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ABSTRACT 

Yo-Yo Endurance Test and Yo-Yo Recovery Test are very 

popular in assessing aerobic capacity of athletes. 

However, the contribution of the aerobic capacity to the 

Yo-Yo Intermittent Endurance Test performance was seldom 

reported. This study was designed to examine the 

relationship between the maximum performance of the Yo-Yo 

Intermittent Endurance Test and the individual’s aerobic 

capacity. Seven male Hong Kong Junior Handball Team 

players were participated in the study (age, 15.3 ± 1.5 

years; height, 179.2 ± 7.9 cm; weight, 179.2 ± 7.9 kg). 

The aerobic capacity of individuals was assessed during 

a Maximum Incremental Treadmill Running Test.  The group 

mean of Maximum Oxygen Uptake was 53.9 ± 4.2 ml.kg-1.min-1.  

For the Yo-Yo Intermittent Endurance Test, the 

performance was defined as the maximum distance covered.  

In this study, the group mean of the Yo-Yo test performance 

was 1206.7 ± 365.2m. It was further found that there was 

a significant positive correlation between the 

performance of the Yo-Yo Intermittent Endurance test and 



the aerobic capacity (r = 0.919, p < 0.05). The 

contribution of the aerobic capacity is 84.5% to the 

performance of the Yo-Yo Intermittent Endurance Test (r2 

= 0.845). Such findings suggest that aerobic capacity is 

a decisive factor in the performance of the Yo-Yo 

Intermittent Endurance Test. 
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Chapter 1 

Introduction 

Cardiovascular fitness is important to our health. 

Longitudinal studies showed that even after statistical 

adjustments for other disease-related risk factors, the 

higher level of aerobic or cardiorespiratory fitness, the 

lower mortality rate from heart disease (Blair, Kohl & 

Paffenbarger,1989). According to Hoffman and Collingwood 

(1995), cardiovascular endurance especially important to 

the athletes as it is not only related to their health, 

but also related to their performance during exercises. 

It helps them sustain the prolonged exercises during the 

matches. 

Team handball is the second most popular 

participation team sport worldwide (Silva, 2000). It is 

a fast-paced sport involving two teams of seven players 

who pass, throw, catch and dribble a small ball with their 

hands. A game consists of two 30-minute halves with a 

10-minute half-time break. Handball is a kind of 



intermittent sport, which similar to some other kinds of 

intermittent sports such as rugby, soccer, hockey and 

basketball. During the matches of the intermittent sports, 

players need to perform different types of exercise such 

as standing, jogging to maximal running (Lemmink, 

Verheijen & Visscher, 2004). The intensity therefore 

alternate at any time. As this type of sport need to have 

intermittent exercise with both high-intensity and 

low-intensity, cardiovascular fit is very important. 

Reilly and Seaton (1990) found that intermittent 

sports, such as field hockey, require a high degree of 

physical fitness. The physiological demands are complex 

in intermittent sports. Players need to have the ability 

to perform prolonged intermittent exercise. They also 

need to have the ability to exercise at high intensity, 

to sprint, and to develop a high power output in single 

match situations such as kicking, jumping and tackling 

(Bangsbo,1993). It concluded that both aerobic and 

anaerobic fitness are important to the intermittent 



players.  

Kilding, Aziz and Teh (2006) reported that it is more 

appropriate to use a protocol to measure the physical 

capacity of the intermittent sport performers, which more 

closely replicates the nature, such as the movement 

patterns of the sport. Tests would be more reliable and 

effective when it is specific to the exercise patterns. 

For these reasons, field-based tests instead of 

laboratory tests are therefore occurred. Krustrup et al. 

(2003) found that these limitations have promoted the 

development of both field-and court-based tests to 

estimate or predict physiological measure. Several of the 

intermittent field tests have been developed which aimed 

to evaluate the player’s physical performance in invasion 

games such as field hockey and soccer (Krustrup et al., 

2003). The 20 meter multistage shuttle run test (MST) and 

the Yo-Yo tests are well-developed tests which used to 

measure the physical capacity directly and easily when 

assessing the aerobic and anaerobic endurance performance 



in soccer players (Bangsbo, 1996).  

The Yo-Yo tests which proposed by Bangsbo are the most 

popular intermittent field tests in the recent years. 

There are three types of yo-yo tests, which included Yo-Yo 

Endurance Test, Yo-Yo Intermittent Endurance Test, and 

Yo-Yo Intermittent Recovery Test. All of them are useful 

to determine an individual’s fitness level. The tests 

contain running activities that are relevant for many 

sports, and they can be used for assessing the physical 

capacity of young athletes. As some of the scientific 

studies have shown a relationship between an individual’s 

test results from the indoor Yo-Yo Endurance Test and his 

or her maximal oxygen uptake, the test results from the 

Yo-Yo Endurance Test provide a good indirect measure of 

an individual’s maximal oxygen uptake (Bangsbo, 1996).  

The Yo-Yo Intermittent Endurance test is a well-known 

test to evaluate an individual’s ability to repeatedly 

perform intervals over a prolonged period of time (Bangsbo, 

1996). Moreover, it is also useful for predicting 



athletes’ performance in intermittent type sports such 

as tennis, team handball, basketball and soccer (Bangsbo, 

1996). As these sports involve athletes both aerobically 

and anaerobically during the match, it was not known 

whether the Yo-Yo testing performance was determined by 

one’s aerobic capacity.  

Statement of Problem 

The purpose of this study was to examine the 

relationship between individual’s aerobic capacity and 

the maximum performance of the Yo-Yo Intermittent 

Endurance Test. 

Hypotheses 

The following hypotheses were tested in this study: 

Research Hypothesis 

1. There would be a significant relationship between the 

performance of the Yo-Yo Intermittent Endurance Test 

and the aerobic capacity in participants. 

Null Hypothesis 

1. The correlation between the performance of the Yo-Yo 



Intermittent Endurance Test and the aerobic capacity 

was not significant in participants. 

Definition of Terms 

The following terms were defined operationally: 

Intermittent Sports 

Reilly and Borrie (1992) defined that: 

     “Sports such as soccer, handball, field hockey, 

basketball, rugby, and tennis can be described as 

intermittent sports because of their demands of 

bouts of high-intensity play interspersed with 

periods of submaximal effort over a long period, 

using both aerobic and anaerobic energy systems” 

(p.821). 

Cardiorespiratory Endurance 

According to ACSM (1995), cardiorespiratory 

endurance is the ability to perform dynamic endurance 

exercise involving large muscle groups at moderate to high 

intensity for prolonged periods.  

Heyward (1998) also stated that “cardiorespiratory 



endurance is the ability of the heart, lungs, and 

circulatory system to supply oxygen and nutrients to 

working muscles efficiently” (P.47). 

Maximum Oxygen Uptake 

Boulay et al. (1985) defined maximum oxygen uptake 

as the individual’s upper limit for producing energy 

aerobically. It is considered the most important element 

in determining aerobic endurance capacity.  

According to Holly (1993), the maximal oxygen uptake 

is also defined as “the maximal rate at which oxygen can 

be taken up, distributed, and used by the body in the 

performance of exercise that utilizes a large muscle mass” 

(p.247). 

Delimitations 

The following delimitations were included as part of 

the study: 

1. The subjects of the study were delimited to the male 

handball team players aged between 14 to 18 years old. 

2. The subjects of the study were delimited to the elite 



players of the Hong Kong Junior Handball Team. 

3. Total of 6 subjects were involved in this study. 

4. The direct laboratory assessment for aerobic capacity 

was delimited by the Maximum Incremental Treadmill 

Running Test. 

5. The Maximum Incremental Treadmill Running Test was 

carried at the Dr. Stephen Hui Research Center for 

Physical Recreation and Wellness in the Hong Kong 

Baptist University. 

6. The Yo-Yo Intermittent Endurance Test was carried at 

the Dr. Stephen Hui Sports Hall in the Hong Kong Baptist 

University. 

7. The Maximum Incremental Treadmill Running Test and the 

Yo-Yo Intermittent Endurance Test were tested on 

separate days within a week. 

Limitations 

The following limitations were included as part of 

the study: 

1. The performance of the subjects might vary according 



to their daily life and the physical activity level. 

2. The performance of the subjects might vary due to their 

different physical characteristics. 

3. The effort and motivation of the subjects in performing 

the Yo-Yo Intermittent Endurance Test and the Maximum 

Incremental Treadmill Running Test were 

uncontrollable which might influence the results of the 

study. 

4.Study findings are applicable only to the subjects 

included in this study.  

Significance of the Study 

Intermittent sports are those sports which included 

intermittent exercise with both high-intensity and 

low-intensity. Both aerobic and anaerobic endurance are 

important to the intermittent players as they need to 

exercise at high intensity, to sprint, and to develop a 

high power output in single match situations such as 

kicking, jumping and tackling (Bangsbo, 1993). Moreover, 

cardiovascular fitness plays an important role in the 



intermittent sport players. According to Laplaud, Hug, 

and Menier (2004), aerobic endurance could increase the 

recovery capacity to maintain the level of the numerous 

sprints throughout the match.  The Yo-Yo Intermittent 

Endurance Test is used to evaluate an individual’s ability 

to repeatedly perform intervals over a prolonged period 

of time (Bangsbo, 1996). It is also used to predict the 

athletes’ performance in intermittent type sports 

(Bangsbo, 1996). This study is proposed to determine the 

relationship between the performance of the Yo-Yo 

Intermittent Endurance Test and the aerobic capacity. The 

contribution of the aerobic capacity to the Yo-Yo 

Intermittent Endurance Test can help to determine whether 

it is a decisive factor in one’s performance of the Yo-Yo 

Intermittent Endurance Test. 

 

 

 

 



Chapter 2 

REVIEW OF LITERATURE 

Cardiovascular endurance is an important component 

of the physical fitness. Lack of intermittent endurance 

capacity may limit the performance of the sport players 

during the match (Laplaud et al., 2004). The present study 

was to determine the relationship between the performance 

of the Yo-Yo Intermittent Endurance Test and the aerobic 

capacity. The review of literature for the present study 

focused on seven aspects: (a) background of aerobic and 

anaerobic fitness; (b) factors affecting aerobic 

performance; (c) methods assessing the aerobic energy 

system; (d) tests assessing the aerobic endurance; (e) 

energy-transfer systems during intermittent sports; (f) 

Yo-Yo Intermittent Endurance Test, and (g) summary. 

Background of aerobic and anaerobic fitness 

     Both aerobic and anaerobic fitness were influential 

components to the performance of the Yo-Yo Intermittent 

Endurance Test. The concept of both fitness therefore has 



to be clarified.  

Background of aerobic fitness 

Cardiorespiratory fitness was defined as the ability 

of the body to transport and use oxygen (ACSM, 2006). In 

order to assess the cardiorespiratory endurance and 

functional aerobic capacity, exercise physiologists 

therefore measure the maximum oxygen consumption or the 

rate of oxygen utilization of the muscles during aerobic 

exercise (Heyward, 1998). Heyward (1998) also reported 

that both of these components can impact the magnitude 

of the measure, and both could be influenced by some 

factors such as age, gender and regular exercise training. 

Maximum Oxygen Uptake 

Maximum Oxygen Uptake (VO2max) was defined as the 

maximal amount of oxygen that can be consumed per minute 

during maximal exercise (Noble, 1986). The most valid 

measure of functional capacity of the cardiorespiratory 

system was measured maximum oxygen uptake (VO2max) or peak 

VO2 directly (Heyward, 1998). 



Heyward (1998) also suggested that the VO2max, or rate 

of oxygen uptake during maximum aerobic exercise, not only 

reflects the capacity of the heart, lungs, and blood to 

transport oxygen to the working muscles, but also the 

utilization of oxygen by the muscles during exercise. 

Maximum Oxygen Uptake is expressed in two terms, which 

were absolute VO2 and relative VO2. Heyward (1998) 

indicated that: 

     “Absolute VO2 is measured in liters per minute (L.min-1) 

or milliliters per minute (ml.min-1) and provides a 

measure of energy cost for non-weight-bearing 

activities such as leg or arm cycle ergometry. 

Absolute VO2 is directly related to body size, thus 

men typically have a larger absolute VO2 max than 

women. To compare individuals who differ in body size, 

VO2 is expressed relatively to body weight, which 

is ml.kg-1.min-1. Relative VO2 is used to estimate the 

energy cost of weight-bearing activities such as 

walking, running, aerobic dancing, stair climbing, 



and bench stepping” (p.47). 

Moreover, Hill and Lupton (1923) suggested that 

maximum oxygen consumption was variable among individuals. 

In 1924, Hill, Long and Lupton reported that maximal 

oxygen consumption was important to prolonged exercise. 

It showed that those have higher Vo2 max values perform 

better in endurance activities.  

Besides, Maximal plateau value cannot be increased 

at certain point. Noble (1986) studied that: 

“The response of oxygen consumption to increasing speed 

and found that oxygen consumption reached a point 

where additional increases in speed could no longer 

elicit an increase in oxygen consumption.” (p.97). 

Background of anaerobic fitness 

Lamb (1978) defined anaerobic endurance as:  

“The ability to persist at the maintenance or 

repetition of strenuous muscular contractions that 

rely mainly upon anaerobic mechanisms of energy 

supply. Besides, this class of activities are 



characterized by strong muscular contractions that 

demand substantially greater rate of energy (ATP) 

production which can be provided by aerobic 

metabolism alone. It can be sustained for longer than 

5 seconds but less than 1 or 2 minutes” (p.155). 

On the other hand, anaerobic activities were those 

that done in the absence of oxygen, which used energy 

sources that were already present in the muscle. As the 

source of energy was limited, anaerobic activities was 

therefore short duration relatively. For example, 

sprinting, pushing or lifting something one time would 

require anaerobic energy production (Hoffman & 

Collingwood, 1995). Anaerobic fitness was also depends 

on the anaerobic power, which defined as the maximal 

ability of the anaerobic system, ATP-PC and lactic acid 

to produce energy (Noble, 1986).  

Factors affecting aerobic performance 

Aerobic performance was determined both by aerobic 

power and aerobic capacity (Bangsbo, 1993). Bangsbo (1993) 



explained that aerobic power showed that ability to 

produce aerobic energy at a high rate expressed by VO2max, 

and the aerobic capacity which expressed the ability to 

sustain exercise for prolonged period. Several factors 

influenced the aerobic performance, and they were genetic 

influence, gender and body composition, age, and training 

state.  

Genetic Influence 

Holzinger (1929) developed a technique to analyze the 

genetic contribution to aerobic power by studying twins. 

Although the findings showed that there was no significant 

genetic contribution to whether aerobic power or 

oxidative enzymes, ST fiber percentage had a high genetic 

influence, which 99.6% for males and 92.2% for females. 

It showed that successful performance in aerobic sports 

was related to inheritance.  

Gender and body composition 

According to Alexander (1984), there were no 

differences between boys and girls in VO2max before puberty, 



but female exhibit values (L.min-1) that are 25% and 30% 

below males after puberty. The mean difference is 25% and 

even 39% when aerobic power was expressed in ml/kg.min-1 

and L.min-1 respectively. However, the aerobic power 

differences are half of those expressed in ml/kg.min-1 

when there was correcting values for lean body mass. It 

showed that the body composition differences between the 

sexes account for some of the sex difference in VO2max.  

Noble (1986) also stated that females have lesser 

aerobic powers than males due to a smaller body size, heart 

stroke volume, hemoglobin concentration and 

mitochondrial density. Besides, gender differences in 

aerobic capacity largely reflect the size of contracting 

muscle mass (Mcardle, F. I. Katch, & V. L. Katch, 2006) 

Age 

VO2max changed due to the chronological age. Mcardle 

et al. (2006) stated that: 

     “Beyond age 25, Vo2max declines steadily at about 1% 

per year, so that by age 55, it averages 27% below 



values reported for 20 year olds. Although active 

adults retain a relatively high VO2max at all ages, 

their aerobic power still declines with advancing 

years” (p.250). 

Training State 

Mcardle et al. (2006) mentioned that state of training 

affected the VO2max at the time of measurement. The aerobic 

capacity improved between 6% to 20% for individuals, and 

even 50% for sedentary persons with training. Therefore, 

the more sedentary you are, the greater improvement of 

the aerobic capacity you gain. 

Methods assessing the aerobic energy system 

Energy expenditure was due to the breakdown of ATP. Since 

ATP was replenished as the results of oxygen utilization 

in the mitochondria either during exercise or during 

recovery, there was a direct relationship between oxygen 

consumption and energy expenditure (Lamb, 1978). There were 

two techniques which used to measure and evaluate the 

individual’s aerobic energy metabolism at rest and during 



physical activity. They were direct calorimetry and indirect 

calorimetry. 

Direct Calorimetry  

Heat production can be measured by measuring human 

energy metabolism directly in the human calorimeter 

(Mcardle et al., 2006). The Atwater-Rosa calorimeter was 

the first human calorimeter in the 1890s which built by 

professors Atwater and Rosa. It consisted of a small 

airtight chamber where an individual lived, ate, slept 

and exercised on a bicycle ergometer. The specified 

temperature of water flowed through coils at the top of 

the chamber and absorbed the heat produced by the 

individual. Changes in water temperature relates directly 

to the individual’s energy metabolism since the 

insulation protected the entire chamber. The moisture was 

removed by chemicals and the carbon dioxide was absorbed 

from the person’s exhaled air. Oxygen was also added to 

the air to recirculate through the chamber (Mcardle et 

al., 2006). 



As direct calorimetry in humans only considered 

theoretical implications but not practical application, 

energy expenditure could not be determined for most sport 

and recreational activities (Mcardle et al., 2006). 

Indirect Calorimetry 

Indirect calorimetry was an indirect but accurate way 

to estimate the energy expenditure by measuring one’s 

oxygen uptake (Mcardle et al., 2006). Two methods of 

indirect calorimetry were closed-circuit spirometry and 

open-circuit spirometry. 

Closed-Circuit Spirometry 

Mcardle et al. (2006) mentioned that closed-circuit 

spirometry was used to estimate the resting energy 

expenditure which the individual need to breathe 100% 

oxygen from a spirometer. They also stated that: 

     “The spirometer in this application is a “closed 

system” as the person rebreathes only the gas in the 

spirometer, and no outside air enters the system. 

A canister of soda lime placed in the rebreathing 



circuit absorbs the person’s exhaled carbon dioxide. 

A drum attached to the spirometer revolves at a known 

speed and records the difference between the initial 

and final volumes of oxygen in the calibrated 

spirometer, thus indicating the oxygen uptake during 

the measuring interval” (p.235). 

Open-Circuit Spirometry 

     Open-circuit spirometry is the technique used to 

measure the oxygen uptake during exercise by inhale 

ambient air by the individual (Mcardle et al., 2006). 

Three methods of open-circuit spirometry are: (1) bag 

technique; (2) portable spirometry, and (3) computerized 

instrumentation. 

Douglas bag Technique 

     During riding the stationary bicycle, ambient air 

passed through one side of the valve and expelled out the 

other side which is wearing by the individual. The expired 

air passed into large canvas or plastic bags, or rubber 

meteorologic balloons. The expired air might also pass 



directly through a gas meter which continually measure 

air volume. Sample of expired air was then analyzed for 

oxygen and carbon dioxide composition. The data were used 

for calculating the VO2 and calories (Mcardle et al., 

2006). 

Portable Spirometry 

     According to Mcardle et al. (2006), individual 

carried the 3 kg box-shaped apparatus on the back, and 

the ambient air passed through a two-way valve. Expired 

air then exited through a gas meter, which used for measure 

the total expired air volume and collect the gas sample 

for the later analysis of oxygen and carbon dioxide 

content. It also used for determine the VO2 and energy 

expenditure. 

Computerized Instrumentation 

     Nowadays, scientists can measure the aerobic energy 

expenditure accurately and rapidly. Based on the electric 

signals the computer received from each instrument, the 

computer performed the metabolic calculations which 



interface with a system to sample the individual’s expired 

air, a flow measuring device to record air volume breathed, 

and oxygen and carbon dioxide analyzers to measure the 

expired gas mixture’s composition (Mcardle et al., 2006). 

Tests assessing the aerobic endurance 

     Both laboratory test and field test can be used to 

assess the aerobic endurance, which laboratory test was 

widely used, but field test was inexpensive and less 

time-consuming. 

Laboratory test 

Many maximal exercise test protocols have been 

designed to assess aerobic endurance. The laboratory 

tests which commonly used were treadmill walking, running 

and stationary cycling (Heyward, 1998). The standing 

measure for assessing Vo2max was by the direct measurement 

of oxygen uptake in the laboratory, and most individuals 

attain higher Vo2max values on a treadmill than on other 

ergometers (Harrison, Brown & Cochrane, 1980). 

As the maximum exercise tests were expensive and 



time-consuming, submaximal exercise tests were promoted. 

The treadmill, bicycle ergometer, or bench stepping 

exercises were commonly used. They were used to predict 

or estimate the VO2max of the individual (Heyward, 1998). 

They were similar to maximum one, but terminated at some 

predetermined heart rate intensity, such as monitor the 

heart rate, blood pressure, and rating of perceived 

exertion during the submaximal exercise test.  

Field test 

Laboratory test for Vo2max not only expensive and 

time-consuming, but also not practical enough. Field 

tests therefore designed for predicting the Vo2max. They 

included distance run tests such as nine or twelve-minute 

run tests, one and one-half mile run or walk test and 

one-mile jogging test; walking tests and step tests 

(Heyward, 1998). In recent years, some field test became 

more practical like the Yo-Yo Intermittent Endurance Test. 

According to Castagna, Impellizzeri, Chamari, Carlomagno 

and Rampinini (2006), the 20-m shuttle run test, the 



multi-stage fitness test and the yo-yo endurance test were 

the most popular tests for aerobic power.  

Energy-transfer systems during intermittent sports 

In many cases, all three energy-transfer systems, the 

adenosine triphosphate-phosphocreatine (ATP-PCr) system, 

the lactic acid system, and the aerobic system, operate 

predominantly at different times during exercise. Their 

relative contribution to the energy continuum directly 

relate to the duration and intensity (power output) of 

the specific activity (Mcardle et al., 2001). 

Mcardle et al. (2006) pointed out that: 

     “At the initiation of either high or low speed 

movements, the intramuscular phosphagens, ATP and 

PCr, provide immediate and nonaerobic energy for 

muscle action. After the first few seconds of 

movement, the glycolytic energy system (initial 

phase of carbohydrate breakdown) provides an 

increasingly greater proportion of the total energy. 

Continuation of exercise, although at a lower 



intensity, places a progressively greater demand on 

aerobic metabolic pathways for ATP resynthesis” 

(p.224).  

Field hockey was one of the intermittent sports. 

According to Lothian and Farrally (1994), time-motion 

analysis indicated that, about 20% of the women’s field 

hockey game was spent in high-intensity activity, such 

as running and sprinting. Averages of 5 seconds duration 

were alternated with low-intensity such as jogging and 

walking. High-intensity efforts rely predominantly on the 

immediate (adenosine triphosphate phosphocreatine) and 

short-term (anaerobic glycolysis) anaerobic energy 

systems. The aerobic energy system was important during 

prolonged intermittent exercise. Evidently, the 

energetics of field hockey require an interaction of all 

3 energy systems, with each system playing a significant 

yet specific role in energy supply during the game (Dawson, 

Fitzsimons and Ward, 1993). 

Not only anaerobic but also aerobic metabolism 



contributes to energy production during basketball 

competition. The high demands placed on aerobic 

metabolism during a basketball game was supported by the 

finding that about 22% of live time was spent in low to 

moderate intensities of running whereas 65% of live time 

was spent in activities of a greater intensity than 

walking. This requirement was reflected in the high VO2max 

values (range:60-74.4ml/kg/min) presented in the 

literature (Mcinnes, Carlson, Jones, & Mckenna, 1995). 

As the intermittent endurance field tests were 

designed for test the players of intermittent sports 

practically, three energy systems also involved during 

the tests. The energetics of intermittent field tests were 

complex, with anaerobic and aerobic energy systems 

interacting and playing a specific role in energy supply 

during test performance (Lemmink and Visscher, 2006). 

Lemmink and Visscher (2006) also stated that intermittent 

endurance field test, such as the Intermittent Endurance 

Test (Bangsbo and Lindquist, 1992) and the Yo-Yo 



Intermittent Recovery Test (Krustrup et al., 2003) have 

been related to aerobic energy system measures. Therefore, 

the Yo-Yo Intermittent Endurance Test helped to train 

these three energy systems as well. 

Yo-Yo Intermittent Endurance Test 

The Yo-Yo Intermittent Endurance Test was one of the 

Yo-Yo tests which proposed by Bangsbo (Bangsbo, 1996). 

It was an important tool in determining an individual’s 

fitness level. It tested the ability of an individual to 

perform intervals repeatedly over a prolonged period of 

time. The individual kept running like a Yo-Yo back and 

forth between the 20 meters markers at given speeds that 

were controlled by the cassette tape. The test is lasts 

for between 5 and 20 minutes, consists of 5-20 second 

intervals of running interspersed by regular short rest 

periods (5 seconds).It ended while the individual no 

longer can maintain the speed which is keep increasing. 

The last speed and the number of performed 20 meters 

distances at this speed are recorded (Bangsbo, 1996). 



Summary 

Cardiovascular endurance played an important role in 

cardiovascular fitness (Hoffman & Collingwood, 1995). It 

could affect the performance of the match if there was 

poor cardiovascular endurance. The Yo-Yo Intermittent 

Endurance Test was a popular field test to assess an 

individual’s ability to repeatedly perform intervals over 

a prolonged period of time (Bangsbo, 1996). There were 

many components such as cardiovascular endurance, 

muscular strength and flexibility influenced the 

athletes’ performance of the test. This study was designed 

to assess the contribution of the cardiovascular 

endurance to the performance of the Yo-Yo Intermittent 

Endurance Test.  

 

 

 

 

 



Chapter 3 

METHOD 

The purpose of this study was to investigate the 

relationship between the performance of the Yo-Yo 

Intermittent Endurance Test and the aerobic capacity. 

This chapter was divided into the following parts: (a) 

subjects; (b) procedures; and (c) method of analysis. 

Subjects 

Seven male elite-level junior athletes aged between 

14 and 18 years old, who represent the Hong Kong Junior 

Handball Team in taking part in the local and overseas 

handball competitions involved in the team handball 

volunteered for the study. They had to participate the 

Maximum Incremental Treadmill Running Test and the Yo-Yo 

Intermittent Endurance Test. Prior to participation, 

participants were informed of the purpose, benefits and 

risks of the study and all provided written informed 

consent. The informed consents were also completed by 

their parents before the test, since most of them were 



younger than 18 years old. 

Procedures 

VO2max test is the best indicator to measure the 

maximum oxygen uptake. In this study, the Maximum 

Incremental Treadmill Running Test and the Yo-Yo 

Intermittent Endurance Test were performed on separate 

days within a week. The Maximum Incremental Treadmill 

Running Test was conducted in an air-conditioned 

laboratory of Dr. Stephen Hui Research Center of Physical 

Recreation and Wellness, with a temperature and relative 

humidity at 22 degree and 70% respectively. The Yo-Yo 

Intermittent Endurance Test was conducted in an indoor 

sports hall of Dr. Stephen Hui Sport Hall with the similar 

environment with the laboratory. 

Maximum Incremental Treadmill Running Test 

In the Maximum Incremental Treadmill Running Test, 

the participants were advised not to have a heavy meal 

2 hours before the test. The body weights and heights of 

the subjects were measured with TANITA body composition 



analyzer (TBF410, Japan) and a wall mounted stadiometer. 

After measuring the body weights and heights, warm-up 

exercise was needed. The warm-up exercise included the 

5 minutes moderate treadmill running at self-selected 

speed and then 10 minutes stretching exercises. The test 

consisted of a progressive, incremental run to exhaustion 

on a motorized treadmill (h/p/cosmos, pulsar, Germany). 

It started at 0% gradient and at a speed elicited 

approximately 70% of predicted maximum heart rate 

(220-age).  Thereafter, the treadmill gradient was 

increased by 2% every 2 minutes with constant speed until 

heart rate > 90% of predicted maximum value. The 2% 

gradient was then increased for every minute until 

increased in VO2 was less than 2.1 ml.kg-1.min-1 with 

increasing workload, or respiratory exchange ratio > 1.15. 

Metabolic cart (Vmax 229d, SensorMedics, CA) was involved 

to measure the metabolic data such as O2 uptake, CO2 output 

and RER breath-by-breath. Data recorded in each 10 seconds 

were averaged for analysis. In addition, participants 



were instructed to point to the number on the Borg’s 

15-point category Rating of Perceived Exertion (RPE) 

scale to indicate their perceived effort instead of 

speaking out the number as they would wear the facemask 

and mouthpiece breathed through the attached 

low-resistance non-rebreathing valve connected to the 

mixing chamber of the metabolic cart during the test. 

Prior to the test, the RPE scale was verbally anchored 

by indicating RPE “6” corresponds to feelings of exertion 

while RPE “20” corresponds to feelings at maximal exertion. 

Besides, exercise heart rate was continuously monitored 

during the last five seconds of each stage by using the 

heart rate monitor (Sport Tester TM PE4000, Polar Electro, 

Finland). Verbal encouragement was given during the test.  

Yo-Yo Intermittent Endurance Ttest 

In the Yo-Yo Intermittent Endurance Test, 

participants were given a familiarization trial on 

another day before the test in order to avoid the learning 

effect. Prior the test, warm-up exercise was needed. It 



included the 5 minutes free running on ground at 

self-selected pace and then 10 minutes stretching 

exercises. There are two levels of the Yo-Yo Intermittent 

Endurance Test with the Level 1 being for less trained 

individual and the Level 2 for well trained individual 

(Bangsbo, 1996). In this study, Level 2 was used as the 

participants were elite level athletes. For the Level 2 

test, the starting speed is 11.5km/h.The test consisted 

of repeated 2 x 20 meters runs at progressively faster 

speeds by a tape-recorder. Each run separated by a 

5-seconds active rest period. Two markers were placed 20 

meters apart from each other, with a third marker placed 

2.5 meters behind the side of the start marker. Seven 

courses which were 2 meters apart placed parallel to each 

other as seven participants were tested at the same time. 

The figure of the setting was as follow: 

 

 

 



Figure 1.  

The setting of the Yo-Yo Intermittent Endurance Test. 

 

 

The participants began to run forward 20 meters at 

the time of the first signal. Participants were expected 

to reach the marker exactly at the time of the next signal, 

which is the “beep” sounds from the tape. They supposed 

to jog to the third marker and jog back to the start marker 

within the 5-minutes recovery period. At the start marker, 

participants stopped and waited for the signal for the 

start of the next shuttle. The speed was increased at 

intervals, and the time between the signals would be 

shorted. A warning would be given if the participant has 

been unable to maintain the currently indicated speed. 



If the participant still could not arrive the marker at 

the time of the next signal, he has to stop, and the test 

was ended. The maximum performance of the Yo-Yo 

Intermittent Endurance Test is the maximal ability of the 

participants to continue the test. The last speed level 

and the number of intervals were recorded on the test 

schemes. Participant's performance in the Yo-Yo test was 

defined as the maximum distance covered (Bangsbo, 1996). 

Method of Analysis 

Data were reported as mean and ±standard deviation, 

as well as minimum and maximum values of variables were 

analyzed by the Statistical Package for Social Science 

(SPSS). Pearson Product Moment Coefficient of Correlation 

(r) was used to examine the relationship between the 

performance of the Yo-Yo intermittent endurance test and 

the aerobic capacity. An alpha level of p < 0.05 indicated 

statistical significance. 

 

 



       Chapter 4 

ANALYSIS OF DATA 

Results 

Seven male Hong Kong Junior Handball Team players were 

invited to participate in the study. Since one of them 

dropped out before the completion of all the tests, his 

data has been excluded. The purpose of the study was to 

examine the relationship between individual’s aerobic 

capacity and the maximum performance of the Yo-Yo 

Intermittent Endurance Test. All the participants engaged 

in two tests, the Yo-Yo Intermittent Endurance Test and 

the Maximum Incremental Treadmill Running Test within a 

week. 

The physical characteristics of the participants 

were presented in Table 1. 

 

 

 

 



Table 1 

Physical Characteristics of the participants (N=6) 

 Minimum Maximum Mean ±SD 

Age 14 18 15.3 1.5 

Height(cm) 167 187   179.2 7.9 

Weight (kg) 53.9 80.2 67.8 10.7 

 

 

The total distances of the participants covered in 

the Yo-Yo Intermittent Endurance Test were ranged from 

720 m to 1840 m. The mean and standard deviation of the 

distance were 1206.7 ± 365.2m. 

The descriptive statistics of the Maximum 

Incremental Treadmill Running Test was shown in Table 2. 

 

 

 

 



Table 2 

Descriptive statistics of the Incremental Treadmill Running 

Test (N=6) 

 Minimum Maximum Mean SD 

VE at VO2max 

(L/min) 

103.2 149.6 132.1 18.2 

RR (bpm) 47 75 58.2 9.2 

VT (L) 1.74 2.70 2.21 0.34 

VO2max 

(ml/kg/min) 

50 61.7 53.9 4.2 

RQ at VO2max 1.18 1.27 1.23 0.38 

VEO2 at VO2max 31 40 36.2 3.1 

VE: pulmonary ventilation 

RR: respiratory rate  

VT: tidal volume 

VO2max: maximum oxygen uptake 

RQ: respiratory ratio 

VEO2: ventilatory equivalent for oxygen consumption 



The Pearson correlation between the distance covered 

in the Yo-Yo Intermittent Endurance Test (Level 2) and 

the VO2max during the Maximum Incremental Treadmill 

Running Test was computed. The Pearson correlation 

coefficient and the coefficient of determination were 

shown in Table 3. 

 

Table 3 

Pearson’s correlation test between the distance covered 

in the Yo-Yo Intermittent Endurance Test (Level 2) and 

the VO2max during the Maximum Incremental Treadmill 

Running Test (N=6) 

 

Yo-Yo Intermittent 

Endurance Test 

(Level 2)  

r r2  p  

Distance covered 0.919** 0.845  0.01   

 ** Correlation is significant at the 0.01 level (2-tailed) 

 

Figure 2 showed the relationship between the 

performance of the Yo-Yo Intermittent Endurance Test and 

the aerobic capacity, VO2max during the Maximum 

Incremental Treadmill Running Test for all participants.  



Figure 2. 

Scatter-plot showing the relationship between 

performance of the Yo-Yo Intermittent Endurance Test and 

the VO2max during the Maximum Incremental Treadmill 

Running Test (N=6) 

 

Dependent variable (Y- axis): distance covered in the 

Yo-Yo Intermittent Endurance Test 

Independent variable (X- axis): aerobic capacity (VO2max 

in the Maximum Incremental Treadmill Running Test) 



Using the Pearson product-moment correlation 

coefficient, the finding showed that the correlation 

between the distance covered in the Yo-Yo Intermittent 

Endurance Test and the Maximum Incremental Treadmill 

Running Test was significant (r = 0.919, p < 0.05). Hence 

the null hypothesis that there was no significant 

correlation between the performance of the Yo-Yo 

Intermittent Endurance Test and the aerobic capacity was 

rejected. From figure 1, the pattern illustrated that 

there was a significant positive relationship between the 

performance of the Yo-Yo Intermittent Endurance Test and 

the VO2max during the Maximum Incremental Treadmill 

Running Test. Since the coefficient of determination is 

0.845 (r2 = 0.845), the variance shared by or common to 

the variables is 84.5%. It showed that the contribution 

of the aerobic capacity is 84.5% to the performance of 

the Yo-Yo Intermittent Endurance Test. 

Discussion 

The purpose of this study was to examine the 

relationship between individual’s aerobic capacity and 



the maximum performance of the Yo-Yo Intermittent 

Endurance test. The following discussion will be divided 

into two parts: (a) Relationship between the performance 

of Yo-Yo test and VO2max, and (b) Factors affected the 

performance of Yo-Yo tests. 

Relationship between the performance of Yo-Yo test and 

VO2max 

As most of the researches selected the Yo-Yo tests 

which were Yo-Yo Recovery Test or Yo-Yo Endurance Test, 

lack of data were available for Yo-Yo Intermittent 

Endurance Test specifically. From present study, the 

finding showed a significant positive relationship 

between the performance of the Yo-Yo Intermittent 

Endurance Test and the VO2max during the Maximum 

Incremental Treadmill Running Test ( r = 0.919, p < 0.05, 

n = 6). The mean and standard deviation of the respiratory 

ratio of the participants in the Maximum Incremental 

Treadmill Running Test was 1.23 ± 0.38, which > 1.15. This 

ensured that all participants achieved a maximum effort 



in the Maximum Incremental Treadmill Running Test. As the 

coefficient of determination is 0.845 (r2 = 0.845), it 

showed that the contribution of the aerobic capacity is 

84.5% to the performance of the Yo-Yo Intermittent 

Endurance Test. This is in agreement with early findings 

in the study of Krustrup et al. (2003). Their study was 

tested the physiological response and reproducibility of 

the Yo-Yo test and its application to elite soccer. 

Results showed that the Yo-Yo Intermittent Test 

performance was significantly correlated with the time 

to exhaustion and VO2max values at the treadmill test. 

The Yo-Yo test performance was significant related to 

VO2max in elite soccer players (r = 0.71; p < 0.05; n = 15). 

Besides, Bangsbo et al. (1992) also reported a significant 

relationship between VO2max and distance covered during 

various competitive team sport matches (r = 0.64, p < 0.05, 

n = 20) in the study which compare the exercise tests to 

the physical performance during soccer in professional 

players. As the team sport matches in the study were 



intermittent tests which similar to the concept of the 

Yo-Yo Intermittent Endurance Test, these findings support 

the result of present study with a significant 

relationship between the distance covered in Yo-Yo test 

and the aerobic capacity.  

In 2006, Krustup et al. reported similar studies 

specific in Yo-Yo Intermittent Recovery Test (Level 2) 

which reported the test has a high reproducibility and 

sensitivity and can be used to examine changes in 

intermittent exercise performance of athletes such as 

soccer players. Thirteen male subjects carried out four 

Yo-Yo Intermittent Recovery tests, an incremental 

treadmill test and various sprint tests. A significant 

correlation was observed between Yo-Yo Intermittent 

Recovery Level 2 Test performance and time to fatigue in 

the incremental running test (r = 0.74, p < 0.05) as well 

as maximal oxygen uptake (r = 0.56, p < 0.05). It 

demonstrated that the yo-yo Intermittent Recovery Level 

2 Test can be used to evaluate an athlete’s ability to 



perform intense intermittent exercise with a high aerobic 

energy production. 

    Not only Yo-Yo tests, 20-m multistage shuttle run 

(20MSR) is widely used by team-sport athletes as a field 

test for determining aerobic fitness (Svensson& Drust, 

2005). It has been demonstrated to have a strong 

association with VO2max (r = 0.92 to 0.93) (Ramsbottom et 

al., 1988). Moreover, according to the study of Thomas, 

Dawson and Goodman (2006) which determine the reliability 

of Yo-Yo test and association with a 20-m shuttle run and 

VO2max, results showed the strong correlations between the 

20MSR and Yo-Yo level 1 scores (r > 0.80). It suggest that 

both tests are largely measuring aerobic fitness, with 

the relationship found between Yo-Yo level 1 and VO2max 

further supporting the notion that aerobic capacity is 

important in performing the test. 

Although there have some previous research supported 

the finding of present study, however, there have some 

other studies reported weak correlation between the Yo-Yo 



tests and the aerobic capacity. In contrast to the present 

findings, Castagna et al. (2006) studied the difference 

between cardiorespiratory responses during Yo-Yo and 

treadmill testing in youth soccer players. Results showed 

that there were no significant correlations between the 

distance covered during the pre-experiment Yo-Yo 

Intermittent Endurance Test and treadmill VO2 peak (r = 

0.49, p > 0.05). The main finding of this study was that, 

it was not possible to establish significant 

relationships between Yo-Yo Intermittent Endurance Test 

performance (distance covered) and treadmill VO2peak, 

which means Yo-Yo Intermittent Endurance Test performance 

(Level 1) was not solely determined by an individual’s 

maximal aerobic power.  

Factors affected the performance of Yo-Yo tests 

     As the coefficient of determination is 0.845 (r2 = 

0.845) which mentioned before, the contribution of the 

aerobic capacity is 84.5% to the performance of the Yo-Yo 

Intermittent Endurance Test. It showed that aerobic 



capacity play an important role in the performance of the 

Yo-Yo Intermittent Endurance Test. However, the remaining 

15% of variance unaccounted in the performance of the 

Yo-Yo Intermittent Endurance Test may relate to the 

ability to repeat high-intensity, short-duration 

intermittent efforts, which is characteristic of many 

team sports (Stolen, Chamari, Castsgna & Wisloff, 2005). 

According to Moffatt et al. (1994), the lower values 

of VO2max in the Yo-Yo tests are possibly due to various 

factors such as the turn in the shuttle run, as well as 

the unstable running rate. Another possible cause is the 

effect of the acceleration immediately after the signal 

and turn. Moreover, encouragement and competition between 

players during the tests contributed to the finding. In 

addition, Lemmink, Visscher, Lambert and Lamberts (2004) 

also reported that motivation is essential for a useful 

outcome if a maximal test is conducted in sport players. 

On the other hand, Bangsbo, Norregaard and Thorsoe (1991) 

draw the similar conclusion. Since the physical 



performance during match is influenced by several factors 

such as tactical limitations or less than an optimal 

degree of motivation, single reliable measure of the 

physical ability to perform long term, intermittent 

exercise during a soccer match (the soccer-specific 

endurance capacity) may not exist. 

In this study, the participant’s maximum effort 

whether achieved or not could be ensured by the 

respiratory ratio and the heart rate maximum during the 

Maximum Incremental Treadmill Running Test (The mean and 

standard deviation of the respiratory ratio was 1.23 ± 

0.38). However, it was hard to ensured whether the 

participants had pay their maximum effort or not in the 

Yo-Yo Intermittent Endurance Test since heart rate have 

not recorded but only their distance covered. It is an 

important factor which will affect the accuracy of the 

study. 

 

 



Chapter 5 

Summary and Conclusion 

Summary of results 

This study was designed to examine the relationship 

between the aerobic capacity and the maximum performance 

of the Yo-Yo Intermittent Endurance Test. It also 

attempted to investigate the contribution of one’s 

aerobic capacity to the maximum performance of the Yo-Yo 

Intermittent Endurance Test.  

Seven male Hong Kong Junior Handball Team players were 

participated in the study. To measure their maximum oxygen 

uptake, the Maximum Incremental Treadmill Running Test 

was conducted at the laboratory of Dr. Stephen Hui 

Research Center of Physical Recreation and Wellness 

whereas the Yo-Yo Intermittent Endurance Test was 

performed in an indoor sports hall of Dr.Stephen Hui Sport 

Hall. The maximum distance covered was recorded. 

Collected data was analyzed by the Statistical Package 

for Social Science (SPSS). Pearson Product Moment 



Coefficient of Correlation (r) was used as well with the 

0.05 level of significance. 

The results of this study were summarized as follows: 

1. There was a significant positive relationship 

between the performance of the Yo-Yo Intermittent 

Endurance Test and the aerobic capacity, at the 

0.01 level of significance (r = 0.919, p < 0.05). 

2. The contribution of the aerobic capacity is 84.5% 

to the performance of the Yo-Yo Intermittent 

Endurance Test (r2 = 0.845). 

Conclusion 

The findings showed that there was a significant 

relationship between the performance of the Yo-Yo 

Intermittent Endurance Test and the VO2max during the 

Maximum Incremental Treadmill Running Test (r = 0.919, 

p < 0.05, n = 6). The coefficient of determination is 0.845. 

As the contribution of the aerobic capacity is 84.5% to 

the performance of the Yo-Yo Intermittent Endurance Test, 

aerobic capacity was a decisive factor in the performance 



of the Yo-Yo Intermittent Endurance Test.  

 Recommendation for Further Study 

1. The sample size should be enlarged in order to obtain       

more representatives. 

2. Similar study should be made in other intermittent    

types of sports such as soccer, rugby and hockey. 

3. The age group and the sex group should be extended  

as there might have differences in aerobic fitness 

level. 

4. Heart rates should be monitored throughout the Yo-Yo   

Intermittent Endurance Test in order to ensure the 

achievement of the participant’s maximum effort. 

5. The dietary and exercise habit of the participants  

should be controlled as to minimize the external 

factors which would affect the results. 

 

 

 

 

 



REFERENCES 

 

Alexander, J. F., Liang, M. T., & Stull, G. A. (1984). 

A comparison of the Bruce and Liang equations for 

predicting VO2max in young male adults. Research 

Quarterly for Exercise and Sports, 55, 383. 

 

American College of Sports Medicine. (1995). ACSM’s 

guidelines for exercise testing and prescription (5th 

ed). Baltimore: Williams & Wilkins.  

 

American College of Sports Medicine. (2006). ACSM’s 

resource manual for guidelines for exercise testing 

and prescription (5th ed). Baltimore: Williams & 

Wilkins.  

 

Bangsbo, J. (1993). The physiology of soccer with special 

reference to intense intermittent exercise. Denmark: 

August Krogh Institute. 

 

Bangsbo, J. (1996). Yo-yo tests. Denmark: August Krogh 

Institute. 

 

Bangsbo, J. & Lindquist, F. (1992). Comparison of various 

exercise tests with endurance performance during soccer 

in professional players. International Journal of 

Sports Medicine 13(2), 125-32.  

 

Bangsbo, J., Norregaard, L., & Thorsoe, F. (1991). Activity 

profile of competitive soccer. Canadian Journal of 

Sports Science, 16, 110-116. 

 

Blair, S. N., Kohl, H. W., & Paffenbarger, R. S.(1989). 

Physical fitness and all-cause mortality. A 

prospective study of healthy men and women. The 

Journal of the American Medical Association, 262, 

2395-2401. 

 



Boulay, M. R., Lortie, G., Simoneau, P., Hamel, C., 

Leblanc, C. & Bouchard, C. (1985). Specificity of 

aerobic and anaerobic work capacities and power. 

International Journal of Sports Medicine, 6, 325-328. 

 

Castagna, C., Impellizzeri, F. M., Belardinelli, R., Abt, 

G. Coutts, A., Chamari, K. & D’ottavio, S. (2006). 

Cardiorespiratory responses to yo-yo intermittent 

endurance test in nonelite youth soccer players. 

Journal of Strength and Conditioning Research, 20(2), 

326-330. 

 

Castagna, C., Impellizzeri,F. M., Chamari, K., Carlomagno, 

D., & Rampinini, E. (2006), Aerobic fitness and yo-yo 

continuous and intermittent tests performances in 

soccer players: A correlation study. Journal of 

Strength and Conditioning Research, 20, 320-325. 

 

Dawson, B., Fitzsimons, M., & Ward, D. (1993). The 

relationship of repeated sprint ability to aerobic 

power and performance measures of anaerobic work 

capacity and power. Australian Journal of Science and 

Medicine in Sports. 25, 88-93.  

 

Harrison, M. H., Brown, G. A., & Cochrane, L. A. (1980). 

Maximal oxygen uptake: Its measurement, application, 

and limitations. Aviation, Space, and Environment 

Medicine, 51, 1123-1127. 

 

Heyward, V. H. (1998). Advanced fitness assessment 

exercise prescription (3rd ed). USA: Human Kinetics  

 

Hill, A. V., Long, C. N. H., & Lupton, H. (1924). Muscular 

exercise, lactic acid, and the supply and utilization 

of oxygen, 1-3. Proceedings of the Royal Society of 

London, 96,438 

 

 



 

Hill, A. V., & Lupton, H. (1923). Muscular exercise, 

lactic acid, and the supply and utilization of oxygen. 

Quarterly Journal of Medicine, 16, 135. 

 

Hoffman, R. & Collingwood, T. R. (1995). Fit for duty. 

Champaign, IL: Human Kinetics. 

 

Holly, R. G. (1993). Fundamental of cardiorespiratory 

exercise testing. ACSM: Resource Manual for 

Guidelines for Exercise Testing and Prescription (4th 

ed). Philadelphia: Lea & Febiger. 

 

Holzinger, K. J. (1929). The relative effect of nature 

and nurture influences on twin differences. Journal 

of Educational Psychology, 54, 231. 

 

Kilding, A. E., Aziz, A. R. & Teh, K. C. (2006). Measuring  

and predicting maximal aerobic power in 

international-level intermittent sport athletes. 

Journal of Sports Medicine and Physical Fitness, 46, 

366-372. 

 

Krustrup, P., Mohr, M., Amstrup, T., Rysfaard, T., 

Johansen, J.,& Steensberg, A., et al. (2003). The 

yo-yo intermittent recovery test: Physiological 

response, reliability, and validity. Medicine and 

Science in Sports and Exercise, 35, 697-705. 

 

Krustrup, P., Mohr, M., Nybo, L., Jensen, J. M., Nielsen, 

J., J. & Bangsbo, J. (2006). The yo-yo IR2 test: 

Physiological response, reliability, and application 

to elite soccer. Medicine & Science in Sports & Exercise. 

38(9), 1666-1673. 

 

Lamb, D., R. (1978). Physiology of exercise: responses 

and adaptations. New York: Macmillan Publishing Co., 

Inc. 



Laplaud, D., Hug, F., & Menier, R. (2004). Training 

induced changes in aerobic aptitudes of professional 

basketball players. International Journal of Sports 

Medicine. , 25, 103-108. 

 

Lemmink, K. A. P. M., Verheijen,R., & Visscher, C. (2004). 

The discriminative power of the interval shuttle run 

test and the maximal multistage shuttle run test for 

playing level of soccer. Journal of Sports Medicine and 

Physical Fitness, 44, 233-239. 

 

Lemmink, K. A. P. M., & Visscher, S. H. (2006). Role of 

energy systems in two intermittent field tests in 

women field hockey players. Journal of Strength and 

Conditioning Research, 20, 682-688. 

 

Lemmink, K. A. P. M., Visscher, C., Lambert, M. I., & 

Lamberts, R. P. (2004). The interval shuttle run test 

for intermittent sport players: evaluation of 

reliability. Journal of Strength and Conditioning 

Research, 18(4), 821-827 

 

Lothian, F., & Farrally, M. (1994). A  time motion 

analysis of women’s hockey. Journal of Human Movement 

Studies, 26, 255-265. 

 

Mcardle, W. D., Katch, F. I., & Katch, V. L. (2001). 

Exercise Physiology. Energy, nutrition, and human 

performance (5rd ed). Philadelphia: Lippincott 

Williams & Wilkins. 

 

Mcardle, W. D., Katch, F. I., & Katch, V. L. (2006). 

Essentials of exercise physiology (3rd ed). 

Philadelphia: Lippincott Williams & Wilkins. 

 

 

 

 



Mcinnes, S. E., Carlson, J. S., Jones, C. J., & Mckenna, 

M. J. (1995). The physiological load imposed on 

basketball players during competition. Journal of 

Sports Sciences, 13, 387-97. 

 

Moffatt, R., Chitwood, L. & Biggerstaff, K. (1994). The 

influence of verbal encouragement during assessment of 

maximal oxygen uptake. Journal of Sports Medicine and 

Physical Fitness, 34, 45-49. 

 

Noble, B. J. (1986). Physiology of exercise and sport. 

USA: Time Mirror. 

 

Ramsbottom, R. I., Brewer, J. & Williams, C. (1988). A 

progressive shuttle run test to estimate maximal oxygen 

uptake. British Journal of Sports Medicine, 22(1), 

141-144. 

 

Reilly, T., & Borrie, A. (1992). Physiology applied to 

field hockey. Sports Medicine, 14, 10-26. 

 

Reilly, T. & Seaton, A. (1990). Physiological strain 

injury unique to field hockey. Journal of Sports 

Medicine and Physical Fitness, 30, 142-161. 

 

Silva, J. M. (2000). Psychological aspects in the training 

and performance of team handball athletes. In Dosil, 

J (Eds), The sport psychologist’s handbook. A guide 

for sport-specific performance enhancement 

(pp.211-220). England: John Wiley & Sons, Ltd. 

 

Stolen, T., Chamari, K., Castsgna, D, & Wisloff, U. (2005). 

Physiology of soccer. Sports Medicine, 35(6), 501-536. 

 

Svensson, M. & Drust, B. (2005). Testing soccer players. 

Journal of Sports Sciences, 23(6), 601-618. 

 

 



Thomas, A., Dawson, B. & Goodman, C. (2006). The yo-yo test: 

reliability and association with a 20-m shuttle run and 

VO2max. International Journal of Sports Physiology and 

Performance, 2, 137-149. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX A 

 

運動感覺測量表 

 

6     

7    非常, 非常輕鬆 

8 

9    非常輕鬆 

10 

11    尚算輕鬆 

12 

13    少許辛苦 

14 

15    辛苦 

16 

17    非常辛苦 

18 

19 非常, 非常辛苦 

20  

          



APPENDIX B 

 

YO-YO INTERMITTENT ENDURANCE TEST 
DATA COLLECTION FORM 

 

TEST SCHEME:  

YO-YO INTERMITTENT ENDURANCE TEST – LEVEL 2 

 

Date:                          Name: 

 

Speed level:                 Intervals: 

 
8 1 

(40) 
2 

(80) 
      

10 1 
(120) 

2 
(160) 

      

12 1 
(200) 

2 
(240) 

      

13 1 
(280) 

2 
(320) 

3 
(360) 

4 
(400) 

5 
(440) 

6 
(480)

7 
(520) 

8 
(560) 

13.5 1 
(600) 

2 
(640) 

3 
(680) 

4 
(720) 

5 
(760) 

6 
(800)

7 
(840) 

8 
(880) 

14 1 
(920) 

2 
(960) 

3 
(1000)

4 
(1040)

5 
(1080)

6 
(1120)

7 
(1160) 

8 
(1200) 

14.5 1 
(1240) 

2 
(1280) 

3 
(1320)

     

15 1 
(1360) 

2 
(1400) 

3 
(1440)

     

15.5 1 
(1480) 

2 
(1520) 

3 
(1560)

4 
(1600)

5 
(1640)

6 
(1680)

  

16 1 
(1720) 

2 
(1760) 

3 
(1800)

4 
(1840)

5 
(1880)

6 
(1920)

  

16.5 1 
(1960) 

2 
(2000) 

3 
(2040)

4 
(2080)

5 
(2120)

6 
(2160)

  

17 1 
(2200) 

2 
(2240) 

3 
(2280)

4 
(2320)

5 
(23060)

6 
(2400)

  

17.5 1 
(2440) 

2 
(2480) 

3 
(2520)

4 
(2560)

5 
(2600)

6 
(2640)

  



18 1 
(2680) 

2 
(2720) 

3 
(2760)

4 
(2800)

5 
(2840)

6 
(2880)

  

18.5 1 
(2920) 

2 
(2960) 

3 
(3000)

4 
(3040)

5 
(3080)

6 
(3120)

  

19 1 
(3160) 

2 
(3200) 

3 
(3240)

4 
(3280)

5 
(3320)

6 
(3360)

  

19.5 1 
(3400) 

2 
(3440) 

3 
(3480)

4 
(3520)

5 
(3560)

6 
(3600)

  

20 1 
(3640) 

2 
(3680) 

3 
(3720)

4 
(3760)

5 
(3800)

6 
(3840)

  

20.5 1 
(3880) 

2 
(3920) 

3 
(3960)

4 
(4000)

5 
(4040)

6 
(4080)

  

21 1 
(4120) 

2 
(4160) 

3 
(4200)

4 
(4240)

5 
(4280)

6 
(4320)

  

 
 

 

 

 

 

 

 

 

 

 

 

 



 

RESULT SCHEME: YO-YO INTERMITTENT ENDURANCE TEST 

 

Date:                              Level: 

 

Surface condition:               Weather: 

 

 

No. Name Speed level 

intervals 

Total 

distance 

comments

1.     

2.     

3.     

4.     

5.     

6.     

7.     

8.     

9.     

10.     

11.     

12.     

13.     

14.     

15.     

16.     

17.     

18.     

19.     

20.     

     

 

 

 

 



APPENDIX C 

體能測試內容及家長同意書 

2007-2008 中國香港手球總會精英手球員培訓計劃 (男子青年組) 

確認回條及家長同意書 

致 : 中國香港手球總會   傳真號碼 : 2577 5570   查詢電話 : 2504 8119 

 

體測內容： 

 

最大攝氧量的直接測驗法: 極限運動測試 

受試者在跑台按漸增速度和斜度維持跑步，直到全身力竭。對心血管疾病的人而

言，衰竭運動具有潛在危險的可能性。 

 

20 米來回跑測試 

受試者進行 20 米來回跑運動，直到全身力竭。對心血管疾病的人而言，衰竭運

動具有潛在危險的可能性。 

 

肌肉力量及耐力量測試 

測量受試者肩關節、膝關節群肌的肌力及肌耐力，以及關節柔韌度。可能出現運

動后延遲性肌肉酸痛。 

 

(1) 意向回覆：(*請在合適空格加上”X”／ 請刪除不適用者) 

□ 本人 / 參加者已細閱「2007-2008 精英手球員培訓計劃」的內容詳情(共8頁)，

確認接受邀請，參加此計劃的全部項目。本人清楚明白此計劃的高度要求，

並承諾會竭盡全力，爭取進步。 

□ 本人 / 參加者不接受邀請參加「2007-2008 精英手球員培訓計劃」，其原因

是：__________________________________________________________________ 

 

(2) 個人資料： 

姓名：(中文)___________________   (英文)_____________________ 

出生日期：________________ 性別：__________ 身份証號碼：________________ 

身高： __________cm  體重： ___________kg  就讀年級：_________________ 

聯絡電話：(日)________________ (夜)__________________  

電郵：___________________________ (必須填寫) 

聯絡地址：________________________________________________________________ 

就讀學校／工作機構：____________________________________________________ 



 

 

(3) 參加者責任聲明： 

本人__________________身體健康狀況良好，適宜參加上述的精英手球員培訓

計劃，本人並未有任何疾病，而不適合參與此計劃，包括體能測試及體能訓。

如有疑問，會向醫生尋求指示。在訓練或比賽期間發生意外而導致任何事故，

本人願承擔全部責任，主辦或協機構並不需要負上任何法律責任。此外，本人

亦明白必須遵守上述計劃的一切規則及教練 / 指導員之安排。 

 

確認日期：_________________ 參加者簽名：______________________ 

※ 註：所有參加者必須由家長簽署同意參加有關課程 

 

家長/監護人姓名：__________________ 家長/監護人簽名：_________________ 

與參加者之關係：____________________ 日期：_____________________ 

- 各學員如有需要，請自行購買個人意外保險，以作保障。 

- 本會聲明：申請人所提供之資料只會用作報名記錄及聯絡用途。所有個人資料，除獲

本會及合辦機構授權職員外，將不會提供予其他人士。若要求更改或索取已申報的個人

資料，請與本會職員聯絡。 


