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Abstract

Purpose: This study aimed to investigate the rankings and benchmarks of performance indicators in high-
intensity volleyball games. Methods: Data were collected through the Volleyball Information System
(VIS)for the Top Volleyball League (TVL) seasons in Taiwan from 2017 to 2021. We adopted regression
analysis and conditional probability to identify rankings and benchmarks of performance indicators.
Results: Results revealed that there were no major differences between the sexes. Dig fault and spike point
ranked men’s top 2 indicators while spike point possessed women’s highest rank followed by dig fault. The
rankings for the remaining eight indicators were consistent across both sexes. In order to reach over 50%
of the winning probability for a set (benchmark), more than half of the points must come from spiking.
Achieving the benchmark could be accomplished with just 2 to 3 blocks, and a few service faults were not
detrimental. In addition, 1 to 2 service aces was essential to meet the benchmark. Non-scoring indicators
such as reception fault and set fault were not common but crucial for overall performance. Conclusion:
Conditional probability could sufficiently present benchmarks of overall volleyball team performance
indicators. This study offers statistical evidence for roster construction, training plans, and tactic

applications.
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Introduction

Volleyball is considered one of the most popular sports in the world as it has been part of the
Olympic Games for decades and becomes more competitive. Several researchers had investigated
ways to maximize team performance and winning percentage (WP). From improving individual
player’s ability (Fuchs et al., 2019; Garcia-De-Alcaraz et al., 2020; Ramirez-Campillo et al., 2021)
to developing new tactics (Budak et al., 2017; Costa et al., 2017; Martins et al., 2021; Yang, 2022;
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Yang et al., 2021), coaches incorporated cutting edge technology to reach the best training outcomes.
In addition, researchers and coaches analyzed related data to identify the decisive skills for victory or
defeat (Valladares et al., 2016). However, the determinants of the match result such as individual
ability/skill and team tactics remain uncertain. To bridge this gap in the literature, this study analyzed
the national volleyball game data to identify the significance of benchmarks by skill to enhance the
WP.

The attributes of volleyball skills include scoring skills (spike, block, and serve) and non-scoring
skills (set, reception, and dig) (Oliveira et al., 2018). Researchers had identified these skills as the
determinants of a victory or defeat. For example, spiking acted as the leading skill to win a set for
both male and female teams (Drikos et al., 2020). Moreover, a high spike rate could increase the
chance of winning in elite youth men’s volleyball matches (Costa et al., 2017; Drikos et al., 2021).
Blocking is another scoring skill that is critical for wining high-intensity men’s volleyball matches
(Drikos & Tsoukos, 2018). Besides, non-scoring skills such as serving and reception can profoundly
influence team performance and overall results (Valladares et al., 2016). How the key skills impact
on the result of a match remained inconclusive in the literature. Therefore, this research focused on

weighting the importance of volleyball skills in winning a set.

Several studies across different sports and geographical regions adopted conditional probability
to assess their dependent variables, such as baseball WP, batting average, and volleyball passing rate
(Chu & Wang, 2019; Drikos, 2018; Kim et al., 2013). In addition, Chance (2020) attempted to
determine WP in the best-of-seven championship series in World series, NBA finals, and Stanley Cup
by incorporating conditional probability. Moreover, Drikos and Tsoukos (2018) benchmarked
volleyball skills as the ratio of successful to unsuccessful attempts for different ranked teams, which
can differentiate the components of team ranking. However, the results might not be enough to
provide a solid prediction of winning a match. The purpose of this study adopted conditional
probability to investigate the impact of volleyball skills on probability of winning a set and the
benchmark of each skill. Results of this study could provide scientific foundation for prioritizing the
skills in planning training schedule, tactical principle, and decision making during a match. By
implementing a task-oriented training on different player positions, coaches could deliver a more

effective training and more precise tactical decisions during a match to achieve a higher WP.
Methods

This study analyzed the 2017 - 2021 Volleyball Information System (VIS) data from Top
Volleyball League (TVL), which is the highest level of men’s and women’s professional volleyball
league organized by Chinese Taipei Volleyball Association (CTVBA) in Taiwan. VIS has been widely



R ENFIA AT 149
114 5524 147-158 E (2024 ££09 A)

adopted by International Volleyball Federation (FIVB), Volleyball Nations League (VNL), and
CTVBA to record and calculate points scored for individual skills of volleyball players. A total of
3,086 sets have been played during these four seasons for both men’s and women’s sub-leagues. To
normalize the statistics, we chose sets that played to 25 points to provide a consistent per set rate for
each skill as suggested by Mashima (2017). Sets played over 25 points and the 15-point tie-breakers
were excluded from the analysis. This process resulted 1,352 men’s and 1,168 women’s sets. Data
was authorized by CTVBA to ensure the validity. All data passed the consistency test using the

A team total scoring points

formula of = 1. We also tested the Intra-class Correlation Coefficient (ICC)

B team total losing points

for the interrater reliability by reviewing 420 (33%) sets each for men’s and women’s matches which
were broadcasted. The ICCs were between .92 to 1. Followed by ICC tests, we constructed the

indicators then computed the weightings of each indicator.

We also performed regression analysis to assess the impact of indicators on WP. Based on the
attribute, all indicators were separated into scoring and error indicators. The scoring indicators
included serve aces, spike points, kill blocks, and opponent’s errors. On the other hand, the error
indicators included serve faults, spike faults, block faults, dig faults, reception faults, and set faults.
In order to assess the impact holistically, the opponent’s errors, which included the opponent’s faults
not caused by serving, spiking, and blocking that resulted a point gain, such as rotation fault, offside,

net fault, holding, and double contact, were also included in the model. The formula of dependent

. ' d .
variable (WP) was WP, = points score (€0 The next step was to conduct the regression model to
points played (set)

obtain the standardized B for each indicator. Then we used the following formula to assess the

|Byal
|ﬁx1|+|ﬁx2|+|ﬁx3|+"'+|ﬁxn| '

weightings for each indicator. W, = After confirming the ranking of

each indicator, we used conditional probability analysis to evaluate the probability of winning a set

p(ANB)
p(4)

(Pwin) under every circumstance for each indicator. The formula was P,,;,(B|A) =

probability of A occuring when B(win) had happened

— — . Pwin is between 0 and 1. The higher the value
probability of condition A

means the higher the chance to win a set under A circumstance. The benchmark was identified when

Pwin exceeded or dropped below 50%. All the analyses were separated by sex.

Results
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We analyzed VIS data from 2017-2021 TVL seasons. Based on all the scorings and errors played
within the 2,520 sets, the regression analysis showed 10 statistically significant indicators on WP. The
adjusted R? reached higher than .99, suggesting the combination of these 10 indicators explained
more than 99 percent of the variance of winning a set in both men and women. The scoring and error
indicators’ weightings were 43% and 57% for men, and 45% and 55% for women, suggesting that
the error indicators had a higher impact on WP than scoring indicators. Additional results of

conditional probability analysis were presented in 2 figures grouped by sex.

The standardized regression coefficients of the top 2 indicators in men’s and women’s indicators
were similar. They were dig faults (.17) and spike points (.16) for men and spike points (.18) and dig
faults (.17) for women. No major difference was detected for the other 8 indicators between men’s
and women’s teams. In addition, the weighting ranking positively related to the number of points of
each indicator for both men and women. VIF scores were below 2 for all indicators, suggesting no

multicollinearity concern.

Mathematically speaking, Pwin increases when the scoring indicator’s point increases. On the
contrary, Pwin decreases when the error indicator’s point increases. Our results confirmed this
mathematic assumption for scoring indicators. However, Pwin started to increase when service error
increased at the beginning and then dropped rapidly at the end for both men’s and women’s matches.
This result suggested both men’s and women’s teams to adopt power serve as the priority attacking
strategy to restrict opponent’s offense.

Figure 1 showed Pwins for men’s indicators. The benchmark of dig fault was spotted at the point
9 where Pwin dropped significantly from 62% to below 50%. Although Pwin fluctuated at some
points, the overall trend was ascended when spike points and opponent’s errors increased. To be
specific, Pwin started to raise after 7 spike points, but decrease a little at the 8th point. The biggest
jump was spotted at the points 10 to 11 and 13 to 14, where Pwin exceeded 50%. In regards to the
opponent’s errors, the ascending trend was relatively steady until the points 7 to 8 where Pwin jumped
from 50% to 62%.

Next, men’s top 4™ to 6™ indicators included spike faults, block faults, and kill blocks. Pwin
decreased gradually when the spike faults increased within the point 8. Although Pwin fluctuated
from the point 8 to 12, it did not fall below point 7°s Pwin. The benchmark for spike fault was located
at the point 5 where Pwin dropped from 58% at the point 4 to 41%. Similarly, the trend of block faults
was bounced at the point 11 then dropped again. It was noteworthy that men’s teams only obtained
67% Pwin with no block fault. In addition, Pwin was almost identical at the points 1- 3 with 55% and

4-6 with 50% before dropping to 45% at the point 7. Lastly, Pwin was raised when kill block was
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increased. Even without successful kill blocks, men’s team still reached the Pwin of about 20%. The
benchmark was observed at the point 3 where Pwin jumped from 46% at the point 2 to 62%. With 7

and more kill blocks in a set, Pwin reached 100%.

Bottom of Figure 1 presented Pwin for men’s last 4 indicators, ie. serve faults, serve aces,
reception faults, and set faults. All the Pwins did not start from either 100% for error indicators or 0%
for scoring indicators. Pwin for serve faults fluctuated around 50% from the points 1 to 7 and suddenly
dropped to 0 at point 8. This trend was difficult to identify the benchmark, yet we observed, even
with 7 serve faults, Pwin remained above 50%. On the other hand, the overall Pwin was raised when
serve aces increased. With only 1 serve aces, Pwin reached 55%. Based on our analysis, the reception
faults and set faults were relatively rare, which explained why they were ranked the last. However, it

was worth noting that Pwin dropped to less than 50% with only 1 reception fault or set fault.

Figure 2 displayed Pwin for women’s indicators. First, Pwin steadily ascended when spike points
increased. The benchmark was observed at the point 14 as Pwin was raised from 49% at the point 13
to 63%. This result suggested that women’s teams need to obtain more than half points by spike to
achieve 50% chance to win a set. Second, Pwin gradually dropped as dig faults increased. The
benchmark was located at the point 12 when Pwin dropped from 52% at the point 11 to 35%. Similar
to other scoring indicators, Pwin ascended as opponent’s error increased. Yet, two big drops were also
observed at the points 9 and 13. The benchmark was observed at the point 6 where Pwin increased
from 48% to 52%.

The next three indicators for women’s Pwin included spike faults, block faults, and kill blocks.
All three indicators started from neither 0% nor 100% at point 0. Pwin gradually dropped below 50%
while committed 5 spike faults. Similar to men’s trend, Pwin fluctuated around 50% with 1 to 5 block
faults and dropped to 40% at the point 6. In regards to kill blocks, Pwin steadily increased by more
kill blocks and reached 53% with as few as 2 blocks.

Bottom of Figure 2 presented Pwins for women’s last 4 ranked indicators. Despite as an error
indicator, serve fault exhibited an ascending curve from 0 to 6 points with the apex at 67% Pwin.
However, Pwin dropped sharply from 50% at the point 7 to 0% at the point 8. On the other hand,
Pwin reached 51% with only 1 service ace and 72% at 2 aces. Similar to men’s results, Pwins started
from around 60% with O reception faults and set faults then dropped rapidly. Specifically, Pwind
dropped from 60% with only 1 reception fault to 26% at 2 reception faults. Lastly, set fault was

identified as crucial as reception fault because, by having 3 set faults, Pwin would be as low as 23%.
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Figure 1. Benchmarks for Men's Indicators
Note: the statistic inside each pair of parentheses indicates the standardized weighting of each indicator
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Figure 2. Benchmarks for Women's Indicators
Note: the statistic inside each pair of parentheses indicates the standardized weighting of each indicator
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Discussion

The purpose of this study was to determine the impact of volleyball skills on probability of
winning a set and identifying the benchmark of each indicator. We assessed the weighting of
volleyball skills and their benchmarks on the probability of winning a set. Our results revealed almost
identical weightings for men’s and women’s games. This result implied no sex differences were found
for the impact of scoring and error indicators on the probability of winning a set. Therefore, volleyball
coaches can set similar goals and apply training principles when designing their training plan for

high-intensity men’s and women’s teams.

We assessed the team performance under actual skill circumstances instead of individual player’s
performance. Previous studies adopted bivariate analysis to investigate the relationship between
scoring (or victory/defeat) and individual skills (Costa et al., 2017; Lima et al., 2019; Valladares et
al., 2016). Our process could holistically evaluate the impact of skills on winning percentage and
provide the benchmark of indicators for winning a set. As showed in some studies (Drikos et al., 2021;
Drikos & Tsoukos, 2018), opponent’s error was not included into analysis. We were able to take
opponent’s error into account and generated extremely high R?. Our model can explain almost all the
variance of winning a set and suggest a comprehensive model for future implementations. Skill

weightings were positively correlated with the frequency of that specific indicator.

In order to enhance probability of winning a set to more than 50%, a team needs to generate at
least half of the points from spike. This result suggested that offense remains the major skill in
volleyball. Although kill block only ranked 6 on the weighting, the probability of winning a set
reached 50% by having 2 blocks for women and 3 blocks for men. Blocking is considered the first
defense and the major skill to keep a team score up. This result confirmed Drikos (2018) that blocking
was critical winning a high-level men’s volleyball match. No faults on blocking, serving, reception,
and set cannot guarantee a win. However, as the faults increased, probability of winning a set dropped
rapidly. Specifically, reception and set faults pulled the winning percentage way below benchmark
with only two faults. In regards to serve, serval service faults were not detrimental, while few service

aces could push the winning percentage above benchmark.

Although our results may not be inferred to other level of competition, this model can be easily
implemented to desired targets since VIS system is widely adopted in a variety of volleyball
tournaments. Future studies are suggested to utilize this model and compare the benchmarks among
different levels of competition. In addition, high impact indicators were proved crucial, however, the

relationship between power serve and opponent’s reception faults or the relationship between kill
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block and spike fault and how these relationships impact on the result of a set need further

investigation.
Conclusions

Conditional probability could provide a scientific assessment for volleyball performance
indicators. Results of this study suggested spike point and dig fault ranked the most important
indicators. The probability of winning a set remained steady with several service faults; however few
service aces could achieve benchmark. Despite the low rank, few kill blocks could highly enhance
the probability of winning a set. Non-scoring skill such as reception and set may not increase the
probability of winning a set. Nevertheless, faults on reception and set could be fatal. All these results

could infer to high-intensity male and female volleyball league.
Practical Applications

Our results could provide several practical applications for volleyball coaches. First, the
scientific foundation for roster construction, especially for players with high impact skills such as
serve and block. Previous study assessed player’s skills by position (Wang et al., 2022). Current study
suggested enlisting one or two specialty players on the roster. These specialty players could be a
crucial position and important team asset to increase the kill block point and serve ace and further
improve the chance of winning a set. Second, we suggested high weighting skills training during pre-
season and should focus on high impact skill training in-season when scheduling the training plan.
Third, tactic adjustment during the match. For example, substitute a blocker or server at critical timing
in a set based on the on-court statistics. In addition, adjust the starting line-up for the next set during
the interval to achieve more benchmarks. Finally, investigating opponent’s performance indicators
prior to the match and modify the team roster and tactics for restricting the opponent’s probability of

winning a set below benchmarks.
Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to the research, authorship,

and/or publication of this article.
Acknowledgment

We would like to express our gratitude to CTVBA and VIS team for their invaluable support in

completing this research project.



156 Journal of Sports Performance
Volume 11 Issue 2, September 2024

References

Budak, G., Kara, 1., & I¢, Y. T. (2017). Weighting the positions and skills of volleyball sport by
using AHP: A real life application. IOSR Journal of Sports and Physical Education, 4(1), 23-
29. https://doi.org/10.9790/6737-0401012329

Chance, D. (2020). Conditional probability and the length of a championship series in baseball,
basketball, and hockey. Journal of Sports Analytics, 6(2), 111-127.
https://doi.org/10.3233/JSA-200422

Chu, D. P.& Wang, C. W. (2019). Empirical study on relationship between sports analytics and
success in regular season and postseason in Major League Baseball. Journal of Sports
Analytics, 5(3), 205-222. https://doi.org/10.3233/JSA-190269

Costa, G. C., Castro, H. O., Evangelista, B. F., Malheiros, L. M., Greco, P. J., & Ugrinowitsch, H.
(2017). Predicting factors of zone 4 attack in volleyball. Perceptual and Motor Skills, 124(3),
621-633. https://doi.org/10.1177/0031512517697070

Drikos, S. (2018). Pass level and the outcome of attack for age categories in male volleyball.
Journal of Physical Activity Nutrition and Rehabilitation, 13, 428-438.
https://www.panr.com.cy/?p=1720

Drikos, S., Barzouka, K., Nikolaidou, M.-E., & Sotiropoulos, K. (2021). Game variables that
predict success and performance level in elite men’s volleyball. International Journal of
Performance Analysis in Sport, 21(5), 767-779.
https://doi.org/10.1080/24748668.2021.1945879

Drikos, S., Sotiropoulos, K., Barzouka, K., & Angelonidis, Y. (2020). The contribution of skills in
the interpretation of a volleyball set result with minimum score difference across genders.
International Journal of Sports Science & Coaching, 15(4), 542-551.
https://doi.org/org/10.1177/1747954120930307

Drikos, S.& Tsoukos, A. (2018). Data benchmarking through a longitudinal study in high-level
men’s volleyball. International Journal of Performance Analysis in Sport, 18(3), 470-480.
https://doi.org/10.1080/24748668.2018.1493319

Fuchs, P. X., Fusco, A., Bell, J. W., von Duvillard, S. P., Cortis, C., & Wagner, H. (2019).
Movement characteristics of volleyball spike jump performance in females. Journal of Science
and Medicine in Sport, 22(7), 833-837. https://doi.org/doi.org/10.1016/j.jsams.2019.01.002

Garcia-de-Alcaraz, A., Ramirez-Campillo, R., Rivera-Rodriguez, M., & Romero-Moraleda, B.
(2020). Analysis of jump load during a volleyball season in terms of player role. Journal of
Science and Medicine in Sport, 23(10), 973-978.
https://doi.org/doi.org/10.1016/j.jsams.2020.03.002

Kim, B., Park, Y., & Jang, N. (2013). Study for independence of hits in professional baseball games.


https://doi.org/10.9790/6737-0401012329
https://doi.org/10.3233/JSA-200422
https://doi.org/10.3233/JSA-190269
https://doi.org/10.1177/0031512517697070
https://www.panr.com.cy/?p=1720
https://doi.org/10.1080/24748668.2021.1945879
https://doi.org/org/10.1177/1747954120930307
https://doi.org/10.1080/24748668.2018.1493319
https://doi.org/doi.org/10.1016/j.jsams.2019.01.002
https://doi.org/doi.org/10.1016/j.jsams.2020.03.002

AR ENF IR AT 157
114 5524 147-158 E (2024 ££09 A)

Journal of the Korean Data and Information Science Society, 24(6), 1421-1428.
https://doi.org/doi.org/10.7465/jkdi.2013.24.6.1421

Lima, R., Palao, J. M., Moreira, M., & Clemente, F. M. (2019). Variations of technical actions and
efficacy of national teams’ volleyball attackers according to their sex and playing positions.
International Journal of Performance Analysis in Sport, 19(4), 491-502.
https://doi.org/10.1080/24748668.2019.1625658

Martins, J. B., Afonso, J., Coutinho, P., Fernandes, R., & Mesquita, I. (2021). The attack in
volleyball from the perspective of social network analysis: Refining match analysis through
interconnectivity and composite of variables. Montenegrin Journal of Sports Science and
Medicine, 10(1), 45-54. https://doi.org/10.26773/mjssm.210307

Mashima, K. (2017). Performance Benchmarks (Stats) for the Rest of Us. Coaching Volleyball, 10-
14.
https://drive.google.com/file/d/0B2w05vTUgHr6 LUhfSnRwdGFSWkk/view?resourcekey=0-
bB3z4Qcmh14WwycBhTWS5Jw

Oliveira, A., Vaz, L., Pastore, J., & Jodo, P. V. (2018). Discriminate scoring skills and non-scoring
skills according to results in the Brazilian men’s volleyball SuperLeague. Montenegrin Journal
of Sports Science and Medicine, 7(1), 73-79. https://doi.org/10.26773/mjssm.180310

Ramirez-Campillo, R., Garcia-de-Alcaraz, A., Chaabene, H., Moran, J., Negra, Y., & Granacher, U.
(2021). Effects of plyometric jump training on physical fitness in amateur and professional
volleyball: A meta-analysis. Frontiers in Physiology, 12, 636140.
https://doi.org/10.3389/fphys.2021.636140

Valladares, N., Garcia-Tormo, J. V., & Jodo, P. V. (2016). Analysis of variables affecting
performance in senior female volleyball world championship 2014. International Journal of
Performance Analysis in Sport, 16(1), 401-410.
https://doi.org/10.1080/24748668.2016.11868895

Wang, M.-L., Yang, T.-C., & Weng, C.-B. (2022). Optimize player selection system for a volleyball
team by using grey relational analysis. Sports Coaching Science, (68), 15-25.
https://doi.org/10.6194/SCS.202212 (68).0002

Yang, T.-C. (2022). Constructing a team performance evaluation model of FIVB volleyball women's
world cup. Sports and Exercise Research, 24(1), 32-44.
https://doi.org/10.5297/ser.202203 24(1).0003

Yang, T.-C., Chen, C.-C., & Weng, C.-B. (2021). Task oriented skill weighting for wach position in
volleyball. Journal of Sport and Recreation Management, 18(2), 80-91.
https://doi.org/10.6214/jstm.202112_18(2).0005


https://doi.org/doi.org/10.7465/jkdi.2013.24.6.1421
https://doi.org/10.1080/24748668.2019.1625658
https://doi.org/10.26773/mjssm.210307
https://drive.google.com/file/d/0B2w05vTUgHr6LUhfSnRwdGFSWkk/view?resourcekey=0-bB3z4Qcmh14WwycBhTW5Jw
https://drive.google.com/file/d/0B2w05vTUgHr6LUhfSnRwdGFSWkk/view?resourcekey=0-bB3z4Qcmh14WwycBhTW5Jw
https://doi.org/10.26773/mjssm.180310
https://doi.org/10.3389/fphys.2021.636140
https://doi.org/10.1080/24748668.2016.11868895
https://doi.org/10.6194/SCS.202212_(68).0002
https://doi.org/10.5297/ser.202203_24(1).0003
https://doi.org/10.6214/jsrm.202112_18(2).0005

158 Journal of Sports Performance

Volume 11 Issue 2, September 2024

=R PR LR P R TE R Tt R A A 4

SPFE "~ R

"B EILREEE
Z

=
PR REREH B

L

BHY : AR S ERR & RS PFEREL B T RO E IR DR B - J77K « EREBPERE R A
4t (Volleyball Information System, VIS) Ug%E 2017-2021 & EDEHERIHEISTFEIE - B
T B GR P AER I TE S TRT IR  HRAa ROEIG R - &R SRR S IRIE R e R A
EALGMMERIESR - 5% DISFReR R BUER 2 B FAHATR HIVTEEE - ARSI K
R ZIEE WIS RBRRZ » HErty /(BB A AH S — 2 - B EER R
£ 50%LL b (ERAERE) - BRE D OVHESE IR E— R0 B (BREE 2 ) 3 (EiR4EE D (HEaEE
SRR - FE - DERYSERAERIE N B R N RSB - (H 1 5 2 AV ERIS o 4l 7] LUz 18
AR - BEPNTES D HURIGTERE (ORER BRI R CER) ZHEBA S » HASHEES - &
B ¢ BRI R DL 2 BRI E A R RS I 2 SR R - AW e R St A e sE fR
AHEE ~ FIsRETE - DURERI A S B e -

BASEESA] © HEBRIERAIOE « (RIFIR B A%




