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Seam or Swing? Identifying the most effective type of bowling variation for 24 

fast bowlers in men’s international 50-over cricket  25 

 26 

Abstract 27 

In this study, 13,176 balls bowled by international level fast bowlers were analysed 28 

in order to investigate the relationship between the types of delivery and their 29 

effectiveness. The results of Chi-Squared analyses revealed significant associations 30 

between the type of delivery and runs conceded (p < 0.001) as well as wickets taken 31 

(p < 0.001). Seam movement was revealed to be more effective than swing bowling 32 

at both producing dot balls and taking wickets. Specifically, balls that ‘seam-away’ 33 

were revealed to be the most effective for bowling dots and ‘seam-in’ for taking 34 

wickets. The ‘away-swinger’ resulted in significantly greater than expected dot 35 

balls as did the ‘in-swinger’ but only the in-swinger resulted in significantly greater 36 

than expected wickets. Both the ‘off-cutter’ and ‘slower-balls’ were revealed to 37 

result in significantly fewer than expected dot balls but significantly greater than 38 

expected wickets, implying bowlers must assess for themselves the risk versus 39 

reward of these two types of variation. Balls with no-movement, were revealed to 40 

have no significant relationship with runs conceded, but did result in significantly 41 

fewer than expected wickets. Evidence suggests that lateral movement is crucial to 42 

bowling success with seam movement revealed to be more effective than swing. 43 

Keywords: Slower ball, ODI, off-cutter, leg-cutter, magnus effect, swerve 44 
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Introduction 50 

Fast bowling in cricket has been the focus of much research in recent years with the 51 

majority of it centring on biomechanical analysis or injury prevention (Johnstone et al., 2014). 52 

Further to this, fast bowlers tend to draw the most attention from researchers due to the 53 

established link between successful team performance and the performance of these higher 54 

“rated” individuals (Wormgoor et al., 2010). Fast bowlers are therefore integral members of 55 

any team as they have the ultimate objective of restricting the number of runs scored by the 56 

batting team whilst also dismissing opposing batters (Feros et al., 2018). In fulfilling their 57 

objectives, they often develop a repertoire of skills which consist of inducing swing movement 58 

and seam movement or deliberately varying their bowling speed (Edwards & Beaton, 1996; 59 

Justham et al., 2006; Justham et al., 2010; Phillips et al., 2012; Scobie et al., 2020).  60 

In cricket, the main tactic used by bowlers to outfox (and subsequently bring about an 61 

error) in a batter’s performance is to make the ball deviate away from a straight-line trajectory 62 

somewhere between the delivery of the ball to when the ball arrives at the batter (Edwards & 63 

Beaton, 1996). This is why fast bowlers will often attempt to make the ball ‘swing’ which 64 

consists of curving the trajectory of the ball’s flight path, ultimately making it more difficult 65 

for the batter to make contact with the ball (Phillips et al., 2010; Scobie et al., 2020). Swing 66 

bowling generally exists in two forms, conventional swing, which tends to occur in the opening 67 

overs of an innings with a new (and shiny) ball and reverse swing, which skilful bowlers can 68 

induce after roughly 30 overs, provided the bowling team has carefully manipulated the surface 69 

of the ball (Scobie et al., 2013). Conventional swing consists of in-swinging and out-swinging 70 

deliveries, which will move in towards the bat, or away from the bat respectively, whilst 71 

reverse swing causes the ball to move in the opposite directions (Scobie et al., 2020). Both 72 

forms of swing bowling require skill and experience, particularly as the bowler has to bowl the 73 

ball in excess of 80 mile/h (35.8 metres per second) and also impart some backspin on the ball 74 



through their bowling action in order to stabilise the seam as a wobbling seam would result in 75 

no swing (Scobie et al., 2013, 2020). Highly skilled bowlers can induce late swing, which can 76 

help deceive batters as it occurs late in the trajectory of the ball and thus offers batters less time 77 

to react (Scobie et al., 2020). Previous research as well as anecdotal reports suggest a higher 78 

difficulty in intercepting a swinging ball (Sarpeshkar et al., 2017), but that has not been often 79 

investigated in the elite competitive cricket setting with batting and bowling performance 80 

indicators.  81 

Another highly coveted skill for bowlers is the ability to induce seam movement, which 82 

refers to the movement of the ball off the pitch (Edwards & Beaton, 1996; Müller et al., 2006). 83 

Seam movement can occur when the seam makes contact the pitch and subsequently causes 84 

the ball to bounce/deviate at an awkward angle on its way to the batter (Edwards & Beaton, 85 

1996; Müller et al., 2006). The stock seam delivery consists of the bowler holding the ball 86 

between the two first fingers and the tip of the thumb with a vertically aligned seam position 87 

(Justham et al., 2010). Subtle changes in gripping the ball however can also help induce post-88 

bounce seam movement and these deliveries are commonly referred to as off-cutters or leg-89 

cutters, depending on the direction of the desired movement off the seam. Cutter deliveries will 90 

impart some partial spin on the ball and are usually bowled at a slightly slower pace (Justham 91 

et al., 2008). Furthermore, skilled bowlers can deliberately vary the speed of their stock ball 92 

and bowl what are commonly known as ‘slower balls’, which consist of a substantial drop in 93 

speed designed to induce mis-timing of a shot and/or wrong-foot the batter (Feros et al., 2019; 94 

Justham et al., 2006). These strategic variations in pace are however often only effective if the 95 

slower ball is well disguised by the bowler and bowled with an unaltered bowling action 96 

(Justham et al., 2010).  97 

Although different types of bowling deliveries have been examined in previous 98 

research, the dynamics of these delivery types have often been studied in isolation, been 99 



examined in laboratory-based experiments, or consisted of junior and sub-elite cricketers. 100 

There is therefore, a lack of research directly comparing the effectiveness of these various 101 

delivery types, particularly with regards to fast bowling in an elite setting. In a study on spin 102 

bowling, Chin et al. (2009), compared the upper body kinematics of bowlers when performing 103 

the off-break and ‘doosra’ delivery types. Kinematic differences between different types of 104 

spin bowling were also investigated by Beach et al. (2016) that offered insights into the 105 

biomechanical contrasts that can be observed between off-spin and leg-spin bowlers. While 106 

these studies add to the technical understanding of different bowling types, they do not discuss 107 

to any great extent the effectiveness of these bowling types when it comes to batting, especially 108 

not at the highest competitive level. Recent studies have started addressing competitive match 109 

performance to assess the effect of specific factors such as the brand of ball used (Connor et 110 

al., 2019), while previous work has also dwelled into the effect of innings type (first or second) 111 

on batting and bowling performance in competitive matches, but still do not entail the 112 

deployment of different types of bowling. This study will therefore fill this gap in literature by 113 

examining the relationship between various types of bowling with their associated bowling 114 

(and batting) performance measures. Analysing the occurrence and effectiveness of elite 115 

competitive data could help better understand batter-bowler interactions at the highest level 116 

and thereby guide training interventions and experimentation further. 117 

 118 

Methods 119 

Design and Data 120 

While bowling variations are often deployed to prompt a mistake or misjudgement from 121 

the batter, the effectiveness of variations (and bowling as a whole) is largely also driven by the 122 

ball-pitching location, commonly referred to as line and length (Chin et al., 2009). Pinder et al. 123 

(2012), identified a metastable zone of multiple solutions somewhere around 6 to 8 metres 124 



away from the batter’s stumps and in line with the stumps (often called a “good length” zone 125 

in bowling). Additionally, most cricketers know of a “corridor of uncertainty” which is an area 126 

where several batting strokes are available, while the batter also must decide whether to strike 127 

or leave the ball. This corridor is considered to exist at a distance of 6-8 metres while being in 128 

line with the stumps or just outside off stump – an area exhibiting a low average runs for batters 129 

historically, as well as a zone where the coaching strategies of defensive or low-risk batting 130 

have been advised (Connor et al., 2020; Feros et al., 2018). Given that different bowling lengths 131 

and lines cannot be ignored in understanding whether seam or swing is more effective, this 132 

investigation consists of 13,176 balls that were bowled in the most commonly deployed 133 

bowling zones in cricket - that is the ‘good length’ and ‘back of a good length’ zones (straddling 134 

the 6 to 10 metres distance from the batter) while being in the stump line (off-stump, middle 135 

stump and leg stump) or outside the off-stump. Bowling performance data from two 136 

international 50-over tournaments were analysed in this study (the ICC Champions Trophy 137 

2017 and the ICC Cricket World Cup 2019). Performance data was obtained from Opta 138 

(London, UK), known for their high levels of reliability (Jamil et al., 2021). A full list of 139 

definitions provided by the data provider are presented in Table 1. Frequently used key 140 

performance indicators, such as ‘wickets taken’ and ‘runs conceded’ were used as measures of 141 

bowling performance (Douglas & Tam, 2010; Jamil et al., 2021). Run-outs were removed from 142 

the original sample (resulting in the final sample size of 13,176 balls) as it was considered that 143 

these dismissals are more to do with decision making exhibited by batters rather than bowling 144 

variation.  Ethical approval for this study was obtained by the ethics committee of the local 145 

institution.  146 

** Table 1 near here** 147 



Statistical Analysis 148 

In this study, Chi-Squared (χ2) tests of independence were conducted in order to 149 

determine whether there was any association between the various types of bowling delivery 150 

and the key performance indicators of ‘wickets taken’ and ‘runs conceded’. The dataset 151 

consisted of nominal data variables and the data passed each of the assumption conditions 152 

outlined by McHugh (2013). In the event of statistically significant (alpha = 0.05) χ2 test 153 

results, standardised residuals were calculated to identify the specific cells making the greatest 154 

contribution to the Chi-Square test result and thus determine the source of the significant result 155 

(Sharpe, 2015). Bonferroni corrections were applied to account for the relatively large number 156 

of cells present in the contingency tables (Sharpe, 2015) resulting in the adjusted (p = 0.0031) 157 

with the associated critical values of ± 2.96. Cramer’s V effect sizes were also calculated 158 

(McHugh, 2013) and interpreted with the widely used thresholds of 0.1 ≤ weak < 0.3, 0.3 ≤ 159 

moderate < 0.5, and strong ≥ 0.5 (Cohen, 1988). All statistical analyses were performed 160 

using IBM SPSS version 25 (IBM Corp. Released 2017. IBM SPSS Statistics for Macintosh, 161 

Version 25.0. Armonk, NY: IBM Corp). 162 

 163 

Results 164 

Bowling delivery types were revealed to have a significant association with both, 165 

conceding runs (p < 0.001; χ2 = 304.479) and taking wickets (p < 0.001; χ2 = 196.404). With 166 

regards to conceding runs, the post-hoc analysis of the standardised residuals (Table 2), 167 

revealed that bowling ‘seam away’ deliveries resulted in greater than expected dot balls (SR = 168 

7.2), followed by ‘seam in’ deliveries (SR = 5.4). Bowling swinging deliveries also resulted in 169 

greater than expected dot balls with ‘away-swinger’ and ‘in-swinger’ (SR = 3.3 for both). The 170 

‘off-cutter’ (SR = -4.1) and ‘slower ball’ (SR = -3.2) deliveries were revealed to result in fewer 171 

than expected dot balls. The ‘leg-cutter’ and ‘no-movement’ delivery types were revealed to 172 



have no significant association with conceding runs. With regards to taking wickets, the post-173 

hoc analysis of the standardised residuals revealed that bowling ‘seam in’ deliveries resulted 174 

in greater than expected wickets being taken (SR = 7.3), followed by ‘seam away’ deliveries 175 

(SR = 7.1). Only ‘in-swingers’ were revealed to result in greater than expected wickets (SR = 176 

3.8). The ‘off-cutter’ (SR = 4.2) and ‘slower ball’ (SR = 5.7) deliveries were revealed to result 177 

in greater than expected wickets being taken. The ‘leg-cutter’ and ‘away-swinger’ deliveries 178 

were revealed to have no significant association with taking wickets. The bowling deliveries 179 

with ‘no-movement’ were revealed to result in fewer than expected wickets being taken (SR = 180 

-4.7). Bowling delivery types had a small effect on conceding runs (Cramer’s V = 0.182) and 181 

a small effect on taking wickets (Cramer’s V = 0.122), however this is to be expected due to 182 

the multi-faceted nature of cricket where optimal batting and bowling performances are a result 183 

of many contributing factors including technical, tactical, and contextual aspects (McErlain-184 

Naylor, King, et al., 2021; McErlain-Naylor, Peploe, et al., 2021). 185 

** Table 2 near here** 186 

 187 

Discussion 188 

This study aimed to investigate which bowling delivery types were the most effective 189 

at enabling bowlers performing at the elite level to fulfil their objectives of taking wickets and 190 

conceding fewer runs. The results have revealed that inducing seam movement was the most 191 

effective delivery type for both taking wickets and bowling dot balls. Interestingly, inwards 192 

seam movement towards the batter was revealed to be more effective for taking wickets, while 193 

away seam movement was more effective for bowling dot balls. Swinging deliveries are also 194 

positively associated with bowling dot balls, but only in-swinging deliveries result in greater 195 

than expected number of wickets being taken. Slower balls and off-cutter deliveries result in 196 

higher than expected runs conceded, but they have also been revealed to be effective at taking 197 



wickets, implying bowlers must assess for themselves the risk versus reward of bowling these 198 

delivery types. 199 

Given that cricket batting is a highly time-pressured task, efficient decision making 200 

requires the recognition of advanced informational cues regarding the exact location of 201 

interception (Ford et al., 2010; Müller et al., 2006). A ball can be bowled at up to 160km/hr at 202 

international level, meaning the ball can travel the distance between the batter and the bowler 203 

in less than 500ms, far less than the combined sum of the batter reaction time (200ms) and 204 

movement time of the batter’s lower limbs and bat (700ms) (Müller et al., 2006). Batter 205 

reaction times are further complicated by the lateral or vertical movement of the incoming ball 206 

caused by swing or seam bowling (Müller et al., 2006). This lack of time is also why studies 207 

regarding ball-tracking gaze in hitting bouncing balls reveal that elite batters do not follow the 208 

ball throughout its trajectory but make predictive saccades to areas where the final interception 209 

may occur due to the excessive lack of adjustment time (Sarpeshkar et al., 2017). This would 210 

suggest that deviations from expected trajectory that are enacted later (i.e. seam movement) 211 

would be more difficult to anticipate and integrate into the final motor response. Therefore, as 212 

seam movement gives the batter the least reaction time, it makes these deliveries dangerous for 213 

the batter and beneficial for the bowler, as is reflected in the results of fewer runs conceded 214 

and greater wickets taken in comparison to other bowling variation types. Additionally, the 215 

lower effectiveness of swing bowling could partly also be explained by prevailing 216 

environmental/atmospheric conditions, which have been known to effect bowling 217 

performances (Jamil et al., 2021; Petersen, 2017). Both tournaments analysed in this study were 218 

hosted by the UK and the tournaments were played out during the British summer months 219 

where temperatures nearing 28 to 30 degrees Celsius were recorded – conditions that are not 220 

conducive to swing bowling (Scobie et al., 2020). Given that these are not ideal conditions for 221 

swing bowling, it is possible that bowlers identified the lack of attainable swing and adjusted 222 



their bowling strategies accordingly. High temperatures in conjunction with other unfavourable 223 

atmospheric conditions (i.e. wind-speed, humidity, air-density etc) could also partly explain 224 

why the total frequency of swinging balls bowled recorded in this dataset accounted for less 225 

than 3% of the total number of balls bowled. It should also be noted that these results are 226 

specific to the “good length” and “back of a length” bowling lengths that have been analysed 227 

in this study. An argument could be made that fuller bowling lengths may present more 228 

opportunities for swing (and the amount of swing) and thus future research could further 229 

examine and compare the effectiveness of seam and swing bowling at varying bowling lengths. 230 

When examining the results of swing bowling in greater detail, some insightful findings 231 

about bowling intentions and plans are revealed. When looking at performance measures of 232 

runs and wickets, swinging trajectories (in-swinger and away-swinger) generally show fewer 233 

run-conceding balls than expected, as well as wickets. Specifically, wicket-taking frequencies 234 

are higher for in-swinging deliveries and not for away-swinging deliveries, despite away-235 

swingers considered to be the most effective for a bowler owing to the maximum possible types 236 

of dismissals being possible (Leamon & Jones, 2021). This could be partly explained by 237 

bowlers struggling to induce swing owing to the unfavourable environmental conditions 238 

ultimately compelling bowlers to bowl on stricter lines nearer to the wickets (Mehta & van der 239 

Kamp, 2021). In unfavourable bowling conditions bowlers tend to bowl straighter (in line with 240 

the wickets) as a means of attempting to restrict runs as offering batters width can encourage 241 

them to freely swing their arms and score runs in the limited balls they have (Mehta & van der 242 

Kamp, 2021; Leamon & Jones, 2021).  243 

In every bowler-batter interaction performers are consistently weighing up the risk vs 244 

reward of their actions (Connor et al., 2020; O’Donoghue, 2016). Whereas batters will hope to 245 

minimise the risk of their dismissal, whilst still scoring runs with their proposed actions 246 

(Connor et al., 2020), bowlers will attempt to dismiss their opposing batter or at least prevent 247 



the concession of runs from their proposed actions (O’Donoghue, 2016). The results of this 248 

study revealed that the slower ball and the off-cutter deliveries resulted in greater than expected 249 

runs being conceded, but also greater than expected wickets being taken suggesting they are 250 

classic examples of high risk-high reward variations. The results therefore imply that bowlers 251 

must assess for themselves the opportune moment to bowl these particular variations, which 252 

can be effective for taking wickets, but not effective at restricting runs being scored. 253 

This study was not without limitations. Specifically, both international tournaments 254 

analysed in this study were hosted in the UK and during the summer months. Previous studies 255 

have revealed that environmental/overhead conditions can impact bowling performances 256 

(Jamil et al., 2021; Petersen, 2017). To this end, it may be highly valuable to conduct such 257 

research on cricket in different locations where matches are highly frequented, such as South 258 

Asia, Oceania and Africa, to compare and constitute the best bowling (and batting) plans and 259 

probabilities according to location. There were also some limitations of the data. Specifically, 260 

data utilised in this study consisted of only two bowling lengths (good and back of a length) 261 

and no data were coded with multiple categories (for example, a slower ball that also exhibited 262 

seam movement was simply coded as a slower ball and in this instance the seam movement 263 

was not recorded in the data). Similarly, the data did not provide any detail on the amount of 264 

swing (degrees of movement). Furthermore, this study did not account for bowling partnerships 265 

where bowlers may work in unison and bowl specific variations to batters as a means of setting 266 

them up to eventually create a wicket taking opportunity (O’Donoghue, 2016). In addition, 267 

only One-Day International matches were analysed in this study and batter skill was not 268 

accounted for. This therefore presents future researchers with the opportunity to investigate the 269 

effectiveness of bowling variations in other forms of cricket, such as Test cricket, T20 cricket, 270 

Women’s cricket and the newly formed “The Hundred” format, whilst also accounting for the 271 

skill level of the opposing batters. 272 



 273 

Conclusion 274 

This study has discovered evidence confirming that seam movement is the most 275 

effective bowling delivery variation for both, taking wickets and bowling dot balls at the elite 276 

One-Day International level. Inwards seam movement towards the batter is revealed to be more 277 

effective for taking wickets, while away seam movement is more effective for bowling dot 278 

balls. Swinging deliveries were also revealed to be effective for bowling dot balls, but only in-279 

swinging deliveries were revealed to be effective at taking wickets. Whilst, slower balls and 280 

off-cutter deliveries were revealed to go for runs, they were also revealed to be effective at 281 

taking wickets. From a practical perspective the results of this investigation could inform the 282 

in-game decision making of team captains. Furthermore, the results of this study could well 283 

inform coaching practice, particularly with regards to training bowlers to induce seam 284 

movement and extract maximum value from the playing surface. In addition, the results have 285 

highlighted the importance of bowlers possessing good decision-making attributes as they must 286 

assess for themselves the risk versus reward of certain bowling variations such as the slower 287 

ball and the off-cutter. 288 

 289 

References 290 

Beach, A. J., Ferdinands, R. E. D., & Sinclair, P. J. (2016). The kinematic differences 291 
between off-spin and leg-spin bowling in cricket. Sports Biomechanics, 15(3), 295–313. 292 
https://doi.org/10.1080/14763141.2016.1161819 293 

Chin, A., Elliott, B., Alderson, J., Lloyd, D., & Foster, D. (2009). The off-break and 294 
“doosra”: Kinematic variations of elite and sub-elite bowlers in creating ball spin in 295 
cricket bowling. Sports Biomechanics, 8(3), 187–198. 296 
https://doi.org/10.1080/14763140903229476 297 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). L. Erlbaum 298 
Associates. 299 

Connor, J. D., Renshaw, I., & Farrow, D. (2020). Defining cricket batting expertise from the 300 
perspective of elite coaches. PLOS ONE, 15(6), e0234802. 301 
https://doi.org/10.1371/journal.pone.0234802 302 

Connor, J. D., Sinclair, W. H., Leicht, A. S., & Doma, K. (2019). Analysis of Cricket Ball 303 
Type and Innings on State Level Cricket Batter’s Performance. Frontiers in Psychology, 304 



10(OCT). https://doi.org/10.3389/fpsyg.2019.02347 305 
Douglas, M. J., & Tam, N. (2010). Analysis of team performances at the ICC World 306 

Twenty20 Cup 2009. International Journal of Performance Analysis in Sport, 10(1), 47–307 
53. https://doi.org/10.1080/24748668.2010.11868500 308 

Edwards, S., & Beaton, A. (1996). Howzat?! Why is there an over-representation of left-309 
handed bowlers in professional cricket in the UK? Laterality, 1(1), 45–50. 310 
https://doi.org/10.1080/713754208 311 

Feros, S. A., Young, W. B., & O’Brien, B. J. (2018). Quantifying Cricket Fast-Bowling Skill. 312 
International Journal of Sports Physiology and Performance, 13(7), 830–838. 313 
https://doi.org/10.1123/ijspp.2017-0169 314 

Feros, S. A., Young, W. B., & O’Brien, B. J. (2019). Relationship Between Selected Physical 315 
Qualities, Bowling Kinematics, and Pace Bowling Skill in Club-Standard Cricketers. 316 
Journal of Strength and Conditioning Research, 33(10), 2812–2825. 317 
https://doi.org/10.1519/JSC.0000000000002587 318 

Ford, P. R., Low, J., McRobert, A. P., & Williams, A. M. (2010). Developmental activities 319 
that contribute to high or low performance by elite cricket batters when recognizing type 320 
of delivery from bowlers’ advanced postural cues. Journal of Sport and Exercise 321 
Psychology, 32(5), 638–654. https://doi.org/10.1123/jsep.32.5.638 322 

Jamil, M., Harkness, A., Mehta, S., Phatak, A., Memmert, D., & Beato, M. (2021). 323 
Investigating the impact age has on within-over and death bowling performances in 324 
international level 50-over cricket. Research in Sports Medicine, 00(00), 1–10. 325 
https://doi.org/10.1080/15438627.2021.1954515 326 

Johnstone, J. A., Mitchell, A. C. S., Hughes, G., Watson, T., Ford, P. A., & Garrett, A. T. 327 
(2014). The Athletic Profile of Fast Bowling in Cricket. Journal of Strength and 328 
Conditioning Research, 28(5), 1465–1473. 329 
https://doi.org/10.1519/JSC.0b013e3182a20f8c 330 

Justham, L. M., Cork, A. E. J., & West, A. A. (2010). Comparative study of the performances 331 
during match play of an elite-level spin bowler and an elite-level pace bowler in cricket. 332 
Proceedings of the Institution of Mechanical Engineers, Part P: Journal of Sports 333 
Engineering and Technology, 224(4), 237–247. 334 
https://doi.org/10.1243/17543371JSET77 335 

Justham, L., West, A., & Cork, A. (2008). Quantification and characterization of cricket 336 
bowling technique for the development of the parameters required for a novel training 337 
system for cricket. Proceedings of the Institution of Mechanical Engineers, Part P: 338 
Journal of Sports Engineering and Technology, 222(2), 61–76. 339 
https://doi.org/10.1243/17543371JSET25 340 

Justham, Laura, West, A., Harland, A. R., & Cork, A. (2006). Quantification of the Cricket 341 
Bowling Delivery; a Study of Elite Players to Gauge Variability and Controllability (pp. 342 
205–210). https://doi.org/10.1007/978-0-387-46050-5_37 343 

Leamon, N., & Jones, B. (2021). Hitting Against the Spin: How Cricket Really Works. 344 
Constable. 345 

McErlain-Naylor, S. A., King, M. A., & Felton, P. J. (2021). A review of forward-dynamics 346 
simulation models for predicting optimal technique in maximal effort sporting 347 
movements. Applied Sciences (Switzerland), 11(4), 1–20. 348 
https://doi.org/10.3390/app11041450 349 

McErlain-Naylor, S. A., Peploe, C., Grimley, J., Deshpande, Y., Felton, P. J., & King, M. A. 350 
(2021). Comparing power hitting kinematics between skilled male and female cricket 351 
batters. Journal of Sports Sciences, 00(00), 1–8. 352 
https://doi.org/10.1080/02640414.2021.1934289 353 

McHugh, M. L. (2013). The Chi-square test of independence. Biochemia Medica, 23(2), 354 



143–149. https://doi.org/10.11613/BM.2013.018 355 
Mehta, S., & van der Kamp, J. (2021). Match Analysis in Cricket. In D. Memmert (Ed.), 356 

Match Analysis: How to use Data in Professional Sport (pp. 73-80). Routledge. 357 
10.4324/9781003160953 358 

Müller, S., Abernethy, B., & Farrow, D. (2006). How do world-class cricket batsmen 359 
anticipate a bowler’s intention? Quarterly Journal of Experimental Psychology, 59(12), 360 
2162–2186. https://doi.org/10.1080/02643290600576595 361 

O’Donoghue, P. (2016). Wicket loss and risk taking during the 2011 and 2015 cricket world 362 
cups. International Journal of Performance Analysis in Sport, 16(1), 80–95. 363 
https://doi.org/10.1080/24748668.2016.11868872 364 

Petersen, C. J. (2017). Comparison of performance at the 2007 and 2015 cricket world cups. 365 
International Journal of Sports Science and Coaching, 12(3), 404–410. 366 
https://doi.org/10.1177/1747954117711338 367 

Phillips, E., Davids, K., Renshaw, I., & Portus, M. (2010). Expert Performance in Sport and 368 
the Dynamics of Talent Development. Sports Medicine, 40(4), 271–283. 369 
https://doi.org/10.2165/11319430-000000000-00000 370 

Phillips, E., Portus, M., Davids, K., & Renshaw, I. (2012). Performance accuracy and 371 
functional variability in elite and developing fast bowlers. Journal of Science and 372 
Medicine in Sport, 15(2), 182–188. https://doi.org/10.1016/j.jsams.2011.07.006 373 

Pinder, R. A., Davids, K., & Renshaw, I. (2012). Metastability and emergent performance of 374 
dynamic interceptive actions. Journal of Science and Medicine in Sport, 15(5), 437–443. 375 
https://doi.org/10.1016/j.jsams.2012.01.002 376 

Sarpeshkar, V., Mann, D. L., Spratford, W., & Abernethy, B. (2017). The influence of ball-377 
swing on the timing and coordination of a natural interceptive task. Human Movement 378 
Science, 54(March), 82–100. https://doi.org/10.1016/j.humov.2017.04.003 379 

Scobie, J. A., Pickering, S. G., Almond, D. P., & Lock, G. D. (2013). Fluid dynamics of 380 
cricket ball swing. Proceedings of the Institution of Mechanical Engineers, Part P: 381 
Journal of Sports Engineering and Technology, 227(3), 196–208. 382 
https://doi.org/10.1177/1754337112462320 383 

Scobie, J. A., Shelley, W. P., Jackson, R. W., Hughes, S. P., & Lock, G. D. (2020). Practical 384 
perspective of cricket ball swing. Proceedings of the Institution of Mechanical 385 
Engineers, Part P: Journal of Sports Engineering and Technology, 234(1), 59–71. 386 
https://doi.org/10.1177/1754337119872874 387 

Sharpe, D. (2015). Your chi-square test is statistically significant: Now what? Practical 388 
Assessment, Research and Evaluation, 20(8), 1–10. https://doi.org/10.7275/tbfa-x148 389 

Wormgoor, S., Harden, L., & Mckinon, W. (2010). Anthropometric, biomechanical, and 390 
isokinetic strength predictors of ball release speed in high-performance cricket fast 391 
bowlers. Journal of Sports Sciences, 28(9), 957–965. 392 
https://doi.org/10.1080/02640411003774537 393 

 394 



 

Table 1 – Definitions list for all variables provided by the data supplier 
 

Variable Definition 

 

Away Swinger A delivery from a seamer (pace bowler) where the trajectory of the ball through the air deviates away 

from the batter 

In-Swinger A delivery from a seamer where the trajectory of the ball through the air deviates towards the batter 

Leg-Cutter A delivery from a seamer where the bowler runs their fingers down the inside of the ball (the left side 

for a right arm bowler, the right side for a left arm bowler) 

No-Movement A delivery from a seamer where the ball does not deviate from a linear trajectory or speed 

Off-Cutter A delivery from a seamer where the bowler runs their fingers down the outside of the ball (the right 

side for a right arm bowler, the left side for a left arm bowler). 

Seam Away A delivery from a seamer which deviates away from the batter after pitching (bouncing) 

Seam In A delivery from a seamer which deviates towards the batter after pitching 

Slower Ball A delivery from a seamer which is bowled deliberately slower than their usual pace. The bowler will 

attempt to disguise the slower ball so that their action appears quicker than the resulting delivery.  
 

  

 
 
 
 



 
 

Table 2 – Observed and (Expected) Counts for Bowling Variations 

 

Bowling 

Variation Type 

Runs Conceded 

NO 

Std 

Residual 

Runs Conceded 

YES 

Std 

Residual 

Wickets Taken 

NO 

Std 

Residual 

Wickets Taken 

YES 

Std Residual 

 

 

Away Swinger 145 (110.7) 3.3* 50 (84.3) -3.7* 191 (190.0) 0.1 4 (5.0) -0.5 

In-Swinger 98 (70.4) 3.3* 26 (53.6) -3.8* 114 (120.8) -0.6 10 (3.2) 3.8* 

Leg-Cutter 28 (36.3) -1.4 36 (27.7) 1.6 61 (62.3) -0.2 3 (1.7) 1.0 

No-Movement 6282 (6345.5) -0.8 4894 (4830.5) 0.9 10966 (10886.8) 0.8 210 (289.2) -4.7* 

Off-Cutter 326 (409.4) -4.1* 395 (311.6) 4.7* 684 (702.3) -0.7 37 (18.7) 4.2* 

Seam Away 247 (156.7) 7.2* 29 (119.3) -8.3* 250 (268.9) -1.2 26 (7.1) 7.1* 

Seam In 152 (98.8) 5.4* 22 (75.2) -6.1* 154 (169.5) -1.2 20 (4.5) 7.3* 

Slower Ball 203 (253.2) -3.2* 243 (192.8) 3.6* 415 (434.5) -0.9 31 (11.5) 5.7* 

 
*: Significant at Bonferroni corrected (p < 0.0031), corresponding critical value ±2.96 

Expected Counts in brackets 

Runs Conceded NO is referred to as dot ball in the text 

Wickets Taken YES refers to: bowled (wickets struck by bowler), caught (by fielder), hit-wicket (batter struck own wicket) and LBW (leg before wicket, implying the ball would have struck the wickets if not for 

the intervention of the pads) 
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