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Abstract

In an effort to stimulate a more exciting and entertaining style of play, the National
Hockey Association (NHL) changed the rewards associated with the results of overtime
games. Under the new rules, teams tied at the end of regulation both receive a single
point regardless of the outcome in overtime. A team scoring in the sudden-death 5-minute
overtime period would earn an additional point. Prior to the rule change in the 1999-2000
season, the team losing in overtime would receive no points while the winning team earned
2 points. This paper presents a theoretical model to explain the effect of the rule change
on the strategy of play during both the overtime period and the regulation time game.
The results suggest that under the new overtime format equally powerful teams will play
more offensively in overtime resulting in more games decided by a sudden-death goal. The
results also suggest that while increasing the likelihood of attacking in overtime, the rule
change would have a perverse effect on the style of play during regulation by causing them
to play conservatively for the tie. Empirical data confirm the theoretical results. The
paper also shows that increasing the rewards to a win in regulation time would prevent

teams from playing defensively during regular time.

JEL Classification C72, L83

Keywords: Ice Hockey, Game Theory, NHL Overtime Rule.



1 Introduction

Economic studies on the influence of rules, institutions and incentive structures on behav-
ior are complicated by the fact that incentives and observations on behavior are affected
by a variety of factors outside the relationship of interest. For this reason, environments
which eliminate some of these outside influences are of particular interest. Some recent
studies have used observed data from sporting competitions to assess the effects of incen-
tives. Rule changes in sports provide a unique natural experiment to test the consequences
of theoretical payoff structures. For example, the performance of individual competitors
has been shown to increase directly with the level of rewards in the sports ranging from
bowling (Ehrenberg and Bognanno 1990) to auto racing (Maloney and Terkun, 2002). In
terms of team sports, Banerjee and Swinnen (2003) use a game theoretic model along
with empirical evidence to show that the introduction of a sudden death rule in soccer
has not changed the style of play despite FIFA’s reasoning of introducing a "golden goal"
for more aggressive play during extra time. Similar rule changes were recently introduced
in professional ice hockey.

Despite the inherent attraction associated with the speed and action of ice hockey,
the popularity in North America of the game’s premier professional league, the National
Hockey League (NHL), lags behind that of the other three major professional sports
leagues, the National Football League (NFL), Major League Baseball (MLB), and the
National Basketball Association (NBA). The NHL has attempted to increase the general
appeal of the game by introducing several rule changes ranging from tougher fighting
penalties to increasing the size of the area behind the nets. One of the most significant
changes was the introduction in the 1983-84 season of a 5 minute, sudden-death overtime
period to settle any regular season games that had ended in a tie. A team scoring in
overtime would receive 2 points for the win while the losing team got 0 points for the loss.
Each team received a single point if the game remained tied at the end of overtime. In
an effort to combat the perceived conservative play in overtime, the NHL implemented a
new point structure in the 1999-2000 season. Teams tied at the end of regulation would
both receive a single point regardless of the outcome in overtime. A team scoring in
the sudden-death overtime would earn an additional point. While the intent of the rule
change was to increase the excitement of the game through a more attacking style of play
in the overtime, the change in the reward system could have a perverse and opposite effect
on the style of play.

The purpose of this paper is to determine the effect of changes in overtime rules on
the play by NHL teams during regulation time and in overtime. The paper begins with a
game theoretic model that determines optimal team strategies under alternative overtime
point systems. The theoretical results suggest that rule changes should result in more

overtime games being decided within the extra-time period but that more games will end



up tied after the normal 60 minute regulation time. Empirical results are then presented
confirming the hypotheses in section 3. Implications of other rule changes are assessed in

the conclusions.

2 Payoff Structures

The time points are defined such that teams can score a maximum of one goal during each
time point.! We begin by breaking the game involving teams A and B into an arbitrary
set of T discrete time points N = {1,...,¢,...,T}. For example, ¢ may represent a
minute of play in a hockey game.

Consider the game from the point of view of team A. At every ¢, the state of the game

for team A is described by the random state vector X;, where

1, if team A scores a goal, at time t,
Xy =4 0, if neither team scores a goal, at time ¢,

—1, if team B scores a goal, at time ¢.

The probabilities of this random variable are given by
Pr(X;=1)=p, Pr(X;=—-1)=qgand Pr(X;,=0)=r=1—p—gq.

The probability of team A scoring a goal is the same as the probability of team B conceding
a goal. This implies that the state vector of team B is —X;. At every instant ¢ there is a
zero sum game between A and B implying that both cannot score during the same time
point. The probabilities p and ¢ are functions of the actions of the teams.

Each team decides before the start of each time point on their playing strategy. We
assume the strategies are defined in terms of two actions, defensive play, denoted by L,
and offensive play, denoted by H. We define the actions sets of the two teams at a given
moment ¢ as S/ and SP, where S! = {H,L},i= A, B.

The probability functions p and ¢ are defined as

p: St x SP —[0,1]and ¢: S x SP —[0,1].
We assume that the probability of scoring is higher with offensive play; formally:
p(H.)>p(L,.) and q(, H) > q(. L) (2.1)

Further throughout the paper, we shall assume that the teams involved are equally likely to
score under identical situations and similar styles of play. This is a reasonable assumption
given the fact that a game is more likely to go to extra times if the teams are of similar
qualities (a similar assumption is made by Palomino et al. (1999) and Banerjee and
Swinnen (2004)). Formally:

'In hockey, there are three stop-time periods of 20 minutes in a regulation game and a 5 minute

sudden-death overtime period if the game is tied after 60 minutes of regulation play.



Definition 1 Teams A and B are defined to be equally powerful if and only if
D (SA, sB) =q (SB, SA) (2.2)
for all (SA,SB) € S4 x S5,

Throughout our paper we shall assume that the teams are equally powerful.

3 Optimal Overtime Strategies

The framework defined above is applied initially to the overtime period to determine how
a changing reward system affects play in overtime. Overtime is the 5 minute additional
period NHL teams play at the end of a regular season game when the score is tied. The
game may end before completion of the overtime period if a team scores a goal. The
team that scores first in overtime wins the game. Since its introduction to the NHL
in 1982, the length of overtime and its sudden-death format have remained unchanged.
However, the rewards associated with overtime play were changed in the 1999-2000 season
as described further below.

The sudden-death nature of overtime can be modeled as a stochastic process W; defined
in terms of a goal difference at time ¢. Initially, the goal difference is zero, Wy = 0. If
team A (B) scores during the next time interval, then W; = 1 (W, = —1) and team A
(B) wins the game with no chance for the other team to come back and score. The
team with a positive goal difference is the winner. Thus, W; is similar to a random walk
with absorbing barriers at 1 and —1. The transition probabilities associated with this

stochastic process are given by;

1 ifd =d+#0,

p ifd =+1and d=0,
Pr(W,=d|W,_1=d)=< r ifd =d=0,

g ifd =—-1land d =0,

0 otherwise.

\

with the initial condition of Pr (W = 0) = 1.
A strategy of a team (A or B) at period ¢ depends on the history of the game upto
period t — 1. Note that the history of the game at period ¢ is the outcome of the random

variable W,_; = d.

3.1 The old overtime rule

From the introduction of overtime to the NHL in 1982-1983 to the completion of the

1998-1999 season, the team scoring in overtime received two points for the win while the



losing team received none. Both teams earned a single point if nobody scored and the
game was still tied after the overtime period. We refer to this payoff system as the ”old
rule”.

We can define the incentive scheme Uold: for team A as,
Uold® = T{Wr >0} — I {Wr < 0} (3.3)
where I {.} is the indicator function. Team B’s end of play payoff will be
Uold” = —Uold".

If team A at the end of the game has more goals than team B, then team A wins (receives
1) and otherwise team B wins (team A gets -1). The teams get nothing when the goal
difference is zero. Since the strategies will only depend on the differences in payoff, this
normalisation does not matter.

We derive the equilibrium strategy sequences by solving the tree of subgames back-
wards for every ¢. Assume for a moment that there is only one period ( This is equivalent
to assuming that there is a draw at the beginning of the last period). Let team A chose
strategy, s* and team B s?. Then with the assumptions of equality of teams the expected

payoff matrix (of Team A) under the old rule is:

PN\ st H L
il 0 —(p(H, L) —p(L, H)) (3.4)
L | p(H L)—p(L H) 0

where the columns (rows) represent the possible strategy of team A (B).

From the above matrix it is clear that if p(H, L) > p (L, H), then team A will not be
better off deviating from H if team B plays H. Therefore (H, H) is the equilibrium. If
p(H,L) < p(L,H), then the last row and the last column dominates and (L, L) is the
equilibrium.

Denote p(H, L) — p(L,H) = a. The equilibrium therefore depends on the sign of «.

We refer to the value of a as the comparative advantage of team A.

Definition 2 Team A has a comparative advantage in playing offensive hockey if and

only if
p(H,L)>p(L,H) (3.5)

A team has a comparative advantage in playing offensive hockey if the team is more
likely to score playing an offensive strategy against a defending team of equal quality
compared to when it plays defensively against an equal quality team playing offensively.
The previous analysis implies that if team A has a comparative advantage in playing

offensive (a > 0), then so would team B because both are equal. Thus, playing offensive
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is the optimal strategy for both teams in all time periods. This also holds for general
T — period strategies of the overtime game.

Now let us extend this to more periods. Let
Vold;d,i =Aor B

be the value of the game at period t such that the history W;_; = d. Notice that the only
history which is relevant for our analysis is when the teams are tied , i.e. d = 0, otherwise

the game ends. We can recursively write the value function as
VOldf—l,O = m%xr (S?a StB’> VOle‘O +p (8247 StB7) —4q (S?a StB)>
S

Vold ,, =1=—Vold', _,
and

VOldtBil,O - mgxr (S?a StB’> VOldEO +4q (81154’ 81537) -p (S?a StB)>

Finally Vold},, ; = Uolds.

Clearly from (3.4) at period T, if & > 0 the teams will play (H, H) , therefore Voldf , =
0. Now solving backwards, assume that at period ¢ whenever the game is drawn (W;_; = 0)
the teams play their comparative advantage that is (H, H), and therefore Vold;;‘0 =0=
Voldf,. So the game at period t — 1 can be represented by the same matrix as in (3.4).
Hence it follows that at period ¢ —1 the teams also play their comparative advantage ,that
is (H, H), when the score is tied at period t — 2 i.e. W;_o = 0. Notice that the value of
the game at start of the overtime is given by Volcl&0 = 0. Therefore the teams will always
play their comparative advantage.

Similarly if the comparative advantage of the teams are to play defensively (o < 0)
they will always play defensively. This implies that even if the teams are given the freedom
to change their style of play as many times as they like, they will always chose the style
which is consistent with their comparative advantage.

These conclusions are summarised in the theorem below.

Theorem 1 Under the old rule and assuming the teams are of equal quality,

a) if teams have a comparative advantage in playing offensive hockey (o > 0) then
(H, H) is the only equilibrium;

b) if teams have a comparative advantage in playing defensive hockey (o < 0), then
(L, L) is the only equilibrium,*

where H is a T—vector of H's and L is a T-vector of L's.

¢) The value of the game is zero, Voldf'],O = 0.



3.2 The new overtime rule

In the 1999-2000 season, the NHL introduced a new reward system for overtime games.
Under the new rule (also called Rule 89), both teams receive one point if they draw in
regulation regardless of the overtime result. A team that wins the game in overtime gets
an additional point, hence two in total, as in the old rule. However, the team that loses
in overtime still keeps its one point- unlike the old overtime rule.

The new incentive scheme is no longer a zero sum game. If team A wins in overtime,
team B receives the same reward as if the game was tied. In terms of the notation defined
above, team A receives 1 point and team B earns 0 points which is what both teams would
get if the game remained tied after overtime. Again, since the strategies will only depend
on the differences in payoff, this normalisation does not matter.

Define the end of play payoff Unew4 of team A under the new rule as,
Unew® = I {Wr > 0} (3.6)

where I {.} is the indicator function.

Team B’s end of play payoff will be
Unew® = I {Wp < 0} (3.7)

The intended effect of the change in the overtime incentive scheme was to encourage
offensive play. To determine the effects, we evaluate it from the point of view of Team
A. Since Team B’s utility function is symmetric, it will behave the same way as team A.

With the payoff structures associated with the overtime point systems established
above, we can now define the strategies of play that will maximize a team’s expected
payoff. To derive the equilibrium strategy sequences, we assume as in the old overtime
game, that the teams involved are equally likely to score under similar situations and
similar styles of play (2.2). Note that this is not a zero sum game anymore: for both
teams the payoffs are always positive.

Let Vnew; 4, (i = A or B) be the value of the game at period ¢ such that the history
W;_1 = d. As before the only history which is relevant is when the teams are tied , i.e.
W;_1 = d = 0, otherwise the game ends. We can recursively write the value function of
Team A as

A A B A A B
Vnew;” o = max r (st ) Sy ) Vnew;y +p (St , Sy )

St
A —
Vnew,”,; =1

A —
Vnew;_; ;=0.



Similarly, for Team B as
B _ A B B A B
Vnew,” o = max r (st , St ) Vnew;y +q (st ) Sy ,)
St
A —
Vnew;_y; =1

A —
Vnew,”; ;=0

Finally Vnew;, , ; = Unew".

As before, consider first that there is only one period (i.e. the situation at the start
of the last period) in a game. Let team A chose strategy, s* and team B s®. Then with
the assumption of equality of teams, the expected payoff matrix ( Team A and Team B)
under the new rule is:
sBN s H L

H | (p(H, H),p(H,H)) | (p(L, H),p(H, L)) (3.8)
L | (p(H,L),p(L,H)) | (p(L,L),p(L, L))
where the columns (rows) represent the possible strategy of team A (B). From the above
matrix since p(H, H) > p (L, H) and p(H,H) > p(H, L) by (2.1), then team A will not
be better off deviating from H if team B plays H. Therefore (H, H) is the equilibrium,

this hold irrespective of the comparative advantage of the teams, i.e. the sign of «.

This also holds for general T' — period strategies of the overtime game when o > 0.

Theorem 2 Under the new rule and assuming the teams are of equal quality,

a) if teams have a comparative advantage in playing offensive hockey (o > 0) then
(H, H) is the equilibrium;

b) and limy_.o, Vnew) = 3, i=A,B.

where H is a T—wvector of H's.

¢) if teams have a comparative advantage in playing defensive hockey (o < 0) then

there exists a time to, when the teams will deviate and play (H, H) for all t > t,.

Therefore even though the team has a comparative advantage in playing defensively, it
will not always play defensively. At some point during the game (o) it will start playing
offensively since this increases the expected payoff to the team. This implies that even
teams with a comparative advantage of playing defensive hockey (a < 0) will not play
defensively throughout the overtime game.

Thus, our model shows that the rule change will lead to an increase in offensive play in

overtime, as even the defensive teams would start to attack towards the end of the game.

4 Impact on Regular Time Game Strategies

Changing the points awarded in overtime will not only affect the style of play in overtime

but may also have an effect on the play during the 60 minute regular time game. To
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show this, we define a random variable Z;, as the goal difference between teams A and
B from the perspective of team A at time ¢t. This stochastic process is a Markov chain
(more precisely a random walk on integers) with 7, = 7, 1+ X;,t =1,...,T and Z, = 0.

The transition probabilities of this stochastic process are

p ifd=d+1
r ifd =d
Pr(Z,=d|Z,_1=d) = 4.9
2% = d|Zia = d) g iftd=d—1 (4.9)
0 otherwise

with the initial condition of Pr (Z, = 0) = 1.

A winner is determined after the regular time period of T', if there is a positive goal
difference. If there is no goal difference, the game goes to overtime with the payoff
structures defined in the previous section. Therefore, we define the end of play payoff of

team A as,
Ureg® (\) = I {Zp >0} — [ {Zr <0} + N {Zy = 0}

where [ {.} is the indicator function and A is the expected payoff from the extra time
game. Since the overtime game under the old rule was zero sum with a skew symmetric
payoff matrix, the value of the game is zero (Theorem 1 part c)). Hence, under the
old rule, A = 0. Under the new rule, the game is no longer a zero sum game, and the
expected value of overtime is always positive, but the exact value depends on the number
of periods,-T" the strategy has been considered. But as a limiting case, i.e. when T is
large enough, A\ = % (Theorem 2 part b)).
Team B’s end of play payoff will be

Ureg? (\) = I{Zr <0} — I {Zy >0} + M {Zy = 0}

As before, a strategy of a team (A or B) at period ¢ depends on the history of the
game upto period ¢t — 1. Note that the history of the game at period t is the outcome of
the random variable Z; ; = d, the goal difference of the previous period. Note that the
only relevant history is the case when the goal difference is less than the time left for play,
ie. |d| <T —t, otherwise one of the teams has already won.

Let Vreg; 4, (i = A or B) be the value of the game at period ¢ such that the history

Zy_1 = d. We can recursively write the value function as

Vv
Vregl, = = max p(si'ss7) Vregiast (4.10)
sA q(st,st )Vregtd 1+T(st,st)Vregtd

and

A B

VregB = max p (St » St ) Vregt a1t (4.11)
o 7 q (St ) St ) Vregtd 1+t <8t er ) Vregt d

St

Finally Vregy 4 4 = Ureg' (A).



To demonstrate our argument that the new rule will make the teams play more defen-
sively during regulation time, all we need to show is that there will be a change of team
strategy under the new rules (for offensive teams) during regulation time when the teams

are tied.

4.1 Under the old overtime rule

The overtime game under the old rule was zero sum with a skew symmetric payoff matrix.
The value of the game is zero (Theorem 1 part c)). Hence under the old rule A = 0. Also
note that Ureg” (0) = —Ureg® (0) .

Let us look at only the last period of the regulation game when at the start of this
period the goal difference is zero. This period is similar to the first period the overtime
game under the old rule. If team A chooses strategy, s and team B s? the expected
payoff matrix in regular time for Team A is:
sB\s? | H| L

H 0| —« (4.12)
L al 0

Assuming there is comparative advantage to offensive play by the teams ( a > 0), team A
will not be better off deviating from H if team B plays H during regulation time. There-
fore, (H, H) is the equilibrium when the old overtime (A = 0) incentive rule prevailed. If
a < 0, then the last row and the last column dominates and (L, L) is the equilibrium.
The value of the game at period 7T is then Vreg%o = 0.Also note that

We shall show that whenever the game is tied the teams will play their comparative

advantage

Theorem 3 Under the old overtime rule and assuming the teams are of equal quality,

1) the value functions satisfies
Vreg;d = —Vreg;d,
Vreg;d = —Vregiﬁd,i =AB

for all d and all t.

2) When the game is drawn (d=0) at time t,

a) the teams will play (H,H) if have a comparative advantage in playing offensive
hockey (ac > 0),

b) the teams will play (L,L) if have a comparative advantage in playing offensive hockey
(a <0),

Theorem 3 (proof: see appendix) implies that under the old overtime rule, the op-
timal regular time strategy chosen by the teams depends on whether the teams have
a “comparative advantage” in playing offensively or defensively, when the game is still

drawn.



4.2 Under the new overtime rule

The new overtime rule may have a perverse effect of the style of play during the end of
the regular time game. Note that under the new rule, the game is no longer zero sum
and the expected value of the overtime is always positive. The exact value depends on
the number of periods (7") but as a limiting case, i.e. when T is large enough, \ = %
(Theorem 2 part b)), i.e. the teams expects to get half a point from the overtime game.

An important implication is that teams may no longer play offensive hockey even if
they have a comparative advantage in doing so when the game is drawn. Formally, if the
teams are equal (2.2) and have a comparative advantage in playing offensive hockey i.e.
a >0 (3.5) (H, H) will not be the dominant strategy when d = 0, for some teams unlike
under the old incentive regime.

Again, let us look at only the last period of the regulation game when at the start of
the period the goal difference is zero (d = 0). If team A chooses strategy, s* and team B

sB the expected payoff in regulation time for Team A,

Vﬂr’egﬁo = Irﬁxp (5?, SB) —q (5?, 5?) + %7’ (s?, slT;)

and for Team B
Vreggo = max g (sf, stB) —-p (sf, stB) + %7" (sf‘, sf) )

In matrix form,

sBN\ 4 H L
H %T(HvH)a _&+%T(LaH>7
%T(H,H) 04—1—%7“(L,H)
I a+ir(H, L), ir(L,L),
—a+ 37 (H,L) ir(L,L)
It follows that Team A will not play H as deviating to L yields a better payoff. when

p(H,H) — p(H,L) > 3a. The difference in payoff for Team A deviating from H to L is
given by,

Vreg%,o (La H) - Vreg%,o (H7 H)
1
=—a+ _(T(L7H) _T(H7H))

2
:—a+p(H,H)_p(H>L)-2Fp(L,H)

Team A will not play H as deviating to L yields a better payoff if, if the team is charac-

(4.13)

terised by the following condition:

p(#, m)— UL L) ;p(L’ B (4.14)

1
p(H,H) _p<H7L) > 50&.

10



Similarly, Team B deviates to L.under the same conditions if the game is tied close to
the end.

This shows that under the new rule some teams (teams which satisfy condition (4.14))
at some point ¢y will shift to defensive play even if their comparative advantage lies in
playing offensively. Thus, the change in incentive to create more attractive play in over-
time has the perverse effect of resulting in more conservative, defensive play in regulation
time (especially towards the end).

This is rational behavior for players and coaches, because why risk losing a point by
aggressively pursuing a win in regulation if the safer route is to get a regulation tie and
go for the extra point in overtime? In short, with the current rules, you can lose a game

but still get a point in the standings.

5 Empirical evidence

Data on the results of individual games for the last nine NHL seasons were collected
from the website http://www.hockeynut.com/archive.html. The number of regulation
and overtime games played and the results in the overtime and regulation games are
summarized in Table 1. The first four seasons (from the 1995-1996 season through the
1998-1999 season) represent the “old rule period”, i.e. the seasons when the losing team
in overtime game received no points while the last five seasons are the “new rule period”
i.e. when each team tied at the end of regulation received a single point regardless of the

outcome in overtime.

5.1 Model specification

In addition to the statistical summaries in Table 1, we estimated two separate logit models
to measure the effects of the rule change on the (conditional) probability of a tie in
overtime and a tie in regulation, respectively. The dependent variable in both models is
defined as whether there a win or a tie in the relevant period (1=win, 0=tie) — for overtime
this is identical to whether a goal was scored or not. The main explanatory variable of
concern in our study was the rule change. This variable is proxied by a dummy variable
equal to 1 for seasons with the new rule and 0 for years under the old rule.

In addition we included some variables to capture potentially important team-specific
or game-specific effects. Total team payrolls and differences in team salaries were used to
proxy the effect of absolute and relative offensive abilities by teams. Player salary informa-
tion was obtained from http://www.rodneyfort.com/PHSportsEcon/Common/OtherData
/NHLSalaries/NHLSalaries.html for the majority of the seasons and http://www.lcshockey.com
/extra/1997 /salary.asp for the 1997-98 years and http://www.lcshockey.com/extra/1998 /salary.asp

for the 1998-99 season. The sum of the team payrolls is assumed to increase the likelihood
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of a goal scored and win since player salary is generally directly related to offensive skills.
The absolute value of the difference is also assumed to increase the chance of the game
being settled in overtime since there is a relative difference in the comparative ability of
the teams to play offensive hockey.

Although the theoretical model did not explicitly consider the conference of the oppo-
nent, there may be implications of conference status on team strategy. Consequently, the
conference effect is included as a control variable in the empirical model. Specifically, a
dummy variable was included to capture the effects of games played between teams within
the same or different conferences. The present 30-team NHL is divided into two confer-
ences of 15 teams (East and West). The top 8 teams within each conference make the
playoffs at the end of the 82 game regular season. A team’s overall profitability is deter-
mined in large part by the revenue earned from ticket sales of home playoff games. Thus,
making the playoffs generates income but so does finishing further up the league standings
as the higher placed team earns home-ice advantage in any playoff series. Thus, incentives
and correspondingly team strategy in overtime may vary depending upon whether the op-
ponent is from the same conference. Since relative positions determine playoff ranking
and potential home-ice advantage, teams within the same conference may wish to avoid
giving an additional point in overtime to their opponents. While teams from within the
same conference could gain from an additional point in overtime, the consequences of giv-
ing up a goal are significant. In contrast, both teams have nothing to lose by attempting

to score in overtime if they are in different conferences.

5.2 Regression results

The averages in Table 1 and the logit regression results in Table 2 are consistent with
the predictions from our model on overtime team behavior, i.e. that teams take a more
offensive approach in overtime if both teams are guaranteed a single point going into the
overtime: (Theorem 1 and 2). If a team could lose a point by giving up a goal in the
5 minute overtime, teams would play a conservative strategy to avoid losing what they
had gained over the 60 minutes of regulation play. Table 1 shows how under the old rule
period, on average 71% of the games tied in regulation remained tied during overtime. In
contrast, under the new rule, only 53% of the games tied after regulation remained tied in
overtime. Moreover, the numbers are fairly constant for the various seasons within both
the old rule and the new rule period, suggesting a clear structural effect on overtime team
strategies.

However, there is a potential causality problem with this interpretation of the em-
pirical evidence on overtime strategies. The modification to the NHL overtime rule at
the beginning of the 1999-2000 season not only changed the point system but also the

number of skaters on the ice. In order to further increase the possibility of scoring, the
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NHL went from the 5-on-5 play used in regulation time to 4-on-4. Since both the point
system and number of players for overtime were changed at the same time, the effect of
each on the significant increase in overtime wins cannot be determined. However, Abre-
vaya (2002) gathered overtime results for the American Hockey League (AHL) which is
a minor league affiliate of the NHL. The two overtime rule changes were implemented
separately by the AHL. The data indicate that the awarding a single point in overtime
was primarily responsible for the increased number of overtime wins. Prior to the rule
change, 68% of overtime games remained tied and this dropped to 59% with the change
in point system. The percentage dropped slightly further to 55% with the introduction
of 4-on-4 play. Thus, the scoring system change has increased the likelihood of offensive
strategy in overtime as desired.

The other explanatory variables on the probability of a win in overtime were statis-
tically insignificant but were of the expected signs (column 2 of Table 2). Teams from
within the same conference are less likely to score in overtime. In addition, games involv-
ing high payroll teams and ones with a large spread in team salaries are more likely to be
involved in overtime game that results in a win for one team.

While the overtime rule change had the desired positive effect on play in overtime, the
empirical results confirm the unintended consequences of the point change on regular time
play. Theorem 3 predicts that the overtime rule changes would lead to more defensive play
during regulation. The hypothesized effect is consistent with summary measures presented
in Table 1. The percentage of games ending in a tie after the 60 minute regulation time
increased from on average 20.2% to 23.1% with the change in the overtime payoff structure.

To measure whether the overtime rule change affected regular time play, we focus
specifically on play in the third period. The logit regression in Table 2 measures the
likelihood that the game remained tied, given that the game was tied with one period
remaining. Our theory would suggest conservative play would dominate in the 3rd period
leading to a greater chance of a tie game at the end. The regression results in the third
column of Table 2 show that the change in the overtime rule indeed significantly reduced
the likelihood of one team winning at the end of regulation given the game was tied with
one period remaining. The other variables have the expected effects : conservative play
in the 3rd period is more likely between teams of the same conference and teams with
lower payrolls (both total and absolute difference). However, none of these effects are
statistically significant.

The effect of the overtime rule change on play during regulation time was also assessed
in terms of the likelihood of the goal spread increasing rather than staying the same. A
third logit regression (column 4 in Table 2) estimated how the rule change affected the
likelihood of the goal spread changing in the last period. Across the nine seasons, teams
were separated by one goal at the end of the 2nd period in 38% of the games and there

was no significant difference before and after the overtime rule change. Given the one goal
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difference, the spread increased to two or more goals in approximately 40% of the games.

The logit regression results in Table 2 show that there was no significant impact of
the rule change on the goal spread. The overtime rule change has no impact on scoring in
games with a one goal spread at the end of the 2nd period since both before and after the
rule change the team with the lead will attempt to protect the lead and play defensively
while the team behind will attempt to close the gag and play offensively. This result is not
inconsistent with the previous finding that teams in a close game are more likely to remain
tied at the end of regulation play under the new overtime point scheme. In a one-goal
game, the team ahead will likely to decide to play defensively and wait to counter-attack
against a team pressing to score the equalizer. However, an offensive team seeking to
increase its one goal lead may also expose itself and be more vulnerable to letting in a
tying goal. Thus, the hypothesized conservative regulation play during regulation under
the overtime rule change is likely to lead to games tied near the end remaining tight but

have an ambiguous effect on games separated by one goal at the end of the 2nd period.

Table 1
Table 2

6 Increasing rewards for a win in the regular time

Another contemplated change to the incentives facing NHL teams is to give a winning
team three points for a regulation win as opposed to two. Such a change in the point
structure has been implemented in most professional soccer leagues. One version of the
reward system would give a team three points for a win in regulation, two for a win in
overtime, one for a tie or an overtime loss, and zero for a loss in regulation. The intent of
such a change is to create a more attacking style of game since teams would be rewarded
for doing better and trying to win in regulation rather than play conservatively and settle
for a guaranteed one point arising from a tie in regulation (Mullin, J (2003)).

To analyze how such a proposed rule change would affect team strategies, we will use

the model developed above. We define the end of play payoff Ureg? of team A as,
1
Unewreg® = 21 {Zp > 0} — I {Zp < 0} + 51 {Zr =0} (6.15)
where I {.} is the indicator function and the expected payoff from tieing a regulation time
game is %

Team B’s end of play payoff will be

1
Unewreg® = 21 {Zr < 0} — [ {Zy > 0} + 51 {Zr =0} (6.16)
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Notice that we can rewrite the utilities as
3 1
Unewreg” = 5 (I{Zy >0} —I1{Zy <0})+ 3

3 1
= QUreg (0) + 3

and

1
Unewreg”® = g (I{Zr >0} —I{Zr <0}) + 3

3 1
= §U7“egB (0) + 7

Therefore the payoff matrix under this new regular time rule will be a affine transformation
on the payoff matrix of the regular game under the old overtime rule. This implies that the
optimal strategies of the teams A and B will be the same during the original regime and
will be given by theorem (3). Hence the teams with comparative advantage in offensive
hockey (a > 0) will play offensively (H, H) when the game is drawn.

This shows that the change in the rewards to a regulation time win will be sufficient

to stimulate more offensive play back into the game.

7 Concluding comments

Institutional reforms affect behavior, but not always in the way intended. Recent studies
analyzing the effect of rule changes on strategic behavior in sporting competitions yield
interesting insights. They are particularly interesting because due to the very nature of
the sporting competitions many external factors which typically influence behavior are
controlled for, or excluded.

In this paper we have analyzed the impact of the recent introduction of a rule change
in the National Hockey League on the strategies of hockey teams. The NHL decreed that
as of the 1999-2000 season, in case of a tie after the regulation time, both teams would
get one point each; and that the winner in overtime would get an additional point. This
change rewarded the teams which tied in regulation time but lost in overtime with a point
which they did not get under the old rules. The rule change was intended to enhance the
general appeal of the game by stimulating more offensive play in regulation time. Our
analysis shows that this was a correct assumption. We demonstrate with our theoretical
model that teams are more likely to play offensively in overtime under the new rule. The
empirical evidence we present confirms these conclusions.

These findings appears to provide strong support for the NHL’s decision to introduce
the 1999 rule change. However, such conclusion is not justified, since it is based on
an incomplete analysis. The rule change also has another, unintended, impact. Our

theoretical analysis shows how the rule change has a perverse effect on team strategies
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in regulation time, causing more defensive play during the main part of the game. The
empirical evidence provides support for this conclusion. Hence the conclusions based on
the full effects of the rule change should be less positive, and more nuanced.

A series of additional rule changes to offset the perverse regulation time effect are
being considered. The most prominent proposal is to raise the reward for the winning
team to 3 points and keep the rest the same. In the last section of the paper we show

that this proposal, if implemented, will mitigate the perverse effect in regulation time.
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Appendix:

Proof of theorem (2):
a) From (3.8) it follows that at period T, the teams will play (H, H) : therefore

Vold%no =p(H,H),i= Aor B. Now solving backwards, assume that whenever the game
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is tied (d = 0) the teams play (H, H), when « > 0.Therefore

T
Voldyy = Voldyy = > r(H,H)" " p(H H)

T=t

- % (1 —r(H, H)”) <

N | —

At period t — 1, if team A deviates to L, then the difference in payoff is

r(H,H) Vnewfo+p(H,H) —r(L,H) Vnewf}o—p(L,H)
[r(H,H)—r(L,H)]Vnew/y + p(H,H) —p(L,H)

o (L, H) +p(H, L) = 2p (H, H)] Vnewy +p (H, H) — p (L, H)
> [p (L. H) + p(H, L) ~ 2p (H, H)] 5 + p (H, H) — p (L, H)

> p(H,L) —p(L,H)
2

> 0.

(Similarly for team B). Hence the teams play their comparative advantage, that is (H, H).

b) Note that Vnewg, = 3 (1 —r(H, H)T> and taking 7" — oo, we get the result.

c) Consider the case that the teams have a comparative advantage in playing defensive
hockey (o < 0). From (3.8) it follows that at period T, the teams will play (H, H).
Therefore Vold"T,O =p(H,H),i= Aor B. Now solving backwards, assume that whenever
the game is tied W;_; = 0 the teams play (H, H) ,therefore

T

Vold}y = Voldy=p(H, H).> r(H H)""

T=t

1
— - (1 o (H, H)”) .
2
At period t — 1 if team A deviates to L, then the difference in payoft is

r(L,H)Vnew/y+p (L, H) —r (H,H) Vnew, — p(H,H)
[r(L,H) —r(H,H)|Vnew/y +p (L, H) — p(H,H)
2p (H,H) — (p(L, H) + p(H, L))] Vnewy, + p (L, H) — p (H,H).

Therefore team A deviates if
p(H,H) _p(LvH)

2p(H,H) — (p(L,H) +p(H, L)) (7.17)

1
5 (1 —r(H, H)T_t> = Vnew/ >

otherwise it continues to play H. (Similarly for team B.)
Proof of Theorem (3):
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1) Consider the last period t = T Then the value functions are
Vregr o =maxp (s, s7) —a (si',7)
Vreg%fl,fl = n;gx = (1 —p (sf, sf)) (7.18)

Vregt 1, = max (1 - p (sf.7))

VT@Q?—l,dx =1= _V7"69$7d<—1
and
Vregr_io=maxq (si,s7) = p (st 57)
Vreg?_lrl = max (1—p (s, s))) (7.19)
V?“egf_L1 = H;%X— (1 — (sf, sf))
Vreg:]ﬁfl,dx =-1= _Vmgq@,k—l-

The dominant strategy of the teams when they are trailing by at least one goal is to play
L and the dominant strategy when they are leading is to play H. From (4.12) it follows
that, when the game is goalless the teams play (H, H) when « > 0 and play (L, L) when
a < 0. Therefore

VT@Q?—LO = VregTB—l,o =0
Vregp_1qa=—Vregp 4= 1—p(H, L)), d=1,-1.

So the payoffs are symmetric across teams for all d at period T — 1.
Recursively solving backwards at period ¢ — 1, assume that the goal difference is
Zy1 =d, and Vreg{, = —VregP,, Then from (4.10) and (4.11) we have

VT@QtA;Ld + Vreg? d

— p (sit, sx0') Vreg, d+1+
q (S:Aa Sy ) V?"egtd 1+ (St S ) Vregfd
+ p (S:Aa S*¢ ) Vregy a1t
q (SIA? S*y ) V?“th d—1 +r (St ) S*y ) Vregtd
where (s;fA, Sk, ) are the optimal strategies at period t. Given that Vreg{id = —Vregfd,

for all d. We get Vregf‘flyd + Vregt'il’d =0.
Now assume Vregfd + Vregf}fd =0, for all d, then

Vregf—l,d + Vreg, —d

_ p (3:A7 S*y ) Vregt d+1T
q(

*A
s;4, 8%, ) Vregtd 1+ (st , Sy ) Vregtd

n ( ( D (s:A75*t ) Vregt a1t ) .
q

st sxl ) V?"egt @+ T (st , Sk ) V?“egt d
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By assumption of equality (2.2), we have Vregyl | ;+Vregl, _, = 0. Similarly Vreg? | ,+
Vregﬁl’fd =0.

2) Let Vreg;, = =Vreg; _; =V, and since Vreg;, =0, i = A, B, then

A _
Vregt—l,o = HBX (p

—

sivsy) —a(sist))

Vregy o= max (a(si's7) —p(siis7))

I<

I<

This is similar to the last period problem. Therefore when a > 0, then (szfA, s*tB)

(H, H) is the dominant strategies; else if v < 0 then the teams play (s;*, sx7) = (L, L).
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