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Objective of Game 
ÅSoccer: Game between two teams of ten field players and one 

goalie per team 
 
Åaŀƛƴ CƻŎǳǎΥ DŜƻǊƎŜ aŀǎƻƴ ¦ƴƛǾŜǊǎƛǘȅ aŜƴΩǎ {ƻŎŎŜǊ ¢ŜŀƳ 

 
ÅField: A standard NCAA regulated field is 115-120 yds (length) 

by 70-75 yds (width) including two goals that are defended on 
either side of the field. 
 
ÅObjective: The object of the game is to score more goals than 

the other team 
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Strategy 

ÅOffense:   
ſConnect a series of passes to get around and 
ǘƘǊƻǳƎƘ ǘƘŜ ƻǇǇƻǎƛƴƎ ǘŜŀƳΩǎ ŘŜŦŜƴǎŜ by 
using numerical advantage 
 

ÅDefense:   
ſWin the ball back from opposing team 
ſDo not allow the opposing team to get near 

your goal with the ball causing them to not 
score any goals 
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Strategies: Common Formations 
4-4-2 4-3-3 
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Figure 3: 4-4-2 Formation  Figure 4: 4-3-3 Formation  

Types: Numerical Advantages: 

Å Flat 
Å Wide Diamond 
Å Narrow Diamond 

Å Numbers out wide 
Å Support for attacking 

Disadvantages: 

Å Outnumbered in middle 
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Coaching Rules 

Types: Numerical Advantages: 

Å Flat 
Å 2 Holding Midfielders 
Å 2 Attack Midfielders 
Å High/Low Wings 

Å Attack-centric 
Å Strong central 

midfield presence 

Disadvantages: 

Å Open to counterattack 
Å Open on outside 

 Inverting the 
Pyramid: A 
History of 
Football 
Tactics 

(Jonathan 
Wilson) 



Challenges in coaching Soccer 
ÅBaseball vs. Soccer: Discrete vs. Flowing 

ÅNo instructions/stoppages until halftime 

ÅPlayers have to make own decisions in order to 

benefit the team  

ÅPlayers have to adapt to the situations around them 

ÅAutonomous distributed agents 

ÅNetwork Complexity of Soccer: Netcentricity  
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How Coaching is Done 

ÅTraditional 
ſUse coaching expertise 

ſWatch practices/games, make changes accordingly 

ſ/ŀƴƴƻǘ ΨǎŜŜΩ Ŧǳƭƭ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ƎŀƳŜ 

ÅNew Generation 
ſUse data analysis to find holes in strategy, make 

changes accordingly 

ſAble to see patterns and complexity of game 

ÅHybrid Mix of Traditional and New Generation 
ſUse a mix of the two coaching strategies 
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Current Coaching Process 

1 2 

6 

3 

5 

4 

8 

7 
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How Coaches are Measured 

ÅRecruiting Classes 

ÅCollegiate Tournaments 
ſAtlantic 10 Conference Wins 

ſNCAA Tournament Appearances 

Å¢ŜŀƳΩǎ !ŎŀŘŜƳƛŎ tŜǊŦƻǊƳŀƴŎŜ 
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Collegiate Tournaments 

Atlantic 10 Conference NCAA 

Å13 teams 

ſTop 8 teams advance 

ÅEach team play each other during 
season 

Å¢ŜŀƳΩǎ ǊŜŎƻǊŘ ŘŜǘŜǊƳƛƴŜ 
tournament participation 

ÅUse a weighting system to keep 
track of ranking 

ÅWinner gets an automatic bid 
into NCAA tournament 

ÅSingle elimination  

Å22 teams get an automatic bid 
from winning their conference 
championships  

ÅRemaining 26 teams with highest 
rating percentage index (RPI) 
score 

 

10 

Design of an Expert System Coach for Complex Team Sports 

Source: NCAA (2015) 



Rating Percentage Index [RPI] 
ÅConsists of Three Parts: 

1. Teams Winning Percentage (Expert Coaching System) 

¶
 ϳ
      W = win, L = loss, and T = tie 

 
2. Opponents Average Winning Percentage (Schedule Planning) 

¶
 

, 
  

ȟ
 

 
(win , tie, loss) 
h² Ґ hǇǇƻƴŜƴǘΩǎ ǿƛƴΣ h[ Ґ ƻǇǇƻƴŜƴǘǎ ƭƻǎǎΣ ŀƴŘ h¢ Ґ ƻǇǇƻƴŜƴǘǎ ǘƛŜ  

 
3. Teams !Ωǎ hǇǇƻƴŜƴǘΩǎ hǇǇƻƴŜƴǘǎ !ǾŜǊŀƎŜ ²ƛƴƴƛƴƎ tŜǊŎŜƴǘŀƎŜ  
(Schedule Planning) 
¶ὼӶ ƻŦ ¢ŜŀƳ !Ωǎ ƻǇǇƻƴŜƴǘǎΩ ǇŀǊǘ 2 

 
Combine the three parts: 

╡╟╘
ὴὥὶὸ ρ ςϽὴὥὶὸ ς ὴὥὶὸ σ

τ
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Source: Atlantic 10 Team Archives (2015) 
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Source: Atlantic 10 Team Archives 
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What a Win is Worth to Coaches Salary 
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University Salary Win % 
Conference 

Wins 
NCAA 

Championships 
Years Coaching 

at School 
Total 

Experience 

UCLA 205,000 75% 4 4 12 14 

Maryland 206,000 71% 4 2 23 25 

UI 176,225 62% 1 3 6 12 

UNC  88,044 58% 1 2 5 23 

URI 72,500 55% 2 0 3 12 

VCU 90,640 55% 0 0 6 15 

UVA 115,400 52% 2 2 20 26 

GMU 90,855 51% 2 0 11 24 

UMASS 108,681 47% 1 0 1 24 

Average Salary: $158,133.80 
Average Atlantic 10 Coach:  $90,676.50  
GMU Head Coach worth per win: $9,085 
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A national championship level coach gets paid on average $67,457.30 per year more than 
an Atlantic 10 coach.  



Gap Analysis 

Replicate Saint Louis Success By: 
1. Win Atlantic 10 Conference 

Championship 3 times every 
5 years 

2. Receive an NCAA Bid 6 times 
every 10 years 

3. Average annual target RPI 
Score of .56 
 

Resulting success will help close 
head coaches salary gap of 
$67,000 
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Stakeholder Interaction Diagram 



Problem Statement  
DŜƻǊƎŜ aŀǎƻƴ ¦ƴƛǾŜǊǎƛǘȅ aŜƴΩǎ {ƻŎŎŜǊ ¢ŜŀƳ ƛǎ ƴƻǘ 
consistently achieving NCAA Tournament bids at a high 
rate (2 bids out of last 10 years). 
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Need Statement 
Å Coaching tool that uses coaching expertise  

Å Uses soccer game data to understand the 
complexity of soccer  

Å Coaches seek a competitive advantage  

Å NCAA Tournament bid to 3 bids out of every 5 years 



Solution Concept System Operations 
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Mission/Functional Requirements 
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Mission Requirement # Requirement Description 

MR. 1.0 The Expert Coaching System (ECS) shall recommend at least 5 possible strategies 

based on game data gathered in real time.  

MR. 2.0 The ECS shall recommend 3 possible strategies based on gameplay data gathered 

by halftime 

MR. 3.0 The ECS shall recommend 2 possible strategies based on gameplay data gathered 

by overtime.  

Functional Requirement # Requirement Description 

FR. 1.0 The ECS shall run a simulated soccer game derived from collected gameplay data.  

FR. 2.0 The ECS shall accurately recognize soccer field patterns using probability maps 90% 

of the time. 

FR. 3.0 The ECS shall accurately quantify pass rate probabilities in-between the 14 zones 

from game data 95% of the time.  

FR. 4.0  The ECS shall accurately determine goal probability rates that can be made from 

each of the 14 zones.  



Design Requirements (Input/Output) 
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Input Requirement # Requirement Description  

IR. 1.0 The ECS shall input statistics from sport analytic providers. 

IR. 2.0 The ECS shall input probability map passing and shot percentages from InStat to 

run the simulation.  

IR. 3.0 The ECS shall input 12 coaching rules to be used to make adjustments.  

Output Requirement # Requirement Description  

OR. 1.0 
The ECS shall output a table showing the relationship between current formations 

utilized and possible adjustments in formations recommended by the system. 

OR. 2.0 
The ECS  shall output tactical coaching adjustments that result in 30% greater 

chance of winning 

OR. 3.0 

The ECS shall output tactical adjustments within 10 minutes of gathering the 

necessary passing and shot data from sports analytics companies (assuming can 

happen in real time). 



Simulation Requirements 

Simulation Requirements # Requirement Description 

SR 1.0 
The simulation shall input zone graph data consisting of  14  zones of 

a standard NCAA soccer field.  

SR 2.0 
The simulation shall follow strategies of George Mason University 

aŜƴΩǎ {ƻŎŎŜǊ ¢ŜŀƳ  formations.  

SR 3.0 The simulation shall follow 1 set of probability maps per strategy.  

SR 4.0 
The simulation shall update the probability map of successful passing 

rate percentages once the ball moves from one zone to another.   

SR 5.0 

The simulation shall change the possession of the ball after a shot or 

intercepted pass.  

 

SR 6.0 

The simulation shall calculate average player location within 1 of the 

14 zones in order to determine feasible pass rates from zone to zone.  
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Simulation Overview 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Å{ƛƳǳƭŀǘŜǎ ŀ фл ƳƛƴΦ ƎŀƳŜ όǘǿƻ пр ƳƛƴǳǘŜ ƘŀƭǾŜǎύ ǳǎƛƴƎ ǇŀǎǎƛƴƎ ǇǊƻōŀōƛƭƛǘȅ ƳŀǇǎ όttaΩǎύ ŀƴŘ 

various ball movements 
Å Simulation reverse-engineered from refereeing senior design project: Assessment of soccer 

Referee Proficiency in Time-Sensitive Decision Making Jones et.al.(2013) 
Å Approx. 4,000 lines of code 
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Objective: Simulate a soccer game based on game data and determine which 

of the coaching system rules will impact the outcome of the game 

  

 

Inputs 

     1.  Probability Pass Map (PPM) Data: 

Å Movement Probability Maps 

Å Success Probability Maps 

2. Expert Coaching Rules   

  

  

Outputs 

1. Passing % and strategy message 

Excel files:  

(1) Gameplay Summary 

              (2) Recorded Gameplay Passes 

      *Resulting Goal Differential 



Simulation Interface (GUI) 
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Data Collection  
(e.g. Instat, Opta, Prozone, other) 
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Instat pass Diagram 

Å 5 games from 2015 season 

Å 2 types of play: pass or shot 

ſ Pass: fail or success 

ſ Shot: fail, on goal, goal 

Å Total 3000 data points 

Zone Grids 

Probability Maps 



tǊƻōŀōƛƭƛǘȅ tŀǎǎ aŀǇǎ όttaΩǎύ 

ÅTotal of ол ttaΩǎ ǇŜǊ 
strategy 
Å14 - zone grid 
Å13 possible passing 

(movement) opportunities 
per map 
Å13 possible success 

opportunities per map 
ÅOnce the ball has 

successfully been passed to 
a new zone the probability 
map will change 
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Netcentricity ς (Flow Centrality)  

SHOT 

*Data collected from 
5 games played in 
2015 season 
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Movement Map 4-4-2 Diamond 
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Success Map 4-4-2 Diamond 
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 shot 
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Ball Movement Interaction Diagram 
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*Passing and success rates are determined by a uniform random number 
generator  



Field Zones 
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Middle 
Zone 

Left  
Zone 

Right 
Zone 

Midfield  Zone 

Offensive  Zone 

Defensive  Zone 



Expert Coaching Rules 
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Input Output 

Formations Right Wing 

Zone 

Passing % 

Left Wing 

Zone 

Passing % 

Middle Zone 

Passing % 

Message Tactical 

Change 

4-4-2 Flat Җ ол҈ Җ ол҈ Җ пл҈ Get ball 

wide 

4-4-2 

Diamond 

> 30% > 30% > 40% Continue 

Strategy 

None 

Diamond Җ нр҈ Җ нр҈ Җ рл҈ Find central 

players 

4-3-3 

Triangle 

> 25% > 25% > 50% Continue 

Strategy 

None 

4-3-3 Flat Җ пл҈ Җ пл҈ Җ нл҈ Get ball 

wide 

4-3-3 

Triangle 

> 40% > 40% > 20% Continue 

Strategy 

None 

Triangle Җ ол҈ Җ ол҈ Җ пл҈ Find central 

players 

4-4-2 Flat 

> 30% > 30% > 40% Continue 

Strategy 

None 



Expert Coaching Rules 
Input Output 

Formations 

Defense 

Zone 

Passing % 

Midfield 

Zone 

Passing % 

Forward 

Zone 

Passing % 

Message 
Tactical 

Change 

4-4-2 Flat 
җ нл҈ Җ рл҈ Җ ол҈ Get ball higher 

4-4-2 

Diamond 

< 20% > 50% > 30% Continue Strategy None 

Diamond 
җ нл҈ Җ рр҈ Җ нр҈ 

Find central 

players 
4-4-2 Flat 

< 20% > 55% > 25% Continue Strategy None 

4-3-3 Flat җ нл҈ Җ рл҈ Җ ол҈ Get ball high 4-4-2 Flat 

< 20% > 50% > 30% Continue Strategy None 

Triangle 
җ нр҈ Җ рр҈ Җ нл҈ 

Find higher 

players 

4-4-2 

Diamond 

< 25% > 55% > 20% Continue Strategy None 
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Diamond 
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Å Above phenomenon occurs because the data is sparse  
Å The data needs to be supplemented by having a base of 10 games of 

collected data 

Simulation Conclusion 



{ƛƳǳƭŀǘƛƻƴ /ƻƴŎƭǳǎƛƻƴ /ƻƴǘΩŘΦ  

ÅThrough simulation testing, the current data is too 
sparse 
ſNeed to have a database of at least ten games to make 

accurate adjustments  

ÅAdditional data such as goal kicks, throw ins, and 
fouls could be added to provide a more realistic 
representation of the game 

ÅEverything comes full circle to monetary roadblocks 
i.e. soccer budgets at the NCAA level  
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Results 

ÅWhile the data did not provide accurate results for 
simulating games, we were able to create probability 
maps to give insight into the sport and familiar 
patterns surrounding the sport 

ÅBy creating our own probability maps by combining 
all 5 games and changing the success rates, several 
conclusions could be made.  
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.5 Success Map (Team B) vs. Changing Success Map 
(Team A) 
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Team C vs. Team D Simulation Trials 
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ÅBy simulating games between teams which had the same 
exact probability maps, the following results were made: 
ſTeam C Win Prob: 0.4 

ſTeam D Win Prob: 0.4 

ſTie Prob: 0.2 

ſTeam C Avg Poss: 50.46% 

ſTeam D Avg Poss: 49.54% 

ſTeam C Avg Goals: .87 

ſTeam D Avg Goals: 1.06 
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Team C vs. Team D Conclusions 
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ÅSimulating  Team C vs. Team D provided necessary results 
surrounding the game of soccer: Many Events are Random 

ÅContributing to this randomness is lucky bounces, unlucky 
touches, etc.  These things are a part of the game and can not 
be affected by coaching. 

ÅWhen two teams play each other that are very evenly 
ƳŀǘŎƘŜŘ ƻǾŜǊ ŀƴŘ ƻǾŜǊΣ ƛƴǘŀƴƎƛōƭŜǎ ǿƘƛŎƘ ŎŀƴΩǘ ōŜ ǉǳŀƴǘƛŦƛŜŘ 
are often what determine the winner and loser. 

ÅCoaches can only do so much to predict the outcome of a 
soccer match.  

 

 

 



Implications for Stakeholders 

ÅCoaches  
ſThey can only control so much of the game 

ÅAthletic Director/University 
ſShould not put as much pressure on coaches based 

solely on final results.   

ÅPlayer 
ſPlayers are not always at fault for unfavorable results 
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SoccerLytics Business Plan 
ÅTotal Market Size: 
ſнлс 5ƛǾƛǎƛƻƴ м ƳŜƴΩǎ ŀƴŘ омл ǿƻƳŜƴΩǎ ǘŜŀƳǎ ŦƛƎƘǘƛƴƎ ŦƻǊ м 

championship each 

ÅTotal Market Value: 7,740,000 
Å1st year: 5 Division 1 Men/Women teams (1%) 
Å2nd year: 31 total teams (5%) 
Å5th year: 108 total teams (20%) 
Å8th year: 186 total teams (35%) 
ÅBusiness Model: The NCAA individual soccer program 

will buy vis subscription 
ÅCover all games throughout the season 
ÅAccess to online interactive dashboard 
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Business Costs and ROI 
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ÅStartup costs (non-recurring): 
ſ$250,000 

ÅOperational Costs (recurring): 
ſ$796,630 per year 

ÅROI: 5%  

Year Team % Market Cumulative Revenue Profit 

0 0 0  $                                    -     $                 (250,000) 

1 5 1%  $                           75,000   $                 (971,630) 

2 31 5%  $                         537,000   $              (1,306,260) 

3 57 10%  $                     1,386,000   $              (1,253,890) 

4 82 15%  $                     2,622,000   $                 (814,520) 

5 108 20%  $                     4,245,000   $                      11,850  



Break-even 
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Subscription: $15,000 per unit 
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Total Revenue: $11,436,000 

Cumulative Net: $4,812,960 



47 

Design of an Expert System Coach for Complex Team Sports 

άhƴƭȅ ǘƘƻǎŜ ǿƘƻ Ŏŀƴ ǎŜŜ ǘƘŜ 
ƛƴǾƛǎƛōƭŜ Ŏŀƴ Řƻ ǘƘŜ ƛƳǇƻǎǎƛōƭŜέ 

-Frank L. Gaines 

Special Thanks 
Å 2014 Referee Proficiency Senior Design Project 

(Jones, Cann, Almashhadi, Popal) 
Å Tom Morrell 
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