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Context and Stakeholders 

Å Collegiate Athletics 

Å Volleyball Process 

Å Value Hierarchy 

Å Competitive Success Trend Analysis 

Å Stakeholders Interactions 
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Overview Collegiate Athletics 

Å Largest national non-profit collegiate sports 
organization U.S. (NCAA) 
¶Mission promote student athlete development 

alongside higher education  
 

Å 1,000 colleges are affiliated with the NCAA 
and over 400,000 participants 
 

ÅDivision I, II, or III based on each schoolôs 
choice of competition level  
¶ Divisions are further divided into regional 

conferences. 

ÅA ñD-Iò school is known as ñmajor power 
houseò (highly competitive teams). 

Å Historical trends show correlations between 
D-I teamôs competitive success and 
¶ Large fiscal budgets  

¶ High expectations  

¶High coachôs salary  

¶Quantity of athletic scholarships 
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Value Hierarchy 

ÅGMU Intercollegiate Athleticsô 
evaluation is used to measure 

success relative to outcomes 

desired. 

ÅValue hierarchy list the criteria. 

ÅCompetitive Success constitutes 

22.5% of the evaluation. 

ÅCompetitive success is the focus of 

study. 

 
Competitive Success has one of the highest 

weights under leadership which comprises 

75% of the evaluation 
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Decision-Making 

Process Based on 

coachesô intuitions 

 

Volleyball Functional Block Diagram Process  

Training  

Match 

Training  

Development 

Recruiting 

Players 

Performance 

 at Full 

Potential 

Refine Skills of Existing Players 

Recruiting Process 

Objective 
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GMU Womenôs Volleyball Average Performance 
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Northeastern 

Average = 

61.4% 

 

GMU 

Average = 

47.8% 

 

George Mason University 

    Average winning percentage:  47.8%  

    2.2% below CAA average  

 

Northeastern University 

    Average winning percentage: 61.4% 

   10.4% above CAA average 

 

George Mason University 

    Decreasing with a slope of -0.0283 

    Winning percentage varies by 4.17% 

 

Northeastern University 

    Increasing with slope of +0.0102 

    Winning percentage varies by only 0.94%    

y = -0.0283x + 0.6757 
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GMU Menôs Volleyball Average Performance 
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George Mason University 

Average winning percentage: 55% 

5% above EIVA average  

 

Penn State University 

Average winning percentage: 79% 

29% above EIVA average 

 

George Mason University 

Decreasing with a slope of -0.0074 

Winning percentage varies by 2.85%  
 

Penn State University 

Increasing with slope of +0.0068 

Winning percentage varies by only 0.78%    

y = -0.0074x + 0.6022 
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Athletic Department 
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Problem and Need 

ÅProblem Statements 

ÅNeed Statement 
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Problem Statements 

Goal: Win conference championship to qualify for NCAA championship. 
 

Womenôs Problem Statement 

ÅTop competitor in conference is Northeastern (NE) whose win % is 61.4% 

ÅGeorge Mason University (GMU) win % is 47.8% 

ÅGreater variance in their winning percentages than NE. 

ÅWon 3 out of 13 matches against NE between years 2006 and 2012, which is only 

23.07% winning percentage against NE. 
 

 
Menôs Problem Statement 

ÅTop competitor in conference is Penn State (PSU) whose win % is 79% 

ÅGeorge Mason University (GMU) win % is 55% 

ÅGreater variance in their winning percentages than PSU. 

ÅWon 2 out of 26 matches against PSU between years 2006 and 2012, which  is only 

7.7% winning percentage against PSU. 
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Need Statement 

ÅFor both teams, there is a need for a decision-support 

tool that can identify and quantify sequences of 

events that will yield at least a 50% winning 

percentage against the top competitor. 
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Design Alternatives 

ÅDesign Alternatives 

ÅDerivation of Design Alternatives 
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GMUôs Menôs and Womenôs Volleyball Teamôs 

Design Alternatives 

ÅAlt. 1: Increasing Serves to Points (Aces) 

¶A service ace occurs when a team serves the ball and that ball transitions directly to a 

point for that team without undergoing any other transitions.  
 

ÅAlt. 2: Increasing Blocks to Points (Blocks) 

¶Blocks are used to strategically land the ball in the opposing teamôs side of the court or 

deflect the ball from being spiked by the opposing team, resulting in a point.  
 

ÅAlt. 3: Increasing Attacks to Points (Kills)  

¶A kill is a particular type of an attack that results in a direct point by grounding the ball 

in the opposing teamôs side of the court.  
 

ÅAlt. 4: Decreasing events that increase opposing teams points (Errors) 

¶Errors include multiple transitions because an error can occur between multiple 

actions. Includes service errors; ball-handling errors, from passes and sets; blocking 

errors; receptions errors; and attacking errors. 
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Volleyball Hypothesis Testing 

ÅStatistical Analysis was used determine how the occurrence of one event 

correlates with a particular outcome in comparison to the opposing teams 

ÅT-test looks at the difference in means between the two teams 

Å 95% CI where, Null hypothesis (Ho): X1 = X2 (no difference in means) 

Alternative hypothesis (HA): X1 Í X2 (difference in means)  and Ŭ=0.05  
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Volleyball T-Test Results 
Number of Occurrences 

  Kills  

Number of Occurrences  

Aces 

Number of Occurrences 

  Blocks 

Number of Occurrences 

  Errors  

GMU Limits  

Lower: 20.15 Upper: 37.18  

PSU Limits 

Lower: 37.65 Upper: 54.68 

T=-3.24   P=0.0089 

STDEV=9.36   DF=10 

t = 2.228  Ŭ = 0.05 

GMU Limits  

Lower: 1.092 Upper: 4.908  

GMU Limits  

Lower: 3.092 Upper: 6.908 

T=-1.65     P=0.13 

STDEV=2.10 DF=10 

t = 2.228    Ŭ = 0.05 

GMU Limits  

Lower: 7.449 Upper: 15.55  

PSU Limits 

Lower: 5.782 Upper: 13.88 

T=0.648   P=0.53 

STDEV=4.45   DF=10 

t = 2.228    Ŭ = 0.05 

GMU Limits  

Lower: 28.65 Upper: 41.35  

GMU Limits  

Lower: 24.32 Upper: 37.02 

T=1.08    P=0.305 

STDEV=6.89   DF=10 

t = 2.228    Ŭ = 0.05 

Note: The graphical comparison showed the distributions of the two groups. If the p-value is low, chances are there will be little overlap 

between the two distributions. If the p-value is not low, there will be a fair amount of overlap between the two groups. 
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Simulation 

ÅCAAT 

ÅUpdated Volleyball Process 

ÅSimulation Process 

ÅSimulation Assumptions 
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Computer-Aided Analysis Tool (CAAT) 

Å Robust Volleyball Decision Support-Tool 

Å New approach at volleyball data analysis 

Å Built and reformed through  professional 

expertise of stakeholders (coaches) and the 

design 

Å Knowledge and Mathematical-based system 

Å Models Markov Chain to depict volleyball 

gameôs states and transitions  

Å Complied of combinations of historical data, 

statistics and data from match videos 

Å Computer-based program 

Å Game Model Program uses eclipse IDE 

written in java 

ÅUses óUncommon Math APIô class 

Random Number generator for Java  

Å Python program used for data parsing  

Å Calculates probabilities and 

occurrences 

 

 

 

Å Simulate Matches 

Å Monte Carlo simulation of scenarios given 

the probabilities of actual events occurring 

within a volleyball game 

Å Analyze 

Å Cause and effect relationship between 

transitional probabilities and the outcome of 

the match. 

Å Identify target transitional probabilities that 

will optimize winning percentage 

Å Post analysis -  Optimize decision making in 

training strategies and recruiting  

Å Evaluate 

Å Assess the performance of team and player 

positions in games 

What is the tool? What does it do? 
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Absorbing Markov Chain Game Model 

18 

ÅMathematical system, the 

simulation is modeled by an 

Absorbing Markov Chain 

(AMC) process 

Årepresentative of a volleyball 

gameôs actions and transitions  

ÅModel defines serves, 

pass/receives, sets, and blocks as 

transient states and points as 

absorbing states   

ÅAccounts for two teams,  GMU 

as óAô and their associated top 

opponent as óBô  

ÅInvolves Matrix Calculations 
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Absorbing Markov Chain Matrix Calculations  
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Validation 
Derived Equation for Simulation 

ÅChanges in original 

transitional probabilities in the 

original matrix reflect a cause 

and effect relationship in the 

final resulting matrix. 

ÅThe value of a probability 

determines the sensitivity of 

an outcome. 

ÅProbabilities in the original 

matrix are adjusted to analyze 

the outcome of the match 

within the simulation. 
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Decision-Making Process 

Statistically supported by 

Big Data Analysis 

 

Functional Block Diagram Process  

Training  

Match 
Training  

Development 

Recruiting 

Players 

Performance 

 at Full 
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Objective Decision-

Making 

Process 

Computer Aided Analysis Tool 
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Videos 
Data 

Parsing 
Simulation 

Win % 

Point 

Scoring 

Probability 

Data 

Parsing 

Raw Data 

Sequence of Events Transitional Probabilities 

Sequence of events  Transitional Occurrences 

Simulation Process 

Data Collection and Parsing Phase 
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Data Collection and Simulation 
User Input 

Parsing Processor Function 

Matrix Transitional Probabilities 

Data 

Parsing 
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Simulation 

Text File Input 
Win % 

Point 

Scoring 

Probability 

Design alternatives 

implementation occurs 

in the above text file 



Systems Engineering 490/495 - Spring 2013 

Simulation Assumptions 

1. Design alternatives were tested under the assumption that the  opposing 

teamôs performance remains consistent in the transitional 

distributions with low variations in their performance. 

 

2. Design alternatives were tested under the assumption that all other 

transitions in all other states remain at their current 

transitional status (original probability).  

 

3. GMUôs probabilities are the controlled variables while 

opponentôs probabilities are the uncontrolled variables.  
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Simulation Interface 
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http://www.youtube.com/watch?v=c4HlhmcGqOY  

http://www.youtube.com/watch?v=c4HlhmcGqOY
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Sensitivity Analysis 
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Sensitivity Analysis 
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Transitional Probability  

Serves, Blocks and Attacks Transitional Probability VS Point Scoring 
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Design of Experiment 

ÅSimulated Scenarios 

ÅDesign of Experiment 
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MENôS VOLLEYBALL  TEAM  

WOMENôS VOLLEYBALL  TEAM  

Design of Experiment 
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Results & Recommendations 

Å Simulation Results 

Å Utility Results 

Å Risk Analysis 

Å Recommendations 

Å Future Work 
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Simulation Results 
ÅThe comparative analysis indicated that each type of alternative will need a 

significant amount of improvement in order to achieve a winning 

percentage of 50% and 90% from the current winning percentage. 
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Rank Design Alternative Amount of Change 

1 Increasing Kills |+9 | 

2 Increasing Blocks |+12 | 

3 Decreasing Errors |-18 | 

4 Increasing Aces |+26 | 

Rank Design Alternative Amount of Change 

1 Increasing Blocks |+2 | 

2 Increasing Aces |+9 | 

3 Increasing Kills |+12 | 

4 Decreasing Errors |-22 | 
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Utility Function  

ÅTwo main categories:  Trainability (TR) Modifiability (MO) 

ÅTrainability has two sub-categories: Efficiency (EFFY) Effectiveness (EFFT).  

ÅScale 0(worst) - 3(best) 

32 

U(x) = (0.5)TR + (0.5)MO TR(x) = (0.5)EFFY + (0.5)EFFT 
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Risk Analysis 

33 
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Recommendations 

34 

Å Menôs Team: 

ſ Although decreasing errors has the highest utility, itôs also associated with high risk. Therefore, increasing kills 
would be the best alternative to improve the menôs teamôs performance and compete at Penn Stateôs level. 

ſ Since focusing training  is also associated with blocks training, the focus of recruiting would be directed towards 

strong servers. 

Å Womenôs Team: 

ſ Since increasing blocks has the highest utility and lowest risk, the recommendation would be to focus training on 

blocks in order to improve the teamôs performance and compete at Northeasternôs level. 

ſ The recommendation for recruiting would be to focus on attaining strong hitters and strong servers. 
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Testimonial 

ñIn less than one academic year, the group learned 
about five years worth of volleyball. The level of 
ambition of the project was matched by their tenacity 
and enthusiasm. Their model is a good first attempt at 
informing on meaningful components of success and 
failure in the sport.ò  

    ï Coach Fred Chao 
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Questions? 
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Backup Slides 
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Figure 1.12 
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Program Inner Workings 
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Simulation 
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