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Context and Stakeholders

A Collegiate Athletics
A Volleyball Process
A Value Hierarchy

A Competitive Success Trend Analysis
A Stakeholders Interactions
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Overview Collegiate Athletics

A Largest national neprofit collegiate sports
organization U.S. (NCAA)

1 Mission promote student athlete developm:
alongside higher education

A 1,000 colleges are affiliated with the NCAA s20om
and over 400,000 participants

§250m

$150m
ADivision |, 11, or 1 som
choice of competition level
1 Divisions are further divided into regional %™
conferences. 50
AA BAIDD school is know
houseodo (highly compe
A Historical trends show correlations between
DI teambs competitiwv
1 Large fiscal budgets
1 High expectations
T High coachdos sal ary

1 Quantity of athletic scholarships

Systems Engineering 490/49%pring 2013

Top athletics budgets exceed $250 million in 2020

Budget projections for the top ten public institutions spending
the most on athletics, 2015 and 2020

$254 znillion
$165 miltion
$98 riilion
$69 million 0O
2005 2009 2015 2020
(projected) (projected)

Average Budgets for Top Ten Spenders on Athletics

This figure shows future projections for the average athletics operating budget
for the ten public institutions spending the most on athletics in 2009. The growth
rate projections are based on the "smoothed” annual rates of change for total
operating expenses during the following periods: 2005-2009, 2006-2009

and 2007-2009.

Source: USA Today NCAA athletics database using data reported by each institution

on NCAA financial reports.
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Value Hierarchy

AGMU I ntercoll eg
evaluation is used to measure
success relative to outcomes

Coaches Evaluation

v

Leadership 75%

N

Management 25%

Academic Success Fiscal H.'E-'Si:lﬂi:ls-lbliltj"
desired 30% 50%
A Value hierarchy list the criteria. Competitive Success Seaeduling Juiosopay
e ) 30%
A Competitive Successonstitutes ——
22.5% of the evaluation. Team Conesion D et
A Competitivesuccesss thefocus of —
Program Development ng
study. 10% 15%

Competitive Success has one of the highest
weights under leadership which comprises
75% of the evaluation
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Volleyball Functional Block Diagram Process

DecisionMaking

Proces$88ased on
Players

Refine Skills of Existing Players

coaches® intuitions
Performance Post Game
at Full > Analvsis  [MUSSSSSssssssssssmssssnmscy \
Potential nalysis \:/
______________________ Training
Match | Development
- :
1
| :
Objective ! I
1
1

Training  €---=============--===

G T

--------------------------------------------------- Recruiting
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GMU Womenos

Vol |l eyball

GMU VS. Northeastern

GMU

NE

Top Team

® 2000
= 2002
m2004
2006
= 2008
m 2010

2012

m2001
m2003
2005
2007
m2009
2011

— Northeastern
Average =
61.4%

— GMU
Average =
47.8%

Winning Percentage

Women's GMU VS Northeastern Overall Win %

0.9
0.8 -
0.7
0.6
0.5
0.4 1
0.3 -
0.2 4
0.1

0

GMU Win%

y =-0.0283x + 0.675]

=¢=NE Win%
y =0.0102x + 0.542

S OO DO

N o

PRI S NN

PR R F R R PP
Year

George MasonUniversity
Average winning percentaget7.8%
2.2% below CAA average

Northeastern University
Average winning percentagéi.4%
10.4% above CAA average

Systems Engineering 490/49%pring 2013

George MasonUniversity
Decreasingvith a slope 0f0.0283
Winning percentage varies b1 76

Northeastern University

Increasingwith slope of+0.0102
Winning percentagearies by only0.94%

bR




GMUMenos Vol l eyball

GMU VS. Penn State GMU VS. Penn State Overall Win %
1 m2000 2001 1
NS m2002 =2003 0.9 -
5 =2004 ©2005
= =2006 =2007| &098° .//f/'
g 2008 m2009| £ 0.7 1 ——GMU Win
S #2010 ~2011|| & 06 - %
S 2012 S 05 y =-0.0074x +0.6022
nc.» == PSU Average S 0.4 1
£ = 79% £03- PSU Win %
S = GMU Average 0.2 1 y = 0.0067x 40.7428
=55% 0.1 -
0 T T T T T T T T T T T T
George Mason Penn State W@Q ,\9@,\9@,\9& W@D‘,\p@ W@b,\,@(\ @Q%qpo’qp\q qp\\qpq'
Top Team Year
George MasonUniversity George MasonUniversity
Average Winning percentagg&5% Decreasmg/wth a slope 0f0.0074
5% above EIVA average Winning percentage varies [#/85%

Penn StateUniversity
Increasingwith slope of+0.0068
Winning percentagearies by only0.78%

Systems Engineering 490/49%pring 2013 ﬁ

Penn State University
Average winning percentagé9%
29% above EIVA average



NCAA

\

Staff Support

Sports Committee

it

Opponents

Conference

Non-Conference

SIARLD

Stakeholders Diagram

N /i\ Competition
c -
9
8 Volleyball Program \
=
< Staff Support
Coach Assistant Coach Trainer
7 )
Athletic Department \ Financing * * i *

——> Interactions

>  Tensions

Athletic Director Finance Operations

bt

Administrative Support

Academic
Coordinator

f

Evaluation Expectation

---------------------------- k_m e 7
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Team

New Players Existing Players
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Problem and Need

A Problem Statements
A Need Statement
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Problem Statements

Goal: Win conference championship to qualify for NCAA championship.

Womenos Problem Statement
A Top competitor in conference is Northeastern (NE) whose win % is 61.4%
A George Mason University (GMU) win % is 47.8%
A Greater variancein their winning percentages than NE.

A Won 3 out of 13matches against NE between years 2006 and 2012, wtdalyis
23.07% winning percentag against NE

Mends Problem Statement
A Top competitor in conference is Penn State (PSU) whose win % is 79%
A George Mason University (GMU) win % is 55%
A Greater variancein their winning percentages than PSU.

A Won 2 out of 26matches against PSU between years 2006 and 2012, which is on
7.7% winning percentage against PSU.

Systems Engineering 490/495pring 2013 lﬁl
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Need Statement

AFor both teams, there is a need for a decisiguport
tool that can identify and quantify sequences of
events that will yield at least a 50% winning
percentage against the top competitor.

Systems Engineering 490/49%pring 2013 I@
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Design Alternatives

A Design Alternatives
A Derivation of Design Alternatives
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GMUOGs Mendos and Womenos
Design Alternatives

A Alt. 1: Increasing Serves to Points (Aces)

1 A service ace occurs when a team serves the ball and that ball transitions directly to &
point for that team without undergoing any other transitions.

A Alt. 2: Increasing Blocks to Points (Blocks)

TBl ocks are used to strategically | and
deflect the ball from being spiked by the opposing team, resulting in a point.

A Alt. 3: Increasing Attacks to Points (Kills)

1 AKill is a particular type of an attack that results in a direct point by grounding the ball
i n the opposing teambébs side of the cou

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

1 Errors include multiple transitions because an error can occur between multiple
actions. Includes service errors; Badindling errors, from passes and sets; blocking
errors; receptions errors; and attacking errors.

Systems Engineering 490/49%pring 2013 Eﬁ
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Volleyball Hypothesis Testing

A Statistical Analysis was uselétermine how the occurrence of one event
correlates with a particular outcome in comparison to the opptzangs
A T-testlooks at the difference in means between the two teams

A 95% CI wherg Null hypothesis (H,): X,= X, (no difference in means)
Alternative hypothesis (H,): X,1 ,¥lifference in meansiandU=0.05

Number of Occurrences of Kills  Number of Occurrences of Aces Number of Occurrences of Blocks  Number of Occurrences of Errors
GMU PSU GMU PSU GMU PSU GMU PSU
" a4 5 1 5 9 1 4 12 1 30 2
5 41 49 2 4 4 2 11 7 2 35 31
3 19 40 3 a 7 a 12 12 3 40 32
4 20 58 4 2 5 4 13 6 4 22 28
5 21 40 5 3 3 5 8 12 5 a9 31
3 25 a9 6 1 2 8 21 10 6 44 40
n 8 B n 6 6 n 6 6 n i 3
X 28.667 46.167 X 3,000 5.000 X 11.500 9.833 X 35000  30.667
s 10.930 7.468 5 1414 2.608 s 5.683 2714 s 7.950 5.854
- & ar.417 Xave 4.000 Xave 10,667 - A 32833

Systems Engineering 490/49%pring 2013 @
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Transitional Occurrences

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=2.228U=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=2.10DF=10
t=2.228 U=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 U=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 U=0.05

GMU PSU

2

N ®

2

O
I
I

R

~

N

-,

1

=]

GMuU PSU

18 |
16

14 |

10|

GMuU PSU

45-
43

184982

GMuU PSU

Note: Thegraphical comparison showed the distributions of the two groups. fvh&ie is low, chances are there will be little overlap
between the two distributions. If tipevalue is not low, there will be a fair amount of overlap between the two groups

Systems Engineering 490/49%pring 2013
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Simulation

A CAAT
A Updated Volleyball Process
A SimulationProcess

A Simulation Assumptions
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Computer-Aided Analysis Tool (CAAT)

What is the tool? What does it do?
A Robust Volleyball Decision SupportTool A Simulate Matches
A New approach at volleyball data analysis A MonteCarlosimulation ofscenarios given
A Built and reformed through professional the probabilities of actual events occurring
expertiseof stakeholders (coaches) and the within a volleyball game
design A Analyze
A Knowledge and Mathematicalbased system A Causeand effect relationship between
A Models Markov Chain to depict volleyball transitional probabilities and the outcome of
g a me O sandtrarsitioass the match.
A Complied of combinations of historical data A Identify target transitional probabilities that
statistics and data from match videos will optimize winning percentage
A Computer-based program A Post analysis Optimize decision making in
A Game Model Program uses eclipse IDE training strategies and recruiting
written in java A Evaluate
AUses 6UnMactmmodP |l 6 ¢ | a dsAssess the performance of team and player
RandomNumber generatdor Java positions in games
A Python program used for data parsing
A Calculates probabilities and
occurrences

Systems Engineering 490/495pring 2013 ﬁ]



Absorbing Markov Chain Game Model

A Mathematical system, the

simulation is modeled by an A, . ’ 7 i
Absorbing Markov Chain W s = sl |
(AMC) process Ny = = S S P
A representative of a volleyball { T e .E*l
gameds actions |a :{du;ﬁ' ransitio n.S
A Model defines serves, g 1 iy [_._T'
pass/receives, sets, and blocks as- e T
transient states and points as ' EEET.
absorbing states E—;H‘ o e o i
A Accounts for two teams, GMU |5~ 1 EERE RSN T
as OAOG and t he/|"rf was/'s“ocr*at ed top

opponent as 0BG
A Involves Matrix Calculations
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Absorbing Markov Chain Matrix Calculations

Q Results of a Transition Matrix of a Markov Chain Model
a1

0 0 0 |o7538] © |o.ao77] 0O 0 0 0 J§0.0308] 0.1077
0 0 0.8767 0 0.0274 0 0 0 0 0 0.0559 0
0 ] U.1761 | 0.0284 | 04830 | 0.0284 | 0.1307 | 0.0114 0 0.0227 0 0.1193
0 0 0.0385 | 0.1667 | 0.0256 | 0.4744 | 0.0385 | 0.1154 | 0.0321 0 0.1026 | 0.0064
0 0 0.0943 | 0.0472 1 0.0377 | 0.0283 | 0.7736 0 0 0 0 0.0189
0 ] 0.0317 | 0.0397 |0.0159 | 0.1746 0 0.7302 0 0 0.0079 0
0 0 0 0.3909 0 0.0727 0 0 0 02818 §0.1545| 0.10

d 0 0 0.2920 0 0.0354 0 0 0 0.3805 0 0.0885 | 0.2035
0 ] 03958 | 0.2500 | 00217 | 0.0625 0 0.0208 0 0 00833 01458 R
0 0 0.2857 | 0.2857 | 0.0571 | 0.1143 0 0 0 0 0.1429 | 0.1143 |
0 0 0 0 0 0 0 0 0 o ll 1 | 0
0 0 0 0 0 0 0 0 0 0 0 1§

If we are present in transient state t, the probability that the team will eventually
be absorbed in absorbing state a, is the ij'" element in matrix (I- Q)'R. |
. (I-Q)
2. (I-Q)!Markov Chain’s Fundamental Matrix

3. I-Q)R
Systems Engineering 490/49%pring 2013 Eﬁ
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Validation
Derived Equation for Simulation

Absorbing
States
A Changes in original A
transitional probabilities in the Pat.A  Pnt.B

0.430349 0.569745
0.465594 0.534377

original matrix reflect a caude 1
and effect relationship intheé P 2[(I-Q)'R],,

. . . ps = . .
final resulting matrix. $ L R
. 0.473578 0.526564
A The value of a probability Transient | 0476589 | 0.523371
determines the sensitivity of States 0395226 | 0.604651

an outcome. 0499901 | 0.500049

A Probabilities in the original
matrix are adjusted to analyze
the outcome of the match =
within the simulation.

0.382149 0.617706

0.415227 0.584683

0.466809 0.533205
0.4412215 | 0.5587526
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AN
Functional Block Diagram Process

Computer Aided Analysis Tool

DecisionMaking Process

Players Statistically supported by
Performance » Winning Percentage Big Data Analysis
at FU!| Raw Data of Transitional Absorbing Markov ; : i
Potential Probabilitcs collected fom === Chain Volleyball Game P Point Scoring Probability
Video Analyss ; S S| (T v L | P
| Simulation o Cocameaces v
N ] Training
Matc —> I ! Development
7 : ;
| 1 1
: ' '
: i |
Objective | ,  Decision
! i : Making
1 I ]
Refine Skills of Existing Players : | Process
. ! \"
Training J===ssssssssssssssssssssssssssssssssssssssssssssssssassss :
A PoSSEIELLLELsELIes sy Recruiting
| 1
| 1
| 1
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Simulation Process

Data Collection and Parsing Phase Simulation Phase

— o e e e e e e e e e e e e Em Em e e Em e Em e e e — o e e e e e o e e e e =
| 1 1
| 1 1
i Raw Data » 5 I
I Sequence of Events I 1 Transitional Probabilities '
I Bpass Bset Battack Al I I I
I Apass Aset Aattack B I jTeas & probabilicies |
Bpass Bset Battact 2 I . 0
Al T Aatt 0 ’ §
| sg::: ::gt B;gt:gk A 1 1 ﬁ : s r{ g ﬂ Wln /0 1
s cgeco00
l Data e Data S Point |
1 0 Bpass A . asesoo oin 1
CO”ECtIOﬂ ipass Bset Battack Al Pars|ng | 3 E s : 3 S .
1 Bpass Bset Battack Af 1 008000 SCOI’Ing 1
Apass Aset Bpass Bse go0eQ0o0.2 .y
I ipass Aset Aattack Bl I PrObablllty
Apass Battack B
| | |
| | 1
| | 1
1 1 1
| | 1
| | I
T H TR -~
Aserve Bpass Bset Battack A
Team A occurrences: Bserve Apass Aset Aattack Bl
Aserve Bpass Bset Battack Al
0 00 Bserve Apass Aset Aattack B
Q 00 Q:S:x: EDZSS Bset Battack A|
Qnn. o "
Sensitivity > ' BEIE] RSSrve spass Apacs mpascia

Aserve Bpass A

1 A B| Bset Battack Al
ParSIng B:::x: Apass se attacl

Aserve Bpass Bset Battack A|
Bserve Apass Aset Bpass Bse
Aserve B

Bserve Apass Aset Aattack Bl

Bserve Apass Battack B

Transitional Occurrences Sequence of events

Analysis

000000000
[-F-J-R-L i1~}
oooooO™
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Data Collection and Simulation

User Input

Aserve Bpass Bset Battack
Bserve Apass Aset Aattack
Aserve Bpass Bset Battack
Bserve Apass Aset Aattack
Aserve Bpass Bset Battack
Aserve B

Bserve Apass Aset Aattack
Aserve Bpass Bpass Bpass A
Aserve Bpass A

Aserve Bpass Bset Battack A

» rPOPpm>

Parsing Processor Function

Bserve A

Aserve Bpass Bset Battack A Data
Bserve Apass Aset Bpass Bse )
Aserve B Parsing

Bserve Apass Aset Aattack B
Bserve Apass Battack B

Matrix Transitional Probabilities

Team & Team B
Serve Pozz B Pass 1 Pass 2 Pass 3 Pass Set Attock Block  Point  Serve Posz 8 Pass 1 Pass 2 Pass 3 Pass Set Attack Block  Point
a 1 2 3 4 5 6 7 g 9 18 11 12 13 14 15 16 17 15 19
Team & Serve @ 2] 2] 2] 2] 2] 2] 2] 2] 2] 6.83 @ 2] 2] 2] 2] 6,785 B.183 @ 2] 6.187 1
Poss @ 1 A A A A A A A A A A A A A A A A A A A A A
Poss 1 2 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
Pazs 2 3 a a a a a a a a a a a a a a a a a a a a a
Pozz 3 4 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2]
Poss 5 A A A A A 6,173 B6.476 8.1387 @ A A A A A A A.6232 B.627% 6.8185 @.82256 6.3 1
Set 3 8 8 8 8 8 6.6851% 6.837 8.731 8 8 8 8 8 8 8 6.68472 B6.68283 @ 8 a.68746 1
Attack 7 a a a a a a a a a a.154 @ a a a a B.333 B8.871 @ .27  8.114 1
Block & 2] 2] 2] 2] 2] 68,396 6.843 @ 2] 0.6836 @ 2] 2] 2] 2] 0.2485 0.0815 ©.8208 @ 6.146 1
Foint 9 a
Team B Serve 18 8 8 8 8 8 B8.577 6.68264 @ 8 6.68%6 @ 8 8 8 8 8 8 8 8 8 1
Pozz B 11 a a a a a a a a a a a a a a a a a a a a a
Posz 1 12 ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
Pass 2 13 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2] 2]
Poss 3 14 a a a a a a a a a a a a a a a a a a a a a
Poss 15 8 8 8 8 8 6.68352 B6.68252 @ 8 68.113 @ 8 8 8 8 6.136 B.469 6.116 8 a.1826 1
Set 16 a a a a a 6.68317 B6.8155 @ a a.6877 A a a a a 6.68395 8.1716 B8.73¢ @ a 1
Attaock 17 2] 2] 2] 2] 2] 68,2016 @.6356 @ 6,373  B.6392 @ 2] 2] 2] 2] 2] 2] 2] 2] 6,285 1
Block 15 A A A A A A.2332 6.6865 @ A A.146 @ A A A A A.236 6.116 @ A a.112 1
Design alternatives Text File Input
implementation occurs Win %
in the above text file SIySIEU O El—>  point
Scoring
Probability
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Simulation Assumptions

1.

Design alternatives were tested under the assumption thaqthesing

teamO0s perf or manc mathertrangiienal NS C O
distributions with low variations in their performance.

Design alternatives were tested under the assumptioaltrether
transitions in all other states remain at theircurrent
transitional status (original probability).

GMUOS pr o hratiecodtrollédivagiableswhile
opponent 0s apertharncatolled vatiables.s
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Simulation Interface
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http://www.youtube.com/watch?v=c4HlhmcGqOY
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Sensitivity Analysis
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Sensitivity Analysis

Serves, Blocks and Attacks Transitional Probability VS Point Scoring

Probability
1
208 —
Qo
e
a 0.6 —— —
ki ——— —Serve- Point
:/g) 0.4 —=Block - Point
g
0 T T T T T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Transitional Probability
Errors Transitional Probability VS Point Scoring Probability
0.35
2 03 =
2025 T~
,8 o ; \ ——Serve Errors
e = \ —Passing Errors
5 015 T~ Setting E
S ——Setting Errors
Z 01 — X
€ 0.05 — o~ —Aittack Errors
= ; \\ | . \\; | —Block Errors
0.47 0.48 0.49 0.5 0.51 0.52 0.53 0.54 0.55

Point Scoring Probability
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Design of Experiment

A Simulated Scenarios
A Design of Experiment
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Design of Experiment

MENGS VOLLEYBALL TEAM

':".?Eu: Winning Percentage 50% ‘mtrmnmg Percentapge 90% Winning Percentage
(Current and MMost Probable {Breaking Even and Least (Significantly Optimal Scenario)
Scenario) Optimal Scenario) tralficantly Liptl '
i i Transitional MNumber of Experirmental | Number of Experirmental MNumber of
Design Alternatives
ad R Probabilities Qccurrences Probabilities | Occurrences Probabilities Qccurrences
Apes 003560 3 0.22 29 0525 33
Blocks 0406 12 0,506 24 0.596 (MNIA)
Serves 0.1052 a9 00652 7 00152 2
Decrease Frrore Paszes 00102 2 00062 0 00022 0
Altacks 0.1408 14 00608 3 00208 4
Blocks 03775 10 0.1775 5 00275 1
Kills 0.2675 30 04673 39 05673 47
WOMENGS VOLLEYBALL TEAM
2307 % Winning Percentage S50% Winning Percentage . wwre n
(Current and MMost Probable {Breaking Even and Least (S m'}rg:::;:;;ﬂ;:ml'r::zf:}:f;'nj
Scenario) Optimal Scenario) pnificantly Lipti !
; . Transitiomnal Mumber of Experimental Mumber of Experirmental Mumber of
Ehesign Aternntives Probabilities Occurrences Probabilities | Oocurrences Probabilities Occurrences
Aces 00223 6 0.1223 15 0.3223 24
Blocks 0.1623 15 0.3624 17 06623 30
Serves 0.0B54 11 0076 4 00614 2
Passes 0.1023 15 00623 13 00223 13
Decrease Errors Sel 00220 a9 00088 4 00048 2
Adlacks 0.104 14 0094 ] B 00641 3
Blocks 0313 16 0.2BET 14 0.2137 13
Kills 0.1575 18 0.2575 30 04075 35

Systems Engineering 490/49%pring 2013
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Results & Recommendations

A Simulation Results
A Utility Results
A Risk Analysis

A Recommendations
A Future Work
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Simulation Results

A The comparative analysis indicated that each type of alternative will need
significant amount of improvement in order to achieve a winning
percentage 050% and90% from the current winning percentage.

Number of Events in a Sequence George Mason University Number of Events in a Sequence George Mason University
% Men's Volleyball i Women's Volleyball
z 50 ‘ 2 70
= =
io
:
w» 50 1
g F
= £ 140 35
H 8(7.7% WE) % i 300 | ®3.07% W)
£ F(50% WP) § :2.4_ %(50% WP)
g (90% W) 32 : “(90% WP)
E 5 10 -
2 - ——
: A Blocks Er Kills o ' '
L o oL o * Aces Blocks Errors
Design Alternatives Design Alternatives
Design Alternative Amount of Change Design Alternative Amount of Change
1 Increasing Kills [+9 | 1 Increasing Blocks [+2 |
2 Increasing Blocks [+12 | 2 Increasing Aces [+9 |
3 Decreasing Errors |-18 | 3 Increasing Kills [+12 |
4 Increasing Aces [+26 | 4 Decreasing Errors [-22 |
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Utility Function

GMU Women's VB (0.5) Trainability AR

: z > = (0.5) Modifiability ——
Design Alternatives [(0.5) Efficiency|(0.5) Effectiveness Utility
Increasing Aces 0 2 2 1.5
Increasing Blocks 2 2 3 2.5
Decreasing Errors 3 3 1 2
Increasing Kills 0 1 2 1.25
GMU Men's VB (0.5) Trainability . -

- - - - (0.5) Modifiability —
Design Alternatives [(0.5) Efficiency|(0.5) Effectiveness Utility
Increasing Aces 1 2 0 0.75
Increasing Blocks 1 1 2 1.5
Decreasing Errors 3 3 1 2

|Increasing Kills | 1 | 2 | 2 | 1.75|
U(x) = (0.5)TR + (0.5)MO TR(X) = (0.5)EFFY + (0.5)EFFT

A Two main categories: Trainabiliff R) Modifiability (MO)
A Trainability has two sulcategories: Efficienc{EFFY) Effectivenes¢EFFT).
A Scale O(worst) 3(best)
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Risk Analysis

Women's Utility vs Risk

High +*
A
X ¢ Increasing Aces
2D Medium .
o M Increasing Blocks
X A Decreasing Errors
X Increasing Kills
LOW T T T T . 1
0 0.5 1 1.5 2 2.5 3
Utility
Men's Utility vs Risk
High *
A
¢ Increasing Aces
& Medium _
¥ M Increasing Blocks
X A Decreasing Errors
X Increasing Kills
Low T T B T !
0 0.5 1 1.5 2 2.5

Utility
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Recommendations

Ranking By Simulation Ranking By Utility Analysis —
Results Results

Team Rank

Increasing Attack - Point Increasing Attack - Point Increasing Attack - Point
Increasing Block - Point Decreasing Errors Increasing Block - Point
Decreasing Errors Increasing Block - Point Decreasing Errors
Increasing Serve - Point Increasing Serve - Point Increasing Serve - Point
Increasing Block - Point Increasing Block - Point Increasing Block - Point
Increasing Serve - Point Decreasing Errors Increasing Attack - Point

Increasing Attack - Point Increasing Serve - Point Decreasing Errors
Decreasing Errors Increasing Attack - Point Increasing Serve - Point

A Mends Team:
[ Although decreasing errors has the highest uti/l
woul d be the best alternative to I mprove the me

[ Since focusing training is also associated with blocks training, the focus of recruiting would be directed to
strong servers.

A Womenods Team:

[ Since increasing blocks has the highest utility and lowest risk, the recommendation would be to focus trair
bl ocks in order to I mprove the teamds perfor man

[ The recommendation for recruiting would be to focus on attaining strong hitters and strong serv&
Systems Engineering 490/49%pring 2013
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Testimonial

nin 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 enthusiasml.heir model is a good first attempt at
iInforming on meaningful components of success and
failure in the sport ©

I Coach Fred Chao
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Questions?
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Backup Slides
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Method of Analysis

Video Analysis

Sample size for 12 Games, 4-year
period, pilot study estimated 1,400 data
points per game with maximum of
70 transition combinations
and population size 224 games

—_—

Markov Chain

Game Model Simulation

Output Design Alternatives with
New Transition Probabilities for

a number of runs

Transition Probabilities

lnn.m = pix)

Calculate average of each transition line per

game and input values into transition matrix Normai Distributions
1
Transition Probabilities e uytton ——
- B o4
ll’!!.ll) - pix) — pmd a'20.5
Transient oo
€« State 3 | C———— /‘\
PR p(x) Z (==
A s 1 o4 ;R
PAAB) = pix) 2 : / \
insniet <. Absorbing = H
State = 02 /
; : . ! \ A1
Design Alternatives with ' . NN
New Transition Probabilities ! o L e AR A I . .

d th h simulati
and run through simulation Refin

b
>

—>

Conduct Sensitivity Analysis on Design

Evaluate the effects of future games
based on Criteria and Utility Score

S\Bystea EIHigieredoBasAeg 2013

Transient
S(‘“. = ‘ﬁ
P(B.AY= p(x) :
—— 3
P(AB) = p(x) Absorbing =
State

Design Alternatives
If needed

Sensitivity Analysis [T—>

Alternatives to measure Impact (Weights)

Markov Chain

Game Model Simulation
|

Use simulation to calculate each state’s
probability distribution based of current data

¥

Sampling Baseline Distribution and
standard deviation for each
transition with desired 95%-CI

e

Selection Criteria

Evaluate the effects that
optimize Performance and

Cost/Benefits
Figure 1.12
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Program Inner Workings
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