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Abstract 

 

Anthropometric and physical fitness characteristics of badminton players in Icelandic 

youth national teams 

The objects of this longitudinal study were i) to analyse which anthropometrical and physical 

fitness parameters characterize Icelandic youth badminton players, and ii) to determine if training 

of physical fitness has been sufficient for Icelandic youth badminton players. Data was collected 

from 21 Icelandic youth national team badminton players (16.95 ± 1.97 years old), 15 men and six 

women. Players participated in two measurements, with 15 months in between measurements, 

where players were tested in height, weight, body mass index, arm span, shoulder flexion, grip 

strength, countermovement jump, medicine ball throw, 505 agility test, badminton specific agility 

test and the YoYo intermittent recovery test level 1. Descriptive statistics were calculated for all 

experimental variables, and the results presented as mean values with standard deviation. A paired 

t-test was performed to calculate the difference between the two measurements. The results of this 

study showed a difference between measurements for height, weight, arm span, left shoulder 

flexion, grip strength, countermovement jump and the YoYo intermittent recovery test level 1 for 

men, but only in height, medicine ball throw and countermovement jump for women. 
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Ágrip 

 

Líkamlegir eiginleikar og líkamleg færni hjá badminton leikmönnum í unglingalandsliðum 

Íslands. 

Markmið þessarar langtíma rannsóknar var i) að greina hvaða líkamlegu eiginleikar og hvaða 

líkamlega færni einkenna íslenska badminton leikmenn í unglingaflokkum, og ii) að ákvarða hvort 

þjálfun á líkamlegum þáttum hafi verið nægileg fyrir íslenska badminton leikmenn í 

unglingaflokkum. Gögnum var safnað frá 21 leikmanni úr unglingalandsliðum Íslands í badminton 

(16.95 ± 1.97 ára), 15 strákum og 6 stelpum. Leikmenn tóku þátt í tveimur mælingum, með 15 

mánaða millibili (vegna Covid-19 voru einungis tvær mælingar framkvæmdar í stað 

fjögurra/fimm), þar sem leikmenn voru mældir í: hæð, þyngd, líkamsþyngdarstuðli, faðmlengd, 

axlarliðleika, gripstyrk, stökkkrafti, medicine bolta kasti, 505 snerpuprófi, sértæku badminton 

snerpuprófi og YoYo IRT-1. Tölfræðileg greining var framkvæmd með því að nota parað t-próf til 

að reikna út mun á milli mælinganna tveggja. Lýsandi tölfræði var reiknuð fyrir allar breytur þar 

sem niðurstöður voru settar fram sem meðaltal með staðalfráviki. Niðurstöður þessarar rannsóknar 

sýndu marktækan mun á milli mælinga í hæð, þyngd, faðmlengd, vinstri axlarliðleika, gripstyrk, 

stökkkrafti og YoYo IRT-1 hjá strákum, en einungis í hæð, medicine bolta kasti og stökkkrafti hjá 

stelpum. 

 

Leitarorð: Badminton, Mælingar, Frammistaða 
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1. Extended literature review 

 

1.1. Badminton: technical and tactical characteristics 

Badminton is one of the most popular and most played sports in the world with around 200 million 

participants. It is the fastest racket sport with the fastest smash recorded at 493km/h and shot 

frequency at 1 shot per second. Badminton is described as a physically demanding, high intensity 

racket sport with fast reaction time where players try to hit the shuttle into the opponent’s court, 

until one of them fails (Guðmundsdóttir, 2017; Phomsoupha & Laffaey, 2015). The average 

heartrate in competition is around 90% of players maximum heart rate (HRmax) and approximately 

60-70% of the energy needed comes from the aerobic system and 30% from the anaerobic system 

(Faude et al., 2007; Guðmundsdóttir, 2017; Phomsoupha & Laffaey, 2015; Water et al., 2017). 

 Badminton, which was first included in the 1992 Olympic Games, is originated in China 

and created in England, and is the national sport of many Asian countries. The sport has five events, 

men’s and women’s singles, men’s and women’s doubles and mixed doubles (Phomsoupha & 

Laffaey, 2015). A new scoring system was introduced by the Badminton World Federation (BWF) 

in 2006. In this new format, a match consists of the best of three games and the player who first 

scores 21 points wins the game, and for every serve, there is a point scored (Abián et al., 2014). 

Active playing time is about 6-10 seconds per rally while rest time between rallies is 2 – 2,5x 

longer. This applies to both singles and doubles events (Alcock & Cable, 2009; Gawin et al., 2015; 

Liddle & Murphy, 1996). Active rest time between rallies has increased, from the 1992 Olympics 

to the 2012 Olympics, with the consequences that active playing time has decreased from 34% to 

22% and shot frequency has increased by 34%. This can be explained by the increasing speed and 
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intensity in the sport, leading to players needing more rest between rallies. Professional competitive 

matches usually last 40-60 minutes (Aydogmus et al., 2014; Faude et al., 2007; Laffaey et al., 2015; 

D. M. Cabello & González-Badillo, 2003; Phomsoupha & Laffaey, 2015).  

 Types of shots used has changed over the years, where the use of the “clear”, a shot made 

over the head with a flat or rising trajectory towards the end of the rival court, has decreased. The 

“net” shot, a precise shot from near the net, and the “lob”, a high and deep shot, made from the 

forecourt towards the back of the opponent’s court, both have increased, indicating a more 

attacking style of play. The “smash”, an aggressive overhead shot with a downward trajectory, and 

the “drive”, a hard shot made at middle body height and in the middle of the court with a flat 

trajectory, are used more frequently by men and the clear and the “drop”, a smooth shot from above 

the head with a downward trajectory towards the front of the court, are used more frequently by 

women (Abian-Vicen et al., 2013; Lee et al., 2005; Phomsoupha & Laffaey, 2015). In singles, 

around 90% of shots are played to the extreme fore- and rear court (clear, drop, smash, lift and net), 

whereas doubles involved a greater diversity of shots, including the drive, the “push”, a low shot 

played from the net into the mid- or rear court, and the “block”, a shot to block the smash into the 

fore- or midcourt (Alcock & Cable, 2009). 

 Badminton specific movements, or footwork, is an important technical aspect of the game. 

Explosive movements such as jumping, lunging and constant change of direction are keys to 

retrieving the opponents shot as quickly as possible with as little effort as possible. Good footwork 

also gets players into preferable positions to execute shots while maintaining good balance and 

body control. Footwork training is typically performed with racket swinging, without striking a 

shuttlecock (Hu et al., 2015; Hung et al., 2020; Kusuma et al., 2015; Lin et al., 2007). 
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1.2. Anthropometrical factors 

1.2.1. Height, weight, and body mass index 

A recent review article by (Phomsoupha & Laffaey, 2015), stated that the most important 

characteristics of individual players in badminton are technical skill, physical performance capacity 

and anthropometrical factors. Measuring anthropometric factors sometimes revealed a correlation 

between body structure, bone mass, physical characteristics and sporting abilities, which suggests 

the possibility of assessing sports performance on the basis of physical and anthropometric 

characteristics (Phomsoupha & Laffaey, 2015).  

 Most studies of anthropometrical factors among badminton players are unable to identify 

singles players from doubles players, suggesting that general anthropometric characteristics are not 

crucial for understanding differences between these events (Guðmundsdóttir, 2017; Phomsoupha 

& Laffaey, 2015). 

 Some studies have shown a positive correlation between increased height of players and 

better performance in badminton (Guðmundsdóttir, 2017; Ooi et al., 2009; Phomsoupha & Laffaey, 

2017). Being taller increases the frequency of downward shot opportunities and gives players better 

chances to attack, but this anthropometric factor only contributes a little (2%) to the players score 

points, according to a multiple regression model (Phomsoupha & Laffaey, 2017). The average 

height and weight of badminton players competing in the London Olympic Games 2012, across all 

five events, was 169cm and 61kg for women and 179cm and 72kg for men (Aydogmus et al., 

2014). Another study showed similar results for badminton players in the 2008 Olympics, were 

women were 168cm and 61kg and men were 179cm and 73kg (Arslanoğlu et al., 2009). French 

elite male players were taller (mean=182cm) than their sub-elite counterparts according to a recent 
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study (Phomsoupha & Laffaey, 2017). These results are supported in a review article by 

(Phomsoupha & Laffaey, 2015), that players from Europe are generally higher than Asian players. 

The review article also states that the top 13 male competitors in singles according to the world 

ranking (2008) are generally taller (+5cm) than the studied population of lower-level badminton 

players (Phomsoupha & Laffaey, 2015). No study has researched if there is a ceiling effect between 

increased player height and badminton performance. 

 A recent study by (Tomaszewski et al., 2018), showed that elite and sub-elite Polish players 

did not differ in body height, however the elite players were heavier and had higher values of BMI 

(body mass index). Another study on Malaysian male badminton players showed that elite players 

were taller, heavier and stronger than their sub-elite counterparts (Ooi et al., 2009). Other studies 

have indicated a low correlation between anthropometric factors such as height, weight, and BMI 

and playing ability (Jeyaraman & Kalidasan, 2017). A recent study could not discriminate 

badminton players from athletes in eight other sports, by anthropometrical factors, only by physical 

fitness factors (Pion et al., 2014). In the only study on Icelandic badminton players by 

(Guðmundsdóttir, 2017), results showed no correlation between height, weight and BMI and 

playing ability, except for height in females, where elite players in Iceland, were taller. It is 

important to know that elite players in Iceland are generally far behind elite players from most 

countries in Europe and East Asia. 

1.2.2. Arm span 

Few studies have measured the arm span of badminton players. (Guðmundsdóttir, 2017), was 

unable to show a correlation between arm span and badminton performance, where elite players in 

Iceland did not differ in arm span compared to sub-elite and recreational players. The arm span of 
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the elite players was on average 183cm for men and 170cm for women. Two other studies have 

shown similar results, comparing male elite players to sub-elite players in Poland and Malaysia 

(Ooi et al., 2009; Tomaszewski et al., 2018). The arm span of the male elite players was 179cm in 

Poland and 177cm in Malaysia. Both these countries are ranked way higher than Iceland in the 

Badminton World Rankings (BWF World Team Ranking, 2021). In this way, a recent study 

(Raschka & Schmidt, 2013), compared badminton players and tennis players in anthropometrical 

factors. The results indicated that badminton players male and female badminton players were 

smaller, had shorter arms, shorter legs but had a longer torso. In addition, the body of the badminton 

players appeared strong and robust, and the calf muscles seemed more pronounced. 

1.2.3. Other anthropometrical factors 

Other anthropometrical factors like body fat, circumferences, limb lengths and players somatotype 

have been measured in previous studies on badminton players. Elite players in Poland have 

significantly higher body fat than sub-elite players, 13% vs. 9% (Tomaszewski et al., 2018) and 

elite players in Malaysia have slightly more body fat than sub-elite players, 12,5% vs. 9,5% (Ooi 

et al., 2009).  

 Another study, (Jeyaraman & Kalidasan, 2017), looked at the correlation between playing 

ability and several anthropometrical factors. All anthropometrical factors had a low correlation 

with playing ability, with forearm girth (r=0.15), leg length (r=0.12) and arm length (r=0.10) 

scoring “highest” of the anthropometrical factors. 

 The review article by (Phomsoupha & Laffaey, 2015), looked at what somatotype category 

badminton players fall into and it seems that most badminton players fit into the ‘central’ 
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somatotype category. This suggest that badminton players are tall, lean and muscular, with an 

ectomesomorphic body type suited to the high physiological demands of the sport. 

 

1.3. Physical fitness characteristics 

1.3.1. Flexibility 

Flexibility is the ability to move the body and its parts through as wide a range of motion as possible 

without undue strain on the joints and muscle attachments (Phomsoupha & Laffaey, 2015). A study 

on prediction of playing ability in badminton and selected physical characteristics showed a small 

correlation between flexibility and playing ability (Jeyaraman & Kalidasan, 2017). Other recent 

studies have shown mixed results on the importance of flexibility for badminton players. 

Guðmundsdóttir, (2017), found no difference in shoulder flexibility between elite and sub-elite 

players in Iceland, while (Singh et al., 2011), results indicated a significant relationship between 

wrist flexibility and level of performance. In another study, (Zhang et al., 2016), results confirmed 

that skilled players utilized more trunk rotation than novices. 

1.3.2. Strength 

Badminton is characterized by high-intensity, intermittent actions. Physical factors such as 

strength, stamina, power and agility are important for all the technically specialized movements in 

badminton, like lunges, jumps, rapid changes of direction, and quick arm movements (Abian-Vicen 

et al., 2014; Guðmundsdóttir, 2017; Hu et al., 2015; Jeyaraman & Kalidasan, 2017; Ooi et al., 2009; 

Phomsoupha & Laffaey, 2015). 
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 Strength is the foundation for power, speed and agility. Many studies have shown 

improvements in jump performance, speed and agility, after strength training interventions using 

different exercises (Nadzalan et al., 2018; Ooi et al., 2009; Sonoda et al., 2018; Wirth et al., 2016). 

Sonoda et al., (2018), concluded that agility scores from the side-shuffle test had a positive 

correlation with hip extension and ankle plantar flexion strength. However, only a medium or a 

low correlation was found between agility scores and strength in hip flexion, knee flexion and 

extension, and ankle dorsal flexion strength. A recent study’s results showed that shoulder internal 

rotation strength in the abducted external rotation position was significantly correlated (r=0.65) 

with racket velocity. These results indicate that this measurement is a good way to evaluate 

badminton players ability (Awatani et al., 2018). 

 Grip strength is strongly correlated with overall strength. This indicates that grip strength 

can be used as a tool to have rapid indication of someone’s general strength (Wind et al., 2010). 

Guðmundsdóttir, (2017), results showed a strong correlation (r=-0.73) between grip strength and 

playing ability in elite female players in Iceland, but only a low correlation (r=-0.17) for male 

players. A recent study looked at the influence of successive badminton matches on muscle strength 

and power, and the results indicated that no difference was found in grip strength pre-match or 

post-match, or between two matches in a row (Abian-Vicen et al., 2014).  

 A few other studies have looked at general strength and playing ability. A study on 

Malaysian male badminton players showed that elite players are stronger than their sub-elite 

counterparts, based on a 1-RM bench press and 1-RM squat tests (Ooi et al., 2009). Other recent 

studies support this, where leg explosive strength and shoulder strength had a positive correlation 

with playing ability in state level badminton players in India (Jeyaraman & Kalidasan, 2017; Tiwari 

et al., 2011). It is fair to say that Indian players are quite good, and India ranks nr. nine in the World 
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Team Rankings (BWF World Team Ranking, 2021). Two other recent studies on State level 

badminton players in India showed a different result. Singh et al., (2011), results failed to show a 

correlation between arm and leg strength, and playing ability. Subramanian, (2013), had similar 

results where no correlation was between grip and shoulder strength, and playing ability. 

1.3.3. Power 

As mentioned above, badminton is a reaction based sport requiring sport specific explosive 

movements (Phomsoupha & Laffaey, 2015). A recent study on badminton players in Iceland 

concluded that both male (r=-0.74) and female (r=-0.61) elite players had higher scores for leg 

muscular power than their sub-elite counterparts. The study did however not show a correlation 

between playing ability and upper body power, (Guðmundsdóttir, 2017). Most studies on the 

importance of power for badminton players agree with the results of (Guðmundsdóttir, 2017), 

where leg explosive power, usually measured with various jump tests, has a strong correlation 

(r=0.55-0.57) with playing ability (Jeyaraman & Kalidasan, 2017; Ooi et al., 2009; Tiwari et al., 

2011). 

 A study comparing English men’s singles and doubles players, playing at the highest level 

in England, researched whether the players from the two events differed in power. Players 

performed a vertical jump test with free arm swing. Results revealed no difference between singles 

and doubles players for leg explosive power (Alcock & Cable, 2009). 

 The study by (Abian-Vicen et al., 2014), on the influence of successive badminton matches 

on strength and power, showed that there were no differences in pre-match to post-match jump 

height (used to measure power), for elite players competing in the National Spanish Badminton 

Championship. However, jump height was reduced significantly after the 2nd round game to the 
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quarterfinals. They concluded that leg explosive power diminishes slowly with strenuous 

badminton matches. 

1.3.4. Speed and Agility 

Speed and agility are essential qualities for success in modern badminton. These factors will help 

the player cover the court more easily, increase shot quality and precision as well as reacting to an 

opponent’s shot faster and more effectively (Cabello & González-Badillo, 2003; Phomsoupha & 

Laffaey, 2015). 

 The recent study by (Guðmundsdóttir, 2017), on Icelandic badminton players concluded 

that elite players (by Icelandic standard) had higher scores for speed, measured with the 505 agility 

test,  than their sub-elite counterparts. The study did not show a correlation between playing ability 

and agility, measured with the “on court” BSAT test (badminton specific agility test). Other studies 

researching speed and agility, and the correlation with playing ability have shown mixed results. 

These studies have shown a strong correlation between playing ability for both speed (r=0.55-0.67) 

and agility (r=0.74-0.83), among State level players in India (Jeyaraman & Kalidasan, 2017; Tiwari 

et al., 2011). Singh et al., (2011), looked at agility but not speed, and the results showed a medium 

correlation (r=0,49) with playing ability. Another similar study on Indian State level badminton 

players concluded that speed was significantly correlated with playing ability, but agility was not 

(Subramanian, 2013). A study on Malaysian badminton players failed to discriminate between elite 

and sub-elite players, based on speed and agility tests (Ooi et al., 2009). It has been suggested that 

these mixed results might mean that elite players rely more on tactical knowledge, technical skills 

and psychological strength to excel in their sport (Ooi et al., 2009). 

 Singles players have been shown to have significantly better scores than doubles players in 
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shuttle run test, indicating that they’re faster (Ooi et al., 2009). Another study does not agree with 

these findings, and the results indicated that there were no differences in speed or agility between 

singles and doubles male players (Alcock & Cable, 2009). 

 In recent years new badminton specific agility tests have been developed, measuring “on 

court” reactive agility (Guðmundsdóttir, 2017; Kusuma et al., 2015; Madsen et al., 2015; 

Phomsoupha & Laffaey, 2017). In these tests players react to sound and light sensors in randomized 

order, either from a screen or from sensors in the corners of the badminton court, except in the 

study of (Phomsoupha & Laffaey, 2017), were players followed a pattern. All studies showed that 

elite players were significantly faster than sub-elite players, except (Guðmundsdóttir, 2017), which 

failed to discriminate between elite and sub-elite players. Other studies have measured agility in 

badminton players without a reaction based test or without badminton specific movements, and 

have shown mixed results (Singh et al., 2011; Tomaszewski et al., 2018; Walklate et al., 2009).  

 

1.4. Physiological factors 

The fitness requirements of elite badminton players are extremely demanding, specific, and 

diverse. A well-developed aerobic endurance capacity is considered essential to enable fast 

recovery between rallies, but in rallies, the anaerobic metabolism might play a more dominant role 

(Fuchs et al., 2014; Phomsoupha & Laffaey, 2015). Detailed data on the physiological profile of 

racket players are still limited because of the constraints imposed by the size of portable metabolic 

devices that obstruct players’ movements (Rampichini et al., 2018). 

 A study by (Heller, 2010), showed that junior elite badminton players (mean age 17 years) 

had a maximum oxygen uptake (VO2max) of 64 ml/kg/min for men and 55 ml/kg/min for women, 
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measured in a maximum treadmill exercise test. Laboratory treadmill testing may provide basic 

physical condition data, however, the results seem to be a poor predictor of the ability needed for 

international game-play performance (Heller, 2010). Other studies have measured elite senior 

players, either on a treadmill or cycle ergometer, and results showed a VO2max from 56-62 

ml/kg/min for men and 50 ml/kg/min for women (Faude et al., 2007; Tomaszewski et al., 2018). 

An Icelandic study estimated VO2max from the Yo-Yo intermittent recovery test – level 1, for elite 

Icelandic badminton players (mean age 19-22). Results indicated that VO2max was 52 ml/kg/min 

for men and 45 ml/kg/min for women (Guðmundsdóttir, 2017). The Yo-Yo test might not be the 

best way to evaluate VO2max, since the test is also evaluating the anaerobic response as well as 

recovery processes. However, the Yo-Yo intermittent recovery tests provide more sensitive 

measures of change in performance in intermittent sports (Bangsbo et al., 2008). 

 Mean and Maximum heart rate values (mean HR and HRmax) have been measured for elite 

badminton players, in tournaments, simulated matches and physical tests. Result are quite similar, 

with a mean HR of 166-173 beats/min and HRmax of 186-191 beats/min (D. M. Cabello & 

González-Badillo, 2003; D. Cabello et al., 2004; Chin et al., 1995; Faude et al., 2007). 
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2. Manuscript 

 

Anthropometric and physical fitness characteristics of 

badminton players in Icelandic youth national teams 

by 

Róbert Þór Henn 

 

2.1. Abstract 

 

Anthropometric and physical fitness characteristics of badminton players in Icelandic 

youth national teams 

The objects of this longitudinal study were i) to analyse which anthropometrical and physical 

fitness parameters characterize Icelandic youth badminton players, and ii) to determine if training 

of physical fitness has been sufficient for Icelandic youth badminton players. Data was collected 

from 21 Icelandic youth national team badminton players (16.95 ± 1.97 years old), 15 men and six 

women. Players participated in two measurements, with 15 months in between measurements, 

where players were tested in height, weight, body mass index, arm span, shoulder flexion, grip 

strength, countermovement jump, medicine ball throw, 505 agility test, badminton specific agility 

test and the YoYo intermittent recovery test level 1. Descriptive statistics were calculated for all 

experimental variables, and the results presented as mean values with standard deviation. A paired 

t-test was performed to calculate the difference between the two measurements. The results of this 
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study showed a difference between measurements for height, weight, arm span, left shoulder 

flexion, grip strength, countermovement jump and the YoYo intermittent recovery test level 1 for 

men, but only in height, medicine ball throw and countermovement jump for women. 

 

Keywords: Badminton, Measurements, Performance 

 

2.2. Introduction 

Badminton is one of the most popular sports in the world, with around 200 million participants. 

The sport originated in China and England, and was first included in the 1992 Olympics 

(Phomsoupha & Laffaey, 2015). Badminton is characterized by high-intensity, intermittent actions. 

Physical factors such as strength, stamina, power and agility are important for all the technically 

specialized movements in badminton, like lunges, jumps, rapid changes of direction, and quick arm 

movements (Abian-Vicen et al., 2014; Guðmundsdóttir, 2017; Hu et al., 2015; Jeyaraman & 

Kalidasan, 2017; Ooi et al., 2009; Phomsoupha & Laffaey, 2015). Measuring sports performance 

should be important for the development of the sport. In general, only a few studies have measured 

sports performance in badminton, especially female players. 

 Anthropometric studies in badminton have shown mixed results regarding the importance 

of height, weight, BMI, and arm span. Some studies have shown that elite players are taller than 

sub-elite players (Guðmundsdóttir, 2017; Ooi et al., 2009; Phomsoupha & Laffaey, 2017), while 

other studies have shown no relation between increased height and playing ability (Jeyaraman & 

Kalidasan, 2017; Tomaszewski et al., 2018). The same goes for weight and BMI, where studies 
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disagree on the importance of those factors to badminton players. The few studies that have 

measured arm span have failed to show a difference between elite and sub-elite players 

(Guðmundsdóttir, 2017; Ooi et al., 2009; Tomaszewski et al., 2018). 

 In regards to physical fitness in badminton, some studies have shown that elite players have 

more wrist and trunk flexibility than sub-elite players (Singh et al., 2011; Zhang et al., 2016), while 

other studies have either shown a small or no relation between flexibility and playing ability 

(Guðmundsdóttir, 2017; Jeyaraman & Kalidasan, 2017). In regard to strength, (Guðmundsdóttir, 

2017), results showed a strong correlation (r=-0.73) between grip strength and playing ability in 

elite female players in Iceland, but only a low correlation (r=-0.17) for male players. Two studies 

support that strength has a positive correlation with playing ability (Jeyaraman & Kalidasan, 2017; 

Ooi et al., 2009), but two other studies disagree (Singh et al., 2011; Subramanian, 2013). For power, 

most studies agree on the importance of leg explosive power for badminton players by showing a 

strong correlation (r=0.55-0.74) with playing ability (Guðmundsdóttir, 2017; Jeyaraman & 

Kalidasan, 2017; Ooi et al., 2009; Tiwari et al., 2011). In badminton, the relationship between 

speed/agility and performance is undeniable according to most studies comparing elite players to 

sub-elite players (Jeyaraman & Kalidasan, 2017; Kusuma et al., 2015; Madsen et al., 2015; 

Phomsoupha & Laffaey, 2017; Singh et al., 2011; Tiwari et al., 2011). However, in a few studies, 

no difference was found in speed/agility between elite and sub-elite players (Ooi et al., 2009; 

Tomaszewski et al., 2018). Guðmundsdóttir, (2017), showed that elite players had more speed, but 

not agility, compared to sub-elite players. The only study to compare endurance of elite players to 

sub-elite players failed to show a significant difference (Guðmundsdóttir, 2017). Other studies have 

shown a VO2max of elite players to be around 56-64 ml/kg/min for men and 50-55 ml/kg/min for 

women (Faude et al., 2007; Heller, 2010; Tomaszewski et al., 2018). 
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 In this context, the objects of this longitudinal study were i) to analyse which 

anthropometrical and physical fitness parameters characterize Icelandic youth badminton players, 

and ii) to determine if training of physical fitness has been sufficient for Icelandic youth badminton 

players. 

 

2.3. Methods 

 

2.3.1. Type of Study 

This study is a longitudinal study done in collaboration with the Icelandic Badminton Federation 

(Badmintonsamband Íslands, BSÍ). The dependent variable was time, based on two measurement 

dates, in October 2019 and January 2021. The independent variables were the anthropometrical 

and physical factors being measured. Those are height, weight, BMI, arm span, shoulder flexibility, 

grip strength, countermovement jump (CMJ), medicine ball throw (MBT), 505 agility test, BSAT 

reaction and total time, and the Yo-Yo IRT-1. The data will be examined by comparing means 

from the two measurements. 

Table 1. Test variables 

Independent variables Dependent variable 

Height (cm) Time (M1 and M2) 

Weight (kg)  

BMI (kg/m2)  

Arm span (cm)  

Shoulder flexibility (cm)  
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Grip strength (N)  

CMJ (cm)  

MBT (m)  

505 agility test (s)  

BSAT reaction time (s)  

BSAT total time (s)  

Yo-Yo IRT-1 (level)  

 

2.3.2. Participants 

Twenty-one Icelandic youth badminton players participated in this study. Fifteen males and six 

females, age of 16.95 years (range 13-22 years). Inclusion criteria for the study was that a player 

had to be selected into the youth national teams, under 15 years (U-15), under 17 years (U-17) or 

under 19 years (U-19) by the national team coach, at the time of the study. 

Table 2. Descriptive statistics on participants between measurements 

 Date of measurements Season Participants (n) Age (M ± SD) 

Measurement 1 October 2019 In-season 22 16.20 ± 1.97 

Measurement 2 January 2021 Transition after Covid-

19 

23 17.70 ± 1.97 

M = mean, SD = standard deviation, n = number of participants 
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2.3.3. Measurements 

All subjects took a comprehensive battery of tests, which included anthropometry and physical 

fitness tests. The anthropometric measurements were taken in accordance with the International 

Society for the Advancement of Kinanthropometry's standardized procedures (Stewart & Marfell-

Jones, 2011): height, weight, arm span, and body mass index (BMI) (Keys & Brozek, 1953). A 

SECA model 769 scale was used.  

 The physical fitness tests used were as follows: FMS shoulder mobility, hand 

dynamometry, CMJ, MBT, 505 agility test, BSAT agility test and YoYo IRT-1. All these test were 

used in a similar study with Icelandic badminton players (Guðmundsdóttir, 2017). The FMS 

shoulder mobility was measured with FMS mobility stick for both hands by making fists meet 

behind the back, one hand above and one below (Couppé et al., 2012; Hoffman, 2006). Hand 

dynamometry of the dominant hand was evaluated with a Vernier hand dynamometer, with the 

subject seated and the elbow at 90° flexion (Mathiowetz et al., 1984). CMJ  with hands on hips was 

evaluated by measurements with a JumpMat and JumpMat console and the jump height was 

estimated (Bosco et al., 1983; Markovic et al., 2004). Medicine ball throw (3kg for men and 2kg 

for women), with one knee on the floor and players throwing the ball forward, overhead with both 

hands (Debanne & Laffaey, 2011). The 505 agility test was measured with laser time gates (Draper 

& Lancaster, 1985). The BSAT agility test was developed and first used in the research by 

(Guðmundsdóttir, 2017). Her test was based on two similar tests, which measure on court reactive 

agility (Loureiro & Freitas, 2016; Water et al., 2017). In the BSAT, players use their rackets to 

deactivate four targets that light up and “beep” 12 times in a random order with a 1 sec. interval 

between deactivation and activation. Mean reaction time and total time is measured. 
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Figure 1. BSAT set up. Four fit-lights were placed on the badminton court, two lights were placed on poles (placed 

5cm behind the net at the same height as the net and 40cm from the single sideline) and two lights on the floor 

(105cm behind the service line and 10cm from the single sideline). Target diameter: 10cm. (Guðmundsdóttir, 2017). 

The YoYo IRT-1 was scored both as distance (m) and YoYo level (Bangsbo et al., 2008; Grgic et 

al., 2019; Krustrup et al., 2003). 

 

2.3.4. Procedures 

Participants for this study were all badminton players selected into the Icelandic Youth National 

teams (U-15, U-17 and U-19) by the National team coach. The first groups were selected and 

measured in October 2019, where 24 players were tested. The same process took place in January 

2021, with 32 players tested. A total of 21 players took part in both measurement dates and 

therefore met the inclusion criteria for the study. Test dates were selected in cooperation with the 

National team coach, regarding the annual competition schedule of the BSÍ. The badminton season 

in Iceland is from September to May, so the first test date was early in the season and the second 

was after an unusual Covid-19 season. Covid-19 had a big effect on the training and competition 
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season in Iceland, where players were not allowed to train from the beginning of March until May, 

but from May till October players could train and compete in a few tournaments. Then in the 

beginning of October the 2nd and 3rd Covid-19 waves hit in Iceland and training ceased until the 

beginning of December, so players had trained for about 6 weeks before the second measurement. 

 Measurements for both test dates took place in the indoor sports hall of The Badminton 

club of Hafnafjörður, a typical badminton sports hall in Iceland. The measurements were conducted 

by me, with the help from several BSc students and teachers from the Sports Science Department 

in the University of Reykjavík. The schedule of the measurements was laid out for the subjects and 

each test was explained in detail. Four tests; standing weight and height, arm span, shoulder 

flexibility and maximal grip strength, were conducted prior to a ten-minute warmup, guided by me. 

The warmup contained typical movements, e.g., high knee lifts, arm swings, jumps and 

acceleration sprints. Four tests followed the warmup: CMJ, kneeling MBT, 505 agility test and 

BSAT. Finally, the Yo-Yo test was performed. 

 

2.3.5. Statistical Analysis 

 

All the variables satisfied the tests of homoskedasticity (Levene's homogeneity test) and normality 

(Kolmogorov-Smirnov test). The basic descriptive statistics (mean and standard deviation) were 

calculated. A Paired-samples t-test was performed to compare the factors between M1 and M2.  

The effect sizes (ES) of the differences (Cohen, 1988) were calculated. The level of significance 

for all statistical tests was set at p≤0.05.  All calculations were performed using SPSS version 26.0. 
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2.4. Results 

 

2.4.1. Differences between measurements – males and females combined 

 

Table 3 shows the means and standard deviations of each anthropometric variable and the results 

of the Paired-samples t-test in the two measurements. Differences were found between 

measurements in all parameters except for arm spam. 

 

Table 3. Anthropometric characteristics for males and females combined in measurements 1 and 2. 

 

Variable 

M1 

October 2019 

n = 21 

M2 

January 2021 

n = 21 

 

t 

 

p 

 

Cohen’s d 

 

Difference 

 M ± SD M ± SD     

Height (cm) 172.1 ± 12.0 176.6 ± 10.1 -4.34 < 0.001 0.63 M2 > M1 

Weight (kg) 63.7 ± 16.8 68.4 ± 16.4 -5.32 < 0.001 0.28 M2 > M1 

BMI (kg/m2) 21.2 ± 3.7 21.7 ± 4.1 -2.34 0.030 0.13 M2 > M1 

Arm span 

(cm) 

174.5 ± 12.7 177.1 ± 10.7 -1.82 0.083 0.22 n.s. 

M = mean, SD = standard deviation, n = number of participants, n.s. = not significant, M1 = measurement 1, M2 = measurement 2. 

 

Table 4 shows the means and standard deviations of each physical fitness variable, and the results 

of the Paired-samples t-test in the two measurements. Differences were found between 

measurements for shoulder flexion left, grip strength, CMJ, BSAT total time and YoYo IRT-1, 

where all these values were higher in M2 except for shoulder flexion left, which was higher in M1. 
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Table 4. Physical characteristics for males and females combined in measurements 1 and 2. 

 

Variable 

M1 

October 2019 

n = 21 

M2 

January 2021 

n = 21 

 

t 

 

p 

 

Cohen’s d 

 

Difference 

 M ± SD M ± SD     

Shoulder flexion left 

(cm) 

15.9 ± 7.7 13.1 ± 8.4 3.29 0.004 0.35 M1 > M2 

Shoulder flexion 

right (cm) 

11.4 ± 6.2 9.95 ± 6.7 1.73 0.100 0.22 n.s. 

Grip strength (N) 270.9 ± 81.1 301.9 ± 81.4 -4.60 < 0.001 0.38 M2 > M1 

505 agility test (s) 2.44 ± 0.19 2.41 ± 0.13 0.76 0.457 0.18 n.s. 

MBT (m) 5.16 ± 1.64 5.59 ± 1.89 -1.38 0.185 0.24 n.s. 

CMJ (cm) 34.29 ± 5.5 37.91 ± 6.6 -4.23 < 0.001 0.60 M2 > M1 

BSAT reaction time 

(s) 

1.39 ± 0.13 1.33 ± 0.13 1.76 0.094 0.46 n.s. 

BSAT total time (s) 22.59 ± 1.49 27.97 ± 1.46 -13.22 < 0.001 3.65 M2 > M1 

YoYo IRT-1 16.24 ± 1.23 16.76 ± 1.25 -2.42 0.026 0.42 M2 > M1 

M = mean, SD = standard deviation, n = number of participants, MBT = medicine ball throw, CMJ = countermovement jump, BSAT = 

badminton specific agility test, YoYo IRT-1 = YoYo intermittent recovery test level 1, n.s. = not significant, M1 = measurement 1, M2 = 

measurement 2. 

 

2.4.2. Differences between measurements – males 

 

Table 5 shows the means and standard deviations of each anthropometric variable and the results 

of the Paired-samples t-test in the two measurements. Differences were found between 

measurements for height, weight and arm span, where all these values were higher in M2. 
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Table 5. Anthropometric characteristics for males in measurements 1 and 2. 

 

Variable 

M1 

October 2019 

n = 15 

M2 

January 2021 

n = 15 

 

t 

 

p 

 

Cohen’s d 

 

Difference 

 M ± SD M ± SD     

Height (cm) 174.2 ± 12.9 179.7 ± 9.5 -4.03 0.001 0.49 M2 > M1 

Weight (kg) 66.3 ± 18.3 71.5 ± 17.7 -4.84 < 0.001 0.29 M2 > M1 

BMI (kg/m2) 21.5 ± 4.1 21.9 ± 4.7 -1.58 0.137 0.09 n.s. 

Arm span (cm) 177 ± 13.2 180.9 ± 9.2 -2.18 0.047 0.34 M2 > M1 

M = mean, SD = standard deviation, n = number of participants, n.s. = not significant, M1 = measurement 1, M2 = measurement 2. 

 

Table 6 shows the means and standard deviations of each physical fitness variable, and the results 

of the Paired-samples t-test in the two measurements. Differences were found between 

measurements for shoulder flexion left, grip strength, CMJ, BSAT total time and the YoYo IRT-

1, where all these values were higher in M2 except for shoulder flexion left, which was higher in 

M1.  

Table 6. Physical characteristics for males in measurements 1 and 2. 

 

Variable 

M1 

October 2019 

n = 15 

M2 

January 2021 

n = 15 

 

t 

 

p 

 

Cohen’s d 

 

Difference 

 M ± SD M ± SD     

Shoulder flexion left 

(cm) 

17.5 ± 7.9 14.5 ± 9.2 2.59 0.021 0.35 M1 > M2 

Shoulder flexion 

right (cm) 

12.8 ± 6.3 11.5 ± 7.3 1.26 0.230 0.19 n.s. 
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Grip strength (N) 287.1 ± 87.2 325.7 ± 78.9 -4.99 < 0.001 0.46 M2 > M1 

505 agility test (s) 2.47 ± 0.22 2.41 ± 0.14 1.30 0.216 0.33 n.s. 

MBT (m) 5.43 ± 1.78 5.46 ± 2.15 -0.08 0.934 0.02 n.s. 

CMJ (cm) 35.59 ± 6.0 39.39 ± 7.2 -3.14 0.008 0.57 M2 > M1 

BSAT reaction time 

(s) 

1.40 ± 0.14 1.32 ± 0.14 2.07 0.057 0.57 n.s. 

BSAT total time (s) 22.62 ± 1.52 27.90 ± 1.62 -12.13 < 0.001 3.36 M2 > M1 

YoYo IRT-1 16.35 ± 1.40 17.03 ± 1.34 -2.55 0.024 0.50 M2 > M1 

M = mean, SD = standard deviation, n = number of participants, MBT = medicine ball throw, CMJ = countermovement jump, BSAT = 

badminton specific agility test, YoYo IRT-1 = YoYo intermittent recovery test level 1, n.s. = not significant, M1 = measurement 1, M2 = 

measurement 2. 

 

2.4.3. Differences between measurements – females 

 

Table 7 shows the means and standard deviations of each anthropometric variable and the results 

of the Paired-samples t-test in the two measurements. Differences were only found between 

measurements for height, where this value was higher in M2. 

Table 7. Anthropometric characteristics for females in measurements 1 and 2. 

 

Variable 

M1 

October 2019 

n = 6 

M2 

January 2021 

n = 6 

 

t 

 

p 

 

Cohen’s d 

 

Difference 

 M ± SD M ± SD     

Height (cm) 166.8 ± 7.9 168.8 ± 7.5 -3.03 0.029 0.26 M2 > M1 

Weight (kg) 57.0 ± 11.0 60.9 ± 9.8 -2.17 0.083 0.37 n.s. 

BMI (kg/m2) 20.3 ± 2.5 21.2 ± 2.2 -1.74 0.143 0.38 n.s. 

Arm span (cm) 168.3 ± 9.5 167.4 ± 8.0 1.01 0.360 0.10 n.s. 

M = mean, SD = standard deviation, n = number of participants, n.s. = not significant, M1 = measurement 1, M2 = measurement 2. 
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Table 8 shows the means and standard deviations of each physical fitness variable, and the results 

of the Paired-samples t-test in the two measurements. Differences were found between 

measurements for MBT, CMJ and BSAT total time, where all these values were higher in M2. 

Table 8. Physical characteristics for females in measurements 1 and 2. 

 

Variable 

M1 

October 2019 

n = 6 

M2 

January 2021 

n = 6 

 

t 

 

p 

 

Cohen’s d 

 

Difference 

 M ± SD M ± SD     

Shoulder flexion left 

(cm) 

11.8 ± 6.1 9.3 ± 4.7 2.30 0.070 0.46 n.s. 

Shoulder flexion 

right (cm) 

7.8 ± 4.4 6.0 ± 1.9 1.18 0.292 0.53 n.s. 

Grip strength (N) 230.2 ± 47.3 242.7 ± 56.1 -1.12 0.313 0.24 n.s. 

505 agility test (s) 2.38 ± 0.08 2.43 ± 0.09 -0.82 0.451 0.59 n.s. 

MBT (m) 4.47 ± 0.96 5.93 ± 1.0 -6.55 0.001 1.49 M2 > M1 

CMJ (cm) 31.25 ± 2.6 34.43 ± 2.7 -5.94 0.002 1.20 M2 > M1 

BSAT reaction time 

(s) 

1.38 ± 0.14 1.37 ± 0.08 1.25 0.907 0.09 n.s. 

BSAT total time (s) 22.50 ± 1.57 28.18 ± 0.94 -5.35 0.006 4.39 M2 > M1 

YoYo IRT-1 15.97 ± 0.73 16.13 ± 0.79 -0.46 0.663 0.21 n.s. 

M = mean, SD = standard deviation, n = number of participants, MBT = medicine ball throw, CMJ = countermovement jump, BSAT = 

badminton specific agility test, YoYo IRT-1 = YoYo intermittent recovery test level 1, n.s. = not significant, M1 = measurement 1, M2 = 

measurement 2. 
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2.5. Discussion 

The objects of this study were i) to analyse which anthropometrical and physical fitness parameters 

characterize Icelandic youth badminton players, and ii) to determine if training of physical fitness 

has been sufficient for Icelandic youth badminton players. The main findings of this longitudinal 

study of anthropometric factors revealed different results for the three groups; males and females 

combined, and males and females separate. For the physical factors, the only factors that 

significantly changed across all three groups were the CMJ and BSAT total time, with the CMJ 

improving and the BSAT total time worsening. 

2.5.1. Differences between measurements – males and females combined 

2.5.1.1. Anthropometric factors 

During the 15 months between M1 and M2, the present study showed a difference between 

measurements for height, weight and BMI, but not in arm span. As expected, these values all 

increased from M1 to M2, which is normal considering the age of the participants (the mean age 

of the participants in M1 was 16.2 years and 17.7 years in M2). When looking at previous studies, 

it is unclear whether anthropometric factors have any connection to playing ability in badminton 

players. Elite players in Poland and Malaysia have been shown to be taller and heavier than their 

sub-elite counterparts (Ooi et al., 2009; Tomaszewski et al., 2018), and the top 13 male competitors 

in singles according to the world ranking (2008) are generally taller (+5cm) than the studied 

population of lower-level badminton players (Phomsoupha & Laffaey, 2015). Other studies have 

failed to show a correlation between anthropometric factors and playing ability (Guðmundsdóttir, 

2017; Jeyaraman & Kalidasan, 2017), except for height in female players (Guðmundsdóttir, 2017). 
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2.5.1.2. Physical fitness characteristics 

In regards, shoulder flexion in the left shoulder improved between M1 and M2, but shoulder flexion 

in the right shoulder, which is the dominant hand in 19 out of 21 players in the study, did not 

change. The only other study to measure shoulder flexion in badminton players was done by 

(Guðmundsdóttir, 2017), which indicated no significant difference in shoulder flexibility between 

elite and sub-elite players in Iceland. (Jeyaraman & Kalidasan, 2017), results showed only a small 

correlation (r=0.27) between flexibility and playing ability, where flexibility was measured with a 

modified sit and reach test, and (Zhang et al., 2016), results confirmed that skilled players utilized 

more trunk rotation than novices. 

 Grip strength, as expected, improved for males and females combined. During the 15 

months players mean age changed from 16.2 years to 17.7 years, so naturally players should 

become stronger in that time as they mature. As grip strength is strongly correlated with overall 

strength (Wind et al., 2010) and strength is the foundation for power, speed and agility (Nadzalan 

et al., 2018; Ooi et al., 2009; Sonoda et al., 2018; Wirth et al., 2016), measuring grip strength would 

seem a good and easy way to evaluate the overall strength of players. 

 The CMJ improved from M1 to M2. As mentioned in the literature review, badminton is a 

reaction based sport which requires sport specific explosive movements (Phomsoupha & Laffaey, 

2015). Several studies have shown a strong correlation between playing ability and explosive leg 

power, measured with various jump tests (Jeyaraman & Kalidasan, 2017; Ooi et al., 2009; Tiwari 

et al., 2011). Guðmundsdóttir, (2017), also showed that both male and female elite players had 

more explosive leg power than their sub-elite counterparts. 

 The BSAT reaction time results looked as would be expected, with a slight improvement 

between M1 and M2, although there was no significant difference (Cohen’s d=0.46). The reason 
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why the BSAT total time results are so much worse in M2 is because a 0.5 second interval was 

used from deactivation to activation of the fit light targets in M1, rather than a 1 second interval in 

M2. This change was originally made to make the BSAT more game like. Before Covid-19 hit in 

March 2020 the plan was to use data from at least three to four measurements, but in the end, there 

was only data available from two measurements. This change is presented in the results, where 

BSAT total time from M1 was 22.59s and 27.97s from M2, with a Cohen’s d value of 3.65 which 

is ridiculous. 

 Results from the YoYo IRT-1 improved between M1 and M2, with the participants mean at 

level at 16.24 in M1 and 16.76 in M2. The fitness requirements of badminton players are really 

demanding and sport specific (Fuchs et al., 2014; Phomsoupha & Laffaey, 2015). The reason why 

the YoYo IRT-1 test was chosen for this study is that the test resembles the requirements of the 

sport, e.g., the running time is short (resembling typical rally length), there is a 10s break between 

runs (resembling typical rest time between rallies) and there are lots of changes of direction, 

accelerations, and decelerations (resembling some of the movements used in badminton). Like 

before, specific results from previous studies will be discussed in the separate male and female 

chapters. 

2.5.2. Differences between measurements – males 

2.5.2.1. Anthropometric factors 

As the results showed there was an increase in height, weight and arm span between M1 and M2, 

for males, but not a significant difference for BMI. It has been suggested that being taller gives 

player the advantage in attack, but height only contributes a little (2%) in regards of winning the 

game, according to a multiple regression model (Phomsoupha & Laffaey, 2017). Height and 
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weight of male players in this study was 179.7cm and 71.5kg in M2. These values are quite 

similar to the average height and weight of male players in the 2008 and 2012 Olympic Games, 

which were 179cm and 72-73kg (Arslanoğlu et al., 2009; Aydogmus et al., 2014). The main 

difference though is the age of the players, which is 17.7 years in M2, while the mean age of 

male players in the Olympics is around 27 years. This comparison of height and weight between 

Olympic level players and youth national team players in Iceland suggests that other factors like 

physical, technical and mental factors, as well experience account for the skill level of badminton 

players in a major regard. The same goes for arm span. The arm span of male players in this 

study was 179.7cm in M2, while other studies have shown similar results for elite players (mean 

= 25-28 years old) in Poland and Malaysia (Ooi et al., 2009; Tomaszewski et al., 2018). As 

mentioned in the literature review chapter, both these countries are ranked way higher than 

Iceland in the Badminton World Rankings (BWF World Team Ranking, 2021). 

2.5.2.2. Physical fitness characteristics 

In regards, Shoulder flexion changed in the same way for males, as it did for males and females 

combined. The males were unsurprisingly not as flexible as the females, although both left and 

right shoulder flexion increased from M1 to M2. As mentioned above, shoulder flexion seems to 

have a limited impact on badminton performance, but increased flexibility in the shoulders, 

especially in the dominant arm, might have other benefits like injury prevention and energy 

efficiency. Other studies have shown a positive correlation between playing ability and increased 

wrist flexibility (Singh et al., 2011), but they did not look at shoulder flexibility. 

 Grip strength also improved for the males as it did for the males and females combined. 

Previous studies measuring grip strength have shown a slightly different results compared to this 
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study, but this is expected since the mean age of players in this study is much lower. 

(Guðmundsdóttir, 2017), showed a low correlation (r=-0.17) between grip strength (404 N) and 

playing ability in elite Icelandic male players (mean age: 21.6 years). (Subramanian, 2013), 

results showed no correlation between grip strength, and playing ability, in Indian State level 

badminton players (age range 18-25 years). 

 CMJ was improved for the males in this study. Male players in this study jumped 

39.39cm in M2. Compared to other studies players in this study are jumping much lower, which 

is normal, since all the other studies measure grown up elite players with the mean age of around 

22-26 years. Elite players in other studies have been shown to jump around 46cm in a CMJ or a 

similar vertical jump test, and all these studies have shown a positive correlation with playing 

ability (Jeyaraman & Kalidasan, 2017; Ooi et al., 2009; Tiwari et al., 2011). In the study on 

Icelandic badminton players the CMJ was measured with a high speed video camera and not the 

JumpMat, and the elite male players jumped 51.4cm so these two various measurement 

techniques are clearly not comparable. 

 BSAT reaction time did improve for the males from M1 to M2, although not significantly 

(p value=0.057 and Cohen’s d=0.57). The reason for the abnormal BSAT total time difference 

from M1 to M2 was explained in the discussion chapter above. Only one previous study, by 

(Guðmundsdóttir, 2017), has used the BSAT to evaluate agility of badminton players. The BSAT 

was adopted by the Badcamp test by (Loureiro & Freitas, 2016) and BRIT by (Water et al., 

2017). In (Guðmundsdóttir, 2017), study the average reaction time for the elite males was 1.21s 

while in this study it was 1.32s in M2. Therefor it can be argued that these results are similar, 

when taking notice to the age of the players (21.6 vs. 17.7 in M2 in this study). As for the BSAT 

total time comparison, the values are totally different between studies (15.32s vs. 22.62 in M1 
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and 27.90 in M2), so (Guðmundsdóttir, 2017), must have had a different time interval between 

the fit-light targets, although it is not stated in her paper what that value is. (Guðmundsdóttir, 

2017), was unable to show a significant difference between elite and sub-elite players in Iceland 

in BSAT reaction and total time. No reliability and validity testing has been done for the BSAT, 

so it can be assumed that the BSAT is not a reliable and valid test for agility in badminton 

players. 

 The YoYo IRT-1 results improved for the males in this study. The males mean score in 

M2 was level 17.03 which translates to a VO2max of 48.4 ml/kg/min. (Heller, 2010), measured 

junior elite Czech badminton players in a maximum treadmill exercise test and results revealed a 

much higher VO2max (64 ml/kg/min) for males than in this study. Other studies that have 

measured senior players, either with a treadmill or a cycle ergometer test and showed results from 

56-62 ml/kg/min (Faude et al., 2007; Tomaszewski et al., 2018). The study by (Guðmundsdóttir, 

2017), converted the scores from YoYo IRT-1 to a VO2max and results indicated a VO2max of 

52 ml/kg/min for elite male players. From these findings it can be argued that the YoYo IRT-1 to 

VO2max conversion is inaccurate, or these other countries have players with better aerobic 

endurance. 

2.5.3. Differences between measurements – females 

2.5.3.1. Anthropometric factors 

The results for anthropometric factors in female players revealed only a difference in height, 

where players where taller in M2. The height of the female players in this study are quite similar 

to female players that competed in the Olympic Games 2008 and 2012. In this study the mean 

height was 168.9cm in M2, and the mean height of Olympic level players was 169cm 
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(Arslanoğlu et al., 2009; Aydogmus et al., 2014). (Guðmundsdóttir, 2017), showed a significant 

correlation between height and playing ability in female players, where elite players were taller 

(172.9cm with the mean age of 19.7 years). 

2.5.3.2. Physical fitness characteristics 

In regards, MBT for the females in this study was improved from 4.47m in M1 to 5.93m in M2. 

This result is odd compared to the results of the males which only improved 3cm between 

measurements. The reason for this huge difference is unknown, but might have something to do 

with the fact that measurements M1 and M2 were done by separate groups of BSc students. Their 

experience in measurements like these might be different, although the procedures were 

explained in the same order. Also, it is important to note that only six females were tested for the 

study, and such a small sample could affect the results more easily. 

 For the CMJ, the females in this study also had a positive improvement, jumping 34.4cm 

in M2. As explained in the males discussion chapter, the CMJ was measured with a high speed 

video camera in (Guðmundsdóttir, 2017), study where elite female players jumped 38cm, but not 

the JumpMat like in this study, so the results might not be comparable. No other study in the 

literature was found that has measured leg power in female badminton players. 

 The BSAT reaction time did not change for the females in this study and the problem with 

the BSAT total time was discussed in the chapters above. As mentioned in the males discussion 

chapter, only (Guðmundsdóttir, 2017) has used BSAT to estimate agility in badminton players. 

The BSAT reaction time in her study was 1.37s, which is identical to the results in this study 

(1.38s in M1 and 1.37s in M2). Although these results are similar, Guðmundsdóttir, (2017), did 

not show a difference between elite and sub-elite female players, which raises the question about 
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the validity and reliability of the BSAT test, since multiple other studies have shown a correlation 

between agility and playing ability (Jeyaraman & Kalidasan, 2017; Singh et al., 2011; Tiwari et 

al., 2011). 

 

2.6. Limitations 

The present study has several limitations. The first is the effect Covid-19 has had on the study in 

so many ways. Originally, the plan was to use data from at least four, hopefully five 

measurements, but because of training and gathering restrictions, data from only two 

measurements could be used. In the 15-month period between M1 and M2, players were affected 

by those restrictions and could not train for at least four months. Before M2 they could only train 

for six weeks. The second limitation is that the sample size was small, with only 21 participants 

from the youth national badminton teams (only six female players). The third is that there were 

different BSc students who assisted with the measurements which may have affected the quality 

of the measurements, and therefore the results. Fourth, the different time interval between fit-

light deactivation and activation in the BSAT was 0.5s in M1 and 1.0s in M2, a suggestion from 

the National team coach to make the test more game like. Then the BSAT results from M1 would 

have been skipped and not used in this study. Fifth, the mean age of players in this study is much 

lower than from other studies on badminton players. 
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2.7. Conclusions 

The conclusions were: 

i) There were differences for height, weight and BMI for males and females combined, 

but not for arm span. This indicates that arm span could be irrelevant in terms of playing 

ability when measuring youth badminton players. 

 

ii) The CMJ was the only factor with improvement in both males and females, which 

indicates that leg power is essential for badminton players development. The males also 

improved in left shoulder flexion, grip strength and YoYo IRT-1. The females only 

improved in the MBT and the CMJ. In general, it seems that male players improved 

more in strength, stamina, and flexibility but female players more in upper body power. 

 

2.8. Future research 

First, I would like to see more players and older players tested to increase the value of future 

studies. In future research I would recommend a portable, wireless VO2max equipment to 

measure on-court badminton specific aerobic endurance. It would also be interesting to do an 

intervention study, were the experimental groups would undergo different programs for few 

weeks, focusing on strength, agility/speed, and power, to see the effects on the measurements. 
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