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SUMMARY

To date, researchers have made no attempt to investigate the notational singles match analyses
results nor the relationships between last-mentioned results of African badminton players.
Furthermore, up until now, no researchers have investigated the possible link between global
positioning system (GPS) determined match characteristics of badminton players and match
performance, nor the possible relationships between match-analysis results of external and
internal match-load-determining methods in badminton players. It is in the light of this
background that the objectives of this study were as follows: firstly, to determine the notational
singles match-analysis results of male badminton players who participated in the African
Badminton Championships; secondly, to determine the relationships between notational singles
match-analysis determined strokes and foot movements in male badminton players that
participated in the African Badminton Championships; thirdly, to establish the GPS-determined
singles match characteristics that act as predictors of successful and less successful male singles
badminton players’ group classification; and lastly, to determine relationships between results of

an internal and external match-load-determining method in male singles badminton players.

To achieve the first two objectives of the study, twenty matches of twelve male singles players
(age: 24.4 + 4.6 years) that participated in the team and individual events of the All Africa Senior
Badminton Championships of 2014 were recorded live via video cameras, and analysed using
the Dartfish Video Analysis Software Package. For the third objective of the study, 46 matches
of twenty-two players (age: 23.39 + 3.92 years; body stature: 177.11 + 3.06 cm; body mass:
83.46 + 14.59 kg) were analysed via GPS units (MinimaxX V4.0, Catapult Innovations, Victoria,
Australia), Fixed Polar HR Transmitter Belts (Polar Electro, Kempele, Finland) and digital video
cameras. Players that reached the quarter finals, semi-finals or finals of the five tournaments
during the 2014/2015 season were categorised as successful players whereas the rest of the
players were categorised as less successful players. For the last objective of the study, 45
matches of twenty-one male singles badminton players (age: 23.2 + 3.6 years; body stature:
176.1 = 3.4 cm; body mass: 79.6 = 12.3 kg) were analysed via GPS units, Fixed Polar HR

Transmitter Belts and digital video cameras.

For the first objective of the study, computerised-notational analysis revealed that male

badminton players that participated in the African Badminton Championships were active for
\%



29.8% of the total match time, which relates to 1470.4 s and spent 17.3 s on average on rest in-
between rallies; they performed 68.4 rallies per match at an average duration of 5.6 s, during
which a stroke was performed every 1.03 sec; the real time played was 432.9 s, which relates to a
work density of 0.43; they executed the drive (122.1) and clear strokes (118.0) the most times
during a match and performed the shuffle (161.7) and chasse-step (174.6) foot movements the
most frequently during match-play. For the second objective of the study, Spearman Rank
Correlation Coefficients revealed that the net (4) and smash (4) followed by the clear shots (3)
showed the highest number of significant relationships with foot movements. On the other hand,
split steps (3), chasse steps (2), backward lunges (2) and lunges to the right (2) displayed the

highest number of significant relationships with strokes.

For the third objective of the study, an independent #-test revealed that high-intensity
accelerations per second was identified as the only GPS-determined variable that showed a
significant difference between groups. Furthermore, the forward stepwise logistic regression
analysis results of the cluster analysis’ reduced GPS variables showed that only high-intensity
accelerations per second and low-intensity efforts per second were identified as significant
predictors (p < 0.05) of group allocation with 76.88% of players that could be classified into
their original groups by applying the GPS-based logistic regression formula. Lastly, the Receiver
Operating Characteristic Curve (ROC) revealed that the classification model valid (0.87) for

classifying players into successful and less successful player groups.

For the fourth objective of the study, Spearman’s Rank Correlation indicated that only the
following GPS-derived measures of external match-load obtained significant relationships (p <
0.05) with heart rate- (HR) related measures: absolute distance covered (r = 0.42), time spent (r =
0.44) and player load (PL) in the high-intensity (HI) zone (r = 0.44) as well as absolute (r = 0.43)
and relative match duration in the low-intensity (LI) zone (r = 0.38). Furthermore, the duration of
activities, which can be used as an external match-load measure, was more related to measures of
internal match-loads than any of the other external match-load-related parameters (distance

covered or PL).

On the whole, the study showed that computerised-notational analysis is a reliable method for
determining the singles match characteristics of male badminton players. However,
shortcomings with regard to applying only one method for determining the match profiles of
players accentuated the need to quantify both internal and external match-load measures and

assess relationships between them. Consequently, findings of this study indicated that results of
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an internal and external badminton match-load-determining method are more related to each
other in the HI zone than in other zones and that the strength of relationships depended on the
duration of activities performed in especially LI and HI zones. Nevertheless, results of an
external badminton match-load-determining method suggested that a typical conditioning
programme for badminton players should develop drills and activities that take place for
durations of 5.57 s at a time at a work:rest ratio of 1:3 for a total duration of 3-5 minutes after
which a break of 2 minutes must be allowed before continuing with another set for 3-5 minutes.
The intensity of activities must be quite high (maintained at a work density of more or less 0.4)
and incorporate especially chasse-steps, shuffle-steps, split-steps, half- and forward lunges as
well as the drive, clear, serve, smash and net strokes as these strokes are performed most during
match-play. The identification of high-intensity accelerations per sec and low-intensity efforts
per sec for the attainment of badminton performances also emphasized the importance of using
badminton specific drills and conditioning techniques to not only improve players’ physical

fitness levels but also their abilities to accelerate at high intensities.

Key words: badminton, foot movements, notational analysis, strokes, global positioning system,

match-analysis, heart rate
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OPSOMMING

Tot dusver het navorsers geen poging aangewend om die resultate van 'n notasie-, enkel-
wedstryd-analise te ondersoek nie, en ook nie verhoudings tussen laasgenoemde resultate van
Afrika-pluimbalspelers nie. Voorts het geen navorsers tot nou toe ondersoek ingestel na die
moontlike  verband tussen die globale posisioneringsisteem- (GPS)  bepaalde
wedstrydkarakteristicke van pluimbalspelers en wedstrydprestasie nie, en ook nie na die
moontlike verbande tussen die wedstrydanalise-resultate van eksterne en interne wedstrydlading-
bepalingsmetodes by pluimbalspelers nie. Dit is in die lig van hierdie agtergrond dat die
doelwitte van hierdie studie was om eerstens die notasie-, enkelwedstryd-analiseresultate van
manlike pluimbalspelers wat aan die Afrika Pluimbalkampioenskappe deelgeneem het, te bepaal;
tweedens, om verbande tussen notasie, enkelwedstryd-analisebepaalde houe en voetbewegings
by manlike pluimbalspelers wat aan die Afrika Pluimbalkampioenskappe deelgeneem het, vas te
stel; derdens, om die GPS-bepaalde enkelwedstryd-karakteristicke wat dien as voorspellers van
suksesvolle en minder suksesvolle manlike enkelspel-pluimbalspelers se groepsklassifisering te
bepaal en ten slotte, om verbande tussen die resultate van n interne en eksterne wedstrydlading-

bepalingsmetode manlike enkelspel-pluimbalspelers te bepaal.

Ten einde die eerste twee doelwitte van die studie te behaal is twintig wedstryde van twaalf
manlike enkelspelspelers (ouderdom: 24.4 + 4.6 jare) wat aan die span en individuele nommers
van die Alle Afrika Senior Pluimbalkampioenskappe van 2014 deelgeneem het, lewendig
opgeneem deur middel van videokameras, en met behulp van die Dartfish Video Analysis
Software Package ontleed. Vir die derde doel van die studie is 46 wedstryde van twee-en-twintig
spelers (ouderdom: 23.39 + 3.92 jaar, liggaamslengte: 177.11 + 3.06 cm, liggaamsmassa: 83.46 +
14.59 kg) geanaliseer deur gebruik te maak van GPS-eenhede (MinimaxX V4.0, Catapult
Innovations, Victoria, Australi€), Fixed Polar HR Transmitter Belts (Polar Electro, Kempele,
Finland) en digitale videokameras. Spelers wat die kwartfinale, halfeindronde of eindstryde van
vyf toernooie wat gedurende die 2014/2015-seisoen plaasgevind het, gehaal het, is
gekategoriseer as suksesvolle spelers, terwyl die res van die spelers as minder suksesvolle
spelers gekategoriseer is. Vir die laaste doel van die studie is 45 wedstryde van een-en-twintig
manlike enkelspel-pluimbalspelers (ouderdom: 23.2 + 3.6 jare, liggaamslengte: 176.1 + 3.4 cm,
liggaamsmassa: 79.6 £ 12.3 kg) geanaliseer aan die hand van GPS-eenhede, Fixed Polar HR

Transmitter Belts en digitale videokameras.
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Vir die eerste doelwit van die studie, het n rekenaarnotasie-analise aan die lig gebring dat
manlike pluimbalspelers wat aan die Afrika Pluimbal-kampioenskappe deelgeneem het, vir
29.8% van die hele duur van die wedstryd aktief was, wat uitwerk op 1470.4 sek, en gemiddeld
17.3 sek aan rus afgestaan het tussen houe-reekse; hulle het 68.4 houe-reekse per wedstryd vir 'n
gemiddelde duur van 5.6 sek uitgevoer waartydens 'n hou elke 1.03 sek uitgevoer is; die werklike
speeltyd was 432.9 sek, wat ooreenstem met n werksdigtheid van 0.43; hulle het die dryf-
(122.1) en die opklaarhou (118.0) die meeste tydens 'n wedstryd uitgevoer en die skuifel- (161.7)
en die “chasse”-treé¢ (174.6) voetbewegings die meeste tydens die wedstryd uitgevoer. Vir die
tweede doelwit van die studie het Spearman Rank Korrelasiekoéffisiénte getoon dat die net- (4)
en mokerhou (4) gevolg deur die opklaarhou (3) die hoogste aantal betekenisvolle verbande met
voetbewegings getoon het. Aan die ander kant, het die split-tre€ (3), “chasse”-tre€¢ (2),
terugwaartse “lunges” (2) en “lunges” na regs (2) die grootste aantal betekenisvolle verbande

met houe getoon.

Vir die derde doelwit van die studie het n onafhanklike #-toets aan die lig gebring dat hoé-
intensiteit-versnellings per sekonde geidentifiseer is as die enigste GPS-bepaalde veranderlike
wat n betekenisvolle verskil tussen groepe getoon het. Verder het resultate van die vorentoe,
stapsgewyse, logistiese regressie-analise van die trosontledingsverminderde GPS-veranderlikes
getoon dat slegs hoé-intensiteit-versnellings per sekonde en lae-intensiteit-pogings per sekonde
geidentifiseer is as belangrike voorspellers (p <0.05) van groeptoewysing met 76.88% van
spelers wat in hul oorspronklike groepe geklassifiseer kon word deur van die GPS-gebaseerde
logistiese regressieformule gebruik te maak. Laastens het die Receiver Operating Characteristic
Curve (ROC) onthul dat die klassifikasiemodel geldig (0.87) is om spelers in suksesvolle en

minder suksesvolle speler-groepe te klassifiseer.

Vir die vierde doelwit van die studie het Spearman se rangkorrelasie aangedui dat slegs die
volgende GPS-afgeleide metings van eksterne wedstrydlading betekenisvolle verbande (p <0.05)
met harttempo- (HR) verwante metings getoon het: absolute afstand afgelé (r = 0.42), tyd bestee
(r = 0.44) en spelerlading (SL) in die hoé-intensiteit-(HI) sone (r = 0.44) asook absolute (r =
0.43) en relatiewe duur van die wedstryd in die lae-intensiteit- (LI) sone (r = 0.38). Verder staan
die duur van aktiwiteite, wat as n eksterne wedstrydlading-verbandhoudende parameter gebruik
kan word, meer in verband met metings van interne wedstrydlading as enige van die ander

eksterne wedstrydlading-verbandhoudende parameters (afstand of SL).
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In die geheel het die studie getoon dat 'n gerekenariseerde notasie-analise n betroubare metode is
vir die bepaling van die enkelspel-wedstrydkarakteristieke van manlike pluimbalspelers te bepaal.
Nietemin, tekortkominge met die gebruik van slegs een metode om die wedstrydprofiele van
spelers te bepaal beklemtoon die behoefte om metings van beide interne en eksterne
wedstrydladings te kwantifiseer en verbande daartussen te evalueer. Gevolglik het bevindinge
van hierdie studie getoon dat die resultate van 'n interne en eksterne pluimbal-wedstrydlading-
bepalingsmetode meer in die HI-sone met mekaar verband hou as in ander sones, en dat die
sterkte van verbande athang van die duur van aktiwiteite wat in veral die LI- en HI-sones
uitgevoer word. Desondanks dui die resultate van ’n eksterne pluimbalwedstryd-
ladingbepalingsmetode dat n tipiese kondisioneringsprogram vir pluimbalspelers oefeninge en
aktiwiteite moet ontwikkel wat plaasvind oor n tydsduur van 5.57 sek by n werk-tot-rus-
verhouding van 1:3, vir 'n totale duur van 3-5 minute, waarna 'n breek van 2 minute toegelaat
moet word voordat daar voortgegaan word met nog 'n stel wat 3-5 minute lank duur. Die
intensiteit van aktiwiteite moet redelik hoog wees (gehandhaaf teen n werksdigtheid van min or
meer 0.4) en moet ook veral “chasse”-tre€, skuifeltre€, split-tre€, half- en voorwaartse “lunges”,
asook die dryf-, opklaar-, dien-, moker- en net-houe insluit aangesien hierdie houe die meeste
tydens wedstryde uitgevoer word. Die identifisering van hoé-intensiteitversnellings per sekonde
en lae-intensiteitpogings per sekonde vir die behaling van pluimbal-prestasies beklemtoon ook
die belangrikheid van die gebruik van pluimbal-spesifieke oefeninge en kondisioneringstegnieke
wat nie uitsluitlik daarop gemik is om spelers se fisieke fiksheidvlakke te verbeter nie maar ook

hul vermoéns om teen hoé intensiteit te versnel.

Sleutelterme: pluimbal, voetbewegings, rnotasie-analise, houe, globale posisioneringsisteem

wedstrydanalise, harttempo
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CHAPTER 1

Introduction




1. INTRODUCTION

Badminton has been an Olympic sport since the Barcelona Olympic Games in 1992 and since
then, has received increasingly more attention from researchers due to its popularity in countries
such as Korea, China and Malaysia, amongst others (Wan & Rambely, 2008:22; Singh et al.,
2011:6). Despite the popularity of the sport and the need for accurate match-analysis data that
will enable coaches and other sport-related professionals to determine the match characteristics
of badminton, very few researchers have focused their attention on this aspect of badminton
(Faude et al., 2007:480). The badminton scoring system change in 2006 from the traditional
3 sets, 15 points system to the new 3 sets, 21 points system (Ming et al., 2008:216) has
accentuated the need for more up to date research in this area. Furthermore, until now, no other
researchers have investigated the characteristics of a real badminton match by making use of a
global positioning system (GPS). Moreover, despite the acceptance and use of methods for
determining the internal and external match-loads of different sports, researchers have to date not
investigated the relationships between match-analysis results of external and internal match-

load-determining methods in badminton players.

2. PROBLEM STATEMENT

Badminton is a fast-paced net-based racket sport for two or four participants at a time, with a
time-based structure that is described by actions of short duration and high intensity
(Phomsoupha & Laffaye, 2015:473). The inclusion of badminton in the 1992 Olympic Games
significantly boosted participation with approximately 200 million enthusiasts globally
(Phomsoupha & Laffaye, 2015:473). Despite the popularity of badminton, only a small number
of researchers have more recently investigated the match-analysis characteristics of the sport
(Laffaye et al., 2015:584). The popularity and competitiveness of badminton have led to a need
for precise and up-to-date match performance analysis that will enable coaches and other sport-
related professionals to correctly determine the match characteristics of players (Faude et al.,
2007:484). Match-analysis-related studies in racket sports have therefore increased in recent
years resulting from the value of match-analysis results in examining and improving match

performance (Hughes, 2003:218; Hughes & Franks, 2004:57).

Only if researchers and sport practitioners precisely analyse the different match movements and
movement patterns will they be able to determine the exact demands of badminton matches
(Hughes, 2007:108). In this regard, computerised-notational analysis is one of the analysis
methods that can be applied to determine the match characteristics of badminton (Hughes &

Franks, 2004:88; Hughes et al., 2007:6; Abian-Vicen et al, 2013:311). In computerised-
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notational analysis, researchers usually record different badminton matches via a digital video
camera (Hughes et al., 2007:6; Ming et al., 2008:218). Thereafter they use a video analysis
software package such as Dartfish to analyse the video footage in detail, and then display results
of the match-analysis in digital format (Hughes & Franks, 2004:78; Wilson, 2008:35;
O'Donoghue, 2014:155). Despite the benefits of this analysis method, very few researchers have
thus far used this method with a view to analyse badminton matches (Ming et al., 2008:216;
Abian-Vicen et al., 2013:311). Furthermore, thus far no researchers have analysed the match
characteristics of African badminton players. The need for more up-to-date research in this area
has also been accentuated by the change in the badminton scoring system during 2006 from the

traditional 3 sets, 15-points system to the new 3 sets, 21-points system (Ming et al., 2008:216).

Several studies have made use of notational analysis to investigate the characteristics of
badminton match-play. For example, temporal structure analyses of 14 matches played during a
1999 Spanish International Tournament revealed the following characteristics: the average game
duration was 1689.3 + 313 s, with 6.06 + 1.08 shots performed per rally time; the real time
played was 548.7 + 98.6 s, while the performance time was 6.4 + 1.25 s; the work density was
found to be 0.49 + 0.06; the total rallies played was 83.3 £ 11.03, with total shots averaging
510.7 £ 109.76 (Cabello-Manrique & Gonzalez-Badillo, 2003:63). In another study, Abian-
Vicen et al. (2013:314) assessed the temporal and notational structures of matches played during
the 2008 Beijing Olympic Games and found the following average results for the first and
second games of men’s singles matches respectively: the duration of games was 1128 = 256.5 s
and 1121.0+214.0 s; the real time played was 310.5 + 40.7 s and 303.3 + 52.3 s. Players only
spent 28.1 + 3.4% and 27.3 + 2.4% of the total time on match-play activities; rally time was
found to be 9.0 = 0.9 and 9.1 + 1.4 s; shots per rally were 9.7 + 0.8 and 9.9 + 1.4; rest time was
24.1 £3.8 s and 25.2 = 4.6 s; work density was 0.38 + 0.06 and 0.36 = 0.04; and shot frequencies
per rally, 1.08 + 0.04 and 1.09 £ 0.03,respectively. Cabello et al. (2004:5) analysed a large
sample (n = 79) of national, international and world-class Spanish male badminton players and
revealed an average total playing time of 2090 + 921 s, an average total work time of
707 £ 261 s, an average work time of 7.3 = 1.3 s, an average rest time of 14.2 + 3.4 s, an average
work:rest ratio of 0.53 + 0.12 as well as an average number of rallies’ value of 98 + 32. In a
different study, Ming et al. (2008:219) used notational and time-motion analyses to investigate
differences in simulated badminton match characteristics, when state-level male Malaysian
badminton players made use of the new (21 points) and old scoring systems (15 points)
respectively. They reported 17.27 + 2.67 vs. 24.06 + 2.38 min for match durations; 8.64 + 1.33

vs. 12.03 = 1.19 min for average game duration; 4.62 + 0.86 s vs. 4.63 + 0.49 s for rally time;
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9.71 £1.32 s vs. 10.29 £ 1.42 s for rest time; 0.48 = 0.07 vs. 0.46 = 0.07 for work density; 331.25
+ 44.74 vs. 463.5 + 21.41 for number of shots per match; 70.25 £ 1.26 vs. 97 + 6.68 for the
number of rallies per match and 4.74 + 0.78 vs. 4.77 + 0.47 for the average shots per rally for
last-mentioned scoring systems respectively. Although notational analysis results do provide
sport practitioners in the badminton fraternity with information regarding the singles match
characteristics of male players, it is unclear whether African badminton players will display the
same match characteristic profile as their international counterparts. Over the last two decades,
studies have only focussed on badminton players from Spain (Cabello ef al., 2004:2), Malaysia
(Ming et al., 2008:217), and the top international players that participated in the 1996 Hong
Kong Badminton Open (Tong & Hong, 2000:1) and Olympic Games (Abian-Vicen et al.,
2013:312).

On the other hand, possible relationships between notational singles match-analysis that
determined strokes and foot movements of badminton players can be qualitatively analysed in
order to gather information with regard to the technical and tactical aspects of performance
(Liddle et al., 1996:162). Information with regard to relationships between certain variables may
promote an understanding of specific-match demands and assist coaches in setting up match-
specific training schedules (Liddle et al., 1996:162). However, the researcher is not aware of any
other previous study that made an attempt to determine the relationships between notational

singles match-analysis-determined strokes and foot movements of badminton players.

The advent of GPS in the 1990s offered an optional method for the measurement of average
duration, frequency, and speed of movements, with the potential of circumventing some of the
shortcomings of notational analyses and of minimising others (Townshend et al., 2008:124).
These shortcomings include amongst others, the time-consuming nature of notational analyses
(Hughes & Franks, 2004:77; Townshend et al., 2008:124), the inaccuracies of notational
analyses to analyse total time spent on individual movements, the frequency of individual
movements (Duthie et al., 2003:983), and the inability to assess the specific demands of certain
activities (O'Donoghue, 2008:189). However, as mentioned before, the researcher is not aware of
any other previous study that has made use of GPS devices to do this type of analyses on
badminton players. The use of a triaxial accelerometer, magnetometer, and gyroscope in a GPS
device for analysing badminton matches are still a new phenomenon. Accelerometers,
gyroscopes and magnetometers are devices that allow researchers to monitor and describe
movements as well as the intensity and frequency of these movements in various clinical and

sports settings (Gastin et al., 2013:590). In this regard, Coe and Pivarnik (2001:373) found that
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accelerometers are valid instruments for determining physical activity levels during indoor
basketball practices where intensity is changing constantly. Other researchers also revealed that
MinimaxX™ accelerometers showed acceptable reliability (< 2%) for measuring Australian
Football players’ external work-loads and were capable of detecting differences in physical
activity levels (Boyd et al., 2011:319). Wundersitz et al. (2015:3977) used a simulated team
sport circuit to demonstrate that wearable tracking devices that make use of accelerometer and
gyroscope data are precise for classifying sporting activities in sport scenarios. Despite the
potential benefits of the GPS match-analysis method, no researchers have made an attempt to
utilise this method for determining the relationship between GPS determined match

characteristics and the championship results of badminton players.

Researchers currently use various methods to investigate, amongst other things, the match-loads
of indoor sport participants such as badminton players. External match-loads are determined
through manual video tracking (Burgess et al., 2006:335), semi-automated video tracking
(Bradley et al., 2011:821) and global positioning system (GPS) analyses (Varley & Aughey,
2013:34), whereas internal match-loads are determined by performing blood lactate (Cabello-
Manrique & Gonzalez-Badillo, 2003:65; Cabello-Manrique et al., 2004:3) and heart rate (HR)
analyses (Liddle et al, 1996:163; Cabello-Manrique & Gonzalez-Badillo, 2003:63; Cabello-
Manrique et al., 2004:3) as well as by utilising gas exchange values obtained during graded
maximal tests (Andersen et al., 2007:129; Ooi et al., 2009:1594; Tervo et al., 2010:667). The
most common method for determining the internal loads of athletes is by means of HR
monitoring and analyses (Halson, 2014:142). Overall, researchers that have analysed the HR of
badminton players show that average heart rates of between 166 and 188 bpm occur during
match-play, while maximal heart rates of between 191 and 195 bpm have been observed during
normal and simulated matches (Cabello-Manrique & Gonzalez-Badillo, 2003:64; Wonisch ef al.,
2003:117). Although researchers support the use of HR analysis to accurately determine players’
internal loads HR shows a delayed response to sudden high-intensity movements, which may
lead to an underestimation of match-loads and intensities (Jeukendrup & Diemen, 1998:92).
Furthermore, HR usually takes some time to return to pre-activity levels, which means that
intensity or loads will be overestimated during match-play due to HR inflation (Coe & Pivarnik,

2001:374).

In view of these shortcomings, with regard to the use of HR as an internal load-determining
method, and the need for more comprehensive match-load profiles, it is important to quantify

both internal and external match-load measures and to assess the relationships between them
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(Scott et al., 2013:271). Although research findings indicate that measures of external (total
distance covered, the volume of low-speed activity, high-speed running and very high-speed
running as well as player load) and internal match-loads (rating of perceived exertion, training
impulse and summated-heart-rate-zones) are significantly related (r-values of between 0.38 and
0.84, p<0.05) in team sport participants (Scanlan et al, 2014:2402), no studies have
investigated the possible relationship between the external and internal match-load measures in

racket sport participants such as badminton players.

In the light of this research background and identified shortcomings the following research
questions are posed: Firstly, what are the notational singles match-analysis results of male
badminton players who participated in the African Badminton Championships? Secondly, what
are the relationships between notational singles match-analysis-determined strokes and foot
movements of male badminton players that participated in the African Badminton
Championships? Thirdly, what are the GPS-determined singles match characteristics that act as
predictors of successful and less successful male singles badminton players’ group
classification? Lastly, what are the relationships between results of an internal and external
match-load-determining method in male singles badminton players? Answers to the afore-
mentioned research questions could possibly enable coaches, badminton players and sport
scientists to compile conditioning programs specifically in accordance with the demands of
badminton matches. It may also give people in the sporting fraternity an indication of the match
characteristics that discriminate between successful and less successful badminton players so that
more attention can be given to these characteristics. Also, a better comprehension of the specific
match-loads that badminton players experience during match-play may allow sport scientists to
compile more badminton-specific conditioning programs for preparing players for the

requirements of competitive match-play.

3. OBJECTIVES

The objectives of this study are to determine:

1. The notational singles match-analysis results of male badminton players who participated in
the African Badminton Championships.

2. Relationships between notational singles match-analysis-determined strokes and foot
movements in male badminton players that participated in the African Badminton
Championships.

3. The GPS-determined singles match characteristics that act as predictors of successful and

less successful male singles badminton players’ group classification.
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4. Relationships between results of an internal and external match-load-determining method in

male singles badminton players.

4. HYPOTHESES

The study is based on the following hypotheses:

1.

The notational singles match-analysis results of male badminton players who participated in
the African Badminton Championships will compare well to those of previously investigated
players that also played according to the new 21-point scoring system: an average match
duration of 24.06 = 2.38 min; an average game duration of 8.64 = 1.33 min; an average rally
duration of 4.62 + 0.86 s; an average real time played 306.9 + 46.5 s (27.7 £ 2.9%); an
average rest time of 9.71 + 1.32 s; an average work density of 0.48 + 0.07; an average
number of shots per match of 331.25 £+ 44.74; an average number of rallies per match of
70.25 £ 1.26 and 4.74 + 0.78 for the average shots per rally.

Significant relationships will exist between the majority of notational singles match-analysis-
determined strokes and foot movements in male badminton players.

GPS measurements (characteristics) such as player load, time spent in different acceleration
zones and efforts performed at different intensities will serve as significant predictors of
successful and less successful male singles badminton players’ group classification.
Significant relationships will exist between the results of an internal and external match-load-

determining method in male singles badminton players.

5. STRUCTURE OF DISSERTATION
This dissertation is submitted in article format as approved by the Senate of North-West

University, and structured as follows:

Chapter 1:  Problem statement, objectives, and hypotheses. A bibliography is provided at the

end of the chapter in accordance with the guidelines of North-West University.

Chapter 2:  Literature Review: The match-analysis characteristics of badminton players. A

bibliography is provided at the end of the chapter in accordance with the
guidelines of North-West University.

Chapter 3:  Article 1 - Notational Singles Match-analysis of Male Badminton Players who

participated in the African Badminton Championships. The article was submitted
and accepted for publication in the International Journal of Performance Analysis
in Sport. A bibliography is presented at the end of the chapter in accordance with
the guidelines of the journal (see Appendix A). Although not in accordance with

guidelines of the journal, tables were included in the text to make the article easier
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Chapter 4:

Chapter 5:

Chapter 6:

to read and understand. Furthermore, the line spacing of the article was set at one
and a half lines to conform to the layout of the rest of the thesis.

Article 2 - Global Positioning System (GPS) Determined Match Characteristics
that Predict Successful and Less Successful Male Singles Badminton Players’
Group Classification. The article was submitted for publication in the
International Journal of Sports Science and Coaching. A bibliography is
presented at the end of the chapter in accordance with the guidelines of the
journal. Although not according to the guidelines of the journal (see Appendix A),
tables were included within the text so as to ease the reading and understanding of
the text. Furthermore, the line spacing of the article was set at 1.5 lines instead of
the prescribed 2 lines.

Article 3 - Relationships between Results of an Internal and External Match-
Load-determining Method in Male Singles Badminton Players. The article was
submitted and accepted for publication in the Journal of Strength and
Conditioning Research. A bibliography is presented at the end of the chapter in
accordance with the guidelines of the journal (see Appendix A). Although not
according to the guidelines of the journal, tables were included within the text so
as to ease the reading and understanding of the text. Furthermore, the line spacing
of the article was set at 1.5 line instead of the prescribed 2 lines.

Summary, conclusions, limitations and recommendations of the study.
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1. INTRODUCTION

Badminton is one of the major racket sports and is characterised by its speed of execution,
dynamism and the need for tactical, technical and psychological abilities as well as physical
fitness (Lees, 2003:707; Abian et al., 2012:2). However, despite the popularity and the demands
of the sport as well as the need for accurate match-analysis data that will enable coaches and
other sport-related professionals to determine the match characteristics of badminton, very few
researchers have focused their attention on this aspect of badminton (Faude et al., 2007:480).
Match-analysis refers to the objective method of examining and recording behavioural actions
that arise during competitions or matches (O'Donoghue, 2008:180; Carling et al., 2009:2). These
types of analyses focus on all the on-court activities that an individual player performs during a
match, and allow researchers and sport practitioners to integrate activities and movements into a
summarised report (Hughes, 2007:108). Therefore, match analyses’ activities range from in-
depth technical to qualitative analyses of sporting performances (O’Donoghue, 2004b:184). The
systematic assessment of badminton matches enables researchers to comprehend the sport, its
strategies and the physical training needed to be successful in the sport as well as players’
behaviours (Lees, 2003:713; O’Donoghue, 2004b:184). Match analyses are only efficient if
researchers are able to determine which data is imperative for the improvement of players’
performances (Carling et al., 2009:11). In this regard, different types of video and computerised
match-analysis technologies are used to enhance sporting performance (Carling et al., 2009:11).
Knowledge of weaknesses in players’ playing profiles as well as errors made during match-play
may allow players to improve their techniques (Hughes & Bartlet, 2008:8). Furthermore, match-
analysis results can be used to identify opponent’s strengths and weaknesses and aid in selecting

players (Carling et al., 2005:11).

Researchers currently use various methods to investigate, amongst other things, the match-loads
of indoor sport participants such as badminton players. External match-loads are determined
through manual video tracking (Burgess et al., 2006:335), semi-automated video tracking
(Bradley et al., 2011:821) and global positioning system (GPS) analyses (Varley & Aughey,
2013:34), whereas internal match-loads are determined by means of blood lactate (Cabello-
Manrique & Gonzalez-Badillo, 2003:63; Cabello-Manrique et al., 2004:3) and heart rate (HR)
analyses (Liddle et al, 1996:159; Cabello-Manrique & Gonzalez-Badillo, 2003:63; Cabello-
Manrique et al., 2004:3) as well as by utilising gas exchange values obtained during graded
maximal tests (Andersen et al., 2007:129; Ooi et al., 2009:1593; Tervo et al., 2010:666).
However, researchers and sport scientists will only obtain an accurate match-load profile of sport

participants if they use methods that will allow them to simultaneously analyse both the internal
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and external match-loads of match-play (Alexandre et al., 2012:2892). Furthermore, despite the
acceptance and use of last-mentioned methods to determine match-loads, information with
regard to the relationships between match-analysis results of external and internal match-load-
determining methods provide researchers and sport scientists with clarity concerning the external

loads that are most often associated with the physiological responses (internal load) to match

play.

In view of the above-mentioned background and shortcomings of current literature, the
objectives of this literature review were firstly to provide the history and a detailed description of
badminton as a sport; secondly, to describe the various badminton match-analysis methods that
resort under the broad categories of internal and external match-load-determining methods
respectively as well as present results of research that have applied each of these methods to
analyse badminton; thirdly, to investigate the limitations of current match analyses methods in
order to make recommendations to address these limitations and fourthly, to discuss research that
has investigated relationships between results of internal and external load-determining methods

in sport.

Searches for relevant literature were done in accordance with the recommendations of the
International Society of Performance Analysis of Sport (ISPAS, 2014). In addition, computer
searches were performed using the Academic Research, PubMed, EBSCOhost, Masterfile,
ScienceDirect, PsycINFO, Cairn, SportDiscus, Academic Search Premier and Medline
databases. Scirus, Google Scholar and MetaCrawler search engines as well as ResearchGate
were also used to search for available, relevant and related literature. Keywords exploited in the
searches included, but were not limited to, the following: GPS, video analysis, match-analysis,
notational analysis, motion analysis, HR, badminton, elite players and racket sports. Only
English literature was considered with publication date not regarded as a criterion for selection.
Other racket sports were also considered with the exception of table tennis. With regard to
gender, only literature that included men as participants was considered. Furthermore,
articles/publications that included a detailed description of study methods were also considered.
In order to reach the objectives of this review, the author also explored literature that applied
alternative match-analysis methods that are not currently being used in badminton but hold the

potential of being applied for badminton match-analysis.
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2. HISTORY AND DESCRIPTION OF BADMINTON

2.1 History of badminton

Badminton originated from ancient civilisations in Europe and Asia (Badminton World
Federation (BWF), 2016; Shan et al., 2016:175). The archaic game that was originally known as
‘battledore’ presumably began more than 2000 years ago (BWF, 2016). In the 1600s battledore
was mainly played by the upper class (noble elites) in England and other European countries
(BWF, 2016). The original aim of battledore was for two persons to clout a shuttlecock
backwards and forwards with a bat as much as they could without letting it touch the ground

(BWF, 2016).

The standard rules of the present-day game were refined and developed in England (BWF,
2016). Badminton procured its designated name from Badminton House - home of the Duke of
Beaufort, located in the heart of South Gloucestershire, in the United Kingdom. In the year 1873
the Duke introduced his guests to a rendition of “Poona”, a game that he saw in India (BWF,
2016). The sport expeditiously grew in popularity and reputation, especially amongst elites, and
in 1877 the first and antecedent set of drafted written rules were contrived by the then newly
constituted Bath Badminton Club (BWF, 2016). The Badminton Federation of England was
actualised 16 years later, and in March of 1898 the first prestigious Open Tournament, which
was held at Guildford in 1899, was organised (BWF, 2016). During the 1930s, Canada,
Denmark, and the USA also evolved into passionate accomplices of the game (BWF, 2016).

In 1934 the International Badminton Federation (IBF) was established, with the initiatory
members that included England, Wales, Scotland, Ireland, Denmark, Canada, Holland, France
and New Zealand, alongside India which was acknowledged as an affiliate in 1936 (BWF, 2016).
In 1948 the first prominent IBF tournament known as the Thomas Cup (world men's team
championships) was played (BWF, 2016). Ever since, the number of major world tournaments
has increased with the inclusion of the Sudirman Cup for mixed teams, Uber Cup for women’s
teams, World Championships for all individual events, World Junior Championships and the

World Grand Prix Finals (BWF, 2016).

Badminton was popularised and included in the Commonwealth Games programme in 1966 and
since then it has been part of every Commonwealth Games program (BWF, 2016). The
Commonwealth Games included all five game formats, namely: men’s (MS) and women’s
singles (WS) as well as men’s (MD), women’s (WD) and mixed doubles (XD). Team events

were later on included in the Commonwealth Games program (BWF, 2016). Badminton had its
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debut inauguration as an exhibition sport at the 1972 Olympic Games, which was held in
Munich. It obtained official inclusion into the Olympic Games program during the 1992
Barcelona Games, with MS, WS, MD and WD events having been included. The XD event was
also included in the 1996 Atlanta Olympic Games program. Since then, the number of

badminton events and medals, which are up for grabs, have remained unchanged (BWF, 2016).

Although the creation of modern badminton is attributed to England, Asian countries currently
dominate the sport (BWF, 2016). Between 1992 and 2008, Asian countries won 69 of the 76
available medals in Olympic competitions. Currently, the following countries dominate
badminton internationally: China, Indonesia, the Republic of Korea, followed by Great Britain

and Denmark (BWF, 2016).

2.2 Description of badminton

Badminton is played on a rectangular court that is marked by easily observable white lines
(BWF, 2010:4). The net posts are 1.55 metres high and remain perpendicular when the net is
stiffened (BWF, 2010:4). The posts are positioned on the doubles side-lines, regardless of either
singles or doubles being played (BWF, 2010:4). The net is made of darkened coloured fine-cord,
which is formed by a flexible mesh with a thickness of not less than 15 mm and not more than
20 mm. The net measures 760 mm in depth and not less than 6.1 metres in width, and the top of
the net is edged with a 75 mm fair-coloured tape doubled over a string or wire running inside the
tape (BWF, 2010:4). The distance from the bottom of the floor to the top point of the net is
1.524 m at the centre and 1.55 m at the sides (BWF, 2010:4).

The shuttle that is hit during badminton is made of natural or synthetic components as long as the
flight characteristics are identical to the natural feathered shuttle with the cork base sheathed by a
slight layer of leather (BWF, 2010:5). Feathered shuttles are, however, used in all tournaments
(BWF, 2010:5). A good shuttle has 16 feathers affixed at the base. The feathers have
homogenous dimensions ranging between 62 and 70 mm if measured from the apex to the base
(BWF, 2010:5). The apex of the feathers is obliqued on a circle form with a diameter ranging
from 58 to 68 mm (BWF, 2010:5). The base ranges between 25 and 28 mm in diameter and is
circular at the bottom (BWF, 2010:5). The shuttle normally weighs between 4.74 and 5.50 g
(BWF, 2010:5).

A badminton racket is a rigid structure not exceeding 680 mm in length and 230 mm in width

(BWF, 2010:6). The head unites the stringed area with the shaft, and the shaft connects the
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handle to the head (BWF, 2010:6). The throat (if available) joints the shaft with the head (BWF,
2010:6). The stringed area is flat and consists of woven strings which can be either interlaced or
bonded (BWF, 2010:6). The stringing pattern must be homogenous and not less compact in the
middle than other areas, not exceeding 280 mm in total length and 220 mm in total width (BWF,
2010:7). A racket must be free from any form of device that can make it viable for a player to

modify or distort it physically (BWF, 2010:7).

At the start of a game, a toss is performed, with the winning side that chooses either to serve or
to receive first or start the game at a certain side of the court (BWF, 2010:7). A match comprises
the best of three games with games being won by the first player that scores 21 points, except in
cases where the score is 20-all. In these cases, the player that obtains two points more than
his/her opponent will win the game (BWF, 2010:7). In cases where the score progresses to 29-
all, the player that scores the 30" point first, will win the game (BWF, 2010:7). A point can be
obtained by winning a rally. A rally is won, when the opposition makes a mistake or the shuttle
drops, or the shuttle does not reach the other side of the court (BWF, 2010:7). The winning side
always starts the service first in the subsequent game (BWF, 2010:7). Ends should be changed at
the end of the first, second or third games. In the third game, players will change sides when 11

points are reached (BWF, 2010:8).

For the start of each badminton rally, both the serving and the receiving player will stand
crosswise (diagonally) opposite the service courts without touching any of the markings (lines)
of the service courts (BWF, 2010:8). Both the server and the receiver’s feet (or its parts) should
remain in contact with the court-surface in a motionless position from the beginning of the serve
until the serve is fully delivered (BWF, 2010:8). The server must hit the base of the shuttle with
his racket below his/her waist (BWF, 2010:8). At the instant of hitting the shuttle, the racket
shaft should be pointing in a downward direction (BWF, 2010:8). The progressive movement of
the racket should also continue without a hitch until the execution of the serve is complete
(BWF, 2010:8). The parabolic flight of the shuttle should be ascending from the server’s racket
over the net in such a way (if not attacked or intercepted) that it lands within the receiver’s
service court (particularly within or on the boundary lines) (BWF, 2010:8). When players are
ready for a serve, the first movement of the racket by the server shall be considered the
beginning of the serve (BWF, 2010:8). The moment the serving player wins a rally, a point shall
be awarded to him/her. The server will then proceed to serve again in the alternate service court
(BWF, 2010:9). Similarly, if the receiving player wins a rally, he/she will earn a point. The

receiving player will then become the server (BWF, 2010:9).
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When a serve is wrongly performed, or if the shuttle hangs or dangles on top of the net, or else,
after crossing over the net, is caught or captured by the net, the receiver will earn a point (BWF,
2010:10). Similarly, in cases where the shuttle does not land within the boundary lines of the
court or passes through or beneath the net, the opponent will receive the point (BWF, 2010:10).
Furthermore, in cases where the shuttle makes contact with the ceiling, sidewalls, person or
clothing of a player, or touches any other item, object or individual outside the court, the
opponent will receive a point (BWF, 2010:10). It is also considered to be a fault when the shuttle
comes in contact with a player’s racket but refuses to transit in the direction of the opponent’s
court (BWF, 2010:11). Similarly, when the shuttle is in play, it is a fault when a player touches,
collides or embraces the net or its stands with the racket, clothing or with his/her body (BWF,
2010:11). It is also a fault when a player attacks an opponent’s court under or over the net with
the racket or if the opponent has been restricted, distracted, hindered or obstructed from

executing a proper stroke (BWF, 2010:11).

A ‘let’ is called by an umpire or by a player (in cases where no umpire is officiating) to pause or
suspend play in cases where a server serves in advance before the receiving player is ready, or
while serving and both the server and receiver faulted (BWF, 2010:11). A ‘let’ will also be
called if the shuttle hangs or dangles on the top of the net, or else, after crossing over the net, is
caught or captured by the net (BWF, 2010:11). Furthermore, a ‘let’ will also be called if the
shuttle breaks-up during a rally (BWF, 2010:11).

In badminton, play continues from the beginning of the first serve until the match is completed,
though the badminton laws allow for the following resting periods: a 60-second resting interval
during each game, when any of the players’ scores reach 11 points (BWF, 2010:12).
Furthermore, a recess interval of 120 seconds is allowed between the first and second game, and

also between the second and third game (BWF, 2010:12).

3. EXTERNAL LOAD-DETERMINING MATCH-ANALYSIS METHODS

3.1 Introduction

The measurement of players’ match-loads provides coaches and sport scientists with objective
indicators that can be used for the management of training programs, which allows for greater
precision and control of periodised conditioning plans along with a reduced incidence of
overtraining (Kiely, 2012:244). Loads that players experience during match-play are categorized
as being “external” if it is related to the work that players must perform to execute the different

activities during a match (Impellizzeri et al., 2005:583). Also, quantification of the physical
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match stimulus separated from the internal response of players indicates the external load as for
example indicated by match duration, distance travelled, running speed, and the number of body
accelerations (Scott et al., 2013a:195; Scott et al., 2013b:270). In this regard, researchers
quantify movements in sport to provide sport scientists and coaches with a better understanding
of the external match-loads of sport participants. The application of match-analysis technology to
gather, evaluate and analyse external match-load-related data statistically during and after
badminton matches or training sessions, is a well-known method to provide valuable information
to coaches (Carling et al., 2009:72). Information may also enable coaches to recognize future
opponents’ tactics and strategies in order to gain a significant advantage by anticipating different
playing patterns (Carling et al., 2009:72). The collection of match-analysis data further allows
the coach to accurately identify strengths and weaknesses of an individual or team (Hughes,
2008:71; Nevill et al., 2008:419). Match-analysis information can also be used to improve
players’ specific programmes and training drills in such a manner that opponents’ strengths are
counterpoised and players’ weaknesses improved (Lees, 2003:724; Carling et al., 2009:72).
Hence match-analysis data allow coaches to accurately assess different aspects of match-play so
that informed judgements can be made on games or playing performance (Maslovat & Franks,
2008:3; Carling et al., 2009:72). Furthermore, match-analysis data can assist a coach in
eschewing a personal mind-set, bias and curtail the tendency of emotions, which may disfigure
or distort his impressions of a match (Carling et al., 2005:11; Maslovat & Franks, 2008:3;
Carling et al., 2009:72).

Match-analysis methods form a fundamental part of sports science and has advanced over the
last few years due to technological progress (O’Donoghue, 2004b:184). In this regard, the use of
computer and digital video technology during training sessions and competitions to gather data
and implement match feedback have become more prominent in recent years at all elite levels of
sport (Carling et al., 2005:28; Hughes, 2008:81; Carling et al., 2009:71). Innovations and
modernisation in the field of technology provide coaches with accurate, objective, fast and
relevant information, which allows them to anatomise, dissect and disjoin each and all aspects of
a match (Carling et al., 2009:71). The latest computerised systems simplify and facilitate the
tactical, physical and technical analyses of individual and team performances and enhance the

scientific advancement of sports (Lees, 2003:713; Carling et al., 2009:71).

Match-analysis can be divided into two major types of analyses, namely: notational analysis and
motion analysis (Carling et al., 2005:2). Notational analysis depends on recordings of events so

that accurate, objective and perpetual records of activities that had taken place during match-play
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can be obtained (O’Donoghue, 2004b; Carling et al., 2005:3; Hughes & Bartlet, 2008:9). Motion
analysis pays attention to the raw features of a player’s actions and movements for the period of
the match without doing any qualitative assessment (O’Donoghue & Liddle, 2002:241; Carling
et al., 2005:4). Carling et al. (2009:86) also asserted that any notational analysis technique
conducted in such a manner that the intensity of different movements is determined by means of
the process of coding and classifying is known as motion analysis. Based on this assertion, it is
sometimes difficult to distinguish between notational and motion analyses methods, as it depends

on the methodology and equipment used for obtaining the data.

3.2 Modern-day tracking devices

3.2.1 Systems used for outdoor sport analysis

According to PerS et al. (2002:308), the future of computerized analysis in sport is electronic

tracking systems that are more time efficient and accurate. Electronic tracking systems are faster

in recording, capturing and analysing data, and more time efficient due to the fact that

performance factors (movements and positions of every player) are recorded up to several

hundred times per second (Carling et al., 2005:42). Several additional advantages of electronic

tracking systems can also be listed (Carling et al., 2009:90):

e [t allows for real-time recording, processing, and analyses that augment instant statistical
information.

e [t allows for accurate positional data capturing, delivering comprehensive information, which

was never before available.

Currently there are only a few devices that have the capability of analysing all players’
movements during an entire match (Carling et al., 2009:87). These present-day tracking systems
can be classified into video-based and electronic player tracking systems and hold the potential

of being used in racket sports. The following is the list of some of these systems:

Video-based player-tracking systems:

e Feedback Sport, UK, Feedback Football, http://www.feedbacksport.com/
e Orad, Israel, CyberSet, http://www.orad.co.il/

e PGI, UK, DatatraX, http://www.datatrax.tv/

e ProZone Holdings Ltd, UK, ProZone, http://www.pzfootball.co.uk/

e Red Bee Media, UK, Piero, http://www.redbeemedia.com/

e Symah Vision, France, EPSIS Locator, http://www.epsis.com/
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e Sport-Universal SA, France, AMISCO, http://www.sport-universal.com/
e Tracab, Sweden, Tracab, http://www.tracab.com/

e Trackmen, Germany, Trackmen, http://www.trackmen.de/

Electronic player tracking systems:

e Abatec Electronic GmbH, Austria, LPM, http://www.abatec-ag.com/

e (atapult Innovations, Australia, MinimaxX, http://www.catapultinnovations.com/
e (airos Technologies AG, Germany, Cairos, http://www.cairos/

e GPSports, Australia, SPI Elite, http://www.gpsports.com/

e Trakus Inc, USA, Digital Sports Information, http://www.trakus.com/

e Manapps, France, Stadmaster, http://www.manapps.tm.fr/

e Sportstec, Australia, TrakPerformance, http://www.sportstecinternational.com/

An example of a video-based tracking system is the AMISCO Pro system that was introduced in
1996 by Sport-Universal Process in partnership with the French Football Federation. It is a
player-tracking device used by international Rugby Union teams and top European football clubs
(Carling et al., 2009:88). The system samples data of players, the referee and the ball at 10 to 25
times per second (Di Salvo et al., 2007:223; Carling et al., 2009:87; Rey et al., 2010:182). The
system is proficient in gathering data of approximately 4.5 million diverse situations and over
2 000 divergent ball contacts during a regular soccer match (Di Salvo ef al., 2007:223; Rey et al.,
2010:182). The advantage of video-based tracking systems such as the AMISCO system is that
they were all designed in such a manner that players do not have to be equipped or furnished
with an electronic transmitter which may impede movements (Carling et al., 2009:87). This
advantage is also emphasised by the prohibition of most sporting federations or institutions
against players carrying electronic devices during match-play (Di Salvo ef al., 2007:223; Carling
et al., 2009:87).

TRACAB is a system that allows coaches and other personnel to track the playing pitch by
making use of powerful wireless network technology (ChyronHego, 2015). The TRACAB
utilises advanced patented image processing technology to recognize the speed and position of
all moving bodies within each connected pitch, at the rate of 25 times per second. The system is
capable of generating live and highly accurate X, Y, and Z coordinates for all viewable bodies,
which include players, officials and even the ball (ChyronHego, 2015). The output can deliver

valuable insight for coaches and allow them to assess player performances and also track certain
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metrics such as the distance run, team formations, speeds and more (Carling et al., 2008:846).
Furthermore, the TRACAB output can be used to enhance live television analysis of matches
with “instant virtual replays” as well as to improve spectators’ experience through second screen

presentations (ChyronHego, 2015).

Most video-based systems for tracking players involve the use of numerous cameras fixed and
positioned to cover the entire field of play so that all positions can be captured on video (Carling
et al., 2009:89). The positions and number of cameras are determined by certain factors such as
the size and layout of the playing area (Carling et al., 2009:89). The field of play has to be
calibrated according to height, length and width and converted into a two-dimensional model to
permit the calculation of players’ positions (x and y coordinates) from the camera viewpoints.
Subsequently, mathematical algorithms, complex trigonometry and digital video/image
processing techniques are applied to estimate players’ positions and movements that were
tracked during the match (Carling ef al.,, 2009:89). Systems may also utilize supportive
information such as the colour and number on players’ jerseys, and optical-character recognition
and prediction of players’ running patterns to ensure precise identification and recognition of
players (Carling ef al., 2009:89). Some of these systems still necessitate manual intervention of a
performance analyst. An example of this is when tracking is problematic in soccer during, for
instance, set-pieces such as corner kicks due to constrictions from the high number of players in

a small area (Carling et al., 2009:89).

Currently, most systems that are used in sports such as elite soccer, (i.e. PROZONE AMISCO
Pro) do not deliver real-time match data, and results will usually only be available within
24 hours after the match (Carling et al., 2009:90). The time delay does bother some coaches
(Carling et al., 2009:90). However, the latest video-based tracking systems, such as the
TRACAB and DatatraX can provide real-time analysis via new and improved video technology
of image-processing techniques (Carling et al., 2009:90). The DatatraX system utilizes pixel
detection to track each player automatically and also voice detection to code match-specific
events. In team sports such as soccer, three manual operators are needed to manage the process,
two of which will be responsible for correction of real-time tracking mistakes for each of the
teams and one operator to man the coding procedure for voice-recognition (Carling et al.,
2009:90). However, the procurement of live-match data will allow coaches to evaluate

performances, and as a result, to make split-second tactical changes (Carling ef al., 2009:90).
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3.2.2 Systems used for indoor sport analysis

Indoor sports tracking systems are those that are designed such that human motion that occurs
inside a building such as a gymnasium can be captured (Carling et al., 2008:846; Carling et al.,
2009:90). Automatic tracking and image processing capabilities are evolving rapidly, and its use
in sport has been hindered due to insufficient video and computational facilities at most sporting
venues (Barris & Button, 2008:1034). Most indoor sports at an elite level are typically made up
of a number of skill-related movements such as sudden forward, backward and lateral foot
movements (Abdullahi, 2011:81). These player movements are not easily determined by tracking
systems that make use of computerised algorithms (Barris & Button, 2008:1034). Notational
methodologies have to some extent addressed these issues through manual tracking by means of
observational sheets for individual or single players for each recorded field (Pers & Kovacic,

2000b:282), but is not as sufficient and time effective as indoor tracking systems.

Segen and Pingali (1996:63) developed a stationary camera system that transforms recorded
video footages of players’ movements into spatio-temporal coordinates. Feature points can be
identified in each single video frame and subsequently harmonised across frames to advance
feature “paths” (Segen & Pingali, 1996:63). Trajectories comprise of temporal and spatial
(horizontal and vertical) coordinates of players’ continuous movements in real time (Segen &
Pingali, 1996:63). A more advanced system was later designed as a computer vision system that
tracks many players accurately in real time with minimum human operator involvement (Pers &
Kovacic, 2000a:177; Per§ & Kovacic, 2000b:281). The system also allowed for the context-
specific analysis of spatial and temporal (spatio-temporal) trajectories of five players during a

handball match (Per§ & Kovacic, 2000a:179; Pers & Kovacic, 2000b:286).

Kristan et al. (2005:322) used the following methodology to examine interactions among
multiple players during a handball match that was governed by certain rules and regulations: (a)
A static camera was placed in a position that its optical axis was almost vertical or perpendicular
to the floor; (b) The playground was bordered so that the model could be computed; (c) The
lighting was non-uniform in space and time; (d) Players’ textures were known at the start, and
varied as the game progressed. The same researchers also made use of different methods that
they called the “condensation-based approach” in which a single camera in an indoor court was
used to track the movements of football players (Kristan et al., 2005:322). Each individual player
was automatically tracked and the sampling probability for the group of samples was considered
to be a function of the fitness capacity of each player (Kristan et al, 2005:325). The last-

mentioned method allows practitioners and sport scientists to establish distances covered and
24



speeds obtained during match-play by players by using a single camera (Needham & Boyle,
2001:1).

Semi-automated modern tracking systems which use radio transmitters or satellites and receivers
placed around the court to label or tag players can also be used to determine players’
whereabouts on the court (Needham & Boyle, 2001:1). Lightweight microchip transmitters can
be incorporated into players’ jerseys (shirts) or else be worn in a harness-strap around the back
(Carling et al., 2009:91). Antennae are then placed around and outside the playing field at
different heights for signal identification in a fraction of a second (Carling et al., 2009:91).
Henceforth, positional data of each player can be captured simultaneously, evaluated three-
dimensionally hundreds of times per second and relayed to a central computer for processing and

immediate analysis (Carling et al., 2009:73).

The introduction of Global Positioning Systems (GPS) in the 1990s offered an alternative
method for the measurements of time spent on movements as well as the average duration,
frequency and speed of movements, with the potential of circumventing some of the
shortcomings of notational analyses and minimize others (Townshend et al., 2008:124). The
GPS device worn by players in a harness during competition and training attracts signals from
four earth-orbiting satellites to provide data with regard to players’ positions and movement
distances and pathways as well as velocities and altitude (Carling et al., 2009:90). Data is stored
automatically in the GPS device before being transferred onto a computer for further analysis by
means of designated software (Carling et al., 2009:91). However, some GPS devices also
integrate multiple sensors (i.e. tri-axial accelerometer, magnetometer and gyroscope) that are
usually worn on the upper back in the form of a sports vest (Gastin et al., 2014:947; Wundersitz
et al., 2015:3976). These GPS devices are not dependant on satellite signals and can therefore be
used in indoor settings. Nonetheless, the use of a tri-axial accelerometer, magnetometer, and

gyroscope in a GPS device for analysing indoor sport matches is still a new phenomenon.

Accelerometers, gyroscopes and magnetometers are devices that allow researchers to monitor
and describe movements as well as the intensity and frequency of these movements in various
clinical and sports settings (Carling et al., 2009:91). Tri-axial accelerometers are extremely
responsive motion sensors that can be used to measure the magnitude and frequency of
movement in 3D (medio-lateral, anterior-posterior and longitudinal) (Krasnoff et al., 2008:527).
Accelerometers allow researchers to sample at a higher rate and to monitor multiple players

indoor (Schelling & Torres, 2016:586). On the other hand, gyroscopes are used to measure
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angular rate which is how quickly an object turns measured in reference to one of three axes:

yaw, pitch, or roll (Boyd et al., 2011:312; Bergamini ef al., 2012:1125).

To date, several studies have utilized GPS in an indoor sport environment. For example, Abian et
al. (2015:1042) used GPS-containing accelerometers to explore the effects of caffeinated energy
drinks on the number of high-intensity accelerations and decelerations performed during an
indoor badminton match. They revealed that the use of caffeine-containing energy drink may
serve as an effective nutritional supplement to significantly increase players’ jump performance
and activity patterns during badminton play. Hoffman ef al. (2012:3) used GPS-containing
accelerometers to determine the effect of L-alanyl-L-glutamine on basketball performance in an
indoor environment. The study concluded that rehydration with alanine-glutamine dipeptide acts
more positively (p < 0.05) in the maintenance of basketball skill performance as well as of jump
power, shooting accuracy and visual reaction time than water only. In another basketball-related
study, Leite et al. (2013:216) examined the effects of fatigue and time-outs on physiological,
time-motion indicators and spatial organization patterns of 20 min basketball games by using
GPS-containing accelerometers in an indoor environment. The study concluded that fatigue and
time-outs stimulate and enhance better patterns of spatial organization (Leite et al., 2013:216).
Similarly, results indicated that players covered a lower total distance at a slower rate as a result
of accumulated fatigue (Leite et al, 2013:216). Montgomery et al. (2010:77) used GPS-
containing accelerometers to assess physical and physiological responses to basketball-specific
drills and practice games. The study determined that accelerometers and predicted oxygen-cost
from HR monitoring systems are useful for differentiating the practice and competition demands
of basketball (Montgomery et al., 2010:77). Physical and physiological attributes also suggested
that live-play is considerably more demanding than a 5-on-5 game play (Montgomery et al.,

2010:77).

Several researchers have also investigated the wvalidity, reliability and usefulness of
accelerometer, magnetometer, and gyroscope-containing devices to measure different aspects of
sport. For example, Gastin et al. (2013:589) concluded that accelerometers are valid instruments
for determining physical activity levels during indoor basketball practices during which intensity
changes constantly. Other researchers also revealed that MinimaxX accelerometers showed
acceptable reliability (<2%) for measuring Australian Football players’ external workloads and
that these accelerometers were capable of detecting differences in physical activity levels (Coe &
Pivarnik, 2001:375). Cormack et al. (2013:288) found that a Catapult-Sports unit that included a

tri-axial accelerometer, a tri-axial gyroscope and a tri-axial magnetometer, could be used to
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differentiate between netball match demands of lower and higher levels of play. Similarly,
Chandler et al. (2014:2735) concluded that the last-mentioned unit allows researchers to

determine the metabolic match demands of collegiate netball.

Therefore in summary, by players both single and multiple object tracking systems can
determine players’ movements during match-play. However, while the APAS system uses
players’ centre of mass to give precise data of players’ accelerations and also considers
movements of the extremities, the multi-object system delivers more global data by presenting
acceleration and changes in direction on a larger scale. Overall, the above-mentioned results also
suggest that the combined use of a tri-axial accelerometer, magnetometer and gyroscope in a
GPS device should provide accurate results with regard to movement data, and the external
demands of sport activities. GPS units such as the Catapult-Sports unit can also function in
“indoor mode” without depending on satellite signals for data collection (Catapult-sports,
2012a:101). These units also make use of the Catapult Sprint 5.0.9.2 software (Catapult Sports,
Victoria, Australia) through advanced Kalman filtering techniques (Catapult-sports, 2012b:13) to

analyse the raw data obtained from tri-axial accelerometers, magnetometers and gyroscopes.

3.2.3 Limitations of tracking systems

It is of paramount importance that the methods used in all match-analysis processes need
to conform to strict scientific quality-control specifications, which include accuracy, reliability,
validity and consistency of results (Drust et al., 2007:788). Thus far, measurement accuracy,
validity, objectivity and reliability of several commercial tracking systems have not been
determined via independent empirical analyses (Carling et al., 2008:846). Therefore more
scientific studies should focus on the accuracy, validity, consistency and reliability of these
systems so that practitioners and the academic community can be ensured of accurate and
relevant data when using these systems for research purposes (Carling et al., 2009:90). To date,
several studies have reported on the validity and reliability of systems used for indoor sport

analysis, and will be discussed in the next section.

Pers et al. (2002:296 & 305) examined their system’s accuracy and validated the capability of
their tracking system to analyse player movements during a handball match. Researchers
examined the system’s accuracy by considering: (i) the consequence of “jitter” (an irregular
movement of stationary players) on output trajectories; (ii) the effect of filtering on the
accurateness of player positioning; (iii) the effect of filtering on calculated player velocity and

(iv) relationships between results of a multi-object and a manual single-object, 3-D tracking
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system (Ariel Performance Analysis System (APAS)) (PerS et al., 2001:26; PerS et al.,
2002:306). During the study, five players had to initially stand still in different positions on the
court after which they performed 180 s of physical activities (Kristan et al., 2005:322).
Trajectory smoothing significantly reduced errors in both distance covered and player velocity
(Pers et al., 2002:307), but did not have a significant impact on player positional errors (Pers et
al., 2002:307; Vuckovic ef al., 2005:335). The second experiment revealed that heavy smoothing
obscured rapid changes in player trajectories (PerS ef al., 2002:307; Kristan et al., 2005:323).
The act of smoothing led to average errors of 0.07-0.35 m/sec for player velocity when the value
was calculated via the length of the player’s circular trajectory and the period utilised to
accomplish a single path (Pers et al., 2002:307). A 0.36 m error in position was recorded when
players were required to run around three fixed markers (cones) in one corner of the court in a

3.4-second (25-Hz) video sequence (Pers et al., 2002:307).

PerS et al. (2002:308) enhanced their tracking system by means of Kalman filtering and by
preventing it from switching between players, and subsequently decreased the mean error to
1.16 m (an error of < 0.5 m was considered adequate for hand-tracked data). In a another study,
Needham and Boyle (2001:6) determined the accuracy of an automated tracking system using a
multiple object condensation-based approach by comparing a sequence of manually determined
trajectories to the automatically determined trajectories and found a mean difference of 2.5 m.
Edgecomb and Norton (2006:26) found that the following aspects gave rise to errors when they
evaluated the validity of their automated indoor tracking system: movements of players’
extremities, operator mistakes, videotape noise, imperfect camera calibration and quantization
errors. The use of a 2-D medium resulted in errors due to the fact that positional variations in
extremity or vertical movements are not accounted for (Pers ef al., 2001:26). Quantization errors
are the consequence of radial distortions on input images, which are predominantly prevalent at

boundary regions (Pers et al., 2001:26; Pers et al., 2002:305).

Boyd et al. (2011:312) used Catapult GPS units with integrated accelerometers to determine the
between-device reliability in Australian Football players that completed a three-hour indoor
exercise session (playing volleyball). They revealed acceptable (below 1.5% at the 90%
confidence interval (CI)) between-device reliability values for these units (Boyd et al,
2011:319). Researchers therefore concluded that the Minimax GPS (MinimaxX 2.0, Catapult,
Australia) unit functions efficiently in indoor halls and can be used to accurately quantify
training loads, quantify work-rates and compare individual players with one another (Boyd et al.,

2011:312; Chandler et al., 2014:2733). Duffield et al. (2010:524) assessed the accuracy and
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reliability of GPS measures (distance and speed) by comparing data between a high-resolution
motion analysis system (VICON) and GPS units (MinimaxX, Team Sport Model, Catapult,
Australia and SPI elite, GPSports, Australia). Inter-unit coefficients of variation (CV) for
distance covered ranged between 4% for slower movement speeds, up to 30% for faster
movement speeds (Duffield et al., 2010:524). Moreover, GPS devices underestimated the
distance covered, particularly at higher speeds and during repeated movement patterns in
confined spaces (Duffield et al., 2010:524). They therefore asserted that; where possible, the
same GPS device should be used for the same player throughout a match or activity in order to
avoid inter-unit error (Duffield et al., 2010:524). Furthermore, they concluded that researchers
and practitioners that use this technology should account for the underestimation of distances

covered at higher movement speeds (Duffield et al., 2010:524).

3.3 Notational analysis

Notational analysis is the process during which recordings are made so that data can be collected
in an efficient and effective manner in order to analyse complex and dynamic match situations
(James, 2006:186; O'Donoghue, 2008:181). Purposes of notational analysis are to evaluate
tactical and technical aspects of performance, to analyse movements, coach and educate players
as well as model performance by using match-analysis databases (Hughes, 2003:211). Notational
analysis allows a scientist to classify actions that had occurred during a match (Hohmann ef al.,
2004:267) so that a justifiable statistical explanation of match situations can be compiled and the
value of feedback increased (Carling et al., 2009:71). Sports scientists in general use notational
analysis systems to interpret fundamental queries about match-play and performances in all
sporting activities (Pradas et al., 2010:181). Notational analysis also allows researchers and
practitioners to assess the physiological and psychological demands of a sport (Carling et al.,
2009:71). James (2006:197) points out that the level at which notational analysis is growing in
elite sport compels sport scientists to equip themselves adequately with knowledge in the field

for better advancement of sport performances.

Researchers have used different procedures to carry out notational analysis — from simple
observations with written notes to more complex systems that consist of video recording
apparatuses and computers (Blomqvist ef al., 1998:137). Sanderson and Way (1977:188) first
developed a hand notation method for sequential stroke analysis in squash by using illustrative
symbols to analyse 17 different strokes and court plans to gather accurate positional information.
This method was later modified by Sanderson (1983:20) and used to identify winning and losing

patterns in squash match-play. Hughes et al. (1989:219) introduced computerized movement
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tracking to squash, entering player position data with a digitising pad and using custom-designed
software to calculate distances travelled as well as velocity and acceleration time series. A more
sophisticated notational system was developed by Hughes and Clarke (1995:272) for studying
the effect of court surface on elite tennis strategies. Players’ court positions, the time taken per
shot and the type of events were recorded using a graphical user-interface to analyse video
recordings after the event. This analysis provided both temporal and positional information as
well as frequency distribution of shots and rally-ending conditions (Hughes & Clarke,
1995:275). Hong et al. (1996:18) used a notational analysis method to study game strategies of
12 of the world’s top-ranked male squash players. Participants were filmed using a 3-CDD video
camera. The aim of the study was to provide players with a competition strategy profile and to

make suggestions whereby players could improve their playing strategies (Hong ef al., 1996:18).

The next section will deal with notational analysis studies that focussed on badminton as a sport.

3.3.1 Notational analysis variables of badminton match-play

Badminton match performance analysts usually focus on the time duration of different match

activities, positions on the court and types of strokes and foot movements executed (Ming et al.,

2008:218; Abian-Vicen et al., 2013:311; Phomsoupha & Laffaye, 2015:474). In this regard,

researchers have identified the following badminton strokes during match-play through

notational analysis:

e (lear: An overhead stroke with a flat (offensive clear) or rising trajectory (defensive clear)
towards the back of the opponent’s court (Abian-Vicen ef al., 2013:313).

e Drive: An attacking stroke in which the shuttle is hit fast so that the opponent barely has time
to react, and is usually played from near the right and left side lines, in about the middle
between the net and the back of the court (Brahms, 2014:55). Abian-Vicen et al. (2013:313)
further described the stroke as a powerful stroke executed in the middle of the court with a
flat trajectory.

e Drop: A smooth stroke from above the head with a downward trajectory towards the front of
the court (Abian-Vicen et al., 2013:313).

e Serve: The act of putting the shuttle into play. Service strokes are further categorized into
‘short’ - shuttle is served low over the net, landing close to the front of the service line — and
‘deep’ serves — shuttle is served high, and hit to the back of the court (Chen et al., 2011:9).

o Smash: A hard-hitting or aggressive overhead stroke with a downward trajectory (Abian-

Vicen et al., 2013:313).
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Net-stroke: An accurate stroke from near the net, which comprises the net-drop or the lob — it
is an offensive shot with a flat trajectory towards the back of the opponent’s court or a

defensive shot with a rising trajectory (Abian-Vicen et al., 2013:313).

The different badminton foot movements identified through notational match-analysis are as

follows:

Chasse step: This movement usually occurs when a player steps on one foot to the side,
followed closely by the other foot. One foot leads the movements while the other foot comes
in behind the leading foot as the change in position takes place (Hopley, 2016).

Scissors kick: Also known as “scissors jump”. It is often used as the last movement when
hitting overhead forehands, in which legs swap position while in the air. It is a technique by
means of which the player hits the shuttle as he jumps explosively backwards, which saves
the player a lot of time, and allows him/her to immediately run forward to reach the shuttle
again (Brahms, 2014:76).

Shuffle step (sometimes called hitches or hops): This type of foot movement is often used
when moving forwards or backwards towards the backhand side. For example, when a player
wants to reach a shuttle at the net on the forehand side the non-dominant leg will move
forward and across to the forehand side with the body facing the corner of the court. It is a
fast, short movement along the ground (Hopley, 2016).

Split-step: This is a very low jump, in which the feet come off the ground and spread a little
apart, while the player is bending forwards before pushing off towards the target (Leitch,
2013).

Lunging: This is a sudden forward or sideways thrust of the body, usually with an

outstretched arm (Brahms, 2014:60).

Time-related (temporal) variables that have also been evaluated by means of notational analyses

are as follows:

Match duration: The time that elapses from the first service until the shuttle touches the floor
on the last point, which includes rest times between points and games (Chen & Chen,
2008:36; Chen et al., 2011:14; Abian-Vicen et al., 2013:312).

Real time played: The period during which the shuttle is in play, from the first to the last
point of the match (Chen & Chen, 2008:36; Abian-Vicen et al., 2013:312).

Percentage of real time played: The real time played multiplied by 100 and divided by match
duration (Chen & Chen, 2008:36; Abian-Vicen et al., 2013:312).
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Rally time: Periods from when the service is executed, until the shuttle touches the ground at
the end of each point (Chen & Chen, 2008:36; Abian-Vicen ef al., 2013:312).

Rest time: Periods that elapse from when the shuttle touches the ground until the next service
is executed (Chen & Chen, 2008:36; Abian-Vicen et al., 2013:312).

Work density: The rally time divided by rest time (Chen et al., 2011:9; Abian-Vicen et al.,
2013:312). It is also described as the ratio of performance time to rest time (Manrique &

Gonzalez-Badillo, 2003:63; Chen & Chen, 2008:36).

Researchers have also identified the following notational analysis-related variables:

Total points played: The total number (frequency) of points played by both players (Abian-
Vicen et al., 2013:312).

Strokes per rally: The total number (frequency) of strokes played per rally counted from
when one player has served until the shuttle has touched the ground (Abian-Vicen et al.,
2013:312).

Stroke frequency: The number of strokes divided by real time played (Abian-Vicen et al.,
2013:312), or the number of strokes per rally time indicated as strokes per second (Chen et

al., 2011:9).

3.3.2 Notational analysis results of badminton match-play

Notational match-analysis results obtained from different studies are summarised in tables

(Tables 1 to 4). Table 1 depicts results of time-related (temporal) variables that have been

reported in scientific literature.

32



Table 1: Results of match duration-related variables determined from male badminton

singles matches

Authors Vari | Particip | N Average values
able ants
Abian et al. (2014) ™M . 0G” 40 1124.6 £2299 s
= | OG™ |40 | 12603+267.1s
Abian-Vicen et al. (2013) ®M . % 0G 20 2378.0+387.9s
c
Cabello et al. (2004) ’M . g TN 79 2090 £ 921 s
]
Chen and Chen (2008) SM = I 16 1949.7 £ 147.6 s
Chen and Chen (2008) S™ x < I 16 27546+ 1789 s
Chen et al. (2011) M x I 10 2520+ 600 s
Chen et al. (2011) SM . I 10 1740 + 180 s
Manrique and Gonzalez-Badillo (2003) ’M . | 11 | 1689.33+312.89 s
Ming et al. (2008) ’M « YN | 16 1047 + 187 s
Ming et al. (2008) *M[]x YN | 16 1446 + 158 s
Abian et al. (2014) ’*M . 0G" | 40 9.0+ 1.1s
OG™ | 40 10.4+2.1s
Abian-Vicen et al. (2013) M . oG | 20 Set1:9.0+09s
Set2:9.1+1.4s
Cabello et al. (2004) ™M 4 79 73+13s

Chen and Chen (2008) M «
Chen and Chen (2008) M X

16 82+0.2s
16 79+£02s

Chen et al. (2011) M «
Chen et al. (2011) ™M x 10 62+1.0s

10 6.0£0.6s

(s) own Aqrey

Faude et al. (2007) ™V 12 55+40s

N
I
I
I
I
I
Manrique and Gonzalez-Badillo (2003) ’M . I 11 6.4+125s
Ming et al. (2008) ™M . YN | 16 4.62+0.86s
YN

Ming et al. (2008) *M x 16 4.63+049s
Abian et al. (2014) ™M, 0G" | 40 247+43s
0G™ | 40 26.7+4.65s

Abian-Vicen et al. (2013) *M » OG | 20| Setl:24.1+3.8s

g Set2:252+4.65s
Cabello et al. (2004) M . =, ™ | 79 142+34s
Faude et al. (2007) SM - E I 12 114+6.0s
Manrique and Gonzalez-Badillo (2003) ’M . N I 11 12.93 £2.68 s
Ming et al. (2008) ™M . YN | 16 9.71 +1.32s
Ming et al. (2008) ™M x YN | 16 10.29+1.42 s
SM = Simulated match, RM = Real match, X = Old scoring system (scoring-by-service of 15 points per game), ~ = New scoring system, [ =

International players, OG = Olympic Games participants (* = 2008 Olympic Games, ** = 2012 Olympic Games), YN = Young national players,
TN = Top national players

a. Match durations
Abian et al. (2014:46) compared the notational structures amongst elite male singles players

during games between the Olympic Games in Beijing and those in London in order to investigate
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how badminton had advanced from 2008 to 2012. Twenty (20) games of each of the last-
mentioned Olympic Games were analysed by means of video footage. Match durations were
found to be 1124.6 £ 229.9 s and 1260.3 + 267.1 s for the Beijing and London Olympic Games
respectively. Abian et al. (2014:45) further asserted that game duration increased significantly
(p < 0.05) from the Beijing to the London Olympic Games. Abian-Vicen ef al. (2013:312) also
compared the notational and temporal structures of games and matches for world top-level,
singles, male badminton players. Official videos of ten (10) matches played during the 2008
Beijing, Olympic Games were analysed. Average match duration of 2378.0 + 387.9 s was found
for this analysis (Abian-Vicen et al., 2013:313).

Cabello et al. (2004:5) conducted a study on temporal and physiological characteristics of a large
sample of 32 top male Spanish national players and found an average match duration of 2090 +
921 s. Chen and Chen (2008:36) compared effects of the new and old scoring systems on the
match durations of national tournaments. They reported an average match duration of 1949.7 +
147.6 s and 2754.6 £ 178.9 s for new and old scoring systems respectively (Chen & Chen,
2008:38). The average match durations for 15 elite men’s singles badminton matches were
between 1680 s and 2880 s and were significantly longer (p < 0.05) under the old scoring system
compared to those of the new system (Chen & Chen, 2008:40). In another study Chen et al.
(2011:7) obtained match duration values of 2520 + 600 s and 1740 + 180 s for the old and new
scoring systems respectively when the matches of ten (10) elite male badminton players that had

at least 10 years’ badminton experience were analysed.

Manrique and Gonzalez-Badillo (2003:63) analysed twelve competitive badminton matches of
ten male players from four different countries (France, Italy, Portugal and Spain) that played
according to the new scoring system. The average match duration was found to be 1689.33 +
312.89 s (Manrique & Gonzalez-Badillo, 2003:63). Another study compared the new and old
scoring system through simulated matches of male singles state-level badminton players (n = 8)
and reported match duration values of 1047 £ 187 s and 1446 £+ 158 s for the old and new
scoring systems respectively (Ming et al., 2008:219). However, no significant difference was

found between the values of the two scoring systems (Ming et al., 2008:220).

Obtained match duration values seem to differ from one study to the next. For example, Abian-
Vicen et al. (2013:313) obtained a much higher average value (2378.0 = 387.9 s) in the one
study than another study (1124.6 £ 229.9 s and 1260.3 £ 267 s) (Abian et al., 2014:45) which

may, amongst other things, be attributed to differences in the number of matches analysed (40 vs.
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10 matches). Overall, match duration results suggest that matches played under the old scoring
system delivered higher values (2520 + 600 s and 2754.6 + 178.9 s) than those played under the
new scoring system (Ming et al., 2008:220; Chen et al., 2011:16).

b. Rally time

Abian et al. (2014:46) obtained significantly different rally time values (9.0 + 1.1 s; p < 0.05) for
the Beijing Olympic Games from the London Olympic Games values (10.4 + 2.1 s). Similarly,
ten (10) matches from the official videos of the Beijing 2008 Olympic Games revealed rally time
values of 9.0 £ 0.9 s for the first and 9.1 + 1.4 s for the second set respectively (Abian-Vicen et
al., 2013:313). Analyses of the Spanish male national players (n = 31) recorded an average rally
time of 7.3 £ 1.3 s (Cabello ef al., 2004:5). An analysis of matches played under the old and new
scoring systems showed that the average rally time was longer when the new (8.2 = 0.2 s)
scoring system was used during matches than when the old scoring system (7.9 + 0.2 s) was used
(Chen & Chen, 2008:36). However, only the second and third games of matches recorded
significant differences (p < 0.05) in average rally times between the new (8.7 + 0.3 s and 9.7 +
0.3 s)and old (7.9 £ 0.1 s and 8.4 £ 0.4 s) scoring systems respectively (Chen & Chen, 2008:38).
Non-significant different average rally time values of 4.63 + 0.49 s and 4.62 + 0.86 s were
obtained for the old and new scoring systems respectively in a study performed by Ming et al.
(2008:219). The study did, however, make use of simulated matches to compare the new and old
scoring systems in male singles state-level badminton players (Ming et al., 2008:217). A more
recent study (Chen et al., 2011:7) found higher non-significant different average rally time
values of 6.2 = 1.0 s and 6.0 + 0.6 s for matches played by elite male badminton players under
the old and new scoring systems respectively. Another study that utilised simulated badminton

singles matches reported an average rally time value of 5.5 = 4.0 s (Faude ef al., 2007:481).

Manrique and Gonzalez-Badillo (2003:63) reported an average rally time of 6.4 £ 1.25 s for
competitive matches played under the new scoring system. Rally times ranged between 4.57 s
and 8.86 s (Manrique & Gonzalez-Badillo, 2003:64). A high significant correlation
(r=0.87, p <0.001) achieved between rally time and rest time verifies the assumption that the
longer the duration of points, the longer the time interval required for recovery during matches

(Manrique & Gonzalez-Badillo, 2003:65).

Cc. Resttime
Faude et al. (2007:481) utilised badminton singles simulated matches to reveal an average rest

time of 11.4 + 6.0 s. Abian-Vicen ef al. (2013:312) studied the temporal and notational structures
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of men singles games and matches that took place during the 2008 Beijing Olympic Games and
reported average rest time values of 24.1 + 3.8 s and 25.2 + 4.6 s for the first and second games
respectively. In another study, Abiadn ef al. (2014:46) revealed average rest time values of 24.7 +
43 s and 26.7 £ 4.6 s for matches played during the 2008 and 2012 Olympic Games
respectively. Average rest times between rallies did not deliver any significant differences
between matches of the last-mentioned Olympic Games (Abidn et al., 2014:46). Average rest
time value of 14.2 &+ 3.4 s was observed by Cabello ef al. (2004:5) when they analysed matches
of Spanish national male players (n = 31). A further analysis also showed that a significant
difference (p < 0.05) existed when matches played by players of different playing levels were
analysed. A significant correlation (r = 0.42, p < 0.01) between average rest time and number of
rallies played also suggests that rest time increases as the volume and frequency of rallies during
a match increase (Cabello et al., 2004:7). Significant correlations were also found between rest
time and average work time (r = 0.67; p < 0.01) as well as between rest time and rally time (r =
0.87, p < 0.001), supporting the assumption that an increase in work and rally time during a

match will lead to a corresponding increase in rest time (Cabello et al., 2004:7).

Players in the study of Manrique and Gonzalez-Badillo (2003:63) revealed an average rest time
of 12.93 £+ 2.68 s, with values that ranged between 9.20 s and 18.70 s when matches were played
under the new scoring system. Non-significant different rest time values of 9.71 £ 1.32 s and
10.29 + 1.42 s were also obtained for simulated singles badminton matches that played under the

new and old scoring systems respectively (Ming et al., 2008:219).

Table 2 presents results of notational analysis-related studies that examined stroke frequency,

strokes per rally and work density of badminton male singles matches.
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Table 2: Results of shots frequency, shots per rally and work density determined from male

badminton singles matches

Authors Varia | Particip | N Average values
ble ants
Abian et al. (2014) ’M . OG™ | 40 1.09£0.03 5!
0OG™ | 40 1.07 £0.04 5!
Abian-Vicen et al. (2013) ™M . oG | 20 Set 1: 1.08 £ 0.04 s°!
Set2:1.09+0.03 s™!
Chen and Chen (2008) 5™ 2! I 16 1.05+0.02s!
Chen and Chen (2008) ™ x = I 16 0.98+£0.01 5!
Chen et al. (2011) M . g I 10 1.03£0.07 5!
Chen et al. (2011) SM x = I 10 1.05+0.08 5!
Faude et al. (2007) SM 4 5 I 12 0.92+0.315s"!
Manrique and Gonzalez-Badillo (2003) I 11 0.93+0.11 5!
RM
Ming et al. (2008) ®M . YN | 16 1.03+£0.22 5!
Ming et al. (2008) "*M[]x YN | 16 1.03£0.47 5!
Abian et al. (2014) ’M . OG™ | 40 9.8+ 1.1
0OG™ | 40 11.1+2.2
Abian-Vicen et al. (2013) ™M « oG | 20 Set1: 9.7+£0.8
Set2:9.9+ 1.4
Chen and Chen (2008) M - Z I 16 84+02
Chen and Chen (2008) S™ x 7 I 16 7.5+0.1
=]
Chen et al. (2011) M . Q I 10 59+0.8
Chen et al. (2011) SM x 8 I 10 6.0+1.2
Manrique and Gonzalez-Badillo (2003) =< I 11 6.0£1.2
RM
Ming et al. (2008) ’M 4 YN | 16 474 +0.78
Ming et al. (2008) RM[]x YN | 16 477 +0.47
Abian et al. (2014) ’M . OG™ | 40 0.37 £ 0.05
0OG™ | 40 0.39 + 0.05
Abian-Vicen et al. (2013) ’M . 0G | 20 Set 1: 0.38 £ 0.06
Set 2: 0.36 + 0.04
Cabello et al. (2004) ’M 4 < ™ | 79 0.53+0.12
Chen et al. (2011)M . S I 10 0.57 £ 0.06
Chen et al. (2011)M x ~ I 10 0.63+0.11
Faude et al. (2007)M 4 9 I 12 0.51+0.34
Z
Manrique and Gonzalez-Badillo (2003) I 11 0.49 £0.06
RM
Ming et al. (2008) RM « YN | 16 0.46 £+ 0.07
Ming et al. (2008) RM[]x YN | 16 0.48 + 0.07

SM_ Simulated match, RM_ Real match, X-oud Scoring (scoring-by-service of 15 points per game), * = New Scoring system, I=

International players, OG= Olympic Games participants (*= 2008 Olympic Games, = 2012 Olympic Games), YN= Young national players,
TN= Top national players
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d. Stroke frequency

Faude et al. (2007:481) exploited simulated badminton matches to obtain an average stroke
frequency value of 0.92 + 0.31 s™!. Matches of the 2008 Beijing Olympic Games revealed stroke
frequency values of 1.08 = 0.04 s™! and 1.09 + 0.03 s™! for the first and second games of matches
respectively (Abian-Vicen et al., 2013:314). Abian et al. (2014:46) also reported stroke
frequency values of 1.09 £ 0.03 s™! for the 2008 Olympic Games and 1.07 + 0.04 s! for the 2012
Olympic Games. No significant differences (p > 0.05) were found when stroke frequencies of

each of the last-mentioned competitions were compared (Abian et al., 2014:46)

Chen and Chen (2008:36) used notational analysis to classify the type and frequencies of strokes
played during male singles matches under the new and old scoring systems. Average stroke
frequency was found to be lower under the new than under the old scoring system for the first
game (0.97 £ 0.01 s vs. 1.08 £ 0.03 s7), third game (1.01 £ 0.01 s vs. 1.08 £ 0.02 s!) and for
the overall match (0.98 + 0.01 s vs. 1.05 + 0.02 s!). However, no significant difference existed
in shot frequency for rallies performed under the new or old systems of scoring (Chen & Chen,
2008:38). In another study, Chen et al. (2011:7) noted average stroke frequencies of 1.03 = 0.07
s and 1.05 = 0.08 s! for elite male badminton matches played under the new and old scoring
systems respectively. Ming et al. (2008:219) compared the effects of the new and old scoring
systems using simulated male singles badminton matches and obtained stroke frequencies of
1.03 £ 0.22 s! and 1.03 + 0.47 s™! respectively (Ming et al., 2008:219). On the other hand,
singles matches played under the 3 sets, 15-points system delivered an average stroke frequency
0f 0.93 £ 0.11 s™! (Manrique & Gonzalez-Badillo, 2003:63). These researchers also revealed that
a high correlation (r = 0.75, p < 0.007) between work output and stroke frequency would suggest
that player effort increases as stroke frequency increases (Manrique & Gonzalez-Badillo,

2003:65).

e. Strokes per rally

Notational analysis of the world’s top singles badminton players during the 1996 Hong Kong
Badminton Open revealed an average stroke per rally value of 7.37 (Tong & Hong, 2000:190).
Male singles matches of the Beijing 2008 Olympic Games revealed strokes per rally values of
9.7 £ 0.8 and 9.9 £ 1.4 for the first and second games respectively (Abian-Vicen et al.,
2013:314). In another study, Abidn et al. (2014:46) assessed how badminton progressed from
2008 to 2012 by analysing the Olympic Games and found that strokes per rally increased
significantly (p < 0.05) from 9.8 = 1.1 in 2008 to 11.1 + 2.2 in 2012. They further concluded that

lengthier rallies, a shortened stroke time, together with an increased number of strokes per rally
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led to a more competitive 2012 Olympic Games compared to the Olympic Games of 2008
(Abidn et al., 2014:46). They attributed these changes in match characteristics to better racket
technology, enhanced training methods and an improvement in the physical and mental health of

players (Abian et al., 2014:46).

In an earlier study, Chen and Chen (2008:36) employed notational analysis to categorize the type
and frequencies of different strokes played under the new and old scoring systems during elite,
male singles badminton tournaments. Strokes per rally were found to be statistically more (p <
0.05) under the new compared to the old scoring system (new: 8.4 + 0.2; old: 7.5 = 0.01). The
increase in strokes per rally suggests that matches played under the new scoring system were
more competitive than those played under the old scoring system (Chen & Chen, 2008:41).
However, statistical non-significant different strokes per rally values of 4.74 £ 0.78 and 4.77 +
0.47 were obtained by Ming et al. (2008:219) for the new and old scoring systems respectively.
The study used simulated matches to examine and compare the time-motion and notational
analysis variables of new and old scoring systems in eight male singles’ state-level badminton
players (Ming et al., 2008:217). However, a more recent study by Chen ef al. (2011:7) opposed
the notion that strokes per rally are more when the new compared to the old scoring system is
used. They noted that the average strokes per rally values decreased non-significantly (p = 0.79)
from 6.0 £ 1.2 to 5.9 £ 0.8 when the new compared to the old scoring system was used (Chen et
al.,2011:12). However, the sum of rally strokes (service excluded) under the new scoring system
(1040) was less than under the old scoring system (1532) (Chen et al., 2011:11). A similar
average strokes per rally value (6.0 £ 1.2) was found in an older study of Manrique and

Gonzalez-Badillo (2003:63) when matches played under the new scoring system were analysed.

f. Types and effectiveness of strokes played
Table 3 presents the percentage distribution results of a study that made use of notational
analysis to determine the effectiveness of six strokes and their position of placement within the

playing court (Tong & Hong, 2000:188).
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Table 3: Percentage distribution results of the effectiveness of six strokes played to
different areas of the court (Tong & Hong, 2000:188)

Fore-court Mid-court Rear-court Entire court
E: 7499 £ 5.18 E: 64.73 +8.19 E: 69.80 + 7.80 E: 70.34 £ 4.82
IE: 1095 £4.8 IE: 14.62 £ 6.04 IE: 16.94 £ 6.75 IE: 14.02 £ 4.69
UW:4.51+£2.08 UW:9.02 £2.77 UW:4.63 £2.92 UW:5.76 £1.91
CW: 0.07+0.24 CW: 0.24+0.52 CW: 0.10+0.38 CW: 0.13+0.20
FF: 2.29+1.30 FF: 6.41+2.23 FF: 0.19+0.36 FF: 2.82+0.76
UF: 7.18+3.01 UF: 4.98+3.48 UF: 8.33+3.99 UF: 6.92 +£2.75

E = Effective, IE = Ineffective, UW = Unconditional Winner, CW = Conditional Winner, FF = Forced Failure, UF = Unforced Failure

Tong and Hong (2000:185) analysed matches played during the 1996 Hong Kong Badminton
Open, and found that players preferred the low serve as an offensive strategy, and a high number
of strokes were returned to the forecourt area (Tong & Hong, 2000:190). Furthermore, the most
common strokes were the lob, smash, net and clear (Tong & Hong, 2000:190). The study pointed
out that the most effective strokes were found to be returns to the fore-court, while the most
ineffective strokes were returns from the rear-court. The study also found that of all returns,
51.94% were played from the backhand side, revealing that offensive players preferred to return
more shots to the opponent’s backhand side (left forecourt, left mid and left rear court for the
right-handed players); thus putting pressure on the opponent’s backhand. The study further
revealed that among the six court-areas, returns from the left rear court had the highest
“ineffective” rate, indicating that even at high-level competition the backhand performed in the

rear court tends to be the weakest developed of all strokes (Tong & Hong, 2000:187).

The earlier-mentioned researchers also used notational analysis to determine the percentage

effectiveness of the primary badminton strokes during a match. Table 4 presents these results.

40




Table 4: The percentage effectiveness of the primary badminton strokes performed during

a match (Tong & Hong, 2000:188)

Shot Effective Ineffective
Block 82.20 £ 8.01 7.80 £ 8.01
Clear 74.57 £28.21 25.43 £28.21
Drive 82.90 £ 28.55 17.10 £ 28.55
Drop 91.12+12.95 8.88+12.95
Hit 59.26 £46.17 40.74 £ 46.17
Lob 69.18 £23.19 30.82 +23.19
Net 95.79 + 24.88 421 +24.88
Push 78.83 +£33.99 21.17 £33.99
Smash 77.87+17.99 2213+ 17.99
Clear 74.57 £ 28.21 25.43 £28.21

Table 4 indicates that the net shot had the highest effectiveness percentage, as a good net return
earned points. A good net block will force the opponent to lift the shuttle, which will most
probably compel the opponent to lob, thereby providing a good opportunity for a smash, which
was found to be the topmost killing shot (Tong & Hong, 2000:187). In most cases, when a player
executed an “ineffective” net return, the opponent gained an opportunity to smash the shuttle
down at the fore-court. Likewise, the underhand drop or the block shot was considered to be the
second most “effective” shot (Tong & Hong, 2000:187). The shot is typically used to return a
smash shot from an opponent, which is commonly executed from the opponent’s mid-court or
rear court. By playing the block shot to make a net return, the opponent is forced to make a long-
distance move from either the mid- or rear-court to play, which puts the opponent in an off-
balance situation and causes him to expend substantial energy in the process (Tong & Hong,
2000:187). The drop-shot was ranked as the third most effective shot. It is mostly executed from
the mid- or rear-court, with the intention of striking the shuttle softly to the opponent’s fore-court
in a downward trajectory (Tong & Hong, 2000:188). The return of a perfect drop-shot requires
the efficient utilisation of tricky or deceptive shots to create a situation that is to players’
advantage. For example, faking a smash when the shuttle is high in the mid- or rear-court would
leave the opponent in a defensive stance, which makes swift and speedy movements to the fore-
or rear-court difficult (Tong & Hong, 2000:188). Therefore the offensive player has the options
of either playing an attacking drop or attacking clear stroke to force a weaker return (Downey,

1982:121).

The study also compared straight and cross-court strokes and revealed that 66.81% of returns
were straight strokes while only 33.19% were determined to be cross-court strokes. Breen and

Paup (1983, cited by Tong & Hong, 2000:188) noted that one of the most important aspects in
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the tactics of single badminton play is players’ ability to manipulate the flight direction of a
shuttle. For example, the best return for straight strokes is a cross-court stroke as a change in the
shuttle’s direction will force the opponent to run further, and the cross-court stroke is more
difficult to return. However, when the cross-court clear is not played deep or high enough, the
opponent can resort to an easy smash (Tong & Hong, 2000:188). The simplest error-free shot to
play is the straight return of the shuttle, and allows a player to obtain a better position for
subsequent strokes. The study further indicated that 84.16 £ 10.33% of straight-court strokes
were “effective” compared to 81.19 £ 12.02% of cross-court strokes, which suggests that most
high-level single badminton players prefer the more risk-free strokes as they execute more

straight strokes instead of the higher-risk cross-court strokes (Tong & Hong, 2000:188).

Table 5 presents results of notational analysis-related studies that examined different types of

strokes performed during competitive badminton male singles matches.

Table 5: Percentage distribution of different types of strokes performed during competitive

badminton male singles matches

Authors Subj./N Smash Clear Drop Drive Net
Abian et al. 0G/20* | 29.09 +8.43 NI 231+1.74 NI 16.03 £6.6
(2014)* O0G/20** | 27.84 £8.14 NI 3.92+431 NI 13.32+£5.4
Abian-Vicen et 0G/20 290.1+8.4 12.1 3.8+3.5 6.3+3.9 NS
al. (2013)

Lee et al. (2005) 1/20 14.2 12.1 13.2 NI 20.7
Ming et al. YN/16 13 16 13 NI 17
(2008) YN/16 X 14 14 13 NI 17
Tong and Hong 11 14 13 16 15 17
(2000)

NOTE: All matches were real matches that made use of the new scoring system (with the exception where X is indicated), X= old scoring system
(scoring-by-service of 15 points per game), I= International players, OG= Olympic Games participants, YN= Young national players, TN= Top
national players, * 2008 Olympic Games, e 2012 Olympic Games, NI= Not indicated.

Lee et al. (2005:387) analysed ten male singles badminton matches from different
championships, which also included the Olympic Games of 2004. The following strokes were
performed for the indicated percentages: smash (14.2%), clear (12.1%), drop (13.2%) and net
strokes (20.7%). They also pointed out that the most frequently utilized strokes by male singles
badminton players were the net, smash and drop strokes (Lee et al., 2005:388). Abian et al.
(2014:46) compared the percentage of strokes performed during the 2008 and 2012 Olympic
Games and found the following average percentages for the named strokes: smash - 29.09 +
8.43% and 27.84 + 8.14% were compared; drop - 2.31 £+ 1.74% and 3.92 + 4.31% respectively;

net strokes - 16.03 + 6.6% and 13.32 + 5.4% respectively. Despite differences in the percentage
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of strokes performed during the mentioned Olympic Games, none of the differences were
significant (Abidn et al., 2014:45). However, they concluded that the smash stroke was the most
frequently and regularly used stroke at the end of most rallies (Abian et al., 2014:45). Analysed
videos of the 2008 Beijing Olympic Games revealed that the afore-mentioned strokes were
performed at the following percentages: smash (29.1 = 8.4%), drop (3.8 £+ 3.5%) and drive
strokes (6.3 + 3.9%) (Abian-Vicen et al., 2013:312).

Ming et al. (2008:217) investigated and compared the notational and time-motion determined
variables of the new and old scoring systems among male badminton singles state-level players
(n=8) by using simulated matches. Percentages of stroke distributions were reported as follows:
smash (13% vs. 14%), clear (16% vs. 14%), drop (13% vs. 13%) and net stroke (17% vs. 17%)
for the new and old scoring system respectively (Ming et al., 2008:219). The study further
pointed out that the clear, drop and net strokes were among the most frequently used during male

singles match-play (Ming et al., 2008:221).

Lastly, O'Donoghue (2008:189) determined and examined inter-rally times, rally lengths and
strokes played during badminton matches and reported that rallies during which the most number
of strokes were played, were shorter in duration than rallies during which a lower number of

strokes were played.

g. Work density

The temporal structure of a competitive badminton match is established by the total work time,
total playing time and particularly, the work density (Cabello et al., 2004:1). The 2008 Beijing
Olympic Games delivered work density values of 0.38 + 0.06 and 0.36 + 0.04 for the first and
second games respectively (Abian-Vicen et al., 2013:314). In another study, Abian et al.
(2014:46) determined the work density values for the 2008 and 2012 Olympic Games to be
0.37 £ 0.05 and 0.39 £ 0.05 respectively. No significant differences were found between the last-
mentioned values (Abian et al., 2014:46). Faude ef al. (2007:481) determined the average work
density to be 0.51 + 0.34 when simulated badminton matches of four male participants were
analysed. Cabello ef al. (2004:5) found an average work density value of 0.53 £ 0.12 for matches
of top male Spanish national players (n = 31). However, a correlation between match duration
and work density revealed a significant negative value (r = -0.430; p = 0.001), which indicates

that match duration has a significantly negative effect on work density (Cabello et al., 2004:8).
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Chen et al. (2011:7) reported average work density values of 0.57 = 0.06 and 0.63 = 0.11 for the
new and old scoring systems respectively when elite male badminton players’ matches were
analysed. Overall results revealed that the average work density of matches played under the new
scoring system was significantly smaller (p = 0.041) than the average work density of those
played under the old scoring system (Chen et al., 2011:15). In another study, which compared
the new and old scoring systems, work density values of 0.48 + 0.07 and 0.46 + 0.07 were
attained respectively, for male participants (Ming et al., 2008:219). The study used a simulated
match to examine and compare the notational and time-motion determined variables of scoring
systems among male badminton singles state-level players (n=8) (Ming et al., 2008:217). The
study showed no significant differences between the new and old scoring system values in terms
of work density (Ming et al., 2008:220). Participants in a study of Manrique and Gonzalez-
Badillo (2003:63) that played under the new scoring system, showed an average work density
value of 0.49 + 0.06 during competitive matches. They also noted that work density is an

indicator of player effort during competitive matches (Manrique & Gonzalez-Badillo, 2003:63).

Over the last few years, various types of notational match analyses have been used to describe
the demands and requirements of male badminton singles matches. In the subsequent section,

each of these methods will be explained briefly.

3.3.3 Different types of notational match-analysis methods

a. Hand-based notational match-analysis

Occasionally simple notational systems that give attention to a small number of actions that are
very important is of greater value than the ones that produce large amounts of data (Carling et
al., 2009:72). In this regard, manual hand-based notational analysis systems can easily be
designed to provide answers to questions posed by coaches and sport scientists (most especially
at the grassroots levels of the game) (Carling et al., 2009:72). Coaches usually choose the
information that is useful based on their personal philosophy, past experience or players’
previous performances (Franks ef al., 1983; Carling et al., 2009:73). It is a wise idea to analyse
performances at a general level, before concentrating on any specific aspects of the game

(Carling et al., 2009:73).

Manual hand-based notational analysis systems are inexpensive as they may only need a tally
sheet, a pen and paper or basic word-processing or graphics software packages such as Microsoft
Excel to record match actions, and can easily be adapted to meet the requirements of coaches

and/or sport scientists (Carling et al., 2009:72). On the other hand, these systems give more
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attention to technical and tactical features of performance (Carling et al., 2009:73). Graphical
court illustrations are usually used for more precise information with regard to players’ positions
on the court (Carling et al., 2009:73). Action time can also be recorded as the precise period
(time) at which the action occurs or action frequencies can be determined by counting the actions
for separate segments (e.g. every 5 min for a badminton match) (Carling et al., 2009:73). More
complex analysis systems will probably require measurements of the events sequence and time

(Carling et al., 2009:73).

Hand-based notational systems comprise four basic stages. Stage 1 is determining the amount
and kind of information required and the reason for the specific required information; stage 2 is
designing the system (hand-based notational system); stage 3 is examining the accuracy and
correctness of the data and stage 4 is collecting and presenting results of findings (Carling et al.,

2009:73).

b. Video-based motion analysis

Those methods applied for estimating physical performance and/or work rates and that involve
the subjective evaluation of ranges or distances and exercise bouts recorded on an audiotape
recorder or done manually are considered to be video-based motion analyses (Vuckovi¢ et al.,
2004:245). According to Carling et al. (2009:87), video-based motion analysis is all about
establishing certain player features or characteristics according to certain distinctive exercise
intensities. The data are then translated into movement distances or velocities. Reilly (2003:60)
also recommended that coded narrations or commentaries of matches on audiotape by a skilled

observer should be used alongside video recordings.

As mentioned earlier, video-based tracking devices generally necessitate the installation of
several cameras which are placed such that the entire court and all players are covered at all
times (Carling et al., 2009:87; Harley et al., 2011:2334). The number and positioning of cameras
are dependent on, amongst other things, the proportions and layout of the court area (Carling et
al., 2009:89). The dimensions (height, width, length) of the hall (venue) and court area of play
are used to set up a two-dimensional model which enables the computation of players’ locations
and positions in the form of x and y coordinates (Liebermann et al., 2002:761). Complex
mathematical algorithms and digital video/image processing or extracting procedures enable
analysers to track each player’s position and movements during every single moment of the
game (Liebermann et al., 2002:766; Carling et al., 2005:7; Edgecomb & Norton, 2006:27;

Carling et al., 2009:89). Systems may also allow analysers to obtain supportive data such as
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optical-character recognition and individual movement characteristics (Carling et al., 2009:89).
An example of a video-based system is the SAGIT, a squash computer-tracking software system,
which uses a single video camera with a wide-angle lens which can be fixed on a gantry above
the court, with the view of the entire court (Racz et al., 2013:194). After background subtraction,
algorithms extract each player from the image of the court, and an approximation of their

position on the floor plane is tracked in each video frame (Vuckovic et al., 2005:335).

c. Time-motion analysis

According to Carling et al. (2005:4), time-motion analysis focuses on raw features of an
individual’s activities and movements during a match without an attempt to qualitatively
evaluate any aspect of the match. They further categorized the following as part of time-motion
analysis: work-rate as indicated by the distance covered in a game; the intensity of effort as
sprinting and cruising (running sub-maximally with obvious purpose and effort), jogging,
walking and assuming a stationary posture; jumps, moving side- and backwards, making angled
runs and the ratio of high-intensity to low-intensity exercises (Carling et al., 2005:6). Reilly
(2007:20) defined time-motion analysis as the technique used in coding and classifying match
activities by employing notational techniques that, amongst other things, categorise the
intensities of different movements. The intensities of activities over the course of a competition
are determined by translating the acquired data into velocities or distances covered during
movement execution or time expended in various movement activities (O’Donoghue,
2004b:189). Time-motion analysis analyses movements over certain time periods during
competition participation in order to examine players’ activity levels to better understand the
physiological and physical requirements of a given sport (O'Donoghue, 2008:181). Carling et al.
(2009:86) point out that ‘information with regard to rally and recovery times in between rallies
provide researchers with information regarding the requirements of racket sports at various
levels of competition. Rally and inter-point periods are also used to calculate the work to rest
ratios of racket sports such as badminton, squash and table tennis (O’Donoghue, 2004a:208).
However, researchers must realize that rally duration on its own is not an absolute indicator of

work output during rallies (O'Donoghue, 2008:186).

d. Computerized notational analysis

Computerized match-analysis can decrease the potential work load in analysing matches and also
give the desired information that can be kept in databases together with related video footage
(Carling et al., 2009:72). However, computerized systems that are used to do these analyses are

costly and only remain an option for bigger clubs at the elite levels of different sports (Carling et
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al., 2009:72). Nonetheless, there has been a call to utilize more technological advanced
notational analysis techniques when analysing racket sports such as badminton so that more
precise and objective results of real-time and post-event analyses can be provided (O'Donoghue
& Ingram, 2001:111). The need to apply computerized techniques to study badminton has also
previously been recognized by other researchers (Liddle et al., 1996:159). In the analysis method
Liddle et al. (1996:162) used, results were obtained by using grids to estimate the distance
travelled by players during notational analysis. Data was used for post-match video analysis, and
was reliable to determine distances covered by players. These distances were established by
entering the route or path travelled against a court diagram and by pausing the videotape at each
instance where a player had changed direction (Liddle ef al., 1996:162). Other researchers also
used a line that was drawn to depict the current trajectory or phase of each movement
(Edgecomb & Norton, 2006:26). A ruler can also be used to measure the path travelled on a
court diagram set up according to scale (O'Donoghue, 2008:189).

Although the above-mentioned notational analysis systems are useful for understanding the
demands and requirements of male badminton singles matches, certain limitations of these

systems need to be considered when interpreting results.

3.3.4 Limitations of different types of notational match-analysis

One of the primary limitations of notational match-analysis is that the data may not be reliable
enough to draw accurate conclusions concerning the demands of match-play (Carling et al.,
2009:87). For example, shuffling is usually categorised as a high-intensity movement, but can
also be performed at low speeds, which can influence the energy cost of the movement in such a
way that it should rather be categorised as a low-intensity movement (Blomqvist et al.,
1998:137). A further limitation of notational match-analysis is that it can be very time
consuming when each player has to be monitored for the duration of an entire match over a
period of several matches (Hong et al., 1996:22). Furthermore, researchers showed that
notational match analyses were only moderate to poorly reliable to analyse total time spent on
individual movements, the average duration of individual movements and the frequency of
individual movements (Duthie et al., 2003:260). However, Duthie et al. (2003:983) proved that
notational match-analysis was valid and reliable to assess playing duration, player position and
position type, amount and distances of strokes, but not as reliable to determine the types of
strokes executed. In another racket sport-related notational analysis study a satisfactory error of
1.85% was found when squash-related strokes were categorised according to the outcome of

each stroke (effective or ineffective) (O'Donoghue, 2008:198).
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The major limitations of adopting the manual performance analysis method are the apparent
difficulty and the noteworthy investment of time required to code and analyse data, as well as
interpret findings (James, 2006 cited by Carling et al.,, 2009:75). Hand-notational analysis
systems are often unified and used with videocassette analogue recordings of match
performances, and the combination of these two methods for gathering data is very time-
consuming, wearisome and tedious (Carling et al., 2009:75). Researchers need to do manual
searches by rewinding and fast-forwarding videocassettes before the data can be analysed
(Carling et al., 2009:75). Furthermore, archiving data is problematic as records are occasionally
written on paper sheets (Carling et al., 2009:75). Some of the notational analysis’ data collection
methods are also prone to inaccuracies, particularly when positional information is recorded
(Carling et al., 2009:75). The fundamental problem notational analysts face is to decide on the
best way to transform an ocean of data into meaningful and expressive interpretations (Hughes &

Franks, 2004:259).

Another limitation of notational analysis procedures is that analysts are not able to do analyses in
real time due to visual errors as a result of gait changes or inconsistencies in game movements
and the fact that only one player can be analysed at a time (Drust et al., 2007:789; Carling et al.,
2008:841). A reduction in the analysis of activities to only one player at a time does not allow an
analyst to determine and evaluate relationships between concomitant work:rate ratio profiles of
partners or opposing players (Carling et al., 2009:87). Furthermore, it does not allow the analyst
to gain a thorough understanding of work-rate (Drust ef al., 2007:788).

The above-mentioned limitations of notational analysis as a means to determine the external
match-loads of sport participants have given rise to a renewed focus on other match-load-
determining methods. In view of this, the next section will deal with HR analysis as a means of

determining the internal match-loads of sport participants.

4. INTERNAL LOAD-RELATED MATCH-ANALYSIS METHODS

4.1 Introduction

Player load is categorised as being internal when measurements are taken to determine the
physiological responses of players when they perform different activities during match-play
(Impellizzeri et al., 2005:586). The internal load signifies the physiological stress encountered by
players in response to the match or training stimulus (Scott et al., 2013a:195; Scott et al.,
2013b:270). In this regard, HR monitoring is one of the most common and effective methods

researchers use for determining the internal load of sport participants during match-play as it is
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an easy and inexpensive method to use (Cabello-Manrique & Gonzalez-Badillo, 2003:63;

Halson, 2014:140).

4.2 Heart rate monitoring in badminton

The basis on which HR monitoring during sport or exercise participation rests is the established

linear relation between HR and oxygen consumption (V02max) during exercise (Hopkins,

1991:162; Liddle et al., 1996:162). According to Cabello-Manrique and Gonzalez-Badillo
(2003:64), maximum HR (HRmax) values during badminton match-play range between 186 and
201 bpm, which are very close to each player’s real HRmax and average values between 162 and
187 bpm. The same researchers also reported that players’ average HR in relationship to their
HRuax increased with more than 3% as matches progressed. A literature review of Phomsoupha
and Laffaye (2015:481) which focused on the game characteristics, anthropometry, physiology,
visual attributes and biomechanics of badminton reported a HRmax value of 191 bpm for male
badminton players. The average match HR values for different levels of male badminton players
ranged between 198.7 bpm (juniors), 194.0 bpm (sub-elite) and 188.0 bpm (elite) (Phomsoupha
& Laffaye, 2015:481). Other researchers that have analysed the HR of badminton players
revealed average match HR of between 166 and 188 bpm, while HRmax of between 191 and
195 bpm have been observed during normal and simulated badminton matches (Cabello-
Manrique & Gonzalez-Badillo, 2003:63; Wonisch ef al., 2003:116). Researchers also observed
average match HR for male badminton singles players of over 90% of the HRmax (Docherty,
1982:98; Majumdar et al., 1997:343; Cabello-Manrique et al., 2004:8; Faude et al., 2007:484;
Chen et al., 2011:15).

The percentage of HRmax values is used for both prescription and monitoring of exercise intensity
(Borresen & Lambert, 2008:781). In this regard, players’ HR can be categorized into low (60 —
69%), medium (70 — 79%) and high (>80%) intensity zones based on each player’s HRmax, and
in addition to this the amount of time spent in each of the HR zones can be determined (Liddle et

al., 1996:167; Pearce, 2002:52; Chen et al., 2011:8).

4.3 Limitations of using heart rate monitoring

Despite the popularity of using HR to determine the internal load of sport participants during
match-play, HR can be influenced by several factors that are not related to players’ fitness levels.
Factors such as the condition of the court, the temperature, humidity (weather), dehydration and

emotional stress may lead to estimation errors with regard to players’ internal match-load
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(Esposito et al., 2004:167; Alexandre et al., 2012:2901). For example, the demands of
badminton match-play such as the high levels of concentration needed may lead to high stress
levels, causing epinephrine (adrenaline) secretion of the suprarenal gland to increase (Cabello-
Manrique & Gonzalez-Badillo, 2003:65). This may cause HR to accelerate over and above that
which is provoked by actual effort (Cabello-Manrique & Gonzalez-Badillo, 2003:65).
Consequently these factors need to be monitored closely when using HR to describe the internal
match-loads of players. Similarly, HR shows a delayed response to sudden high intensity
movements, which may lead to an underestimation of match-loads and intensities (Jeukendrup &
Diemen, 1998:91). Furthermore, HR usually takes some time to return to pre-activity levels,
which means that intensity or loads will be overestimated during match-play due to HR inflation
(Coe & Pivarnik, 2001:373). In view of these shortcomings, with regard to the use of HR as an
internal load-determining method, and the need for more accurate and up-to-date match-load
profiles, it is important to quantify both internal and external match-load measures and assess

relationships between them (Scott ef al., 2013b:271).

In view of this statement, studies that have investigated relationships between internal and

external load-determining methods will be discussed in the next section.

5. RELATIONSHIPS BETWEEN RESULTS OF INTERNAL AND EXTERNAL LOAD-
DETERMINING METHODS IN SPORT
The majority of studies that investigated relationships between results of internal and external
load-determining methods used team sports participants as study participants. For example,
Scanlan et al. (2014:2402) determined relationships between internal and external training load
models of basketball and observed moderately significant (p < 0.05) relationships between
external training load (as determined from accelerometer data), players’ session rating of
perceived exertion (sRPE) (r = 0.49) and training impulse (TRIMP = Duration (minute) x
(HRexercise — HRrest)/(HRexercise — HRrest) x (0.64 x 2.712!92 x (HRexercise — HRrest)/(HRexercise -
HRres)) (r = 0.38). Furthermore, a large significant correlation was found between external
training load and the summated-heart-rate-zones model (SHRZ = (duration in HR zone 1 x 1) +
(duration in HR zone 2 x 2) + (duration in HR zone 3 x 3) + (duration in HR zone 4 x 4) +
(duration in HR zone 5 x 5)) (r = 0.61) (Scanlan et al., 2014:2403). Another study revealed that
physical measures of total distance, the volume and time spent in low-speed activities as well as
high- and very-high-speed running, and player load (as obtained from GPS and accelerometer
data) correlated significantly (r = 0.40-0.84; p < 0.01) with HR- (TRIMP) and sRPE-based

values across 97 individual, in-season, field-based training sessions in soccer players (Scott et
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al., 2013a:199). A study on Australian football showed significant correlations (p < 0.05)
between external training load (GPS-determined distance, high-speed running and player load)
and both the sRPE 10-point (CR10) (r = 0.81, 0.71, and 0.83) and 100-point scale (CR100) (r =
0.78, 0.69, and 0.80) for 38 training sessions.

The above-mentioned findings indicate that measures of external and internal match-loads are
related in team sport participants, but it is not clear whether similar relationships will be
observed in racket sport participants. The assessment of the commonality of popularized internal
load-determining measures with externally derived measures of the match stimulus may provide
insight into the construct validity of internal load-determining models for racquet sport such as

badminton (Scott ef al., 2013b:271).

6. CONCLUSIONS AND RECOMMENDATIONS

The objectives of the literature review were firstly, to present the history and a detailed
description of badminton as a sport; secondly, to describe the various badminton match-analysis
methods that resort under the broad categories of external and internal match-load-determining
methods respectively as well as to present results of research that has used each of these methods
to analyse badminton; thirdly, to investigate the limitations of current match analysis methods in
order to make recommendations to address these limitations; and fourthly, to discuss research
that has investigated relationships between results of internal and external load-determining

methods in sport.

The game of badminton was invented more or less 2000 years ago and came from the game
called battledore, in which two players hit a feathered shuttlecock back and forth with a bat
without allowing it to touch the ground. In the year 1873 the Duke of Beaufort introduced the
version of the game called ‘Poona’, which he saw in India, to his guests at his country place
called “Badminton” in Gloucestershire. During that time the game had no name, but it was
referred to as "The Game of Badminton" and, thereupon, Badminton became its official name.
The standard rules of the game were developed in England. The most common form of the game
is singles (with one player per side) during which players strike the shuttle with a racket with the
purpose of landing it within the opposing side’s half of the court to score points. Each side may
only strike the shuttle once before it passes over the net. Play ends once the shuttle has struck the
floor or when the umpire or service judge has called a fault. The shuttle is feathered or in
informal matches, a plastic projectile, which flies differently from the balls used in many other

racket sports.
51



Badminton match-analysis methods were discussed under two categories, namely those that
allow researchers to measure the external match-loads and those that allow researchers to
measure the internal match-loads of badminton players. Loads that players experiences during
match-play that are related to the work that they must perform to execute different activities
during a match are categorised as external loads. Literature reveals that external match-loads can
be assessed by making use of semi-automated video tracking, manual video tracking and global
positioning system (GPS) technology. However, modern-day tracking devices are considered to
be the future of computerized analysis in sport due to their time efficiency, accurate data
capturing and delivery, real-time recording and instant statistical information processing
capabilities. Systems can also be classified into video-based and electronic player tracking

systems, which can be used to analyse competitive racket sports.

Systems used for indoor sport analysis include wearable tracking devices (e.g. MinimaxX GPS)
that integrate multiple sensors (tri-axial accelerometer, gyroscope and magnetometer) into a
single device. Accelerometers, gyroscopes, and magnetometers are devices that allow
researchers to monitor and describe players’ movements, frequency, and intensity of movements
during matches in indoor facilities. In this regard, research showed that the combination of
accelerometers, gyroscopes, and magnetometers in a GPS device provides accurate results with
regard to movement data and the external demands of sport activities, irrespective of the
environment. Acceptable between-device reliability values were also obtained when Catapult
GPS units with integrated accelerometers were used in an indoor-sport setting. Similarly,
MinimaxX GPS units were efficient to quantify training loads and work-rates and to compare
individual players’ performances in an indoor hall. However, a comparison in measures of
distance and speed between MinimaxX GPS units and a high-resolution motion analysis system
(VICON) revealed that GPS units underestimated distances covered, especially at higher speeds
and during repeated movement patterns. Despite these findings, researchers regard GPS units to
be an alternative method for the measurements of time spent on movements as well as the
average duration, frequency and speed of movements, with the potential of circumventing some

of the shortcomings of notational analyses and minimizing others.

Notational analysis is the method by means of which recordings are made so that data can be
collected in an efficient and effective manner in order to analyse complex and dynamic match
situations. Notational analysis can be classified into hand-based notational match-analysis,

video-based motion analysis, time-motion analysis, and computerised notational analysis
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methods. In badminton, notational analysis is used to determine match durations, rally time, rest
time, stroke frequency, strokes per rally, types of strokes played, and work density, amongst
others. In this regard, studies that utilised notational analysis to analyse the last-mentioned
variables of male badminton singles matches have indicated the following: average match
durations vary between 1047 s and 2754.6 s; average rally time between 4.62 s and 104 s;
average in-between points rest time between 9.71 s and 25.2 s. Results of average match stroke
frequency varied between 0.92 s and 1.09 s™! whereas strokes per rally varied between 4.74 and
11.1. Work density values of between 0.36 and 0.63 were reported in general for badminton
matches. The percentage distribution of the mentioned strokes during badminton matches was
reported to be as follows: the smash (13 - 29.1%), the clear (12.1 - 16%), the drop (2.31 -
16.0%), the net stroke (13.32 - 20.7%), and the drive (6.3 - 15%).

Literature further pointed out that the clear, drop and net strokes were among the most popular
performed strokes in male singles match-play. Additionally, literature revealed that male singles
players preferred to use the low serve as an offensive strategy, and most of their strokes were
returned to the forecourt area. The most effective strokes were returns to the fore-court, and the
most ineffective strokes were returns from the rear-court. Returns from the left rear court had the
most “ineffective” rate compared to the other areas of the playing court, which is an indication
that the backhand performed in the rear court tends to be the weakest stroke among high-level

badminton players.

In 2006, the scoring system of badminton was changed from the traditional 3 games of 15 points
(i.e., scoring-by-service) system to the new 3 games of 21 points (i.e., rally-point scoring) system
for all disciplines. To date, only two studies have compared the effects of the old and new
scoring systems on male badminton singles match characteristics by using notational analysis
(Chen & Chen, 2008; Ming et al., 2008). The following results were found for the mentioned
variables by each of the research groups: average match durations of 2754 + 178.9 s vs.
1949.7 £ 147.6 s and 1443.6 + 142.8 s vs. 1036.2 £ 160.2; average rest time of 10.29 + 1.42 s vs.
9.71 + 1.32 s; shot frequency of 0.98 + 0.01 s vs. 1.05 £ 0.02 s and 1.03 + 0.47 s vs.
1.03 £0.22 s™! for the old and new scoring systems respectively. Some of the variables obtained
significantly higher values for the old compared to the new scoring system. However,
researchers postulated that the shorter playing time under the new scoring system would lead to
changes in tactical strategies applied during match-play. This, in turn, would result in higher

physiological demands (i.e., exercise intensity) of singles matches.
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Unfortunately, video-based system analysis holds certain limitations that need to be considered
when interpreting match-analysis results. Numerous cameras have to be fixed, positioned and
also calibrated according to the width, height and length of the screened area. Furthermore,
video-tape noise, imperfect camera calibration and quantization errors as well as operator
mistakes can negatively influence analysis results. Some systems also require extra information
such as players’ jersey colours and numbers as well as a prediction of players’ running patterns.
Most systems also do not provide real time match data as it usually takes results about 24 hours
to process. One of the major limitations of semi-automated and manual video analysis systems is
that these systems only focus on the external match-loads of players. Researchers will only
obtain reliable and accurate information with regard to the match-loads of players if these
methods are combined with methods that are used to measure the internal match-loads of
players, such as the HR monitoring method. Similarly, notational match-analysis data may not be
reliable enough to draw conclusions regarding match-play characteristics and profile.
Researchers also regard this method to be moderately to poorly reliable in determining total time
spent, average duration, and frequency of individual players’ movements and the types of strokes
executed. Yet another limitation is that only one player can be analysed at a time, which does not

allow for the determination of relationships between work rates of partners or opposing players.

Player load is categorised as being internal when measurements are taken to establish the
physiological responses players experience when they perform different activities during match-
play. HR monitoring is one of the most common and efficient methods researchers use to

determine the internal load of sport participants during match-play, due to the linear relation

between HR and oxygen consumption (V02max) during exercise. It is also an easy and

inexpensive method for determining the internal match-loads of badminton players. Research
suggests that average badminton match HRnax values range between 186 and 201 bpm, and the
average HR values between 162 and 187 bpm. In relationship to HRmax players’ average HR
increases with more than 3% as matches progress. According to literature, HR can be
categorized into low- (60 — 69%), medium- (70 — 79%) and high- (=80%) intensity zones based
on each player’s HRmax. However, despite the acceptance and use of HR as an internal load-
determining parameter, certain limitations linked to using this parameter need to be considered.
For example, factors such as court and weather conditions as well as hydration status and stress
may lead to HR changes that are not related to external match demands alone. Furthermore, HR
may occasionally show a delayed response when players perform movements or cease to

perform movements, which may lead to an under- or overestimation of internal match-loads.
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Based on these limitations with regard to the use of HR as an internal load-determining method,
and the need for more comprehensive match-load profiles, it is essential to quantify both internal

and external match-load measures and assess relationships between these two measures.

Overall, literature suggests that significant relationships (r = 0.69—0.85, p = 0.001) do exist
between sRPE- and HR-based training-load models in indoor-related sports such as basketball.
Similarly, researchers found moderate significant relationships between basketball players’
external accelerometer-determined training load, SRPE (r = 0.49, p < 0.05) and TRIMP (r = 0.38,
p <0.05). A large significant correlation was also established between external training load and
the SHRZ model (r = 0.61) in the same group of basketball players. Significant correlations
(r = 0.71-0.84; p <0.05) were also observed between accelerometer-determined physical
measures, HR- and sRPE-based values among soccer players. Although these findings indicate
that measures of external and internal match-loads are related in team sport participants, no
studies have investigated the possible relationship between the external and internal match-load

measures in racket sport participants such as badminton players.

In summary, this review showed that almost all available literature focussed on notational
analysis (external load-determining method) to describe the match profiles of male badminton
singles players. This, despite the fact that available wearable tracking device technology such as
the MinimaxX that integrates multiple sensors (e.g. triaxial accelerometer, magnetometer and
gyroscope) into a single unit may provide badminton researchers with an alternative, more time
efficient and accurate method for determining the match characteristics of players. Furthermore,
although HR monitoring methods are deemed to be the most accepted methods for determining
the internal load of badminton matches, only a few researchers have attempted to study

badminton players’ HR profiles during match-play.

However, the above-mentioned findings suggest that practitioners should incorporate different
methods that will allow them to simultaneously obtain both internal and external match-loads of
badminton players in order to compile a more accurate and reliable match-play profile. On the
other hand, a match profile alone will not give researchers an indication of the match profile
characteristics that are related to badminton performance. Hence there is a need to identify
match-analysis characteristics that discriminate between different levels (successful and less
successful) of badminton players. Discriminating match-analysis characteristics may enable
coaches and sport scientists to identify and develop these characteristics with a view to enable

players to perform successfully. Another aspect on which researchers do not focus is the possible
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relationships between specific notational singles match-analysis components. Relationships
between match-analysis components such as strokes and foot movements may provide
researchers and practitioners with important information regarding the influence of different
strokes on players’ foot movements or vice versa. Researchers and practitioners will then be able
to focus their attention directly on the most important and influencing components that need to

be addressed during physical and skills training.
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Abstract

Purposes of this study were firstly, to determine the notational singles match-analysis results
of male badminton players and secondly, to determine relationships between notational singles
match analysis-determined strokes and foot movements in male badminton players that
participated in the African Badminton Championships. Twenty male singles matches from the
team and individual events of the 2014 All Africa Badminton Championships were recorded
live via video cameras and analysed using the Dartfish video analysis software package.
Average match duration (1470.4 s), real time (432.9 s) and percentage of real time played
(29.8%), number of rallies per match (68.4) and shots per rally (6.5) were calculated. Average
shots per rally were found to be 6.5 and the work density, 0.4. Average stroke frequency per
match, was: drive - 122.1, clear - 118, smash - 56.2, net strokes - 54.3, drop-shot - 24.2 and the
round-the-head stroke - 1.2. Foot movements provided the following average results per
match: chasse-step - 174.6, shuffle- 161.7, split-step - 61.6, half-lunge - 52.20, forward-lunge -
46.1 and scissors Kick - 38.3. Significant Spearman Rank Correlation Coefficients were found
to exist between various foot movements and strokes. The study confirmed the applicability of

computerised-notational analyses in determining singles badminton match characteristics.

Keywords: badminton, foot movements, notational analysis, strokes.
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1. Introduction

Badminton is one of the major racket sports (Lees, 2003), characterised by high-speed
movements and shot executions which demand high tactical, technical, and psychological
abilities as well as a high level of physical conditioning (Omosegaard, 1996). However,
researchers and sport practitioners are only able to determine the exact demands of badminton
matches if they precisely analyse the different match movements and movement patterns
(Hughes, 2008). In this regard, computerised-notational analysis is one of the analysis methods
that can be applied to determine the match characteristics of badminton (Hughes et al., 2007). In
computerised-notational analysis, researchers record different badminton matches via a digital
video camera (Hughes et al., 2007; Ming et al., 2008). Thereafter, they use a video analysis
software package such as Dartfish to analyse the video footage in detail, and to display the
match-analysis results in digital format (Hughes and Franks, 2004; O'Donoghue, 2014; Wilson,
2008). Despite the benefits of this analysis method, only a hand-full of researchers have thus far
used this method to analyse badminton matches (Abian-Vicen et al., 2013; Ming et al., 2008).
Furthermore, no researchers have analysed the match characteristics of African badminton
players. The need for more up-to-date research in this area has also been accentuated by the
change in the badminton scoring system during 2006 from the traditional 3 sets, 15-points

system to the new 3 sets, 21-points system (Ming et al., 2008).

Several studies have used notational analysis to investigate the characteristics of badminton
match-play. For example, temporal structure analyses of 14 matches played during a 1999
Spanish International Tournament revealed the following characteristics: the average game
duration was 1689.3 + 313 s, with 6.06 = 1.08 shots performed per rally time; the real time
played was 548.7 + 98.6 s, while the performance time was 6.4 + 1.3 s; the work density was
found to be 0.5 £ 0.1; the total rallies played was 83.3 + 11.0, with total shots averaging 510.7 +
109.8 (Cabello-Manrique and Gonzalez-Badillo, 2003). In another study, Abian-Vicen et al.
(2013) assessed the temporal and notational structures of matches played during the 2008 Beijing
Olympic Games and found the following average results for the first and second games of the
men’s singles matches respectively: the duration of games was 1128 + 256.5 s and 1121.0 +
214.0 s; and the real time played was 310.5 +40.7 s and 303.3 £+ 52.3 s. Players only spent 28.1
+ 3.4% and 27.3 £ 2.4% of the total time on match-play activities; rally time was found to be 9.0
+ 0.9 and 9.1 £ 1.4 s; shots per rally were 9.7 + 0.8 and 9.9 £ 1.4; rest time was 24.1 = 3.8 s and
25.2 £ 4.6 s; work density was 0.38 = 0.06 and 0.36 + 0.04; and shot frequencies per rally, 1.08 £

0.04 and 1.09 + 0.03. Cabello et al. (2004) analysed a large sample (n = 79) of national,
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international and world-class Spanish male badminton players and revealed an average total
playing time of 2090 + 921 s, an average total work time (total time when the shuttle was in
play) of 707 £ 261 s, an average work time of 7.3 + 1.3 s, an average rest time of 14.2 + 3.4 s, an

average work:rest ratio of 0.53 & 0.12 as well as an average number of rallies’ value of 98 + 32.

In a different study, Ming et al. (2008) used notational and time-motion analyses to investigate
differences in simulated badminton match characteristics, when state-level male Malaysian
badminton players made use of the new (21 points) and old scoring systems (15 points)
respectively. They reported 17.3 + 2.7 vs. 24.1 = 2.4 min for match durations; 8.6 = 1.3 vs.
12.0 £ 1.2 min for average game duration; 4.6 + 0.9 s vs. 4.6 = 0.5 s for rally time; 9.7 £ 1.3 s vs.
103+ 1.4 s for rest time; 0.5 £ 0.1 vs. 0.46 = 0.07 for work density; 331.3 + 44.7 vs.
463.5 + 21.4 for number of shots per match; 70.3 £ 1.3 vs. 97 + 6.7 for the number of rallies per
match and 4.7 + 0.8 vs. 4.8 = 0.5 for the average shots per rally respectively when the last-
mentioned scoring systems were used. Although the last-mentioned notational analysis results do
provide sport practitioners in the badminton fraternity with information regarding the singles
match characteristics of male players, it is unclear whether African badminton players will
display the same match-characteristic profile as their international counterparts. Over the last two
decades, studies have only focussed on badminton players from Spain (Cabello et al., 2004),
Malaysia (Ming ef al., 2008), and the top international players that participated in the 1996 Hong
Kong Badminton Open (Tong and Hong, 2000) and 2008 as well as 2012 Olympic Games
(Abian-Vicen ef al., 2013).

Yet another aspect that does not receive attention from researchers is the possible relationships
between specific notational singles match-analysis results. Relationships between match-analysis
components such as strokes and foot movements may provide researchers and practitioners with
important information regarding the influence of different strokes on players’ foot movements or
vice versa. Researchers and practitioners will then be able to focus their attention directly on the
most important and influencing components that need to be addressed during physical and skills

training.

Since notational analysis enables players, coaches, sport scientists and other sport-related
professionals to assess the physiological and psychological demands of badminton in such a
manner that measurable and subjective outcomes that are specific and unprejudiced can be
obtained (Hughes and Bartlet, 2008), it is important to apply this method to analyse African

badminton player matches. This method of analysis can also be applied to furnish coaches with
71



data and clues concerning performance weaknesses in distinct areas (Carling et al., 2009; James,
2008; Liebermann and Franks, 2007). At the end, a better understanding of players’ weaknesses
as well as the physiological and psychological demands of badminton may enable sport scientists
to compile conditioning programmes specifically in accordance with the demands of match-play.
Conditioning programmes tailored in this manner will improve match-play performances and

overall success.

It is against this background that the objectives of this study were firstly, to determine the
notational singles match-analysis results of male badminton players who participated in the
African Badminton Championships and secondly, to determine the relationships between
notational singles match analysis-determined strokes and foot movements in male badminton

players that participated in the African Badminton Championships.

2. Methods

2.1. Design

The design of the study was a selected group, observational, descriptive, and ex post facto design.
Ethical approval for the study was obtained from the Ethics Committee of the institution in
which the research was conducted (NWU-00199-14-A1). In addition, permission to conduct the
research was also obtained from the managers of participating African teams, coaches of the
participating players, the Badminton World Federation (BWF), the Badminton Confederation of
Africa (BCA), Badminton South Africa (BSA) and the Botswana Badminton Association (BBA).

2.2. Participants

Twelve male single players (age: 24.4 + 4.6 years) that participated in the team and individual
events of the All Africa Senior Badminton Championships of 2014, which was held in Lobatse,
Botswana, willingly volunteered to participate in this study. Players represented the following
African countries during participation: Botswana, Cameroon, Egypt, Mauritius, Nigeria,
Seychelles, South-Africa, Zambia and Zimbabwe. Only in cases where the manager and coach of
a certain player as well as the player himself provided voluntary written consent to participate in
the study, that player was allowed to participate. Furthermore, only badminton players actively
involved and competing as members of their respective national badminton federations in the
above-mentioned tournament as well as those that were totally injury-free at the time of testing
were eligible to participate in the study. All participants were considered to be the best players of

their respective African countries during the time of the tournament.

72



The competitive badminton playing experience of these players varied between 4 and 12 years,
with an average of 9.3 + 2.7 years. They trained for 4.3 + 1.2 days a week on average, with

training that consisted of court- and resistance-training sessions.

2.3. Procedures

Three months prior to the start of the tournament, permission to conduct the research was
requested via email from the BWF, the BCA, BSA and the BBA. A day before the tournament
started, the managers’ meeting was attended by the researchers and detailed information with
regard to the study design, purpose, procedures and possible risks of participation was provided
to the managers of each of the participating teams. This opportunity was also used to inform the
head referee of the relevant tournament of the study and to obtain permission from him to
conduct the research during the tournament. On the first day of the tournament, informed consent
was obtained from the participating players and permission was also obtained from each of the
coaches involved with players. During this time, players also completed a general information

questionnaire regarding their exercising habits, injury incidence, and competing level.

Prior to the start of each match, a Sony Handycam with full HD (Sony HDR-PJ790VE
Handycam, Sony Corporation, Tokyo, Japan) was stationed on a tripod stand behind each of the
courts on a gallery that was on the first floor of the hall in which all the matches were played.
The warm-up period was then used to adjust the cameras, and to check whether the video footage
was recorded accurately. Video recordings of each match were downloaded onto a laptop
computer and analysed by means of the Dartfish Team Pro video analysis software package
(version 5.5, Rte de la Fonderie 6, CP 53 - 1705, Fribourg 5, Switzerland). The qualified sport
scientist that has been participating in badminton at an international level performed all analyses.
A month before the analyses was performed, the sport scientist received training from an analyst
that has been doing match-analysis for a variety of sports and is currently training university
students to use Dartfish. Twenty-five percent of the matches were randomly selected and re-
analysed a month later by the same sport-scientist in order to prevent interpersonal variability in
the different observations and interpretations of activities and to verify the accuracy of the

original analyses.
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2.4. Measures

2.4.1. Computerised notational analysis

Video footage was recorded for twenty men’s singles matches from the team and individual
events of the All Africa Senior Badminton Championships. All matches were recorded live. The
video recordings of each match were downloaded onto a laptop computer and analysed by means
of the Dartfish Team Pro analysis software package (version 5.5, Rte de la Fonderie 6, CP 53 -
1705, Fribourg 5, Switzerland). Dartfish was used to do the analyses due to the wide range of
features that can be used. These features include the capacity to track and break down
movements and badminton strokes for analyses as well as the capacity to record the duration of
different movements and phases of the match. The video footage was therefore coded and the

frequency and duration of all movements, strokes, and match periods were analysed.

The following match-related variables were analysed:

Badminton strokes

Clear: a shot that took the shuttle over the head of the opponent with a flat or rising trajectory
towards the baseline of the rival court (Abian-Vicen et al., 2013; Brahms, 2014).

Drive: a hard shot that was executed while the racket head was at the mid part of the body and
took the shuttle to the middle of the court with a flat trajectory (Abian-Vicen et al., 2013;
Brahms, 2014).

Drop: a smooth shot executed in such a manner that the shuttle followed a downward trajectory
towards the front of the court (Abian-Vicen et al., 2013; Brahms, 2014).

Net: a precise shot from near the net, which also included the push, kill and brush (Abian-Vicen
et al.,2013; Brahms, 2014).

Smash: an aggressive overhead shot that moved the shuttle in a downward trajectory (Abian-
Vicen et al., 2013; Brahms, 2014).

Round-the-head: a forehand overhead stroke on the overhead backhand side, which was used
instead of attempting a backhand overhead shot (Brahms, 2014; Grice, 1996).

Serve: the act of starting the game or putting the shuttle into play. The server hit the shuttle
beneath waist height in such a manner that it landed in the receiver's service court (Blomqvist et

al., 2000; Brahms, 2014).
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Foot movements

Chasse-step: This movement usually occurred when a player stepped on one foot to the side,
followed closely by the other foot. One foot led the movement, while the other foot came in
behind the leading foot as the position changed (Grice, 1996).

Scissors-kick: This was often used as the last movement when hitting overhead forehands, in
which the legs swapped positions while in the air (Brahms, 2014).

Shuffle-step: This type of step was often used when moving forward or backwards towards the
backhand side. For example, when a player wanted to reach a shuttle at the net on the forehand
side the non-dominant leg would move forward and across to the forehand side with the body
facing the corner of the court (Grice, 1996).

Split-step: This was a very low jump, in which the feet came off the ground and spread a little
apart, while the player was bending forward before he pushed off towards the target (Leitch,
2013).

Lunging is an essential foot movement of competitive badminton players (Cronin et al., 2003;
Kuntze et al., 2010). A lunge is defined as a position in which one leg is positioned forward,
while the knee is bent and the foot placed flat on the ground whereas the other leg is positioned
at the back. Due to multifarious lunging movements in badminton, lunges were classified into
the following categories: lunge-to-left (to reach a shuttle on the left-hand side); lunge-to-right (to
reach a shuttle on the right-hand side); lunge-forward (to reach a shuttle to the front of the body);
lunge-backward (to reach a shuttle behind the player) and half-lunges (this occurred when a

player made an incomplete lunge to get to the shuttle).

Time-related variables

Match duration: the time that elapsed from the first service until the shuttle touched the ground
during the last point, which also included: rest periods between points and games (Abian-Vicen
etal.,2013).

Percentage real time played: real time played multiplied by 100 divided by the match duration
(Abian-Vicen et al., 2013).

Rally durations: the periods realised for the length of each rally. A rally was defined as the time
period that started when the service took place until the shuttle touched the ground (Abian-Vicen
etal.,2013).

Real time played: the time that the shuttle was in play from the first to the last point of the match
(Abian-Vicen ef al., 2013).
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Rest time: the time that elapsed from when the shuttle touched the ground until the next service
was performed; that is: periods during which the shuttle was not in play (Abian-Vicen et al.,
2013).

Shots per rally time: number of shots divided by real time played (Abian-Vicen et al., 2013).
Work density: total rally time divided by total rest time observed during the game (Abian-Vicen
et al.,2013; Cabello et al., 2004; Ming et al., 2008).

Each match was analysed according to the different rallies and sets that were played as well as
the time periods of the match. The clock function of the Dartfish Team Pro video analysis

software package was used to determine all the time-related variables.

2.5. Statistical analysis

After completion of the match analyses the raw data for each of the variables were entered into
Microsoft Excel (Microsoft Office Professional Plus, 2013). Firstly, all variables were corrected
for match duration by dividing the specific variable by match duration into seconds. The
Statistical Data Processing package (StatSoft Inc., 2015) was used for the rest of the analyses.
Descriptive statistics (averages, standard deviations, minimum and maximum values) for each of
the relevant variables were calculated. Cronbach's Alpha and Intraclass Correlation analyses
were used to determine the reliability of match-analysis results between data of the original
analysis and 25% of the randomly selected matches. The 95% confidence intervals (CI) for the
Intraclass Correlation analyses were also determined. Spearman Rank Correlation Coefficient,
rho was used to determine relationships between values of different shots and foot movements.
Lastly, a Fisher r to z transformation was calculated to determine the 90% confidence intervals
(CI) from the correlation coefficients (). The level of significance was set at p < 0.05. The
strength of correlations was categorized based on the following criteria: <0.1 (trivial), <0.3
(small), <0.5 (moderate), <0.7 (large), <0.9 (very large) and <1 (nearly perfect) (Hopkins et al.,
2009).

3. Results

Reliability of notational analysis

A total of 5 randomly selected matches (25% of the total matches previously analysed) were re-
analysed for both shots played (strokes), foot movements and time-related variables (match
duration, rally duration, work density and rest time). The average Cronbach's Alpha values were
0.97 for strokes played, 0.99 for foot movements and 0.99 for time-related variables. On the

other hand, Intraclass Correlation analyses revealed values of 0.95 (95% CI: 0.69-0.99) for
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strokes played, 0.97 (95% CI: 0.44-0.95) for foot movements, and 0.99 (95% CI: 0.89-1.00) for

time-related variables.

Foot movement-related variables
Table 1 contains the descriptive statistics of all foot-movement-related variables identified by the

match analyses of the male singles African badminton players.

Table 1: Descriptive statistics of all foot-movement-related variables performed during single

matches of male African badminton players

Variables Mean Minimum Maximum SD
Values not corrected for match duration
Chasse steps per match 174.6 55.0 297.0 73.6
Scissors kicks per match 38.3 12.0 70.0 15.7
Shuffle steps per match 161.7 36.0 306.0 66.1
Split steps per match 61.6 28.0 104.0 23.9
Half lunges per match 52.2 22.0 82.0 18.4
Lunges forward per match 46.1 10.0 76.0 18.3
Lunges backward per match 12.2 0.0 53.0 12.8
Lunges to left per match 21.8 7.0 48.0 13.8
Lunges to right per match 15.5 5.0 30.0 8.5
Values corrected for match duration (sec)
Chasse steps/sec during match 0.12 0.06 0.18 0.04
Scissors kicks/sec during match 0.03 0.01 0.04 0.01
Shuftle steps/sec during match 0.11 0.03 0.15 0.04
Split steps/sec during match 0.04 0.02 0.07 0.02
Half lunges/sec during match 0.04 0.02 0.05 0.01
Lunges forward/sec during match 0.03 0.01 0.06 0.01
Lunges backward/sec during match 0.01 0.00 0.03 0.01
Lunges to left/sec during match 0.01 0.01 0.03 0.01
Lunges to right/sec during match 0.01 0.00 0.02 0.00

SD = Standard deviation

From Table 1 it is clear that the chasse-step (174.6 + 73.6; 0.12 + 0.04) and shuffle foot
movements (161.7 = 66.1; 0.11 + 0.04) were performed much more often during match-play than
any other foot movements. The split-step (61.6 + 23.9; 0.04 £+ 0.02), half-lunge (52.20 + 18.44;
0.04 £ 0.01), forward-lunge (46.1 = 18.3; 0.03 = 0.01), and scissors kick (38.3 = 15.7; 0.03 +

0.01) were the next most executed foot movements.
Stroke-related variables

Results with regard to the different badminton stroke-related variables executed during 20 single

matches are presented in Table 2.
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Table 2: Descriptive statistics of all stroke-related variables performed during single matches of

male African badminton players

Variables Mean Minimum Maximum SD
Values not corrected for match duration
Number of shots per match 444.3 264.0 633.0 101.1
Shots per rally 6.5 4.8 8.9 1.3
Clears per match 118.0 63.0 199.0 324
Drives per match 122.1 66.0 183.0 27.4
Drops per match 242 2.0 47.0 13.6
Net shots per match 54.3 17.0 92.0 19.7
Round-the-head shots per match 1.2 0.0 4.0 1.3
Serves per match 68.5 55.0 111.0 12.8
Smashes per match 56.2 25.0 113.0 23.1
Values corrected for match duration (sec)

Shots/sec during match 1.03 0.89 1.13 0.06
Clears/sec during match 0.08 0.05 0.13 0.02
Drives/sec during match 0.08 0.05 0.12 0.02
Drops/sec during match 0.02 0.00 0.03 0.01
Net shots/sec during match 0.04 0.02 0.06 0.01
Round-the-head shots/sec during match 0.00 0.00 0.00 0.00
Serves/sec during match 0.05 0.04 0.06 0.01
Smashes/sec during match 0.04 0.02 0.06 0.01

SD = Standard deviation

The drive (122.1 +£27.4: 0.08 = 0.02) and clear (118.0 £ 32.4: 0.08 &+ 0.02), followed by the serve
(68.5 = 12.8: 0.05 £ 0.01), smash (56.2 + 23.1: 0.04 = 0.01) and net strokes (54.3 = 19.7; 0.04 +
0.01) were identified as the most frequently performed strokes during badminton singles match-
play. The drop shot was only performed 24.2 + 13.6 (0.02 + 0.01) times on average during a
match, whereas the round-the-head strokes were rarely (1.2 + 1.3; 0.00 = 0.00) executed during
match-play. Similarly, results revealed that a total of 444.3 £ 101.1 shots were executed during
each match, leading to shots per rally and shots frequency values of 6.5 + 1.3 and 1.03 + 0.06

respectively.
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Time-related variables

Time-related variables’ results obtained from the single matches are presented in Table 3.

Table 3: Descriptive statistics of all time-related variables identified by the badminton match

analyses of male African badminton players

Variables Mean Minimum Maximum SD
Rally frequency 63.4 55.0 111.0 12.8
Rally duration (s) 5.6 1.6 20.9 5.8
Real time played (s) 432.9 261.1 602.3 91.6
Match duration (s) 1470.4 966.0 2263.0 341.9
Percentage of real time played 29.8 23.1 42.3 4.5
Rest time in-between rallies (s) 17.3 10.5 28.2 4.6
Work density 0.4 0.3 0.7 0.1

According to the tabulated results, the average match duration for African male badminton
players was 1470.4 + 341.9 s, and the real time and percentage of real time played were 432.9 +
91.6 s and 29.8 + 4.5% respectively. The average for rallies was 5.6 + 5.8 s, players performed
an average of 6.5 + 1.3 shots per rally during each match and work density was determined to be
0.4 = 0.1 on average during matches. Lastly, on average, players rested for 17.3 + 4.6 s in-

between rallies during each match.

Relationships between shots and foot movements
Results concerning the Spearman Rank Correlation Coefficients and 90% confidence intervals
between the different badminton shot- and foot-movement-related variables that were corrected

for match duration are presented in Table 4.

Spearman Rank Correlation Coefficients (Table 4) indicate moderately significant relationships
between players’ chasse steps and clearing shots (» = 0.44, p = 0.05), split steps and drive
(r=0.47, p <0.05) and lunges-to-the-right direction and smash shots (» = 0.48, p < 0.05). Very
large significant relationships are observed between the chasse step foot movements and smash
shots (r =0.71, p < 0.05) and between backward lunges and net shots (» = 0.71, p < 0.05). Large
significant relationships exist between scissors kick foot movements and smash shots (» = 0.50,
p <0.05), shuffle-steps and clear shots (» = 0.54, p < 0.05) and split-steps and clear shots
(r=0.63, p < 0.05). Similarly, large significant relationships are observed between forward
lunges and net shots (» = 0.55, p < 0.05), lunges-to-the-left direction and net shots (» = 0.50, p <
0.05), backward lunges and smash shots (» = 0.53, p < 0.05) and between lunges-to-the-right
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direction and net shots (» = 0.58, p < 0.05). Lastly, a trivially significant relationship is detected
between split steps and drop shots (» =-0.51, p < 0.05).
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Table 4: Results of the Spearman Rank Correlation Coefficients and 90% confidence intervals (in brackets) between the different badminton shot- and

foot-movement-related variables (corrected for match duration) identified during match-play

Clear Drive Drop Net Round-the-head Serve Smash
Chasse steps 0.44*M 0.44 0.05 0.39 -0.16 -0.30 0.71#VE
(0.08 - 0.70) (0.07 - 0.70) (-0.33 - 0.42) (0.01 — 0.67) (-0.51 - 0.23) (-0.61 - 0.09) (0.45 — 0.86)
Scissors kicks 0.01 -0.20 -0.18 -0.42 0.02 -0.24 0.50*L
(-0.37 - 0.40) (-0.54 - 0.20) (-0.52-0.21) (-0.69 - -0.05) (-0.36 — 0.39) (-0.57 - 0.15) (0.15 - 0.74)
Shuffle steps 0.54%L 0.23 0.36 -0.01 0.17 0.12 0.12
(0.20 - 0.76) (-0.16 - 0.56) (-0.65 - 0.02) (-0.39 - 0.37) (-0.51 - 0.23) (-0.27 - 0.48) (-0.27 - 0.48)
Split steps 0.63*L 0.47*M -0.51%T 0.32 0.42 0.06 0.20
(0.33-0.82) (0.11 - 0.72) (-0.74 - -0.16) (-0.62 - 0.07) (-0.69 - -0.04) (-0.32 - 0.43) (-0.20 — 0.54)
Half lunges 0.10 -0.01 0.09 0.15 0.10 0.11 0.18
(-0.29 - 0.46) (-0.38-0.37) (-0.30—0.45) (-0.24 —0.50) (-0.29 — 0.46) (-0.47 —0.28) (-0.21 -0.52)
Forward lunges 0.17 0.36 0.18 0.55%L -0.05 -0.11 0.42
(-0.22 - 0.52) (-0.02 - 0.65) (-0.22 - 0.52) (0.22 - 0.77) (-0.42 - 0.34) (-0.47 — 0.28) (0.04 — 0.69)
Backward 0.15 0.24 0.20 0.71%VL 0.25 0.27 0.53*L
lunges
(-0.2 - 0.50) (-0.15 - 0.57) (-0.19 — 0.54) (0.45 — 0.86) (-0.15 - 0.57) (-0.59 - 0.12) (0.19 — 0.76)
Lunges to left 0.04 0.20 0.30 0.50*L -0.04 0.10 0.42
(-0.35-0.41) (-0.20 — 0.54) (-0.09 — 0.61) (0.15 — 0.74) (-0.41 - 0.35) (-0.46 — 0.29) (0.04 — 0.69)
Lunges to right 0.17 0.25 0.30 0.58*L 0.07 0.17 0.48*M
(-0.22 - 0.52) (-0.14 - 0.58) (-0.09 — 0.61) (0.25 - 0.78) (-0.31 — 0.44) (-0.52 - 0.22) (0.12 - 0.73)

Note: * =p <0.05; <0.1 (trivial), <0.3 (small), <0.5 (moderate), <0.7 (large), <0.9 (very large) and <1 (nearly perfect); where T = trivial, S = small, M = moderate, L = large, VL = very large and NP = nearly perfect.
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4. Discussion

Overall, the study showed that computerised-notational analysis is a reliable method for
determining the singles match characteristics of male badminton players that participated in the
African Badminton Championships. Results with regard to the singles match characteristics that
are related to time revealed that the average match duration was 1470.4 s, of which 17.3 s was
spent resting in-between rallies. The average real time and percentage of real time played were
calculated to be 432.9 s and 29.8% respectively. The average work density was 0.4. Overall,
players performed 68.4 rallies per match and 6.5 shots per rally time, with an average rally
duration of 5.6 s per match. Analyses with regard to different strokes played during matches
revealed that the drive (122.1 times) and clear (118.0 times), followed by the serve (68.5 times),
smash (56.2 times) and net strokes (54.3 times) were performed most often. However, the drop
shot was only performed 24.2 times on average during matches, whereas the round-the-head
strokes were rarely (1.2 £+ 1.3) performed. On average of 444.3 shots were played per match with
a shot frequency of 1.03 shots per second. A further analysis showed that chasse-steps (174.6
times), followed by shuffles (161.7 times) were the foot movements that were performed the
most compared to split-steps (61.6 times), half-lunges (52.2 times), forward-lunges (46.1 times)
and scissors-kicks (38.3 times) that were performed less often. Lunges to the right (15.5) and

lunges backward (12.2) were rarely performed.

Compared to other studies, the average match duration for this study was lower (1470.4 s) than
the reported values of previous studies, which varied between 2378 s (Abian-Vicen et al., 2013),
2090 s (Cabello et al., 2004) and 1689.3 s (Manrique and Gonzalez-Badillo, 2003). However, a
study by Ming et al. (2008) reported a lower value of 1047 s for the matches analysed by them.
Differences in match duration results between studies may be attributed to differences in players’
level of play and the methodology used to analyse match duration. For example, most elite
badminton players have developed great anticipation skills together with fast reaction and
movement times which enable them to accurately predict and respond to almost any shot an
opponent is about to perform (Loureiro Jr and Freitas, 2012). In addition, players learn to adapt
to opponents’ playing styles when playing against them more regularly (Blomqvist, 2001). All of
these factors will lead to longer rallies, which would lead to higher match durations. With regard
to differences in study methodology, Ming et al. (2008) for example made use of simulated
matches, instead of actual matches, which may have negatively influenced the reported average

match duration value.
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A more or less similar average percentage for real time played was reported by Abian-Vicen et
al. (2013) for players that participated in the 2008 Beijing Olympic Games (29.8% versus
26.0%). However, the absolute real time played average for this study was considerably lower
(432.9 s) than values reported by other researchers: 613.7 s (Abian-Vicen et al., 2013), 548.8 s
(Manrique and Gonzalez-Badillo, 2003) and 707 s (Cabello et al., 2004). Therefore players in
this study spent much less time being active during matches than did players of other studies.
One of the main factors that determine the percentage of real time played is the average rest time
per match. Players in this study rested on average for 17.3 s in-between rallies, compared to
Olympic players that rested on average for 24.1 s and 25.2 s in-between rallies during the first
and second games of men’s single matches (Abian-Vicen ef al., 2013). In contrast, Cabello ef al.
(2004) analysed a large sample (n = 79) of top national male badminton players and revealed an
average rest time for periods in-between rallies of 14.2 s. An average value of 12.9 s was
reported for international players (Cabello-Manrique and Gonzalez-Badillo, 2003), 9.7 s for
young national players (Ming et al., 2008) and 11.4 s for international players (Faude et al.,
2007). These studies concluded that more experienced players such as Olympians rested more
in-between rallies than top national and young national players. These findings suggest that more
experienced players have the ability to slow down match momentum and to optimally use the

available rest periods in order to recover more effectively between rallies.

Players on average performed 68.4 rallies per match at a frequency of 6.5 shots per rally which
led to an average work density of 0.4 with 5.6 s as an average for rally duration. However, other
researchers observed higher average work-density values for badminton players: 0.5 (Cabello et
al., 2004; Faude et al., 2007; Manrique and Gonzalez-Badillo, 2003). In contrast, Abian-Vicen et
al. (2013) presented a lower average work-density value for players in their study (0.4). These
results suggest that players competing at a higher level obtain higher work-density values during
match-play than those that compete at a lower level. Work density increases relative to work-
time increases and also as the level of competitions increases (Cabello et al., 2004). Cabello et al.
(2004) also noted that rest periods increased as match durations became longer. Therefore the
lower average work-density value for players in this study may partly be explained by the lower
average rallies per match (68.4) that were performed, compared to that of players of other studies
(83.3) (Cabello et al., 2004). Moreover, players only spent 5.6 s on average per rally, which
would negatively influence the work density. Although Faude et al. (2007) reported a similar
value of 5.5 s for average rally time, they used simulated instead of actual competition matches.
Yet another factor that may also influence work density is the average number of shots played

per rally as it also affects average rally time. Comparatively, players in this current study played
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a much lower average number of shots per rally (6.5) than more elite players that participated in
the 2008 Olympic Games (1% set = 9.7 and 2" set = 9.9) (Abian-Vicen et al., 2013). On the other
hand, various researchers reported lower average values for number of shots played per rally
than those we observed: 6.1 for younger international badminton players (aged 21.8 £ 3.3) from
France, Italy, Portugal and Spain (Manrique and Gonzalez-Badillo, 2003); 4.7 and 4.8 for young
men (age: 14 to 17 years) when analysing simulated badminton singles matches played

according to the 21 and 15 point system respectively (Ming et al., 2008).

Consequently, factors that determine work density differences between studies include the use of
different scoring systems (old 15-point versus the new 21-point system) during match-play, the
level of play, differences in playing level between opponents and interrelations between different
time-related variables. In this regard, research showed that the new 21-point system led to a
higher average work density value than did the old 15-point system (0.48 versus 0.46) (Ming et
al., 2008). In addition, above-mentioned results suggest that higher levels of play deliver higher
average work-density values than do lower levels of play. Manrique and Gonzalez-Badillo
(2003) also indicated that longer rally times and a larger quantity of rallies, which will give rise
to higher average work-density values, are observed when players of similar playing levels
compete against each other, compared to when opponents’ playing levels differ. Significant
inter-relationships (» = 0.42, p < 0.01) between average rest time and number of rallies played as
well as between average work and rest time during badminton matches (» = 0.67; p < 0.01)
(Cabello ef al., 2004), would also lead to changes in work density between matches and between
different studies. Different time-related variables may also influence results of different match-
analysis’ characteristics. For instance, Cabello et al. (2004) showed that an increase in the
number of rallies played forced players to rest longer during matches. In our study, an increase in
work time also led to an increase in rest time, which would suggest that the last-mentioned

assumption is correct.

Results with regard to strokes executed during each of the matches revealed that players
performed the drive (122.1 times) and clear strokes (188.0 times) most frequently. Other strokes
were performed at much lower frequencies, with values ranging between 68.5 times (serve) and
1.2 times (round-the-head) per match. Therefore the round-the-head stroke was the least
performed stroke with many players that did not perform it even once during matches. The drive
can either be used as an offensive stroke in situations where a player, for example, wants to pass
his opponent, or as a defensive shot in situations, where a player, for example, wants to return a

smash. In some situations the drive can also be used to surprise the opponent by driving the
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shuttle down the side line. On the other hand, clear shots are used to drive the shuttle to the
opponent’s baseline by making use of either a rising or flat trajectory. What is interesting to note,
is that an attacking shot such as the smash was only performed 56.2 times on average during
matches. This may be due to the fact that the smash is categorized as an energy-tapping shot

which may lead to higher fatigue levels if performed continuously over a long period.

Foot movement data showed that the chasse-step (174.6) and the shuffle-step (161.7) were the
most frequently used foot movements during match-play. This was followed by the split-step
(61.6), the half (52.2) and the forward-lunge (46.1). The chasse- and shuffle-steps are simple foot
movements that allow players to move to the shuttle in an effective and time-efficient manner.
These foot movements also enable players to recover quickly and maintain their stable positions
so that they can move to the mid-court in the shortest possible time in order to receive the next
shot. Kuntze ef al. (2010) made use of a video-based experimental study to show that the lunge is
the most frequently used foot movement in badminton. They showed that almost 15% of all foot
movements during competitive singles matches were lunges (Kuntze ef al., 2010). In our study,
lunging-related foot movements contributed 25.3% to the total amount of foot movements during
matches with half-lunges performed most (8.9%), and backward-lunges performed the least
number of times (2.1%). A full lunge to either side of the court may be energy tapping if
performed frequently and extensively; therefore players utilise half-lunges more often as it is a
more energy-efficient movement that enables players to respond faster to the next anticipated
shot. Backward lunges are performed the least number of times during a match as most shuttles
that travel to the backward part of the court would be intercepted before players would have to
move backwards. The backward-lunge leads to a weight transfer to the back leg which would
place a player in a dangerous position and vulnerable to especially drop shots due to the fact that
it would take him longer to transfer his weight back to the front foot and accelerate to the front to

intercept a front-court shot.

In this current study researchers also determined relationships between different badminton shot-
and foot movement-related variables. No other studies have established relationships between
these last-mentioned variables, which make it difficult to directly compare results of this study to
similar studies. Results revealed that split steps were significantly correlated to three badminton
shots, namely the clear, drive and drop shots, whereas chasse steps (clear and smash), backward
lunges (net and smash) and lunges to the right (net and smash) were all significantly correlated to

two shots. All other foot-movement-related variables, except for half lunges, were significantly
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correlated with one badminton shot. The round-the-head and serve shots delivered no significant

correlations with foot-movement-related variables.

Results indicate that split steps have the biggest influence on especially attacking badminton
strokes such as clears, drives, and drops. Split steps are characterised by a very low jumping
movement, in which the feet come off the ground and spread a little apart which allows players
to move swiftly on the court. It is obvious that in badminton, taller players have some advantages.
They can produce a more effective smash from the baseline due to the height of the contact point.
They can also deliver perfect low serves easily compared to what shorter players can deliver.
Players rarely smash a shuttle during a split step, as it is easier to perform a drop, clear, or drive
stroke from this position. Three other foot movements namely chasse steps, backward lunges and
lunges to the right were also significantly related to the smash shot. The chasse step occurs when
a player steps on one foot to the side, followed closely by the other foot. One foot leads the
movement, while the other foot comes behind the leading foot. It is obvious that smashing is an
explosive and aggressive attacking stroke in which the performer needs to accelerate before
execution. Chasse step, lunges backward, and lunges to the right (racket arm) are all movements
that allow players to accelerate so that they can propel their bodies in order to smash the shuttle
more effectively. On the other hand, both backward lunges and lunges to the right were also
significantly related to the net shot. In many cases lunging movements will be used to deceive
players in thinking that a smash shot is going to be played, but instead, players play a net shot

such as a drop.

5. Conclusion

In conclusion, computerised-notational analysis revealed that male badminton players that
participated in the African Badminton Championships were active for 29.8% of the total match
time, which relates to 1470.4 s, and spent 17.3 s on average during a match on rest in-between
rallies; they performed 68.4 rallies per match at an average duration of 5.6 s, during which a
stroke was performed every 1.03 sec; the real time played was 432.9 s, which relates to a work
density of 0.43; they executed the drive (122.1) and clear strokes (118.0) most often during a
match and performed the shuffle (161.7) and chasse-step (174.6) most frequently during match-
play. The study also revealed moderately significant relationships between players’ chasse steps
and clearing shots, split steps and drive, and also lunges to the right direction and smash shots.
Very strong relationships were observed between the chasse step foot movements and smash
shots, and between backward lunges and net shots. A large significant relationship also existed

between scissors kick foot movements and smash shots, shuffle-steps and clear shots, and
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between split-steps and clear shots. Similarly, strong significant relationships were observed
between forward lunges and net shots, lunges to the left direction and net shots, backward lunges
and smash shots, and between lunges to the right direction and net shots. Lastly, a trivially

significant relationship was detected between split steps and drop shots.

This is the first study to provide sport practitioners (sport scientist and coaches) with information
concerning the badminton singles match characteristics of African players. However, the study
does not provide information with regard to the internal demands of match-play. Future studies
will thus need to also consider parameters such as heart rate together with notational analysis
results to more precisely describe the demands of badminton singles match-play. Furthermore,
this study only focussed on badminton players that participated in the All Africa Senior
Badminton Championship of 2014. Hence future studies should include larger samples of
African badminton players to verify the notational analysis results. In the meantime, African
badminton players should be provided with opportunities to develop and exploit their
performance potential, especially in view of findings that values of several singles match-

analysis characteristics differed from those of international players.

6. Practical applications

Overall, the results suggest that a typical conditioning programme for badminton players should
develop drills and activities that take place for durations of 5.57 s at a time at a work:rest ratio of
1:3 — a rally duration time of 5.57 sec divided by the average rest in-between rallies of 17.3 s.
Drills and activities should continue for a total duration of 3-5 minutes after which a break of
2 minutes must be allowed before continuing with another set of 3-5 min. This will simulate the
real time played, which ranges between 7 and 10 minutes with a 2-minute break which is the rest
period players receive between sets during match-play. The intensity of activities must be quite
high and incorporate especially chasse-steps, shuffle-steps, split-steps and half- and forward
lunges. Conditioning drills should also include the drive, clear, serve, smash and net strokes as

these are the most often performed strokes during match-play.
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CHAPTER 4

Global positioning system (GPS)
determined match characteristics that
predict successful and less successful
male singles badminton players’ group
classification

This article was submitted to the International Journal of Sports Science and Coaching.
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Abstract

The study aimed at establishing the global positioning system (GPS) determined singles match
characteristics that act as predictors of successful and less successful male singles badminton
players’ group classification. Twenty-two (22) male single players (aged: 23.39 + 3.92 years;
body stature: 177.11 = 3.06 cm; body mass: 83.46 + 14.59 kg) that represented 10 African
countries participated in the study. Players were categorised as successful and less successful
players according to the results of five championships of the 2014/2015 season. GPS units
(MinimaxX V4.0), Polar Heart Rate Transmitter Belts and digital video cameras were used to
collect match data. GPS-related variables were corrected for match duration and independent z-
tests, a cluster analysis and a binary forward stepwise logistic regression were calculated. A
Receiver Operating Characteristic Curve (ROC) was used to determine the validity of the group
classification model. High-intensity accelerations per second was identified as the only GPS-
determined variable that showed a significant difference between groups. Furthermore, only
high-intensity accelerations per second (p=0.03) and low-intensity efforts per second (p=0.04)
were identified as significant predictors of group classification with 76.88% of players that could
be classified back into their original groups by making use of the GPS-based logistic regression
formula. The ROC showed a value of 0.87. The identification of the last-mentioned GPS-related
variables for the attainment of badminton performances emphasizes the importance of using
badminton drills and conditioning techniques to not only improve players’ physical fitness levels

but also their abilities to accelerate at high intensities.

Key words
Badminton, global positioning system, match-analysis, inertial movement analysis, intensity,

effort
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Introduction

The popularity and competitiveness of badminton have led to the need for accurate and up to
date match performance analysis that will enable coaches and other sport-related professionals to
accurately determine the match characteristics of players.! Match-analysis-related studies in
racket sports have therefore increased in recent years due to the value of match-analysis results
in evaluating and improving match performance.>* However, while badminton is generally
acknowledged as the fastest moving racket sport, distinguished for its high-paced and vigorous
rallies, scholars have not given this sport much attention with regard to match-analysis
characteristics and the possible link between these characteristics and players’ match
performances. Furthermore, to date no other researchers have investigated the possible link
between global positioning system- (GPS) determined match characteristics of badminton
players and match performance.

Up until the present, the preferred method for determining the match-analysis
characteristics of badminton players is by applying video analyses.> Despite the value of video
analyses-determined match-analysis characteristics to provide important information to sport-
related professionals in the badminton fraternity, the need to identify match-analysis
characteristics that discriminate between different levels of badminton players is even more
important. Discriminating match-analysis characteristics may enable coaches and sport scientists
to identify and develop these characteristics in players to enable them to perform successfully. In

1.10

this regard, Blomqvist et al.”” concluded that successful badminton players play a more effective

and aggressive game compared to less successful players. Furthermore, successful players make
less forced or unforced errors while playing.!"!?

The introduction of the GPS in the 1990s offered an alternative method for the
measurement of average duration, frequency and speed of movements, with the potential of
circumventing some of the shortcomings of notational analyses and minimising others.!* These
shortcomings include, amongst others, the time-consuming nature of notational analyses,'* the
inaccurateness of notational analyses to analyse total time spent on individual movements, the
frequency of individual movements,'> and the inability to assess the specific demands of certain
activities.'® However, as mentioned before, to date no research has made use of GPS devices to
do this type of analyses on badminton players. The use of a triaxial accelerometer, magnetometer
and gyroscope in a GPS device for analysing badminton matches is still a new phenomenon.
Accelerometers, gyroscopes and magnetometers are devices that allow researchers to monitor
and describe movements as well as the intensity and frequency of these movements in various

clinical and sports settings.!” In this regard, Coe and Pivarnik'® concluded that accelerometers

appear to be valid instruments for determining physical activity levels during activities such as
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indoor basketball practises in which intensity is changing constantly. Other researchers also
revealed that MinimaxX accelerometers’ showed acceptable reliability (<2%) for measuring
Australian Football players’ external workloads and that they were capable of detecting
differences in physical activity levels.!” Wundersitz et al.?° used a simulated team sport circuit to
demonstrate that wearable tracking devices that make use of accelerometer and gyroscope data
are accurate for classifying sporting activities in sport scenarios. These findings would suggest
that available wearable tracking device technology such as the MinimaxX that integrates
multiple sensors (e.g. triaxial accelerometer, magnetometer and gyroscope) into a single unit
may provide badminton researchers with an alternative, more time-efficient and accurate method
for determining the match characteristics of badminton players.

Despite the potential benefits of the GPS match-analysis method, no researchers have
made any attempt to utilise this method to determine the relationship between GPS determined
match characteristics and the championship results of badminton players. Therefore the purpose
of this study was to establish the GPS-determined singles match characteristics that act as
predictors of successful and less successful male singles badminton players’ group classification.
Study results may identify the match characteristics that act as predictors of players that are more

successful in winning matches and those that are not.

Method

Study design

An observational, descriptive and ex post facto research design was used for this study. Approval
for the study was obtained from the Health Research Ethics Committee of the institution in South
Africa at which the research was conducted (NWU-00199-14-A1). Furthermore, permission to
conduct the study was obtained from the Badminton World Federation (BWF), the Badminton
Confederation of Africa (BCA), the Botswana Badminton Association (BBA), and Badminton
South Africa (BSA).

Participants’ characteristics

The participants in this study were male single players that participated in the following
championships during the 2014/2015 season: All Africa Badminton Senior Championships,
South African International Championships, Free-State National Championships, U/19 South
African National Championships and the University Sport South Africa (USSA) Badminton
Championships. Altogether twenty-two players (age: 23.39 + 3.92 years; body stature: 177.11 £
3.06 cm; body mass: 83.46 + 14.59 kg) were measured before, during, and after 46 matches.
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Each player was therefore measured more or less twice with several players being measured
three times. All championships took place over a period of two to three days, except for the Free-
State National Championships that took place within one day, which meant that players were
monitored and measured on consecutive days.

Players represented 10 African countries, namely: Botswana, Cameroon, Congo, Egypt,
Namibia, Nigeria, South Africa, Uganda, Zambia and Zimbabwe. Only players that were actively
involved and were competing as members of their respective teams and national badminton
federations in the above-mentioned tournaments as well as those that were totally injury free at
the time of testing were eligible to participate in the study. Players’ competitive badminton
playing experience ranged from 4 to 12 years (8.96 + 2.8 years). The following information with
regard to their training regimen was also obtained: players trained for 3.88 + 1.21 days a week
which consisted of on-court training for 3.54 = 1.08 days a week and weight training for 2.08 +
0.78 days a week.

Players were grouped according to tournament results. Players that reached the
quarterfinals, semi-finals or finals of each tournament were categorised as successful players

whereas the rest of players were categorised as less successful players.

Test components

Demographic and general information questionnaire

Players’ demographic and personal information was collected by means of the above-mentioned
questionnaire. Players’ ages, exercising habits, injury incidence, competing levels and best

performance were also obtained by means of this questionnaire.

Anthropometric measurements

Body mass was recorded to the nearest 0.1 kg, using a calibrated BFW 300 Platform scale
(Adam equipment Co. Ltd., U.K.) and body stature to the nearest 0.1 cm, using a Harpeden
portable stadiometer (Holtain Ltd., U.K.) in order to describe the specific cohort of badminton
players.

GPS match analyses

A GPS unit (MinimaxX V4.0, Catapult Innovations, Victoria, Australia) was fitted to the upper
back of participants by using a harness supplied by the manufacturer just before the match warm-
up period. GPS units recorded data every 100 m.s' (10 Hz) during each match. The GPS
apparatus allowed researchers to obtain data with regard to the following match-related

variables:?'??
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Inertial Movement Analysis (IMA) which included the following: Efforts performed at
different intensities; number of accelerations performed at different intensities; number of
decelerations performed at different intensities; changes in direction; free-running events and
jump height and frequency.

Individual Match-analysis which included the following: Total duration of a match;
player load; equivalent distance ran during the entire match; peak player load; player load per
minute; the minimum, mean and maximum heart rates (HR) achieved during the match; the
number of efforts in each of the top 3 player-load zones; rest time; work:rest ratio; HR exertion
index (the amount of time a player spent in a heart-rate zone); the amount of time within the play
period that a player remained active and did not take long breaks; the total accumulated player-
load obtained for a specific player-load zone; the absolute and relative distance covered and time
spent during the match within a specific player-load zone; the number of efforts performed under
each of the player-load zones; the average, minimum and maximum length of time spent in each
effort performed under each of the player-load zones; recovery times; the absolute and relative
amount of time a player spent within a specific heart-rate band; the average heart rate reached
within a specific heart-rate band; the different player-load variations for the match; the total
accumulated player load when measured over all movement planes as well as with the vertical
accelerometer information omitted, only using the forward/backward movement planes and only
using the upward or vertical movement plane.

Recordings from the GPS units were downloaded to a PC and analysed using the
Catapult Sprint 5.0.9.2 software (Catapult Sports, Victoria, Australia). MinimaxX GPS Doppler

data was used to analyse the GPS-related variables.

Heart-rate monitoring
In addition to the GPS unit-derived values, the heart rate (HR) of each player was recorded using
a Fix Polar HR Transmitter Belt (Polar Electro, Kempele, Finland) at 5-second intervals during

the course of different matches.

Video match-analysis

A digital video camera (Sony HDR-PJ790VE handycam, Sony Corporation, Tokyo, Japan) with
a high frame rate, good resolution, wide-angle lens and the ability to deal with lower light levels
of indoor sport facilities was stationed behind the court on a tripod stand to cover the entire
court. Video footage was used to determine the time periods of each match so that researchers

were able to set the correct duration for GPS match analyses.
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Testing Procedures

Before each tournament, a brief meeting was summoned in which the researchers explained in
detail the study design, purpose and possible risks to players, managers and coaches. Thereafter,
written informed consent was obtained from all players after which they filled in the
Demographic and General Information questionnaire. This was followed by the measurement of
body mass and stature. Prior to each match warm-up players were fitted with a Fix Polar HR
Transmitter Belt and a GPS harness with a GPS monitor with which they warmed-up in order to
become accustomed to the equipment and so that the HR monitor belt and GPS harness could be
adjusted according to each player’s preference. Prior to the start of each match a video camera
was stationed on a tripod stand behind the baseline of the court and adjusted in such a manner
that the entire court was in view. The warm-up period was also used to check the signals of both
the GPS and HR monitor before each match started. Data from the GPS and HR monitors as well

as the video footage were downloaded to a laptop computer for further analyses.

Statistical analyses

The Statistical Data Processing package (Statsoft Inc., 2015) was used to process the data.
Firstly, all GPS-related variables were corrected for match duration by dividing the specific
GPS-related variable by the match duration in seconds. Secondly, descriptive statistics (averages,
standard deviations, minimum and maximum values) for each of the variables were calculated.
Subsequently, an independent ¢-test was performed to determine significant differences in GPS-

related variables between successful and less successful groups of players. The level of

significance was set at p < 0.05. This was followed by a tree clustering, single-linkage,

1-Pearson Correlation Coefficient cluster analysis of the GPS-related variables, which was
performed to detect clusters of measures that appear to tap similar abilities. Linkage distance for
detection of different clusters was set at 0.2. In the next step, a binary forward stepwise logistic
regression was used to screen for the predictive value of different GPS-related (independent)
variables in predicting players’ group classification (successful and less successful players)
(dependant variables). A binary (or binomial) logistic regression is a form of regression used
when the dependent variable is a dichotomy (successful and less successful players) and the
independent variables are of any type 2** The significance of the individual logistic regression
coefficients for each independent variable was determined by using the Wald statistic. The level
of significance was set at p < 0.05. The validity of the group classification model was then

determined by using the Receiver Operating Characteristic Curve (ROC).
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Results

Demographic and inertial movement analysis (IMA) components
The descriptive statistics as well as the statistical significance of differences in the demographic
and GPS inertial movement analysis components between the successful and less successful

groups of players are presented in Table 1.

Table 1. Descriptive statistics as well as statistical significance of differences in players’

demographic and GPS IMA results between successful and less successful badminton players

_ Total group Successful Less successful
Variable (n = 22) players players
(n=10) (n=12)

Age (yrs) 23.38 (3.92) 23.41 (4.43) 23.37 (3.65)
Height (cm) 177.11 (3.06) 177.62 (3.94) 176.88 (2.83)
Weight (kg) 83.46 (14.59) 86.42 (12.62) 82.14 (15.91)
Years playing badminton 9.54 (2.70) 9.70 (2.98) 9.42 (2.57)
Training days 3.86 (1.52) 3.50 (1.18) 4.17 (1.75)
On-court training days 3.54 (1.29) 3.10 (1.10) 3.92 (1.38)
Field training days 1.73 (1.08) 1.80 (1.03) 1.67 (1.15)
Training hours (per day) 2.82 (1.26) 2.50 (1.35) 3.08 (1.16)
Weight training hours (per day) 1.18 (0.59) 1.20 (0.63) 1.17(0.58)
On-court training hours (per day) 2.41 (1.18) 2.20(1.13) 2.58 (1.24)
Field training hours (per day) 1.04 (0.48) 1.00 (0.47) 1.08 (0.51)
Low-intensity accelerations (reps) 0.03 (0.01) 0.03 (0.01) 0.03 (0.01)
Medium-intensity acceleration (reps) 0.01 (0.00) 0.01 (0.01) 0.01 (0.00)
High-intensity acceleration (reps) 0.00 (0.00) 0.01 (0.00) 0.00 (0.00)*
Low-intensity deceleration (reps) 0.08 (0.13) 0.11(0.18) 0.05 (0.06)
Medium-intensity deceleration (reps) 0.02 (0.03) 0.02 (0.03) 0.01(0.01)
High-intensity deceleration (reps) 0.03 (0.05) 0.04 (0.0.07) 0.02 (0.03)
Low-intensity left COD (reps) 0.09 (0.03) 0.94 (0.05) 0.08 (0.02)
Medium-intensity left COD (reps) 0.03 (0.02) 0.04 (0.02) 0.02 (0.01)
High-intensity left COD (reps) 0.04 (0.02) 0.05 (0.03) 0.03 (0.01)
Low-intensity right COD (reps) 0.09 (0.07) 0.10(0.09) 0.08 (0.06)
Medium-intensity right COD (reps) 0.03 (0.05) 0.03 (0.06) 0.03 (0.05)
High-intensity right COD (reps) 0.05(0.09) 0.05 (0.10) 0.04 (0.10)
Low jumps (reps) 0.05 (0.09) 0.08 (0.13) 0.03 (0.04)
Medium jumps (reps) 0.02 (0.03) 0.03 (0.03) 0.01 (0.01)
High jumps (reps) 0.00 (0.00) 0.03 (0.00) 0.00 (0.00)

*p <0.05; COD = Change of direction

From the tabulated results, it is clear that a large number of differences exist with regard to the
demographic and GPS IMA results between the successful and less successful player groups.
Despite these differences, only the number of high-intensity accelerations performed during

matches corrected for match duration revealed a statistically significant difference with the
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successful players that obtained significantly higher values (p = 0.05) than less successful
players.

Individual match-analysis results: Player load and effort-related components
Descriptive statistics as well as statistical significance of differences for the GPS-determined
player load and effort-related components between successful and the less successful players are

presented in Table 2.

Table 2. Descriptive statistics as well as statistical significance of differences in players’ GPS
individual match-analysis, player load and effort-related variables between successful and less

successful badminton players

Variables To(tnalzgzr;)up Succe(snsfijllg;ayers ;J]Z;seitsjtz(r:]eisg)
Match duration (min) 30.54 (9.82) 29.75 (10.20) 31.20 (9.89)
Player load per sec 5.82(0.75) 5.83(0.92) 5.81(0.62)
Distance covered per sec 0.91(0.12) 0.92(0.14) 0.91(0.09)
Peak player load per sec 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Player load per minute 5.81(0.77) 5.84 (0.96) 5.78 (0.62)
Work-rest ratio 0.74 (0.08) 0.75 (0.10) 0.73 (0.07)
0 - 1 Total load per sec 0.05 (0.01) 0.05 (0.01) 0.05 (0.01)
0 - 1 Distance per sec 0.48 (0.08) 0.49 (0.09) 0.48 (0.07)
0 - 1 % Distance per sec 54.17 (8.41) 53.88 (8.62) 54.42 (8.62)
0 - 1 % Time per sec 88.32 (3.18) 88.40 (3.17) 88.26 (3.33)
0 - 1 Time per sec 26.73 (8.68) 26.11(9.59) 27.24 (8.23)
0 - 1 Efforts per sec 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
1 - 2 Total load per sec 0.03 (0.01) 0.03 (0.01) 0.04 (0.01)
1 - 2 Distance per sec 0.33 (0.09) 0.32 (0.09) 0.34 (0.10)
1 - 2 % Distance per sec 35.45 (6.78) 34.70 (6.65) 36.08 (7.12)
1 - 2 Time per sec 2.97(1.44) 2.73 (1.03) 3.17 (1.73)
1 - 2 % Time per sec 10.34 (2.75) 10.10 (2.60) 10.53 (2.96)
1 - 2 Efforts per sec 0.04 (0.01) 0.04 (0.01) 0.04 (0.01)
2 - 3 Total load per sec 0.01 (0.00) 0.01 (0.00) 0.01 (0.00)
2 - 3 Distance per sec 0.07 (0.03) 0.08 (0.03) 0.07 (0.03)
2 - 3 % Distance per sec 7.93 (2.67) 8.74 (2.92) 7.26 (2.36)
2 - 3 Time per sec 0.22(0.17) 0.22(0.13) 0.23 (0.21)
2 - 3 % Time per sec 1.13 (0.55) 1.25(0.63) 1.03 (0.46)
2 - 3 Efforts per sec 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
3 - 4 Total load per sec 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
3 - 4 Distance per sec 0.02 (0.01) 0.02 (0.01) 0.02 (0.01)
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Table 2 (Cont). Descriptive statistics as well as statistical significance of differences in players’
GPS individual match-analysis, player load and effort-related variables between successful and

less successful badminton players

Variables Total group Successful players Less successful
(n=22) (n=10) players (n =12)

3 - 4 % Distance per sec 2.23 (1.51) 2.42 (1.59) 2.07 (1.49)

3 - 4 Time per sec 0.03 (0.03) 0.03 (0.02) 0.03 (0.03)

3 - 4 % Time per sec 0.01 (0.05) 0.00 (0.00) 0.02 (0.07)

3 - 4 Efforts per sec 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

4 - 6 % Distance per sec 0.34 (0.49) 0.30 (0.41) 0.38 (0.56)

4 - 6 % Time per sec 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

4 - 6 Total load per sec 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

4 - 6 Distance per sec 0.00 (0.00) 0.00 (0.00) 0.00 (0.01)

4 - 6 Time per sec 0.00 (0.00) 0.00 (0.00) 0.00 (0.01)

4 - 6 Efforts per sec 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

4 - 6 Efforts per sec 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

Low-intensity efforts per sec 0.29 (0.22) 0.33 (0.30) 0.25 (0.11)

Medium intensity efforts per sec 0.09 (0.09) 0.11(0.11) 0.08 (0.07)

High intensity efforts per sec 0.12(0.16) 0.15(0.19) 0.10(0.14)

All efforts per sec 0.49 (0.46) 0.58 (0.61) 0.43 (0.31)

Despite differences with regard to the above-mentioned variables between successful and less

successful players, no significant differences were found between groups.
Individual match-analysis results: Heart rate and player load variant-related components

Descriptive statistics as well as statistical significance of differences for the above-mentioned

variables between successful and less successful players are presented in Table 3.
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Table 3. Descriptive statistics as well as statistical significance of differences in individual
match-analysis, heart rate and player load variant-related components between the successful and

less successful players

Variables

Total group
(n=22)

Successful players

(n=10)

Less successful players
(n=12)

HR minimum
HR mean

HR maximum
HR exertion index
120 -160 time
120 -160 %

120 -160 average
160 - 170 time
160 - 170 %

160 - 170 average
170 -180 time
170 -180 %

170 -180 Average
180 -185 time
180 -185 %

180 -185 average
185 -220 time
185 -220 %

3 D per sec

2 D per sec

1 D Forward per sec
1 D Side per sec

1 D Up per sec

11539 (21.41)
166.76 (13.84)
192.78 (11.31)
89.41 (46.02)
7.69 (7.61)
26.58 (22.64)
145.81 (6.12)
4.97 (3.67)
17.35 (10.52)
162.56 (2.58)
5.76 (3.73)
19.14 (10.93)
172.66 (1.49)
3.24 (2.78)
10.91 (8.39)
163.64 (52.97)
7.97 (8.11)
23.98 (22.76)
0.10 (0.01)
0.07 (0.01)
0.04 (0.01)
0.04 (0.01)
0.06 (0.01)

115.15 (24.31)
168.00 (13.47
195.35 (10.58)
93.90 (56.11)
6.47 (5.32)
23.25 (18.19)
146.45 (5.11)
4.62(2.34)
17.55 (11.09)
163.15 (0.88)
6.06 (3.97)
20.25 (10.49)
172.85 (1.41)
3.32 (2.94)
10.75 (7.49)
162.10 (56.96)
7.51 (6.46)
25.15 (22.77)
0.10 (0.01)
0.07 (0.01)
0.04 (0.01)
0.04 (0.01)
0.06 (0.01)

115.58 (19.78)
165.73 (14.65)
190.64 (11.91)
85.67 (37.87)
8.72 (9.21)
29.36 (26.25)
145.27 (7.02)
5.25 (4.59)
17.17 (10.52)
162.07 (3.39)
5.50 (3.67)
18.21 (11.66)
172.50 (1.59)
3.17 (2.78)
11.04 (9.41)
164.92 (51.94)
8.35(9.55)
23.01 (23.72)
0.10 (0.01)
0.07 (0.01)
0.04 (0.01)
0.04 (0.00)
0.06 (0.01)

Note: 1 D Up = Player load accumulated using only vertical plane movements calculated at 100Hz, 1 D Side = Player load accumulated using only coronal plane movements
calculated at 100Hz, 1 D Forward = Player load accumulated using only sagittal plane movements calculated at 100Hz. 3 D = Three dimensional (a geometric 3-parameter model),

2 D = Two dimensional (motion along 2 axes which can be plotted by its coordinate) and 1 D = One dimensional (motion along a straight line; either forward or backward).

Despite differences with regard to the above-mentioned variables between successful and less

successful players, no significant differences were found between groups.

In an attempt to first identify the variables that relate to each other and only retain the relevant
variables for the stepwise logistic regression, a cluster analysis was executed. GPS variables
were reduced from 91 to 12 variables by means of the cluster analysis. GPS variables that
remained were: work:rest ratio, peak player load per sec, 0 — 1 total load per sec, 0 — 1 distance
percentage, 1 — 2 time, 3 — 4 distance per sec, 2 dimensional as well as low-intensity efforts per

sec as well as low-, medium- and high-intensity accelerations per sec.
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Binary forward stepwise logistic regression results

Table 4 presents the forward stepwise logistic regression results of the cluster analysis’ reduced
GPS variables that acted as predictors between the two groups (successful and less successful) of
players.

Table 4: Summary of the forward stepwise logistic regression analysis with successful and less

successful players as dependant variables and GPS variables as independent variables

Variables Wald statistics (95% CI) P-level
High-intensity accelerations per sec 4.76 (70.51-1312.87) 0.03*
Low-intensity efforts per sec 4.34 (0.41-13.71) 0.04*
*p<0.05

Table 4 indicates that high-intensity accelerations and low-intensity efforts per sec were the only

variables that were identified as significant predictors of group allocation.

Table 5 shows the probabilities of being in the successful or less successful player groups when

the logistic regression formula is applied to predict group allocation.

Table 5: Classification table of predicted probabilities of being in the successful or less

successful group

Value of the predicted probability

Group Successful Less successful players Percentage
players group group correct
Successful players 7 3 70
Less successful players 2 10 83.33
Total 9 13 76.88

The classification table indicates that 76.88% of players could be classified into their original
groups by making use of the GPS based logistic regression formula. The ROC showed a value of
0.87.

Discussion

To the researchers’ knowledge, this is the first study to investigate the predictive value of GPS-
determined match characteristics to classify badminton players into successful and less
successful groups according to championship results. However, only high-intensity accelerations
per sec and low-intensity efforts per sec were identified as significant predictors of group
allocation with 76.88% of players that could be classified into their original groups by making
use of the GPS-based logistic regression formula. Furthermore, the ROC (0.87) revealed that the

classification model is valid model for classifying players into successful and less successful
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player groups. An additional analysis by means of the independent #-test showed that high-
intensity accelerations per sec was the only GPS-determined variable that obtained significant
higher values for the successful compared to the less successful group. Although not significant,
the successful group also obtained higher values for low-intensity efforts per sec than did the less
successful player group. Badminton is portrayed by its sporadic moderate- to high-intensity

efforts, instigated by short and repetitive actions 2>

that occur during series of high-intensity,
brief 27 and lengthier, moderate- or high-intensity rallies.”®*’ Consequently, badminton involves
various sprinting movements, in the form of continual short sprints with changes in direction,*
which accentuate the importance of high-intensity accelerations. Badminton’s swift pace, the
precision and complexity of players’ movements and the incessant unpredictability of the on-
court situation make speed and all its basic components (reaction time, speed and frequency of
movements) the decisive factor of this sport.>! Previous time and motion analysis-related studies
also showed that players’ ability to sprint repetitively and change direction while sprinting forms
the basis of sport performances.*?? In a study by Chow et al.** on a dynamic system perspective
to understanding badminton singles game play, they revealed that participants’ relative speed
during match-play and distance at racket-shuttle contact point served as important factors to win
points.>* Furthermore, Tiwari et al.>® revealed a significant relationship between the qualities of
sub-elite and elite players and agility (r = 0.83, p < 0.05). Moreover, research suggests that
successful players respond more rapidly than less successful players due to a better reaction time
and efficacy of effort.! Researchers have not only highlighted the importance of movement
speed and high levels of agility but also the speed of nervous system conductivity for badminton
players.’! Therefore badminton requires players to react quickly and precisely on different cues
during match-play*® and to be capable of accelerating effectively at a high intensity to reach the
shuttle at various locations on the court. In view of the last-mentioned findings, it is not
surprising that high-intensity accelerations per sec was identified as a significant predictor of
group allocation.

However, successful players did not only perform more high-intensity accelerations per
sec during matches but also more low-intensity efforts per sec than did less successful players.
Even more surprisingly, results show that successful players performed more overall efforts and
efforts in each of the three intensity zones than did their less successful colleagues. The level and
quality of play increased as players progressed to the quarter-finals, semi-finals as well as finals.
This contention is verified by the fact that more successful players covered a longer distance per
sec than did less successful players. Therefore more successful players had to exert themselves

more as the tournaments progressed.’’
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The fact that low efforts were also highlighted as a group predictor suggests that more
successful players were more capable of anticipating opponents’ tactics and the trajectory of the
shuttle than were less successful players, which may benefit them in terms of the intensity of
efforts that they need to perform. The last-mentioned assertion contributes to findings of Alder et
al.3® that successful players’ visual search strategies allow them to perceive and anticipate their
opponents’ movements more accurately.

The identification of high-intensity accelerations per sec and low-intensity efforts per sec
for the attainment of badminton performances emphasizes the importance of using badminton
drills and conditioning techniques to not only improve players’ physical fitness levels but also
their abilities to accelerate at high intensities. Although athletic coaches do spend a large amount
of time on speed training which is focused on developing acceleration and top speed
sprinting,*>* this type of training is not common among badminton coaches. However, it is
evident that badminton coaches need to spend more time on speed and acceleration training in
order to improve players’ abilities to accelerate at high intensities so that they can achieve more
success in badminton.

The findings of this study provide insight into an area of research where uncertainty still
prevail as it brings clarity with regard to the usefulness of GPS match characteristics to predict
male singles badminton players’ performance levels. Although only two variables served as
predictors of group classification, a high percentage of players (76.88%) could be classified back
into their original groups by making use of the GPS-based logistic regression formula. The ROC
value also showed that the classification model is valid for classifying players into successful
and less successful player groups. Therefore coaches and sport scientists should not exclusively
focus on the development of high-intensity accelerations during match-play but also on the
physical conditioning and anticipation of players which allows them to perform more efforts at a
low intensity during a match. It is therefore imperative that coaches, sport scientists and other
sport-related professionals set up and apply training and conditioning drills that mimic the
specific demands of badminton match-play. The study outcome also suggests that badminton
talent identification and development programs should not only focus on technical and tactical
aspects of match-play only, but also on players’ physical and motor performance components.

Despite the value of study findings, outcomes of the present study must be construed with
caution, since the prediction model was developed specifically for male African badminton
singles players. This connotes that the outcome cannot be generalized to all badminton players. It
may also be of paramount importance to test logistic models of the classified GPS individual
match-analysis results, player loads and effort-related variables through longitudinal studies in

order to appraise the precision, significance, usefulness and its suitability for badminton players
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globally. Finally, it should be noted that technical and tactical components, which have also been
recognized as important determinants of badminton performance,*' were not measured in this
study. As such, it can be recommended that further studies should focus on a more elaborate
range of variables, which also include the last-mentioned components as part of the testing

protocol.
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ABSTRACT

The study was aimed at determining relationships between results of an internal and external
match-load-determining method in male singles badminton players. Twenty-one players that
participated in selected badminton championships during the 2014/2015 season served as
subjects. The heart rate (HR) values and GPS data of each player were obtained via a fix Polar
HR Transmitter Belt and MinimaxX GPS devices. Moderate significant correlations were found
between HR and absolute duration (» = 0.43 at a low-intensity (LI) and 0.44 at a high-intensity
(HI)), distance covered ( = 0.42 at a HI) and player load (PL) (» = 0.44 at a HI). Results also
revealed an opposite trend for external and internal measures of load as the average relative HR
value was found to be the highest for the HI zone (54.1%) compared to the relative measures of
external load where average values (1.29-9.89%) were the lowest for the HI zone. Distance
covered, match duration and PL showed no significant correlations with HR for the medium
intensity (MI) zone (r =-0.30 to 0.04 for absolute and relative values respectively). In conclusion,
our findings show that results of an internal and external badminton match-load-determining
method are more related to each other in the HI zone than in other zones and that the strength of
relationships depends on the duration of activities that are performed in especially LI and HI

Zones.

KeY WORDS: Racket sport, heart rate, GPS, match-analysis, player load

110



INTRODUCTION

Badminton is a fast-paced net-based racket sport for two or four participants at a time, with a
time-based structure that is described by actions of short duration and high intensity (35). The
inclusion of badminton in the 1992 Olympic Games significantly boosted participation with
approximately 200 million enthusiasts globally (35). Despite the popularity of badminton, only a
small number of researchers have more recently investigated the match-analysis characteristics
of the sport (28). The badminton scoring system changed in 2006 from the traditional 3 sets,
15-points system to the new 3 sets, 21-points system (32), and has accentuated the need for more
up-to-date research in this area. Researchers currently use various methods to investigate,
amongst other things, the match-loads of indoor sport participants such as badminton players.
External match-loads are determined through manual video tracking (9), semi-automated video
tracking (8) and global positioning system (GPS) analyses (43), whereas internal match-loads are
determined by means of blood lactate (10,11) and heart rate (HR) analyses (10,11,30) as well as
by using gas exchange values obtained during graded maximal tests (2,33,41). Despite the
acceptance and use of these methods, researchers have to date not investigated the relationships
between match-analysis results of external and internal match-load-determining methods in
badminton players. A more accurate and up-to-date external and internal match-load profile, will
allow conditioning coaches to compile match-specific training and recovery programs, which in

turn may lead to a decrease in injuries and improvement in performance.

Most researchers prefer notational analysis to evaluate the match characteristics of badminton
players by either notating observations or by using complex systems, which consist of video-
recording apparatuses and computers (5,28). Notational analysis-related studies that investigated
the timing characteristics of badminton matches showed that matches consist of short-duration,
high-intensity events or actions interspersed by brief rest periods (35). A typical badminton
match consists of an effective playing period of 31% of match time and an average rally period
of 7 s, with an average resting period of 15 s (35). Research also suggests that mean rest
durations are longer than average rally durations for all forms of the game. The average duration
for men’s singles rallies was found to be 9.15 + 0.43 s, whereas the average resting time was
reported to be 13.84 £1.16 s (31). The duration of rallies varied between 4.57 and 8.86 s on
average, whereas work density, which is described as the ratio of work to rest time, yielded
values of 0.4 to 0.6 (10). Despite the use of this analytical method, data from notational analysis
may not be reliable enough to draw accurate conclusions concerning match-play demands as
large inter-observer variations in frequency, total time and mean period of movements have been

reported (4). Furthermore, this method is limited in its ability to assess the specific demands of
111



certain activities and can be very time-consuming when each player has to be monitored for the

duration of an entire match over a period of several matches (24).

The introduction of GPS in the 1990s offered an alternative method for measurements of time
spent on movements as well as the average duration, frequency and speed of movements, with
the potential of circumventing some of the shortcomings of notational analyses and of
minimizing others (42). The use of a triaxial accelerometer, magnetometer and gyroscope in a
GPS device for analysing indoor sports is still a new phenomenon (29). Accelerometers,
gyroscopes and magnetometers are devices that allow researchers to monitor and describe
movements as well as the intensity and frequency of these movements in various clinical and
sports settings (18). In this regard, accelerometers appear to be valid instruments for determining
physical activity levels during activities such as indoor basketball practices, in which intensity is
changing constantly (14). Other researchers also revealed that MinimaxX accelerometers showed
acceptable reliability (<2%) for measuring the external work-loads of Australian Football players
and that these accelerometers are capable of detecting differences in physical activity levels (7).
The use of a simulated team sport circuit allowed Wundersitz et al. (45) to show that wearable
tracking devices that make use of accelerometer and gyroscope data are accurate for classifying
sporting activities in sport scenarios. These findings suggest that available wearable tracking
device technology such as the MinimaxX that integrates multiple sensors (triaxial accelerometer,
magnetometer and gyroscope) into a single unit may provide researchers with an alternative,
more time efficient and accurate external match-load-determining method to assess the match-

loads of badminton players (16).

The most common method for determining the internal loads of athletes is through HR
monitoring and analyses (21). The basis on which HR monitoring during sport or exercise

participation rests is the established linear relationship between HR and oxygen consumption

(VO ... ) during exercise (22). The percentage of maximal HR (HRmax) values are then utilized

for both prescription and monitoring of exercise intensity (6). Overall, researchers that have
analysed the HR of badminton players show that average heart rates of between 166 and 188
bpm occur during match-play, while maximal heart rates of between 191 and 195 bpm have been
observed during normal and simulated matches (10,44). Although researchers support the use of
HR analysis to accurately determine players’ internal loads, HR shows a delayed response to
sudden high-intensity movements which may lead to an underestimation of match-loads and

intensities (27). Furthermore, HR usually takes some time to return to pre-activity levels, which
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means that intensity or loads will be overestimated during match-play due to HR inflation (14).
In view of these shortcomings, with regard to the use of HR as an internal load-determining
method, and the need for more comprehensive match-load profiles, it is important to quantify

both internal and external match-load measures and assess relationships between them (39).

A study on relationships between internal and external training load models of basketball
training observed moderately significant (p <0.05) relationships between external training load
and players’ session rating of perceived exertion (SRPE) (» = 0.49) and training impulse
(TRIMP) (r=0.38) (37). Furthermore, a strong significant correlation was found between
external training load and the summated-heart-rate-zones (SHRZ) model (» = 0.61) (37). Another
study revealed that physical measure of total distance (TD), the volume of low-speed activity
(LSA), and player load correlated significantly (» = 0.71-0.84; p <0.05) with HR- and sRPE-
based values in soccer players (38). Volume of high-speed running and very high-speed running
also obtained significant (» = 0.40-0.67; p <0.05) correlations with measures of internal training
load (38). Although these findings indicate that measures of external and internal match-loads
are related in team sport participants, no studies have investigated the possible relationship
between the external and internal match-load measures in racket sport participants such as

badminton players.

In view of this shortcoming and the need for more up-to-date research in the badminton
fraternity, the purpose of this study was to determine relationships between results of an internal
and external match-load-determining method in male singles badminton players. A better
comprehension of the specific match-loads badminton players experience during match-play,
may allow sport scientists to compile more badminton-specific conditioning programs to prepare

players for the requirements of match-play (22).

METHODS

Experimental Approach to the Problem

An observational, descriptive and ex post facto research design was used for the study. The
specific hypothesis under scrutiny was that a significant relationship would exist between results

of an internal and external match-load-determining method in male singles badminton players.

Before each tournament, a brief meeting was summoned in which the researcher explained in
detail the study design, purpose and possible risks to players, managers and coaches. Thereafter,

written informed consent was obtained from all players, after which they filled in the general
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information questionnaire. This was followed by the measurement of body mass and stature.
Prior to each match, warm-up players were fitted with a Fix Polar HR Transmitter Belt and a
GPS harness with a GPS monitor that with which they warmed-up in order to become
accustomed to the equipment. The warm-up period was also used to adjust the HR monitor belt
and GPS harness according to each player’s preference. Before the start of each match, a video
camera was stationed on a tripod stand behind the baseline of the court and adjusted in such a
manner that the entire court was under view. The warm-up period was also used to check the
signals of both GPS and HR monitors before each match started. Data from GPS and HR
monitors as well as the video footage were downloaded onto a laptop computer for further
analyses. All-together, 42 matches were recorded and analysed in order to determine the internal
and external match-loads. After data collection, players’ movements were categorized according
to different player load zones and expressed as absolute and relative distances, times and loads
whereas heart rates were categorized into three intensity zones: low, moderate and high based on
literature-based criteria (1,15,20). After these categorizations relationships between the absolute
and relative distances, times and loads under each player load zone, and the corresponding HR

zone were determined.

Subjects

Subjects comprised twenty-one male singles badminton players (age: 23.2 £ 3.6 years; body
stature: 176.1 £ 3.4 cm; body mass: 79.6 £ 12.3 kg) that participated in the following
championships during the 2014/2015 season: All Africa Badminton Senior Championships,
South African International Championships, Free-State National Championships, U/19 South
African National Championships and the University Sport South Africa (USSA) Badminton
Championships. These players represented the following 10 African countries: Botswana,
Cameroon, Congo, Egypt, Namibia, Nigeria, South Africa, Uganda, Zambia and Zimbabwe.
Only players actively involved and competing as members of their respective teams and national
badminton federations, as well as those that were completely injury-free at the time of testing
participated in the study. Subjects’ competitive badminton playing experience ranged between 4
and 12 years (9.6 + 2.6 years). The following information with regard to the training regimen of
the badminton players was also obtained: players trained for 4.3 + 1.4 days a week which
consisted of on-court training for 3.7 + 1.0 days a week, and weight training for 1.9 + 1.4 days a

week.

The Health Research Ethics Committee of the institution at which the research was conducted

granted approval for the study (NWU-00199-14-A1). Equally, permission to conduct the study
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was obtained from the Badminton World Federation (BWF), the Badminton Confederation of
Africa (BCA), the Botswana Badminton Association (BBA), and Badminton South Africa (BSA).
The study was conducted in accordance with the ethical guidelines and principles of the
International Declaration of Helsinki and the ethical guidelines of the National Health Research

Ethics Council of South Africa.

Test component

Demographic and general information questionnaire: Players’ demographic and personal
information was collected by means of a questionnaire. Players’ age, exercising habits, injury
incidence, competing levels and best performances were also obtained by means of this

questionnaire.

Anthropometric measurements: Body mass was recorded to the nearest 0.1 kg, using a calibrated
BFW 300 Platform scale (Adam equipment Co. Ltd., U.K.) and body stature to the nearest 0.1
cm, using a Harpenden portable stadiometer (Holtain Ltd., U.K.) in order to describe the specific

cohort of badminton players.

GPS match analyses: A GPS unit (MinimaxX V4.0, Catapult Innovations, Victoria, Australia)
was fitted to the upper back of subjects by using a harness supplied by the manufacturer just
before the match warm-up period. The GPS apparatus allowed researchers to obtain data with
regard to the following match-related variables (12,13):

Individual Match-analysis (IMA), which included the following: total duration of a match; player
load; equivalent distance ran during the entire match; peak player load; player load per minute;
the minimum, mean and maximum heart rates achieved during the match; the total accumulated
player load that was obtained for a specific player load zone; the absolute and relative distance
covered and time spent during the match within a specific player load zone; the average, and the
absolute and relative amount of time a player spent within a specific HR band. Player load is an
estimate of physical demand combining the instantaneous rate of change in acceleration in the
following three planes: anterior-posterior X, mediolateral Y, and longitudinal Z (36). The player
load zones were set as follows: 0-1, 1-2, 2-3, 3-4, 4-6 and 6-10, where 0-1 represented a low-
intensity (LI) work load, 1-2 a medium-intensity (MI) work load and 2-10 a high-intensity (HI)
work load (12,13). Literature determined that the HR intensity zones for elite badminton players
were (1,15,20): LI = <60% of HRmax, MI = 60.1-80% of HRmax and HI = >80.1% of HRmax.

Therefore these HR zones were used for classification of players’ heart rates.
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Recordings from the GPS units were downloaded to a PC and analysed using the Catapult Sprint
5.0.9.2 software (Catapult Sports, Victoria, Australia). MinimaxX GPS Doppler data was used to

analyse the GPS-related variables.

Heart rate monitoring: In addition to the GPS unit-derived values, the HR of each player was
recorded using a Fix Polar HR Transmitter Belt (Polar Electro, Kempele, Finland) at 5-second

intervals during the course of different matches.

Video match-analysis: A digital video camera (Sony HDR-PJ790VE handycam, Sony
Corporation, Tokyo, Japan) with a high frame rate, good resolution, wide-angle lens and the
ability to deal with lower light levels of indoor sport facilities was stationed behind the court on a
tripod stand to cover the entire court. Video footage was used to determine the time periods of

each match so that researchers were able to set the correct duration for GPS match analyses.

Statistical analysis

Statistical analyses were conducted using the Statistical Data Processing package (Statsoft Inc.,
2015). Firstly, players’ movements were categorised according to different player load zones and
expressed as absolute and relative distances, times and loads. In addition, HR’s were categorized
into three intensity zones: low, moderate and high, based on the mentioned criteria. Next,
descriptive statistics (averages, standard deviations, minimum and maximum values) of each
variable were calculated. In a further step, a Spearman’s rank correlation, tho was used to
determine relationships between the absolute and relative distances, times and loads under each
player load zone, and the corresponding HR zone. Lastly, a Fisher r to z transformation was
calculated to determine the 95% confidence interval (CI) from the correlation coefficient (). The
level of significance was set at p < 0.05. The strength of correlations was also categorized based
on the following criteria: <0.1 (trivial), <0.3 (small), <0.5 (moderate), <0.7 (large), <0.9 (very

large) and <1 (nearly perfect) (23).
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RESULTS
Descriptive statistics (averages £ SD, minimum and maximum) for the external and internal
match-load-related results as well as match characteristics are presented in Tables 1 and 2

respectively.

TABLE 1. Descriptive statistics of the external match-load-related results

Variables Average + SD Min Max
Match duration (s) 2129 + 862 979 5162
Match duration (min) 35.31+14.40 16.19 86.20
Distance covered (m) 1763 +£751.43 681 4449
Distance covered per sec 0.83+£0.16 0.34 1.14
PL 187 +79.62 72 472
PL per sec 5.34+1.06 2.16 7.28
Peak PL 10.81 +13.86 3.80 72
PL per minute 531+£1.05 2.16 7.22
Peak PL per sec 0.01 £0.01 0.00 0.03
LI distance covered (m) 978.09 + 331 503 2033
LI distance covered (%) 58.33 +12.21 39.54 88.39
LI match duration (s) 1854.54 + 811 266.10 4632.70
LI match duration (%) 89 + 8.89 39.62 98.91
MI distance covered (m) 616 + 387 65 1697
MI distance covered (%) 3278 £9.55 9.54 53.45
MI match duration (s) 192 +£118.47 19.90 523
MI match duration (%) 9.89 £7.58 0.99 51.31
HI distance covered (m) 170.07 + 134.72 8 727
HI distance covered (%) 8.88 £4.51 0.65 18.93
HI match duration (s) 24.57+20 1 108.90
HI match duration (%) 1.29+1.40 0.04 9.07
LI-PL 103.67 +£35.10 53.35 215.52
LI-PL (%) 58.34+12.21 39.54 88.35

LI = low intensity; MI = medium intensity; HI = high intensity; PL = player load (PL are in arbitrary units)
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TABLE 1 (cont.). Descriptive statistics of the external match-load-related results

Variables Average + SD Min Max

MI-PL 65.26 = 41.05 6.90 179.91
MI-PL% 32.77+9.55 9.56 53.45
HI-PL 18.05 + 14.28 0.83 77.06
HI-PL% 8.89 +4.51 0.64 18.94

LI = low intensity; MI = medium intensity; HI = high intensity; PL = player load (PL are in arbitrary units)

Descriptive statistics of the external match-load-related results (Table 1) reveal that the average
match duration was 2129 + 862 s (35.3 £ 14.4 min), whereas the longest time duration was spent
in the LI zone (1854.5 + 811 s, 89 + 8.9%), followed by the MI zone (192 + 118.5 s, 9.9 + 7.6%)
and the HI zone (24.6 + 20 s, 1.3 £ 1.4%). An average distance of 1763 + 751.4 m (0.83 + 0.2
m.sec’!) was covered during matches with the furthest distance covered in the LI zone (978.1 +
331 m, 58.3 + 12.2%) followed by the MI zone (616 + 387 m, 32.8 £ 9.5%) and the HI zone
(170.1 £ 134.7 m, 8.9 + 4.5%). Players obtained an average PL of 187 + 79.6 (5.3 = 1.1 per sec,
5.3 £ 1.1 per min), an average peak PL of 10.8 = 13.9 and 0.01 £ 0.01 for peak PL per sec.
Players achieved the highest average PL for the LI zone (103.7 + 35.1, 58.3 = 12.2%) followed
by the MI zone (65.3 + 41.1, 32.8 = 9.5%), while the HI zone delivered the lowest average PL
values (18.1 = 14.3, 8.9 £ 4.5%).

Descriptive statistics of the internal match-load-related results are presented in Table 2.
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TABLE 2. Descriptive statistics of the internal match-load-related results

Variables Average = SD Min Max
HRumin (bpm) 91.24 +17.44 53 124
HRave (bpm) 157.10 £ 13.86 119 180
HRmax (bpm) 188.73 + 11.68 165 214
LI-HR zone (%) 10.67 £ 12.51 0.15 52
LI-HR zone (s) 241.15 £303.48 3.20 1046.50
MI-HR zone (%) 35.19+18.99 6.34 82.79
MI-HR zone (s) 732.21 +£480.93 168.20 2113.50
HI-HR zone (%) 54.14 £24.51 0.22 92.79
HI-HR zone (s) 1129.20 + 661.78 4.50 2760.60

HR = Heart rate; HRmax = Average maximum heart rate; HRavg = Average heart rate; HRmin = Average minimum heart rate; LI = low

intensity; MI = medium intensity; HI = high intensity

Players obtained an HRmin of 91.2 + 17.4 bpm, HRayg of 157.1 + 13.9 bpm and an HRuax of
188.73 = 11.7 bpm during match-play. The most absolute and relative time was spent in the HI-
HR zone during matches (1129.2 + 661.8 s, 54.14 + 24.5%), followed by time in the MI-HR
zone (732.21 £481 s, 35.2 + 19%) and the LI-HR zone (241.2 £ 303.5 s, 10.7 £ 12.5%).

Table 3 presents the correlational values between the external (distance, duration and player

load) and internal (HR) match-load-related intensity zones.
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TABLE 3. Spearman’s rank correlations between values of the external and internal match-load-

determining intensity zones

Distance vs. HR Duration vs. HR PL vs. HR
Zone

R 95% CI R 95% CI R 95% CI

LI zone (s) 0.17% 0.73t0 0.79 0.43*M 1.22 to 1.37 0.16% -0.03 t0 0.03
LI zone (%) 0.25% 0.88 to 0.96 0.38*M 1.11to 1.24 0.25% -0.04 to 0.04
MI zone (s) 0.047 0.56 to 0.57 0.047 0.55 t0 0.56 0.047 -0.01 to 0.01
MI zone (%) -0.30M  0.02t0 0.12 -0.30M -0.05 to 0.05 -0.30M -0.05 to 0.05
HI zone (s) 0.42*M  .0.07100.07  0.44*™  -0.07 to 0.07 0.44*M -0.07 to 0.07
HI zone (%)  0.057  -0.01to 0.01 0.18% -0.03 t0 0.03 0.05" -0.01 to 0.01

* = p <0.05; T = trivial (<0.1); S = small (<0.3); M = moderate (<0.5); HR = Heart rate; LI = low intensity; MI = medium intensity; HI = high

intensity; PL = player load (arbitrary unit); 95% CI = 95% confidence intervals; R = Spearman’s rank correlation coefficient;

Moderate significant correlations were found between absolute distance (r = 0.42, p <0.05)
covered, time spent (» = 0.44, p <0.05) and PL in the HI zone (» = 0.44, p <0.05) and HI zone
HR. Furthermore, absolute (» = 0.43, p <0.05) and relative match duration in the LI zone
(r=10.38, p <0.05) also correlated significantly with LI zone HR. Non-significantly trivial to
moderate correlations were evident for absolute and relative distance covered as well as PL in
the LI and MI zone and HR in the mentioned zones. Only non-significantly trivial correlations
were observed between relative distance covered, match duration and PL in the HI zone and HR

in the mentioned zone.

DiscussIiON

This is the first study to establish relationships between results of an internal and external match-
load-determining method in male singles badminton players. Previous research only compared
results of HR- and GPS-based values in soccer and basketball players during training (37,38).
Findings of this study revealed that only the following (GPS-derived) measures of external
match-load obtained significant relationships with HR-related measures: absolute distance
covered (» = 0.42), time spent (» = 0.44) and PL in the HI zone (r = 0.44) as well as absolute (» =
0.43) and relative match duration in the LI zone (r = 0.38). Hence results suggest that measures
of internal badminton match-loads are more related to measures of external match-loads at an LI
and HI than at the MI. Furthermore, the duration of activities which can be used as a measure of
external match-loads, was more related to measures of internal match-loads than any of the other

external match-load-related parameters (distance covered or PL).
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These findings are in contrast with those of Scott et al. (38) that found significant correlations
between all measures of internal (SRPE and TRIMP) and external training load (total distance,
volume of low speed activities, high-speed running, very high-speed running and PL). They also
observed that the strength of correlations decreased as the criterion speed of internal training-
load measures increased (38). The absolute and relative distance covered, match duration and PL
in our study showed non-significant correlations with HR in the MI zone (» = -0.30 to 0.04).
However, in our study the majority of significant correlations were found between HR and
absolute duration, distance and PL in the HI zone. This would mean that HRs were more
associated with absolute external match-load-related values in the HI zone than in other zones. In
addition, HR seems to be more related to time spent (duration) in a certain intensity zone (LI and
HI) than in other external load-related variables. What this suggests, amongst other things, is that
external and internal match-load-related measures are especially related to each other, if the
duration of an activity in a certain zone is of a sufficiently long duration in order for HR to be
able to respond to that activity. From a physiological point of view we would expect this because
HR shows a delayed response to sudden, brief-duration high-intensity movements, which may

lead to an underestimation of match-loads and intensities (27,38).

As opposed to this, absolute and relative distance covered, match duration and PL in our study
showed non-significant correlations with HR in the MI zone, where the absolute values only
delivered trivial values whereas the relative values delivered moderate values. This suggests that
HRs were more associated with relative external match-load-related values than were absolute
external match-load in the MI zone. What this suggests is that external and internal load-related
measures were less related to one another due to the fact that players spent negligible time in the
MI zone compared to that in other intensity zones. In other words, the duration of activities in the
MI zone was not adequate for HR to respond. We would anticipate this since HR usually shows

a delayed response to sudden and short-duration movements or intensities (27,38).

Differences in results between the current study and that of Scott et al. (38) may be related to the
dissimilarities between the type, intensities and duration of activities performed in soccer
compared to badminton. For example, the execution of different shots during badminton match
play causes HR to fluctuate. In this regard, Ghosh (19) reported HRaye values of 183 £ 5 bpm,
180 = 6 bpm and 178 £ 8 bpm for the overhead smash, overhead drop and overhead toss
respectively. They attributed changes in HRave due to shot execution to the high cardiovascular
and metabolic demands these actions place on players. On the other hand, soccer consists of

kicking movements, which will have a very different physiological response than that of stroke
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play in badminton due to differences in muscle recruitment patterns and type of muscles being
recruited. Furthermore, during soccer matches of 90 minutes in duration players sprint more or
less 110 m (14) compared to badminton matches of 35 min in duration during which players
sprint more or less 170 m (see Table 1). The work density (amount of work performed over a
certain time) will therefore be much higher for a badminton match compared to that of a soccer

match, which may also explain differences in results between studies.

Furthermore, Scott et al. (38) utilized a typical training session of 60 to 90 min to compare the
results of the sRPE method and two HR-based methods (Edwards’ and Banisters’ TRIMP)
against the PL (player movements and accumulated accelerations) of soccer (team sport) players.
Our study monitored players during actual competition participation. Higher stress levels during
competition participation due to the psychological states of individual players may cause players
to shift towards sympathetic predominance compared to periods of training, which would explain
why relationships between internal and external match-loads in this study showed dissimilar
results (17). This notion was also supported by Steele and Chad (40) who indicated that HR
responses at threshold intensity, movement patterns, maximal oxygen uptake, metabolic
thresholds and lactate levels were higher during match-play than during training sessions of team

sport participants (40).

Interestingly, results also revealed an opposite trend for external and internal measures of load as
the average relative HR value was found to be the highest for the HI zone (54.1%) compared to
the relative measures of external load where average values (1.29-9.89%) were the lowest for the
HI zone. On the other hand, relative measures of external load for the LI zone varied between
32.78 and 89.00% compared to the LI-HR zone that revealed a value of 10.67%. These results
suggest that match situations may lead to more pronounced cardiovascular responses to activities
and movements that take place at lower movement speeds. It is also imperative to know that
internal and external match-loads are derived from inherently different methods of match
intensity (38). Researchers also suggest that a profile of internal loads may be most appropriate
for monitoring purposes (i.e., the load endured by athletes), whereas an external load profile is
more important for training prescription and planning purposes (39). Individuals’ physiological
responses to different exercises and activities (internal load) are also regarded to be a more
accurate acute marker of load than are external load-determining measures, but the combination

of both load types make up a complete load profile (25,26).
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Since only a few significant correlations were found (5 out of a possible 18) between results of
an internal and external match-load-determining method, the hypothesis that significant
relationships will exist between results of an internal and external match-load-determining
method in male singles badminton players is only partialy accepted. Only absolute distance
covered, time spent and PL in the HI zone as well as absolute and relative match duration in the
LI zone revealed significant relationships with HR in the mentioned zones. However, our
findings show that results of an internal and external badminton match-load-determining method
are more related to each other in the HI zone than in other zones and that the strength of
relationships depend on the duration of activities performed in especially LI and HI zones.
Finally, due to the limitations of other methods for monitoring badminton players’ match-load
such as the need for technical expertise or time inefficiency, we suggest that HR- and GPS-

analysis provide practical methods for monitoring competitive matches in badminton.

Furthermore, the study findings suggest that more research is required to examine the possible
relationship between measures of internal and external loads in racket sports. More emphasis
also needs to be placed on markers of individual racket players’ responses to different match

activities.

PRACTICAL APPLICATIONS

Study results suggest that practitioners should incorporate different methods that will allow them
to simultaneously obtain both internal and external match-loads of badminton players in order to
compile a more accurate and reliable match-play profile. Findings also support the suggestion
that wearable tracking device technologies such as the Polar HR monitor and MinimaxX that
integrate multiple sensors into a single unit may provide researchers with alternative, more time-
efficient internal and external match-load-determining methods to establish the match-loads of
badminton players. Furthermore, absolute distance covered, match duration and PL in high
intensity zones could serve as suitable external indicators of badminton players’ match-loads. In
addition, dissimilarities between results of this and other studies suggest that practitioners should
rather make use of actual competitive matches to evaluate and analyse loads instead of simulated
matches or training activities. This is an important point as load monitoring may enable
practitioners to acquire more accurate profiles of match responses, which will assist them in

designing suitable training programs for improved match performances.
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1. SUMMARY

Despite the popularity and the demands of badminton as well as the need for accurate match-
analysis data that will enable coaches and other sport-related professionals to determine the
match characteristics of badminton, very few researchers have focused their attention on this
aspect of badminton. Hence the purposes of this study were fourfold; firstly, to determine the
notational singles match-analysis results of male badminton players who participated in the
African Badminton Championships; secondly, to determine relationships between notational
singles match-analysis-determined strokes and foot movements in male badminton players who
that participated in the African Badminton Championships; thirdly, to establish the GPS-
determined singles match characteristics that act as predictors of successful and less successful
male singles badminton players’ group classification and fourthly, to determine relationships
between results of an internal and external match load-determining method in male singles

badminton players.

Chapter 1 contained a brief introduction as well as the statement of the problem, which formed

the base for the research questions, objectives and hypotheses of this study.

Chapter 2 consisted of the literature review titled: “Match analyses of badminton players”. The
objectives of the literature review were firstly, to provide a history and a detailed description of
badminton as a sport; secondly, to describe the various badminton match-analysis methods that
resort under the broad categories of internal and external load-determining methods respectively
as well as present results of research in which each of these methods were applied to analyse
badminton; thirdly, to investigate the limitations of current match analyses methods in order to
make recommendations to address these limitations; and fourthly, to discuss research that has
investigated relationships between results of internal and external load-determining methods in

sport.

The date of inception the archaic game, originally known as ‘battledore’, can presumably be
traced as far back as more than 2000 years ago, but procured its designated name from
Badminton House - home of the Duke of Beaufort - located in the heart of South Gloucestershire
in the United Kingdom. The most common form of the game is singles (with one player per side)
during which a player strikes a shuttle with a racket in an attempt to land it within the opposing
side’s half of the court in order to score points. Each side may only strike the shuttle once before
it passes over the net. Literature showed that badminton matches are analysed via two categories

of analysis methods, namely: those that allow researchers to measure the external match-loads,
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and those that allow researchers to measure the internal match-loads of players. The literature
further revealed that external match-loads could be assessed by using semi-automated video
tracking, manual video tracking and global positioning system (GPS) technology. Modern-day
tracking devices are further classified into video-based and electronic player tracking systems.
Researchers regard wearable tracking devices that integrate multiple sensors such as a tri-axial
accelerometer, gyroscope and magnetometer into a single unit to be an alternative method for the
measurements of time spent, average duration, frequency and speed of movements, with the
potential to circumvent some of the shortcomings of notational analyses and minimize others. In
this regard, research showed that the combination of an accelerometer, gyroscope, and
magnetometer in a GPS device provides accurate results with regard to movement data and the
external demands of sport activities irrespective of the environment. Acceptable between-device
reliability values were also obtained when Catapult GPS units with integrated accelerometers
were used in an indoor sport setting. Similarly, MinimaxX GPS units were efficient to quantify
training loads, work-rates and to compare individual players’ performances in an indoor hall.
However, a comparison in measures of distance and speed between MinimaxX GPS units and a
high-resolution motion analysis system revealed that GPS units underestimated distances

covered, especially at higher speeds and during repeated movement patterns.

On the other hand, notational analyses seem to be the preferred method for especially badminton
match-analysis. Literature pointed out that notational analysis can be categorised into hand-
based, video-based, time-motion and computerised notational analysis methods. Most of these
notational analysis methods are aimed at determining match duration, rally time, rest time, stroke
frequency, strokes per rally, types of strokes played, and work density, amongst others. In this
regard, studies that made use of notational analysis to analyse last-mentioned variables of male
singles badminton matches have indicated the following: average match durations vary between
1047 s and 2754.6 s; average rally time between 4.62 s and 10.4 s; average in-between points
rest time between 9.71 s and 25.2 s. Results of average match stroke frequency varied between
0.92 s' and 1.09 s™! whereas strokes per rally varied between 4.74 and 11.1. Work density values
of between 0.36 and 0.63 were reported in general for badminton matches. The percentage
distribution of the mentioned strokes during badminton matches was reported to be as follows:
the smash (13 - 29.1%), the clear (12.1 - 16%), the drop (2.31 - 16.0%), the net stroke (13.32 -
20.7%), and the drive (6.3 - 15%). Literature further pointed out that the clear, drop and net
strokes were among the most popular performed strokes in men singles match-play. In addition,
male singles players preferred to use the low serve as an offensive strategy, and most of their

strokes were returned to the forecourt area. The most effective strokes were returns to the fore-
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court, and the most ineffective strokes were returns from the rear-court. Returns from the left
rear court scored the most ‘ineffective’ rate compared to the other areas of the playing court,
which is an indication that the backhand performed in the rear court tends to be the weakest

stroke among high-level badminton players.

To date, only two studies have compared the effects of the old and new scoring systems on male
singles badminton match characteristics by using notational analysis. The following results were
found for the mentioned variables by each of the research groups: average match durations of
2754£178.9 s vs. 1949.7+147.6 s and 1443.6+£142.8 s vs. 1036.2+160.2; average rest time of
10.29+1.42 s vs. 9.71+1.32 s; shot frequency of 0.98+0.01 s vs. 1.05+0.02 s and 1.03+0.47 s™!
vs. 1.03£0.22 s for the old and new scoring systems respectively. Some of the variables
obtained significantly higher values for the old compared to the new scoring system. However,
researchers postulated that the shorter playing time under the new scoring system would lead to
changes in tactical strategies applied during match-play. This, in turn, would result in higher

physiological demands (i.e., exercise intensity) of singles matches.

Unfortunately, video-based systems analysis holds certain limitations that need to be considered
when interpreting match-analysis results. Numerous cameras have to be fixed, positioned and
also calibrated according to the width, height and length of the screened area. Furthermore,
video-tape noise, imperfect camera calibration and quantization errors as well as operator
mistakes can negatively influence analysis results. Some systems also require extra information
such as players’ jersey colours and numbers as well as a prediction of players’ running patterns.
Most systems also do not provide real-time match data as results usually takes about 24 hours to
process. One of the major limitations of semi-automated and manual video analysis systems is
that it only focuses on the external match-loads of players. Furthermore, notational match-
analysis data may not be reliable enough to draw conclusions regarding match-play
characteristics and profiles. Researchers also regard this method to be moderate to poorly
reliable for determining total time spent, average duration, and frequency of individual players’
movements and the types of strokes executed. Another limitation is that only one player can be
analysed at a time, which does not allow for the determination of relationships between work-
rates of partners or opposing players. Hence researchers will only obtain reliable and accurate
information with regard to the match-loads of players if external match-load-determining-
methods are combined with methods that are used to measure the internal match-loads of

players, such as the heart rate (HR) monitoring method.
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Player load is categorised as being internal when measurements are taken to establish the
physiological responses players experience when they perform different activities during match-
play. HR monitoring is one of the most common and efficient methods researchers use to
determine the internal load of sport participants during match-play. Research suggests that the
average maximal heart rate (HRmax) values that are reached during badminton matches range
between 186 and 201 bpm and the average HR values between 162 and 187 bpm. According to
literature, HR can be categorized into low- (60 — 69%), medium- (70 — 79%) and high- (>80%)
intensity zones based on each player’s HRmax. However, despite the acceptance and use of HR as
an internal load-determining parameter, certain limitations to using this parameter need to be
considered. For example, factors such as court and weather conditions as well as hydration status
and stress may lead to HR changes that are not related to external match demands alone.
Furthermore, HR may sometimes show a delayed response when players perform movements or
cease to perform movements, which may lead to an under- or overestimation of internal match-
loads. Based on these limitations, with regard to the use of HR as an internal load-determining
method, and the need for more comprehensive load profiles, it is essential to quantify both

internal and external match-load measures and assess relationships between these two aspects.

The overall literature suggests that significant relationships do exist between session rating of
perceived exertion (SRPE) and HR-based training-load models in indoor-related sports such as
basketball. Similarly, researchers found moderately significant relationships between basketball
players’ external accelerometer-determined training load, SRPE and TRIMP (Duration (minute)
x (HRexercise — HRrest)/(HRexercise — HRrest) x (0.64 x 2.712!92 x (HRexercise — HRrest)/(HRexercise -
HRres)) A large significant correlation was also established between external training load and the
SHRZ model ((duration in HR zone 1 x 1) + (duration in HR zone 2 x 2) + (duration in HR zone
3 x 3) + (duration in HR zone 4 x 4) + (duration in HR zone 5 x 5)) in the same group of
basketball players. Significant correlations were also observed between accelerometer-
determined physical measures, HR- and sRPE-based values among soccer players. Although
these findings indicate that measures of external and internal match-loads are related in team
sport participants, no studies have investigated the possible relationship between the external and

internal measures in racket sport participants such as badminton players.

The above-mentioned findings suggest that practitioners should incorporate different methods
that allow them to simultaneously obtain both internal and external match-loads of badminton
players in order to compile a more accurate and reliable match-play profile. On the other hand, a

match profile alone will not give researchers an indication of the match profile characteristics
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related to badminton performance. The need therefore exists to identify match-analysis
characteristics that distinguish between different levels (successful and less successful) of
badminton players. The identification of distinguishing match-analysis characteristics may
enable coaches and sport scientists to identify and develop these characteristics to enable players
to perform successfully. Another aspect that researchers do not focus on is the possible
relationships between specific notational singles match-analysis components. Relationships
between match-analysis components such as strokes and foot movements may provide
researchers and practitioners with important information regarding the influence of different
strokes on players’ foot movements or vice versa. Researchers and practitioners will then be able
to focus their attention directly on the most important and influencing components that need to
be addressed during physical and skills training. It is against this background that the following

articles were compiled.

Chapter 3 contained the research article titled ‘“Notational singles match-analysis of male
badminton players who participated in the African Badminton Championships”, which was
published by the International Journal of Performance Analysis in Sport. The article was
compiled in accordance with the guidelines of the last-mentioned journal. The purposes of this
article were firstly, to determine the notational singles match-analysis results of male badminton
players that participated in the African Badminton Championships and secondly, to determine
the relationships between notational singles match-analysis-determined strokes and foot
movements in male badminton players that participated in the African Badminton
Championships. Computerised-notational analysis showed that the percentage of real time
played was 29.8% which in absolute terms worked out to 432.9 s on average out of a total match
duration of 1470.4 s. Players spent 17.3 s on average resting in-between rallies and performed
68.4 rallies on average per match for an average duration of 5.6 s. Furthermore, on average,
444 3 shots were played per match with a shot frequency of 1.03 shots per second, which caused
the average work density to be 0.43 during match-play. Analyses with regard to different strokes
played during matches revealed that the drive (122.1 times) and clear (118.0 times), followed by
the serve (68.5 times), smash (56.2 times) and net strokes (54.3 times) were performed most
often However, the drop shot was only performed 24.2 times on average during matches,
whereas the round-the-head strokes were rarely (1.2 £ 1.3) performed. A further analysis showed
that chasse-steps (174.6 times), followed by shuffles (161.7 times) were the foot movements that
were performed the most, compared to split-steps (61.6 times), half-lunges (52.2 times), forward-
lunges (46.1 times) and scissors-kicks (38.3 times) that were performed less. Lunges to the right

(15.5) and lunges backward (12.2) were rarely performed.
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Relationships between different badminton shot- and foot movement-related variables revealed
that split steps were significantly correlated to three badminton shots, namely the clear, drive and
drop shots whereas chasse steps (clear and smash), backward lunges (net and smash) and lunges
to the right (net and smash) were all significantly correlated to two shots. All other foot
movement-related variables, except for half lunges, were significantly correlated with one
badminton shot. The round-the-head and serve shots did not deliver any significant correlations

with foot movement-related variables.

Chapter 4 contained the research article titled “The global positioning system (GPS)-determined
singles match characteristics that act as predictors of successful and less successful male singles
badminton players’ group classification” which was submitted to the International Journal of
Sports Science and Coaching for possible publication. The article was compiled in accordance
with the guidelines of the last-mentioned journal. The purpose of this article was to establish the
GPS-determined singles match characteristics that act as predictors of successful and less
successful male singles badminton players’ group classification. Only high-intensity
accelerations per sec and low-intensity efforts per sec were identified as significant predictors of
group allocation with 76.88% of players that could be classified into their original groups by
making use of the GPS based logistic regression formula. Furthermore, the Receiver Operating
Characteristic Curve (ROC) (0.87) revealed that the classification model is a valid model to
classify players into successful and less successful player groups. The independent t-test showed
that high-intensity accelerations per sec was the only GPS-determined variable that obtained
significant higher values for the successful compared to the less successful group. Although not
significant, the successful group also obtained higher values for low-intensity efforts per sec than

the less successful player group.

Chapter 5 consisted of the last research article titled “Relationships between results of an internal
and external match load-determining method in male singles badminton players” which was
compiled and submitted to the Journal of Strength and Conditioning Research for possible
publication. This article has been accepted by the last-mentioned journal for publication later
during 2017. The purpose of this article was to determine relationships between results of an
internal and external match load-determining method in male singles badminton players.
Moderate significant correlations were found between absolute distance (r = 0.42, p <0.05)
covered, time spent (r = 0.44, p <0.05), player load (PL) (r = 0.44, p <0.05) and HR in the HI
zone. Furthermore, absolute (r = 0.43, p <0.05) and relative match duration (r = 0.38, p <0.05)

correlated significantly with HR in the low-intensity (LI) zone. Non-significantly trivial to
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moderate correlations were evident for absolute and relative distance covered as well as PL and
HR in the medium intensity (MI) zone. In addition, only non-significantly trivial correlations
were observed between relative distances covered, match duration, PL and HR in the high

intensity (HI) zone.

2. CONCLUSIONS

Conclusions drawn from this research are presented in accordance with the set hypotheses in

Chapter 1.

Hypothesis 1:

The notational singles match-analysis results of male badminton players that participated in the
African Badminton Championships will compare well to that of previously investigated players
that also played according to the new 21-point scoring system: an average match duration of
24.06 + 2.38 min; an average game duration of 8.64 + 1.33 min,; an average rally duration of
4.62 £ 0.86 s; an average real-time played 306.9 = 46.5 s (27.7 = 2.9%), an average rest time of
9.71 = 1.32 s between rallies;, an average work density of 0.48 + 0.07; an average number of
shots per match of 331.25 + 44.74,; an average number of rallies per match of 70.25 + 1.26 and
4.74 = 0.78 for the average shots per rally. Hypothesis 1 is rejected based on the findings that
the majority (10 out of a possible 11) of notational singles match-analysis results of male
badminton players that participated in the African Badminton Championships showed very
different values than those of players from other countries. The results from this study revealed
that the average match duration for African male badminton players was 1470.4 + 341.9 s (i.e. an
average match duration of 24.5 min compared to 24.06 min), and the real time and percentage of
real time played were 432.9 + 91.6 s and 29.8 + 4.5%, compared to 306.9 + 46.5 s and 27.7 +
2.9%, respectively. The average duration for rallies was 5.6 + 5.8 s (compared to 4.62 + 0.86 s),
players performed an average of 6.5 + 1.3 (compared to 4.74 £ 0.78) shots per rally during each
match that worked out to an average number of shots per match of 444.3 + 101.1 (compared to
331.25 + 44.74). The work density was determined to be 0.4 = 0.1 (compared to 0.48 + 0.07) on
average during matches. On average players rested for 17.3 + 4.6 s (compared to 9.71 = 1.32 s)

in-between rallies during each match.

Hypothesis 2:
Significant relationships will exist between the majority of notational singles match-analysis-
determined strokes and foot movements in male badminton players. Due to the fact that the

majority of notational singles match-analysis determined strokes and foot movements did not
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reveal significant relationships, hypothesis 2 is rejected. However, the study revealed moderate
significant relationships between players’ chasse steps and clearing shots, split steps and drive,
and also lunges-to-right direction and smash shots. Very large relationships were observed
between the chasse step foot movements and smash shots, and between backward lunges and net
shots. A large significant relationship also existed between scissors kick foot movements and
smash shots, shuffle-steps and clear shots, and between split-steps and clear shots. Similarly,
large significant relationships were observed between forward lunges and net shots, lunges to the
left direction and net shots, backward lunges and smash shots, and between lunges to the right
direction and net shots. Similarly, a trivially significant relationship was detected between split

steps and drop shots.

Hypothesis 3:

GPS measurements (characteristics) such as player load, time spent in different acceleration
zones and efforts performed at different intensities will serve as significant predictors of
successful and less successful male singles badminton players’ group classification. Hypothesis
3 is partially accepted based on findings that forward stepwise logistic regression results of the
cluster analysis’ reduced GPS variables showed that only high-intensity accelerations per sec and
low-intensity efforts per sec were identified as significant predictors (p < 0.05) of group
allocation with 76.88% of players that could be classified into their original groups by making
use of the GPS based logistic regression formula. Furthermore, the Receiver Operating
Characteristic Curve (ROC) (0.87) revealed that the classification model is a valid model to

classify players into successful and less successful player groups.

Hypothesis 4:

Significant relationships will exist between the results of an internal and external match load-
determining method in male singles badminton players. In view that only a few significant
correlations were found (5 out of a possible 18), hypothesis 4 is only partially accepted. Only
absolute distance covered, time spent and PL in the HI zone as well as absolute and relative

match duration in the LI zone revealed significant relationships with HR in the mentioned zones.

To the researcher’s knowledge, this is the first study to provide sport practitioners (sport scientist
and coaches) with information concerning the computerised-notational analysis-related
badminton singles match characteristics of African players as well as possible relationships
between several of these characteristics. It is also the first study to investigate the predictive

value of GPS determined match characteristics to classify badminton players into successful and
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less successful groups according to championship results. Furthermore, no studies have up until
now investigated the possible relationships between the external and internal match-load

measures in racket sport participants such as badminton players.

The computerised-notational analysis results showed that the majority of notational singles
match-analysis results displayed very different values than those of players from other countries.
Therefore, comparative results confirm that African badminton players’ match profiles are
different from those of other international players. However, current team rankings of the
Badminton World Federation indicate that none of the African countries are ranked higher than
thirty-first on the world rankings (Badminton World Federation, 2017). Furthermore, the highest
ranked African player is ranked hundred-and-fifteenth on the most current list (Badminton
World Federation, 2017). Consequently, African players’ would need to increase their standard
of match-play to successfully compete against higher ranked teams and players of other
countries. In this regard, especially real time (306.9 s versus 432.9 s) and percentage of time
played (27.7% versus 29.8%), average duration for rallies (4.62 s versus 5.60 s), shots per rally
during matches (4.74 versus 6.50) and number of shots per match (331.25 versus 444.30) of
African players delivered much lower values than those of other international players. Values
were lower despite the average match duration that was more or less similar for African (24.50
min) compared to non-African badminton players (24.06 min). Therefore, comparatively
international players maintain a much higher work rate for the same amount of match-playing
time than African players. With this in mind, badminton coaches and sport scientist that work
with African players will have to focus more on increasing player’s ability to enforce and sustain

a high work rate while playing matches.

Nevertheless, notational analysis results also suggest that a typical badminton conditioning
programme for African players should focus more on drills and activities that take place for
durations of 5.57 s at a time, at a work:rest ratio of 1:3 for a total duration of 3-5 min after which
a break of 2 min must be allowed. This set can then be followed by another set of activities that
lasts more or less 3-5 min. Activities that are executed during each set must be of a high-
intensity and incorporate foot movements such as chasse-steps, shuffle-steps, split-steps, half and
forward lunges as well as strokes such as the drive, clear, serve, smash and net strokes. The
reason for highlighting these foot movements and strokes is that they were identified as the most
executed strokes and foot movements during competitive match-play. Furthermore, significant
correlations between split steps and three badminton shots (clear, drive and drop), chasse steps

and two shots (clear and smash), backward lunges and two shots (net and smash) as well as
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lunges to the right and two shots (net and smash) indicate that coaches must compel players to

combine these foot movements and shots during badminton practices and drills.

Despite the value of the above-mentioned notational analysis determined singles match results,
shortcomings of notational analysis such as time-inefficiency, poor to moderate reliability of
results and an inability to do real-time analyses as well as analyse more than one player at a time
have accentuated the need for other match-analysis methods. Hence, GPS wearable tracking
devices that integrate multiple sensors such as a tri-axial accelerometer, gyroscope and
magnetometer into a single unit are seen as an alternative method for the measurements of time
spent, average duration, frequency and speed of movements, with the potential to circumvent
some of the shortcomings of notational analyses and minimize others. Notwithstanding the
potential of these tracking devices to analyse indoor badminton matches, this is the first study to
explore the predictive value of GPS determined match characteristics to classify badminton
players into groups (successful and less successful) based on championship results. Although
study results revealed that only high-intensity accelerations per sec and low-intensity efforts per
sec served as significant predictors of group allocation, descriptive statistics also suggested that
successful players performed more high-intensity accelerations per sec and low-intensity efforts
per sec when compared to less successful players. Similarly, successful players were the group
of players that performed more overall efforts and efforts in LI, MI and HI zones than their less
successful counterparts. These results indicate that the level and quality of play increase as
players progress and that more successful players have to exert themselves more in order to

obtain top performances.

Therefore, the above-mentioned findings indicate that badminton coaches should spend more
time in their conditioning programs on speed training which is focused on developing
acceleration and top speed sprinting. This is especially important in view of the fact that the
majority of badminton coaches do not frequently use training techniques that are aimed at
improving players’ abilities to accelerate at high intensities. On the other hand, the identification
of low-intensity efforts per sec as a predictor of group classification suggests that aerobic based
training that is aimed at developing aerobic endurance should not be neglected. Although not
measured directly in this study, researchers are of the opinion that successful players’ visual
search strategies allow them to perceive and anticipate their opponents’ movements more
accurately. This may suggest that more successful players in this study had a better ability to
anticipate opponents’ tactics and the trajectory of the shuttle than less successful players, which

may have benefited them in terms of the intensity of efforts that they had to perform.
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Even though the GPS derived findings are definitely of value to describe the match profiles of
badminton players, information with regard to relationships between match-analysis results of
external and internal match load-determining methods will provide researchers and sport
scientists with more clarity concerning the body’s physiological responses due to the external
loads that are experienced during match-play. Relationships between results of an internal and
external match load-determining method in male singles badminton players revealed that
measures of internal badminton match-loads are more related to measures of external match-
loads at a LI and HI than at a MI. Furthermore, the duration of activities, which can be used as an
external match-load measure, was more related to measures of internal match-loads than any of
the other external match-load-related parameters (distance covered or PL). What this suggests,
amongst other things, is that external and internal match load-related measures are especially
related to each other, if the duration of an activity in a certain zone is of a sufficiently long
duration in order that HR can respond to that activity. Another unique finding of this study was
that external match-load-related relative values increased as internal match-load-related relative
values decreased. This is a unique finding as we expected both internal and external loads to
increase or decrease in a similar fashion. The overall results also showed that match situations
may lead to more pronounced cardiovascular responses to activities and movements that take
place at lower movement speeds. However, researchers do regard individual physiological
responses to different exercises and activities (internal load) to be a more accurate acute marker
of load than external load-determining measures. In addition, the study results suggest that
practitioners should incorporate different methods that will allow them to simultaneously obtain
both internal and external match-loads of badminton players in order to compile a more accurate

and reliable match-play profile.

In addition to dissimilarities between these results and other studies, the study suggests that
practitioners should rather make use of actual competitive matches to evaluate and analyse loads
instead of simulated matches or training activities. This is an important point since load
monitoring may enable practitioners to acquire more accurate profiles of match responses, which

will assist them in designing suitable training programs for improved match performances.

3. LIMITATIONS AND RECOMMENDATIONS
Although this current study is the first to provide sport practitioners (sport scientist and coaches)
with information concerning the notational singles match analyses results of African badminton

players, as well as findings with regard to relationships between notational singles match
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analysis-determined strokes and foot movements of this group of players; the GPS-determined

singles match characteristics that act as significant predictors of successful and less successful

male singles badminton players’ group classification and the comparison between methods to

determine the internal and external match-loads of male singles badminton players; future

researchers that wish to focus on this study area should consider the following study limitations

as well as recommendations that will allow researchers to overcome each of the limitations:

1.

Limitation: The study only focussed on between twelve and twenty-one African, male
singles badminton players that either participated in one (1) championship or five (5)
championships during the 2014 and 2015 season. The current sample size may have caused
the high individual variability in values to have negatively influenced the Spearman’s rank
correlation coefficients and binary, forward stepwise logistic regression analysis results,
causing non-significant results. Furthermore, the relatively small sample size of this study
makes it difficult to generalize these results to all African and International Badminton
Players.

Recommendation: Future studies should therefore include larger samples of badminton

players to verify and expand on the current study results.

Limitation: The prediction model (binary forward stepwise regression logistic) in this study
was developed particularly for male singles African Badminton Players.

Recommendation: Therefore it is of paramount importance to test the logistic model of
classified GPS individual match-analysis results, player loads and effort-related variables
through longitudinal studies in order to appraise the precision, significance, usefulness and

its suitability for badminton players globally.

Limitation: Technical and tactical components, which have also been recognized as
important determinants of badminton performance, were not measured in this study.
Recommendation: As such, further studies may focus on a more elaborate range of

variables, which also include the last-named components as part of the testing protocol.

Limitation: Although the internal and external match load-determining protocols that were
used in this study create a platform for other researchers that want to evaluate the match-
loads of badminton players, the possible effects of factors such as match outcomes, the level
of competition, the strength of opposition players, hydration and recovery status, etc. may

influence results.
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Recommendation: Researchers that wish to investigate the internal and external match-loads
of badminton players should also measure and correct the above-mentioned factors when

collecting and analysing data.
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APPENDIX A

AUTHOR GUIDELINES AND PUBLISHED ARTICLE SAMPLES

The International Journal of Performance Analysis in Sport

Instructions for Authors

1. Scope

The International Journal of Performance Analysis in Sport is published on behalf of the Centre
for Performance Analysis, Cardiff School of Sport at Cardiff Metropolitan University and in
association with the International Society of Performance Analysis in Sport. The emphasis is on
the analysis of actual performance in sport and exercise. Studies using observational methods,
biomechanical analysis, self-report emanating from actual sports performance, qualitative
observation and measurements such as heart rate response during actual sports performance are
all within the scope of the journal. Laboratory studies of key techniques within sports are also of
interest where such techniques are clearly important and cannot be analysed in detail during
actual competition. Such techniques include tennis serves and golf swings. There may be other
contributions that do not analyse sports performance at all that are within the scope of the
journal. For example, interview studies or meta-analyses may lead to theoretical contributions
explaining the nature of sports performance, tactics used and factors influencing performance.
Review articles relevant to sports performance are also welcome. Other topics covered include
technologies such as design of analysis systems, sports equipment, research into training, and
modeling and predicting performance. Contributors wishing to clarify whether papers they are

writing are within the scope of the journal are welcome to contact the general editor.

The volume of papers published by the journal has increased from 40 in 2008 to 68 in 2013 and
as a consequence the quality of accepted papers has also increased. Authors should use the most
recent issues of the journal to understand the required quality. Authors should ask themselves the

following questions when preparing a paper.

a) Does the paper report on a substantive research exercise? If the data could be gathered
and analysed over a single weekend, the authors should consider submitting the work for

poster presentation at a conference.

b) Is the research sufficiently original? Will the paper have impact? Does the paper make a

contribution to our knowledge of something important about sports performance?
144



¢) Does the research warrant the number of authors listed on the paper? This has become a
problem with a lot of recent submissions where the nature and volume of the work
certainly does not warrant the number of authors included. In cases like this, the paper

has not been sent for review and has been rejected by the editor.

d) Is the analysis sufficiently rigorous? Authors should consider the reliability of methods
used, the units of analysis used, the choice of independent and dependent variables and
the assumptions of any statistical tests used. In saying this, there is nothing wrong with
original descriptive research and authors should avoid complex predictive modeling

designs where these are not appropriate.

e) Does the paper fit within the scope of the journal? Sports performance analysis does
involve a more expanded array of methods and types of study these days. However, there
have been papers submitted to the journal that are clearly not performance analysis
papers. Some of these papers are of a very high quality in all other respects, but they are

simply not within the scope of the journal.

2. Submission

Authors must submit an original article in electronic form, (preferably by e-mail) in Microsoft
Word, to the General Editor (podonoghue@cardiffmet.ac.uk). Papers submitted to the Journal
will be refereed blind by acknowledged experts in the subject. The General Editor has the final
decision on publication. No word limits are specified for papers, but discursive treatments of the

subject matter are discouraged. The Journal does not normally publish letters to the editor.

Due to the volume of papers submitted, we now require authors to provide the names of three

potential expert independent reviewers for their paper.

3. Originality

All material submitted for publication in the journal must be accompanied by a statement by the
lead author, with the authority of all of the authors, that: the material submitted is original and
unpublished, and is not under consideration for publication elsewhere and that the material will

not be submitted for publication elsewhere while it is under consideration by the journal.

4. Format
Papers consist of a title page, blind title page and the main text of the paper. Figures and tables

should be included in the text rather than following the text. Typical sections of the text are
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Introduction, Methods, Results, Discussion, Conclusions, any acknowledgements, References
and author correspondence details. However, it is acceptable to have a conclusions paragraph at
the end of the discussion. Further variation is possible for review articles or where papers report

on a series of studies that are best reported in a study-by-study order.

Page Layout
Pages must be A4 using margins of 3cm at the top, bottom, left and right. Portrait orientation is
used except where landscaped orientation clearly assists the presentation of tables and / or

figures. Paragraph text should be single spaced.

Title Page

The title page should contain the title (Times Roman, size 18, bold), author names using first
names, other initials and surnames and affiliations of authors, the abstract and key words. All
text other than the abstract should use Times Roman size 12 font. The abstract should be bold
and in italics not exceeding 200 words. It should be inserted in the article after the authors'
affiliations and indented by 1 cm at the left and right. The abstract should not contain figures or

tables.

Blind Title Page

This should include all of the information on the title page except the author names and
affiliations. Where acknowledgements or information in the methods about ethical clearance
may compromise the blind reviewing process, the General Editor will temporarily remove this

information while the paper is being reviewed.

Headings
Headings and subheadings should all be in Times Roman font, bold and size 12. Headings

should be numbered 1., 2., 3., etc. with any subheadings being 1.1., 1.2., for example.

Tables

Tables should normally only include horizontal lines to mark the top and bottom and separate
column headings from the main body of tables. Tables must be created in word to facilitate any
necessary editing by the journal. There are occasions, where correlation tables, for example,

require vertical lines and this is acceptable. Table captions should appear above the table.
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Figures

[llustrations, photographs, screen dumps, charts, plates and any other artwork should be included
in the electronic submission. Authors must have permission to use any photographs within the
paper and copyrighted material from published sources must not be included as Figures in the

paper. Figure headings should be placed below figures.

Symbols, units and abbreviations

Symbols, units and abbreviations in papers must conform to the Systéme International d'Unités
(SI Units). Authors are advised to consult the National Physical Laboratory publication (R.J. Bell
(ed.), 1993, SI: The International System of Units. London: HMSO). For all abbreviations other
than units, write the word or words to be abbreviated in full on the first mention followed by the
abbreviation in parentheses. If at all possible, group these definitions together near the beginning
of the article. As indicated earlier, avoid use of nonstandard abbreviations, especially fabricated

ones, within the text; words are much easier to read and follow than abbreviations.

References

References in the text are cited as follows: Smith (1985) ... or (Brown and Green, 1996) ... or, if
there are more than two authors, as Jones et al. (1993) ... or (Jones et al., 1993). Citations of
different publications by the same author(s) in the same year are differentiated as Green (1993a)
... (Brown et al., 1995b); the a, b, c, etc., are normally in order of citation in the text. Multiple
citations are listed in ascending chronological order. Multiple publications by the same authors
are treated in lists: Smith (1991, 1995), Brown and Green (1992, 1993), Jones et al. (1993,
1996a,b); or (Smith, 1991, 1995; Brown and Green, 1992, 1993; Jones ef al., 1993, 1996a,b). A
list of all cited references should be collected at the end of the paper in alphabetical order by, in
the first instant, the first author's surname. Where the name of the first author appears more than
once, the order is determined by: first, the number of co-authors (zero, one, or more than one);
secondly, for one co-author, the first co-author's surname then the year; for two or more co-
authors, year then order as dictated by the use of 1990a,b,c (for example) in the citations. The
following is an example of how references would be ordered in the reference list: Brown (1980),
Brown (1990), Brown and Jones (1977), Brown and Smith (1973), Brown and Smith (1975),
Brown et al. (1990a), Brown et al. (1990b), Brown et al. (1990c). Note that the last three
examples would all have been cited as Brown et al. in the text, with the a, b and ¢ relating to the
order of citation. The names and initials of all authors should be given in the list of references.

The style should follow the examples below:

147



Journal Papers
Newton, P.K. and Keller, J.B. (2005), The probability of winning at tennis, Theory and Data,

Studies in Applied Mathematics, 114, 214-269.

Books
Ashe, A. (1981), Arthur Ashe’s Tennis Clinic. London: Heinemann.

Chapters of Edited Books (including conference proceedings published as books)

Hughes, M. and Clarke, S. (1995), Surface effect on elite tennis strategy. In Reilly, T., Hughes,
M. and Lees, A. (Eds.) Science and Racket Sports (pp. 272-277). London: E & FN
Spon.

Conference abstracts published in journals

O’Donoghue, P.G. (2003), The effect of scoreline on elite tennis strategy: a cluster analysis.

Journal of Sports Sciences, 21, 284-285.

5. Proofs
Once accepted papers have been edited, the PDF versions will be sent to the authors for final

checking and final editing.

6. Copyright
Submission of a paper to the International Journal of Performance Analysis in Sport is taken to
imply that it represents original, unpublished research and that authors agree that the

International Journal of Performance Analysis will have copyright to the material.
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International Journal of Sports Science and Coaching

DESCRIPTION
The International Journal of Sports Science and Coaching is a peer-reviewed, international,
academic/professional journal, which aims to bridge the gap between coaching and sports

science.

The journal will integrate theory and practice in sports science, promote critical reflection of
coaching practice, and evaluate commonly accepted beliefs about coaching effectiveness and
performance enhancement. Open learning systems will be promoted in which: (a) sports science
is made accessible to coaches, translating knowledge into working practice; and (b) the

challenges faced by coaches are communicated to sports scientists.

The vision of the journal is to support the development of a community in which: (i) sports
scientists and coaches respect and learn from each other as they assist athletes to acquire skills
by training safely and effectively, thereby enhancing their performance, maximizing their
enjoyment of the sporting experience and facilitating character development; and (ii) scientific
research is embraced in the quest to uncover, understand and develop the processes involved in

sports coaching and elite performance.

The journal will publish peer-reviewed, original papers representing a variety of quantitative and
qualitative research methods. Case studies of work between sports scientists and coaches are
especially encouraged. The journal also encourages the submission of papers, including
advocacy pieces, which may have been presented in a forum or special interest group at a
conference; and philosophical works that address connections between sports science and
coaching. The peer review process is open, meaning that both authors and referees know each

other's identity. Such a process, with its transparency, is in tune with the mission of the Journal.
1. Article types

International Journal of Sports Science & Coaching accepts Leading Articles, Original
Research, Case Studies, and Review, which should not normally exceed 6000 words. Shorter
articles, ‘Research Notes’, should not normally exceed 3000 words. Invited commentaries are

typically 1500 words in length.

Books for review, and book reviews should be sent to: Dr. Simon Jenkins, Department of Sport
and Exercise, University of Winchester, Sparkford Road, Winchester, Hampshire, SO22 4NR,
UK.
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2. Editorial policies
2.1 Peer review policy

International Journal of Sports Science & Coaching adheres to a strictly open peer review

process in which both the author’s and reviewer’s names are always known to each other.
2.2 Authorship

All parties who have made a substantive contribution to the article should be listed as authors.
Principal authorship, authorship order, and other publication credits should be based on the
relative scientific or professional contributions of the individuals involved, regardless of their
status. A student is usually listed as principal author on any multiple-authored publication that

substantially derives from the student’s dissertation or thesis.
2.3 Acknowledgements

All contributors who do not meet the criteria for authorship should be listed in an
Acknowledgements section. Examples of those who might be acknowledged include a person

who provided purely technical help, or a department chair who provided only general support.
2.4 Declaration of conflicting interests

International Journal of Sports Science & Coaching encourages authors to include a declaration
of any conflicting interests and recommends you review the good practice guidelines on

the SAGE Journal Author Gateway.
3. Publishing policies
3.1 Publication ethics

SAGE is committed to upholding the integrity of the academic record. We encourage authors to
refer to the Committee on Publication Ethics’ International Standards for Authors and view the

Publication Ethics page on the SAGE Author Gateway
3.1.1 Plagiarism

International Journal of Sports Science & Coaching and SAGE take issues of copyright
infringement, plagiarism or other breaches of best practice in publication very seriously. We seek
to protect the rights of our authors and we always investigate claims of plagiarism or misuse of

articles published in the journal. Equally, we seek to protect the reputation of the journal against
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malpractice. Submitted articles may be checked using duplication-checking software. Where an
article is found to have plagiarised other work or included third-party copyright material without
permission or with insufficient acknowledgement, or where authorship of the article is contested,
we reserve the right to take action including, but not limited to: publishing an erratum or
corrigendum (correction); retracting the article (removing it from the journal); taking up the
matter with the head of department or dean of the author’s institution and/or relevant academic
bodies or societies; banning the author from publication in the journal or all SAGE journals, or

appropriate legal action.
3.2 Contributor's publishing agreement

Before publication, SAGE requires the author as the rights holder to sign a Journal Contributor’s
Publishing Agreement. SAGE’s Journal Contributor’s Publishing Agreement is an exclusive
license agreement, which means that the author retains copyright in the work but grants SAGE
the sole and exclusive right and licence to publish for the full legal term of copyright. Exceptions
may exist where an assignment of copyright is required or preferred by a proprietor other than
SAGE. In this case copyright in the work will be assigned from the author to the society. For
more information please visit our Frequently Asked Questions on the SAGE Journal Author

Gateway.
3.3 Open Access and author archiving

International Journal of Sports Science & Coaching offers optional open access publishing via
the SAGE Choice programme. For more information please visit the SAGE Choice website. For
information on funding body compliance, and depositing your article in repositories, please

visit SAGE Publishing Policies on our Journal Author Gateway.
3.4 Permissions

Authors are responsible for obtaining permission from copyright holders for reproducing any
illustrations, tables, figures or lengthy quotations previously published elsewhere. For further
information including guidance on fair dealing for criticism and review, please visit

our Frequently Asked Questions on the SAGE Journal Author Gateway.
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4. Preparing your manuscript
4.1 Word processing formats

Preferred formats for the text and tables of your manuscript are Word DOC, RTF, XLS. LaTeX
files are also accepted. The text should be double-spaced throughout and with a minimum of
3cm for left and right hand margins and Scm at head and foot. Text should be standard 10 or 12
point. Word and (La)Tex templates are available on the Manuscript Submission Guidelines page

of our Author Gateway.
4.2 Artwork, figures and other graphics

For guidance on the preparation of illustrations, pictures and graphs in electronic format, please

visit SAGE’s Manuscript Submission Guidelines.

Figures supplied in colour will appear in colour online regardless of whether or not these
illustrations are reproduced in colour in the printed version. For specifically requested colour
reproduction in print, you will receive information regarding the costs from SAGE after receipt

of your accepted article.
4.3 Supplementary material

This journal is able to host additional materials online (e.g. datasets, podcasts, videos, images
etc) alongside the full-text of the article. These will be subjected to peer-review alongside the
article. For more information please refer to our guidelines on submitting supplementary files,

which can be found within our Manuscript Submission Guidelines page.
4.4 Journal layout

International Journal of Sports Science & Coaching conforms to the SAGE house style. View

the SAGE UK House Style guidelines.
4.5 Reference style

International Journal of Sports Science & Coaching adheres to the Vancouver reference style.
View the SAGE Vancouver guidelines to ensure your manuscript conforms to this reference

style.
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4.6 English language editing services

Authors seeking assistance with English language editing, translation, or figure and manuscript
formatting to fit the journal’s specifications should consider using SAGE Language Services.

Visit SAGE Language Services on our Journal Author Gateway for further information.
5. Submitting your manuscript
5.1 How to submit your manuscript

International Journal of Sports Science & Coaching is hosted on SAGE Track, a web based
online submission and peer review system powered by ScholarOne™ Manuscripts.

Visit https://mc.manuscriptcentral.com/spo to login and submit your article online.

IMPORTANT: Please check whether you already have an account in the system before trying to
create a new one. If you have reviewed or authored for the journal in the past year it is likely that
you will have had an account created. For further guidance on submitting your manuscript

online please visit ScholarOne Online Help.
5.2 Title, keywords and abstracts

Please supply a title, short title, an abstract and keywords to accompany your article. The title,
keywords and abstract are key to ensuring readers find your article online through online search
engines such as Google. Please refer to the information and guidance on how best to title your
article, write your abstract and select your keywords by visiting the SAGE Journal Author
Gateway for guidelines on How to Help Readers Find Your Article Online

5.3 Corresponding author contact details

Provide full contact details for the corresponding author including email, mailing address and
telephone numbers. Academic affiliations are required for all co-authors. These details should be

presented separately to the main text of the article to facilitate anonymous peer review.
6. On acceptance and publication
6.1 SAGE Production

Your SAGE Production Editor will keep you informed as to your article’s progress throughout
the production process. Proofs will be sent by PDF to the corresponding author and should be

returned promptly.
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6.2 Access to your published article
SAGE provides authors with online access to their final article.
6.3 Online First publication

Online First allows final revision articles (completed articles in queue for assignment to an
upcoming issue) to be published online prior to their inclusion in a final journal issue which
significantly reduces the lead time between submission and publication. For more information

please visit our Online First Fact Sheet
7. Further Information

Any correspondence, queries or additional requests for information on the manuscript
submission process should be sent to the International Journal of Sports Science &

Coaching editorial office as follows:

Dr. Simon Jenkins

Editor, International Journal of Sports Science & Coaching
Department of Sport and Exercise,

University of Winchester,

Sparkford Road,

Winchester,

Hampshire,

SO22 4NR, UK

simonprjenkins@hotmail.com
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The Journal of Strength and Conditioning Research

JSCR publishes original investigations, reviews, symposia, research notes, and technical and
methodological reports contributing to the knowledge about strength and conditioning in sport
and exercise. Manuscripts are subjected to a "double blind" peer review by at least two reviewers
who are experts in the field. Editorial decisions will be based on the quality, clarity, style, and
importance of the submission relative to the goals and objectives of the NSCA and the journal.
Tips for writing a manuscript for theJSCRcan be found at http://www.nsca-

lift.org/publications/JSCRtips.shtml.

Important Notice: Manuscripts not formatted according to author guidelines will be returned to

the corresponding author.

Editorial Mission Statement

The editorial mission of the JSCR, formerly the JJournal of Applied Sport Science
Research (JASSR), is to advance the knowledge about strength and conditioning through
research. Since 1978 the NSCA has attempted to "bridge the gap" from the scientific laboratory
to the field practitioner. A unique aspect of this journal is that it includes recommendations for
the practical use of research findings. While the journal name identifies strength and
conditioning as separate entities, strength is considered a part of conditioning. This journal
wishes to promote the publication of peer-reviewed manuscripts that add to our understanding of

conditioning and sport through applied exercise and sport science.

Submission Process

1) Author submits all required materials, including copyright form, IRB, and separate cover
letter.

2) Completed submission is sent out to two reviewers.

3) Reviewers critique article and send it back to the editorial office for processing.

4) After initial review, Editor-in-Chief releases reviews to authors.

5) Authors are asked to respond to reviewers and make necessary corrections.

6) Article is sent out for re-review.

7) Editor-in-Chief may accept, reject, accept with minor alterations, or sent out for third
review.

8) If accepted, author must submit final version. Version will be added to "in-press" queue

with publisher.
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9) Prior to publication, publisher will send galleys to authors. No edits may be made after
galleys are approved.

10) Article is printed to JSCR.

Submission Categories

Original Research

JSCR publishes research that addresses a wide variety of questions concerning conditioning,
sport, and exercise demands. This ranges from research on the effects of training programs on
physical performance and function to the underlying biological basis for exercise performance.
Research is appropriate from a number of disciplines attempting to gain insights about sport,
sport demands, conditioning, and exercise such as biomechanics, exercise physiology, motor
learning, nutrition, and psychology. A primary goal of JSCR is to provide an improved scientific

basis for conditioning practices.

Symposia
JSCR publishes symposia that are related to the journal’s mission. A symposium is a group of

articles by different authors that address an issue from various perspectives.

Scientific Comments, Methodological Reports, and Research Notes
JSCR also publishes short research reports, technical reports and short research communications,
and strongly encourages the submission of manuscripts detailing methodologies that help to

advance the study of strength and conditioning.

Manuscript Clarifications

Manuscript Clarifications will be considered and will be published "on-line" if accepted. Not all
requests for manuscript clarifications will be published due to costs or content importance. Each
will be reviewed by a specific sub-committee of Associate Editors to determine if it merits
publication. A written review with needed revisions will be provided if it merits consideration.
Clarifications questions are limited to 400 words and should only pose professional questions to
the authors and not editorial comments (as of 19.2). If accepted, a copy will be sent to the author
of the original article with an invitation to submit answers to the questions in the same manner

again with a 400 word limit.
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Manuscript Submission Guidelines

Authors should submit the original file in one of the following formats: Microsoft® Word®
(.doc, .rtf, .txt), Corel® WordPerfect® (.wpd, .rtf, .txt), or Adobe® Acrobat® (.pdf).

¢ You must submit the cover letter, copyright release, and manuscript separately to separate
identifying information from the manuscript.

e Manuscript must match JSCR formatting, including terminology use and units.

e Please attempt to keep all figures and tables in a single file (instead of submitted as
separate attachments). We prefer that each diagram be pasted into a PowerPoint
presentation. Ensure all figures are labeled and referenced in the manuscript.

e |RB approval must be mentioned.

e If you use Microsoft Word, save in the .doc format.

Copyright Form: The National Strength and Conditioning Association must receive in writing
the exclusive assignment of copyright from all authors at the time of manuscript submission.
This form can be found at http://www.nsca-lift.org/Publications/JSCRCopyrightRelease.pdf. If
only one author signs the copyright assignment form, such author warrants that he/she is the duly
authorized agent of all other co-authors. Your manuscript will not be published if a signed
copyright release form is not returned. Please return your original signed copyright assignment
form to the editorial office at the time you submit your manuscript. Please keep a copy for your
records. Manuscripts are considered for publication on the condition that they are contributed
solely to the JSCR and, therefore, have not been and will not be published elsewhere, in part or
in whole. Manuscripts containing data that have been posted to the Internet for public access will

not be considered for publication.

IRB: The NSCA and the Editorial Board of the JSCR have endorsed the American College of
Sports Medicine’s policies with regards to animal and human experimentation. Their guidelines
can be found online at http://www.editorialmanager.com/msse/. Please read these policies
carefully. Each manuscript must show that they have had Institutional Board approval for their
research and appropriate consent has been obtained pursuant to law. All manuscripts must have
this clearly stated in the methods section of the paper or the manuscript will not be considered

for publication.

Authorship: All authors should be aware of the publication and be able to defend the paper and

its findings and should have signed off on the final version that is submitted. For additional

186



details related to authorship, see “Uniform Requirements for Manuscripts Submitted to

Biomedical Journals” at http://www.icmje.org/.

Formatting and Units: All manuscripts must be double-spaced with an additional space
between paragraphs on 82 x 11-inch paper. The paper should include a minimum of I-inch
margins and page numbers in the upper right corner next to the running head. Please use a font of
at least 12. Authors must use terminology based upon the International System of Units (SI). A
full list of SI units can be accessed online at http://physics.nist.gov/. Manuscript identification
numbers (e.g., R-12034) will be assigned to each manuscript, and should be placed on all revised
manuscripts and used along with the manuscript title for all communications with the Editorial
Office. Any revision should have the revision number placed after the manuscript number, (e.g.,

R-12034, Revision 1).

Language Use: Again the JSCR endorses the same policies as the American College of Sports
Medicine in that the language is English for the publication. Authors who speak English as a
second language are encouraged to seek the assistance of a colleague experienced in writing for
English language journals. Authors are encouraged to use nonsexist language as defined in the
American Psychologist 30:682-684, 1975, and to be sensitive to the semantic description of
persons with chronic diseases and disabilities, as outlined in an editorial in Medicine & Science
in Sports & Exercise®, 23(11), 1991. As a general rule, only standardized abbreviations and
symbols should be used. If unfamiliar abbreviations are employed, they should be defined when
they first appear in the text. Authors should follow Webster’s Tenth Collegiate Dictionary for
spelling, compounding, and division of words. Trademark names should be capitalized and the
spelling verified. Chemical or generic names should precede the trade name or abbreviation of a

drug the first time it is used in the text.

Manuscript Format Guidelines

1. Title Page
The title page should include the manuscript title, brief running head, laboratory(s) where the
research was conducted, authors’ full name(s) spelled out with middle initials, department(s),
institution(s), full mailing address of corresponding author including telephone and fax numbers,

and email address.
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2. Blind Title Page
A second title page should be included that contains only the manuscript title. This will be used

for reviewer copies.

3. ABSTRACT and Key Words
On a separate sheet of paper, the manuscript must have an abstract with a limit of 275 words
followed by 3 — 6 key words not used in the title. The abstract should have sentences (no
headings) related to the purpose of the study, brief methods, results, conclusions and practical

applications. Do not end with statements such as "will be discussed.

4. Text

The text must contain the following sections with titles in ALL CAPS in this exact order:

A. INTRODUCTION

This section is a careful development of the hypotheses of the study leading to the purpose of the
investigation. Limit information that is ‘“chapter like” in nature as this is not an exhaustive
review of the topic. Focus the studies lending support to your hypothesis(es) and giving the
proper context to the problem being studied. In most cases use no subheadings in this section and

try to limit it to 4 — 6 concisely written paragraphs.

B. METHODS

Within the METHODS section, the following subheadings are required in the following order:
“Approach to the Problem”, where the author(s) show how their study design will be able to test
the hypotheses developed in the introduction and give some basic rationales for the choices made
for the independent and dependent variables used in the study; “Subjects”, where the authors
include the Institutional Review Board or Ethics Committee approval of their project and
appropriate informed consent has been gained. All subject characteristics that are not dependent
variables of the study should be included in this section and not in the RESULTS; “Procedures”,
in this section the methods used are presented with the concept of “replication of the study” kept
in mind. After reading this section another investigator should be able to replicate your study.
Under this subheading you can add others but please limit their use to that which makes the
methods clear and in order of the investigation (e.g., Biochemical Assays or EMG Analyses);
“Statistical Analyses”, here is where you clearly state your statistical approach to the analysis of
the data set(s). It is important that you include your alpha level for significance (e.g., P < 0.05).

Please place your statistical power in the manuscript for the n size used and reliability of the
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dependent measures with intra-class correlations (ICC Rs). Additional subheadings can be used

but should be limited

C. RESULTS

Present the results of your study in this section. Put the most important findings in Figure or
Table format and less important findings in the text. Do not include data that is not part of the
experimental design or that has been published before. Place descriptive data about subjects in
the METHODS section under the subheading of Subjects. Make sure that you cite each Figure
and Table, and in space between paragraphs indicate roughly where you want each Figure or

Table to appear (e.g., Table 1 about here)

D. DISCUSSION
Discuss the meaning of the results of your study in this section. Relate them to the literature that
currently exists and make sure that you bring the paper to completion with each of your

hypotheses. Limit obvious statements like, “more research is needed”.

E. PRACTICAL APPLICATIONS

In this section, tell the “coach” or practitioner how your data can be applied and used. It is the
distinctive characteristic of the JSCR and supports the mission of “Bridging the Gap” for the
NSCA between the laboratory and the field practitioner. This section of the paper should speak

directly to this audience and not to the exercise or sport scientist.

5. References
All references must be alphabetized by surname of first author and numbered. References are
cited in the text by numbers [e.g., (4,9)]. All references listed must be cited in the manuscript and
referred to by number therein. For original investigations, please limit the number of references
to fewer than 40 or explain why more are necessary. The Editorial Office reserves the right to
ask authors to reduce the number of references in the manuscript. Please check references
carefully for accuracy. Changes to references at the proof stage, especially changes affecting the
numerical order in which they appear, will result in author revision fees. Below are several

examples of references:
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Journal Article
HARTUNG, G.H., RJ. BLANCQ, D.A. LALLY, and L.P. KROCK. Estimation of
aerobic capacity from submaximal cycle ergometry in women. Med. Sci. Sports Exerc .

27:452 —457. 1995.

Book
LOHMAN, T.G. Advances in Body Composition Assessment. Champaign, IL: Human
Kinetics, 1992.

Chapter in an edited book
YAHARA, M.L. The shoulder. In: Clinical Orthopedic Physical Therapy. J.K. Richardson
and Z.A. Iglarsh, eds. Philadelphia: Saunders, 1994. pp. 159 — 199.

Software
HOWARD, A. Moments [software]. University of Queensland, 1992.

Proceedings
VIRU, A., M. VIRU, R. HARRIS, V. OOPIK, A. NURMEKIVI, L. MEDIJAINEN, AND
S. TIMPMANN. Performance capacity in middle-distance runners after enrichment of diet
by creatine and creatine action on protein synthesis rate. In: Proceedings of the 2nd
Maccabiah-Wingate International Congress of Sport and Coaching Sciences. G.
Tenenbaum and T. Raz-Liebermann, eds. Netanya, Israel, Wingate Institute, 1993. pp. 22
—30.

Dissertation/Thesis
BARTHOLMEW, S.A. Plyometric and vertical jump training. Master’s thesis, University
of North Carolina, Chapel Hill, 1985.

6. Acknowledgements

In this section you can place the information related to Identification of funding sources; Current
contact information of corresponding author; and gratitude to other people involved with the
conduct of the experiment. In this part of the paper the conflict of interest information must be
included. Authors are required to state in the acknowledgments all funding sources, and the

names of companies, manufacturers, or outside organizations providing technical or equipment
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support. In particular, authors should: 1) Disclose professional relationships with companies or
manufacturers who will benefit from the results of the present study, and 2) State that the results
of the present study do not constitute endorsement of the product by the authors or the NSCA.

Failure to disclose such information could result in the rejection of the submitted manuscript.

7. Figures

First, create a page entitled “Figure Legends” in which each of the figure legends are listed.
Include this page in your manuscript document. Next, place each of the figures in a PowerPoint
presentation if possible. All figures should be labeled and each figure must be referenced in the
manuscript. All figures should be professional in appearance. They should also be viable for size
reductions to fit manuscript space allocations. One set of figures should accompany each
manuscript. Use only clearly delineated symbols and bars.
Electronic photographs copied and pasted into Word and PowerPoint will not be accepted.
Images should be scanned at a minimum of 300 pixels per inch (ppi). Line art should be scanned
at 1200 ppi. Please indicate the file format of the graphics. We accept TIFF or EPS format for
both Macintosh and PC platforms. We also accept image files in the following Native
Application File Formats:

Adobe Acrobat (.pdf) (use Press setting under Job Option)

Adobe Photoshop (.psd)

Canvas (.cvs)

Corel Draw (.cdr)

Excel (.xls)

[Mlustrator (.ai)

InDesign (.id)

Macromedia FreeHand (.fh)

PageMaker (.pmd)

PowerPoint (.ppt)

QuarkXPress (.qxd)

Word (.doc)

If you will be using a digital camera to capture images for print production, you must use the
highest resolution setting option with the least amount of compression. Digital camera
manufacturers use many different terms and file formats when capturing high-resolution images,

so please refer to your camera’s manual for more information.
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Please also attempt to format tables into the PowerPoint presentation and include a title. If
necessary, tables can be added to the end of the manuscript, but must be double-spaced and
include a brief title. Provide generous spacing within tables and use as few line rules as possible.
When tables are necessary, the information should not duplicate data in the text. All figures and

tables must include standard deviations or standard errors.

Author Fees

JSCR does not charge authors a manuscript submission fee or page charges. However, once a
manuscript is accepted for publication and sent in for typesetting, it is expected to be in its final
form. If excessive revisions (more than 5) are made at the proof stage, the corresponding author
will be billed $3.75 per revision. In addition, the following charges will apply to figure revisions:
$25.00 per Halftone (B&W) Figure Remake, $19.00 per Line Art (B&W) Figure Remake, and
$150.00 per Color Figure Remake. Please note that the most common cause for excessive
revisions is the renumbering of references. If one change to a single reference causes other
references to be renumbered, it affects both the reference section and each citation for those
references in the text. Each one of these changes is counted as an author revision so please check

your references carefully.

Manuscript Format Checklist

Approval by Institutional Review Board
Manuscript contains the following sections (in order)
Title Page
Blind Title Page
Abstract and Key Words
Introduction
Methods
Results
Discussion
Practical Applications
References
Acknowledgements
Figure Legends
Figures

Tables
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Manuscript Submission Checklist

= Cover Letter
»  Completed Copyright Assignment Form
= Original Manuscript, including IRB reference and references to all figures.

= Figures, in a single PowerPoint presentation if possible.

Terminology and Units of Measurement

Per the JSCR Editorial Board and to promote consistency and clarity of communication among
all scientific journals authors should use standard terms generally acceptable to the field of
exercise science and sports science. Along with the American College of Sports Medicine’s,
Medicine and Science in Sport and Exercise, the JSCR Editorial Board endorses the use of the

following terms and units.

The units of measurement shall be Systéme International d’Unités (SI). Permitted exceptions to
SI are heart rate - beats per min; blood pressure - mm Hg; gas pressure - mm Hg. Authors should
refer to the British Medical Journal (1:1334 — 1336, 1978) and the Annals of Internal
Medicine (106:114 — 129, 1987) for the proper method to express other units or abbreviations.
When expressing units, please locate the multiplication symbol midway between lines to avoid

confusion with periods; e.g., mL-min™! k&

The basic and derived units most commonly used in reporting research in this Journal include the
following:
Mass - gram (g) or kilogram (kg); force - newton (N); distance - meter (m), kilometer
(km); temperature - degree Celsius (°C); energy, heat, work - joule (J) or kilojoule (kJ);
power - watt (W); torque - newton-meter (N-m); frequency - hertz (Hz); pressure - pascal
(Pa); time - second (s), minute (min), hour (h); volume - liter (L), milliliter (mL); and

amount of a particular substance - mole (mol), millimole (mmol).

Selected conversion factors:
1 N =0.102 kg (force);
1J=1N-m=0.000239 kcal =0.102 kg'm;
1 kJ =1000 N-m =0.239 kcal = 102 kg'm;
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I W=1Js-1=6.118 kg'rm-min-1.

When using nomenclature for muscle fiber types please use the following terms. Muscle fiber
types can identified using histochemical or gel electrophoresis methods of classification.
Histochemical staining of the ATPases is used to separate fibers into type I (slow twitch), type
Ila (fast twitch) and type IIb (fast twitch) forms. The work of Smerdu et. al (AJP 267: C1723,
1994) indicates that type IIb fibers contain type IIx myosin heavy chain (gel electrophoresis fiber
typing). For the sake of continuity and to decrease confusion on this point it is recommended that

authors use IIx to designate IIb fibers in their manuscripts.
Smerdu, V., Karsch-Mizrachi 1., Campione M., Leinwand L., Schiaffino S. Type IIx myosin

heavy chain transcripts are expressed in type IIb fibers of human skeletal muscle. Am J. Physiol.

267 (6 Pt 1):C1723-1728, 1994.
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PROOF OF SUBMISSION TO THE JOURNAL OF STRENGTH AND CONDITIONING
RESEARCH
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File Edit View Actions Tools Accounts Window Help
| 3E Close @Rap\y &ﬁReplle q%rward L4 ﬁ [ & = E} | |

Mail | Properties | Personalize | Message Source | Discussion Thread |

2017/01/13 04:21:16 PM

Reply To: Journal of Strength and Conditioning Research
To: Ben Coetzee
Subject: A manuscript number has been assigned to your JSCR submission

} From: “Journal of Strength and Conditioning Research” <em@editorialmanager.com>

Jan13, 2017

Dear Prof Coetzee,

Your submission entitled "RELATIONSHIPS BETWEEN RESULTS OF AN INTERNAL AND EXTERNAL MATCH LOAD DETERMINING METHOD IN MALE, SINGLES BADMINTOMN PLAYERS" has been assigned the following manuscript
number: JSCR-08-8761.

Our editors will review your manuscript within the next four to six weeks and will send their reviews back to our office. Reviewers do volunteer their time to complete the reviews of your stticle, and are very dedicated to getting
reviews back as soon as possible. You will receive your reviews as quickly as possible. For updates, please check your status on this website, http://jscredmar.com/.

Your username is: mbwhc
Your password is: available at this link http://jzcr.edmgr.com/Default.aspx?pg=accountFinder.aspx&firstname= Ben&lastname= Coetreefiemail address=Ben.Coetree@nwu.ac.za

The purpose of this memo is to let you know that we have your paper and it is in the editorial process,
Please use the title, revision state, first author, corresponding author, and your R number when communicating with our office. It is important that R-number is always used in reference to this paper.

Please remember to properly format your paper o as to reduce time and mistakes in the redactory if accepted. Attention to detail is important, We certainly appreciate your help in this matter. We thank you for your support of

the journal.

We are now accepting email submissions and communications and will be increasing pages to decrease in press time. Spread the word.
Thank you for your contribution to the JSCR.

Sincerely,

Joan M. Kraemer, BA

Managing Editor
Journal of Strength and Conditioning Research

The Journal of Strength and Conditioning Research has been a PUBMED, Medline journal since 2001. A full archive of all papers is on the NSCA web site at www.nsca-lift.org .
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APPENDIX C
ETHICAL APPROVAL FOR SUB-STUDY
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APPENDIX D
PERMISSION LETTER FROM BADMINTON
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APPENDIX E
PERMISSION LETTER FROM BADMINTON SOUTH-
AFRICA

Page 1 of 1
Een Coclzer - Research Project Badminton
Fram:  “Elass Vigser" <landazifdlzrdo. coma-
Ta: "Eun Coctzes N'WU" <Tean Coctzocillimi. s e
Dhiale: 014408 9906 AL
Subject: Resewsteh Froject Bedminton
o wElEwAr ey rmal.com s, " iadminten SA" <bedmintonsa @ el oo

Dazr Ben

We have diseussed your proposal at our feeent Board meeting and would fike to become invalved
in waur research project. We can clearfy see the advantages for BEadminton Soulh Africa

Hesw de you segrost we go shouwt it? We are planning a training camp in Beneni from 20 £0 22 April
iprforta peebicipating in the Al Africa Badmminten Championships in Lobatse, Botswana) Al our
Mational Players will be present, Perhaps it 15 the ideal siluation o discuss this with the playars. Or
wieuld yau rather focus anour bap o/ 19 players? They are currently In Malaysia participating in the
World Junior Championzhips. The 5S4 under 12 taarnament is scheduled for Bloemfantein Lhe sl
wieek of the suhocls kalday a= another optlon

Qs Malignal Head coach Stewart Carson will rue Lhe training camp in Benoni

tr futare please dircel all comespondence pertaining o your research to me as Lhe High
Forformance Manager

Your rescarch will play a vital role in updating and our “Badminton for Life” Long Term Participant
Develapment Plan docurnent, | will ask Stevmaet ta give you a capy, othenwlse | can sent It ta vou via
Deophas

¥ind ragards,

KHaas Wiszer

High Performance Monaget
Chalr Schoals and Junicr Section
Vice-President Adminislralion

EMNDPINTON SOUTHE AFRICA
Wahsite: wsnw, badmintensa. ore
Email: landas@lando.co.za
admini@stickbond.co.za

Tel: k27 28 571 5331

hakbile: 125 87 #78 456G

fla A U zera 10090035 Anpliate Local Tomp T prpaised T 35024 PU K TR o 20147140727
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APPENDIX F
PERMISSION LETTER FROM BADMINTON WORLD
FEDERATION
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APPENDIX G
PERMISSION LETTER FROM BOTSWANA BADMINTON
ASSOCIATION
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APPENDIX H
INVITATION LETTER FROM BOTSWANA BADMINTON
ASSOCIATION

212



APPENDIX I
PARTICIPATION LEAFLET AND CONSENT FORM FOR
BADMINTON PLAYERS
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APPENDIX J
GENERAL INFORMATION AND DATA COLLECTION
QUESTIONNAIRES

General Information Questionnaire and Test Protocol for the GPS, HRV and HRR
badminton match analyses project
GENERAL INFORMATION
Please write clearly!
1. GEOGRAPHICAL INFORMATION

1.1 Surname: Initials First

Name

1.2 Age:

Years: Months:

1.3 Birth date:

Year: Month: Day:

1.4 Permanent residential address:
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1.5 Permanent postal address:

1.6 Phone numbers:

Home: Work:
Fax: Cell:
E-mail:

1.7 Country that you are presenting during this championships

In the next few question cross out the answers that are applicable to you!!

2. INFORMATION REGARDING TRAINING HABITS

2.1 Years you’ve been playing badminton.

1-2 years | 3-4 years | 5-6 years | 7-8 years | 8-9 years 10-11 years 12 or more

2.2 Frequency of training - how many days per week do you normally train?

1 day 2 days 3 days 4 days 5 days 6 days 7 days

2.3 Frequency of training - how many days per week do you normally do weight training?

1 day 2 days 3 days 4 days 5 days 6 days 7 days

2.4 Frequency of training - how many days per week do you normally have court sessions?

1 day 2 days 3 days 4 days 5 days 6 days 7 days
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2.5 Frequency of training - how many days per week do you normally do training on the

field or road?

1 day 2 days 3 days 4 days 5 days 6 days 7 days

2.6 How many hours per day do you normally train?

1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 7 or more

2.7 How many hours per day do you normally spend on weight training?

1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 7 or more

2.8 How many hours per day do you normally spend on training on the court?

1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 7 or more

2.9 How many hours per day do you normally spend on training on the field or road?

1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 7 or more

2.10 Do you spend any time on psychological preparation for badminton and competitions?

Never *Sometimes *Often *Always

* Please specify the type of psychological preparation you do if you marked any of the

above-mentioned options:
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3. MEDICAL INFORMATION

3.1 Please describe any past or current musculoskeletal conditions you have incurred (i.e.,
muscle pulls, sprains, fractures, surgery, back pain, or any general discomfort):

Head/Neck:

Shoulder/Clavicle:

Arm/Elbow/Wrist/Hand:

Back:

Hip/Pelvis:
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Thigh/Knee:

Lower leg/Ankle/Foot:

3.2 Please list any medication being taken currently and/or taken during the last year:

3.3 List any other illness or disorder that a physician has told you of:
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4. COMPETITION DATA

4.1 At what level are you competing this year?

4.2 What is the highest level that you competed at last year?

Club: Provincial: National: International:

4.3 How many matches, approximately, have you played?

Club: Provincial/National: International:

4.4 \What were the highest achievements you attained during the past two years (2013/14)?

Achievement Competition Date
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NAME AND SURNAME:

15T MATCH - DATE AND TIME OF MATCH:

TEST COMPONENT

VALUES

SINGLES (S) / DOUBLES (D) / MIXED DOUBLES (M)

GPS MONITOR NUMBER (LONG AND SHORT)

POLAR TRANSMITTER NUMBER

TIME - START OF MATCH (H:MIN)

TIME DURATION BEFORE FIRST BREAK (SEC)

BREAK 1 (H:MIN)

TIME DURATION BEFORE SECOND BREAK (SEC)

BREAK 2 (H:MIN)

TIME DURATION BEFORE THIRD BREAK (SEC)

BREAK 3 (H:MIN)

TIME DURATION BEFORE FOURTH BREAK (SEC)

BREAK 4 (H:MIN)

TIME DURATION BEFORE FIFTH BREAK (SEC)

BREAK 5 (H:MIN)

TIME DURATION BEFORE SIXTH BREAK (SEC)

BREAK 6 (H:MIN)

TIME - END OF MATCH (H:MIN)

2ND MATCH - DATE AND TIME

OF MATCH:

SINGLES (S) / DOUBLES (D) / MIXED DOUBLES (M)

GPS MONITOR NUMBER (LONG AND SHORT)

POLAR TRANSMITTER NUMBER

TIME - START OF MATCH (H:MIN)

TIME DURATION BEFORE FIRST BREAK (SEC)

BREAK 1 (H:MIN)

TIME DURATION BEFORE SECOND BREAK (SEC)

BREAK 2 (H:MIN)

TIME DURATION BEFORE THIRD BREAK (SEC)

BREAK 3 (H:MIN)

TIME DURATION BEFORE FOURTH BREAK (SEC)

BREAK 4 (H:MIN)

TIME DURATION BEFORE FIFTH BREAK (SEC)

BREAK 5 (H:MIN)

TIME DURATION BEFORE SIXTH BREAK (SEC)

BREAK 6 (H:MIN)

TIME - END OF MATCH (H:MIN)
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NAME AND SURNAME:

3RD MATCH - DATE AND TIME OF MATCH:

TEST COMPONENT

VALUES

SINGLES (S) / DOUBLES (D) / MIXED DOUBLES (M)

GPS MONITOR NUMBER (LONG AND SHORT)

POLAR TRANSMITTER NUMBER

TIME - START OF MATCH (H:MIN)

TIME DURATION BEFORE FIRST BREAK (SEC)

BREAK 1 (H:MIN)

TIME DURATION BEFORE SECOND BREAK (SEC)

BREAK 2 (H:MIN)

TIME DURATION BEFORE THIRD BREAK (SEC)

BREAK 3 (H:MIN)

TIME DURATION BEFORE FOURTH BREAK (SEC)

BREAK 4 (H:MIN)

TIME DURATION BEFORE FIFTH BREAK (SEC)

BREAK 5 (H:MIN)

TIME DURATION BEFORE SIXTH BREAK (SEC)

BREAK 6 (H:MIN)

TIME - END OF MATCH (H:MIN)

4™ MATCH - DATE AND TIME OF MATCH:

TEST COMPONENT

VALUES

SINGLES (S) / DOUBLES (D) / MIXED DOUBLES (M)

GPS MONITOR NUMBER (LONG AND SHORT)

POLAR TRANSMITTER NUMBER

TIME - START OF MATCH (H:MIN)

TIME DURATION BEFORE FIRST BREAK (SEC)

BREAK 1 (H:MIN)

TIME DURATION BEFORE SECOND BREAK (SEC)

BREAK 2 (H:MIN)

TIME DURATION BEFORE THIRD BREAK (SEC)

BREAK 3 (H:MIN)

TIME DURATION BEFORE FOURTH BREAK (SEC)

BREAK 4 (H:MIN)

TIME DURATION BEFORE FIFTH BREAK (SEC)

BREAK 5 (H:MIN)

TIME DURATION BEFORE SIXTH BREAK (SEC)

BREAK 6 (H:MIN)

TIME - END OF MATCH (H:MIN)
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NAME AND SURNAME:

5™ MATCH - DATE AND TIME OF MATCH:

TEST COMPONENT VALUES

SINGLES (S) / DOUBLES (D) / MIXED DOUBLES (M)

GPS MONITOR NUMBER (LONG AND SHORT)

POLAR TRANSMITTER NUMBER

TIME - START OF MATCH (H:MIN)

TIME DURATION BEFORE FIRST BREAK (SEC)

BREAK 1 (H:MIN)

TIME DURATION BEFORE SECOND BREAK (SEC)

BREAK 2 (H:MIN)

TIME DURATION BEFORE THIRD BREAK (SEC)

BREAK 3 (H:MIN)

TIME DURATION BEFORE FOURTH BREAK (SEC)

BREAK 4 (H:MIN)

TIME DURATION BEFORE FIFTH BREAK (SEC)

BREAK 5 (H:MIN)

TIME DURATION BEFORE SIXTH BREAK (SEC)

BREAK 6 (H:MIN)

TIME - END OF MATCH (H:MIN)

6™ MATCH - DATE AND TIME OF MATCH:

TEST COMPONENT VALUES

SINGLES (S) / DOUBLES (D) / MIXED DOUBLES (M)

GPS MONITOR NUMBER (LONG AND SHORT)

POLAR TRANSMITTER NUMBER

TIME - START OF MATCH (H:MIN)

TIME DURATION BEFORE FIRST BREAK (SEC)

BREAK 1 (H:MIN)

TIME DURATION BEFORE SECOND BREAK (SEC)

BREAK 2 (H:MIN)

TIME DURATION BEFORE THIRD BREAK (SEC)

BREAK 3 (H:MIN)

TIME DURATION BEFORE FOURTH BREAK (SEC)

BREAK 4 (H:MIN)

TIME DURATION BEFORE FIFTH BREAK (SEC)

BREAK 5 (H:MIN)

TIME DURATION BEFORE SIXTH BREAK (SEC)

BREAK 6 (H:MIN)

TIME - END OF MATCH (H:MIN)
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APPENDIX K
LETTER FROM LANGUAGE EDITOR
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