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Abstract - This study addresses the blocking strategy making for volleyball blocker from static analysis according to the 
mixed-strategy equilibrium to sequential analysis according to the Bayes’ theorem. Game theory and model setting were 
applied to determine the optimal strategies for volleyball blocker in a sequential format. The results present two propositions, 
which provide the probability guideline through a maximization procedure for the blocker’s payoff in the game model 
development. The sequential analysis causes the dynamical change of strategy probability guideline according to the 
offense’s spike in the previous confrontation. The blockers’ optimal blocking strategies can be produced automatically by 
the formula when coaches employ their professional judgment to determine the related figures in the payoff matrix. 
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I. INTRODUCTION 
 
Volleyballhas drawn the attention of game theory 
theorists. Lee and Chin (2004) established a 
volleyball model involving a two-person constant-
sum game to decide whether to serve or to receive the 
service in the final set, and to determine how that 
decision affects the outcome of the match. Theirstudy 
introduced a mathematical algorithm to develop a 
model for analyzing decisionmaking in volleyball. 
However, the problem they tried to solve involved 
whether to serve or receive the first serve,which is not 
a keydecision in a volleyball match. Because 
volleyball is a complex, dynamic, and nonlinear 
strategic game,the model setup should be able to 
capture key performance indicators (Marcelino, 
Sampaio, & Mesquita, 2012). In addition, they 
emphasized that the available research (Marcelino, 
Mesquita, & Sampaio, 2010; Quiroga, García-Manso, 
Rodríguez-Ruiz, Sarmiento, De Saa, & Moreno, 
2010) has mainly studied the static conditions of the 
game. Thus, the lack of holistic approaches to 
studying sports performance must be emphasized, 
especiallyregarding the interaction among technique, 
tactics, and fitness.  
 
For developing feasible volleyball strategy, Lin 
(2014) was the first study to apply game theory 
analysis to the critical aspect of volleyball, the 
confrontation strategy of spiking and blocking, which 
are closely related to whether volleyball gamesare 
won (Marcelino, Mersquita, and Afonso, 2008).His 
analytical game model involved developing 
anapproach for applying mixed-strategy equilibrium 
to decide the core strategiesforspiking and blocking. 
Although the study made a great impact on the 
research field by using game theory to set up a 
volleyball game plan with a feasible tool for 
strategymaking, Lin (2014) neverthelessurged that 
future studies may endeavorto complete aseries of 
strategies foran entirevolleyball match.  

Therefore, this study, whichis based on the previous 
static analysis model that focused on strategies for 
single-shotconfrontation, aims to extend the analysis 
of volleyball to a dynamic analysis. In addition, this 
study proposes incorporating the dynamic results of 
confrontationsinto sequential strategy making on the 
volleyball court.By combining these two intentions, 
this study developed a model for establishing 
sequential blocking strategies by using Bayes’ 
theoremand mixed strategy equilibrium. Thus, a 
volleyball game plan can be completed by advancing 
from the basic model to the sequential and integrated 
model forstrategymaking. 
 
II. MODEL OF THESEQUENTIAL 
VOLLEYBALL GAME 
 
A basic diagram of volleyball strategies is presented 
in Figure 1. A spiker positioned along the sidelines in 
front of the net has two possible play choices: a 
sideline spike and a crosscourt spike. 
 

 
Figure 1. Two spiking strategies. 

 
III. MODEL DEVELOPMENT 
 
Initially, the blocker does not know what type of 
spiker he or she is facing. Two types of spiker are 
assumed in this model: sideline-oriented or 
crosscourt-oriented. The sideline-oriented spiker has 
higher spiking skills than the crosscourt-oriented 
spiker because sideline spiking has a shorter inline 
boundary. Thus, the sideline-oriented spiker spikes 
the ball to the sideline more often and has an 
advantage over the blocker. Let m denote the 
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probability that the blocker will face a sideline-
oriented spiker and 1-m denote the crosscourt-
oriented spiker. When the blockers know the type of 
spiker they are facing, they choose to execute a 
corresponding strategy, thereby raising the 
probability of blocking the spike. Generally, the 
spiker’s type is not revealed by the opposing team 
before the match. However, during the match the 
spiker’s type is revealed by every play. The success 
rate of blocking is assumed to be raised by knowing 
the spiker’s type. On the defensive side, the spiker’s 
type is unknown information. The blocker denotes the 
probability that a sideline-oriented spiker will spike 
to the sideline as a, and that of spiking to the 
crosscourt as 1-a; the probability that a crosscourt-
oriented spiker will spike crosscourt is b, and that of 
spiking to the sideline is 1-b. 
Spiker’s Type 
Prob (Sideline-oriented) = m 
Prob (Crosscourt-oriented) = 1-m 
Spiking Strategy 
Prob (Sideline︱Sideline-oriented) = a 
Prob (Crosscourt︱Sideline-oriented) = 1-a 
Prob (Crosscourt︱Crosscourt-oriented) = b 
Prob (Sideline︱Crosscourt-oriented) = 1-b 
Based on the assumption that a sideline-oriented 
spiker spikes to the sideline more often, a is greater 
than 0.5. Similarly, for a crosscourt-oriented spiker, b 
is greater than 0.5; thus, (1-a) and (1-b) are less than 
0.5. 
 
IV. ANALYSIS OF BLOCKING STRATEGY 
 
Based on the listed model settings, when the blocker 
encounters a spiker who spiked to the sideline in a 
previous engagement, the probability that the blocker 
will facea sideline-oriented spiker is no longer m. 
Using conditional probability and incorporating the 
new information change the probabilities to:  

 
 
Under the new probability formula, two cases can 
occur. Case I: If the spiker is more sideline-oriented, 
then m is greater than 0.5 and a, b > 0.5; thus, the 
conditional probability of (1) is greater than 0.5, and 
the conditional probability of (2) is less than 0.5. 
However, the probabilities of (3) and (4) are 
unidentified. Case II: If the spiker is more crosscourt-
oriented, then m is less than 0.5 and a, b > 0.5; thus, 
the conditional probability of (3) is less than 0.5, and 
the conditional probability of (4) is greater than 0.5. 
However, the probabilities of (1) and (2) are 
unidentified. The first key consideration for a 

blocking strategy is the identification of the type of 
spikers that are facing; thus, the blocking strategy can 
be set according to an opponent’s skill specialty. In 
Case I, the spiker is sideline oriented. If the spiker’s 
first attack is down the sideline, then the blocker can 
identify that the opponent is more sideline oriented 
and less crosscourt oriented. However, if the spiker’s 
first attack is crosscourt, then the blocker is unable to 
identify the type of opponent he or she is facing. 
However, Case II is presented as a similar analysis to 
Case I. 
 
When the probabilities of the offense are updated, the 
defensive decision making should be changed 
accordingly. Further model development is proposed 
for elucidating how to apply this sequential 
information to strategy design. 
 
In contrast to the probability formula of mixed-
strategy equilibrium in Lin (2014), the optimal 
strategy for a blocker encountering the same spiker a 
second time should involve changing according to the 
result of the first spike. The payoffs in Table 1 
represent the percentage that a blocker will 
successfully block a spike. The payoff variables are 
set as follows: (1) sideline blocking against a 
sideline-oriented spiker is α; (2) sideline blocking 
against a crosscourt-oriented spiker is β; (3) 
crosscourt blocking against a sideline-oriented spiker 
is γ; and (4) crosscourt blocking against a crosscourt-
oriented spiker is δ. Because sideline blocking is 
more efficient against a sideline-oriented spiker than 
against a crosscourt-oriented spiker, α is greater than 
β. Because crosscourt blocking is more efficient 
against a crosscourt-oriented spiker than against a 
sideline-oriented spiker, δ is greater than γ. 
Furthermore, based on the assumption that a sideline-
oriented spiker is more skilled than a crosscourt-
oriented spiker, the payoff δ is greater than α, and β is 
greater than γ. Summarizing these inequalities, the 
relationships of these payoffs are 1≧δ>α>β>γ≧0. On 
the basis of the payoff relationships, two approaches 
can be used to analyze the sequential stategy of this 
volleyball game. 
 

Table 1: Payoff matrix 

 
 
Payoff (spiker, blocker) 
 
Case I: First spike is down the sideline. 
Expected Payoff (Sideline Blocking)  
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In equilibrium, the blocker is willing to randomize 
only when he or she is indifferent to strategies. Thus, 
(5) is equal to (6), and the result is presented as 
Proposition 1. 
Proposition 1 
According to the volleyball game setting, the 
variables a and b are greater than 0.5, the inequalities 
of payoff relationships δ>α>β>γ, and the probability 
that the blocker will face a sideline-oriented spiker on 
the first spike to the sideline is 
 

 
 
In equilibrium, the blocker is willing to randomize 
only when he or she is indifferent to strategies. Thus, 
(10) is equal to (11), and the result is presented as 
Proposition 2. 
Proposition 2 
According to the volleyball game setting, the 
variables a and b are greater than 0.5, the inequalities 
of the payoff relationships δ>α>β>γ, and the 
probability that the blocker faces a sideline-oriented 
spiker on the first spike crosscourt is 

 

 
 
DISCUSSION 
 
The results of this study present advances from static 
to sequential analysis of volleyball. First, the static 
analysis of volleyball provided the probability 

guideline for blockers to execute their strategies 
according to the maximizing payoff derivation of 
mixed-strategy equilibrium (Lin, 2014). The 
sequential analysis in this study presents an advanced 
probability guideline that blockers can use to execute 
their strategies according to the maximizing payoff 
derivation fromBayes’ theorem. Second, the strategy 
probability guideline derived through static analysis 
for the volleyball game plan was preset. The 
probability guideline of sequential strategy making 
changed dynamically according to the offense’s spike 
in the previous confrontation, which information was 
incorporated into maximization procedure of the 
blocker’s payoff. Third, if the blocker and coaches 
have never encountered their opponent, then static 
analysis would not be able to provide sufficient 
judgment on payoff matrix figures for the 
computation of mixed-strategy equilibrium. In this 
case, sequential analysis could gather the information 
on each spike as it occurs, and then the accumulation 
of a spiker’s information would converge to the best 
strategy for the blocker even if he or she has never 
encountered this opponent.  
Although this study successfully advanced the static 
to sequential analysis in volleyball game, the 
completion of the whole game strategy-making are 
still in the expectation of researchers. This study built 
a sequential model for strategy-making involved only 
two confrontations. The expansion of this model from 
two confrontations to n-confrontations is the next 
topic for researchers in future development.  
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