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Abstract

In table tennis, servers have the potential advantage of scoring bias when serving. However, the length of the
scoring bias, i.e. the shot number where any bias is eliminated, has not been clarified. This study aimed to clarify
the level and length of scoring bias occurring at services in table tennis. We analysed 45 men’s singles matches
(3,665 rallies) and 29 women’s singles matches (2,352 rallies) from the 2012 London Olympic games and 49 men'’s
singles matches (4,404 rallies) and 31 women'’s singles matches (2,320 rallies) from the 2016 Rio Olympic games.
The statistical analysis revealed that services generate a low scoring phase at the second shot and slightly high
scoring phase at the third shot. Moreover, the level of the scoring bias became trivial after the third shot, although
a small scoring bias could remain. Players should therefore be cautious of a scoring bias until the third shot. In the
gender comparison, the scoring bias observed in matches of male players was larger than that of female players
up to the third shot. This result indicates that male players are more likely to take advantage of service than
female players. In the winner/loser comparison, it was found that losers use the service to create scoring bias as
effectively as winners do. Losers’ inferior skills and tactics in the shots after services were the major factor in the
difference in the occurrence of missed shots between winners and losers. Finally, we found that the performance
of each shot number should be analysed separately up to the third shot, as the remaining effect of the service
is remarkably different among shot numbers. The results of this study contribute important suggestions to the
conventional methods of performance analysis that empirically separate a rally into three phases.
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INTRODUCTION

In table tennis, the service is different from other
shots in terms of the rules and conditions under which
it is performed. The laws of table tennis stipulate that
“the server shall strike the ball so that it touches
first his or her court and then touches directly the
receiver’s court” (The International Table Tennis
Federation, 2019, p.36). In addition, the position of the
ball is limited in the laws of table tennis; “from the
start of service until it is struck, the ball shall be above
the level of the playing surface and behind the server’s
end line, and it shall not be hidden from the receiver”
(The International Table Tennis Federation, 2019, p.36).
Another key factor is that the service is performed
without any interference from the opponent, whereas
the other shots are strongly affected by the opponent’s
previous shot. As stated above, the rules and condition
of service are unique compared to the other shots in
a rally.

The unique characteristics of service lead to
scoring bias in a rally. Using a statistical analysis of
149 matches in the London Olympics 2012, Yoshida,
Yamada, Tamaki, Naito, and Kaga (2014) clarified that
the scoring rate, i.e. the percentage of scoring shots to
total shots, of servers was higher than that of receivers.
The criteria of technique effectiveness proposed
by Zhang, Lui, Hu, and Liu (2014) also indicates that
servers likely use the advantage of service to score a
point. In the criteria, higher effectiveness was required
to take high evaluation for the first and the third shot
than the second and the fourth shot. Tamaki, Yoshida,
and Yamada (2017) analysed scoring bias due to
service using the scoring rate and losing rate, i.e. the
percentage of missed shots to total shots, of each shot
number, which is the number of shot starting from the
service, (shot number one is the service, shot number
two is the return against the service, and so on). They
reported that the number of scoring shots was likely
to surpass the number of missed shots at the first shot
and the third shot. It can therefore be said that servers
have a potential advantage to create a scoring bias for
themselves using a service in table tennis.

Though scoring bias affected by services has been
investigated by researchers, the length of the scoring
bias, i.e. the shot number where any bias is eliminated,
has not been clarified. Even if a server has good
serving skills and gets high scoring rates at the first
and third shots, whether the same conditions remain
until the fifth shot or after the fifth shot is unknown
because the effect of the service may gradually reduce
as the number of shots increases. Tamaki et al. (2017)
inferred that the effect of the service does not persist
for long in a rally because no significant difference
was found in a pairwise comparison of the scoring
rate and the losing rate among shot numbers after the
third shot. This inference, however, did not clarify the
length of the bias because no significant difference
does not prove no difference. To the best of our
knowledge, there are no studies analysing the length
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of the scoring bias affected by services other than
their work. Thus, the length of scoring bias has not
been quantitatively analysed, although researchers
assumed or noticed that the bias affected by the
service gradually decreases.

If the level and length of the scoring bias can be
clarified, we can analyse table tennis more accurately
and improve players’tactics. Previous studies implicitly
assumed that the length of the effect of service
significantly reduces in the early phase of a rally. Wu
and Li (1992) evaluated the competitive ability of table
tennis players using the occurrence rate or scoring
tendency in the three phases in a rally: attack after
service (scores at the first or third shot), attack after
receive (scores at the second or fourth shot), and rally
(scores at the fifth or later shots). This three-phase
analysis has been widely adopted in match analyses
of table tennis (Fuchs et al., 2018). The method
assumes that the scoring bias created by the service
decreases significantly after the fourth shot; however,
there is no evidence to support this assumption in the
papers that adopted this method (Hao, Tian, Hao, &
Song, 2010; Hsu, 2010; Hsu, Chen, & Wang, 2014; Zhang
et al.,, 2014). If we determined the length of scoring
bias affected by the service, the previous method
can be revised to analyse table tennis matches more
accurately. Knowing the length of scoring bias will
also help table tennis players refine their tactics. An
effective tactic for a player who is good at service
would be to return the player’s shot until the level
of scoring bias sufficiently decreased. If table tennis
players know how many times they have to hit a ball to
sufficiently decrease the effect of the service, they can
formulate more effective tactics. Thus, the significance
of quantifying the length of scoring bias affected by a
service is evident from multiple perspectives.

This study therefore aimed to clarify the length of
the scoring bias affected by services in table tennis.
First, the level of the scoring bias was quantified.
The key hypothesis was that the losing rate of a shot
would be static after the effect of the service became
significantly small. The length of the scoring bias was
then estimated according to the change in the level of
the scoring bias.

METHOD
Match samples

This study selected 45 men’s singles matches
(3,665 rallies) and 29 women'’s singles matches (2,352
rallies) from the matches played at the 2012 London
Olympic games and 49 men’s singles matches (4,404
rallies) and 31 women'’s singles matches (2,320 rallies)
from the 2016 Rio Olympic games. Defensive players
were excluded from the sample. Defensive players
were identified by their use of long-pimple rubbers,
and primary use of chop. Although a four-year time
span can change the characteristics of play, we can
analyse the scoring biased affected by the service
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commonly observed in 2012-2016 because the service
was run under the same rules. The world ranking of
the players in the selected matches ranged from 1 to
131, based on the ranking immediately before each
Olympic game. The server, winner, and number of the
scoring shot were recorded for each rally by observing
video recordings broadcasted on television or on the
Internet. One unit of the analysis was one player per
match. The players were grouped by gender, or match
outcome (winners and losers). Written informed
consent was unnecessary as the matches were played
in public.

Data collection

The server, winner, and scoring shot number were
recorded per rally by observing video recordings
broadcast on television or on the Internet. Data were
recorded by two operators. If different data were
found between the two data collected by the two
operators, they reviewed the recordings together,
making necessary corrections.

Number of shots, missed shots and scoring shots

The number of shots, number of missed shots,
and number of scoring shots for each server were
computed as per the method proposed by Tamaki et
al. (2017). In table tennis, players alternate shots. Thus,
we can determine which shot a player hit, if we know
the server of the rally and the scoring shot number. Let
us assume that player A serves to player B, and that
the seventh shot scores. We can determine that player
A performed the first, third, fifth, and seventh shot;
player B thus performed the other shots in the rally,
including the eighth shot. In this study, the number of
shots is defined as the number of shot opportunities.
Therefore, the next from the scoring shot is always
counted as the missed shot, regardless of whether it
was performed. In the aforementioned example, the
eighth shot is the missed shot. By this method, the
number of shots, number of missed shots, and number
of scoring shots for each server were computed.

Scoring rate and losing rate of each shot number

We analysed how the services distorted the scoring
tendency based on the scoring rate and losing rate.
Let ‘#i" be the i-th shot, n, the number of scoring shots
at the i-th shot, m, the number of missed shots at
the i-th shot, and s;the number of the i-th shot. The
scoring rate of the i-th shot was calculated by n./s,
and the losing rate of the i-th shot was calculated by
m./s. The sixth and subsequent shots by the receiver
were unified into a group denoted by ‘#6+ and the
seventh and subsequent shots from the server were
unified into a group denoted by ‘#7+. The scoring
rate and losing rate were calculated for each player
of each match. When s, is small, the scoring rate and
losing rate becomes unstable because of a shortage
in the sample size. Therefore, if s, was less than 10,
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the scoring rate and losing rate of the i-th shot were
excluded from the statistical analysis. The threshold of
s, 10, was empirically determined based on a balance
between statistical stability and the sample size for
each shot number. Two samples from #4, 17 samples
from #5, 19 samples from #6+, and 55 samples from
#7+ were excluded, because the number of shots were
fewer than 10.

Quantification of the level of scoring bias affected by
service

If the scoring bias affected by the service is small,
the same losing rate is expected for different shot
numbers. The expectation of losing rate L', can be
calculated using the following equations:

L} = ?:;ms/EEL;Ss

(1)

where n is the maximum shot number observed. If
the effect of service remains until the j-th shot, the
observed losing rate becomes farther from L’. From
another perspective, the distributional distance of
the observed losing rate and the expected losing rate
can be regarded as the level of scoring bias affected
by the service. In this study, the distance between
observation and the expected losing rate at the i-th
shot D, was estimated by applying Cohen’s w (Cohen,
1988), a measure of discrepancy between paired
proportions. Cohen’s w can be calculated using the
following equation:

— ’E '[P:i;zm:)z

where p ;is a proportion posited by the null hypothesis
and p,, is an observed proportion. Sample data are
shown in Table 1and Table 2 to explain how to calculate
Cohen’s w. Table 1 provides a sample of observed
losing rate and returning rate, which is a proportion
of the shots other than missed shots calculated by
(s, — m)[s, for each shot number. Table 2 provides a
sample of the losing rate and returning rate expected
from specific ranges of shot numbers. The discrepancy
between observed and expected proportions at the
second shot D, and the third shot D, are approximately
0.4 and 0.22, which were calculated by the following
equations:

(2)
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b (0.08—0.18)* (0.14-018)* (02-018)* (0.23-0.18)? (0.26—0.18)*
T 0.18 0.18 0.18 0.18 0.18
(0.24—0.18)* (0.92—082)0 (0.86—0.82)° (0.8—0.82)
0.18 0.82 0.82 0.82
1
. (077 —0.82)* (0.74— 0820 (0.76 — 0.82)° EI
0.82 0.82 0.82
(3)
b= (014—0.21)* (02-0210 (0.23-021)0° (0.26—0.21)° (0.24— 0.21)2
T 0.21 0.21 0.21 0.21 0.21
(0.86 — 0.79)* (0.8—079)¢ (077 —0.79) (0.74— 0.79)2
079 079 0.79 0.79
L
(0.76 — 0.79)%\2
0.79
(4)

The expected losing rate depends on the range of
shot number used in the calculation; 0.18 is calculated
from the second shot and after, and 0.21 is calculated
from the third shot and after.

Table 1.
A sample of observed losing rate and returning rate for different shot
numbers.

#2 #3 #4 #5 #6+  H7+
Lossing rate 0.08 014 020 023 026 0.24
Returning rate 092 0.86 080 0.77 074 0.76

Table 2.

A sample of the losing rate and returning rate expected from the
specific ranges of shot numbers. For instance, ‘#2-#7+' denotes that
the losing rate and returning rate were calculated from the second
shot and after.

Range of

shot o or #2 O#H3  #L  #5 H6+ HT+

Ho—g7 osIngrate 40 614 020 023 026 024
Returning rate

H3—g7 osingrate .0 486 080 077 074 076

Returning rate

Cohen (1988) also proposed a general frame of
reference for Cohen’s w as follows:

Small: w=01
Medium: w = 0.3

Large: w=0.5

According to Cohen'’s reference, D, and D, calculated
from the sample data shown in Table 1 and Table 2
are regarded as ‘between medium and large’ and
‘between small and medium’. Although Cohen (1998)
warned that the magnitude of w should be analysed
relatively for a particular problem or field, no better
basis for evaluating w than D, was available for use in
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this study. Therefore, we analysed the magnitude of D,
comparatively among shot numbers with reference to
the general framework proposed by Cohen.

Statistical analysis

A Kruskal-Wallis test was performed to compare
the scoring rate and losing rate for different shot
numbers. Wherever significant differences were
observed between the shot numbers, a Dunn test with
Bonferroni adjustment was used to compare the shot
numbers. The effect size r between shot numbers was
calculated by dividing z-test statistic calculated in
Dunn test by the square root of the combined sample
size (McCarrol, 2016). The scoring rate, losing rate, and
scoring bias were compared between male players and
female players and between winners and losers with
a 95% confidence interval, calculated by a bootstrap
method. Each statistical analysis was tested at a 95%
confidence level.

RESULTS
Scoring rate and losing rate by shot number

Fig. 1 shows the distribution of scoring rate and
losing rate per shot number and Table 3 shows the
effect size between two different shot numbers
calculated through the multiple comparisons of scoring
rate and losing rate among shot numbers. The scoring
rate of shot #1 was significantly lower than those of
the other shot numbers. The scoring rate of shot #2
was significantly lower than that of #3, #4, #5, and #6+
in male players’ matches; #3, #6+, and #7+ in female
players’ matches; #3, #4, #5, #6+, and #7+ in winning
matches; and #3 and #5 in losing matches. The scoring
rate of #3 was significantly higher than #4, #6+, and
#7+ in male players’ matches; #4, #5, and #7+ in female
players’ matches; and #3, #4, #5, #6+, and #7+ in winning
and losing matches. The losing rate of #1, #2, and #3
were significantly lower than that of the following
shot. In the gender comparison, male players’ scoring
rate was higher than that of female players at shot #5.
In winner and loser comparison, winners’ scoring rate
was higher than that of losers and winners’ losing rate
was lower than that of winners at all shot numbers
except for #1in losing rate.

Distance from the expected distribution of the shot
number of missed shots

Fig. 2 shows the distributional distance between
observed losing rate and expected losing rate. As the
shot number increased, the distance gradually grew
smaller. In the gender comparison, D, of female players
was lower than that of male players. No significant
differences were found in comparison between
winners and losers.
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Figure 1. Scoring rate and losing rate at each shot number. The median of scoring rate and losing rate was calculated for each gender, winners,

and losers. The shaded area denotes the 95% confidence interval.
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Figure 2. Distances between the observed losing rates and the expected losing rates at each shot number. D, the distributional distance at i-th
shot, was calculated from the i-th and subsequent shots. The median of the scoring rate and the losing rate was calculated for each gender
and for winners and losers. The shaded area denotes the 95% confidence interval.
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Table 3.

Effect size between two different shot numbers calculated through
the multiple comparisons of scoring rate and losing rate based on
shot numbers. The tables show the results for each gender and for
winners and losers. The filled colour of each cell denotes the correct-
ed p-value calculated by pairwise comparison as described at the
bottom of the table with pink cells denoting that the shot indicated
at the left of the table is greater than the shot indicated at the top of
the table (denoted as left > top) while the blue cells indicate that the
shot at the left of the of the table is less than that at the top of the
table (left < top). The effect size in uncoloured cells is not significant.

Scoring rate Losing rate
Bl K2 B3 H4 HS  HG HT+ Hl OH)  H3 B4 #5  H6r HT+
#1 #1
# 034 - #0035
L #0722 038 - # 065 031
ER LREY 0.1 | £ 106 071 041
# 063 029 009 0.10 #5105 071 040 0.01
46+ 104 069 039 002 001
0.12 #7+ 098 063 033 008 007 006
#1 2 #3 #4 #5  E6+ E1+ #1 #2 #3 24 #5  E6+ #HI+
#1 - - - #1 - - -
# 021 # 041
» #1069 048 - 4 064 022
E o o3 0.16 44110 069 047
= #5036 0.5 QRN 0.01 - - #5097 055 033 013
#6+ 049 028 020 012 013 #6+ 100 059 036 0.10 003
#7+ 042 021 (B3N 005 006 0.07 #7+ 102 061 039 008 006 0.02
#1 #2 #3 #4 #S  #6+ #7+ #1 #2 #3 #4 #5  #6+ #1+
#1 - - - #1 - - -
£ 028 - # 036
5 % 080 032 # 067 032
£ #4057 029 # 108 072 041
2 45 oe om 0.04 #5100 064 033 0.08
£+ 061 033 004 001 46+ 101 065 034 007 001
=7+ 051 023 006 010 009 #7+ 097 061 030 010 003 003
O O#2 #3 #4 85 #6+ H#T+ 1 #2  #3 84 #5  #6+ T+
£ : - - #1 - - -
£ 1036 - # 036
L #0717 041 #0061 025
2 # 110 073 048
- 45 104 068 043 006
#6+ 106 069 044 004 002
#7+ 102 066 041 008 002 0.04
left > top: p=001 p=005 left<top: Mp=<001 Mp<005
DISCUSSION

Scoring bias affected by service

Service was found to lower the scoring rate and
losing rate of shot #2, lower the losing rate and
increase the scoring rate compared to other shots. It
is possible that the low losing rate on shot #2 could
be due to the difficulty in scoring from #1, which is, in
turn, due to the laws of table tennis as mentioned in
the introduction. The low scoring rate of #2 cannot be
described by the low scoring rate or low losing rate
of #1. The low scoring rate of #1 and high scoring rate
of #2 could be co-occurring; moreover, the tactics of
servers may affect the scoring rate of #2. Considering
the difficulty in scoring at service, servers may make
it difficult for receivers to score on their return, which
may be achieved by skilfully leading opponents to
incorrect identification of the spin or placement of
a service (Geske & Mueller, 2010, pp.71-77). As the
receiver is required to penetrate such deception by
the server, the scoring rate of #2 was commonly lower
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than that of the following shots. The low losing rate of
#3 could be the result of the low scoring rate of #2. The
high scoring rate of #3, however, does not result from
the low scoring rate or low losing rate of #2. As with the
low scoring rate of #2, the high scoring rate of #3 could
be due to the servers’ skills, such as intentionally
misleading opponents in their identification of the
spin and the placement of service. In terms of effect
size, however, the difference was relatively small,
particularly in female players and winners. We can
therefore conclude that the service was mainly found
to generate a low scoring phase at shot#2 and relatively
small effect at #3 as the server’s scoring bias.

How does the level of scoring bias change with each
shot?

It was found that the level of scoring bias became
insignificant from shot #4, although a slight scoring
bias could remain. According to Fig. 2, scoring bias
decreased drastically with each shot. Moreover, Table
3 shows that the effect size was remarkably small in
the comparison of scoring rate and losing rate among
all shots after #3. These results indicate that the
scoring rate became smaller every time a shot was
performed. According to Cohen’s reference, however,
D, and D, can be interpreted as medium. Although we
should avoid placing too much importance on Cohen’s
criteria, the observed distance indicates that a certain
level of scoring bias could remain, even at shot #4
and at subsequent shots. However, the scoring bias
would be too trivial to consider if its effect on scoring
rate and losing rate became small. According to the
effect size of scoring rate and losing rate between shot
numbers (Table 3), we can estimate that the level of the
remaining scoring bias would be small for the shots
after #3. We should therefore be cautious of scoring
bias after #3 only if we know that the latter phase of a
rally is important for the analysis of matches.

Quantifying the level of scoring bias affected by
service was a notable achievement of the current
study. In the results of their pair-wise comparison of
losing rate, Tamaki et al. (2017) implied that the effect
of service became small after #3 because there were
no significant differences among shot numbers after
shot #3. However, the absence of significant difference
does not imply no difference at all. Moreover, they
could not determine whether a small scoring bias
would remain after #3 because the level of scoring
bias was not quantified. In the current study, the
level of scoring bias was calculated based on the
distributional distance from the expected losing rate,
which allowed us to understand the changes in scoring
bias at each shot.

Gender comparison

The level of scoring bias in the early phase of a rally
differed between genders.Inthe male players’ matches,
the impact of service was greater than that in female
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players’ matches. From this result, we can hypothesise
that male players are more likely to take advantage of
service than female players. However, the difference
between genders reduced at every shot and became
little or none from shot #4. These results suggest that
the level of scoring bias is different between genders
particularly up to #3. These results also suggest that
the level of scoring bias is not strongly related to its
sustainability. Even if some servers have good serving
skills, the length of scoring bias would be virtually the
same as the common length.

Winner and loser comparison

Identical scoring bias was observed in winning and
losing matches, whereas the scoring rate and losing
rate were evidently different. When comparing the
scoring rate and the losing rate between the winners
and losers, the winners seem to use the service more
effectively than the losers. However, no difference
in scoring bias was found between the winners and
losers. Let us compare the main effect of service —
specifically, lowering the scoring rate at #2— between
winners and losers. The average effect size between
#2 and at each shot after #2 of winners was 0.34(+0.11)
and that of losers was 0.17(+0.14). As winners’ shot
#2 was affected by losers’ services, the results may
indicate that losers service lowered the scoring rate
at shot #2 more than winners’ service did. However,
it should be noted that winners’ scoring rate of shots
after the #2 was significantly higher than that of losers.
It is also possible that winners’ superior skills or
tactics at the shots after #3 increased the difference
between scoring rate at #2 and that of other shots.
Although this cannot simply be concluded that from
the results, it can be said that losers’ service evidently
biased the scoring tendency at least as much as the
winners’ service did. Next, we discuss the difference
in the shots after the service. Because the scoring
bias has been reduced in the shots after #3, the
difference in the losing rate after #3 can be a measure
of differences in tactics or hitting skills at the shots
after the service. The confidence interval of losing rate
after #3 was [0.24, 0.26] in winning matches, and [0.33,
0.35] in losing matches. A rough calculation shows the
difference between the two intervals to be 0.09. The
losers’ inferior skills and tactics at the shots after the
service increases the differences on the losing rate at
all shots after the service between winners and losers.
Therefore, losers use the service effectively and create
a certain level of scoring bias in a rally at least as well
as winners do; however, the scoring rate is low and
losing rate is high because of the poor performance of
the shots after the service.

Suggestions for the methods of performance analysis

Based on our results, we suggest that the
performance oftable tennis players should be analysed
according to each separate shot number, particularly
up to #4. The method proposed by Wu and Li (1992),
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which has been widely adopted in table tennis,
separates a rally into the following three phases: shots
#1 and #3, shots #2 and #4, and shots after #4. This
analysis method is reasonable for analysing players’
total performance of serving skill or returning skill;
however, the performance analysis would be more
accurate if we separate #1 and #3 and #2 and #4.
This is because the remaining level of scoring bias is
remarkably different among shot numbers up to #4.
Furthermore, unifying the shots after #4 was validated
to be reasonable in most cases in real life scenarios.
However, we should consider separating the shots
after #4 if we know important features that exist in the
latter phase of a rally.

Limitations of this study

The findings of this study should be considered
along with its limitations. As this study focused on
the average effect of the service in table tennis, the
scoring bias affected by the shots after the service
were analysed separately. In the rally of table tennis,
however, every shot may change the scoring tendency
and create the scoring bias. It should be noted that the
findings of this study are approximations calculated
under the ideal hypothesis that the losing rate of a
shot is static after the effect of the service became
significantly small. Moreover, the scoring bias affected
by service may change over time. In this study, the
period of time we selected the matches from was 2012
to 2016. As the techniques and tactics of table tennis
are constantly changing, the bias in scoring by service
will not necessarily be the same in the future. It is
necessary to study the scoring bias affected by service
at regular intervals in order to accurately analyse
table tennis matches and construct effective tactics.
In addition, it should be noted that it is very difficult
to analyse the variation in the effect of services at the
shots after #5through this research methodology. Since
offensive styles have become dominant in modern
table tennis, scores are often decided early in a rally.
Therefore, it is hard to collect enough information on
the long-lasting phase of a rally. Although we clarified
that a slight scoring bias could remain even after shots
#4, the variation of the effect of services after the
shots after #4 could not be mentioned.

CONCLUSION

This study investigated the level and length of
scoring bias affected by service in table tennis. We
found that services generate a low scoring phase at
the second shot and slightly high scoring phase at
the third shot. Moreover, the level of scoring bias was
revealed to become trivial at all shots after the third
shot, although a slight scoring bias could remain. The
scoring rate was estimated from the distributional
distance between the observed losing rate of each
shot number and the estimated losing rate. The
differences in scoring bias between male players and
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female players and between winners and losers were
also observed. In the gender comparison, the scoring
bias observed in male players’ matches was larger
than that observed in female players’ matches up to
the third shot. In the winner and loser comparison,
it was found that losers also use service effectively
and create a certain level of scoring bias as much as
winners do. Finally, we suggested that the performance
of each shot number should be analysed separately
up to the third shot.
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