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Abstract
I want to propose two methods separately for investigating cricket players' strategic behavior
and quantifying their performance. Over the years, researchers have made significant progress
in strategy investigation and performance evaluation of cricket players. Still, researchers have
barely researched strategic behavior change when players score near landmarks (score 50 or
100), and the current performance index is not accurate enough for quantifying players'
performance. Considering limitations appearing in related work, I would put extra effort into
furtherly investigating players' strategic behaviors when their score nears landmarks and derive
a more accurate performance index to quantify players' performance. The final project will help
amateurs understand whether individual incentives influence players' strategic behavior, and
clubs can use an improved performance index to gain commercial benefits by identifying and
recruiting eminent cricket players.
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1. Background
Cricket is one of the most popular sports in the Commonwealth countries such as Australia,
New Zealand, and England. It is the batting where two teams bat in innings. In each inning,
one team aligns 11 batsmen with protecting "wicket", three wooden stumps with two wood
pieces, while one given bowler from the other team tries to throw six balls to hit the "wicket".
If the given bowler hits the wicket or a shot from a batsman is caught, this batsman will be
dismissed, and another one will come to form a new pair. To win, batters in a team need to
score as much as possible before dismissal, while bowlers need to try their best to dismiss
batters of the opposition team (Awan et al., 2021).

Quantitative analysis of individual performance is essential for many aspects of real life. For
example, clubs gain commercial benefits by identifying eminent cricket players (Pérez-
Toledano, Rodriguez, García-Rubio & Ibañez, 2019). Apart from that, cricket amateurs can
identify outstanding players and weak players. Traditionally, people use average batting score
and average bowling score as one of the criteria for players' selection. However, this criteria is
not accurate because the variation of scores can be enormous. It means players' performance
is not stable, and players may frequently get a too high or too low score. In addition to that,
factors such as the skill level of the opposition team, weather conditions, and health
conditions can significantly influence the performance of players, and using such simple
criteria for players' performance evaluation is not accurate. Therefore, people try to use
different mathematic equations or statistical methods to quantify players' performance and
eliminate the influence caused by these factors.

The strategic behavior refers to the strike rate of batters. To win a match, the highest strike
rate does not mean the optimal strategic behavior because a high strike rate comes with an
increased risk of dismissal. Instead, the optimal strike rate depends on the match's score, the
batsmen's ability, and the number of batters left. In addition to these factors, individual
incentives can also influence batters' strategic behavior. When batters score near landmarks,
batters may reduce their strike rate to avoid dismissal and safely reach milestones (score 50,
100, or 200). Personal reputation and reward explain such change because the number of
landmarks achieved is an essential statistical summary for the career of batters, and batters
with eminent statistical summary usually get rewards such as fortune, reputation, and
opportunities. Therefore, to analyze the change of strategies, people use dynamic
programming to derive the optimal strategy behavior and compare it with actual strategic
behavior. Also, they verify whether individual incentives influence players' strategic behavior
by the statistical model (Lounge, 2021).

2. Related work
To evaluate the performance of cricket players, three methods, including moving range (MR)
control Chart, new performance measure, and novel performance metrics, derive
performance index or analyze the performance of cricket players. Firstly, researchers use
statistical charts to compare the performance of two batsmen, "Hashim" and "Sachin
Tendulkar" (Daniyal, Nawaz, Mubeen & Aleem, 2021). The main finding of this method
indicates that statistical charts can compare performance between players. Secondly, new
performance measures use mathematical equations to derive the performance index. The
main improvement of the performance index is that it considers the performance of
opposition batters or bowlers and involves their career average batting score or career
bowling score in the mathematical calculation (Shah, 2017). In such a way, it derives a more
accurate performance index to evaluate the performance of bowlers or batters and reduce the
influence caused by the skill level of opposition teams. Thirdly, Novel performance access the
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duel between batters and bowlers. In the usual performance evaluation system, the metrics
for calculating batters' performance are not the same as metrics for calculating bowlers'
performance index (Nekkanti & Bhattacharjee, 2020). It means a comparison between batter
and bowlers cannot use such performance metrics. Instead, researchers convert strike rate
and economy rate on the same scale, and this provides a common platform for comparison
between batters' and bowlers' performance indexes. In addition to that, the process of the
performance index calculation is dynamic, and it varies based on the progress of the cricket
match. Also, the performance calculation involves the skill level of bowlers. Therefore, this
research mainly shows two findings. One is the performance comparison between bowlers
and batters. The other finding is a better performance index by involving opposition skill level
into the calculation.

To investigate the strategic behavior of cricket players. Two methods, including dynamic
model and regression discontinuity, analyze the difference between actual strategic behavior
and optimal strategy. Firstly, researchers use a dynamic programming model to simulate the
real ODI (one-day international) cricket match. They compare the optimal strategic behavior
with actual behavior to check whether they are consistent (Preston & Thomas, 2000). The
main finding of this research shows the real strategy is partially consistent with the optimal
strategy, but this evidence is not strong. Secondly, researchers use regression discontinuity to
analyze whether individual incentives influence the strategic behavior of batters. The main
finding of this research shows that individual incentives strongly influence the strategic
behavior of batters (Gauriot & Page, 2015).

3. Current problems
This session will illustrate problems related to current methods.

Two problems appear in evaluating players' performance. Firstly, the current performance
index is not accurate enough for players' performance evaluation and player selection. It
means most of the current performance index does not consider the skill level of the
opposition bowler, so the performance index is inaccurate. When a batter faces outstanding or
weak bowlers, the performance index of batters can vary significantly. Secondly, a tradeoff
between the number of relevant factors and practicality is challenging to select. It means
factors such as skills level of opposition bowler, weather condition, and health condition of
batters can influence the accuracy of the performance index. However, involving all those
factors in performance index calculation is not realistic. It means more relevant factors need
more scraped data, but data like the health condition of players or weather conditions are
difficult to scrape.

Strategic investigation's main problem is limited research on whether individual incentives
influence players' strategic behaviors. In addition to that, though some of the thesis have
illustrated individual incentives strongly influence strategy behavior. However, those thesis
does not extend this finding to a general level. It means when applying this finding to different
counties or different period data. This finding may not be valid.

4. Objective
This project aims to derive a new performance index based on the merits of the current
performance index. This performance can address two problems of the current performance
index. Firstly, it takes the skill level of the opposition team into the calculation. It can derive a
more accurate performance index. Secondly, a balanced complexity but a strong practical
performance index can solve the second problem. It means this performance index still uses
important factors for calculation but abandons less important ones. In such a way, it strongly
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reduces the burden of data scraping but still derives a performance index for practical
implementation.

In addition to this subjective, this project also aims to verify the academic assumption of
whether individual incentives influence the strategic behavior of batters. Firstly, the data
scraped includes two countries (Australia and Sri Lank). Secondly, two landmarks (50 and
100 scores) furtherly verify this academic assumption. Therefore, verifying this assumption
four times in different countries and milestones can significantly reduce the chance and
promote the analysis to a general level.

5. Data Acquisition and Data Processing
Data acquisition and processing aim to derive good quality data for performance calculation
and strategic investigation. Data acquisition provides primary but essential data for data
processing. After that, data processing involving transformation, integration, and quality
checking guarantees the final data's excellent quality and usefulness.

Four steps can achieve data acquisition. Firstly, to scrape data, the availability of required
data shows the possibility of data acquisition. Secondly, after confirming preliminary data is
available, people can scrape data of one individual match. Thirdly, if step two is successful,
people can scrape URLs of matches of 20 years and in two countries (Australia and Sri Lanka).
Fourthly, if all those URLs are available, people can repeat step 2 to scrape individual matches
separately and iteratively. By following such steps, people can derive primary data from 2
countries in 20 years.

Step 1: availability of required data

Fig 1. The screenshot of one match on the ESPN website

Figure 1 illustrates primary data such as "Country", "Inning number", "Date", "Batter",
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"Bowler", "Over-number", and "Run in each Over" is available on the ESPN website. Therefore,
available data means that data acquisition is possible.

Step 2: Data acquisition of a single match.

Fig 2. The scraped primary data

Figure 2 mainly shows that scraping data of ODI cricket matches is possible. Three steps can
derive the result shown in figure 2. Firstly, specify three parameters (Series ID, Match ID, and
inning number). Secondly, using a scraping package or module to interact with the Web
Server and send those parameters to the Web Server. Thirdly, converting the returned file
from Server to a fixed format like the CSV file.

Fig 3. The three parameters for information exchange between Server and module

Figure 3 mainly illustrates three parameters is available on the ESPN website, and people can
use those parameters to exchange information between the local computer and web server.
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Fig 4. The mechanism of data exchange betweenWeb Server and local computer

Fig 5. The Jason file returned from Server

Figure 4 and figure 5 illustrate the mechanism of data scraping and the Jason file returned
from the Server. However, the Jason file does not include primary "Country" and "Date" data.

To solve this problem, built-in modules such BeautifulSoup, Xpath, and regular expression can
locate tags with country and date information in HTML shown in figure 1. In such a way, all
primary data is available (Wieringa, 2021).

After deriving all primary data, people can convert data to a CSV file and store data for further
data processing.

Step 3: scraping URLs of matches of one country in twenty years
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Fig 6. Part of URLs of commentary log of Australia in 20 years

Figure 6 illustrates the part of "commentary" URLs, and it contains two parameters series id
and match id. Three steps achieve this objective.

Firstly, people need to scrape "year" URLs.

Fig 7. Available URLs in "years"

Fig 8. Scraped "year" URLs

Figure 7 and figure 8 illustrates that people can scrape "year" URLs in figure 7.

Secondly, if all "year" URLs have been scraped, people can scrape the "scorecard" URL through
HTML in each "year" URL.
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Fig 9. "scorecard" URL in "year" URL where year is 2000

Fig 10. Scraped "scorecard" URL in the year 2000

Figure 9 and Fig 10 illustrate after deriving the "year" URL, people can scrape "scorecard"
URLs, and they represent all cricket matches that happened in the year 2000.

Thirdly, after deriving all "scorecard" URLs, people can scrape all "commentary" URLs.
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Fig 11. The "commentary" URL in the "scorecard" URL

Figure 11 illustrates by accessing the HTML of each "scorecard" URL. People can also get the
"commentary" URL. In addition to that, this URL contains parameters such as match id and
series id shown in figure 6. The only unknown parameter is the inning number. To solve this
problem, people can go to the HTML in the "commentary" URL, shown in figure 1. In that
HTML, it contains information of inning number. Therefore, "commentary" URLs deliver
information on all three parameters.

Step 4: scarping every match in 20 years in 2 countries

In step 3, people already have all three parameters, including series id, match id, and inning
number in every match during 20 years in Australia. By repeating step 2, people can get CSV
files of every game.

In addition to that, by repeating step 3 and changing the country to Sri Lank, people can also
get all CSV files of every match in 20 years.

After acquiring primary data, three steps, including data transformation, quality checking, and
data integration, can perform data processing.

Step 1: data transformation
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Fig 12. Data before transformation

Fig 13. Date after transformation

Figure 12 and Figure 13 illustrate the data before and after transformation. It means the
current dataset can derive extra information, including "The number of balls faced", "total
run" and "strike rate". Firstly, the number of balls faced by a batter means the count of
"Overs". For example, batter "Jayasuriya" bat 17 times, so the balls faced increases from 1 to
17. Secondly, total run equals batters' previous total run plus the current run achieved by a
batter. Thirdly, strike rate means the total run divides the number of balls faced by a batter.
Therefore, existing data can calculate and transform extra data.
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Step 2: quality checking

Data scraping is the information exchange mechanism between the local computer and the
Web Server. Sometimes local computers may fail to receive data from Web Server, or Web
Server may fail to receive parameters sent by local computers. In such cases, people can not
guarantee data quality, and data may be incomplete or missing. Therefore, people need to
check the integrity of individual CSV, and if the data quality in one CSV file is terrible, people
need to re-scrape or delete that data.

Step 3: Integration

If each quality in each CSV file is good after quality checking, people can integrate all 20 years'
data for further analysis.

6. Regression Discontinuity Analysis
Regression Discontinuity Design (RDD) is a quasi-experimental evaluation option to measure
the impact of an intervention or treatment (Hahn, Todd & Klaauw, 2001). In the design, the
cut-off value of the running variable separates units into the treatment group and control
group. By comparing units lying closely on either side of the cut-off value, people can estimate
the average treatment effect. In addition to that, people can implement sharp RDD and fuzzy
RDD in a specific experiment. It means in sharp RDD, the cut-off value separates treatment
and control groups precisely, while in fuzzy RDD, the cut-off value influences the probability
of being treated. Hence, researchers usually use the running variable minus cut-off value as an
instrumental variable to estimate the treatment effect. In such a way, it solves the
noncompliance issue. In addition to that, the R package "rdrobust" offers an array of data-
driven local polynomial regression and partitioning-based inference procedures for RD
designs. It means polynomial regression may better fit the real-life data better and gives more
accurate statistical inference (Calonico, Cattaneo & Titiunik, 2015).

To investigate batters' strategic behavior, cut-off scores (50 or 100) divide batters into
control and treatment groups. After that, "rdrobust" packages provide polynomial regression
to fit data and give statistical inference of the average treatment effect. If this treatment effect
is not zero and statistically significant, people can conclude that individual incentives
influence batters' strategic behavior. Otherwise, if treatment is extremely small and not
statistically significant, people can conclude that players' strategic behavior aligns with the
team's success.

5. Data Analysis and Results
5.1. Descriptive analysis

The objective of descriptive analysis is to illustrate the properties of data. To achieve this
objective, the built-in package "Hmisc" provides a statistical description function to show the
distribution of properties such as the number of observations, country, date, batters, inning
number, strike rate, run in each over, and total run in Australia and Sri Lank. Also, the built-in
package "ggplot2" provides a straightforward plot to show statistical descriptions such as
"run in each over", "total run", "number of balls faced" and "strike rate" (Gohil, 2015).
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Fig 14. The statistical description of Country, Date, Batters, and inning number in Australia

Figure 14 mainly shows four descriptions. Firstly, there are 126504 observations in the
dataset, and the country is Australia. Secondly, during the period from 2000-01-09 to 2019-
07-11, the Australian team participate in 468 matches. Thirdly, the Australian team plays first
inning matches more frequently than the second inning matches. Fourthly, during the 20
years, 108 batters participate in those matches.
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Fig 15. The statistical description of Country, Date, inning number, and batters in Sri Lank

Figure 15 mainly shows four descriptions. Firstly, there are 127677 observations in the
dataset, and the country is Sri Lank. Secondly, during the period from 2000-10-04 to 2019-10-
02, the Sri Lank team participate in 480 matches. Thirdly, the Sri Lank team also plays first
inning matches more frequently than the second inning matches. Fourthly, during the 20
years, 108 Sri Lank batters participate in those matches.
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Fig 16. Run in each over in Sri Lank and Australia

Figure 16 shows two findings. Firstly, the distribution of scores in each over in two countries
is quite similar. Secondly, zero scores and one score are the most common score in each over.
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Fig 17. Distribution of strike rate in two countries

Figure 17 shows two findings. Firstly, most of the strike rate of players in those two countries
is above 0.5 but below 1. Secondly, strike rate means the scoring ability of batters in one over.
It means the scoring ability of players in Australia is slightly higher than that of Sri Lank (Esty
& Banfield, 2003).
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Fig 18. The distribution of total run in two countries
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Fig 19. The distribution of balls faced in two countries

Figure 18 and Fig 19 mainly show two results. Firstly, The total score of players in Australia is
a little bit higher than that of Sri Lanka. It means the overall performance of batters in
Australia is slightly better than that of Sri Lank. Secondly, the number of balls faced means the
ability to against bowlers. Thus, batters in Australia show a better ability against bowlers than
that of Sri Lank.

Therefore, through the descriptive analysis, people can understand data, including country,
date, batters, run in each over, total run, and strike rate.

5.2. Regression discontinuity analysis

The main objective of regression analysis is to show whether individual incentives influence
the strategic behavior of batters. In addition to that, different landmarks and two countries
can extend this result to a general level. It reduces the probability that chance causes such a
result.

To achieve such an objective, regression discontinuity separate batters into treatment and
control group and gives statistical inference of the effect of individual incentives.
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Fig 20. The plot and statistical inference of treatment effect between two countries in
landmark 50

Figure 20 shows the treatment effect of individual incentives in landmark 50. Firstly, the
treatment effect in Australia is 0.007, and the p-value is 0.623. Secondly, the treatment effect
in Sri Lank is -0.017, and the p-value is 0.356. It means there is no strong evidence indicating
individual incentives influence batters' strategic behavior (Garthwaite, Jolliffe & Jones, 2006).



International Academic Journal of Humanities and Social Sciences Vol 1, No. 2, 2022
ISSN:2790-5179 DOI: 10.56028/iajhss.1.2.14

32

Fig 21. The plot and statistical inference of treatment effect between two countries in
landmark 100

Figure 21 indicates the treatment effect in landmark 100. Firstly, the treatment effect in
Australia is -0.009, and the p-value is 0.712, while in Sri Lank, the treatment effect is -0.028,
and the p-value is 0.289. It also means there is no strong evidence indicating that individual
incentives influence batters' strategic behavior.

5.3. Batting Performance index

The objective of developing a new performance index is to evaluate batters accurately for
batter selection. This performance index mainly considers batters' performance stability and
scoring ability. Firstly, it considers batters' performance stability. It means batters with
extremely high or low scores cannot get a high-performance index. Secondly, it also considers
the skill level of the opposition bowler. When facing different skill level bowlers, this
performance can consider this factor and give an overall performance index.

performance index =
average(total run)

standard deviation(total run)

Equation 1. traditional performance index

From equation 1, people use such performance index to evaluate the batters' performance
index. This equation gives a high-performance index to batters with outstanding scoring
ability and stability performance. However, it does not consider the skill level of opposition
bowlers (Altman & Bland, 2005).

To solve this problem, people should involve the skill level of the opposition bowler in the
calculation.

total performancei =
j

average(total runij)
sd(total runij)

× career bowling averagej�

performance indexi =
total performancei

Number of bowlers
wℎ ere is tℎ e batter, and j is all bowlers faced by tℎ is batter

Equation 2. a new performance index

Equation 2 address the problem in equation 1. To evaluate the performance of a batter i.
Firstly, batters face bowlers with outstanding score ability, and stable performance can get
high-performance index. Secondly, batters' score deserves more weight or credits when facing
bowlers with strong bowler skills.
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To implement this performance index, extra data acquisition for the average career score of
bowlers is necessary. Three steps can achieve this acquisition. Firstly, the availability of data
provides conditions for data acquisition. Secondly, data acquisition scrape data and save the
data into a CSV file. Thirdly, integrate data with current data for further performance index
calculation.
5.3.1. Step 1: availability of data

Fig 22. The availability of average career bowling score

Figure 22 illustrates the performance index of data. It means data acquisition is possible.

Step 2: Data Acquisition

Fig 23. Bowlers with average career scores

Figure 23 shows the data acquisition of bowler names with their average career bowling score.

Step 3: Data Integration
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Figure 24, dataset after integration

Figure 24 shows the integration of acquisition data is possible. It means the extra scraped
data "career bowling score" merges with the current dataset. Also, "performance1" means the
performance index calculated by equation 1.

After three steps, the people can calculate the performance index using equation 2.
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Fig 25. The performance index calculated by equation 2

Figure 25 mainly shows the batter's performance index by using equation 2. Firstly, it
addresses two problems of the current performance index. It means it considers the skill level
of opposition bowling skills. Also, it is not too complex for real-life implementation.

6. Conclusion and Discussion
In conclusion, we conclude that batter's incentives do not influence their strategic behaviors.
It means the p-value of treatment effect in two landmarks and two countries is more than 0.05
and 0.1. Therefore, there is no strong evidence indicating that batters' incentives influence
their strategic behavior. In addition to that, all four statistical inference shows the same result.
It means it extends the result to a general level and reduces the probability that chance causes
such a result. Therefore, it addresses the current problem that limited research on whether
individual incentives influence batters' strategic behavior.

In addition to this conclusion, we also derive a new performance index. This performance
addresses the current issues by involving bowling skills and performance stability in the
calculation. It means the tradeoff between accuracy and practical usage of the performance
index is excellent. Also, clubs can identify and hire eminent batters through the performance
index, and amateurs can distinguish the quality through this performance index.

However, two limitations still appear. Firstly, in some specific circumstances, individual
incentives may still influence players' strategic behavior. For example, when batters already
know that they are unlikely to lose the match, batters may be more likely to change their
strategic behavior for their success. Also, higher landmarks such as 150 or 200 may be more
likely to change batters' strategic behavior because they get limited chances to reach such
high milestones. In contrast, those milestones are critical statistical summaries for their
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career. However, the number of observations in the dataset is small, and it cannot give
accurate statistical inference when the landmark is 150 or 200. In addition, data acquisition of
data in those specific circumstances is challenging.

Secondly, the current performance index is the batter performance index. However, it cannot
evaluate bowler performance. It means data acquisition does not scrape bowlers' scores in
each over. Besides, this data is not available on the HTML page shown in figure 1. Therefore,
we shall not derive bowlers' performance index because of data limitations. However,
suppose we derive score data from bowlers. In that case, we can use equation 2 to calculate
their performance by changing the average career bowling score to the average career batting
score.
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