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Introduction

Previous attempts to estimate production functions (defined
as the systematic relationships between inputs and output) for sports
have been based primarily on ice hockey, American football,
basketball and baseb&lhe relationship between output (or, in this
case, team success) and the relevant performance inputs into the
production process has been extended recently by J.A. Schofield to
cover English cricketFollowing this, the authors estimated
production functions for cricket in Australia and New Zealand which
allow, for the first time, international comparisons inside the same
sport! The present study concentrates on one-day and three-day
cricket in New Zealand. This will allow comparisons to be made
between different forms of the same sport in terms of the relative
importance of batting and bowling performance inputs and
differences in strategy relative to team success. The findings,
therefore, are particularly relevant to selection policy in a highly
competitive professional sport where teams ‘will prefer winning to
losing’.’ Indeed, if it is possible to identify the contributions of
different types of batting and bowling performance to team success,
this may have wider implications in terms of talent identification and
coaching objectives.

This research, by following the approach in the seminal study
of Australian and New Zealand cricket, is based on the only sports
production function in the literature specified withoat priori
assumptions about the functional form (which is the type of
mathematical/statistical relationship between inputs and output
expressed in a production function). Using the production function
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recently introduced by Bairdnthe authors explicitly test the
functional form. This, it is argued, will reduce potential specification
biases caused kyy priori restrictions generally imposed on production
functions to be estimated. It is strongly contended ‘that the functional
form should be determined by the data used and not the reseéarcher’.

The New Zealand Data

In New Zealand first-class cricket is played at the inter-
provincial level for the Shell Trophy. Games take place over three
days and allow for two innings by each team. Points are awarded for
an outright win, for a first innings lead and for a first innings draw
where the game might have been seriously affected by the weather.
The competition itself is played in two parts: the six provinces
involved play each other in a full first round and then play an
abbreviated second round of repeat games against three other
provinces for a total of eight games in a single season. The one-day
competition, for the Shell Cup, involves the same six provinces playing
each other once in a season of five gahhethese games, teams are
limited to one innings each of 50 overs and points are awarded for a
win only’

Data are taken from detailed results published in Shell
Cricket Almanack of New Zealarmbvering the 1982/83 to 1987/88
seasons. The survey could have been extended into the 1970s, but it
was decided to concentrate on those seasons when ‘bonus’ (or
performance) points were not included as a measure of team success
in three-day games. This avoids adding what Schofield refers to as
points earned ‘for occurrences other than victdily'.is possible,
therefore, to measure team success (or successful output) in two ways:
first, as the percentage of maximum possible points (or ‘points
percentage’) in a season and, secondly, as the percentage of games
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won (or ‘wins percentage’) in a season. Although Schofield uses both
measures, it was decided that ‘points percentage’ was much more
appropriate in the New Zealand context. The additional measure of
‘wins percentage’ is less likely to consistently reflect successful team
performance the fewer the total number of games in a séason.

The specific contribution of both batting and bowling inputs
to team success can also be measured in different ways. In the present
study, batting performance is measured by runs per completed player
innings and by runs scored per over. The former represents a team’s
batting average or, alternatively, a team’s ability to accumulate runs
relative to dismissals in an innings. The latter is a measure of the rate
at which these runs are accumulated in an innings or, rather, a
measure of attacking batting. Three different measures of bowling
performance are introduced, namely, runs conceded per wicket taken
(or a mix of attacking and defensive bowling), balls bowled per wicket
(or attacking bowling) and runs scored by the opposition team per
over (or defensive bowling). There are, obviously, other measures of
batting and bowling performance that might have been used in the
study. In fact, the plethora of statistics available in thecket
AlmanackandWisdenwould have allowed, for example, runs per balls
bowled, runs per hour or wickets per innings. However, the
performance measures that are included capture the special features
of both one-day and three-day cricket more than adequately.

The cricket purist, of course, would argue that there are other
player performance variables that are directly related to team success.
One of these is captaincy. Indeed, it is often suggested that a captain
plays a more important strategic role in cricket than in any other sport.
After all, ‘each game lasts too long, and its pace is too slow, for
excitement and intuition to achieve all or most of a team’s afms'.
Apart from motivating players, his control of field placings and his
careful manipulation of bowling changes contribute significantly to
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dismissals and act as a check on the opposition's run rate.
Furthermore, his decision when to declare an innings closed may
often be the critical difference between winning, losing and drawing
a three-day game. For example, Central Districts convincingly won
the Shell Trophy in the 1986/87 season with the highest percentage of
maximum possible points (or ‘points percentage’) of any Trophy
winner in the period covered in this study. Interestingly, MD Crowe,
the Central Districts captain, made more declarations in this season
than any provincial captain in each of the six seasons from 1982/83.
More specifically, he declared 75 percent of first innings and 37.5
percent of second innings (when the average declarations for all
teams over the six seasons was 31.0 percent of first innings and 25.7
percent of second innings). Unfortunately, the available data provide
insufficient information with which to measure all the intangible skills
of captaincy.

Again, a further dimension to team performance and success
is fielding. It is an integral part of bowling performance and has a
direct and vital bearing on the opposition’s ability to accumulate runs.
Unlike captaincy skills, fielding performance can at least be measured
by recording fielding dismissals (either as catches by fielders and
wicket-keepers, or as catches and run- outs) as a percentage of total
dismissals. However, statistical tests showed significant collinearity
(a linear mathematical relationship) between these fielding measures
and each of the bowling measures. Since this leads to
multicollinearity between the two inputs (where inputs are related so
that it is difficult to tell which of the inputs deserve credit for
explaining variations in output), the fielding measures had to be
dropped from the analysis.

The pooled data used for estimation purposes are normalised.
This is done by taking ratios of the variables used to their seasonal
means and multiplying the ratios by 100. Therefore, for each variable
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used, the seasonal average is 100. Consequently, team performance
in batting and bowling and team success in accumulating points (or
‘points percentage’) are measured relative to seasonal averages for
all the teams. This procedure, as Schofield points out, ‘serves to
standardise data for slight variations in means as between different
seasons, the result of random events such as differences in weather
conditions which can influence both output and input variables'.

The Model

The production functions to be estimated are variants of the
general type:
S =f(B,wW) 1)
where S = percentage of maximum possible points
B, = batting input i = 1,2
B, = runs per completed player innings (batting average)
B, = runs scored per over (attacking batting)
W, = bowling input j = 1,2,3
W, = runs conceded per wicket taken (bowling average)
W,= balls bowled per wicket (attacking bowling)
W, = runs scored by opposition per over (defensive bowling)

It is clear that equation (1) cannot be estimated unless one
makes explicit assumptions about the functional relationship between
the inputs and Schofield makes priori assumptions about the
functional form without carrying out any statistical tésts. this
study, the authors explicitly test which functional form is the most
appropriate and, for this purpose, use the following production
function introduced by Bairaf.
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(S -1)/A = A + o, [(Bi* -1)/A] + B[ (W,"-1)/A] (2)
whereo ~ <A< o', o >0 and3<0.°

Bairam has shown that, as longlast <1, equation (2) satisfies
all the requirements of a neo-clssical production function. In this
model, the elasticity of technical substitution between batsmen and
bowlers is defined by:

o = 1/(1-N) 3)
It is clear from (3) that:

o>0asA<l|

and

o<0asA>1

Consequently, as long as the functional form is restricted to
values of lambda no greater than unity (that is, as long as the
functional form satisfies the properties of a neo-classical production
function), equation (2) is a CES production function. Therefore, it is
obvious that in this moded depends upon the value of lambda
obtained from the data used for estimation purpBses.

The Results

For one-day and three-day cricket in New Zealand, equation
(2) is estimated using the specified batting and bowling input
measures and the appropriate maximum likelihood procedure in
SHAZAM computer packag®.The results obtained are presented
in Tables 1 and 2. It can be seen from the tables that all the estimated
coefficients have the correct signs (ie> 0,p,0, i = 1,2 and
j = 1,2,3). Furthermore, with the exception of twocoefficients in
Table 1, they are statistically significant at the 0.95 confidence level.
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Turning to the lambda values obtained, regardless of the input
measures used, the estimated equations reported in Tables 1 and 2
suggest the functional form can be approximated by a linear Miodel.
This implies that substituting a batsman with a bowler, or a bowler
with a batsmanis technicallyvery easy in both one- day and three-day
cricket.

These results raise a number of interesting issues in relation to
strategy and team selection for both forms of cricket in New Zealand.
For one-day cricket, the best strategy (that which maximises the
probability of winning) is the combination of attacking batting and
defensive bowling given in equation (6) in Table 1. This is similar to
Schofield’s findings for the John Player League and confirms the
conventional wisdom surrounding the one-day limited overs game.
Clearly, when the length of a team’s innings is based on a prescribed
maximum number of overs, the rate at which runs are scored
(attacking batting) is more important than the ability to ‘occupy the
crease’. Furthermore, where success depends simply on scoring more
runs than the opposition, irrespective of wickets lost by either team,
restricting the opposition’s run rate (defensive bowling) is more
important than taking wickets (attacking bowlifg)The results do
show that the second-best strategy for one-day cricket is batting
average (or a team’s ability to accumulate runs relative to dismissals)
and defensive bowling given in equation (3) in Table 1. However,
adding together the absolute values of the coefficients in equations
(6) and (3) in the Table, it can be seen that the probability of winning
markedly declines by nearly 24 percent by shifting from the best to
the second-best strategy. Moreover, choosing any of the other
strategy options would reduce the probability of winning still further
by 40 percent or more.



TABLE 1

THE CES PRODUCTION FUNCTION ESTIMATES:

ONE-DAY SHELL CUP CRICKET, 1982/83-1987/88

Batting Coefficients:

Bowling Coefficients:

A al a2 Bl B2 33 A R? o

(1) 108.54  1.12 -1.27 0.98 0.543 50.00
(2.40) (3.44) (-4.26)

(2) 97.65 1.20 -1.31 0.96 0.466 25.00
(1.93)*  (3.40) (-3.24)

(3) 111.54 1.36 -1.48 1.00 0.385 o
(1.46)* (3.72) (-2.21)

(4) 12171 1.07 -1.44 0.97 0.430 33.33
(1.84)* (1.73)* (-4.63)

(5) 124.49 0.98 - 1.49 0.95 0.320 20.00
(1.65)* (1.42)* (-3.25)

(6) 127.20) 1.62 -1.89 1.00 0.349
(1.31)* (2.32) (2.55)

Data Source: See text

Notes: Figures in parentheses are t-values; * indicates a coefficient not significantly different
from zero at the 0.95 confidence level.
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TABLE 2
THE CES PRODUCTION FUNCTION ESTIMATES:
THREE-DAY SHELL TROPHY CRICKET, 1982/83-1987/88

Batting Coefficients: Bowling Coefficients:

A a1 a2 B ) B3 A R2 o

(1) 78.52 081 -1.40 091 0.514 1111
(3.51) (2.96) (-4.56)

(2) 24.49 0.90 -1.61 0.92 0.426 12.50
(299)  (3.10) (-3.55)

3) 135.72 0.95 -0.84 1.03 0.368
(2.01) (3.51) (-2.91)

(4) 42.36 1.68 -1.41 0.96 0.467 25.00
(0.83)* (2.28) (-4.42)

(5) 46.73 2.13 -1.70 0.96 0.402 25.00
(0.61)* (2.80) (-3.70)

(6) -3.09 1.68 -0.69 1.03 0251
(-0.02)* (2.00) (-2.12)

Data Source: See text.

Notes: Figures in parentheses are t-values;intlicates a coefficient not significantly different
from zero at the 0.95 confidence level.
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Although the best strategy for both the Shell Cup and the John
Player League is clearly attacking batting and defensive bowling,
inside this strategy-mix bowling is undoubtedly the more important
of the two performance measures. In New Zealand, defensive
bowling is nearly 17 percent more important than attacking batting
and, furthermore, bowling measures are consistently and significantly
more important than batting measures whatever the strategy-mix. A
number of reasons might be suggested for this. First, the special rules
applied to one-day cricket (for example, the tighter control on field
placings, the stricter definition of ‘no balls’ and ‘wides’ and the
restriction on the number of overs allowed to each bowler) make it
that much more difficult for bowlers to adjust to this form of cricket
than is the case for batsmen. Indeed, one might argue that the very
essence of the limited over game is the exciting ‘chase for runs’ and
to guarantee this the game is deliberately tilted in favour of batsmen
rather than bowlers. Secondly, teams can expect one or more of their
batsmen to succeed; if one fails, others are capable of making a
positive contribution to the team total. For bowlers, on the other
hand, the mandatory 50 overs must be completed and it is difficult or,
sometimes, impossible to avoid using a bowler whose performance on
the day is below averadeThirdly, a batting side can pace itself over
50 overs and a flagging run-rate can be improved in a few overs. A
bowler, however, is limited to 10 overs, often on good wickets with
field placings not of his choosing, and he cannot afford the luxury of
a few bad overs. The pressure on a bowler to perform at a high pitch
throughout his bowling stint (and still contribute to fielding) is
considerable.

The estimated equations reported in Table 1 suggest that the
functional form can be approximated by a linear model. Therefore,
substituting a batsman with a bowler (or vice versa) is technically very
easy. The weight of evidence, however, would seem to indicate that
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selectionat the marginshould always lean towards a bowler and not
a batsman for one-day cricket. If, as is commonly the case, the
marginal selection is to be an all-rounder, the results point towards
picking a bowler who can bat a bit rather than a batsman who can
bowl on occasions. This is an interesting finding because it appears
to run counter to accepted selection policy for one-day games in New
Zealand? Detailed information on Shell Cup games shows that
although teams usually include four specialist bowlers, the rest of the
bowling is often carried by batsmen who occasionally bowl. Selection
policy that instinctively leans more towards batting than bowling
might suggest that selectors have been very slow to respond to
strategic differences in approach imposed by the one-day Yame.
For three-day Shell Trophy cricket, however, the best strategy-
mix is the combination of attacking batting and attacking bowling
given in equation (5) in Table 2. This is similar to Schofield’s findings
for the English County Championship and his arguments that ‘the rate
of scoring may be a more powerful influence on success than the
ability to occupy the crease’ and that ‘attacking bowling] skills are
more important than defensive skills’ can be applied equally to three-
day cricket in New Zealarfd. There is support for the view that
occupying the crease to amass large batting totals is not essential if
the opposition is dismissed cheaply and when captains adopt a
positive approach to declarations. In this latter situation, the slow
accumulation of runs in the first innings might delay a declaration to
the point where stalemate is inevitable. In the second innings, the
timing of a declaration depends so much on a run rate which achieves
that subtle balance between what is perceived as a realistic target of
runs required by the opposition to win, the time available for them to
achieve that target and the time needed to dismiss the opposition.
Furthermore, at some point in a three-day game (unlike a one-day
game) the opposition’s batsmen simply have to be dismissed in order



213 SPORTING TRADITIONS

to achieve a successful outcome. More importantly, if there are no
declarations, the opposition’s batsmen have to be dismissed twice in
order to win a three-day game. Defensive bowling as a strategy
option, therefore, is quite inappropriate. The second-best strategy
for three-day cricket, given in equation (4) in Table 2, is the
combination of attacking batting and bowling average (which is a
measure of attacking and defensive bowling). However, shifting from
the best to the second-best strategy again reduces the probability of
winning by 24 percent. Other strategy options would reduce the
probability ofwinning still further by 53 percent or more.

Inside the best strategy-mix for three-day cricket, attacking
batting is a little over 25 percent more important than attacking
bowling. This, to some, extent, may reflect the quality of New Zealand
wickets, which generally favour bowlefslt can also be argued that
attacking batting provides that tactical platform from which teams can
declare and then control and dictate the eventual outcome of a game.
Batting is really the critical element in three-day cricket; more often
than not, bowling is just a vital support component in the strategy-mix.
The information presented in Table 3 would seem to confirm this. In
the 1986/87 season, Central Districts convincingly won the Shell
Trophy with an inferior bowling performance to Otago, the
second-placed team, but with a vastly superior batting performance.
Similarly, Otago won the Shell Trophy in 1985/86 with a weaker
bowling performance than in the 1986/87 season but with a much
better batting performance. Therefore, given that the elasticity of
substitution is also relatively high for three-day cricket, the evidence
suggests thaat the marginselection should certainly favour a
batsman. If thenarginal selection is an all-rounder, he should be a
batsman who can bowl and not a bowler who can bat.



TABLE 3

A COMPARISON OF BATTING AND BOWLING MEASURES: CENTRAL

DISTRICTS AND OTAGO

Province/ Batting Bowling Percentage

Season of Maximum
Runs per Runs per Runs per Runs per Wickets per Runs concedBdssible
100 balls completed over hour balls bowled per wicket Points

innings taken

Central

Districts

1986/87 53.1 41.4 3.2 53.5 1:55.5 30.6 59.4

Otago

1986/87 48.7 24.3 2.9. 45.4 1:54.9 24.7 48.4

Otago

1985/86 52.6 34.1 3.2. 52.5 1:65.7 28.2 54.7

Data Source: See text.
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Conclusion

The estimated production functions for one-day and three-day
cricket reveal important differences in strategy and consequent team
selection in relation to successful performance (or output). Given the
relevant performance inputs, the strategy which maximises the
probability of winning is attacking batting and defensive bowling in
the Shell Cup and attacking batting and attacking bowling in the Shell
Trophy. Inside the ideal strategy-mix, bowling is relatively more
important in the one-day game and batting relatively more important
in the three-day game. Since substituting a batsman with a bowler, or
a bowler with a batsman, is technically very easy in both games, when
the choice rests between a batsman or a bowler, selettibe margin
should be a bowler in one-day cricket and a batsman in three-day
cricket. For both games, everything else being equal, the evidence
suggests that selection should favour forceful rather than timid
batsmen. In terms of bowling, however, strategy dictates that the
combination of bowlers for the three-day games need not be
appropriate for one-day gam@és.

The product in the professional sports industry has been
defined as ‘the game, weighted by the number of paying customers
who attend®”’ Moreover, recent research shows that the attendance
at one-day and three-day games is significantly influenced by the
current ranking of a team in its competition, or ‘team performance
and title chance&.Obviously, all the tactical nuances of the game
of cricket cannot adequately be captured in a single production
function, but this study at least provides some evidence of how teams
might achieve that level of performance and that degree of playing
success in what are manifestly two very different forms of cricket.
Although the approach adopted might be criticised for being
narrowly academic, it offers a clear insight into the relative
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importance of batting and bowling, team strategy and team selection
free from the euphoria that surrounds international sport.
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