
snatchingtheball), goa keeper-blocked (GB.) shots(percentageof shots
Stopped relative to the number of shots mede by the attackers), GB. 6
m shots (percentage of shots stopped a 6 m reative to the number of
shotsmade by the attackers), GB. 7 m shots (percentage of pendties-
7 m- stopped relativeto thenumber of pendtiestaken by theattackers),
GB. 9 m shots (percentage of shots stopped at 9 m relative to the
number of shotsmadeby the atackers), GB. wing shot (percentage of
shots stopped a wing areardativeto the number of shotsmadeby the
attackers), GB. fast bregk (percentage of shots stopped at fast bresk
stuation relative to the number of shots made by the attackers), GB.
breskthroughs (percentage of shots stopped a breskthroughs Stuation
relative to the number of shots made by the attackers), These game-
related satidicsaredready of generd useamongst menhandbal| coaches
and technicians, and are those that have been used in earlier sudies
(Mdetakoset d., 2011).

Data analyss

Badic statisticd descriptors (mean and standard deviation) were
cd culated by metch outcome(winning andlosng teams). Thesignificance
of the descriptorsdistinguishing betweenwinning and losng teemswas
determined by meansof achi-squared test, therecommended technique
when thedescriptorsarediscretefrequency responsevariables(Nevill,
Bamer & Williams, 1999; Nevill, Atkinson, Hughes& Cooper, 2002).
Theeffect szesof the differenceswere cd culated (Cohen, 1988). The
values of this gtatistic were interpreted in terms of size following
recommendations in the literature (Hopkins, Marshdl, Betterham &
Hanin, 2009): >0.1 smdl, >0.3 moderate, >0.5 large, >0.7 very large,
and>0.9 nearly perfect. Alsoadiscriminant analyss, usingthesample-
splitting method according to match outcome (winning andlosingteams)
wasperformed. Thecriterion used to determinewhether or not avaria-
ble was discriminatory, was the Wilks's lambda test, which measures
the deviations within each group with respect to the total deviations.
The sample-gplitting method included initialy the varigble that best
minimized theva ueof lambda, provided thet theva ueof Fwasgrester
thanacertaincriticd vaue (F=3.84, «include»). Fromthat point on, the
method combinesthevariablespairwise Thenew varigbleissd ected if
| isgreater than thevalue of theinput F. However, beforeintroducing a
variableonetriesto diminatesomeof thosedready sdected, aslongas
the increase in the minimized | is below a critical threshold (F=2.71,
«remove»). We thus calculated |, the canonical correlation index
(deviations of the between-group discriminant scores reldive to the
total deviations), and the percentage of correctly classified matches
(winning and losing teams). A p-value <0.05 was conddered to be
detigicaly sgnificant. The statisticd andysis was performed using
thesoftwarepackage SPSSverson 15.0(SPSSInc., Chicago, IL, USA).

Results

Table 1 presents the basic descriptors of the variables by match
outcome (winning/losing teams). Four variables (shots, 9 m shoats,
assists, god keeper-blocked shots) weredifferent betweenwinning and
losingteams.

Table 2 presents the results of the discriminant andysis (Wilks's
lambda, the canonical correaion index, and the percentage of teams
correctly dassfied) for match outcome. Thepredictivemodd sdassfied
correctly 81.9% of matches using four variables: Shots, goakeeper-
blocked shots, technical foul, and attacks.
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Table 1.
Basic descriptors (mean and standard deviation), chi-squared statistic, p-value, and the effect
sizes of the differences (Cohen's d) for each variable according to the context.

Winners Losers
M +SD m:so X P ES
Shots (%)2 61.7+87 51.6+87 439.97 0.018 0.50
6 m shots (%) 684+17.7 641+193 109.77 0.330 0.16
7 m shots (%) 781+253 684306 27.60 0.841 0.17
9 m shots (%) 453+144 351+121 29663 0019 0.36
Wing shots (%)2 58.3+21.0 558+251 8196 0.661 0.54
Fast break shots (%) 772+191 722+251 83.07 0.326 0.11
Breakthroughs shots (%) 710+321 704+332 7491 0.900 0.01
Yellow card (n) 30+£07 31+08 537 0.497 -0.07
Red card (n) 01+03 02+04 391 0.419 -0.14
2min (n) 42+21 41+20 14.85 0.869 0.02
Assists (n) 141+ 44 108+38 8103 <0.001 0.37
Technical fouls (n) 115+36 136+45 4065 0.616 -0.25
Steals(n) 48+29 43+9.0 39.40 0.173 0.05
Attacks (n) 555+ 5.2 554+53 5380 0.405 0.01
G.B. shots (%)P 37.7+81 284+80 37230 0.096 0.31
G.B. 6 m shots (%) 293+19.1 259+170 8887 0.514 0.09
G.B. 7 m shots (%) 203+247 157+228 1585 0.968 0.09
G.B. 9 m shots (%) 49.2+140 395+16.0 18566 0294 0.31
G.B. wing shot (%) 341+241 323+219 8913 0.083 0.04
G.B. fast break (%) 192+209 161+157 75.66 0.041 0.08
G.B. breakthroughs (%)° 179+ 263 169+230 3515 0.165 0.02

anumber of shots converted/number of shots; P number of shots saved/number of shots;
G.B. = goalkeeper-blocked, ES = Effect sizes

Table 2.

Discriminant analysis models by match outcome (winning and losing teams), giving the
percentage correctly classified, Wilks's lambda, canonical correlation index, and variables
included in the model by order of selection.

Percentage Wilkss Canonica
correctly correlation Variables selected by order
te 2, lamb .
classified index
Standardized canonical
Wilkss A .
819 0575 0.652 Name |ambda discriminant function
coefficients
Shots 0.749 0.792
Goalkeeper-blocked shots 0.612 0.648
Technical fouls 0.582 -0.427
Attacks 0.575 0.201
Discussion

The current study anadyzed 324 men’smatches played in four last
Olympic Games (2008, Athens, Greece; 2008 Beijing, Ching; 2012,
London, United Kingdomand 2016, Riode Janeiro, Brazil). Theandyds
of game-related statisticsin championships(excluding League System)
has been previoudy performed in European championships (2002-
2010) (Skarbdiusand Pukenas, 2012) andWorld championships(2003)
(Srhoj et d. 2001; Gruic et d. 2006; Hassan, 2014) (2005 to 2009)
(Méekatos et d., 2011) and combination of different championships
(2004 to 2010) (Bilge, 2012). To the best of our knowledge, this has
been thefirgt study to report the influence of game-related Satigticsin
four Olympic Games (the most relevant event in sport).

Differencesby match outcome (Winning/losing teams)

Inthecurrent study, four variablesdifferentistewinning andlosing
teams: shots, 9 m shots, asssts, goa keeper-blocked shotsfast bresk. In
shots the difference between winning and losing teams was large
(winners=61.7 + 8.7—mean and standard deviation-, losers=51.6+ 8.7-
mean and Sandard deviation-, X?=439.97, p=0.018, ES=0.50). These
resultsaresimilar tothepreviousstudiesin EHF s[European Handball
Federation] ChampionsLeague(season 2011/12) (Ferrari et d., 2014).
In addition, teams ranked from 1% to 8" place in 2013 World
Championship were more efficient (total shots) than teams ranked
from 9" to 16" and 17" to 24" (Hassan, 2014). Although shooting
efficiency inthe current sudy wassimilar tothereport fromthe EHF s
Champion League (Ferrari et d., 2014), it was|ower than thereported
shooting efficiency fromWorld Championship (Me ekatoset d ., 2011).
However, shooting efficiency in the current data from the four recent
Olympic matcheswashigher thanthereport fromthe previousOlympic
Games (2004= 47.38%; 2008=52.83%) (Bilge, 2012), It suggeststhat
shooting efficiency varies between championships. For the 9m shots
the winners were more efficient that losers (winners=45.3 + 14.1 —
mean and standard deviaion-, losers=35.1 + 12.1-mean and standard
deviation-, X*=296.63, p=0.019, ES=0.36). Thisisin accordancewith
previous studies done in Champion League (Ferrari et d., 2014).
However, if theteemswere dassified by rank (1% to 8"place, 9"to 16"
and 17" to 24") no differences were observed (Hassan, 2014). On the
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other hand, the percentage of successful (goals/shots) in winnerswas
higher than previous studies where there was no differences between
the 2005, 2007 and 2009 World Championship (Meekatos et d.,
2011). In this last study the efficiency in 6 m shot increased through
time, this could indicate a change in the team’s tactical. According to
previous results it may be preferable to play defensvely to reduce
opponents shooting efficiency from 9 metersgiving less opportunities
to opponents to throw 6 m shot. We found that assists were aso
sgnificantly different by match outcome (winners=14.1 + 4.4 —-meen
andgtandard deviation-, losers=10.8+ 3.8-meanand standard deviation-
, X2=81.03, p<0.001, ES=0.37). Previous studies showed that teams
ranked 1% to 8" place had more ass ststhan teamsranked between 9" to
24" (Hassan, 2014). The differences in assists suggest that winning
teams aremore effectivein the s ection of shoot that the playersiook
for others options while they have chances to shoot. This aso could
partly explain why winning teams have better shot efficiency from 9
meters compared with the losing team. Finaly, goalkeeper-blocked
shots and fast bresk were aso different between winning and losing
teams(winners=19.2+ 20.9—mean and sandard devidion-, losars=16.1
+ 15.7-mean and Sandard deviation-, X>=75.66, p<0.041, ES=0.08).
Thefinding indicates that a highly relevant role of goakeeper in fast
break situationswhich may lead to have positive psychologicd effects
amongteammembers.

Discriminatory power

Discriminatory power analysis showed that four varigbles (shots,
goal keeper-blocked shots, technical foul, attacks) dlassified correctly to
83% of theteams (winning andlosing). It reflectshow important itisto
cregte more offengve situations, which then would link to increased
chancesfor playersto shoot and makeascore. Thereare severd factors
that may havebeeninvolved withthecurrent findings: (i) an gppropriate
decisonmaking of theplayersfor effectiveshotsincreasad thelikeihood
of shot effective, (ii) forcing opponents into as difficult Stuation as
possibleto make shotswhich maximizethe chancesof blocksor saving
and (iif) minimizethetechnica foulsfor exampleby playingthegameat
apacethat theteam can handle but the sametime, try to maximizethe
number of attacks. In previous studies (Skarbdiusand Pukenas, 2012)
thet used the same type andlysis, the winners in European Handball
Championship had better shooting efficiency and more saves from
goalkeepers than losers do. Also, the technica fouls discriminated
betweenwinningandlosngteams Thiscouldindicatethat thewinners
hes a best control about technical rules. Results of the study on the
2013 World Championship (Hassan, 2014) were smilar with our
findingsthat the higher ranking teems (1% to 8" place) had | ower number
of technical foulscompared withlower ranking teams (9" to 24" place)
. Itisimportant to noticethat atechnica foul usudly carriesafast bresk
Situgtion of theopponent teemto facilitate advantage of successful shot
sncetheefficiency of fast bresk shot hasthehighest (Meekatoset d.,
2011; Bilge, 2012).

This study has some limitations. Frg, the discriminant andyss
used post hoc prediction. Ininterpreting theresults, it needsto beborne
in mind that thistype of prediction usudly gives higher vauesfor the
classification than a priori predictions. Second, only top-level
championships were andysed (Olympic Games), so these findings
should be carefully interpreted in the context of nationd and locd
hendball game statitics. Third, thisstudy hasadtatic perspective. The
game-related atisticswere «thefind result» without ettention paid to
what hgppened a each moment of the match (dynamic perspective)
(Prieto, Gdmez & Sampaio, 2015¢). Forth, the rules have changed
between Oympics Games and this affect to dynamic game.

Conclusions
This study compared hand bal game-related satistics by match
outcome (winning and losing teams) and identified characterigticsthat

discriminate the performance in elite men’s handball. The main
concusionswere: (i) the variables differentiating winning and losing
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teams were shots, 9 m shots, asssts, goakeeper-blocked shots fast
bresks and (ji) the variables discriminating the teams were shots,
goal keeper-blocked shoats, technical foul and attacks. The sdlected ver
ridbles included offensve and defensive predictors. Findings in the
current study may help coachesto prepare of games and tournaments
inadvanceandtomaketacticad decisonsduringthecourseof thegame.
Coaches should put emphasis on maximize the shooting efficiency
(especidly from9m), increaseof number of assststhet isgivenineach
game, increase thelikelihood that goakeepers saves shots (especidly
from fast bresks) and minimize technical fouls as much as possible.
Findlly, itisnecessary todomoreresearchinthetopic, totekedecisons
inthematch based on scientific knowledge.
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