PLAYER PERFORMANCE EVALUATIONS
IN THE
NBA: APPLICATIONS OF SAS/GRAPH AND SAS/QC

CeciL R. HaLLuM, PH.D.
DIVISION OF MATHEMATICAL AND INFORMATION SCIENCES
SAM HOUSTON STATE UNIVERSITY
HUNTSVILLE, TEXAS 77341-2206

January 8, 1993

1. INTRODUCTION
In most professional and collegiate sports, one of the major byproducts of competition
between any two teams is a large quantity of recorded data on the performance of
the teams and individuals taking part in the competition. With few exceptions, the

primary incentives for the sports enterprise to record these massive amounts of data
have been:

1. to satisfy league and conference requirements,

2. to satisfy the gargantuan appetite of the news media for sports statistics and
trivia, or

3. to help keep track of team and individual records.

Very little attention has been given to the possibility of using mathematical statis-
tics to help evaluate the performance of individual participants during a playing sea-
son. Indeed, most attempts at analyzing game data statistically have taken place weil
after the fact — after a series of games or a season is over — when it is too late to
make strategic adjustments to improve a team’s chances of winning (see for example,
Goodman [2], Mosteller [3], Porter [4], and M. Thompson [6]).

There is no reason, however, why individual and team statistics, especially in such
sports as football, basketball, baseball, soccer, and hockey, could not be analyzed on
a per-game basis to see which individuals are contributing the most (or the least) to
a team’s success. Such analysis of individual performances in games of the National
Basketball Association (NBA) is the subject of this paper. In particular, numerous
SAS (Statistical Analysis System) procedures will be demonstrated that clarify the
information residing in the NBA data. It will become clear that, although concentra-
tion will be on the analysis of individual and team performances in basketball, any
team effort in which several different skills are brought into play by each participant
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can be analyzed in a similar fashion. The resuits of these analyses yield the com-
parative performance for each player in each measurable phase of the game played.
These results can then be made available to coaches to help in training, strategy, and
utilization of players’ skills.

2. BASKETBALL DATA

First of all, let us look at the kinds of statistics being kept by teams in the NBA.
Figure 1 shows an official NBA Scorer’s Report for an regular season gams played
on December 26, 1980 between the Houston Rockets and the Detroit Pistons. The
individual player statistics that appear on this report are minutes played (MIN),
field goals made (FGM), field goals attempted (FGA), free throws made (FTM), free
throws attempted (FTA), offensive rebounds (OFF), defensive rebounds {DEF), total
rebounds (TOT), assists (AST), player fouls (PF), steals (Steals), and points scored
(Points). At the bottom of the report are the number of shots blocked by each player.
The NBA requires that an Official Scorer’s Report be compiled by the home team
at each game; incidentally, an additional statistic currently required that does not
appear on this Scorer’s Sheet is that of three-point shots made and three-points shots
attempted. In addition to the required NBA data, many teams keep additional data
not required by the league (see Figure 2), such as turnovers, burns (scoring after an
opposing team’s turnover), fast breaks, field goal percentages within certain radii of
the basket, number of times a player is fouled, and undoubtedly many others.

. 3. ANALYSIS OF PLAYER PERFORMANCE

It is fairly apparent upon examination of the Scorer’s Report in Figure 1 that it is
not at all obvious how the various players’ performances can be readily compared.
For example, on the Rocket’s team, Calvin Murphy scored 14 points in 20 minutes
of play, while Phil Hubbard of the Pistons scored 22 points in 39 minutes of play, so
Hubbard’s scoring output seems superior. On the other hand, Murphy had 2 assists
and 2 steals while Hubbard had 5 assists and 0 steals. Similar comparisons are notable
from the other phases of the game. So who played better and by how much? And who
needs to concenirate on improving what phase of his game during the next practice
session? Multiply this question by the possible

2\
(2) =210

pairs of players in a game and by at least 13 different tabulations kept on each player,
and a coach is bound to have an extremely difficult task in formulating team strategy
based on game statistics. And this is unfortunate, because the game statistics should
reflect player performance, and thus could conceivably aid the coach in achieving his
objectives (winning), if only the information could be extracted in a usable form.

104



PLAYER PERFORMANCE EVALUATIONS

Numerous pieces of key information will be discussed as a part of this presentation
and use will be made of SAS (particularly SAS/GRAPH and SAS/QC) to clarify the
information inherent in the data. The presented SAS usage will be done so as to be
tutorial in nature.

A key method for extracting information concerning each player’s performance
is based on a two-step procedure (other information retrieval techniques using SAS
will be discussed at conference time as well). The first is to standardize the players’
game totals to a full, 48-minute game. For example, if a player made 4 offensive
rebounds in 20 minutes of play, he would receive a “standardized” score of %42 = 9.6
for offensive rebounds. This process is carried out for each player and each tabulation
form the scorer’s report (except minutes). The assumption, of course, is that the
sample consisting of the time the player actually was in the game is representative of
his performance had he played the entire game. The second phase of the analysis is
to construct a Student’s t statistic for each player in each phase of the game. This
statistic, first presented by W. Thompson [7], is constructed as foliows: for any phase
of the game (for example, assists), each player’s standardized score, a;, is transformed,
as

zi=(a;—T) / S

where g; is the ith player’s {(48-minute) standardized score for assists, while T is the
sample mean and s the sample standard deviation among all players’ standardized
scores for assists. Players who have not been in the game some minimum length of
time, say 6 minutes, should not be included in the procedure, in order to avoid ab-
surdities. Thompson has shown that, if n items (player scores) are used in computing
% and s, and if those items can be assumed to be a random sample from a normal
distribution (the entire NBA}), then

t; = v~ 2z;/\n — 1 — z}

follows a Student’s t distribution with n ~ 2 degrees of freedom. Furthermore, this
statistic is much more robust against extreme values of standardized scores ihan the
corresponding normal statistic would be, and additionally takes into account the small
sample sizes used in computing ¥ aud s. Once given a player’s t score and the number
of players used, the percentile for that player’s performance in that skill area can be
computed or looked up in a table of the cumulative Student’s t distribution. The
percentile, a number between 0 and 100, should reflect where the player would fall
among all NBA players in that skill, based oun his performance in the game analyzed.
Once a complete table of percentiles is compiled, it is an easy matter for a coach to
compare any two players on either team in any skill, or to compare the performance
of any player in any two phases of the game, or even to compare performances over
several games.

105



PLAYER PERFORMANCE EVALUATIONS

A demonstration of the usage of a complete table of percentiles for a game played
by the Seattle Supersonics is given in Figures 3 and 4. Each percentile is rounded
to the nearest whole number. Note also that a compilation has been made, in the
OVERALL part of the table, of the mean of each player on the Supersonic team in
that particular game. Of course, if a coach wishes to weight the phases of the game
differently, a player’s overall performance will be given by

m m
P=% wpi/ 3w
i=1 =1
where w; is the comparative weight assigned to skill j and p; the percentile for skill
j’ j = 1327"'1m'

On the basis of percentiles for any game or series of games, a coach may gain
valuable insight into this players’ comparative skills, how to improve them and when
to use them. The players themselves, by looking at their own performance measures
and the weights attached to them, may realize what they must do to contribute better
or a balanced team effort.

4, SAS USAGE TO SUPPORT CLARITY

Numerous illustrations will be provided at conference time of the usage of SAS (partic-
ularly SAS/GRAPH and SAS/QC) to demonstrate the ability to clarify comparisons
between players’ performances, team performances, etc. Examples like those in Fig-
ures 5 through 9 will be discussed as well as others (handouts will be provided at
conference time) including usage of the SAS/QC software to gain another dimension
of insight into player and team performances. The discussion will be kept tutorial
in nature with an intent to provide first-time users of SAS/QC an introductory look
into the capabilities of this module of the SAS package.

5. COMMENTS
The player performance evaluation approach described in this paper has already been
utilized on an official basis by a couple of professional teams. Percentile scores for
each player in each phase of the game are reviewed by coaches of both teams, and
their response to the amount of information displayed by the percentile tables have
been enthusiastic. Especially valued by the coaches are the abbreviated percentile
tables computed at the half-time of each game, reflecting player performance during
the first half of action. These computations are easily carried out in plenty of time
for evaluation by a coach in a short period of time.

Although a number of sports have been mentioned for which the analysis described
here should be applicable, the game of basketball seems ideally suited for such a
breakdown by game skills. It is one of the few games (another being vollevball) in
which, during the course of the game, each player is capable of tallying on any one of
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the statistics being recorded. In baseball, not everyone can be a pitcher; in football,
only the defense is capable of a pass interception. Thus, for these and other sports,
a more complex system of player performance evaluation will have to be devised.

Understandably, it is not an easy matter to convince coaches of the utility of a
statistical analysis of player game data. A tongue-in-cheek response by Bill Russeli,
previous coach and general manager of the Seattle Supersonics, may be representative
of many first impressions to the idea: “When we get around to computerizing the
game, and taking the emotion out, then all of this information will be very significant
to feed the computer”, [5]. However, once a coach is exposed to a means of comparing
several players’ performances in several skill areas over a number of games, he or she
will usually begin to think of new ways in which the data can be used, whether in
scouting for new players, checking out players on opposing teams, using key players
in certain situations, or even in compiling ammunition to use at player contract time.
As Bill Bertka, assistant coach to the Los Angeles Lakers, says: “In sports, the level
of competition is so keen that you are always looking for that little edge, something
that someone else is not going to do that’s going to give extra”, [1].
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