The Ultimate Baseball Statistic

by Spencer M d uck, FCAS

Wth one amazing statistic, the value of each

pl ayer’s contribution can be nmeasured. Power
hitters versus singles hitters versus base

steal ers. Those who hit in the clutch versus those
who choke when it really counts. Starting pitchers
versus mddle relievers versus closers. This
statistic plays no favorites. Even the relative
value of a pitcher and a hitter can be conpared!

How do we do it? We take advantage of the fact that
the ganme stops and starts. Wen it stops we cal

that a ganme situation. Wien the ganme situation
changes we call that an event. The list of possible
events is: hits, walks, hit by pitch, outs, errors,
stol en bases, caught stealing, pick-offs, bases
taken on throws, wild pitches, passed balls, and
bal ks. The val ue of each event is defined by the
effect it has on the probability of each team

wi nni ng the gane.*?

! “Wnning the gane” is the ultinate goal we’ve chosen to

measure against. Since we didn’t pick "w nning the pennant,"”
our statistic won't reflect the fact that sone ganes are
nore inportant than other ganes. That wouldn't be fair to
the players whose teans are not in contention.



The val ue, which can be positive or negative, is
charged to each team —usually to the pitcher for
one teamand to the batter or base runner for the
other.? Errors are charged to neither the pitcher
nor the hitter, and there are a few other
exceptions we'll discuss later.

Each player winds up with a bunch of positive and
negative charges —Iike a personal won-|ost record.
In fact, we'll calibrate the charges so that when a
teamwi ns, the sumtotal of all individual charges
for its players will be 1. For a loss, the charges
will add up to -1. So they really will be an

i ndi vi dual player’s share of wins and | osses.

There will typically be two ways to | ook at these
nunbers: (1) Inpact, an absolute nmeasure equal to
the sumof all the charges, positive and negative;
and (2) Effectiveness, a percentage neasure, equal
to the positive charges divided by the sum of the
absol ute val ues of the positive and negative
charges. It will be easy to conpare players to the
average, since the |eague average for inpact wll
be just about O (that’'s right —bel ow average

pl ayers will have negative inpact scores), while

2 W don’t charge anything to fielding except errors. So
except for errors, the pitcher gets the credit or the blane
for the defense. W live within the limtations of what's
captured in the official score, so we're stuck with not nuch
on fielding. Sorry, that's the only mgjor shortcom ng we
haven' t sol ved.



t he | eague average for effectiveness will be just
about .500, or 50% 3 The units of i mpact can be
descri bed as net wins or net |osses. The player
with the nost inmpact in the | eague is probably the
MVP. 4

Now all we have to do is neasure the probability of
each team wi nning the ganme for every possible gane
situation, and we’'ll have the value of every event.
And we have a way of doing that. But we'll save the
technical details for the |l ast section of the
article, for those who are interested in such

t hi ngs.

W'l translate the probabilities into a situation
rati ng. When the game is even (for exanple, when
there’'s a tie score at the begi nning of an inning),
the situation rating is O for both teans. \Wen the
game is over, the situation rating is 1, or 100
“Wn points,” for the winning teamand -1, or 100
“l oss points” for the |osing team

Better Htting Stats

Batting average assunes that wal ks are neani ngl ess
and all hits are the same —but that’'s just not
true. Sluggi ng percentage assunes that each home
run is exactly four times as val uable as each
single —a cute idea but you knowit’'s not quite
right. On-base percentage says a wal k’s as good as
a hit —but in fact, sometines it is and sonetinmes

5 1f every single thing were charged to pitchers, batters
and base runners, then the averages woul d be exactly zero
and 50% But because of the various little exceptions, it
won’t be quite that exact.

* We don't neasure fielding, and they usually like to give
the MVP to a player on a teamin contention. But otherw se,
I think we have captured everything and | think the maxi num
i mpact player is the WP. Even if it turns out to be a

pi tcher.



it’s not. O course, a lead-off walk is exactly as
good as a lead-off single, while a | ead-of f wal k
followed imediately by a steal is exactly as good
as a |l ead-off double. Wth inpact and

ef fectiveness, that’s exactly how it cones out. No
other stat gets it right.

And don’t forget about outs. Al outs are certainly
not the sane. Other stats count themthe sane, but
not so for inpact and effectiveness. Wen you hit
into an inning-ending double play with the bases

| oaded and the gane on the line, you Il be saddled
with a negative charge equal to a bunch of

uni mportant outs.

O course, there have been other attenpts to

capture “clutchness,” the nost common being batting
average with runners in scoring position. | think
|"ve al so seen batting average in the last three

i nni ngs. How about batting average in the | ast
three innings with runners in scoring position and
a score difference of one run or less? Al such

crude, inperfect attenpts will becone unnecessary.

Better Pitching Stats

Pitching stats are in even greater need of repair.
The inperfection and injustice of wins and | osses
[l just leave to the reader. The way earned runs
are calcul ated and assigned is also |oaded with
probl ens. And saves are another grossly inperfect
stat that give all glory to the guy who's in at the
end, while the poor nmddle relievers get no credit
for anythi ng.

Let’s I ook at those earned runs. Wen a pitcher

| eaves a gane with two outs and a man on first, how
can it be 100% his fault when that nan scores? You
know that's not fair. In fact, when a reliever



comes in with men on base, he doesn’'t get charged
with earned runs no nmatter what happens, so there's
no exi sting stat that nmeasures how well he does at
all.

And how nmuch is an error really worth? Let’'s say
that an error |eaves the bases |oaded with two outs
when the inning woul d have ot herwi se been over. In
one case, Pitcher A strikes out the next batter
ending the inning, while in another case Pitcher B
gives up the grand slamand five nore runs after
that. That's 0 earned runs for Pitcher A and O
earned runs for Pitcher B too. How can those
perf or mances be the sane?

We’ve got all this solved. Wen pitchers change,
all you need is a good neasure of what the gane
situation is at the tine of the change and you can
divide up the responsibility fairly. And when an
error causes the gane situation to be different
fromwhat it would have been, just charge the
difference to the error and the rest is the
pitcher’s responsibility, for better or worse.

The Pl ay by Pl ay

As we’ve previously noted, the units of inpact are
net wins and | osses, and we'll call 1 net win 100
Wi n points. Every hit, every out, every steal

every error, has an associ ated nunber of win

poi nts, and these can be reported during the course
of the gane. The average fan doesn’'t need to

under stand precisely what the points are. The

poi nts correspond in such an obvious, intuitive way
with the value of the hits and outs that any

know edgeabl e fan who hears the points assigned
during the course of a gane will realize that they
work. At the end of the gane you can identify the
big bl ows, crucial errors, and rate the heroes and



goats of the gane. And all you have to do check
agai nst what really happened in the ganme, and
you' Il know that it really works.

And now on to how we actually do it.

Cal cul ating the Probabilities

The cal cul ations will be based on | eague total
statistics for a full season. For now, we'll focus
on the calculations at the end of the season and
worry about interimcalculations |ater.

The charges we’'re cal cul ating have to be the sane
for every player on every team so when we talk
about the probabilities for each team wi nning the
game, we’re not tal king about any specific gane.
These are nore |ike probabilities for a theoretica
ganme between two totally average equally matched

t eans.

» The Wthin Half-Inning (“WH ") Situation. Wthin
each half-inning, there are 24 possible
situations, 3 x 8, with the three representing
either 0, 1, or 2 outs, and the 8 representing
nobody on; runner on first, second, or third,
runner on first and second or first and third or
second and third; and bases |oaded. Wthin the
course of a season for the entire | eague, each
VWH situation will have occurred many times.

For each occurrence of a WH situation in the
dat abase, record the total nunber of additiona
runs scored in the half-inning. Tally them al
up and we have 24 enpirical distributions of
additional runs scored, one for each VH



situation. We'll use these enpirica
distributions just as they are.®

= The Between Half-Inning (“BH ") Situation. BH
situations occur at the begi nning of each half-
i nning. They are defined by which half-inning it
is and the score difference that exists at that
tinme.

We need to derive only one enpirica

distribution fromthe database for this

cal cul ation —the distribution of runs scored in
a half-inning (this will be slightly different
fromthe “no outs, nobody on” VWH distribution).
G ven a score difference at the begi nning of a
hal f-i nning, we sinply assunme that the rest of
the gane will be nade up of random i ndependent
hal f-innings all follow ng the same distribution
of runs scored. For every possible BH

situation, it is then a sinple natter to
calculate the probability of each teanis winning
t he gane.

= Putting It Al Together: The Ganme Situation. The
ganme situation is defined by which half-inning
it is, the score difference, and the WH
situation. Add the score difference to the
addi tional runs-scored distribution associ ated
with the WHI situation, and you have a
di stribution of BH situations at the begi nning
of the next half-inning. Since we have wi n/l ose

5> There will be some anonalies in the “tails” of the
enpirical distributions. For exanple, you nay see one case
of 10 additional runs scored but no cases of 9 additional
runs scored. We could fit sone curve to snooth out the
anomal ies, but I'’magainst it. The anonalies in the tails

wi Il have no significant effect on our statistics. So we'll
jut keep it pure and sinple and use the data exactly as they
conme out.



probabilities associated with each BH
situation, the probability weighted average of
these is the win/lose probability for the gane
situation.

As previously discussed, we then nake a sinple
linear transformation to convert probabilities
ranging fromO to 1 for each teaminto situation
ratings ranging from-1 to +1 for each team

And that’s that.

Application

The charge for each event is the change in the

situation rating frombefore the event to after the

event. The cal cul ation of charges in nobst cases is

pretty straightforward. All we have to do is to be

sure when “before” and “after” the event is, and to

whom t he charge i s charged.

Hts, wal ks, and outs. In these cases, before
t he event neans just before the hit, walk or
out, not the beginning of the at bat. These
could be different in case there was another
Event during the at bat, for exanple a stolen
base.

After the event includes the novenent of base
runners who advance on the event, so a single in
whi ch a runner advances fromfirst to third is
different fromone in which the runner advances
only to second. Simlarly, an out that advances
runners is different fromone that does not.® On

® Of course, we know that some base runners will advance on
the same hit or out that another base runner woul d not
advance on. So the batter gets a little of the benefit or
detriment of how good the base runner is. Just a m nor

i mperfection necessarily caused by the limtations of the
official score.



the other hand, if the official score says a
runner advances on a throw, then that
advancenent is considered a separate event, not
part of the hit, walk, or out.

Hts, wal ks, and outs are charged to the pitcher
and batter. Hit by pitch has the sane effect as
a wal k.

Stol en bases, caught stealing, pick-offs. The
“before” and “after” definitions are

strai ghtforward. These are charged to the

pi tcher and the base runner.

Wl d pitches, bal ks, bases taken on throws.
These are charged to the pitcher but not to any
speci fic of fensive player.

Passed balls. These are not charged to the

pitcher or to any specific offensive player.

Errors. Errors present the nost conplicated
scoring, since we nust consider not two but
three gane situations: before, after, and as if.
The as-if gane situation is the one that would
have occurred if there hadn’t been an error. The
as-if gane situation will be set at the |east

val uabl e out —the out at first with the runners
(i f any) advancing, unless the official score
says the runners advanced on the error.

The change fromthe before-situation rating to
the as-if-situation rating is charged to the
pitcher and the batter. The difference between
the as-if-situation rating and the after-
situation rating is charged only to error —not




to the pitcher or to any specific of fensive
pl ayer.

= Exceptions: sacrifices and wal ks. \Wen a
pl ayer successfully sacrifices, he' s doing what
t he manager requested, but it’s possible that
the statistics could disagree with the manager
and a negative charge would result. Just in case
this happens, we have a special rule that says
the batter never gets a negative charge for a
sacrifice. If the indicated charge is negative,
he gets a 0.

Simlarly, a walk may favor the defensive team
but that’s not the batter’s fault. So no charge
less than O for a walk or for being hit by a
pitch either.

= Split at bats. A nminor detail, but we're trying
to cover all the bases. Sonetines the pitcher
and/ or batter mmy change during an at bat. W
have no stats for split at bats, so we'll just
foll ow the conventions of the official score. It
works this way:’ If the change occurs with |ess
than two balls, then whatever happens is charged
to the succeeding pitcher and/or batter. If the
change occurs with two or nore balls, then a
wal k is charged to the original pitcher and/or
batter, while any other event is charged to the
succeedi ng pitcher and/or batter.

InterimCal cul ati ons

"1 think this is howit works. I'Il do alittle nore

research to make sure.
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We noted earlier that the true probabilities
driving the situation ratings and the charges are
cal cul ated at the end of a season based on the
total stats for the season. At the beginning of a
season, we'll just use the stats for the prior
season to deternine the situation ratings. As the
season rolls on, we'll periodically recal culate the
situation ratings, adding in the stats for the
current season as we drop the stats for the
correspondi ng part of the prior season. Each tine
we change the situation ratings, we have to
recal cul ate all the individual player statistics
for the whol e season —aren’t conputers wonderful ?
W can do this as frequently as we |ike, but
there's probably no need to do it every day. Any
m nor creep in the previous cunul ative statistics
when we recalculate will be pretty nuch
undet ect abl e.

And there we have it. Now we can tell exactly who
the best players are without even watching the
ganmes. | think I'lIl keep watching the ganmes just
t he same.

Bill James’ response:

Well, I'm an empiricist. | start with real numbers that actually
exist, and | try to see what conclusions | can draw from those

numbers.

Asking me for my reaction to this proposal is very much like
asking an auto mechanic what he thinks of a design for a new
jet engine. | just don’t know. It's above my pay grade. It might
work; it might not. Build it, and I'll look it over and tell you if |

can find any loose bolts. That's about all I can do.
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There are very real problems here that you haven’t dealt with,
haven’t even suggested how you would deal with. Are you
going to pretend that a game situation is the same if the game
is played in Coors’ Field as it is if it is played in Comerica Park?
If not, how are you going to account for the differences? Are
you going to assume that the game situation is the same if
Barry Bonds is at bat as it is if Craig Monroe is at bat? If not,
how are you going to account for the differences? Are you
going to assume that the game situation is the same if Juan
Pierre is on base as it is if Todd Pratt is on base? If not, how

are you going to account for the differences?

It is a very long and very difficult road from a fact to a
conclusion. But it is a million times longer from a theory to a

fact.

What you guys are trying to do here is almost the exact
opposite of what | do — and, | would suggest, if you examine
your own work as actuaries, you will discover that it very
different from what you do, too. All good research, in my
experience, starts with a question. Let me be more specific: all
good research starts with a specific question which is capable of

being answered:

“How often does that guy go from first to third on a single?”

“What is the value of a runner going from first to third on a

single?”

“How often did that player move up on a wild pitch?”

“How often does the average player move up on a wild pitch?”

12



“How many times was that player thrown out on the bases last

year?”

If you ask 50 questions like that, dig into the data and find the
answers, then you can move on to a slightly bigger question:
“Who is the best base runner on this team?” or “How good a
base runner is this player?” At that point, people will pay
attention to what you have to say, because you will know more
about what you are talking about than anybody else does.
Asking questions like this, | suspect, is analogous to what you
really do in your everyday work as actuaries, and it is this work
which causes you to be respected and valued by those who

employ you.

On the other hand, asking a question like “Who is really the
best player in baseball?” or “Who is the greatest player of all
time,” as tempting as it is, does not ultimately contribute to
discussion, because the true answer to the question depends
upon a very large number of unknowns. We can only answer
those kind of questions, in truth, by squashing all of the
unknowns and then claiming that they were never important to

begin with.

Good analysis never begins with statistics. Good analysis
always begins with a specific question, and a question which is
of interest to baseball people, whether they are actuaries or
artists or aging scouts. Proposing a system which instantly
evaluates everything that every player does is analogous to
fixing insurance rates for drivers by attaching a box of sensors
to the hood of every automobile and keeping track of how often
every driver does something dangerous, and calculating exactly
how dangerous that was. It's not the real world. It’s not
practical, and it’'s not useful. Maybe, in 50 years, it will be
practical or it will be useful, but it’'s not now. Our general

knowledge is limited by our specific knowledge. Our ability to
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have an impact on the discussion cannot be larger than our

ability to find a question which has an actual answer.
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