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Abstract

In this paper we investigate the truth (more often the untruth) of seventeen commonly heard
statements about tennis. We base our analysis on point-by-point data of almost 500 singles matches
played at Wimbledon, 1992-1995, The seventeen hypotheses under consideration are:

A player is as good as his/her second service;

There exists a psychological advantage to serve first in a set;

Few breaks occur during the first few games in a match;

Serving with new balls provides a slight advantage,

In the 1995 Wimbledon Championships solter balls were used than in previous years. This

has resulted in less service dominance;

After a double [ault most players make sure their next first service is in;

An ace is worth more than one point;

Good players make sure their [irst service is in at game point or break point;

The real champions play their best tennis at the big points;

The 7th game is the most important game in the set;

All points are equally important;

After breaking your opponent's service there is an increased chance that you will loose your

own service;

13 Alfter missing break points in the previous game there is an increased chance that you will
loose your own service;

14 Afier winning a set there is an increased chance that you will loose the first game in the next
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set;
15 One break is enough to win the set;
16 In long matches the dominance of the service decreascs;

17 In the final set the player who has won the previous set has the advantage.

1 Introduction

The All England Croquet Club was founded in the Summer of 1868, Lawn tennis was first played
at The Club in 1875, when one lawn was set aside for this purpose. In 1877 The Club was re-titled
The All England Croquet and Lawn Tennis Club and the first tennis championship was held in July
ol that year. Twenty-two players entered the event which consisted of men's singles anly, Spencer
Gore became the first champion and won 12 guineas and the Silver Challenge Cup. In 1884 the
ladies' singles event was held for the first time, Thirteen players entered this competition and Maud
Watson became the first ladies' champion receiving 20 guineas and a silver flower basket. (William
Renshaw, the 1884 men's singles champion received 30 guineas and the Challenge Cup.) In 1922
The Championships moved from Worple Road to its current location at Church Road.? For more
than a century The Championships at Wimbledon have been the most imporlant event on the tennis
calender. Currently both the men's singles (MS) and the ladies' singles (LS) event are restricted to

* See Ridslle (1988) and Linle (1995) For some bistorieal details.
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128 players of which 16 are sceded.

“Because of television broadcasts, tennis has become a sport which is viewed by millions all over the
world. Many have ideas about tennis. In particular, most commentators hold strong ideas about, for
instance, the advantage of serving first in a set, the advantage of serving with new balls, and the
special ability of top players to perform well at the "big" points. In this paper we shall investigate
the truth (or more often the falsity) of seventeen such hypotheses. The hypotheses under

~ consideration are:

A player is as good as his/her second service;

There exists a psychological advantage Lo serve first in a set;

Few breaks occur during the first few games in a maich;

Serving with new balls provides a slight advantage;

In the 1995 Wimbledon Championships sofier balls were used than in previous years. This
has resulted in less service dominance;

After a double fault most players make sure their next first service is in;

An ace is worth more than one point;

Good players make sure their first service is in at game point or break point;
9 The real champions play their best tennis at the big points;

10 The 7th game is the most important game in the set;
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11 All points are equally important;

12 After breaking your opponent's service there is an increased chance that you will loose
your own service;

13 After missing break points in the previous game there is an increased chance that you will

loose your own service;
14 After winning a set there s an increased chance that you will loose the first game in the next

set;
15 One break is enough to win the set;
16 In long matches the dominance of the service decreases;

17 In the final set the player who has won the previous set has the advantage,

A match at Wimbledon in the men's singles lasts, say, two-and-a-half hours. The effective time-in-
play for one point is about 5 seconds. With 6 points per game, a game lasts 30 seconds. With 10
games per set, a set lasts 5 minutes, With 4 sets per match, a match lasts only 20 minutes. The
remaining two hours and ten minutes are to be filled by the commentators. It follows that they play
a major part in the broadcast. But are the idées reques of the commentators correct? This is what we
shall find out in this paper.

In Section 2 we discuss the data and test Hypothesis 1. Section 3 deals with the advantage, if any,
of serving first in a set (Hypotheses 2 and 3). Section 4 discusses the effect of (new) balls
(Hypotheses 4 and 5). "Big points" are under investigation in Section 5 (Hypotheses 6-11), breaks

* Maguus and Klaassen (1996) considered three of the seventeen hypotheses inoa prebiminaey anadysis.
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in Scetion 6 (Hypotheses 12-13), und the final set in Section 7 (Hypotheses 16 and 17).
2 88,883 points played at Wimbledon

Due to the courtesy of IBM UK we have data on 481 matehes played in the men's singles and ladies’
singles championships at Wimbledon from 1992 w1993, This accounts for almost one half’
(481/1,016) of all singles matches played during these lour years. For each of these matches we
know Lhe exact sequence ol points, We also know at cach point whether the first or the second
service was in and whether the point was decided through an ace or double fault. In Table 1 we

provide a summary of the data,

Table 1 - Number of matches, sets, games and peoints in the data set,

Number of ... MS LS
Matches 258 223
Sets 950 503
Games 9,367 4 486
Points 59,466 29,417
Sets / match 3.68 2.26
Gumes / sel 9.86 8.92
Points / game 6.35 6.56

We have slightly more matehes for men than for women, but of course many more sets, games and
points for the men's singles than for the ladies’ singles, because the men play lor three won sets and
the women for two. The men play fess points per game than the women, becuuse the dominance of
their service is greater, But the women play less games per set on average (scores like 6-0 and 6-1
are more common in the ladies' singles than in the men's singles), because the dilference between
the seeded and the non-seeded players is much greater. Both men and women play about 60 points
per set. The men play on average 230 points per mateh, the women 132,

All malehes in our data set are played on one of the live "show courts”, The show courts are Centre
Court and Courts 1, 2, 13 and 14, This causes an overrepresentation of matches in which seeded
players are involved. In reality, both in the men's singles and in the ladies' singles, 508 matches were
played over the four years. In the men's singles, 27 maiches were played between two seeded players
(26 in our data se(), 184 between a seed and a non-seed (158 in our datu set) and 297 between two
non-seeded players (onfy 74 in our data set). In the ladies’ singles, 30 matehes were played between
two seeds (29 in our data set), 197 between a seed and a non-seed (152 in our data set) and 281
between (wu non-seeds (only 42 in our data set). This shows that matches between two non-seeded
players are seriously underrepresented in our data set. For example, of the 152 [irst-round matches
over four years beltween two non-seeded players, only 34 (22%) were played on one of the show
courts in the men's singles and only 24 (16%) in the ladies' singles.

IR



In order to account for this selection problem and avoid too much averaging, we shall usually
distinguish between the 16 seeded players and the others, the non-seeded players. Tables 2A and 2B
provide information about the number of matches (and sets) of seeded against seeded (8d-Sd),
seeded against non-seeded (Sd-NSd), and non-seeded against non-seeded (NSd-NSd) players,

Table 2A - Division of sets over sceded and non-seeded players: men’s singles.
Set Sd-8d Sd-NSd NSd-NSd Total
1 26 158 74 258
2 26 158 74 258
3 26 158 74 258
4 17 75 33 125
5 9 27 15 51
Total 104 576 270 950
Table 2B - Division of sets over seeded and non-seeded players: ladies’ singles,
Set Sd-Sd Sd-NSd NSd-NSd Total
1 29 152 42 223
2 29 152 42 223
3 9 36 12 57
Total 67 340 96 503

Taking men's singles and ladies’ singles together, the majority of the matches in our data set (about
64%) are between a seeded and a non-seeded player, about 24% are maltches between two non-
seeded players, and only 11% between two seeded players. A final deciding set ((ifth set for the men,
third set for the ladies) is played in 20% of the men's singles and 26% of the ladies' singles.

The service is one of the most important aspects of tennis, particularly al Wimbledon. In Tables 3A
and 3B we provide some ol its characteristics. In these and subsequent tables, Sd-NSd indicates a
malch of a seeded (Sd) against a non-seeded (NSd) player. The (irst player (Sd) is serving and the
second player (NSd) receiving. 8d-Sd, NSd-Sd and NSd-NSd are similarly defined.



Table 3A - Service characteristies: men’s singles,

Percentage of ... Sd-Sd Sd-NSd NSd-Sd | NSd-NSd Totul

Aces 11.8 11.1 7.7 7.5 9.1
Double taults 5.1 5.1 5.8 5.6 5.5
Points won on service 67.1 69.3 61.2 64.0 65.0
{st services in 58.7 59.5 59.6 59.8 59.5
2nd services in 87.8 87.3 85.7 86.1 86.5
Points won il Ist service in 77.8 78.2 70.3 727 74.2
Points won if'2nd service in 59.1 64.4 33.6 59.1 59.6
Points won on 1st service 45.7 46.5 41.9 43.5 44,1
Points won on 2nd service 51.8 56.2 47.7 509 51.6
Games won on service 86.1 89.0 744 80.4 81.8

Table 3B - Service characteristies: ladies’ singles.

Percentage of ... Sd-Sd Sd-NSd NSd-Sd | NSd-NS8d Total

Accs 3.2 4.2 2.5 3.0 33
Double faults 3.8 4.2 5.8 6.0 5.0
Points won on service 56.9 62.9 50.2 360.3 56.4
1st services in 65.6 61.6 60.6 39.8 61.5
2nd services in 88.8 89.2 85.2 85.0 86.9
Points won if st service in 62.5 9.6 56.4 63.0 62.8
Points won if 2nd service in 51.9 58.5 47.7 54.4 53.1
Points waon on 1st service 41.0 42.8 34.2 37.7 386
Points won on 2nd service 46.1 52.1 40.6 46,2 46.1
Games won on service 66.6 77.6 498 64.3 64.3

We see that the men serve almost three times as many aces as the ladies, but serve about the same
number of double faults: 5.3% in the men's singles, 5.0% in the ladies’ singles.”

In understanding the other service characteristics in Tables 3A and 3B, the difference between
"points won if 15t (2nd) service in" and "points won on st (2nd) service” is important, In the men's
singles, when two seeds play aguinst cach other, the Ist service is in 58.7% of the time. If the [st
service is in, the probability of winning the point is 77.8%. Therefore, in the men’s singles the
probability of winning the point on the st service is 0.587 * 0.778 = 0.457; see column | of Table
3A. Hence;

) Yepoints won on Ist service = (Yopoints won il Ist service in) * (% 1st serviees in), and ol

HThwe perecntigwe of aees s detioed as e atio ol dee aasther of iwes Wit o secomd servieed 1 the mmber of points served fader
Wi to the number of serviees),



course, the same for the 2nd service.”

The probability of winning a point on service is 65.0% (MS) and 56.4% (L.S), respectively. The
difference is 8.6%-points with a standard error of 0.35%.% The dominance of the service at point
level is thus signilicantly lurger in the men's singles than the ladies® singles, just as one would
expeel.” The service advantage is brought out even stronger when we calculate the probability of
winning a service game, which is 81.8% (MS) and 64.3% (L.S).* Hence, the service dominance at
game level is 17.5%-points (0.82%) larger in the men's singles than in the ladies” singles. This

significant difference makes the men's singles a very different game from the ladies' singles.

The pereentages ol [irst and second services in are remarkubly similar for the men and the ladies:
59.5% (MS) versus 61.5% (LS) fur the [irst service and 86.5% (MS) versus 86,9% (L.S) for the
second service. [lowever, the percentages of first services in are signilicantly different, whereas the
percentages of second services in are nol. Since the service-in percentage is something the player can
control (he/she could serve 100% first services in, but of course the quality of the [irst service would
suffer), the question can be raised whether the observed percentages rellect the best strategy. Il a
player knows the optimal service-in percentages against a particular opponent, he/she could try and
achieve these during the mateh, The guestion ol aptimal service-in percentages, which has potential
consequences for coaching and strategy, will be taken up in a subsequent paper.

Another question of interest, and one which can be answered with the available data, is what would
happen il the rules were ehanged and only one service was allowed rather than twa. This suggestion
is one of many currently under discussion, all of which aim at decreasing the dominance of the
service, thereby, it is hoped, making tennis more attractive [or the spectator. [T player has only one
service, this will be his/her current second service. Afier all, a player having only one service can
be seen as equivalent to a player having two services who has missed his/her first service. The
probubility of winning a puint then becomes 51.6% (MS) and 46.1% (1.8),” The consequence of this
change ol rule would thus be that the service dominance becomes very much smaller, In the ladies'
singles the service advantage would even turn into a service disadvantage!

Tables 3A and 313 make it possible (o test our (irst hypothesis.

P Combining [stnd 2 serviee, we also Live pala worn ot senvice 'Wpoints woi on Istservice o (% I serviee nal ) ¢
(Npaints won on 2nd service), For example, rom "Cable 3, st eolamm, 0.671 - 0,157 + (L0 - .387) 0514,

* Fromy now on i1 standind ervors se reponted, they will Lee displaged in brackets, Vhus, B0 0,859 indicates an estinnne of 8.6:%
with s stubind error of 0.5,

Do thits paaper “signilicont” nsans it e estimate is more B2 stamdaed ervors away o its Guget. For example, 8.6 12 standid
ervors gives an interval (2.9, 9.3 which does not include 0 henee we conchde dian the true wiknowa probabilities are ditlferent.

*"Phis i what Alefeld (98 1) calls the VernseirkugselleAn sy advantige st pomt level is anplified at game level.

B both pereentnes we abstract o selecion ellevts it are cused by the everrepresensaion ol plyers with @ vishy lst sewvice
or pligers that e i dned shiape, Fundwrowore, mder the new tile of onesservice-only, iU player decides always 1o use bisher old tist
{rather dun secondd serviee, e probability of wioning 3 poit ansenvice s only TET% INSY and SR (08).
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Hypothesis 1: A player is as good as his/her sccond service.

ow should we measure the quality of the 2nd service? Clearly not by the %2nd services in, because
this tells us nothing about the difficulty of the service, Neither by the %points won if 2nd service in,
because this tells us nothing about how often the 2nd service is in. The most appropriate measure
for the quality of the 2nd service is a combination of the two, viz. the %points won on 2nd service
as given in formula (1) (with 1st service replaced by 2nd service). Ironically, television broadcasts
inform us about %2nd services in and somelimes about %points won if 2nd service in, but never
about %points won on 2nd service.

In the men's singles, let us compare the matches Sd-Sd and NSd-NSd; see columns 1 and 4 in Table
3A. With some simplification, the players in these maitches can be considered to have the same
strength: they are either both good (NSd-NSd) or both very good (Sd-Sd). We see that the seeds win
significantly more points on 1st service than the non-seeds (45.7% > 43.5%), but that the estimated
probabilities of winning points on 2nd service are nol significantly dilferent. Hence a seeded player
distinguishes himself from a non-sceded player by having a better 1st service and not by having a
better 2nd service. Therefore, Hypothesis 1 is not supported by the Wimbledon data. The same is
true in the ladies' singles as can be verified from Table 3B.

There is, however, one important dilference belween the men's singles and the ladies' singles and
this relates to the quality of the 1st service. Referring to formula (1), the quality of the Ist service
is made up from two components: %poinis won if 1st service in and %1st services in. In the men's
singles the difference in the quality of the 1st service between seeded and non-secded players is
determined primarily by the %points won if 1st service in (77.8% is significantly larger than 72.7%),
while the difference in %1si services in is not significant. In the ladies' singles the difference is
determined primarily by the %1st services in (65.6% is significantly larger than 59,8%), while the
difference in the %points won if [st service in is insignificant,

After this preliminary discussion of the data, let us now discuss sixteen further ideas that are
commonly heard about tennis and analyse whether the Wimbledon data support these ideas or not.
The discussion of the remaining sixteen hypotheses is organised in five groups: serving first, new
balls, big points, breaks, and the final set.

3 Serving first

Most players, when winning the toss, select 1o serve. Is this a wise strategy? This depends on
whether or not you believe our second hypothesis.

Hypothesis 2:  There exists a psychological advantage to serve first in a set.
The reason for the advantage, if it exists, would be that the player who receives in the first game is

usually one game behind and that this would creale extra stress. Let us investigate whether there is
any truth in this hypothesis.
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Our first caleulations seem to indicale that Hypothesis 2 must be wrong, Overall only 48,3% of the
sets played in the men's singles are won by the player who begins to serve in the set. In the ladies'
singles the percentage is even lower: 47.5%, The standard errors of the two estimates are 1.6% and
2.2%, respectively. Therefore, neither of the two percentages is significantly different from 50%, but,
il anything, starting to serve would appear to be an disadvantage rather than an advantage. If we look
at the sets separately, then we see that this finding (starting to serve is a disadvantage rather than an
advantage) seems to be (rue in every set, except the first. In the men’s singles the estimated
probability of winning a set when starting (o serve is 54.7% in the first set and 45.0%, 45.0%, 48.8%
and 49.0% in the second to {ifth sets, respectively. Thus. all estimated probabilities are less than
50%, except for the first set.

Exactly the same phenomenon oceurs in the ladies' singles. There the probability that the player who
starts to serve also wing the set is estimated to be 51.1% in the first set, 45.3% in the second set and
42, 1% in the third set. Therefore, if there is any truth in Fypothesis 2, it would seem to be only in
the first set.

However, in analysing this hypothesis, we need to realise that the player who starls to serve in a set
(if'it is not the first set) is usually the weaker player. This is so, because of a combination of two
factors. First, it is likely that the stronger ol the two players won the previous set. Secondly, it is
more likely that the last game of the previous set is won by the server of that game than by the
receiver, 5o that a sct is won by serving lor the set and winning the game, {n which case the looser
ol the set begins to serve in the next set. Henee, in all sets except the first, the above percentages are
less than 50% not because there is a disadvantage {or the player who serves first in a set, but more
likely because the server in the first pame is usually the weaker player. A proper analysis of
Hypothesis 2 should tuke this into account. Hence, in Table 4A we consider a player in the men’s
singles who has vwon the previous set and compare the estimated probability that he wins the current
set when starling to serve with the estimated probability that he wins the current set when his
apponent starls to serve.

Table 4A -Estimated probabilities of winning a set after winning previous set: men’s singles.
S: starts serving; R: starts receiving,

Sd-S8d Sd-NSd NSd-Sd NSd-NSd Total
Set S R S R S R S R S R

462} 538 807 786 214 193 58.1| 419} 547 453
600 524 829 788 167| 308 680 694 | 7l4]| 663
800 750 727 763} 66.7| 409)| 773 71.2( 739 70.0
200 50.0f 733| 70.0( 263 333 70.6]| 625| 51.8| 33.6

0.0 125 667 857 250| 385] 500 714 43.8| 486
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For example, iFa seeded (Sd) player has won the fiest set against o noneseeded (NSd) player, then
liis probability of winning the seeond set is estimated us 82.9% when he (the seeded player) beging
to serve and as 78.8% when his opponent hegins o serve, OF course, there is no set previous to the
first and hence the probabilities in the first row are simply the (unconditional) probabilities of
winning the first set. The same probubifitics, estimated for the fadies™ singles, are provided in Table
4.

Table 4B -Estimated probabilities of winning a set alter winning previous set: ladies” singles.
S: starts serving; R starts receiving,

Sd-5d Sd-Nsd Nsd-Sd NSJd-NSd Total
Set S R b 13 S 13 5 R S R
| 62.1 3791 718 K3 16.2] 28271 66.7 3331 511 48.9
2 63.601 7221 8RO 897 3081 333| 700 727} 734 752
3 4001 250 7001 846 0.0 43 7500 875 480} 0625

Vet us consider the [rst three sets in the men’s singles and the Tirst two sets in the ladies” singles,
because the ather sets have relatively few observations and henee lurge standard errors.’ There is
some indication that in the men’s singles there is an advantage in serving first and hence that
Hypothesis 2 is true: the overall probability of winning a setalier winning the previous sedis higher
for the player who begins to serve than for the player who begins (o receive. The dilference is 9.4%-
points (6.2%) in the first se(, $.1%-points (6.2%4) in the second set and 3.9%-paints (5.9%) in the
third set. These results are not significant and the dilferences are not positive for all Jour sub-
categories (Sd-Sd, SU-NSd, eleetera), but they do give some support 1o the hypothesis, especially in
the first sel.

In the fadies™ singles there is no such support. The probabilily of winning the first set is higher, but
nut signiticantly so, for the pliyer who begins to serve than [or the player who begins to receive (the
difTerence is 2.2%-points with a standard error ol 6.794), but the probubility of winning the second
selafter winning the first is tower, again not signilicantly so. for the player who begins to serve than
for the player who begins o receive (the differenee is 1.§%-points with o standard error of 5.9%).
Henee in the [adies” singles no conclusion can be deawn fram the data either in favour or aguinst
Hypothiesis 2.

There is only one resull that seems (o be reasonably robust and that is that in the first set of a malch
there is an advantage in serving first, But why should the irst set be different from the other sets?
Maybe his is because fewer breaks oceur in the [irst few games ol a match.

UM ervover, dnseds Dand 3 e men®s sigles s et i e Lidies” singles one wonld esprect the plavers 1o e o crpually
mtelwed B inthe sdier sets, Phis s cefleeted i Cables £3 ad 13 see abo Tabiles 18070l 780 Compinison Liemween sets
L= amnd sers =5 v the owvete's sivghes G eoeeadly bewsven sets 82 i et St Laehes' e i consplisied by this "seleenon vl ®,
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Hypothesis 31 Few breaks oceur during the first few games in a match,

The idea behind this iddde regue is the following. Suppose your opponent begins to serve. n the [irst
game you are nol under much pressure to breuk your opponent’s service, Instead you use this game
(and possibly his/her second serviee gume as well) to read your opponent's steategy, geta feeling lor
his/her strenpths and weuknesses and settle down, In fact, this may be a good strategy. But is it?
Hypothesis 3 can be examined using Table 3.

Table 5 - Estimated probabilities of winning a service game.

Sd-Sd Sel-NSd NSd-8d | NSd-NSd Total
M st gdme in match 96,2 92.0 74.3 89.2 86.8
S 2nd pame in match 80.8 87.1 73.9 85.1 81.4
{5t sel 90.3 90.3 74.2 82.8 83.4
Match 86.1 89.0 744 80.4 81.8
[.S | Tst game in mateh 72.4 84.6 554 714 70.9
2nd game in match 62.1 71.6 51.3 66.7 62.3
15t set 68.4 77.3 51.6 66.4 65.4
Match 66.6 77.6 49.8 643 6.3

The overall probubility ol winning a service game is 81.8% (0.4%) in the men's singles and 64.3%
(0.7%) in the ladies' singles. The probability of winning a service game in the lirst set is higher,
namely 83.4% (0.7%) in the men's singles and 65.4% (1.1%) in the ladies’ singles. The reason why
the probability in the first set is higher is entirely due o the eifect ol the first game in the match. The
probability that the server wins the [irst game is 86.8% (2.1%) in the men's singles and 70.9% (3.0%)
in the ludies' singles. This is 5.0 percentage points higher than the mateh average in the men's singles
and 6.6 percentage points higher in the ladies' singles. The standard errors of these difterences are
2.1% und 3.1%, respectively, and hence bolh results are statistically significant. This "first game
elfect” exists only in the very first game of the match, In the second game it has already disappeared.
Hypothesis 3 thus appears to be true, but only for the very {irst guine.

Our conclusion is that, in general, serving (it in a set may provide a slight advantage in the men’s
singles, but not in the ladies® singles. However, in the first sel there appears to be an advantage in
serving [irst. The reason for this advantage can be completely accounted for by the "first game
effect™: fewer breaks oceur in the [irst game of the match. This effect exists both in the men's singles
and in the ladies' singles. Because of the "first game effect” it is advisable for most players 1o select
to serve when they win the toss.
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4 New balls

Tennis as a game has a long history which goes back to the Greeks and Romans. But it was not until
1870 that it became technically possible to produce rubber balls which bounce well on grass. Since
then the qualily ol the tennis balls has graduaily improved. Amateurs happily play two ar three
matches with three balls. The prolessionals, however, are more demanding, At all professional
tournaments six new balls are provided aller the [irst 7 games (to allow for the preliminary warm-up)
and then alter every 9 games. All commentators and many spectators believe that new balls are an
advantage (o the server. But is (his true? And, il so, what does the advantage consist of?

Hypothesis 4: Serving with new balls provides a slight advantage,
Let us consider Tuble 6.

Tuble 6 - Service characteristics depending on the age of the balls.

Percentage of ... 1 2 3 4 5 6 7 8 9 {Totul

MS |Aces 10.0] 89 9.1 89 9.1} 9.1| 89| 94| 85 9.1
Double faults 59 54| 5.8 59 531 35 51t 49 51 55
18t services in 58.6] 39.3] 58.5] 58.9| 59.0| 39.9] 60.3] 60.3] 60.9] 59.5
Games won on 83.3] 82.3| 81.6] $2.0f 82.3| 81.3| 81.8| 81.3] 80.5| 81.8
service

LS |Aces 28] 3.2 3.6 3.1 3.3] 327 3.6 3.7 28 33
Double laults 6.0 471 53] 4.7 5.7 44) 5.1 490 4.7 5.0
Ist services in 3900 62.6f 61.91 60.5] 60,1} 61.6) 62.6] 63.7] 61.4] 61.5
Games won on 63.4| 642 65.6| 64.8] 63.7] 63.1| 67.2| 63.8] 62.1] 64.3
service

The age of the balls is indicated from | (new balls) to 9 (old balls). During the five minutes of
warming up before the match begins, the same balls are used as in the lirst 7 games. Thus it makes
sense o set the age of the balls in the first game at 3. 11 the hypothesis were true, the probability of
winning a service game would decrease with Lthe age of the balls, 1 we look at the men's singles, we
see that the estimated probability of winning o service game is 83.3% when serving with new balls
(age=1) and 80.5% when serving with old balls (age=9). Although the difference is not signilicant,
it seems to indicate that there might be an effect, at least in the men's singles. In the first game with
new balls, the server produces more aces and more double faults, his first service is less frequently
in than in other games, but il'it is in, he scores more points on it, and on the whole he does better.
The reason for this, in all probabilily, is that the new balls are harder and less flufly (hence less grip)
than the old balls. The service is therefore less easy to control, resulting in fess first services in and
more double faults. However, i’ the first service is in, then it is faster and produces more aces. In
addition, the new balls make it more difficult for the receiver to hit a good return. So, even though
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less services are in with the new balls, the number of games won on service is higher. Table 6 shows
also that the possible "new balls" effect is evident only in the first game with new balls, After the
first game the players have become used to the balls again,

In the ladies’ singles too. less first services ure in and more double faults are produced in games with
new balls, even signilicantly so. However, in contrast to the men's singles, less aces are produced
and there is less service dominance than in the average game, Like in the men's singles, the new balls
make the [irst service go faster and less easy to control, But unlike in the men's singles, the service
is still not sulTiciently fast to cause problems lor the receiver.

We now turn to anather aspeet of the balls. A major discussion in tennis concerns the service
dominance and the efTect it has on the attraction of tennis. This, of course, is purticularly true on fast
grass courts such as Wimbledon. Many proposals have been made 1o reduce the dominance of the
service: making the net higher or the service court smaller, abolishing the second service, using
softer balls, 10 name just a few. The last proposal was put into effect at the 1995 Wimbledon
Championships.

Hypothesis §: In the 1995 Wimbledon Championships softer balls were used than in previous
years, This has resulted in less service dominance.

Before we can address Hypothesis 5, we need o know something about the weather, since this also
affects the balls. [T the weather had been very different in 1993 than in the three previous years, then
it would have been difTicult to make proper comparisons. The Wimbledon weather is documented
by Little (1995) who shows that the weather has not been very different in the four years of our
observations. In Table 7 the four years are compared through some service characteristics,

Table 7 - Service characteristies depending on the year of tournament.

MS LS

Percentage of ... 1992119931 1994 | 1995 | Total [ 19921993 | 1994 | 1995 | Total
Aces 87( 8.6] 9.10] 10.0} 9.1 3.2 3.5| 3.0 34| 3.3
Double faulis 4.6{ 5.5 Sty 6.1 55 42 Si 53] 54 5.0
Points won if Ist service in] 73.8] 74.0] 74.2| 74.8] 74.2| 63.2] 63.9} 62.9] 61.4] 62.8
Points won il 2nd service 59.3| 60.7] 58.9f 59.5 39.6] 52.4| 52.6] 52.0] 54.8] 53.1
in 82,1 82.11 81.91 81.1| 81.8| 65.0| 64.9| 64.3] 63.0f 64.3
Games won on service

At first glance the sofier balls seem (o have had an effect, The probability of winning a service pame
in 1995 was 81.1% for the men's singles, somewhat lower than the average over the four years which
is 81,8%. Similarly, in the ladies' singles the estimated probability was 63.0% in 1995 compared to
a four year average of 64.3%. A more careful investigation shows, however, that this decrease in

3



service dominance has little to do with the sofier balls, Over the last four years the service
dominance has gradually declined, both in the men's singles and in the ladies' singles. !’

The prime reason why the service dominance has declined is, we believe, that the return ol service
of many prolessional players has much improved. As a resull, the pressure on the server to take risks
has gone up. This is especially noticeable in the men's singles, where the server produces more aces
and more double fuults than in previous years and where, il the [irst service is in, he scores more
frequently. Since on the whole the number of service gantes won has decreased in the men's singles,
it appears (0 be the case that both service and return ol service have improved, bul that the
improvement of the return of service dominates.

So, the service dominance seems to decrease somewhat even without special measures. The use of
sofler bails seems to have had no effect, at least not the balls used in 1995, If decreasing the
dominance of the service is deemed necessary, then stronger measures are called for. The most
obvious and most easy to implement measure is to abolish the second service; see the discussion
following Tables 3A and 3.

5 Big points

Few readers would disagree that a point played at 30-40 in a game is more important than, say, at
0-0. Similarly, a game at 4-4 in a set is more important than a game at (-1, And the (inal set is more
important than the [irst set. The question which concerns us in this seetion is whether players play
cach point "as it comes" or that they are alfected by what happened in the previous point (ace, double
fault) and/or by the importance of the point (break point, game point). Alter a double lault, are there
less aces and more [irst services in? Do players make sure their [irst service is in al break point or
game point? Do the “real champions” play their best tennis at the big points? These are the type of
questions which we shall investigate in this section. IT there are big points and if players don't play
each point as it comes, then clearly the points are neither independent nor identically distributed, and
this will have important consequences for the statistical modelling of tennis matches,

We begin with the question whether the points are independent, 1T they are, then Uie point following
a double fault or an ace should not be any dilferent from other points. A double fault in the men's
singles oceurs in 5.1% (0.1%) of the points when a sceded player serves and in 5.7% (0.1%) of the
points when 2 non-seeded player serves (seeded and non-seeded receivers taken together). In the
Iadies' singles, 4.1% (0.2%) for a seeded server and 5.9% (0.2%) for a non-seeded server, Hence,
seeded players serve significantly less double faults than non-sceded players. It would, of course, be
naive to think that the betler a player is, the less double faults he/she serves or that no double faults
is & sign of good play. The players at Wimbledon apparently believe that the optimal balunce
between loosing a point because of a double fault and loosing a point because of tog easy a second
service is to choose that amount of risk which leads (o about 5% double faults. Oune would think that
the opponent plays a role as well in determining the number of double faults. After alf, against a
weaker opponent one does nol have to take the same risks and this would lead to less double faults.

*Fhe relatively Jarge desvease i ihe peicentage of games won o sesviee o 1999 0 1905 s nat significant,



Interestingly, this effeet is negligible. A player serves about the same number of double faults,
whether his/her opponent is seeded or non-seeded; see Tables 3A and 3B,

Let’s now consider whether a double Faudt aftects the way a player serves in the next point. This is
one aspect of the question whether a point is played independently rom the previous point,

Hypothesis 6:  After a double fault most players make sure their next first service is in.

One hears this often and it makes sense, because players wish to avoid two consecutive double
faults, They would therefore take less risk by increasing the number of st services in and decreasing
the number of' aces. In the men's singles the percentage of Lst services in is 59.5% over all points and
59.7% afler a double fault. This difference is negligibly small. In the ladies' singles, however, the
percentage of 1st services ir “nereases significantly Irom 61.5% (all points) to 65.7% (after double
fault), On the basis of this result we would be templed to conclude that women are affected by a
double fault in the previous point, but that men are not.

Table 8 - Service characteristics of the point after a double fault (same server).

Pereentage ol ... Sd-8d | Sd-NSd | NSd-Sd NSd- Total All
NSd points

MS | Aces 10.9 9.7 7.6 6.4 8.2 9.1
Double faults 0.9 5.0 5.1 5.8 5.4 5.5
Points won on 65.0 68.8 61.9 64.0 64.8 65.0
service 60.6 554 62.2 60.7 59.7 59.5
st services in

LS | Aces 2.7 22 23 2.7 2 33
Double faults 2.7 5.2 5.8 4 , 5.0
Points won on 39.7 03.0 50.2 55.0 36. 56.4
service 69.1 63.3 67.2 62.1 65,7 61.5

st services in

However, the situation is not quite so simple, 1t is true that the women are affected by a double fault,
[I'we compare Tuble 8 with Table 313, then we see that in all four sub-categories the percentage of
aces becomes smaller after a double fault (especially when a seeded player serves against a non-
seeded player) and the pereentage of Tst services in becomes larger (especially when a non-seeded
player serves against a seeded player). In the men's singles too the percentage of aces decreases in
the paint following a double fuult in all sub-categories, although only marginally and not
csignificantly; see Tubles 8 and 3A. Also the percentuge ol Ist services in inereases in three sub-
Categorics. However, il a seed serves against a non-seed, the pereentage of It services in decreases
_Signil'xcamly aller a double fault (from 59.5% to 55.4%) rather than increases, ‘This is a somewhat
»puzzling result, since it indicates an increase in risk taking after a double fault, whereas the decline
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in the percentage ol aces indicates the opposite. Further data will be required to resolve this
contradiction. We conclude that lypothesis 6 appeurs 1o be true in the ladies' singles, but that we
are not canvineed about ity truth in the men's singles.

Still on the subject of independence ol points, et us now consider the point following an ace. In
general, an ace in the men's singles oceurs in 11.3%4 (0.2%) of the points when a seeded player serves
and in 7.6% (0.1%) ol the points when a non-seeded player serves, In the ladies' singles, 3.9% (0.2%)
for a seeded and 2.7% (0.1%) lor a non-seeded server, Henee, seeded players serve signilicantly
more aces than non-seeded players. The strength of the opponent matters a bit, especially in the
ladies' singles, but not much.

Unlike all other hypotheses in this paper, which are statements often heard from commentators and
other "experts”, the following is our own invention.

Hypothesis 7:  An ace is worth more thun one point.
Serving an ace obviously earns you one point. How can it earn you more than one point? It could,
if, lollowing an ace, the server has gained so much extra conlidence that he/she does significantly

better in the next point too. In other words, if serving an ace alfects the next point.

. ‘Table 9 - Service characteristics of the peiat after an ace (same server).

Percentage of ... Sd-Sd | Sd-NSd | NSd-Sd | NSd- Totud All
NSd points
MS | Aces 14,7 15.5 1.1 10.5 13.1 9.1
Double faults 4.5 52 3.9 5.1 5.3 5.5
Points won on 70.4 72.9 63.3 68.0 68.9 65.0
service 57.8 58.5 57. 58. 58.0 59.5

Ist services in

LS | Aces 4.6 7.7 3.5 5.1 5.7 33
Double faults 55 4.7 6.1 9.5 6.1 5.0
Points won on 51.4 63.8 49.0 59.9 57.3 56.4
service 59.6 54.4 a60.6 48.2 55.7 61.5

Ist services in

A comparison of Table 9 with Table 3 shows that, afler an ace, a player will take more risk and w
success: there will be more aces, less [st services in and, on the whole, more points won on servi
If Hypothesis 7 is true and an ace is worth more than one point, perhaps we can also say how mu
more it is worth. Indeed we can. In the men's singles an ace is worth 1.04 points and in the ludi



“gingles 1,01 points, o small inerease but not unimportant, especially in the men's singles, "
‘We next address the question whether points are identically distributed. So we don't ask what
happens in the point following another point (ace, double fault), but rather what happens af u
‘particular point. For example, at game point or breuk point, is it particulurly important to have your
- first service in?
Hypothesis 8:  Good players make sure their first service is in at game point or break point,
We shall consider [ypothesis 8 together will another hypothesis, possibly the best known of all,
Hypothesis 9 The real champions play their best tennis at the big points.
In this paper we will only discuss one ol many possible interpretations of this important hypothesis.
I we think of all break points as bip points (which is of course u draslic simplification), then
Hypothesis 9 can be interpreted as [ollows: Seeded players perform better at break points, whereas
non-seeded players do not.

Tables 10 and 11 will assist us in anatysing Hypotheses 8 and 9,

Table 10 - Serviee charaeteristics at game point.

Percentage of ... Sd-Sd | Sd-NSd | NSd-Sd NSd- Total All
NSd points
MS | Aces 1.9 12,9 10.3 9.0 10.9 9.1
Double laults 5.6 5.5 5.7 5.8 5.7 5.5
Points won on 65,0 69,7 62.5 63.7 65.4 65.0
service 36.9 57.1 58.4 57.2 37.5 59.5

It services in

LS | Aces 3.8 5.1 3.7 3.6 4.2 33
Double (aults 3.2 5.1 5.7 7.0 5.3 5.0
Points won on 56.0 063.9 50.0 58.4 57.5 56.4
service 66,4 58.5 60.7 59.9 60.6 61.5

L5t serviees in

* Far example, we have Tram Table 9, 1,00 0689 - 0,650 - 1039 i thie men’s singles,



Tale 11 - Service characteristics at break point.

Percentage of ... Sd=Sd ) SU-NSJ | NSd-Sd NSd- Totul All
NSd points

MS | Aces i1 104 5.8 5.8 7.4 9,1
Double tauhs 318 4.4 5.7 0.9 5.7 5.5
Points won on 63.0 9.5 58.0 60.9 62.2 65.0
service 618 61.0 60.8 57.8 60.1 39.5
Istservices in

LS [ Aces 4.1 32 2.0 1.8 2.6 33
Double faulis 29 il 4.5 6.2 4.3 3.0
Points won on 8.3 58.2 49,0 540 53.5 56.4
service 68.5 64.0 60.8 60.9 62.7 61.5

15t serviees in

First ol all, we deline a game point as one of the scores 40-0, 410-15, 40-30 and advantage server, but
unot, say, 30-40, even though the score is one point away lrom game. Comparison of Table 10 with
‘Tuble 3 shows thut Hypothesis 8 is wrong as lar as game points are coneerned. 11 anything, the
results point in the opposite direetion. At game point the percentage of st services in is 57.5% in
the men's singles (59.5% over all points which is sipnificantly farger) and 60.6% in the Judies’ singles
(61.5% over all points which is insignilcantly larger). We also observe more aces and slightly more
points won on service, Morcover, this holds for the men's singles as well as lor the ladies' singles.
Ienee, al game point, the server, being in o winning mood, takes more risks or the receiver tries less
hard, or both.

At break point, however, the server is, on the whole, more risk averse (see Table H) and achieves
aslightly higher pereentage ol Tst services in. Henee, Hypothesis 8 appears to be Fulse at game point,
but true at break point.

Breuk points are more important than game points lor both the server and the receiver. These are the
points where the seeded pluyer, on service break point down, would perform particularly well
(Hypothesis 9), for example by hitting an ace. If the seeded playcer, while serving, perfonms relatively
well under pressure (that s, at break point), this is not reflected in the number of aces, In the men's
singles the percentage of aces served by the secded player drops lrom {1.3% w0 10.6% und in the
ladies' singles from 3.9% 1o 3.5%. The drops are not significant, but they show that, if there is any
difference ut all, the seeded player serves less rather than more aces. The non-seeded player, when
serving at break point, also serves less aces, but this difference is significant: the men produce only
5.8% (0.4%) aces at break point compared 10 7.6% (0.1%) in general, while the women hit 2.0%
(0.3%) aces at break point compared to 2.7% (0.1%) in peneral.

This reduction in the pereentage ol aces reflects that, at break point, players make sure their st
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service is in (Typothesis 8) and hence take less risk. Both men and women also win signilicantly less
points at break point down than otherwise: 62.2% < 65.0% (MS) and 53.5% < 56.4% (L.S) (compiire
Tables 11 and 3). For the men, this difference can be solely atiributed 1 the non-seeded servers. We
aare tempted to conclude that it is not true that, when serving at break point, the sceded players play
“their best tennis, but rather that the non-seedued players play their worst, However, a more plausible
interpretation is that the seeded server, break point down, performs better and so does the receiver
(secded or non-seeded), and that these two improvements cancel. In contrast, a non-seeded server,
break point down, does nor perform better, while the receiver (seeded or non-seeded) does. So,
Fypothesis 9 appears to be true for the men. [owever, not for the women, since in the ladies’
singles, somewhat puzzlingly. the ditference between 33.5% and 56.4% can be solely attributed o
(relatively) good play ol non-seeded reccivers,

Ilypotheses 8 und 9 are coneerned with the question whether players behave differently at particular
points in a game, in this case game point or break point. The next hypothesis is concerned with the
question whether players behave differently at a particulur game in a set.

Hypothesis 10: The 7th game is the most important game in the set.

We don't know the history of this “wisdom", but there is no doubt that many (and, in particular, many
commentators) believe it. We can measure the importance of o game in two ways, weighted or
unweighted. The unweighted importanee of a game in a set, assuming that the game oceurs in the
set, is delined as the probability that the server in that game wins the set given that he/she wins the
game minus the probubility that the server wins the set given that he/she looses the game.” " The
unweighted importance does not take into wecount that some games (like the 12ih) occur much less
frequently than other games (such as the lirst 6). The weighted importance takes this into account
by deflining weighted importance as unweighted importance times the probability that the game
oceurs,

Table 12 - (Un)weighted importance of each game in a set.

| 2 3 4 5 6 7 8 9 [ 10| 11| 12 [Mean

O 41,60 347 43.00 38.4) 34.7] 43.21 59.1{ 49.7] 56.9 44.1
0 41.6) 34.7) 43.0] 37.6{ 31.2 33.6 32.70 142 16.2] 39.3

w2

MS Unweighted | 33.91 32.6( 3
Weiphted 339 32.6 3

—d

.S {Unweighted | 37.7) 41.1] 40,1} 34.3] 34.50 41.3| 30.8] 42.1| 34.0 52.4] 58.5) 53.1{ 42.4
LWcighlcd 37.7) 41.1] 40.1) 34.3] 3:.5) 41.3] 36.6 31.6) 18.9 19.3] 9.3 8.4 39.7

“:As Table 12 shows, Hypothesis 10 is clearly nonsense. Unweighted, games 10 and 12 in the men's

i fapp . . . . . . . .

I we bl dlelinesd the mnweighed imporagee ol aogune inasetas te probability et e seever o it ganse wins the set given
i hesshe wins the e, en we woubd net Yive sben aceonnt of de B, whier the St ser, ot ganes usially the playey win
Flhe previous set {often the weaker player} seives, See e disetssion at Hypothesis Y

By - . . s
S Hle tie-lreak e gannes wlier 66 in e Gal setae not comsidered io Paile 12,

e
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singles and games 10, 11 and 12 in the ladies’ singles are the most important. There is no indication
that the 7th game plays a special role, Since the 10th, 11th and 12th games don't occur as frequently
as the [irst 6 games, their weighted importance is rather less. Weighted, the 7th game does not play
a special role either. 1 anything, the 6th pame is more important, both in the men’s singles and in
the ladies” singles, although this result is statistically insignificant. Hence we reject Hypothesis 10,
Up to now we have assumed that big points exist. But do they?

Hypothesis 11: All points are equally important.

‘The previous discussion makes it plausible that not all puints are equally important and that the
players (especially the non-seeded players) behave dilferently at break points. We have one further

picce of evidence, which is presented in Tuble 13,

Table 13 -Two measurcments of the strength of 3 seeded player relative to a non-seeded player.
(P (Pnsa) is the estimated probability of seeded (non-seeded) player winning a point on service

versus a non-seeded (seeded) player.)

MS LS
Set Pya-Prsa Sd wins set Pgy-Prsa Sel wins set
1 9.3 79.7 1.3 77.6
2 8.9 78.5 4.4 84.2
3 7.3 69.6 11.0 83.3
4 7.3 70.7 - -
5 4.3 704 - -
Total 8.1 75.0 12.7 81.2

We can measure the strength ol a seeded player relutive o o non-seeded player by Pyg - Pysy, where
Pgy denotes the estimated probability that the seed wins a point while serving against a non-seed and
Pasg denotes the estimated probability that the non-seed wins a point while serving against a seed.
The probabilities for all sets taken together are given in Tables 3A and 3B above. For the men, Pgy
=(9.3% and Pynsg = 61.2% and hence Poy-Prgy = 8.1%, whereas for the women Py = 62.9% and Pygy
= 50.2% and hence Pyg-Pagg = 12.7%. The dillerence between seeds and non-sceds is thus greater
in the ladies' singles than in the men's singles, not surprisingly. There is a second way to measure
the difference in strength, namely the estimated probability that the seed wins a set [rum the non-
seed, This is 75.0% in the men's singles and 8(.2% in (he ladies’ singles and we reach the same
conclusion. In Table 13 we present these two measures by set.” We see that the difference in
strength between a seeded and a non-seeded player (as measured by Pyy-Pusy) decreases gradually
in the men's singles, but not in the ladies' singles. However, in both the men's singles and the fadies'
singles, the difference in strength is least in the final set (4.3% in the MS, 11.0% in the LS). This is

U Comyproe Taliles 170 and 178 in Secion 7,
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what we would expect, In the deciding final set we don't expect a lot of difference in strength any
more, even though a seed und a non-seed play each other. Now a curious phenomenon occurs. Even
though, in the {inal set, the number of points wan by the seed is not very much larger thar of the
non-seed, the seed still has a very much larger chance to win the final set. And this is true both for
the men and for the women. There is only one possible explanation, and that is that the seeds play
the important points betier (or equivalently, that the non-seeds play them worse). We conclude that
not all points are equally important and that the non-seeds have particular problems playing them.

6 Breaks

The server is expected (o win his or her service game. If he or she fails to do so, this is considered
serious in the ladies' singles and disastrous in the men's singles. A game won not by the server but
by the receiver is called a "break”, In the men's singles breaks occur 18.2% of the time, in the ladies'
singles 35.7%: sce Tables 3A and 3B. The better the players, the more serious it is to be broken.
When two seeds play each other, breaks aceur in 13.9% of the games in the men's singles, 33.4%
in the ladies' singles. When two non-seeds play apainst each other, breaks occur more often: 19.6%
in the men's singles and 35.7% in the ladies’ singles.

Most people believe in the "break-rebreak" clfect, which is our next hypothesis.

Hypothesis 12: After breaking your epponent's serviee there is an increased chance that
you will loose your own service.

In the previous section we discussed the independence of points and we illustraled the suspected
dependence by asking whether the point (ollowing a double fault or an ace is any different from ather
points. We decided that there are indications that it is. Hypothesis 12, however, relates to the
independence of games,

Table 14 -Estimated probabilities of winning a service game depending on what happened in
the previous game (same set).

Previous game Sd-Sd SU-NSd | NSd-Sd NSd- Total
NSd

~'M | Break 86.9 87.2 73.9 83.0 83.3
{8 | Break point(s), but no break 87.7 91.8 71.0 75.3 80.7
No break point 85.4 89.0 75.2 80.1 81.6
All games 86.1 89.0 74.4 80.4 81.8
Break 67.4 71.6 51.3 66.7 68.3
Break point(s), but no break 61.3 75.2 49.3 49.4 60.4
No break point 66.6 78.0 48.6 66.0 62.0
All pames 66.6 77.6 49.8 64.3 64.3
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Referring lo Table 14, {ypothesis 12 appears, at {irst sight, to be wrong. Qverall, the probubility ol
winning a service game increases rather than decreases aller a break, in the men's singles from 81.8%
1o 83.3%, in the ladics' singles from 64.3% to 68.3%. The increase is 1.5%-points (1.0%) in the
men's singles and 4.0%-points (1.4%) in the ladies' singles, hence somewhat marginal for the men,
but highly signilicant for the women.

The reader may protest by arguing that we should only consider matehes between players of equal
strength, SU-8d or NSA-NSd, beeause with players of unequal strength (Sd-NSd and NSd-Sd) it is
1o be expected that the stronger player often breaks the weaker player and then goes on to win his/her
own service game, whether [ypothesis 12 is true or not, This event could dominate in the aggregate
ltgures described above, so that (hese are no true indications of the opposite of Hypothesis 12,
However, even il" we constrain ourselves to matches between players ol equal strength, then
Iypothesis 12 is still incorrect, as “Table 14 shows, Ilence, our conclusion is unchanged: after a
break, the players are more, vather than less, likely to win their service game. Thus, although
Hypothesis 12 is based on the beliel that, in the game lollowing a break, the winner takes it a bit
casier and the looser trics a bit harder, apparently, what happens is just the opposite. The winner
pains in conlidence and the looser gets shghtly discouraged.

Next, we suppose that in the previous game no break has occurred, but that the receiver had a pood
changce to break because he/she had one or more break points. The receiver did not capitalise on these
break points and this may have discouraged him/her.

Hypothesis 13: After missing break points in the previous game there is an increased chanee
that you will loose your own service.

Table 14 shows that this hypothesis has some support. The probability ol a break js higher than usual
(1. 1%-points higher in the men's singles, 3.9%-points higher in the ladies' singles), bul nat
significantly so. The “discouragement effect" is particularly strong when two non-seeds play against
cach other. There the probability of loosing a service game after missed break points in the previous
pame increases by 5.1%-points (2.8%) in the men's singles and a spectacular 14,9%-points (5.9%)
in the ladies’ singles. This adds support to the idea that sceded players are not only technically but
also mentally stronger than non-seeded players. They don't let themselves be discouraged and are
less affected by what happened in the previous point or game.

Where Hypotheses 12 and 13 concern two consecutive games in the same set, the next hypothesis
concerns the {inal game (possibly a tic-break) in one set and the first game in the next set,

Hypothesis 14: After winning a set there is an increased chance that you will loose the first
game in the next set.

The idea is the same as in [ypothesis 12, The winner of the set is happy to relax while the looser is
anxious to make an early break in the new set. But again, maybe the opposite is the case: the winner
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‘Jias gained conlidence and performs even better than belore?

Table 15 - Lstimated probabilities of server winning first game and other games in a set
depending on who won the previous set.

Sd-Sd | Sd-NSd | NSd-8d | NSd- Totad
NSd
M | Fiest game after current server won 85.7 88.3 75.6 86.1 85.2
15 set 84.2 87.8 71.4 774 77.6
lost set 85.6 89.6 77.2 85.0 85.7
Other games afler current server won 83.4 85.6 73.6 73.4 76.8
set
lost set
1.S | First game alter current server won 68.7 76.7 63.2 66.7 71.4
sel 68.2 67.9 49.4 46.7 54.7
lost set 69.4 §1.0 50.0 69.8 71.8
Other games afler current server won 59.6 71.1 46.9 57.1 35.0
set
lost set

Some care is required interpreting Table 15, Comparing rows 1 and 2, we see that the probabilities
in row 2 are always lower than in row 1 (and similarly, rows 3 and 4, 5 and 6, 7 and 8). This shows
that a player in the men's singles who serves in the {irst game of the new set is more likely to be
successlul if he won the previous set than il'he lostit. This is not surprising, because il he won the
previous set he is probably the beuer player, What we should compare is rows 1 and 3, 2 and 4 for
the men's singles and 5 and 7, 6 and 8 for the ladies' singles. This will show whether the oulcome
of the previous set has an effect on the first game which differs from its effect on the other games
of the set. In other words, it will show whether the winner of the previous set will "take it easy" in
the first game or, on the contrary, is “ready for the kill",

Table 15 shows that neither is the case. The first game of a new set (with the exeeption of the first
game in the first set, see the "first game effect” discussed under ypothesis 3) is nothing special.
There are, however, two remarkable exceptions, both in the ladies' singles. The first is that a non-
seeded player, having won a set from a seeded player, appears to serve particularly well in the first
{ game of the new set (63.2% > 50.0%). The sceond exception is that a non-seeded player, having lost
a set against another non-seeded player, has a particularly small chance of winning her service in the
”‘l'u‘sl game of the new set (46.7% < 57.1%). These two exceptions are in harmony with the previous
’di‘scussion. Our findings strongly suggest a positive correlation between points (and games), that is,
{8 winning mood effeet™ ifyou do well in one point (game) you will also do well in the next point
game), This effect appears o dominate the often heard negative correlation ideu: if you do well

enk service, win a set, ete), don'l loose your concentration, because your opponent is going to hit
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back. Furthermore, the positive correlation is stronger with non-seeded than with seeded players.
Hence: The stronger a player is, the less is he/she affected by what happened in the previous points.
Our final hypothesis in this section is;

Hypothesis 15: One break is enough to win the set.

From one point of view this hypothesis is trivially true. Given thal there is one break in a set, the
player who has broken does not need a second break. One break is enough. What we mean, however,
ist IT you achieve the first break in a set, how confident can you be that you will win the set? After
all, you may be broken back.

For each set score (6-0, 6-1, etcetera), we have tabulated the relative frequency of the total number
of breaks. For example, 6-0 can only occur with 3 breaks. But 6-1 can oceur with 2, 3,4 or 5 breaks.
This leads to Tables 16A (men's singles) and 16B (ladies' singles).

Table 16A -Relative frequency distribution of the total number of breaks in a set for different
set scores: men’s singles.

Score 0 1 2 3 4 5 6 7 |Total
6-6 11.5 -l 6.0 -l 1.8 - 03 -1 19.6
7-5 - 4.2 -l 3.7 - 1.1 - 0.1 9.1
6-4 -1 179 -1 7.4 -1 1.5 -1 0.0 267
6-3 -t 1317 471 3.6 09 0.1 0.1 0.0{ 22.5
6-2 - -1 113 -l 1.2 - 0.0 -l 124
6-1 - - 6.1 1.8{ 02 0.0 - -1 8.1
6-0 - - - 1.6 - - - - 1.6

Total 11.5) 35.2] 28.11 18.0f 4.1 26| 04] 0.1}100.0

Table 168 -Relative frequency distribution of the total number of breaks in a set for different
set scores: ladies’ singles.

Score 0 1 2 3 4 5 6 7 8 9 10 | Total
6-6 0.4 -l 3.2 -l 2.4 - 1.2 - 04 -t 02| 7.8
7-5 -l 1.0 -l 24 -l 4.0 -1 08 -l 0.0 -l 8.2
6-4 - 52 -l 74 -l 74 -l 0.8 -l 0.0 -l 20.7
6-3 -l 44| 24| 54| 44{ 08| 1.6/ 02{ 0.0 - - 19.1
6-2 - -1 10.1 -l 7.6 ~ 1.2 - - - -1 18.9
6-1 - <] 821 64 22 04 - - - - -1 170
6-0 - - -l 83 - - - - - - -1 83

Total 0.4] 10.5] 23.9] 29.8] 16.5] 12.5] 4.0 1.8/ 04| 00} 0.2/100.0
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‘In the tables, cells with a dash (-) indicate score/break combinations which can not occur. For
‘example, the score 6-0 can not oceur with 0 breaks (only with 3 breaks). The score 6-6 contains all
“.ihe sets where a tie-break occurred and also the Sth (3rd) sets with scores 8-6, 9-7, etcetera. For the
sgcore 6-6 we count the number of breaks during the first 12 games only, In theory, a set could
" contain 12 breaks (even more in the final set), but in our data set the maximum number of breaks
is 7 in the men's singles and 10 in the ladies' singles,'®

Of the 950 sets observed in the men's singles there are 109 (11,5%) where each game goes with
service until the score 6-6 has been reached. In the ladies' singles it is extremely rare to reach 6-6
without breaks. Of the 503 sets in our data set there are only 2 (0.4%) where this happens. A score
of 6-0 is very rare in the men's singles (1.6%), but not so rare in the ladies' singles (8.3%). The most
common set score is 6-4 both for the men (26.7%) and the women (20.7%). In the men's singles, 1
break is the most likely; in the ladies' singles, 3 breaks is the most likely,

IT there are no breaks (which occurs only at the score 6-6), then we take this as evidence that one
break would have been enough. If there is 1 break, then clearly 1 break was enough. If there are 2
or 3 breaks, all by the same player, then we assume that 1 break would have been enough. In all other
cases ] break was nol enough. For example, at the score 6-4 with 3 breaks (2 for the winner of the
set, 1 for the looser), the second break [or the winner was necessary 1o win the set (without a tie-
break), so that T break was not enough. Adding up the nine relevant percentages gives 72.2% in the
men's singles and 46.4% in the ladies' singles. Hence, in the men's singles, it is true that usually 1
break is (or would have been) enough. In only 27.8% of the sets 2 or more breaks are required. In
the ladies’ singles, however, 1 break is usually not enough.

There is another way to consider Hypothesis 15, namely by estimating the probability that the player
who breaks first also wins the set. When two players of equal strength (both seeded or both non-
seeded) play against each other, the estimated probability of winning the set aller one break increases
from 50.0% to 85.4% in the men's singles and (0 74.1% in the ladies' singles. FHence, a break is more
important for the men than for the women, but for the women it also provides a substantial increase
in the chance of winning the set. When a seeded and a non-seeded player play against each other,
the probability that the seeded player wins a set is 76.1% (MS) and 81.2% (LS): the gap between
seeded and non-seeded players is larger in the ladies’ tournament than in the men's."”” If the seeded
player breaks the service of the non-seeded player histher probability of winning the set increases
from 76.1% 10 93.2% (MS) and from 81.2% to 94.9% (LS). Conversely, il the non-seeded player
breaks the service of the seeded player his/her probability of winning the sel increases from 23.9%
10 66.9% (MS) and rom 18.8% to 59.3% (L.8).

‘We now have two interpretations of Hypothesis 5. In the first interpretation we conclude that one

" Maleevi-Fraguiere beat Godridge 75, 2-6 i the third round, (992 OF de 12 games playesd i e seeand set until e tiedneak,
only 2 wene witls service,
" *Thie probubility il a seeded player wins @matel aginsd @ nonsseeded plager is B6.7% (MS) and BR8% (18), respuctively. The
~%‘l‘l"'-'l‘un(‘u ol 2 1%-points is simaller B the diflferenee st set level G %epuintsd, becuse the women play @ maxinmum ol 3 sets, while
e mey nplay i maximum ol § sets.
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break is enough in the men's singles, but not in the ladies' singles. In the sccond interpretati
conclude that one brealk is usually enough, both in the men's singles and the ladies' singles, b
it depends on who plays whom. If a seeded player breaks a non-seeded player, he/she is
cerlain to win the set. With two players ol equal strength, the player who breaks will win the s
out of five times, approximately. And il a non-seeded player breaks a seeded player, !
probability of winning the set increases to significantly more than one half, but there is
substantial chance that the seed will break back and win the set.

How can the two, apparently contradictory, results fur the ladies' singles be reconciled? The ¢
is that, cven though in the ladies' singles one break is usually not enough (three is the most cc
number of breaks), nevertheless the player who forces the first break will have a big adw:
Further breaks will usually oceur in the set (unlike in the men's singles), but the woman who
first is strong fuvourile (o win the sel. So, Hypothesis 15 is true for the men and both true ¢
true for the women. Most sets in the ladies’ singles require more than one breal, but the firs
gives a clear advantage in winning the set.

7 Thg final set

The final set (5th in the men's singles, 3rd in the ladies' singles) decides the mateh. Tension
and mistakes can be very costly. In the men's singles 19.8% of' the matches went to S sels
ladies' singles 25.6% went to 3 sels in our data set. There are a number of interesting qu
relating 1o the final set, For example, suppose a seed plays against a non-seed. You wish to |
the winner. AL the beginning of the matel, if no further information is available, the probabi
the non-seed wins is small: 13.3% (MS) and 11.2% (1.8). What is the probability at the be
of the final set? Is it now close (o 50%? The answer is that it is nol. Naturally, the probabiliti
increased, but only to 29.6% (MS) and 16.7% (1.S); see Table 13. At 2-2 in sets in the men's
itis therelore certainly not true that the chances are now even between the seed and the ne
The seed is still very much the favourite. This is even clearer in the ludies' singles. At 1-1 in:
seeded player still has a probability ol 83.3% o win the match!

Tennis matches can last for two or three hours or longer, The players get tired and th
possibly, their service becomes less powerful,

Hypothesis 16: In long matehes the dominance of the serviee deereases.
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able 17A - Estimated probabilities of winning a point on service: men’s singles.

: Set 8d-8d Sd-NSd NSd-8d NSd-NS8d Total
1 08.6 70.3 61.0 64.5 65.5
2 67.4 69.4 60.5 63.9 64.9
3 65.8 68.7 61.4 63.7 64.6
4 68.5 68.9 61.6 64.1 65.3
5 62.1 67.9 63.6 63.3 64.5
Total 67.1 69.3 61.2 64.0 65.0

Table 178 - Estimated probabilitics of winning a point on serviee: ladies® singles,

Set Sd-Sd Sd-NSd NSJ-Sd NSd-NSd Total
1 57.8 62.6 51.1 6.6 56.8
2 56,9 63.4 49.0 55.7 56.0
3 53.8 62,1 51.1 57.0 56.0
Total 56.9 62.9 50.2 56.3 56.4

Tables 17A and 1713 present the probabilities of winning u point on service, by set and sub-category.
We notice lirst that in the first 3 sets in the men's singles (first 2 sets in the ladies' singles) the service
dominance decreases slightly, but consistently. The reason cannot be that the server gets tired, so it
must be that the reeeiver gets inereasingly better aequainted with his/her opponent's service and thus
scores more points. Also, the number of aces decreases in the first 3 sets (9.7%, 9.1%, 9.0%) in the
men's singles and the {irst 2 sets (3.4%, 3.0%) in the ladies' singles,

Regarding ! fyputhesis 16, there is no support for the idea that the service becomes less dominant in
the final set, with the possible exception ol malches belween two seeds. But even there the more
likely explanation is not that the server gets lired, but that the receiver puts more energy and
concentration in cach point. Henee, the receiver gets better rather than the server gets worse.

We complete our discussion with another well-known idée reque.

Hypothesis 17: In the final set the player who has won the previous set has the advantage.

Let us consider l'able 18 which, in contrast (o previous tables, gives frequencies rather than relative
frequencies.



Table 18 -Frequency distribution of winning both 4th and 5th set in men’s singles (2nd and
3rd set in Iadies? singles). (B: snme player wins both sets; B,_: not same player wins both sets.)

Sd-Sd Sd-NSd NSd-NSd Tatal
Sd wins Nsd wins
4th (2nd) set 4th (2nd) set
3 B,_ B B,_ B B, B B,_ B B,_
M 1 8 8 2 6 11 9 6 24 27
S
LS 3 6 18 S 1 12 10 2 32 25

The number of observations is quite smatl: 51 final sets in the men's singles, 57 in the ladies' singles.
In the men's singles the probability that the sume player wins the fourth and fifth sets is estimated
10 be 47,1%. In the ladies' singles the estimated probability that the same player wins the second and
third sets is 56.1%. Given the small amount of observations, these percentages are not significantly
different from 50% and hence there is no ground for believing Hypothesis 17.

However, if we look at the sub-categories, then a pattern can nevertheless be abstracted (rom the
data. In the men's singles, the probability that the same player wins the fourth and fifth sets is
estimated to be 11.1% when two seeds play each other, 60.0% when two non-seeds play each other,
and 51.9% when a seed and a non-seed play each other. In the ladies' singles the estimated
probability that the same player wins the second and third sets is 33.3% when two seeds play each
other, 83.3% when two non-seeds play cach other, and 52.8% when a seed plays against a non-seed.
Even though the number of observations is small, there appears to be some pattern. When two seeds
play each other the winner ol the 4th (2nd) set will probably loose the match, especially in the men's
singles. When two non-seeds play each other, then the winner of the 4th (2nd) set will probably win
the mateh, especially in the ladies' singles. And when a seed plays against a non-seed, it is irrelevant
who won the 4th (2nd) set: the seeded player in the men's singles has an estimated probability of
70.4% (19/27) 10 win the match, in the ladies' singles of 83.3% (30/36), independent of what
happened in the 4th (2nd) set; see also Table 13, 1lence, there is some support for Hypothesis 17,
but only in matches between two non-seeded players.

This hypothesis concludes our attack upon the idées regues of tennis. We have attempted to
investigate a number ol commonly heard hypotheses, basing our analysis on point-by-point data of
almost 500 singles matehes played at Wimbledon during a period of four years (1992-1995). Many
of the hypotheses turn out to be false or only partially true and we hope that this will be of interest
to players, coaches, spectators and commentators of tennis,
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