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Abstract

How impactful is volleyball’s ‘serve-reception gari Its efficacy has been found to discriminate between
winning and losing a match. But how does reception becomefécfigé? Based on the theoretical rationale
of ecological dynamics, we e hypothesized that skilled receiverdl@yball would not display ready-made
responses, but rather wouwld-adapt action modes during serve-reception to deal with theispeaifergent
constraints of service to achieve ttask goals. In order to exanisrieshe we investigated whether the co-
adaptation of serve and reception action modes was a significant prefietd outcome in elite volleyball
performance (win or loss), analysing the first and last sets @0th4 World League Finals matches (897
game-sequences). The power-jump and jump-float werestimg modes observed and the overhand,
underhand-lateral and underhand-frontal passes were the oeceytiles categorized. We found that the co-
adaptation of serve and reception action modes predicted set outcthadinal set of a match. Receiving
the jump-float serve with an overhand pass or underhanddla@ss increased the odds of winning the final
set by 200 per cent. Results suggested that, at an expert level, myeasteidverhand pass and the underhand-
lateral pass gives teams a competitive edge. Receivers shoaxifgglitly in action mode selection improved

a team’s odds of successfully winning the final set of a match.

Keywords

Co-adaptationPbservational Analysjssame analysis, Skill, Serve-reception, Action modes
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Introduction

Performance analysis in volleyball has focused on the efficacy of key gaioesamostly at an

expert level of performance ( for reviews see Mesquita ébaldi fl]). Efficacy in performance of key Comment [KD1]: additional ref needed
here?

game actions, such as the serve, attack, block, serve-reception (refesegception from this point
on), has been associated with successful competitive performance in tomdézeblleybalf*. In a
recent study, Silva et Aassessed which game-related skills discriminated between winning and losing in
competitive volleyball. They reinforced the importance to competitive méspin top-level males, of
the ‘serve-reception game’. They found that ‘serve points’ and ‘reception errors’ were two key variables
that best discriminated between winning and losing a match. However, in thgirteese game actions
were assessed separately as if their performance was independent of eaels abkated variables. In
their study it was not clear whether there was an overlap betaeem pointsand‘reception errors(as
if these were the same occurrences). This overlap in the way that serve atidmedBicacy are usually
assessed (rating scales, 8deaves unclear the co-adaptive nature of the interactions between the
receiver and servén emergence of performance outcomes (see also Afonsdet al.

According to Davids et al. ‘expert performance in sport is predicated on an athlete’s capacity to
functionally adapt his/her movements to the dynamics of complex performanaeerents. They
argued that skilled athletes are able to continuously co-adapt their actions to dynamic aspects of
performance contexts including: surrounding information, andgihgrevents, objects and actions of
opponents. The co-adaptation capacity is not meeglctive butinteractive in that changes in opponent
positioning and tactical formations can lead to the emergence of affordangesfojties for serving
actions) for servers to probe possible defensive vulnerabilitieseiteiving team. In turn receivers need
to anticipate different service modes, (re)organising their actions acdgrdihgs results in continuous

co-adaptive moves between opponents in sport which define competitivenpenfte outcome’s
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This idea, captured in volleyball, underlines why different semiodes have different
kinematic characteristics. For example, in comparison with the jump-float gesy@ower jump serve
displays higher values of ball velochy’, horizontal displacement, and server -ball contact h&ight
These variables express some of the performemsgraints on a receiver’s action modes. Intriguingly,
in competition, Moras et al® found no relationship between the speed of a serve and receptionyefficac
These findings suggestat action mode selection is an expression of a performer’s movement
adaptations to satisfy changing task constraints to achieve a specific performancergoainiple,
Barsingerhorn et al’, in a passing task, found that the underhand pass was used when larger longitudinal
displacement of the passer were required, and the overhand pass was eséd ttlesnitial position of

the passer. Alsddristovski et al?

, in a heavy-bag-punching task in boxing, found that the probability of
selection of a specific boxing action mode (jabs, hooks and uppenagsklated to the scaled distance

of a boxer to the target. These studies indicated that the action mode seleaeddtion expresses how

a receiver solves the problems posed by the constraints presenliffiéeynt serving modes. It is

arguable that, the more adapted to a performance context, thetech@dally) flexible a receiver in
volleyball should be.

As Hughes and Bartlelt highlighted, for net and wall gamethe effectiveness of a serve will
always depend upon the returning skills of the oppdn&ht coaching literature in volleyball portrays
the power-jump serve as a powerful weapon ta'tigkt a male expert-level of performance it is the most
commonly used serving mod®&*® *® but when using this actiora decrease in serving performance has
been found in studies of elite volleyball competitBr® as opposed to lower-performance levelhis
decrease in serving performance has been related to the high skill level\aéneeaethe elite level. This
finding indicates that, rather than a separate description of serve andoreeetitns, their interacting

relations should be addressed. So the following questions remain: How isyttteevizall is received co-

adapted to the service mode in elite competitive volleyball? Does the c@i@atapf ball reception to
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service mode predict successful performance outcomes? The aienpoétient study was to address
these questions in an observational analysis of elite competitiverparfoe.

In addition to the power-jump serve, the literature suggests that, imalisecompetitive
volleyball, the jump-float and the float serve are the most commonly esédgactions mode¥: 15 1
In receiving the ball, the standard mode described in the coaching literaturerisiénband-frontal pass
14.19.20 However, some experienced coaches suggest that the underhand-laterahpasisrasource
mode of actia **® Also, the overhand pass is proposed a®amergencyaction modé* or as a useful
action against the jump-float sereDue to their prominence in the extant literatureséibree action
modes were considered in the present study.

Marcelino et al**

identified the probability of winning each volleyball-set according to game
location (home/away), and performance indicators (serve, receptioattaek, dig and block) for top-

level male performers. They found that, to win the first set, it was more important to kakia ris

attacking and blocking actions. On the other hand, to win the final set it wagantio manage risk by
improving performance in service reception. So, in additianvestigating how serve and reception
action modes were co-adapted, as a significant predits®st outcome, we also discriminated the service
performance analysis for the initial and final sets. In doing so@alngas to understand how the process

of co-adaptation might have distinctly influenced these key points of interactionmpetitive

performance.

Method

Sample

To access elite level behaviopvee analysed competitive performance in the 2014 World

League Finals, sampling all the matches played (n=10). Two sets (first andoliaséaich match were
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included in the analysis, resulting in a sample of 897 game sequencesirefiteievel competition.
The analysis was performed from the perspective of the receivingiteamhen the team was in the
side-out phaseThere were six teamgpresented in the observed matchg®zil (4 matches, 186 game
sequences, 20.74% of the total sample), USA (4 matches, 182 game seR®266s of the total
sample), Iran (4 matches, 177 game sequences, 19.73% of the tota)siealpl(4 matches, 174 game
sequences, 19.4% of the total sample), Russia (2 matches, 81 game seu@d¥eof the total sample),
and Australia (2 matches, 97 game sequences, 10.81% of the total sample)

In one of the matches, Iran vs. Russia, the last set corresponded taetfifth it was played up
to 15 points, not 25 as the rest of the set sample. Importantly, pointsl glaytype of set (First set 45.40
+ 6.38 points; Last set 44.30 + 8.26 points; mean + SD) were found not to be statisifiieatiyidin the
two types of set consideregi{f= 0.33, p = 0.74, Giy, = -5.83, 8.03).

This study was approved by the Ethics Committee of the Faculty of Human Kinetiesrdity

of Lisbon (Nb. 7/2014)

Instruments

An observational design was chosen for this study. The matches visualizedvaiable on the

Fédération Internationale de Volleyball Web TV Chanhgbp//www.laolal.tv/en-at/fivb-world-

league/95.htmland data analysis took place during August, 2015. Since the footage W
broadcast, several views of the court were presented, but the most recurrent one peaslwedar to the
court’s longitudinal axis.

We visualized the videos on one computer and inputted the datatbrerin an Excel 2010
sheet. In this sheet each line corresponded to a game sequence played,@nthtisecorresponded to
the variables notated. The latter were notated by the numbers assigaek tategory depicted in Table

1. We later exported the data to SPSS Statistics 21 package for statistical analysis.


http://www.laola1.tv/en-at/fivb-world-league/95.html
http://www.laola1.tv/en-at/fivb-world-league/95.html
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One observer, the first author, performed the analysis of the full sample.&lkewés 111
credited Portuguese coach, with a degree in sport and physical educgtierialized in volleyball
training. Also, she has a Masters level degree in high performance traisyegialized in volleyball
training and competed internationally as an athlete for 12 years Rothgguese national team. These
skills and experiences qualified her as an expert observer in volleyballoAdsexpert observer was
available to perform reliability cheskThis observer had identical skills to those described for the first
observer.

For the observation reliability procedures two sets were analysed (10% of {hle)sémtra—
Kappa = 0.93, and inter-observer (two observetsappa = 0.85, fidelity satisfied the minimum of 0.75
established in the literatuf&. The reliability procedures were initiated with a meeting aimed at
normalizing the notation of the variables in the study. One week after thimgydle inter-observes
reliability rating took place. Since the Kappa value was satisfactory, the atiseref the full sample

took place. The intra-observer reliability procedure took place two weeksteftebservation period.

Variables

Each rally played was notated with regard to the team isidleeout phasé.e. the team
receiving the servelsiven that we already knew before the notation which of the teams wohAcsttt
we also notated that information (e.g. the team in the side-out phaseeveaettihat lost the set). In the
Excel sheet used for recording the data, each line of record correspoadedlyplayed, and each
columns to the variables presented in Table 1. After the data set was intrt@l@&8S Statistics 21, we
used the software’s ‘Compute variabfecommand to generate the variable Co-adaptation of serve and
reception action modes, whose categories express the co-adaptation,radlgachthe action modes

used in the serve and in reception.
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[insert Table 1.]

Analysis

To verify the relevance of considering the co-adaptation of serveeaaption modes as a
predictor of set outcome, we preliminarily analysed the association betweerasdrreception action
modes and the efficacy of these game actions (Supplemental online matkléal Bind 2), the
association between serve and reception action modes (Supplemental ordiria iTaible 3), and the
association between the co-adaptation of serve and reception action modesenition efficacy
(Supplemental online material Table 4). For the associations tested we usepi&hei-statistics and
assessed their effect sizes by using Cramer’s V. In the four Chi-square analyses, the assumptions for test
use were satisfied (there were no expected cell counts of zenheamédximum of cells with an expected
count below five was 17%). We found that the action modes used in serve areptiorewere closely
associated and correlated with performance efficacy. Importantly we thahthe co-adaptation of
serve and reception action modes was associated with reception effiiading@which supported the
study’s aim, leading us to use this variable as predictor of set outcome.

We used (SPSS Statistics 21) Binary Logistic Regression to test the co-adaptation afiderve
reception action modes as a predictor of set outcome. We tested it as predictoimng wr losing the set
for the full sample, and for the first and last sets, independentlye ldetimition of the reference category
for theco-adaptation of serve and reception action modes we took two stepswEidsfined as the
reference category the co-adaptation of the power-jump serve with th&éamndédrontal pass since it was
the most frequent co-adaptation (34%, see Supplemental material T.atdewé)er, we did not want to
omit any relevant information, so we additionally ran the analysisitfiwes times, with one of the other
co-adaptation categories included in the model as the reference categaghooccasiormhis procedure

led to no new significant information emerging, so the model obtained in the firstatethe only one
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included in the results sectidhhe models’ ability to predict known results was depicted by: i) the quality
of the adjusted model obtained,; ii) classification capacity of the model of known resutlte oQlds-
ratio value of the predictor, and its interpretation as an effect size. Also, teerasseof the
discriminant power of the model was additionally confirmed by a Rec@&perating Characteristics
(ROC) curve. The odds-ratio effect size was evaluated using values 1.52 (smalijpedism), and 4.72
(large) as criteria with accordance to Chen efdbr the .05 significance level we set.

Having obtained a statistically significant model for the final set, but not foulheample and
the first set, we explored by means of a contingency table and Chi-squared testedfagian of the co-
adaptation of serve and reception action modes and the set result for taenfii# and for the first and

final sd.

Results

To arrive at a model for set outcome, we tested the co-adaptation of sereeepttbn action
modes as a predictor. Because of the inter-related nature of the predlibley serve errors were
removed from the sample (n = 153), leaving 744 cases. The couplingef-ponp serve and overhand
pass was removed from the model, due to its small count (3 cases), leavirg&e foc analysis. From
these cases, 404 (54.5%) pertained to the sets lost by the receivirante&8v (45.5%) to sets won by
the receiving team. The tested model did not perform significantly bietterat constant-only model (2
n=741)= 6.180, p = 0.403). We next used the co-adaptation of serve and receptinmedes as

predictor of the first and last sets’ outcome separately.

First set

We removed error serves (n = 75) and, due to small counts, thingsugf jump-float serve

with no-contact (1 case) and of power-jump serve with the overhan{pesses), leaving 376 cases for
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analysis. Of those cases 207 (55.1%) pertained to lost sets and 169 (44.9%) to won setbeAgaiadt

model did not perform significantly better than a constant-only i@&#g - 379= 5.289, p = 0.382).

Last set

We tested the co-adaptation of serve and reception action modes as a prethietéinaf set
outcome. We removed error serves (n = 78) and the co-adaptation of fhéigatrserve with no-contact
(1 case) and of the power-jump serve with the overhand pass (1 case),da#t tmsnts. There were
363 cases available for analysis, 196 (53.9%) pertained to lost sets ad®.16%)(to won sets.

The model performed significantly better than a constant-only mGégh¢ ses= 17.136, p =
0.004). It corectly classified 59.8% of the cases. The model’s overall increase to correct classification by
chance was 5.8%. Given these results, in order to rely on the predictive capacitynofil, we also
tested its discriminant power (between won and lost sets) with a ROC curve (Bigame its

classification capacity was confirmed (ROC c = 0.621; p < 0.001; 95% CI [0.5G3]0.

[insert Figure 1.]

The odds of winning the set significantly increased when the receivers co-adapegutap-
float serve by using one of the following: the overhand pass (meefiiect size), the underhand-lateral
pass (medium effect size) and the underhand-frontal pass (small effecasiapposed to the reference

category- the co-adaptation of the power-jump serve with the underhand-frontalseas§able 2).

[insert Table 2

Table 3 presents the contingency data for the association af-tiaaptation of serve and

reception action modes and the set result for the full sample, the firsheafidal set. Theo-adaptation

10
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of serve and reception action modes was significantly associated witsudefaethe final set, but not
for the full sample and the first set.i$ldifference, underlying the results of the previously presented
logistic regressions, relates to the change in the final set of the frequency ofafueco-adaptation of
the jump-float serve with the overhand pass and with the underhandetesabnd also the co-
adaptation of the power-jump serve with the underhand-frontal Ipabe final set the co-adaptation of
the jump-float serve with the overhand and the underhand-lateralvpassore frequently associated
with successful performance (iie.sets that were won, compared to those lost). The inverse edourr
the first set. For the full sample, the co-adaptation of the jump-float serve withehwnd and the
underhand-lateral passagalso more frequent in sets won, but the asymmetry in the (won-loss)
proportions was more marked in the final set. In ceptia the final set, the frequencies of the co-
adaptation of the power-jump serve with the underhand-frontal pas$igbes for lost sets than for
those wonAs with previous co-adaptations, in the first set these frequencies were inverthedfull
sample, like in the final set, the frequency of the co-adaptation of the fuowerserve with the
underhand-frontal pass was higher in lost sets, but as for previaagptations, the asymmetry in

(won-loss) proportions was more marked in the final set.

[insert Table 3

Discussion

Our observational analysis in expert male volleyball competition showed that #uaptation
of serve and reception action modes predicted set outcome in the last senafth. Marcelino et &'
had already reported that, in a volleyball match the sets are different in terms edigjaome
performance. They suggested that, in the last set, it is important to payttdoserato performance in

reception. The data in the present study complemented those reportecceliridast al** suggesting

11
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that, when receiving the jump-float serve, the odds of winning the final seageat by using the
overhand pass and the underhand-lateral pass. Though not able to preéictebelisfor the full sample,
data in Table 3 suggest that, in the full sample, the tendency disthibution expressed in the model for
the final set was present, though with (won-loss) proportions more eyeafds Future studies should
go beyond the first and final set to samplethe full match in order to cathfirtnend expressed in the
results of the present study.

Given the constraints of the jump-float serve, our findings suggest therimgseception
modes, other than the traditionally-standard mettee underhand-frontal pa¥s*® ?° affords teams an
adaptive advantage in competition. The overhand pass has also been proffesedliayball coaching
literature™ as an adequate mode of action when facing the jump-float serve. It has al$ounekto
increase the odds of a more effective service reception in competitfoenpence®”. What was novel in
our results was the finding that the use of the underhand-lateral pasxedsses the odds of winning
the final set of a match. This is a somewhat surprising finding, given thaidbkicg literature labels it
as a last resource action md@é® To our understanding, these findings indicate how an expert receiver
co-adapts to the type of serve used by an opponent by detecting informatiomdiestlym/her to select
a functional action mode, not a pietermined one, increasing the team’s odds of successful performance
(winning the set).

In the coaching literature, the powjemp serve is seen as a powerful weaffpand its
coupling with no-contact reception situations (i.e., when a server serves ttedudly onto the
opposition court, without receivers touching the ball) increased the odulsiraf the final set. However,
this relationship was the least impactful in the model (see Table 2). Severed simde shown that the
power-jump serve animates the ball with significantly higher velocitiesttiejump-float serve e.§.*°
and more frequently results in points being directly Wolt ** 2> But in a recent study of the efficacy of

1%

different serve modes, Garaile-Alcaraz et al=> highlighted the higher poirt-error ratio (greater

12
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number of errors for every scored point, and consequently, |dfigeacy) of the power-jump serve as
opposed to the jumfieat serve, questioning the frequent use of the power-jump serve in expert level
performance. We found that in a final set of an expert-level match the pawersgrve advantage was
neutralized by use of the underhand-frontal pass in reception. This tdghe present study (see online
supplemental material Table 1) indicated that use of the jump-float serve has increagdevel tmale
volleyball. At this top level its use-percentage was almost 20% higher than tha¢depgstevious
studies'® *> ¢ Its increase in frequency of use reinforces the relevance of the present study’s findings.

The data suggest that, to win the final set (i.e. the match), in top-level male volleyteallers should
master and use the overhand and the underhand-lateral passes wikigny rieeejump-float serve. In
practice, flexibility in action mode selection should be prioritized in training, sinceviid@s a
competitive edge. The two service reception modes should be seenanéntal to successful
performance and be routinely practiced by top-level teams, along with thehand-frontal pass.

Our regression model, though significantly different from a constalytmodel, increased in
predictive value by 5.8% compared to chance. There may be yindesbnstraints, other than the service
action modes per se, that may be more informative with regards to the emehgemntirs of reception.
Each instance of reception has ecological constraints related to the receivei¢igor posture, on-
court positioning, and role within the teanfibero/attacker-receiver), the task (intercept a fly ballg.
ball velocity and displacement, while collaborating with othessrvice reception tactical system) and
the performance environment (e.qg. final set) that uniquely interact leadingiten performance
outcome (action mode selection or reception efficacy). This issue lbewdnsidered in future studies
supported by a constraints-led approach to perfornfiréeConstraints can limit or expand the possible
action modes used by the receiver. Moreover, constraints manipulation in practice@#yeesto use
better information to guide their actioffs As this study showed, the receiver can use the underhand-

frontal pass successfully as prescribed by the coaching literature. But timenactie used needs to be

13



282
283
284
285
286
287
288
289
290
291
292
293
294

295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314

co-adapted to the specific constraints that emerge during performance, as illustrateddeyahihe
overhand pass and the underhand-lateral pass in our study. The recewang flexibility in action
mode selection significantly improved their team’s odds of performance success (winning the final set —

i.e. the match).
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Figures

Figure 1. ROCcurve representation of the co-adaptation of serve and reception actiea mo

discriminative power between won and lost sets. Sensitivity = 1 if model sallewiss 1-Specificity =

1 if model selects only wins.
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