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Abstract

This study investigates the winning ratio of Major League Baseball (MLB)
season games by using a generalized Pythagorean formula. Based on the method of
regression analysis, this study verifies the ability of the generalized Pythagorean for-
mula to predict MLB team winning rates. Empirical results show that the multivariate
regression model has a highest adjusted R2 (0.9126) than other regression models.
In addition, either MSE or MAE of in-sample and out-of-sample, the generalized
Pythagorean formula derived from Cobb-Douglas production function has the lowest
values than other versions of Pythagorean formula. Based on this generalized Pythag-
orean formula, team’s managers can acquire potential rookies through drafts or player

trades to recruit the players they need to achieve the team’s goals.
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1. Introduction

To estimate the expected winning percentage of baseball team, Bill James, the
pioneer sabermetrician, has developed a basic formula based on the runs scored
and runs allowed (Yoon and Choi, 2022). This is a more statistically sound way to
evaluate a team’s performance than just looking at their actual wins and losses. Over
the long run, he has found that a team’s runs scored and runs allowed are strong
indicators of their performance.

In addition, the Pythagorean expectation formula is also used in other sports and
fields to assess team performance (Boudreaux, Ehrlich, Ghimire, and Sanders, 2021;
Chen and Li, 2016; Cochran and Blackstock, 2009; Dayaratna and Miller, 2013;
Sarlis and Tjortjis, 2020; Senevirathne and Manage, 2021). In essence, it’s a simple
yet powerful way to quantify the relationship between scoring runs and preventing
runs in sports where the objective is to outscore the opponent.

Beside the Pythagorean formula for baseball, analysts and fans use other
formulae to evaluate teams’ performances and to identify those that might be over-
performing or underperforming relative to their underlying statistics, such as, Hsiao,
Zhang, Chen, and Chung, (2022) employs the probit model to estimate the win-
loss ratio of NBA teams, meanwhile, Hsiao, Chou, Lin, Lin, Tsao, and Wang (2023)
employs multivariate logit regression model to estimate the game’s results of football
teams in English Premier League. The formulae can help assess whether a team is
likely to maintain its success (Sarlis and Tjortjis, 2020).

Although the Pythagorean expectation formula is useful and easily to under-
stand, however, it also has some drawbacks. Since it is too simple to estimate the
expected win-loss ratio such that it does not account for other factors, such as, luck,
injuries, weather conditions, and other external variables which may affect a team’s
performance. Therefore, this study tries to develop a generalized Pythagorean formula

to estimate the win-loss ratio.
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The generalized Pythagorean formula in this study has the following improve-
ments. First, the exponents of runs scored and runs allowed are not necessarily
equal, which is different from previous versions of Pythagorean formula. Second,
due to some non-quantitative factors affecting the team’s winning rate, such as the
aforementioned player suspension due to injury, players transfer team mid-season,
mistakes, etc. Therefore, in the setting of the generalized Pythagorean formula, there
is a constant K to capture the impact of this non-quantitative factor. Third, by setting
a Cobb-Douglas production function to model the win-loss ratio, a generalized
Pythagorean formula can be deduced. Therefore, the estimates of exponents for runs
scored and runs allowed can be estimated through econometric models in Economics.
Such that, either the original version or modified version of Pythagorean formula,
the drawback of equal exponent assumption can be corrected. Finally, according to
the derivation process of the generalized Pythagorean formula, the factors that affect
the win-loss ratio can be extended. In other words, beside the original runs scored
and runs allowed, some other factors can be added into the model if the factors have
impact on the team’s win-loss ratio (Mizels, Erickson, and Chalmers, 2022; Valero,
2016). That is to say, the generalized Pythagorean formula is extensible (Zech, 1981).

The structure of this study is as follows: Chapter 2 is the methodology that intro-
duces the model setting and mathematical derivation of the generalized Pythagorean
formula. Chapter 3 shows the empirical results of both regression and Pythagorean
formulae. According to Yoon and Choi (2022), the assessments of several versions
of Pythagorean formula are the mean squared errors (MSE) and mean absolute errors
(MAE) and the assessment results are shown own in Chapter 4. The discussion
and implications part is in the Chapter 5. In this chapter, this study will explore the
theoretical implications of the generalized Pythagorean formula and try to put forward
some management implications based on the empirical results. Final, Chapter 6 is the

conclusion of this study.
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2. Literature Review

In Jang, Lee, and Fort (2019), it explores the statistical properties of the
winning ratios for nine major sports leagues around the world. Some are distributed
as normal with higher kurtosis and some are skew which is abnormal. Furthermore,
in accordance to Cefis (2023), data science is applied in several areas of daily life
and there have been many applications to sports. Such that, the big data analysis can
also be used in the professional sports management. Moreover, as shown in Baumer,
Matthews, and Nguyen (2023), sports analytics has broadly defined as the pursuit of
improvement in athletic performance through the analysis of data and has expanded
its footprint both in the professional sports industry and in academia since 1980s.

From the movie “Moneyball”, the Oakland Athletics, under the leadership of
manager Billy Beane, won a record of 102 wins and 60 losses, in the 2001-02 season
(Elitzur, 2020). And the team owner spent only $34 million to pay the players’ salary,
which was lower than either the New York Yankees or Texas Rangers that year,
which salary are above of $100 millions of dollars. Such that, it can be regarded as
a sign of high capital efficiency. In Lewis (2003), a baseball team’s analytical and
statistical performance to the cost of capital are discussed first. Hereinafter, Hakes
and Sauer (2006) extended Lewis’ approach by providing more empirical evidence
that supports the claim that a baseball team’s performance goes beyond the box score
output. Rosenfeld, Fisher, Adler, and Morris (2010) estimated the winning ratio
of NBA, NFL and MLB teams by using the Pythagorean formula for the overtime
games. They found that if a team has a 75% chance of winning a full-length game, its
chances of winning an overtime game is 63% for the MLB. In addition, Joseph (2019)
implements statistical examinations of winnings for the North American professional
sports.

Beside the statistical approach, Yoon and Choi (2022) also implements math-
ematical approach to derive the Pythagorean formula for MLB. Traditionally, there

are two approaches to estimate the Pythagorean exponent: (1) statistical approach
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by assuming runs scored and runs allowed to be randomized (Chen and Li, 2016;
Dayaratna and Miller, 2012; Ehrlich, Boudreaux, Boudreau, and Sanders, 2020;
Heumann, 2016; McGoldrick and Voeks, 2005; Miller, 2007; Miller, Corcoran,
Gossels, Luo, and Porfilio, 2014; Rothman, 2014); and (2) mathematical approach
for calculating the Pythagorean exponent (Lee, 2014; Yoon and Choi, 2022). In this
study, runs scored and runs allowed can be regarded as economic inputs, and their
output is the team’s odds ratio of win-loss. Such that, the exponents of these two
inputs can be estimated using the Cobb-Douglas production function.

Furthermore, in order to verify the validation of the generalized Pythagorean for-
mula, this study also introduces the model evaluation method of Yoon and Choi (2022)
to compare various versions of the Pythagorean formula with the estimation results of
regression models, including ordinary least squares (OLS), two-stage regression, and
Poisson regression. OLS is an estimation of multivariate regression models that can
be used to estimate which factors are significant to a team’s winning ratio and their
loadings. However, when there is a high degree of correlation among many influenc-
ing factors, there may be multicollinearity among these variables. This can even cause
the original estimated values of individual parameters to be unstable and the standard
errors to be too large (Greene, 2018; Wen and Chiou, 2009). Therefore, this study also
introduces the two-stage regression method to investigate the nexus between winning
ratio and the explanatory variables. Firstly, regress the home winning ratio on some
highly correlated variables. Secondly, after calculating the residuals of this part, and
then add it with other variables to the explanatory variables to regress to the winning
ratio.

Since the number of wins in the entire season is a positive integer, such that,
the winning ratio of the season can be estimated by estimating the number of wins of
the team. For this reason, this study further introduces the Poisson regression model
which is used to explain the dependent variable when it is a counting number to

investigate the nexus between wins and other explanatory variables.

25




BB B EB AN
F13HFE 2 (113.06) > 21-54

2.1 Basic Pythagorean formula

First, consider the original Pythagorean formula for baseball proposed first by

James (1980). The basic Pythagorean formula for the win-loss ratio (WCPT) is given

by 2
/gp)

(S/Gp)2+(A/(;p)2 ’ (D

wcp T] ames2 =

where, S and A4 represent the total runs scored and total runs allowed of the team,
respectively; GP is the games played in the season. 4 corrected version in Valero

(2016) is given as follows:

S/ 1.83
WCPT]ame5183 = ( GP)

Slop) " +Ap) (2)

In addition, Ehrlich et al. (2020) used simulated MLB game results and
estimated the exponent to be 1.722. However, Boudreaux et al. (2021) used MLB

data from the 2003 season to the 2015 season to estimate the exponent at 1.859. This
study will compare the results predicted by these methods with that of the generalized
Pythagorean formula empirically by using the MLB data from season 2013 to season

2022.

2.2 Miller’s Pythagorean formula
Next, Miller (2007) developed a modified version of the James’ Pythagorean

formula using a Weibull distribution specification of the win-loss ratio. The Miller’s

Pythagorean formula for the win-loss ratio is given as follows:
(/gp=8)" ;
(S/Gp_g)y+(A/Gp_9)y ’ 3)

WCPTMiller =

for some parameters ¢ and .
The Miller’s version of Pythagorean formula is based on the assumption that
runs scored and runs allowed are random variables distributed as Weibull distribution

(Miller et al., 2014). However, it is not easy to estimate the parameters of such an
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exquisite probability distribution. Therefore, it is not easy to estimate the team’s win-
loss ratio.

In order to simplify the complex calculations of the Miller’s version, some
modified versions set the parameter € in the Miller’s version of the Pythagorean

formula to 0. For example, David Smyth, who invented the base runs (BsR), uses

s4.4)0:287
f=0and y = (—) ; Clay Davenport, a co-founder of Baseball Prospectus (BP),

GP
employedd =0 and y = 0.45+ 1.5 X In (SGL: .

Furthermore, Lee (2015) used Korean Professional Baseball data from the 2004
season to the 2013 season to estimate an exponent higher than MLB. Moreover, in the
Lee’s empirical result, the exponents of runs scored and runs allowed are significantly
unequal. This result implies that the exponents of runs scored and runs allowed may

not be the same value.

2.3 Generalized Pythagorean formula

Aforementioned, the exponents of runs scored and runs allowed in the modified
versions of the Pythagorean formula are set to be equal. It can be thought that the runs
scored and runs allowed are equally weighted to the winning ratio. As Sun Bin, the
greatest Chinese military strategist, said that team is skillful in attack whose opponent
does not know what to defend; and it is skillful in defense whose opponent does not
know what to attack. In the sports, every score can be regarded as a display of the
overall offensive results of an individual or a team (Jones and Tappin, 2005); and
every point lost can also be thought as the price paid for a defensive failure (Jones
and Tappin, 2005; Heumann, 2016).

Furthermore, the integration of offense and defense is an important factor for
a team to win. Attack and defense cannot be partial to either side. As indicated in
Porter and Scully (1982), the baseball team’s winning ratio is related to team’s

hitting performance and team’s pitching performance. Based on the model of Porter
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and Scully (1982), the performance of team’s managers can be evaluated, although
Ruggiero, Hadley, Ruggiero and Knowles (1998) does not think so. In this study,
some correction should be made including the performance of team, the factors which
affect the performance and their corresponding exponents.

First, according to Scully (1974), the team performance is an important measure
for the managers who take some strategies to manage the team. In the past, most of
the research on winning ratio focused on the econometric models, with less discussion
of its theoretical basis (Dayaratna and Miller, 2016). However, recently, win-loss
ratio has been the research topic not only because it can represent the performance
of the team, but also has some economic implications of the model by setting the
Cobb-Douglas production function of the win-loss ratio.

Second, Cochran and Blackstock (2009) investigates the winning ratio of
National Hockey League (NHL) by using modified Pythagorean formula which
allows for different values of the exponents in the three positions of the formula. Such
that, as indicated in Zech (1981), consider the following Cobb-Douglass production
function (Cobb and Douglas, 1928) for the win-loss ratio:

_WCPTe  _ (S A\=k.(S “ (A g
1-WCPTg _f(c;p’c;p) =K ( /GP) ( /GP) ’ (4)
for some constants a, £, and K is positive. Then eq. (4) can be transformed into
a 4 a B
K-(/gp) - (Ygp) —K-(lgp) - (Agp) -WCPTe =WCPT;. (s,

Such that,
K(5/p) ““(Ygp)

WCPT; = = . 6
¢ 1+k(5/gp) '(A/GP)B ©)
As a result, it can be rewritten into
_ K-(5/gp)
WCPTg = ———F )
K-(>/gp) +(#/gp)

Hence, the generalized Pythagorean formula for the expected winning ratio can

be found in the above equation.
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Moreover, according to the Cobb-Douglas form of win-loss, then the logarithmic

win-loss ratio is given as follows:
WCPT
In (—1_WCP‘;G ) =InK+a- ln(S/GP) + - ln(A/GP), )

such that, the constants in the model can be estimated by using a double-log linear

regression and historical data.

Therefore, as Yoon and Choi (2022), based on the mean square errors (MSE) and
mean absolute errors (MAE), this study compares the results of various predictions of
MLB team winning rates, including three regression models and four main versions

of the Pythagorean formula.

3. Empirical Results

3.1 Data collection and descriptive statistics

Since the MLB regular season games is the main object to study, such that the em-
pirical data is downloaded from the MLB official website (https://www.mlb.com/stats/
team). The full data period is from 2013 to 2022 for the 30 teams in MLB. Based on the
data, this study establishes six models to fit the data and then uses to make in-sample
prediction of winning ratio and out-of-sample forecasting of 2023 game results.

In this study, WinRatio and HomeWR represent the total winning ratio and win-
ning ratio at home court, respectively. WinRatio is the dependent variable and defined
as the ratio of wins and games played in the season. HomeWR is defined as the ratio
of wins and games played at home curt. In addition, RS and RA are the runs scored
and allowed, respectively. ERA is the average number of earned runs a pitcher allows
per 9 innings. AVG is the rate of hits per bat. GO2A40O is the ratio of groundout to air
out. SO9 is the strikeout rate per 9 innings and K2BB is the strikeout to walk rate. The

following table shows the descriptive statistics of the variables.
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Table 1
The descriptive statistics of variables (Data period: 2013 to 2022)
Variable Observations Mean Std. Dev. Median Min Max
WinRatio 300 0.5003 0.0798 0.50 0.2901 0.7167
HomeW 300 0.5393 0.1022 0.54 0.2733 1.3333
RS 300 4.4596 0.6554 441 3.1667 11.9500
RA 300 4.4609 0.7212 4.38 3.1667 12.1667
ERA 300 4.1416 0.5745 4.07 2.8000 5.8400
AVG 300 0.2499 0.0147 0.25 0.2070 0.2830
GO240 300 1.0350 0.1267 1.02 0.7800 1.5100
SO9 300 8.3383 0.8550 8.29 6.1100 10.9800
K2BB 300 2.6654 0.4432 2.60 1.7600 3.9800

Data source: MLB official website (https://www.mlb.com/stats/team/).

Table 1 shows that the average value (median) of WinRatio is 0.5003 (0.50),
half-and half winning ratio MLB teams. In addition, the average value (median) of
HomeWR is 0.5393 (0.54), slightly higher than 0.5, which means that the home-court
advantage is valid but insignificant statistically. Moreover, the average values of runs
scored (RS) and runs allowed (RA) are almost equal. In other words, the average

offensive and defensive performance are almost the same.

Figurer 1
Distribution of average runs scored and average runs allowed (2013-2022)
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On average, Figure 1 shows that Los Angeles Dodgers has the lowest runs
allowed while Colorado Rockies has the highest runs allowed. In addition, Cleveland
Guardians has the highest runs scored, however, Miami Marlins has the lowest runs

scored.

Figure 2
Average winning ratio and average Pythagorean expectation (2013-2022)
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In Figure 2, the Pythagorean expectations (in red) of each team follow the same
pattern as their average winning ratios (in yellow). Moreover, the two values for each
team are also almost the same. It indicates that the Pythagorean expectation may be

an indicator for the team’s winning ratio. This result is coincide with James (1980).
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Table 2
The pairwise correlation coefficients of variables

WinRatio  Home RS RA ERA AVG GO240 S09

HomeW (0.8220***

RS 0.4984*** (.6587***

RA -0.5573%*%% _(),1953%** () 3697%**

ERA -0.0243 0.0205 -0.0351 -0.0066

AVG -0.0037 0.0696 0.0999* 0.0716  0.7450%%**
GO24A0 -0.1113*  -0.0660 -0.0103 0.0840 -0.1651***  (0.0944

S09 0.0253 -0.0423  -0.1297**  -0.114* -0.2360*** -0.6279*** -0.1189**

K2BB 0.0554 0.0130 0.0121 -0.0244  -0.6770*** -0.6443***  -0.0056 0.6183***

Note: *, ** and *** are represented the significant level of 10%, 5% and 1%, respectively. Data period
is from 2003 to 2022 downloaded from MLB official website.

Table 2 shows that the WinRatio is significantly positively correlated to runs
scored (RS) and negatively correlated to runs allowed (RA4). This result supports to the
definition Pythagorean formula proposed by James (1980). Such a phenomenon also

appears in HomeWR.

3.2 The multivariate regression results

For the regression models, this study will employ the backward reduction meth-
od to eliminating the variables from the full regression model when the parameter

estimate is statistically insignificant (p-value is larger than 10%).

3.2.1 Linear regression

According to Rothman (2014), a linear regression model is considered as

follows:
WinRatio = a+ 7y, - HomeWR + 1 -RS+ f,-RA+y,-S09+¢, (9)

where, ¢ is the random error. The estimating results are shown in the following table.
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Table 3

The estimation result of multivariate regression model

Variable WinRatio

HomeW 0.2153%%**
(9.38)

RS 0.0713%**
(18.84)

RA -0.0792%**
(-30.07)

S09 0.0031%*

Constant 0.3938%***
(20.11)

Observations 300

Adj. 0.9126

Mean VIF 2.28

Note: The value in parentheses is the t-value of the parameter estimate. *, ** and *** are represented
the significant level of 10%, 5% and 1%, respectively.

In Table 3, RS and RA have significantly effect on the winning ratio, however,
they are in different direction. Moreover, the null hypothesis: |, |=|f, | is not rejected
with p-value 0.23, that is, the absolute value of loadings of RS and RA are statistically
insignificantly different. This result is coincide with the result of Rothman (2014).

3.2.2 Two-stage regression
As shown in Table 2, there are significantly correlated relationship between
HomeWR and RS, RA. In accordance with Greene (2018), when there is a high degree
of correlation between variables, the accuracy of the estimation of the regression coef-
ficients may be reduced, making the variation larger and the estimation less stable. To
reduce the effect of high correlation between variables in the regression model, Yang
and Swartz (2004) proposed a two-stage regression method to predict the winning
ratio. Such that, the first stage is to regress HomeWR by using the following equation:
HomeWR =cy+c; RS+ ¢, RA + €y, (10)

where, €y is random error.
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Using the result in the first stage, the estimated HomeWR is given in the following

HomeWR = 0.2719851 + 0.1319986 x RS — 0.0720253 X RA, (11)

and the residuals can be found as follows:

HomeWRErr = HomeWR — HomeWR. (12)

Next, the second stage regression model is given as follows:

WinRatio =a + RS+, RA+ 6 - HomeWRErr + ¢. (13)

The following table shows the estimating results of the second stage regression.

Table 4
The estimation result of two-stage regression model
Variable WinRatio
RS 0.0993***
(43.85)
RA -0.0950%**
(-46.16)
Home 0.2162%%**
(9.38)
Constant 0.4812%%**
(43.99)
Observations 300
Adj. 0.9109
Mean VIF 1.11

Note: The value in parentheses is the t-value of the parameter estimate. *, ** and *** are represented
the significant level of 10%, 5% and 1%, respectively.

As shown in Table 4, the estimates of RS and RA are 0.0993 and -0.0950,
respectively. Such that, the null hypothesis: f,=-5, is not rejected with the p-value 0.46.

This result supports the assumption of all versions of Pythagorean formula, except the

generalized one.

3.2.3 Poisson regression result

Since the wins of a regular season are always counting numbers, such that, a
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Poisson regression model can also be employed to estimate the team’s wins (Hsiao,

2022). As described in Greene (2018), the Poisson regression model is given as follows:
InE[Wins|X] =B, + X B, (14)

with the likelihood function of Poisson distribution:

e 0. 200"
n!

Pr[Wins = n|X] = ,n € Nu{0}. (15)

Hence, the estimating results of Poisson regression are shown in the following

table.
Table 5
The estimation result of Poisson regression model
Variable WinRatio
WinsHome 0.0272%%**
(28.53)
RS -0.0386%**
(-2.96)
RA -0.0146
-1.11)
Constant 3.4235%%**
(44.80)
Observations 300
Pseudo 0.4238

Note: The value in parentheses is the z-value of the parameter estimate. *, ** and *** are represented
the significant level of 10%, 5% and 1%, respectively.

Hence, the expected wins of the team can be estimated by the following equation:

Wins = e3.4235+0.0272XHomeRatlo—0.0386XRS—0.0146><RA (16)

and the expected winning ratio is given as follows:
WwmnRatio = Wins = GP, (17)

where, GP represents the total games played in the regular season.
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3.3 Pythagorean formulae

3.3.1 Miller’s Pythagorean formula
As in the definition of James’ Pythagorean formula (Winston, Nestler, and

Pelechrinis, 2022), the expected win-loss ratio is given as follows:
WCPT S
“1-wcpT ( /A) (18)

Such that, the logarithmic value of expected win-loss ratio can be found by
ln( et )—2 In(/ ),
1-WCPT A’ (19)

Furthermore, the following regression model can be used to estimate the exponent of

In (M) =B -In(5/,) +e.

the runs scored:

1-WinRatio

(20)

The estimate of the above regression equation is f = 1.766423 with standard-
ized error 0.0367 for the MLB regular games from 2013 to 2022. It is different to
the value of 1.83 which was estimated in the previous researches (Kaplan and Rich,
2017). Moreover, it is also different to the result in Valero (2016). Hence, the Miller’s

version of Pythagorean formula is given as follows:

1.766423
(*/gp)

WCPTMiller = 1.766423+(A/GP)1.766423 . (21)

(5/6p)

3.3.2 Generalized Pythagorean formula
As mentioned above, the following double-log regression model can be used to

find the estimates of the parameters:
In(0dds) = In(K) + f; - In(RS) + S, - In(RA) + €, 22)

where, Odds stands for the odds ratio which is defined as the ratio of wins and losses.

And € is the random error. The following table shows the regression results.
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Table 6
The estimating results for the generalized Pythagorean formula
Variable LnOdds
In(RS) 1.7773%%%
(34.13)
In(RA) -1.7585% %%
(-38.22)
In(K) -0.03
(-0.32)
Obs. 300
Pseudo 0.8850

Note: The value in parentheses is the t-value of the parameter estimate. *, ** and *** are represented
the significant level of 10%, 5% and 1%, respectively.

According to Table 6, it can be found that the estimates of In(RS) and In(RA)
are different. As the test statistic for testing the null hypothesis: f,=-4, is 2.15 with
p-value 0.04, then the hypothesis is rejected. In other words, the exponents of RS and
RA in the Pythagorean formula for baseball are significantly different. This result is

contradict to all versions of Pythagorean formula for baseball.

4. Models Assessment

In this section, there are two assessment methods can be used, i.e., mean squared

errors (MSE) and mean absolute errors (MAE). The MSE and MAE are defined as
1 —— . Y
MSE = EZ’i":l(WmRatloi — WmRatlol-) , (23)

and

MAE = %ZﬁJWmRatloi — WinRatio; |, (24)

respectively. In which, the WinRatio is the estimated WinRatio.

Moreover, according to Chen and Li (2016), the accuracy rate of a model is
defined as

— R WY
Accuracy(4) = 100 X ;Zizl 1{ |WinRatio;—WinRatio;]| _,1}’ (25)

WinRatio;
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where, I, is an indicator function that gives value of 1 if x € A and 0 otherwise. In
addition, A is a threshold value, in this study, the values of A are given three threshold

values of 3%, 8%, and 10%, respectively.

4.1 Overall assessment of models

Therefore, the MSE, MAE and Accuracy of in-sample prediction and out-of-

sample forecasting are shown in the following table.

Table 7
MSE and MAE for the in-sample prediction and out-of-sample forecasting

OLS 2-Stage Poisson James Miller Smyth  Generalized
Panel A: In-sample prediction

MSE 0.0025 0.0031 0.0195 0.0034 0.0032 0.0032 0.0032
MAE 0.0372 0.0415 0.0962 0.0449 0.0433 0.0433 0.0433
Accuracy (3%) 51.67 47.67 19.67 44.67 44.67 45.00 4433
Accuracy (8%) 89.33 87.67 56.00 85.33 86.67 86.67 86.67
Accuracy (10%) 95.67 92.67 66.67 90.33 92.67 91.67 92.67
Panel B: Out-of-sample forecasting
MSE 0.0027 0.0027 0.0085 0.0039 0.0033 0.0034 0.0033
MAE 0.0416 0.0424 0.0703 0.0512 0.0449 0.0469 0.0450
Accuracy (3%) 46.67 46.67 36.67 36.67 33.33 36.67 33.33
Accuracy (8%) 86.67 86.67 56.67 80.00 86.67 86.67 86.67
Accuracy (10%) 96.67 96.67 73.33 90.00 90.00 90.00 90.00

As shown in Panel A of Table 7, the MSE and MAE using OLS is the lowest than
that of other models. Indeed, since the accuracy rate of the multivariate regression
model is as high as 95.67%, it is the highest among all models, however, the accuracy
rate of the generalized Pythagorean formula is 92.67% which is the highest among
all version of the Pythagorean formula. Therefore, as for the assessment of in-sample
prediction, the OLS and generalized Pythagorean formula are the best model in their

individual class, respectively.

On the other hand, in Panel B, the MSE, MAE and accuracy rate of the
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Pythagorean formula are as good as that of the regression models, except the James’
version of Pythagorean formula. Furthermore, the MSE and MAE of the generalized
Pythagorean formula proposed in this study are lower than that of other versions of
Pythagorean formula. Hence, the generalized Pythagorean formula is a better model

in forecasting the winning ratio of the MLB team.

4.2 Prediction accuracy by leagues

Totally, MLB has a total of 30 teams and is evenly divided into two leagues:
the American League and the National League. Each league is divided into three

divisions: East, West and Central. Therefore, each division has 5 teams.

4.2.1 Prediction accuracy for National League

There are 15 teams in the National League. The team with the highest rank
in each division of the Eastern, Western and Central divisions will qualify for the
playoffs. In addition, the other 12 teams will be ranked according to their records, and
the top three will qualify for the wild card. Based on the aforementioned models, this
study estimates the 2022-2023 winning ratio for each team. Estimating results are
shown in the following diagram. The true winning ratio of 16 American League teams
is in purple; forecasting results from OLS, 2-Stage OLS and Poison regression are in
orange, grey and yellow, respective. Forecasting results by James’ version, Miller’s
version, Smyth’s version and generalized version of Pythagorean formula are in light

blue, green, deep blue and red, respectively.
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Figure 3
The estimates of winning ratios for teams in National League
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The results in Figure 3 show that, beside the Poisson regression model, both the
OLS and 2-Stage regression models can correctly estimate the winning ratio of the
eight National League teams entering the 2022-23 playoffs. However, each version
of the Pythagorean formula underestimates the winning ratios of these eight teams.
Moreover, when it comes to estimating the winning ratios of the top two teams in
each division of the National League, the generalized Pythagorean formula has good

estimation results. Furthermore, the assessment results are shown in the table below.

Table 8
Forecasting winning ratio of 2023 regular games: National League
Generalized
Assessment OLS 2-Stage OLS  Poisson James Miller Smyth eneralize
Pythagoras
MSE 0.0030 0.0029 0.0074 0.0043 0.0035 0.0038 0.0035
MAE 0.0446 0.0453 0.0660 0.0525 0.0497 0.0495 0.0500
A
C(gf/“)‘cy 40.00 40.00 40.00 40.00 26.67 40.00 26.67
0
Accuracy 80.00 86.67 53.33 80.00 80.00 80.00 80.00
(8%)
A
(clcglf/a)cy 100.00 100.00 80.00 86.67 86.67 86.67 86.67
0
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In Table 8, except for the Poisson regression model, the estimation results of
the two regression models are better than those of each version of the Pythagorean
formulae. Moreover, in terms of accuracy, even though the threshold is released,
the Pythagorean formulae is lower than those of the regression models. However,
the generalized Pythagorean formula for baseball proposed in this study has more

theoretical significance since it is derived from a Cobb-Douglas production function.

4.2.2 Prediction accuracy for American League

Next, this study also uses the aforementioned models to forecast the winning
ratio of the 15 American League teams in the 2022-23 season. The team with the
highest rank in each division of the Eastern, Western and Central divisions will
qualify for the playoffs. In addition, the other 12 teams will be ranked according to
their records, and the top three will qualify for the wild card. Such that, the estimating

results are shown in the figure below.

Figure 4
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The estimates of winning ratios for teams in American League.
As shown in the Figure 4, the eight teams that entered the 2022-2023 playoffs,

except for the underrated Toronto Blue Jays and the overrated Seattle Mariners, seven
were correctly predicted to qualify. In addition, with the exception of the Tampa Bay
Rays, the no other team’s record predictions in the American League is higher than

the Texas Rangers. Furthermore, the assessment results are shown in the table below.

Table 9
Forecasting winning ratio of 2023 regular games: American League
2-Stage . . Generalized
Assessment  OLS OLS Poisson James Miller Smyth Pythagoras
MSE 0.0024 0.0025 0.0096 0.0034 0.0030 0.0030 0.0030
MAE 0.0387 0.0394 0.0745 0.0499 0.0401 0.0442 0.0401
Aceuracy g3 33 53.33 33.33 33.33 40.00 33.33 40.00
(3%)
Aceuracy g3 33 86.67 60.00 80.00 93.33 93.33 93.33
(8%)
Accuracy
(10%) 93.33 93.33 66.67 93.33 93.33 93.33 93.33

In Table 9, except for the Poisson regression model, the estimation results of the
two regression models are better than those of each version of the Pythagorean formu-
lae. However, in terms of accuracy, when the threshold is released, the Pythagorean
formulae is consistent with both the regression models. Therefore, the generalized
Pythagorean formula proposed in this study has more theoretical significance since
the performance of the generalized Pythagorean formula for baseball can also be im-
proved by introducing other possible factors, such as superstar players, last season’s

record, main players changing teams or entering the disabled list, etc.

5. Discussion and Implications

5.1 Discussion

As the generalized Pythagorean formula proposed in this study has pointed
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out that the effects of offensive performance and defensive performance are not
equivalent. This result is obviously different from various versions of the Pythagorean
formula in the past. However, it has more economic significance and extensibility. For
economic significance, through the Cobb-Douglas production function in macroeco-
nomics, incur two main inputs: offense and defense, and then estimate the team’s win-
loss ratio (odds ratio), which is used as the team’s entire season performance.
Furthermore, the extensibility is that the Cobb-Douglas production function
is not limited to only two inputs, so other factors that may affect the output can be
included, too. The factors are then brought into the function in order to be more
consistent with the actual situation of the output model. For instance, the total salary
of the players which represents the amount of investment the team has made in the
players. It is hoped that the addition of players will bring positive effects to the team
and improve the team’s performance. Such that, the regression model in eq. (22) can
then add the factor “the average of the total salaries of the players”. Another factor
that may affect the team’s winning ratio is the fans, because their strong support will
be one of the reasons for the players to win. Therefore, another variable that can be

added to the model is the “average number of attendance”.

5.2 Management implications

According to the empirical results of this study, the winning ratio of a profes-
sional team is significantly correlated to its overall offensive performance and overall
defensive performance (Martin, 2016; Pavitt, 2011; Yoon and Choi, 2022). The over-
all offensive performance is significantly positively correlated to team’s winning ratio,
however, the overall defensive performance is negatively significantly. In competition
or training in sports, the evaluation of a team’s performance is generally completed
by the coaches, agents and the public media, etc. (Park and Kang, 2014). According
to the opinion in Park and Kang (2014), a process in evaluating sports performance is

shown in the following figure.
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Figure 5
Process for evaluating sports performance
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In the above-mentioned sports performance evaluation process, a very important
point is “Feedback™ (Park and Kang, 2014). Whether it is the collection of training
data or the analysis of competition results, it is necessary to use a feedback mecha-
nism to allow the coaching team, training team and management to understand the
team status and then to facilitate the activation of subsequent support systems (Martin,
2016).

5.2.1 Strategies for offense promotion

First, how does a baseball team create runs scored? Naturally, it is to compete
with opponents, improve offensive performance, and create a niche. In the general-
ized Pythagorean formula, a professional baseball is concerned, finding/cultivating
excellent hitters, and promoting players with high on-base rates, etc. These are ways
to increase offensive performance. For instance, the Los Angeles Dodgers recruited
Shohei Ohtani in 2023, focusing on his hitting performance, which can bring more

offensive efficiency to the team. Therefore, the Dodgers arranged Ohtani in the first
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three at-bats to facilitate the start being able to attack opponents smoothly and did not

allow Ohtani to step onto the mound as a pitcher.

5.2.2 Strategies for defense promotion

In addition, as for how a team reduce losses? For professional baseball teams,
good defensive performance is to reduce the opponent’s score. Therefore, to find/train
pitchers with low (ERA), and to promote players with high blocking rates, etc., can
be regarded as a means to improve defensive performance. For example, before the
opening game of the 2022-23 season, the Twins and the Padres reached a deal, which
will have a significant impact on the strength of the two teams. The transaction pack-
age is as follows: the Twins released the 31-year-old left-hand closer Taylor Rogers,
the 27-year-old former hitter Brent Rooker was traded to the Padres for 26-year-old
right-hander Chris Paddack and right-hander Emilio Pagan, who will turn 31 in May
of that year.

Moreover, a good field commander can direct the pitcher’s distribution of the
ball to deal with the opponent’s batters, and guide the defender’s defensive zone
adjustment to reduce the chance of missing the ball and increase the blocking rate.
Such a commander is a catcher. To find a good catcher is also an important defense
promotion strategy for the team. For example, on December 13, 2022, a three-party
trade occurred in Major League Baseball. The Atlanta Braves, Oakland Athletics and
Milwaukee Brewers completed a large-scale transaction involving 9 players. The
Braves acquired 28-year-old catcher Sean Murphy, who is 2021 American League

Gold Glove players, the Warriors spent a lot of money and sent out 7 players in one

go.

5.2.3 Overall strategies

Overall, a sound coaching team is also one of the key factors in the team’s

success (Soebbing and Washington, 2011). Before the season, the coaching team
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formulates a training plan, uses spring training and warm-up games to adjust the
players’ physical and mental condition and order, and after the start of the season
tactical changes. Before the game, the coaching team draws up a combat plan. Players
on the field accept the instructions from the coaching team to implement tactics.
Offensive tactics and defensive strategies must be balanced. Otherwise, they will
lose sight of one and lose their footing. Therefore, hiring an excellent coaching team
is also an improvement strategy for the overall strength of the team. For instance, in
2021, Atlanta Braves head coach Brian Snitker who has been consistent for forty-five
years, dedicating his life to Braves. Until this year, he led Braves to play all the way
to the World Championship. The Braves also defeated the Astros 7-0 in Game 6 of the
World Series on November 3 of that season, winning the fourth Gold Cup.
Furthermore, managers are also a very important part in team management
(Schyvinck, Babiak, Constandt, and Willem, 2021). In addition to hiring an excellent
coaching team, recruiting players, and mediating disputes, managers must also
organize a medical team to take care of the players so that they can maintain their best
condition and compete. Moreover, due to the emphasis on fans, managers must work
harder to manage consumer loyalty to the team, build the team’s brand value (Lee,
Bang, and Shonk, 2020), and promote players to participate in social responsibility
activities to enhance their personal value (Inoue, Kent, & Lee, 2011; Walzel, Robert-
son, and Anagnostopoulos, 2018). Therefore, good managers can be one of the factors

that improves the overall performance of the team.

6. Conclusions

6.1 Limitations

The purpose of this study is to investigate the winning ratio of Major League

Baseball teams by proposing the generalized Pythagorean formula. Therefore, the
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empirical research data of this study are the season results of the 30 Major League
Baseball teams. However, for professional baseball in other regions, such as Chinese
Professional Baseball League (CPBL), Korean Professional Baseball League (KBO),
Japan Professional Baseball League (NPB), etc., it may not necessarily have the same
results. Moreover, for the other professional sports, such as football, hockey, soccer,
volleyball, tennis, golf, etc., due to the large difference in properties, the research
method proposed in this study may not be applicable, and other models may need to

be developed to study it.

6.2 Conclusions

This study proposes a generalized Pythagorean formula in estimating in
estimating the winning ratio of MLB teams. By setting a Cobb-Douglas function
for the win-loss ratio, the expected winning ratio can be derived by this generalized
Pythagorean formula as like as the form of the Pythagorean formula which is first
proposed by James (1980). Different to the original form, the generalized Pythagorean
formula has different exponents for the factors, a constant to capture the impact of
some non-quantitative factors. More important, the generalized Pythagorean formula
is extensible by employing more factors that may have effects on the winning ratio.

Moreover, the empirical results show that that each version of Pythagorean
formula has a higher accurate rate of predicting the expected winning ratio. The
generalized Pythagorean formula does as well as all version of Pythagorean formulae
do. In addition, the parameters in the generalized Pythagorean formula can be
estimated by using a double log-linear regression model. Such that, it is testable by
the historical data.

Furthermore, based on the definition of the Cobb-Douglas function, many
other factors that may affect the win-loss ratio can be added to the model, such as

ERA, AVG, or other factors. And since stochastic efficiency analysis is also based on
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Cobb-Douglas function. Therefore, team managers can use the results of this study to
explore the team’s efficiency performance during the season (Lee, 2011). Moreover,
as indicated in Gordon (2020), this method can be used as a reference for team
formation in the coming year, such as selecting potential players through the draft,
recruiting new players who are low ERA pitchers, high run-batted-in (RBI) hitters or

high blocking rate fielders, or player trades to improve the team’s performance.

6.3 Future research directions

Future research directions can be divided into two aspects: First, methodological
improvements. By introducing artificial intelligence and machine learning, we can
find data-driven models and further extend them to the study of winning ratios in
other professional sports. The second is practical applications. Based on the results of
this study, some data mining methods can be used to find players who are actually in

line with the team’s plan and recruit them to further achieve the team’s goals.
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