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Motivation

Niklas 

(and many others)

dream of:



Motivation

First try



Motivation

A bit easier …



Motivation

◼ Player impact measure for scoring

◼ Measure that captures context 

◼ Measure that allows for look-ahead

◼ Extend existing work: direct vs on-ice impact

◼ Relation to traditional performance measures
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Action Impact Model

◼ Based on the work by Routley and Schulte 

2015

◼ Idea:

 Define state s = < c, ps > 

where c is a context and ps is a play sequence

 Actions are performed in states

 Define impact of action in a state 

 Define player impact based on action impacts



Action Impact Model

Context
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Events



Action Impact Model

A play sequence is defined as 

◼ the empty sequence or 

◼ a sequence of events 

 first event: start marker

 (possible) next events: action events

 (possible) last event: end event

(→complete sequence)
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Action Impact Model

Routley and Schulte, 2015

State s = < c, ps > 

Context

Play sequence



Action Impact Model

◼ Actions are performed in states

< c, ps > * a =

< c, append (ps,a) > if state has no end event

(add action to play sequence, e.g., shot)

< c’ ,  empty-set >        if state has end event

(change context, e.g., after a goal)



Action Impact Model

Based on play-by-play data:

◼ Occurrences of state s: Occ(s)

◼ Occurrences of state s immediately followed by         

state s’: Occ(s,s’)

◼ Transition probability T(s,s’) = Occ(s,s’) / Occ(s)



Action Impact Model

Value iteration algorithm → Q-values

Reward function: goal states receive reward 1

Q(i+1)(s) = R(s) + SUM_(s,s’) T(s,s’) x Q(i)(s’)

Impact of action a in state s: Q(s*a) – Q(s)



Action Impact Model

Routley and Schulte, 2015

Reward

Occurrences Occurrences



Player Impact

Sum of action impacts

1. Based on all actions performed by the player 

(direct impact)

2. Based on actions when the player is on the 

ice (on-ice impact)
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Experiments

Data:  

NHL play-by-play data from the 2007-2008 

through 2013-2014 NHL season*

Focus on  2007-2008 and 2008-2009

* As provided by Routley and Schulte



Top 10 – direct impact



Top 10 – on-ice impact



Relative frequencies



Quantiles



Direct vs goals, +/-, points



On-ice vs goals, +/-, points



Salary vs performance measures
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Motivation

◼ Ice hockey is a team sport

→ important to identify players that play 

particularly well together (or not).

◼ On ice: usually two defenders, three forwards, 

and a goaltender

pairs:

 defender pairs are natural

 more data on forward pairs than triplets

 mixed pairs not studied



Player Pair Impact

Sum of action impacts when both players are 

on the ice

- On-ice impact



Experiments

Data:  

NHL play-by-play data from the 2007-2008 

through 2013-2014 NHL season*

Focus on  last two full seasons (2011-2012 and 

the 2013-2014)

* As provided by Routley and Schulte



Top pairs 2011-2012



Impact per minute

Variation decreases when more joint TOI

Medians highest in 16-256 minutes joint TOI



Impact per minute

Mixed pairs may have higher impact
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Conclusion

◼ Investigated ways to define goal-based player 

impact in ice hockey – direct and on-ice

◼ Relation to other performance measures

◼ Extension to pairs of players in ice hockey

◼ Future work

 Alternative impact definitions

 Alternative reward functions

 More refined analysis 




