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Simulating NHL Games to Motivate Student
Interest in OR/MS

Armann Ingolfsson
School of Business
University of Alberta
Edmonton, Alberta T6G 2R6, Canada
Armann.Ingolfsson@UAlberta.Ca

Abstract

Monte Carlo simulation models of regular season and playoff games in the National Hockey League can be
used to motivate students who are sports fans to study OR/MS models. I describe how such models can be
implemented in a spreadsheet, how my colleagues and I have used them in our courses, and how students

have reacted to them.
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1. Introduction

This article describes Monte Carlo simulation models
of games in the regular season and playoffs of the
National Hockey League (NHL). These models can be
used as examples in management science courses, to
demonstrate to students the wide scope of applicabil-
ity of the models they are studying. These simulation
examples will not save a management science course
that is in trouble, but I believe they have the potential
to make a good management science course better, by
motivating more students to take a personal interest
in how OR/MS models function. My colleagues and I
at the University of Alberta School of Business (in
particular, Terry Daniel and Erhan Erkut) have success-
fully used these examples in introductory OR/MS
courses at the undergraduate and MBA levels.

Maehr and Meyer (1997), in a survey article on moti-
vation and schooling, suggest that it may be useful in
educational contexts to replace the word "motivation”
with "personal investment" and state that the primary
question is "when and how ... individuals invest time,
talent, and energy in a particular activity." Obviously,
instructors cannot themselves make this investment
for students; instructors can only provide opportunities
for students to make such investments. I believe that
by providing a variety of examples of how OR/MS

tools can be used to answer questions that students
care about, instructors can significantly expand stu-
dents' investment and understanding of OR/MS tools,
and thereby increase the number of students who find
an opportunity that they are personally interested in
taking advantage of.

At the University of Alberta, and elsewhere in Canada,
many students are passionate ice hockey fans and any
examples involving this sport are likely to catch their
attention. In March and April, enthusiasts of NHL
teams are often preoccupied with the issue of whether
"their team" will qualify for the playoffs. This issue
has been of particular interest to fans of the Edmonton
Oilers, because the answer to the question "will the
Oilers make they playoffs?" has not been revealed
until close to the end of the 82-game regular season in
each of the last seven seasons prior to the 2003-2004
season (see Table 1). In years when the Oilers have
made the playoffs, fan interest shifts to the question
of "how far will they get?" I present separate Monte
Carlo simulation models to help provide answers to
these two questions. Optimization models provide an
alternative way to answer the former question (see
Adler et al., 2002 and the RIOT web site”). Simulation
and optimization provide different and complemen-
tary answers to the question of whether a team will
make the playoffs: optimization can sometimes provide

M) http://riot.ieor.berkelev.edu/~baseball/
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a definite "yes" or "no" answer (sometimes before
newspaper sports writers reach such conclusions),
while simulation can provide an estimate of the prob-
ability that the answer will be "yes." In addition, sim-
ulation can provide estimates such as:

* How many points will most likely be needed to
qualify for the playoffs?

¢ If the Oilers make the playoffs, which team will
they most likely play?

* Suppose the Oilers get X points in their remaining
Y games. How likely are they to make the playoffs?

Table 1: Date when the Edmonton Qilers either clinched a playoff spot or were eliminated during the last seven seasons
prior to the 2003-2004 season (Downloaded from http://www.edmontonoilers.com/pdf/2003_oilers_seasonreview.pdf)

Season Date Result Gilers game #
1996-97 April5th | Clinched with a 5-5 OT tie s “ancouver 73
1997-98 April 15th  Clinched with a 5-3 win ws Anaheim 81
19958-93 April 12th | Clinched with a 5-4 OT win at San Jose 80
1999-00 April 7th Clinched with a 5-4 OT win at “ancouver 81
2000-01 April 5th  Clinched when San Jose defeated Phoenix 3-0 81
2001-02 April 12th Eliminated by a 2-0 loss vs Calgary 81
2002-03 March 26th Clinched with 4-3 win vs Phoenix 7

A growing number of articles describe how OR/MS
instructional purposes can be served with examples
from a variety of sports, for example, soccer (Chu,
2003) and golf (Tiger and Saltzer, 2004). The other ar-
ticles in this special issue provide additional examples.
A series of articles in Interfaces (Morrison and Wheat,
1986, Erkut, 1986, Nydick and Weiss, 1989, and
Washburn, 1991) present various ways to estimate the
optimal time to "pull the goalie" near the end of a
hockey game. The models in these papers can provide
interesting exercises for courses on stochastic process-
es. Mullet (1977) discusses the use of Poisson processes
to model various statistics generated by the NHL.

The remainder of this paper is organized as follows.
Section 2 describes the rules that determine which
teams qualify for the NHL playoffs and outlines a
Monte Carlo simulation model for games played dur-
ing the regular season. Section 3 briefly describes a
corresponding model for games during the playoffs.
The final section discusses how my colleagues and I
have used the simulation models in the past, how the
models have stimulated student interest, and some of
the generalizable lessons that students have learned
from immersing themselves in these models.

2. Regular Season Simulation

The regular season of the National Hockey League
(NHL) runs from October to April. Each of thirty teams
play 82 games. The teams are divided into an Eastern
and a Western conference, and each conference is di-
vided into three divisions with 5 teams each. Each
game consists of "regulation time" and, possibly,
"overtime." If one of the teams wins in regulation time,
then it earns 2 points and the other team earns no
points. If the game is tied at the end of regulation time,
then both teams get 1 point, and one overtime period
is played. If one of the teams scores in overtime, then
it earns an extra point and the game ends. The total
number of points earned by both teams in one game
is therefore either 2 or 3.

Newspapers and various internet sites®”, provide
abundant statistics on play in the NHL. Tables 2 and
3 show information that is particularly relevant to
constructing a simulation model of the remainder of
the regular season. Table 2 shows the standings in the
Western Conference while Table 3 shows the schedule
of remaining games, as of March 29, 2004. The focus
will be on the Western Conference and the Edmonton
Oilers, to reduce the size of the model and to make the
illustrations more specific, but the approach could be
used for either conference or both conferences together
and any team. By focusing on the Western Conference,

@ http://www.nhl.com
®) http://sports.yahoo.com/nhl
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one can eliminate all games between Eastern Confer-
ence teams, and this is done in Table 3 and in the

simulation model.

Table 2: Western Conference standings (downloaded from NHL website http://nhl.com/onthefly/standings/conf_stand.html
on March 29, 2004). Legend: RK = rank, GP = games played, W = wins, L = losses, T = ties, OTL = overtime losses,
PTS = points, GF = goals for, GA = goals against, HOME = home record (W-L-T-OTL), AWAY = away record, L10 =

record for last 10 games.

estern Conference

Rk GP
1y - DETROIT* 78
2x - SAN JOSE” 79
3x - COLORADO™® 78
4x - DALLAS 79
sy - VANCOLWER 78
GLALGARY 79
73T LOUIS 78
GEDMONTOMN 79
MASHYILLE 78

10L0S ANGELES 78
MNNESOTA 78
125N AHERM &0
13PHOEM[= 79
14COLUMBUS 78
15CHICAGO 78

W
45
41

35
40
34
40
37
35

33
25
27
25
2
24
20

L T QTL PTS GF
20 2 103 243
20 12 o100 211
22 13 5 84 225
24 13 2093 186
24 10 5 893 218
29 7 3080 195
28 1 2 &7 184
27 12 a3 &@f 216
28 1 4 @5 205
26 16 G a0 198
28 20 3 FF 173
34 10 g 74 151
34 18 6 BB 185
42§ 4 B0 169
40 11 ¥ 58 182

GA
178
176
185
166
189
172
191
20

209
205
172
210
237
224
244

21-8-7-2
15-14-8-1
16-13-7-2
18-10-7-4
10-19-7-4
17-16-4-2
13-16-6-3

HOE
29-5-4-0
23-7-7-2
18-14-6-1

23-6-8-0
19-13-7-0
20-14-3-1
22-10-7-0
22-12-4-3

AN
16-14-7-2
18-13-5-4

20-5-7-4
15-18-5-2
20-11-3-5
20-13-2-2
15-15-4-2
13-13-8-2

14-19-4-2
13-12-7-7
11-13-13-1
10-24-3-4
11-15-11-2
T-26-4-2
T-24-5-2

L10
§-3-1-0
g-1-1-0
4-5-1-0
3-1-2-2
3-4-2-1
§-3-1-0
§-2-2-0
V-0-0-3

2-3-3-2
2-7-0-1
B-2-1-1
3-6-1-0
1-6-2-1
4-5-0-0
2-5-21

Table 3: Remaining NHL regular season games (downloaded from NHL website http://nhl.com/onthefly/schedules/in-

DATE

dex.html on March 29, 2004).

YISITOR

29-Mar-04Blue Jackets
29-Mar -0l
29-har-0dKings
29-Mar-04Covyvotes
30-Mar-04Cilers
30-Mar-04Blackhawhks
31 -Mar-04Red Wings
31 -har-042valanche
31 -har-040ilers
31-Mar-04Coyotes

31 -Mar-04Canucks

31 -har-04sharks

01 -Apr-04Red Wings
01 -Apr-04Predstors
02-Apr-04 &valanche
02-Apr-045tars
02-Apr-04Flames
02-Apr-04Canucks
03-Lpr-04Bes
03-Apr-04Blackhawks
03-Apr-04BIue Jackets
03-Apr-040ilers
04-Apr-04Bhes
04-Apr-04Blackhawks
04-Apr-04Predators
04-Apr-04Flames
Od-Lpr-0dKings

HOME

Sabres

Red Wings
Avalanche
Canucks
Blues
Predators
Blue Jackets
il

Stars
Flames
lighty Ducks
Kings

Blues
Blackhawvks
Blue Jackets
il

Kings
Sharks
Predators
Coyotes
Fed Wings
Canucks
Wil

Stars
Avalanche
Mighty Ducks
Sharks

o Y e R Y e N e e O e R e e e Y e Y e A e Y T e Y e S Y e e N e I e Y e R e Y e R

The regular_season.xls” workbook contains a complete
simulation model for games remaining in the Western

o Y e R Y e N e e O e R e e e Y e Y e A e Y T e Y e S Y e e N e I e Y e R e Y e R

TIME

T.00PMET
7:00PM ET
9:00 Pl ET
1000 PR ET
S:00 PM ET
8:00 Ph ET
FO00PMET
&:00 P ET
S00PMET
9:00 PM ET
10030 Phl ET
1030 PMET
S:00 PM ET
8:30 PM ET
FO00PMET
&:00 P ET
1030 PMET
10:30 P ET
300 Pl ET
400 PM ET
T30 PMET
10:00 P ET
S00PMET
3:00 P ET
4.00PM ET
4:00 Ph ET
4:00 P ET

4 http://ite.pubs.informs.org/Vol5No1/Ingolfsson/regular_season.xls
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Conference regular season, including and after March
29, 2004. The following color coding is used in the
model:

* Bold green font indicates input data.

¢ Cells with [EEIFESREHESNAE indicate random num-

bers.

¢ Cells with yellow background indicate output
measures.

The model is implemented using only native Excel
features, i.e., the built-in RAND() function is used to
generate pseudo — random numbers, and data tables
are used to replicate the simulation and to collect
statistics. The color coding should make it straightfor-
ward to convert the model to use a simulation add-in
such as Crystal Ball (2004) or @Risk (2004) to generate
random numbers and collect statistics. One should
keep in mind that Excel's RAND() function apparently
uses a random number generator that leaves some-
thing to be desired (L'Ecuyer, 2001). The generator
was rewritten for Excel 2003, but unfortunately the
revision introduced a serious bug that causes the
generator to occasionally generate negative numbers.
A "hotfix" package from Microsoft” corrects this bug

I begin by describing the simulation of an individual
game. Table 2 lists, for each team, the number of games
played (GP), won (W), lost in regulation time (L), tied
(T), and lost in overtime (OTL). This information is
sufficient to calculate the number of points (PTS), using
PTS =2*W + T + OTL. From this information, one can
calculate a team's win, loss, and tie percentages, using
WP = W/GP, LP = (L+OTL)/GP, and TP = T/GP. The
model uses the following approach to simulate each
remaining regular season game:

1. Estimate the probability P that the visitor team will
win the game as the average of the visitor team's
win percentage and the home team's loss percent-
age. Estimate the probability Q that the game will

result in a tie as the average of the two team's tie
percentages.

2. Generate a uniformly distributed random number
UL . If Ul < P, then the visitor team wins in regu-
lation time. If Ul > P + Q, then the visitor team
loses in regulation time. Otherwise, the game is
tied at the end of regulation time.

3. If the game was tied at the end of regulation time,
then an overtime period will be played. Generate
a second uniformly distributed random number
U2 to determine the outcome of the overtime peri-
od. If U2 < P, then the visitor team wins in over-
time. If U2 > P + Q, then the visitor team loses in
overtime. Otherwise, the game remains tied.

It is possible to combine steps 2 and 3 and use one
random number instead of two, but I have separated
the steps for ease of explanation. Figure 1 illustrates
how one can implement this approach in Excel. The
Figure shows part of a worksheet that simulates the
outcome of every remaining game in the regular sea-
son. In the first of these games, Columbus visits an
Eastern Conference opponent (the model focuses on
the Western Conference and therefore suppresses in-
formation about the particular team in the Eastern
Conference that Columbus plays). We see that
Columbus has a win percentage of 0.308 and Eastern
Conference teams have a win percentage of 0.423 and
a tie percentage of 0.156; hence a loss percentage of
0.421. The probability P is therefore calculated to be
the average of 0.308 and 0.421, or 0.365. The tie proba-
bility Q is calculated to be the average of the tie per-
centage for Columbus and the tie percentage for
Eastern Conference teams, resulting in Q = 0.129. In
Figure 1, the random number used to simulate regula-
tion time was 0.485, which is between P and P + Q, so
the simulated outcome of regulation time is a tie.
Consequently, overtime is simulated as well. The
overtime random number is 0.225, which is less than
P + Q, so Columbus wins the simulated game in
overtime.

Visitor Home

Date Visitor Home | P{Win} Pr{Tie} | Pr{Win} P{Tie} | Px{¥¥in} P1{Tie} RAND(] Outcome | LAND() Outcome
290ar04  Columbus Eastern | 0308 | 0103 | 0423 | 0156 | 0365 | 0129

Figure 1: Simulation of one regular season game.

() http://support.microsoft.com/default. asDx7kb1d 833855
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The approach used to simulate a single game is simple,
but it is also simplistic in many ways: it assumes the
win, loss, and tie probabilities are the same in regula-
tion time and overtime, it ignores the possibility of a
"home ice advantage," it ignores variations between
different Eastern Conference teams, and it ignores the
possibility of temporal variation in the outcome
probabilities due to changes in team personnel or
"momentum." The simplicity makes it easier to explain
the approach to students, and I believe the simplistic
modeling also has an advantage, because it may moti-
vate students to criticize the assumptions of the model
and to attempt, on their own, to make it more realistic.
This is beneficial because it is often difficult to get
students to critically assess the assumptions in models
that are typically covered in OR/MS courses, because
they lack experience with the reality that is being
modeled (a production facility, for example). If the
example were used in a statistics class, then it could
provide an opportunity to discuss ways to judge
whether home ice advantage or perceived streaks are
real rather than random (see Smeeton, 2003, for exam-
ple). If a student wanted to calculate separate outcome
probabilities for regulation time and overtime, she
would need to collect more data than is available in
Table 2, because the standings table gives only partial
information about how many games required over-
time. Specifically, the standings table does not indicate
how many of a team's wins occurred in overtime. To
obtain this information, a student would need to obtain
and tabulate data on the outcomes of individual
games.

After simulating every remaining game in the regular
season, various Excel functions are used to aggregate
the results and generate simulated standings at the
end of the regular season, as shown in Figure 2. The
top eight teams from each conference qualify for the
Stanley Cup Playoffs, but the process is complicated
by several tie-breaking rules. The official rules are as
follows?”

Playoff Tie-Breaking Formula

At the conclusion of the regular season, the standing of the teams in each Conference
shall be determined in accordance with the following priorities in the order listed:

a) First place in each of the three Divisions seeded 1, 2 and 3.

b) The higher number of points earned by the Club.

¢) The greater number of games won by the Club.

d) The higher number of points earned in games against each other among two or more
Clubs having equal standing under priorities (b) and (c).

NOTE: For the purpose of determining standing under priority (d) for two or more
Clubs that have not played an even number of games with one or more of the other
tied Clubs, the first game played in the city that has the extra game (the "odd" game)
shall not be included. When more than two Clubs are tied, the percentage of available
points earned in games among each other (and not including any "odd games") shall
be used to determine the standing.

e) The greater positive differential between goals scored for and against by Clubs
having equal standing under priority (d).

The simulation model implements items a), b), and c)
but ignores the remaining tie-breaking rules. The ap-
proach to implement rules a), b), and c) is motivated
by goal programming. Specifically, the model calcu-
lates "pseudo points" for each team, as follows:

For division winners: Pseudo points = (M1 + M2) *
TP +W

For all other teams: Pseudo points = M2 * TP + W

The numbers M1 and M2 are chosen to be sufficiently
large so that the three division winners will be ranked
1, 2, and 3 in their Conference, followed by the five
other teams in the conference with the highest point
totals (TP), and the number of wins (W) is used to
break ties. I used M1 =100 and M2 = 10. The top eight
teams, ranked by pseudo points, are then assumed to
qualify for the playoffs.

The procedure to calculate pseudo points could be
improved by accounting for the possibility that two
or more teams are tied for the highest point total in a
division. For our specific purpose of determining
whether the Edmonton Oilers will make the playoffs,
this is unlikely to make much difference, because the
Oilers have, unfortunately, not been in any danger of
winning their division for the past several years!

Figure 2 shows how pseudo points are used to rank
the teams and determine the eight teams that qualify
for the playoffs. In addition to the playoff ranks, vari-
ous other statistics can be calculated for each replica-
tion of the simulation, for example, the number of
points needed to qualify for the playoffs, number of

(7) NHL website http://nhl.com/nhlhg/fag/go_figure.html
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points earned by Edmonton, and Edmonton's oppo-

nent in the first round of the playoffs, if applicable.

Total

Division Pseudo Playoff

City Team GP W L T OTL PTS rank points | rank
Chicago Blackhawks a2 21 43 1 T 1] 5 [:24] 15
Columbus Blue Jackets 82 25 44 2 B E} 4 EBG 14
Detroit Red Wings 82 48 22 12 2 108 1 1706 1
Nashville Predators 82 36 30 1 8 a3 3 k13 3
5t Louis Blues 82 40 23 il 3 94 2 580 T
Calgary Flames gz 42 30 7 3 o4 3 a8z &
Colorado Avalanche az H 22 12 E m 1 jiila] k]
Egmcnton Lifers & oae | A £ &F 4 426 ]
Minnesota | Wild g2 27 3 3 4 5 a7 1
¥ancouver | Canucks g2 42 26 0 B a3 2 022 5
Anaheim Mighty Ducks 82 8 I8 il g 4 4 TES 12
Dallas Stars 82 42 24 4 2 100 2 104z L}
Los Angeles | Kings gz I 27 16 ] a5 3 aan 10
Phoeniz Coyotes gz 23 3 12 E o g T2 12
San Jose Sharks az 43 21 12 E 04 1 1482 2
Eastern S ranked <= & g
PTS needed a9
EDM PTS a9
EDM qualifies? 1

EDM opponent Detroit

Figure 2: Simulated standings at end of regular season.

One can use an Excel data table to collect results from
multiple replications (see Winston and Albright, 2000
for instructions on how to use data tables to replicate
simulation results). Figure 3 shows part of a table of
500 replications. According to the simulation, Edmon-
ton had a 0.61 chance of qualifying for the playoffs,

given the standings on March 29, 2004. If they were to
qualify, their opponent would most likely be either
Detroit (0.61 probability) or San Jose (0.30 probability).
The expected number of points needed to qualify for
the playoffs was 90.2.

o o Calgary

g w
2 ]
s ¢ E A
[ = 0 @ m o
'3 Q o a2 wn
15 o1 o8 7
1 15 “ 1 g
433 18 14 1 El g
433 18 14 1 El 3
a00 18 14 1 i
Average 148 42 10 82 T4
Min 12 12 1 B
Mazx 15 15 2 10 El

EDM opponent Prob. Prob2.
Chizago
Columbus

Mashwyille

St Louis

Calgary - -
Colorado 0.0z 008
Edmanton - -
Minnezota - -
Wancouver 0.0z 003
Anaheim ° -
Dallas

Los Angeles

Fhoenix - -
San Jose 0.18 0.30

s - Conditional on
Detroit 037 0E EDM qualifying.

= W E
3
s 3 £ H
= v w =
2 = 3 H = 3 )
s = 2 " o 4 ]
S E g E £ E =
o = = - Q =1 =]
0w - a w w W
g & Ell Ell 1| Detrait
7 & ll 93 1 San Jose
37 8 an 1l 1/ San Jose
4 g & Ell k1l 1| Detrait
) & a7 a7 0 FALSE
36 81 &m4 9019 9013 01
E g ar a7 L]
E 10 a a3 a3 1

Figure 3: Table of 500 replications of the simulation.

The "# ranked <=8" statistic was included to evaluate
how often the tie-breaking rules that were left out of
the model were needed. This statistic equaled either
8 or 9 in every replication, and its average was 8.014.
One can find the number X of replications in which
the additional tie-breaking rules were needed by

solving the equation (8*(500-X) + 9X)/500 = 8.014. The
result is X = 7, so the estimated probability that the
additional tie-breaking rules are needed is 7/500, or
about 1.5%.
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Once the data table has been generated, the values in
it can be "frozen" (by copying the table and pasting it
as "values") to facilitate further analysis. In addition
to calculating various averages and other summary
statistics for each column in the table, Excel's auto filter
tool can be used to calculate various conditional
probabilities. For a simple example, one could filter
the "# ranked <=8" column on the value "9" and count
how many rows are displayed, as an alternative to
solving the equation given above. For a more interest-
ing example, the column for "EDM PTS" in Figure 3
could be filtered to show only replications in which
Edmonton earned 90 points or more, and then one can
estimate the probability that Edmonton qualifies for
the playoffs, given that the team earns 90 points or
more (the result is 252/292 = 0.86.)

3. Playoff Simulation

The eight teams that qualify for the playoffs from each
conference are seeded according to the rules described
in the previous section. In the first round of the play-
offs, the first-seeded team plays the eighth-seeded
team, the second-seeded team plays the seventh-
seeded team, and so on. Each of these pairs of teams
then plays a series of up to seven games, with the se-
ries terminated as soon as one of the teams has won
four games. The outcome of a game is determined the
same way as in the regular season, except that over-
time continues until one of the teams scores, so no
game results in a tie. The higher-seeded team in each
pair enjoys home-ice advantage, which means that
four of the (up to) seven games are scheduled in that
team's arena, with the usual sequence being Home-
Home-Away-Away-Home-Away-Home. The four
winners in the first round proceed to the second round,
where teams are re-seeded, taking into account results
from the first round. The top-seeded team then plays
the fourth-seeded team and the second and third teams
play the other series in the second round. The winners
of the second round then meet in a series that deter-
mines the Conference Champion. Finally, the two
Conference Champions play the final playoff series to
determine the winner of the Stanley Cup.

The basic ingredient in a simulation model of the
playoffs is the same as for the regular season, namely,
the simulation of a single game. The only difference

is that playoff games cannot end in a tie. A simple way
to adapt the procedure described in the previous sec-
tion, for simulating a regular season game, is to
renormalize each team's win and loss percentages so
that they add up to 100%, calculate the probability P
as the average of the visiting team's win percentage
and the home team's loss percentage, and then use a
single random number to determine which team wins
the game.

One added complication in simulating the playoffs,
compared to the regular season, is that the set of games
to be played is not pre-determined, for two reasons:
(1) the number of games in each series can vary from
4 to 7, and (2) the teams that play in rounds 2, 3, and
4 are determined by the outcomes of previous rounds.
The first complication can be avoided by simulating
seven games in every series, even if one of the teams
earns 4 wins in less than seven games. The second
complication can be handled using Excel lookup
functions.

The workbook playoffs.xIs® shows a simulation
model for the 2004 NHL playoffs, before any playoff
games were played. Only the Western Conference is
included, for simplicity. The Edmonton Oilers did not
qualify for the 2004 playoffs, unfortunately. The
workbook shows two examples of statistics that could
be collected from the simulation: (1) the winner of the
Vancouver - Calgary first round series (Vancouver is
estimated to win with probability 0.54) and (2) the
Western Conference Champion (Detroit is most likely
to win, with probability 0.21).

Observe that the ranking of teams by their probability
of winning the Western Conference Championship is
the same as the seeding of the teams at the end of the
regular season. It is almost inevitable that the simula-
tion results will turn out this way, as long as the
probability P is determined, for each game, as de-
scribed above. However, students could attempt to
estimate this probability differently, by taking into
account one or more of the following factors:

¢ Team records during the last part of the regular
season (for example, by using exponential
smoothing or moving averages).

* Recent changes in team personnel, because of
trades or injuries.

®) http://ite.pubs.informs.org/Vol5No1/Ingolfsson/playoffs.xls
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¢ Home ice advantage.

* Results of regular season games between the two
teams in question (this is questionable, because of
small sample sizes).

4. Using the Examples to Motivate

My colleagues and I have used the simulation models
described above for about eight years, in a core under-
graduate OR/MS course, a first-year MBA production
and operations management elective, and an under-
graduate elective on service operations. In our experi-
ence, such examples can be introduced using a mini-
mal amount of lecture time. We usually introduce the
examples as "teasers" at the beginning or end of a lec-
ture. It is not difficult to find statements made in the
popular press that straightforward modeling shows
to be false, and this can be an effective way of captur-
ing student interest. We typically show a recent
newspaper article during lecture, show model results
that contradict the article, and, ideally, provide insight
into why particular statements in the article are false
or misleading. The model itself, with instructions, can
be made available through the Internet for students
to "look under the hood," and interested students can
discuss the model and the results of its analysis in
course conferences on the Internet.

Our purpose in presenting the simulation examples
isnot primarily to introduce new modeling techniques,
but to stimulate the interest of a large fraction of the
students in modeling in general. It isimportant to keep
in mind that some students are not interested in
hockey but fortunately we have found it easy to avoid
alienating those students. We typically plan on
spending less than five minutes on the examples at
the beginning or end of a lecture, possibly extending
the discussion to ten minutes if the class seems partic-
ularly interested. We may show updated results at a
later date, particularly if the predictions of the model
have become more favorable to the home team. In
courses that focus specifically on modeling in sports,
such as the course described by Willoughby (2004),
one could cover the models in far greater detail and
base assignments or projects on them, but so far we
have not done this.

As an example, on March 30, 2004, a colleague teaching
the core undergraduate OR/MS course presented some
of the results shown in Section 2. On March 29, a sports

columnist for the Edmonton Journal (MacKinnon,
2004) wrote, commenting on a win by the Oilers the
previous night:

... it was two points and the Oilers will take them. They now
have 87 points and will probably need six more to have a chance
to participate in the Stanley Cup playoffs tournament.

There are no guarantees that will be enough.

According to the simulation, if the Oilers were to earn
just four more points, their chances of qualifying for
the playoffs would be about 89%. Furthermore, in the
59 (out of 500) replications where the Oilers won all
three of their remaining games (thus earning six more
points), the Oilers qualified every time. A closer look
at the remaining games for the Oilers and the two
other teams in contention for the last two playoff spots
(the Blues and the Predators) revealed that the Oilers
play the Blues once, and the Blues and the Predators
play each other once, which implied that if the Oilers
were to win all three games, then at least one of the
other two teams would have fewer points than the
Oilers. This analysis can be used to demonstrate how
the results of a model become the starting point for
developing insight that goes beyond the particular
numerical results obtained. In particular, looking at
the number of remaining games each team will play
is not sufficient to determine the likelihood that a team
will qualify for the playoffs; one must also consider
how many of those games are against other teams
vying for the final few playoff spots.

We have found it relatively easy to find statements in
the sports sections of local newspapers that can be
used as a lead-in to the simulation models. Here are
two examples:

1. A columnist for the Edmonton Sun (Jones, 1996)
stated, in March 1996, that "the magic number for
the Jets to eliminate the Oilers from the race is four.
Any combination of Jets wins and Oilers losses
totalling four and the Oilers would be eliminated."
A simulation of the remaining regular season
games revealed scenarios where the Winnipeg Jets
(which no longer exist) won four games, Edmonton
lost no games, and Edmonton still qualified for the
playoffs.
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2. The coach of the Edmonton Oilers was quoted
(MacTavish, 2004) on March 24, 2004, as predicting
that 90 points would be sufficient to qualify for the
2004 playoffs. The simulation results in Section 2
suggest that this was a somewhat optimistic but
reasonable prediction. (As it turned out, 91 points
were needed to qualify for the playoffs in the
Western Conference.)

I believe it is most effective to use the examples in
March or April, because that is the time when one is
most likely to find newspaper articles to help capture
student interest and because this is when the models
are most likely to produce results that are not obvious
from a glance at the current standings table. Earlier in
the NHL season, students and journalists are less in-
terested in the playoff race and the estimated probabil-
ities of making the playoffs are likely to vary less be-
tween teams than in March and April. Instructors who
would like to use similar examples during the fall term
might be able to adapt the models in this article to
other sports where the season typically ends in the
fall, such as soccer or baseball.

Student reactions are typically positive when the ex-
amples are presented in class, followed by even more
positive responses later on, from students that are
"hooked" and explore the models in detail on their
own. As an example, four days after the results in
Section 2 were presented in class, a female student
contacted the instructor to let him know that she had
updated the simulation model to incorporate the re-
sults of games that had been played since. Readers
who have explored the model in detail will realize that
this is a nontrivial task, especially for a beginning
student. This student had not displayed any particular
aptitude for simulation modeling earlier in the term,
but she was obviously a hockey fan. For students who
have an aptitude for analytical modeling and who are
also sports fans, these examples provide an opportu-
nity and an incentive to become more critical model
users and developers. They recognize the approxima-
tions that are necessary to make a model efficient yet
useful and begin to develop an appreciation for which
modeling shortcuts compromise the validity of the
model (for the purpose that it is intended to serve) and
which ones are "not quite realistic yet save a lot of
modeling time and effort." We use a variety of "teasers"
at the beginning of lectures in addition to these hockey

examples, some modeling related and some not. Most
students appreciate these attempts to capture their
interest. We have never received negative feedback
about the hockey examples.

Several past students have been sufficiently interested
in the simulation models to attempt to extend the
models for their own purposes. A common motivation
for this is to do better in "hockey pools" which are
common in Canada. A participant in a hockey pool
typically picks a number of players from playoff-
bound teams to form her own fictional team. The goals
and assists scored in the real playoffs determine the
performance of each of the fictional teams, and thus,
the winner of the pool. A simulation model to help
pick such a fictional team would need to be consider-
ably more detailed than the models described in this
article, of course.

One past student (Slemko, 2000) developed a more
realistic version of the regular season simulation in
order to complete the requirements for a Diploma
awarded by the Canadian Operational Research Soci-
ety”. Among other things, the student automated the
collection of information from a web site that was
needed to run the simulation starting from a particular
day, programmed the entire simulation in VBA, and
implemented all of the tie-breaking rules listed in
Section 2.

In conclusion, here is a list of valuable lessons that
students who delve into the models to this extent have
the opportunity to learn. These lessons about model
implementation generalize to various other contexts.

¢ The datais rarely in the ideal format for analysis.
For example, neither the standings table nor the
schedule of games table (which shows the results
of past games) allows one to determine which
games a particular team won in overtime. As an-
other example, some tables may list teams by city
(see Table 2) while others may list teams by their
names (see Table 3).

¢ The model should be designed for easy updating
of input data. This becomes important for those
who want to rerun the model every morning dur-
ing the last few days of the regular season. Excel
allows one to collect data from the Internet either
manually, by cutting and pasting, or automatically,

©) http://www.bus.ualberta.ca/CORS/diploma/english/
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with a "web query." While this is a useful feature,
web pages with the appropriate statistics may
move, change, or disappear from one year to the
next.

¢ The importance of modular design. The number
of teams, the playoff format, and the tie-breaking
rules have all changed several times during the
NHL's 86-year history. A well-designed model
would need only minor modifications to accommo-
date such changes.
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