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Abstract

Within the sport of cricket it is common practice for players to tap the bladédaf with a hard wood mallet or cricketllia

gauge its potential playing performance. This subjectigesssnent can produce contradictory opinions on the same bat. The
aim of this study was tmvestigatethe reliability of the ‘tapping’ test in rating the poteng&rformance of cricket bat$his

was doneby comparinga measurable performance indicatapfarentoefficient of restitutionACoR) to player assessment.
Twenty experienced amateur and sgmb cricketerscompleteda scaledresponseajuestionnaire talescribe the sound and feel

of impact during the ‘tapping’ test, and rate the predicted pedaiocsCorrelations between playeesponsesand ACoR were
explored. Predictetlat performanceby threeout of twenty participants showed correlation wioR. It was concluded that

the tapping test is not a reliable measure of bat perfornamoss thetady population There are indications thatdividuals

can correctly differentiate bats, but there is clear evidence that thesnakserrorsA further study with a largenumber of
participantsand an exploration of the relative influence of sensesponse will yield further insights to this pilot study.

© 2014 The Authors. Published by Elsevied.
Selection and pegeview under responsibility dfie Centre for Sports Engineering Research, Sheffield Hallam University
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1. Introduction

Restrictions on materials for use in cricket batslaie out in the laws of cricket. Law 6.4 stipulates that the
blade of the bat must be made from solid wood and law 6.2 sets out the restantibesbat’s dimesions(MCC
(2010)) These laws protect the tradition of the gaamelleave bat manufacturers little option but to continue with
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the use of willow- a resilient lightweight wood as the core performance material. The use of wood introduces
wide perfornance variations due to the natural differences in the quality of willbkwin and between trees

A bat tappingtest is used typically by retailers and playergdte the likely performance of a bat before
purchase. The bat is impacted with a hardwood mallet, or chigdeis bounced in the face of the blade. The
player makes a mental assessment of the sound, feeljsuadirebound of the malldtall. A parameter typically
considered as appropriate to measure the performance of a baappénentoefficient of restitution ACoR).

ACOR is defined as the ratio oflvound to inbound ball velocitylt is directly related to how far the ball will
travel after impac(Subic et al (2003)and can represent a measure of the intrinsic power of thi lsagsimpler
measure than ballat CoR as the recoil speed of the bat can be negl@diedapping test iypothesised to be a
method by which rebound performanaiea bat can bsubjectively assessed, when findin@@R in a laboratory
setting is impratical.

During impact the bat is excited to vibrate at frequencies correspotalitggybending and torsional modes of
vibration. The amourdf energy transferred from bat-batand then bat back to bédl dependent on the extent to
which the differentmodes of vibration are excitd@rooks et al (2006))in turn influenced by a combination of
factors including ball speed and position of impact on th€Bawer (2012)) The frequencies and amplitudes of
the modes of vibration are directly linked to hthe impact sounds and feétsplayers.

The overall aim of this study is to draw conclusions abouteligbility of the tappingest as a method tssess
bat performance Conclusionsare reached via comparisons between the physically measupafermance
paraneter ACOR, andthe perceived performance from an impact

2. Method

Two sets of bats were provided by Gunn and Moore Ltd, and each consisted of singtb#tte same blade
profile within the set. The profiles used were Max.E and Epic, wdiiferedin bladeprofile. Each set consisted
of a wide range of willow grades. All bats were blank (unadornedstiitkers and branding), fitted with the same
grip and painted with ‘303’ paint, which is a white paint used in marwfagtto disguise the graiof bats made
from an inferior wood grade. This ensured that no preconceptions batsieperformance could be made prior to
the player tests.

Table 1. Test bats inventory for sets 1 and 2

Set 1 Set 2
Max.E Willow Grade Epic Willow Grade
505 g3 bleached, minor knots, light stain 404 g3 bleached, knots, stain
606 superior g3 bleached 606 superior g3 bleached
707 g2 707 g2
808(a) superior g2 808(a) superior g2
808(b) superior g2 808(b) superior g2
808(c) superior g2 808(c) superior g2
909 gl 909 gl
Original superior gl Original superior g1
Original LE best g1 Original LE best g1

A Phantom (V4.2) higlspeed camera operating at 1,000 frames per second was used to record the impact of
cricket ball(m = 160g)dropped in the vertical plane from a height of 2.61 m onto a bat held in thertatiplane
by elastic at three contact pointeach side of the bat at the toe and top of the harallewing the bat to recoil
during the impact. Evidence supports this condition to be lglospresentative of the hand held conditions of
play when compared with rigid clampirffnowles (1996)) Five repeat impacts were carried out on the centre
line of the bat athe Point of Maximum ThicknessPEOMT). Any impacts in which the seam of the ball mad
contact with the tawvere discounted and repeated.

Impacts were at low spedd.15 mg) rather than game spee(25-38 ms'), butthe essential physics of the
ball-bat collision does not change with game speeds (high ball and highped).Sherefae, weconsider a low
speed impacvalid for this pilot study. Given that the player tapping tests were carried ouw &pleed, albeit
with a heavier mass, it could be considered that drop test and play@etamhparable
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Fig 1.ACoR measurement schematic

Analysis of highspeed video recorded during the drop test was carried out usitgmc@&heffield Hallan
University software (Check2D). The measurable performance indizatofound usindhCoR =(H/h), where H

is the initial drop heightand his the maximum height post impaét.height rather than velocity measure could be
used since we hadertical rather than horizontal impact, and the recoil speed of the bat euleigkected for
ACoR. The meanACoR for each bawascalculatedrom the fivevalid impacts

A scaled response questionnaire was devisesseshow players interpret theebound,sound and vibration
response from the tapping test. Twenty amateur cricketers participdtesindy. All hadgreater thamine years
playing experience, ansixteenwere playing to asery high standard (premier league club, minor countes,
county academy). All participants stated that they had used the tappibg jtetde the performance of a bat. All
participants were over the age of 18 and signed a written consentriornoptesting. Ethical approval had been
granted by the Sport and Exercise Research Ethics group.

Seven questions were created that were informeRdherts et al (20059n player perception of golf shots.
The questions were tested imalustryexperts within Gunn and Moore for relevance and meaning to ensure they
were suitably themed for crickéFigure 2)

To minimise the problem of participants using different rangdkerscale, particularly early in the test when
reference levels are developing, they were given two bats from outsidetestlseletion, one with a higiACoR
and another a lowCoR. They were then asked to carry out the tapping test on these two faattdliarise with
the questions and response ranges. After sensitisation the eightbafresented in a random order to minimise
the effect of developing reference levels. The bats were marked only with andsrrio limit preconceptions on
quality of the bat before testing.eRponses to each of the seven questicare then recorded. To increase the
accuracy of the scoring relative to one another the participanablasto see their previous responses and use
them to guide scoring on subsequeats. Bats were tapped with a standard commercially availaddwoodbat
mallet. For each question the player was permatethximum oten taps. This constraint was considered valid in
order to encourage players to make an assessment and clear decision in a ¢cm@scatet
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1. How did the impact feel?
Unpleasant 1 2 3 4 5 6 7 8 9 Pleasant

2. How much vibration did you feel in your hands?
No vibration 1 2 3 4 5 6 7 8 9 Lots of vibration

3. Describe the sound of the impact on the scales below:

Dull 23 2 3 4 5 6 7 8 9 Crisp/ sharp
Quiet 1 2 3 4 5 6 7 8 9  Loud

Weak 1 2 3 4 5 6 7 8 9 Powerful
Muffled 1 2 3 4 5 6 7 8 9 Clear

4. How would you rank the likely performance of the bat?

Poor 1 2 3 4 5 6 7 8 9 Excellent

Figure2. Scaled response questionnairsed to quantify participants’ perceptions from the “baghptest.

Responses were normalised reduce the effect of individualieference position imesponse to the same
question(Raoberts et al (2005)ACoR andnormalisedquestionresponsesvere entered into the Statistics Package
for Social Scientists (SPSS, 19.0.1). Data were checked for parametripsaarand appropriate tests carried
out to look for significant correlatiortsetween the input data. Pearson's Pretament correlation could not be
used sincéntervals inthe questionnaire scale could not be considered equal and as such becomeslestalelin
Therefore, Spearman's Rho correlation wWasmost appropriate ithis case.The significance level was set at
0=0.05 and Bonferroni corrections used to correct for familyise error (Field (2009))

3. Results

Table 2 shows the measur&€oR at the Poinbf Maximum Thickness (PoMTipr eight batsused as the basis
for the player perceptioquestiomaire.

Table 2. MeasuredpparentCoefficient of RestitutiofACoR)

Bat ACoR @ PoMT

Set Model Average Standard Deviaton
Max. E 505 0.388 0.003
Max. E 808(b) 0.444 0.004
Max. E 808(c) 0.452 0.003
Max. E LE 0.442 0.014

Epic 404 0.367 0.002

Epic 808(b) 0.405 0.005

Epic 808(c) 0.421 0.003

Epic LE 0.418 0.004

Standardied results tdhe scaledresponse questisrand ACoRs for the eight bats tested for leguarticipant
were explored. A test ofanmality on the dataised Shapo-Wilk due to low sample sizeandrevealed rnaltiple
non-normd distributions Data was therefore considered rmarametric

Spearman's Rhooefficients beteen responses to questibio 4 and ACoR were found for each participant.
Only three participants slwed positive orrelation withACoR at the POMT.
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Figure4. Normalised responses against meas&@dR for (a) Q3a dull/sharp, (b) Q3e weak/powerful, (c) Q3d muffled/clear

Figures 3 and 4 show how thgenty participant’sesponses vary for the eidbaits testedsgen agight distinct
ACoRs). The spread of data indicateswide perception ofa bats characteristics when using a qualitative
assessmensuch as thdapping test It is not possibleto identify visually indications of correlatioon bat
performanceand so statistical analysis was used to search for correlations.

4. Discussion

Peaformance predictions frorthree out of twenty participants showed posithegrelations withACoR at the
PoMT, indicating that amateur cricketers are not able to predict bat pericereliably from the tapping test
alone.Responses to questions3lgive a description of how the player perceived the sound and feel of the.impact
It was thought there may be correlations between treggonsesnd the way in which participants judged the
overall performance of the bat. Over half the participants’ responsesdhuositive correlation between the
predicted performance (g4) andvh@leasant the impact felt (q1); and predicted performance (g4) and how
weak/pwerful the sound of impact (qBcThis suggests that thesensoryperceptions influence how players rate
the performance of a batCorrelations betweethe other questions amatedicted performance variesidely
among theparticipants with no more than hahowinga correlation in the same directi@s forresponseso gl
and g3a This indicates that whileorrelations forql and g3awith predicted performancég4) exist for
individuals, none can be generalized to the whole sample.

Standard deviations of normalised responsegdtdor each bat we high, between 0.86 and 1.08. This shows
that, whilst some participants were able to accurately predicelatve performancenf the batsthe responses of
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the samplepopulation varied widelyThe spread of responses to ql, g2, andsgalso wide, with standard
deviations above 0.6. Thetandard deviations across participants for each bat are comparable to thed standar
deviation of one participant across all bats, standardized to a valuelibfuggestghat the tested population’s
response to the performance of one bat varied as widely as the responseslofidul across théull range of

bats. This indicates an inahjlibf the tested group as a whole to agree on performandesgctiaracteristics. The
spread of responses for eaprestion and bat suggest thather statistical analysis using average resaitsld be
meaningless.

A potentiallimitation of this study s the way in whickthe sweet spot was approximatadusingthe point of
maximum bat thickness. Howey&oMT distance from the true sweet spot will be consistent for bats of the same
profile. For this study we make an assumption thkttivecomparisos of theACoRs found at the POMT within a
set of bats with the same profile should be similar to thogeGufRs at the true sweet spéiccuracy in future
studieswould be improved by measuring t#eCoR of the bat at the true sweet spolich can befound from
modal analysis.Another limitation of this pilostudy washe level of experience of the players surveyedtute
studieswould include elite level players and experienced bat makengs would reveal whether a higher
experience levetanassesgotential baperformancdrom the tapping testith more consistency and accuratty
is also worth noting that whiléne resultshowed little consistency betweparticipantsresponsewhen using the
tapping test as a staadone measurdurther testig couldbe carried out on batshere the wood grain is visible.
This wouldallow investigatiorof the effect of prior knowledgeith visual observation of the grain pattelefore
tapping It is generally accepted by bat makers that bat performance vgtelager with higher grades, and grading
is done on a visual inspection of the grain pattern alongside impenem the willow.

5. Conclusion

Results of thigilot study suggest that cricketeséthout a high level of experienahould notuse the tappintest
to rate thepotentialperformance of a bat. However, a further study with a larger sample thatclstes elite
level players and experienced bat makers is required so that we can ineegtigéner reliability can be improved
with greater experience and skif\n exploration of the relative influence of sensory response algb yield
further insights to this pilot study.
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