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̡ (sprints)

(change-of-direction; COD) ���6�W�R�M�D�Q�R�Y�L�ü���H�W��

al., 2018; Taylor et al., 2017)̢

 (Petway et al., 2020; 

�6�F�D�Q�O�D�Q���H�W���D�O������ ������������ �6�W�R�M�D�Q�R�Y�L�ü���H�W���D�O������ ����������̡  (defensive 

recovery)̡  (defensive transition)(Pinheiro Paes et al., 2022)  

(agility) �� ���%�O�R�R�P�¿�H�O�G���H�W���D�O������ ������������ �&�O�D�U�N�H���� ������������ �0�D�W�K�H�Z�V����

����������

 (Sheppard & Young, 2006)

 (Barrera-

Domínguez et al., 2023)

 (Brini et al., 2020)̢

̢

 (Cengizel et al., 2022)

 (Chelly et al., 2010)

�� ���&�K�X���� ����������̢

 (stretch-shortening cycle, SSC)  (eccentric 

stretch)  (concentric contraction) (Rassier & Herzog, 2005)

-  (Force-velocity Relationships)̡  

(muscle pennation angle) �� ���P�X�V�F�O�H���¿�E�H�U���W�\�S�H���W�U�D�Q�V�L�W�L�R�Q����

�� ���0�D�U�N�R�Y�L�F���	�� �0�L�N�X�O�L�F���� ����������  

(muscle tendon unit)  (Rassier & Herzog, 2005)
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 (Oxfeldt et al., 

����������̢

�� ���+�H�U�Q�i�Q�G�H�]���H�W���D�O������ ������������ �=�U�L�E�L���H�W���D�O������ ���������� (Brini 

�H�W���D�O�������������������0�X�Q�V�K�L���H�W���D�O�������������������3�D�O�P�D���0�X�x�R�]���H�W���D�O����������������

�����%�U�L�Q�L���H�W���D�O�������������������&�H�Q�J�L�]�H�O���H�W���D�O�������������������*�R�Q�]�D�O�R���6�N�R�N���H�W���D�O����������������

̡ ̢

"rƒ8LCN©K�J±

̢

ȳׁשṅѠᾎ
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̪plyometrics̡̫̪sprint̡̫̪agility̫ 2013 2023 10

̢

̢

̡ ̡ ̡ ̡

Clinical Trial ( ) Randomized Controlled Trial ( ) 

̡ ̡ ̡

̡ ̢

̡ ̡ ̡ ̡

̡

̢
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1

7 �����a���� 13~22

1 ̡ 5 ̡

1 1 4 10

4 10~16 2 2

5 3~8 2~3 2

5

1 ̢

2 3 7

15~30 �0�R�G�L�¿�H�G���,�O�O�L�Q�R�L�V���&�K�D�Q�J�H���R�I��

�'�L�U�H�F�W�L�R�Q���7�H�V�W�����0�,�&�2�'�7��̡Box Drill agility test̡�0�R�G�L�¿�H�G���D�J�L�O�L�W�\���7���W�H�V�W�����0�$�7��̡

�,�O�O�L�Q�R�L�V���$�J�L�O�L�W�\���7�H�V�W�����,�$�7��̡Hexagon agility test̡�$�J�L�O�L�W�\���7‑�W�H�V�WCOD test̢
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̡

Bouteraa et al., 
2020

5̡10
20

20

3
�����0 p > 0.05, d = 0.068
�������0 p > 0.05, d = 0.063
�������0 p > 0.05, d = 0.064

3
�����0 p = 0.87, d = 0.001
�����0 p = 0.32, d = 0.02
�����0 p = 0.75, d = 0.002

Ozen et al., 2020 �������0���6�S�U�L�Q�W��
tests

 (p <  .05)
 (p = 0.014)

Thapa et al., 
2020

�������0���O�L�Q�H�D�U��
sprint test

 (p = 0.282, 
d = 0.245)

 (p = 
��������������������� ��������������

Cengizel et al., 
2022

�������0���V�S�U�L�Q�W��
test

 (p <  
.05)

�0�X�Q�V�K�L���H�W���D�O������
2022

�������0���V�S�U�L�Q�W��
test

4 12

4 12

Pinheiro Paes et 
al., 2022

�������0���V�S�U�L�Q�W��
test

1.  (p <  .05)
-4.15%

2.  (p <  .05)
������������

3.  (p <  .05)
-7.16%

4.  (p <  .05)
-3.02%

Barrera-Domín-
guez et al., 2023

�������0���V�S�U�L�Q�W��
test

4
8  (p <  0.05)

4
 (ES = 0.80; p = 0.02)
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3

̡

Bouteraa et 
al., 2020

�0�R�G�L�¿�H�G���,�O�O�L�Q�R�L�V��
Change of Direction 

�7�H�V�W�����0�,�&�2�'�7��

 (p = 0.012 d = 0.124)
 (p <  0.001, d 

� ������������

Ozen et al., 
2020

Box Drill agility 
test

 (p <  
.05)

 (p = 
0.027)

Thapa et al., 
2020

�0�R�G�L�¿�H�G���D�J�L�O�L�W�\��
�7���W�H�V�W�����0�$�7��

 (p <  
���������������G��� ��������������

 (p = 
��������������������� ��������������

Cengizel et 
al., 2022

�������,�O�O�L�Q�R�L�V���$�J�L�O�L�W�\��
�7�H�V�W�����,�$�7��

2. Hexagon agility 
test

1.  (p 
<  .05)

2.
 (p = 0.256)  (p = 

��������������������� ������������

�0�X�Q�V�K�L���H�W��
al., 2022 �$�J�L�O�L�W�\���7‑�W�H�V�W

4  (p = 
0.001)̡ 4 12  (p = 0.002)̡

12  (p = 0.001) 
4 12

Pinheiro 
Paes et al., 

2022

�,�O�O�L�Q�R�L�V���$�J�L�O�L�W�\���7�H�V�W��
���,�$�7��

1.  (p <   .05)
 -3.65%

2.  (p <  .05)
��������������

3.
��������������

4.
 -1.12%

Barrera-
Domínguez 
et al., 2023

COD test
1. 45°R
2. 45°L
�����������ƒ�5
�����������ƒ�/
5.180°R
6.180°L

 (p <  0.05)
1. 8 4
2. 8
3.
4.
5. 8 4 8
6. 8

8
�����(�6���•��������������p <  0.01)
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Bouteraa 8 2

20

̡ ̡ ̡

̡ ̡ Barrera-Domínguez 8 2

4 4 8

8

̢

COD �)���9�L�P�E���W�U�D�L�Q�L�Q�J COD

 (reactive strength index; RSI) ̢

̢

"rƒ8!ò'ý;aa@,*+'^fu‚

Ozen

̢ ̢

̢
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5

�����$�]�W�D�U�D�L�Q���&�D�U�G�L�H�O���H�W���D�O����������������̢ 4

̢

4 2  

(Bouteraa et al., 2020; Ozen et al., 2020; Pinheiro Paes et al., 2022) 

 (Barrera-Domínguez et al., 2023) 

1

Pinheiro Paes

̢

*Ñƒ8)¤$[ƒ8k@$[bI‚žQ†'ù

̢

4

Bouteraa Thapa

15 m 2

�� ���0�$�7��

BDJ 3

̢ 8~12

 (Winwood et al., 2016)̢

5 4

�� ���%�D�U�U�H�U�D���'�R�P�t�Q�J�X�H�]�� �H�W���D�O������ ������������ �0�X�Q�V�K�L���H�W���D�O������ ������������ �2�]�H�Q���H�W���D�O������ ������������

Pinheiro Paes et al., 2022) 3  (Barrera-Domínguez 

et al., 2023; Ozen et al., 2020; Pinheiro Paes et al., 2022)
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1

̢

3  (Bouteraa et al., 2020; Ozen et al., 2020; 

Pinheiro Paes et al., 2022)

Cengizel

̢

̢

Thapa �0�X�Q�V�K�L

̢

%Tƒ8RsbI‚ž•¾9„

2 �� ���0�X�Q�V�K�L���H�W��

al., 2022; Thapa et al., 2020)  (Barrera-

Domínguez et al., 2023) 4  (Bouteraa et al., 2020; Cengizel et 

al., 2022; Ozen et al., 2020; Pinheiro Paes et al., 2022) 

4 1140̡1588̡�������� 3060

1140̡�������� 1588

3060 ̢ 3060

̢

1140 ̢



13 2 113.06 1-19 �+

14

ԃȳ  

̡ ̢

̡ ̡

̢

̡

̢

̡ ̡

̡

1140 ̢

̡

̡

̢

1140

̢



�#
v�Ì	Å�Ö

15

ᴕѝ
�$�]�W�D�U�D�L�Q���&�D�U�G�L�H�O���� �.������ �/�y�S�H�]���/�D�Y�D�O���� �,������ �0�D�U�F�R���&�R�Q�W�U�H�U�D�V���� �/���� �$������ �6�i�Q�F�K�H�]���6�D�E�D�W�p���� �-������

�*�D�U�D�W�D�F�K�H�D�����1�������	���3�D�U�H�M�D���%�O�D�Q�F�R�����)���������������������(
u�H�F�W�V���R�I���3�O�\�R�P�H�W�U�L�F���7�U�D�L�Q�L�Q�J���'�L�U�H�F�W�L�R�Q���R�Q��

�3�K�\�V�L�F�D�O���3�H�U�I�R�U�P�D�Q�F�H���L�Q���%�D�V�N�H�W�E�D�O�O���3�O�D�\�H�U�V����International Journal of Sports Physiology 

and Performance, 18�����������������������������K�W�W�S�V�������G�R�L���R�U�J�������������������L�M�V�S�S����������������������
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�%�D�V�N�H�W�E�D�O�O���3�O�D�\�H�U�V�¶���6�S�U�L�Q�W�V���D�Q�G���$�J�L�O�L�W�\�����D��

�V�F�R�S�L�Q�J���U�H�Y�L�H�Z

Tzu-Ling Chen, Chih-Yang Taun
Department of Exercise Health Science, National Taiwan University of

Sport

Abstract

�%�D�V�N�H�W�E�D�O�O�� �L�V�� �D�� �W�H�D�P�� �V�S�R�U�W�� �W�K�D�W�� �G�H�P�D�Q�G�V�� �K�L�J�K�� �O�H�Y�H�O�V�� �R�I�� �L�Q�W�H�Q�V�L�W�\���� �,�W�� �U�H�T�X�L�U�H�V��

players to perform physical activities such as jumping, sprinting, and changing of di-
�U�H�F�W�L�R�Q���D�E�L�O�L�W�L�H�V���� �6�R�P�H���S�U�H�Y�L�R�X�V�� �U�H�V�H�D�U�F�K�H�V�� �K�D�Y�H���V�K�R�Z�Q���W�K�D�W���S�O�\�R�P�H�W�U�L�F�� �W�U�D�L�Q�L�Q�J�� �F�D�Q��

increase short-term muscle strength and improve sprints speed. The features of plyo-
�P�H�W�U�L�F���W�U�D�L�Q�L�Q�J���F�D�Q���D�O�V�R���U�H�G�X�F�H���W�K�H���P�X�V�F�O�H���U�H�D�F�W�L�R�Q���W�L�P�H���D�Q�G���W�K�H�U�H�E�\���I�D�F�L�O�L�W�D�W�H���D�J�L�O�L�W�\����

�%�H�V�L�G�H�V�� �W�H�F�K�Q�L�F�D�O�� �D�Q�G�� �W�D�F�W�L�F�D�O�� �V�N�L�O�O�V���� �L�W�� �L�V�� �F�U�X�F�L�D�O�� �I�R�U�� �E�D�V�N�H�W�E�D�O�O�� �S�O�D�\�H�U�V�� �W�R�� �G�H�Y�H�O�R�S��

�V�S�U�L�Q�W�V���D�Q�G���D�J�L�O�L�W�\�����+�R�Z�H�Y�H�U�����W�K�H�U�H���K�D�Y�H���E�H�H�Q���F�R�Q�W�U�D�G�L�F�W�L�R�Q�V���D�Q�G���O�L�P�L�W�D�W�L�R�Q���L�Q���W�K�H���S�U�H-
vious research on plyometrics training while the training methods and contents are 
inconsistent. To address the issues, this study conducted a scoping review focusing on 
�E�D�V�N�H�W�E�D�O�O���S�O�D�\�H�U�V�¶���D�G�R�S�W�L�R�Q���R�I���S�O�\�R�P�H�W�U�L�F�V���W�U�D�L�Q�L�Q�J���W�R���G�H�W�H�U�P�L�Q�H���W�K�H���S�R�V�L�W�L�Y�H���L�P�S�D�F�W��

�R�Q���V�S�U�L�Q�W�V���D�Q�G���D�J�L�O�L�W�\�����7�K�L�V���V�W�X�G�\���D�O�V�R���R�U�J�D�Q�L�]�H�G���W�K�H���P�H�W�K�R�G�V���R�I���H
u�H�F�W�L�Y�H���W�U�D�L�Q�L�Q�J�����)�L-
�Q�D�O�O�\�����W�K�H���U�H�V�X�O�W�V���V�K�R�Z�H�G���W�K�D�W���E�D�V�N�H�W�E�D�O�O���S�O�D�\�H�U�V���F�R�X�O�G���L�P�S�U�R�Y�H���W�K�H�L�U���V�S�U�L�Q�W�V���D�Q�G���D�J�L�O�L�W�\��

�E�\���L�Q�G�L�Y�L�G�X�D�O�L�]�L�Q�J���V�W�U�H�Q�J�W�K���W�U�D�L�Q�L�Q�J���W�K�D�W���Z�D�V���F�R�P�E�L�Q�H�G���Z�L�W�K���S�O�\�R�P�H�W�U�L�F�V���W�U�D�L�Q�L�Q�J���D�Q�G��

progressively increasing training intensity to at least 1140 repetitions on sandlots or 
soft ground.

�.�H�\�Z�R�U�G�V�����E�D�V�N�H�W�E�D�O�O�����S�O�\�R�P�H�W�U�L�F�V���W�U�D�L�Q�L�Q�J�����E�D�V�N�H�W�E�D�O�O���S�H�U�I�R�U�P�D�Q�F�H
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Predict the Winning Ratio of Major League 

Baseball Teams: Generalized Pythagorean 

Formula Approach

Hsiao Chiu-Ming
Department of Finance, National Yunlin University of Science and Technology

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 

�U�H�J�U�H�V�V�L�R�Q���D�Q�D�O�\�V�L�V�����W�K�L�V���V�W�X�G�\���Y�H�U�L�¿�H�V���W�K�H���D�E�L�O�L�W�\���R�I���W�K�H���J�H�Q�H�U�D�O�L�]�H�G���3�\�W�K�D�J�R�U�H�D�Q���I�R�U-

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.

Keywords:  Pythagorean formula for baseball, Cobb-Douglas function, win-loss 
ratio
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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 

�¿�H�O�G�V���W�R���D�V�V�H�V�V���W�H�D�P���S�H�U�I�R�U�P�D�Q�F�H�����%�R�X�G�U�H�D�X�[�����(�K�U�O�L�F�K�����*�K�L�P�L�U�H�����D�Q�G���6�D�Q�G�H�U�V����������������

�&�K�H�Q�� �D�Q�G�� �/�L���� ������������ �&�R�F�K�U�D�Q�� �D�Q�G�� �%�O�D�F�N�V�W�R�F�N���� ������������ �'�D�\�D�U�D�W�Q�D�� �D�Q�G�� �0�L�O�O�H�U���� ������������

�6�D�U�O�L�V���D�Q�G���7�M�R�U�W�M�L�V���� ������������ �6�H�Q�H�Y�L�U�D�W�K�Q�H���D�Q�G���0�D�Q�D�J�H���� �������������� �,�Q���H�V�V�H�Q�F�H���� �L�W�¶�V���D���V�L�P�S�O�H��

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, 

�L�Q�M�X�U�L�H�V���� �Z�H�D�W�K�H�U���F�R�Q�G�L�W�L�R�Q�V���� �D�Q�G���R�W�K�H�U���H�[�W�H�U�Q�D�O���Y�D�U�L�D�E�O�H�V���Z�K�L�F�K�� �P�D�\�� �D
u�H�F�W���D�� �W�H�D�P�¶�V��

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 

�W�K�H���G�H�U�L�Y�D�W�L�R�Q���S�U�R�F�H�V�V���R�I���W�K�H���J�H�Q�H�U�D�O�L�]�H�G���3�\�W�K�D�J�R�U�H�D�Q���I�R�U�P�X�O�D�����W�K�H���I�D�F�W�R�U�V���W�K�D�W���D
u�H�F�W��

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 

�L�P�S�D�F�W���R�Q���W�K�H���W�H�D�P�¶�V�� �Z�L�Q���O�R�V�V�� �U�D�W�L�R�����0�L�]�H�O�V���� �(�U�L�F�N�V�R�Q���� �D�Q�G���&�K�D�O�P�H�U�V���� �������������9�D�O�H�U�R����

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, 

�0�D�W�W�K�H�Z�V�����D�Q�G���1�J�X�\�H�Q�������������������V�S�R�U�W�V���D�Q�D�O�\�W�L�F�V���K�D�V���E�U�R�D�G�O�\���G�H�¿�Q�H�G���D�V���W�K�H���S�X�U�V�X�L�W���R�I��

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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�E�\�� �D�V�V�X�P�L�Q�J�� �U�X�Q�V�� �V�F�R�U�H�G�� �D�Q�G�� �U�X�Q�V�� �D�O�O�R�Z�H�G�� �W�R�� �E�H�� �U�D�Q�G�R�P�L�]�H�G�� ���&�K�H�Q�� �D�Q�G�� �/�L���� ������������

�'�D�\�D�U�D�W�Q�D�� �D�Q�G�� �0�L�O�O�H�U���� ������������ �(�K�U�O�L�F�K���� �%�R�X�G�U�H�D�X�[���� �%�R�X�G�U�H�D�X���� �D�Q�G�� �6�D�Q�G�H�U�V���� ������������

�+�H�X�P�D�Q�Q���� ������������ �0�F�*�R�O�G�U�L�F�N�� �D�Q�G�� �9�R�H�N�V���� ������������ �0�L�O�O�H�U���� ������������ �0�L�O�O�H�U���� �&�R�U�F�R�U�D�Q����

�*�R�V�V�H�O�V���� �/�X�R���� �D�Q�G�� �3�R�U�I�L�O�L�R���� ������������ �5�R�W�K�P�D�Q���� �������������� �D�Q�G�� �������� �P�D�W�K�H�P�D�W�L�F�D�O�� �D�S�S�U�R�D�F�K��

�I�R�U���F�D�O�F�X�O�D�W�L�Q�J�� �W�K�H���3�\�W�K�D�J�R�U�H�D�Q���H�[�S�R�Q�H�Q�W�����/�H�H���� �������������<�R�R�Q���D�Q�G���&�K�R�L���� �������������� �,�Q���W�K�L�V��

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 

�E�H���X�V�H�G���W�R���H�V�W�L�P�D�W�H���Z�K�L�F�K���I�D�F�W�R�U�V���D�U�H���V�L�J�Q�L�¿�F�D�Q�W���W�R���D���W�H�D�P�¶�V���Z�L�Q�Q�L�Q�J�� �U�D�W�L�R���D�Q�G���W�K�H�L�U��

�O�R�D�G�L�Q�J�V�����+�R�Z�H�Y�H�U�����Z�K�H�Q���W�K�H�U�H���L�V���D���K�L�J�K���G�H�J�U�H�H���R�I���F�R�U�U�H�O�D�W�L�R�Q���D�P�R�Q�J���P�D�Q�\���L�Q�À�X�H�Q�F-

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 

�H�U�U�R�U�V���W�R���E�H���W�R�R���O�D�U�J�H�����*�U�H�H�Q�H�����������������:�H�Q���D�Q�G���&�K�L�R�X�������������������7�K�H�U�H�I�R�U�H�����W�K�L�V���V�W�X�G�\���D�O�V�R��

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. 



13 2 113.06 21-54 �+

26

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

(1)

where, S and A represent the total runs scored and total runs allowed of the team, 

�U�H�V�S�H�F�W�L�Y�H�O�\����GP is the games played in the season. A�� �F�R�U�U�H�F�W�H�G�� �Y�H�U�V�L�R�Q�� �L�Q���9�D�O�H�U�R��

(2016) is given as follows:

     (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 

�I�R�U�P�X�O�D���X�V�L�Q�J���D���:�H�L�E�X�O�O���G�L�V�W�U�L�E�X�W�L�R�Q���V�S�H�F�L�¿�F�D�W�L�R�Q���R�I�� �W�K�H���Z�L�Q���O�R�V�V���U�D�W�L�R�����7�K�H���0�L�O�O�H�U�¶�V��

Pythagorean formula for the win-loss ratio is given as follows:

          (3)

for some parameters �����D�Q�G��������

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  

����= 0 and  �����&�O�D�\���'�D�Y�H�Q�S�R�U�W�����D���F�R���I�R�X�Q�G�H�U���R�I���%�D�V�H�E�D�O�O���3�U�R�V�S�H�F�W�X�V�����%�3������

employed 
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 

�/�H�H�¶�V���H�P�S�L�U�L�F�D�O���U�H�V�X�O�W�����W�K�H���H�[�S�R�Q�H�Q�W�V���R�I���U�X�Q�V���V�F�R�U�H�G���D�Q�G���U�X�Q�V���D�O�O�R�Z�H�G���D�U�H���V�L�J�Q�L�¿�F�D�Q�W�O�\��

unequal. This result implies that the exponents of runs scored and runs allowed may 

not be the same value.

2.3 Generalized Pythagorean formula

�$�I�R�U�H�P�H�Q�W�L�R�Q�H�G�����W�K�H���H�[�S�R�Q�H�Q�W�V���R�I���U�X�Q�V���V�F�R�U�H�G���D�Q�G���U�X�Q�V���D�O�O�R�Z�H�G���L�Q���W�K�H���P�R�G�L�¿�H�G��

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 

�G�R�H�V���Q�R�W���N�Q�R�Z���Z�K�D�W���W�R���G�H�I�H�Q�G�����D�Q�G���L�W���L�V���V�N�L�O�O�I�X�O���L�Q���G�H�I�H�Q�V�H���Z�K�R�V�H���R�S�S�R�Q�H�Q�W���G�R�H�V���Q�R�W��

know what to attack. In the sports, every score can be regarded as a display of the 

�R�Y�H�U�D�O�O�� �R�I�I�H�Q�V�L�Y�H�� �U�H�V�X�O�W�V�� �R�I�� �D�Q�� �L�Q�G�L�Y�L�G�X�D�O�� �R�U�� �D�� �W�H�D�P�� ���-�R�Q�H�V�� �D�Q�G���7�D�S�S�L�Q���� �������������� �D�Q�G��

every point lost can also be thought as the price paid for a defensive failure (Jones 

�D�Q�G���7�D�S�S�L�Q�����������������+�H�X�P�D�Q�Q������������������

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 



13 2 113.06 21-54 �+

28

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 

�D
u�H�F�W���W�K�H���S�H�U�I�R�U�P�D�Q�F�H���D�Q�G���W�K�H�L�U���F�R�U�U�H�V�S�R�Q�G�L�Q�J���H�[�S�R�Q�H�Q�W�V����

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 

�D�O�O�R�Z�V���I�R�U���G�L
u�H�U�H�Q�W���Y�D�O�X�H�V���R�I���W�K�H���H�[�S�R�Q�H�Q�W�V���L�Q���W�K�H���W�K�U�H�H���S�R�V�L�W�L�R�Q�V���R�I���W�K�H���I�R�U�P�X�O�D�����6�X�F�K��

that, as indicated in Zech (1981), consider the following Cobb-Douglass production 

function (Cobb and Douglas, 1928) for the win-loss ratio:

 (4)

�I�R�U���V�R�P�H���F�R�Q�V�W�D�Q�W�V���.������, and K is positive. Then eq. (4) can be transformed into

 (5)

Such that, 

  (6)

As a result, it can be rewritten into

   (7)

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:

    (8)

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-

�S�L�U�L�F�D�O���G�D�W�D���L�V���G�R�Z�Q�O�R�D�G�H�G���I�U�R�P���W�K�H���0�/�%���R
v�F�L�D�O���Z�H�E�V�L�W�H�����K�W�W�S�V�������Z�Z�Z���P�O�E���F�R�P���V�W�D�W�V��

team). The full data period is from 2013 to 2022 for the 30 teams in MLB. Based on the 

�G�D�W�D�����W�K�L�V���V�W�X�G�\���H�V�W�D�E�O�L�V�K�H�V���V�L�[���P�R�G�H�O�V���W�R���¿�W���W�K�H���G�D�W�D���D�Q�G���W�K�H�Q���X�V�H�V���W�R���P�D�N�H���L�Q���V�D�P�S�O�H��

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���L�V���W�K�H���G�H�S�H�Q�G�H�Q�W���Y�D�U�L�D�E�O�H���D�Q�G���G�H�¿�Q�H�G��

as the ratio of wins and games played in the season. HomeWR���L�V���G�H�¿�Q�H�G���D�V���W�K�H���U�D�W�L�R��

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. GO2AO 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 4.41 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

GO2AO 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
�'�D�W�D���V�R�X�U�F�H�����0�/�%���R
v�F�L�D�O���Z�H�E�V�L�W�H�����K�W�W�S�V�������Z�Z�Z���P�O�E���F�R�P���V�W�D�W�V���W�H�D�P������

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 

�D�G�Y�D�Q�W�D�J�H���L�V���Y�D�O�L�G���E�X�W���L�Q�V�L�J�Q�L�¿�F�D�Q�W���V�W�D�W�L�V�W�L�F�D�O�O�\�����0�R�U�H�R�Y�H�U�����W�K�H���D�Y�H�U�D�J�H���Y�D�O�X�H�V���R�I���U�X�Q�V��

scored (RS) and runs allowed (RA) are almost equal. In other words, the average 

�R
u�H�Q�V�L�Y�H���D�Q�G���G�H�I�H�Q�V�L�Y�H���S�H�U�I�R�U�P�D�Q�F�H���D�U�H���D�O�P�R�V�W���W�K�H���V�D�P�H��

Figurer 1
Distribution of average runs scored and average runs allowed (2013-2022)












































































