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Abstract

Does the batting average influence players’ decision on whether or not to
swing? We examine if the decision on whether to swing is influenced by the
batting average of Japanese professional baseball players using pitch-by-pitch
data. We show that when the batting average is just .300, the probability of
swinging becomes significantly lower than when the average is well above or
below .300. This suggests that a .300 batting average is considered as a reference
point, which plays a central role in behavioral economics, for professional base-
ball players and influences their attitudes toward risk at every plate appearance
throughout the season. This is likely to reflect in the behavior of loss aversion
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1 Introduction

The reference point is one of the most important topics in behavioral economics,
although very little literature examines whether a reference point influences decision-
making among professional athletes. Pope and Simonsohn (2011) is one of the
few exceptions. They show that a batting average, for example, is a reference
point for Major League Baseball players, and professional baseball players mod-
ify their behavior such that they finish with a batting average just above rather
than below .300 as the season is about to end. In this case, a batting average
of .300 functions as a reference point and may be a criterion for managers to
evaluate outcomes.

There is evidence that a .300 batting average acts as a reference point even

in Japan.!

Figure 1 shows the distribution of batting averages in the Japanese
professional league from 1995 to 2018, approximately three weeks before the
end of the season. Figure 2 shows the distribution of batting averages at the end
of the season from 1995 to 2018. Although the histogram in Figure 1 follows
normal distribution, Figure 2 shows a peak and a trough at the averages of .300
and .299, respectively. The break around .300 in Figure 2 strongly suggest that
the behavior of professional players is manipulated; this is because it is likely
that a batting average of .300 is used as a reference point in the wage-setting
process.

In this study, we examine whether a reference point influences the decision on
whether or not to swing using pitch-by-pitch data on the performance of Japanese
professional baseball players. We test whether a batter with a batting average
of just .300 or slightly above .300 is less likely to swing compared with one
with an average well above or below .300. We find that a .300 batting average
influences the players’ decision on whether or not to swing. In fact, we show that

the probability to swing becomes significantly low when the batting average is

I'There are very few studies on professional athletes in Japan. A few exceptions are Ohtake and
Ohkusa (1994), Ohkusa and Ohtake (1996), and Yamamura and Shin (2009).
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just .300 or slightly above .300. This suggests that a player may hesitate to swing
when the batting average is likely to fall below .300 if the player is forced out.

Our results imply that a .300 batting average is considered as a reference
point for Japanese professional baseball players. The evidence also implies that
the reference point influences the attitudes toward the risks professional baseball
players face. A batter may become a risk-averter when the batting average is at
the risk of falling below .300 depending on the result at-bat. This result reflects
the loss aversion of professional baseball players. Although the batting average
constantly changes throughout the season, our result indicates that the players’
decisions are influenced by the .300 batting average as a reference point at every
plate appearance.

Our study sheds light on the behavior of loss aversion as well as the reference
point of professional baseball players. Loss aversion, as proposed by Kahneman
and Tversky (1979), means that decisions among risky prospects are more sen-
sitive to losses than profits of the same scale. A growing amount of literature
has examined how the behavior of loss aversion influences the agent’s decision-
making, including experimental research using lotteries (Kachelmeier and She-
hata, 1992; Sasaki et al., 2008) and field research in medical (Tom et al., 2007,
Tanaka et al., 2014; Tanaka et al., 2017). Studies on loss aversion have also
been conducted in professional sports. For example, Elmore and Urbaczewski
(2019) investigate loss aversion using data on professional golfers. Riedl et al.
(2015) examine the case of a team playing for a draw instead of a win in soccer.
Our finding contributes to the existing literature by showing that a batter with
the batting average of .300 or slightly above .300 may prefer the “wait-and-see”
approach instead of swinging aggressively to mitigate the risk of dipping below

the .300 batting average plateau.

The structure of this paper is as follows. Section 2 explains our approach to
examine a change in the decision making of baseball players. Section 3 describes

the pitch-by-pitch data we use. Section 4 describes the results, and Section 5
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concludes.

2 Identification strategy for the reference point

When is a batter more likely to swing? Does a batting average influence the
batter’s decision whether or not to swing? To examine whether a reference point
influences players’ decision-making, we focus on two indicators, the probability
to swing and batting average. The probability to swing is the probability that
the batter swings the bat out of all pitches thrown. Using this, we investigate
whether the probability to swing depends on the player’s batting average. The
batter’s decision whether or not to swing for each pitch may change conditional
on the skills of the opponent’s pitcher and the situation at the plate appearance.
Thus, it would be unlikely that the probability to swing is influenced by the
player’s batting average at that time. Thus, the probability should be constant at
any batting average.

However, if a batting average of .300 is considered as a reference point, it
may influence the batter’s decision-making. When the batting average is above
.300 and there is a possibility that it could fall below .300, the batter who wishes
it to remain above .300 may be less likely to swing. Here, the wait-and-see
approach makes sense because it will raise the probability to draw a walk.? In
fact, drawing a walk does not change a players’ batting average according to
baseball rules. Thus, this approach can mitigate the risk of dipping below the
.300 batting average plateau.

Using pitch-by-pitch data, we test if a batting average of .300 influences the
decision on whether or not to swing. We conduct a Fisher exact probability test
to verify the difference between the probability to swing among batters whose

batting average is just .300, above .300, and below .300. When a batter does not

’In baseball, a batter receiving four pitches outside the strike zone draws a walk. According to our
database, approximately half of the pitches are outside the strike zone. Thus, rather than aggressively
swinging, the wait-and-see approach will raise the probability of drawing a walk.
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consider a batting average of .300 as a reference point, that batter’s probability
to swing is not different from that of each plate appearance. On the other hand,
if the batting average functions as a reference point, we expect that a player with
a batting average of just above .300 is less likely to swing; that is, the probability
to swing becomes lower than when the batting average is well above or below
.300. That player is then treated as a risk averter.

We classify players with batting averages of just .300 or above as the “Down”
group. On the other hand, we classify players whose batting averages are slightly
below .300 as the “Up” group. If the batting average is considered as a reference
point and the batter’s attitude toward risk changes at the .300 batting average, the
probability to swing conditional on the batting average around .300 is expected

to be as follows:

P{swing|lup} > P{swing|control} > P{swing|Down},

where P{swing|up} and P{swing|down} refer to the probability to swing,
which is calculated using the samples from the Up and Down groups, respec-
tively. P{swing|control} is computed as the probability to swing using samples
other than the Up and Down groups.

More precisely, we divide the data into three groups. The first is the Up
group, which includes samples from the situation wherein if a player gets a hit,
the batting average reaches .300 or over. For example, data from a batter with
120-for-401 and a batting average of .299 are classified as the Up group. In this
case, the batting average reaches .300 when the player gets a hit at that plate
appearance. The second is the Down group, which includes samples from the
situation wherein if a player strikes out, the batting average falls below .300.
For example, data from a batter with 120-for-400 and a .300 batting average are
classified as being in the Down group. In this case, the batting average falls below
.300 when the player is forced out at that plate appearance. Further, the samples

of the Down group are drawn from the situation wherein if a batter makes out,
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the batting average falls below .300. The third is the “Control” group, which
includes samples other than those in the Up and Down groups. For example,
data from a batter with 121-for-410 and a batting average of .295 are classified
as the Control group. In this case, the batting average remains under .300 even
when the player gets a hit. Similarly, data from a batter with 125-for-415 and
a batting average of .301 are classified as the Control group. In this case, the

batting average remains above .300 even when the player is forced out.

3 Data

The pitch-by-pitch data we use are collected by Data Stadium.> These data
cover the time period from 2016 to 2018 and provide the performance indica-
tors and covariates of all players in Nippon Professional Baseball (NPB). The
performance indicators can be calculated on a real-time basis. Furthermore, the
data recode each player’s decision on whether or not to swing for every pitch.
The sample sizes of the all pitch records reach approximately 800,000.*

We focus on the decision-making of players with at least 400 plate appear-
ances at the end of the seasons from 2016 to 2018.> Moreover, we use pitch-
by-pitch data approximately three weeks before the end of every season, which
is on September 20 for every season, to control the change in the behavior of
batting, as shown in Figure 2. As discussed before, the break around .300 in Fig-
ure 2 strongly suggest that the behavior of professional players is manipulated,
possibly to obtain a higher salary. If so, just before the end of the seasons, the
probability to swing of a batter with a batting average of .300 is definitely influ-
enced by the wage contract. Because we focus on whether a .300 batting average
influences the decision on whether or not to swing even during “normal” time,

we omit the data for the last three weeks before the end of the seasons.

3See details in https://www.datastadium.co.jp/.

“The basic statistics is shown in Table 1.

The official NPB rules set approximately 400 as the minimum required plate appearances for ac-
quiring batting titles.
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4 Result

Table 2 reports the estimation results upon comparing the probability to swing
using the whole sample and shows that the probability is significantly different
between the two groups. Batters in the Up group swing with a probability of
46.1%, while those in the Down group swing with a probability of 41.0%. The
difference in the probability is 5.1% and significant. This result suggests that
the probability becomes significantly low when the batting average falls below
.300 depending on the result of at-bat. The result is robust using the sample
from the Control group. Batters in the control group swing with a probability
of 44.2%. The Down group batters’ probability to swing is significantly lower
than that of Control group batters: the difference is 3.2%. On the other hand,
Up group batters’ probability to swing is not significantly different from that of
Control group batters: the difference is only 1.9%. This result suggests that only
batters in the Down group are less likely to swing; they may hesitate to swing if
the batting average would fall below .300 if they are forced out.

The probability to swing may also depend on the ball count. As a robustness
check, we further examine whether only batters in the Down group is less likely

to swing by dividing the sample into four subsamples,® namely, the samples
(D) from a first pitch to the batter,
(II) excluding a pitch from a two-strike count,’
(II) from a pitch inside the strike zone, and
(IV) from a pitch outside the strike zone.

Table 3 presents results of the robustness check using the four subsamples.
The table shows that the probability to swing is consistently lower in the Down
group than in the Up group in all four cases; the difference between them is

significant in three out of the four cases. The results are similar when we use

®Data Stadium (https://www.datastadium.co.jp/) has data on the pitch area in a coordinate format
and defines whether each pitch is strike or ball.
"This subsample covers a “hitter’s count.”
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the samples from the Down and Control groups. The probability to swing is
always lower in the Down group than in the Control group in all four cases; the
difference between them is significant in three out of the four cases. On the other
hand, there are no statistical differences between the Up and Control groups.
The table suggests that our baseline results are robust: only a batter in the Down
group is less likely to swing.

We further conduct a robustness check by estimating a probit model. In the
model, a dummy variable (DS"in9)_ which takes one when a batter swings and
otherwise zero— is regressed on DYP— which takes one when a batter is from
the Up group.? In addition, we include batter fixed effects and pitch characteris-
tics as the control variables.” Table 4 shows that the above results are robust: the
coefficient of DUP is significantly positive in all cases. The probability to swing
by an Up group batter is significantly larger than that of a Down group batter. The
evidence suggests that a .300 batting average influences whether a batter swings
or not and is considered as a reference point. The result of the probit analysis

supports our benchmark result.

In sum, these results suggest that a .300 batting average is considered as a
reference point and influences the players’ decision on whether or not to swing.
The wait-and-see approach makes sense to mitigate the risk of dipping below the
.300 batting average plateau. This evidence implies that attitude toward the risks
of professional baseball players may be asymmetric at the .300 batting average,
which is considered as a reference point. Batters may become risk-averters when

their batting averages fall below .300 depending on the result of at-bat.

8Because we omit D" as an independent variable, the coefficient on DUP represents the differ-
ence between the probability to swing among the Up and Down groups.

9Pitch characteristics cover four variables: (1) distance from the center of the strike zone, (2) pitch
speed, (3) dummies for the pitches [(a) fastball, (b) slider, (c) curve, (d) cutter, (e) two seam fastball,
(f) change-up, and (g) split finger fastball], and (4) dummies for the ball count.
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5 Conclusion

We examine whether Japanese professional baseball players’ decision on whether
or not to swing is influenced by their batting averages using pitch-by-pitch data.
We show that when the batting average is just .300, the probability to swing be-
comes significantly lower than that when the average is well above or below .300.
In fact, batters seem to become risk-averters when their batting averages fall be-
low .300 depending on the result of at-bat. This result suggests that a .300 batting
average is considered as a reference point for professional baseball players and
influences their attitudes toward risk. Although a batting average is constantly
changing throughout the season, our result indicates that players’ decisions are
influenced by a .300 batting average at every plate appearance. This is likely to

reflect in the behavior of loss aversion among professional baseball players.
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Figure 1: Distribution of batting averages in the NPB, as of September 20 for every
season from 1995 to 2018. The histogram includes the sample only from the batters
with the minimum requirement plate appearances. The data is from the BIP platform.
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Figure 2: Distribution of batting averages at the end of the seasons from 1995 to

2018. The histogram includes the sample only from the batters with the minimum
requirement plate appearances. The data is from the BIP platform.
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Table 1: Classification of sample

Up group Down group Control group All

Pitch 1,727 766 15,779 776,528
Plate apperance 319 129 2,875 140,756
Pitches to strike zone 858 365 7,507 369,836
Pitches outside the strike zone 869 401 8,272 406,692
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Table 4: Robustness check: A Probit analysis

Dependent variable: Dummy variable (D°%9)

Model

Independent variable 1 2 3
DvVp 0.107*  0.108*  0.129**

(1.629) (1.960) (2.034)
DControl 0.043 0.052 0.095*

(0.772) (1.101) (1.753)
Batter fixed effect v v
Pitch characteristics v v
Observation 17,514 18,272 17,514

Note: DUP (DControly takes one when a batter is from
the Up (Control) group; otherwise zero. D™ takes
one when a batter swings; otherwise zero. Standard er-
rors are in parentheses. ** and * indicate 5% and 10%
significance, respectively.
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