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WINGATE ANAEROBIC TEST 
 
INTRODUCTION: 
 
Many sports involve quick bursts of speed at high intensities.  An athlete’s ability to quickly 
utilize and produce energy is a major determinant of performance in these events.  When 
movement begins, the breakdown of high-energy molecules known as adenosine triphosphate 
(ATP) and creatine phosphate (CP) provide immediate energy to power muscle actions.  ATP is 
produced by the breakdown of glucose and glycogen (the storage form of glucose).  These 
molecules can be broken down both with and without oxygen, hence the terms aerobic and 
anaerobic.  The muscular stores of ATP and CP are very limited and become quickly depleted 
after only a few seconds of activity.  At this point, a higher percentage of energy for ATP 
production is supplied by the glycolytic energy system.  These two systems provide energy 
anaerobically.  As exercise progresses past two minutes, greater demands are placed on the long-
term energy system of aerobic metabolism (see Figure 1).    
 
Figure 1.  The three systems of energy transfer and the percentage contributions of total 
energy output during all-out exercise of different durations.  Redrawn from McArdle et al. 
(2001). 
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In a laboratory we attempt to evaluate the availability of the ATP-CP stores and the 
glycolytic energy system by measuring the amount of work an athlete can do in a short, maximal 
test.  The Wingate anaerobic test is used to determine an athlete’s peak anaerobic power and 
anaerobic capacity.  Anaerobic power is a measure of the ATP-CP system, while anaerobic 
capacity is a measure of both anaerobic pathways (ATP-PC and glycolysis) to produce energy.  
Being able to assess an athlete’s power output is an incredibly useful tool.  For example, as a 
competitive cyclist’s velocity increases, the power output must increase exponentially (see 
Figure 2).  In other words, it becomes harder and harder for an athlete to incrementally increase 
his/her velocity at higher speeds.  Being able to sustain a high power output is therefore 
incredibly important to a cyclist.  The Wingate test also measures the athlete’s rate of fatigue, 
which is the percentage decline in power during the course of the test.  The data that the Wingate 



test provides can be used in evaluating current states of conditioning, monitoring the effects of 
training, event or sport selection, and talent identification.    
 
Figure 2.  Relationships between power output, velocity, and competitive performance.  
Redrawn from Garrett and Kirkendall (2000). 
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TEST PROTOCOL: 
 
The Wingate typically involves 30 seconds of maximal exercise on either an arm-crank or leg-
cycle ergometer.  Even though 30 seconds is the standard duration of the test, protocols can 
range from 10 to 90 seconds depending on the sport and/or event.  At the U.S. Olympic Training 
Centers, Wingate tests are predominantly used to assess cyclists.  Sprint track cyclists typically 
perform either a 30- or 18-second test, while road and endurance track cyclists usually perform a 
30-second test.   

The testing device is a mechanically-braked cycle ergometer.  Following a five-minute 
warm-up, which includes three sprints at varying resistances, the athlete may get off the bike 
during a three-minute recovery or stay on the bike and spin lightly.  The athlete then begins to 
pedal as fast as possible without any or minimal resistance.  Within three seconds, a fixed 
resistance is applied to the flywheel and the athlete continues to pedal “all out” for the duration 
of the test (e.g. 30 seconds).  This protocol varies slightly with track cyclists, who begin the test 
and two of the warm-up sprints from a standing start.  A sensor positioned near the flywheel that 
is interfaced with a computer counts each pedal revolution.   

The resistance is applied to the flywheel by adding a predetermined amount of weight to 
the bicycle’s weight tray.  The resistance is a percentage of the athlete’s body weight.  For 
example, a 70kg athlete with a load of 7.5% of his/her total body weight would have 5.25kg 
added to the weight tray.  The percentage of resistance varies between males and females and 
between athletic events.  Tables 1-3 outline three testing protocols for cyclists commonly used at 
the U.S. Olympic Training Centers.   
 
 



Table 1.  30-second Wingate cycling protocol (Road/Endurance Track Cyclists) 
 Warm-up Resistance 

(% TBW) 
Start 
(rpm) 

Data 

Female 5 min. @ 2.0 % TBW 
 
5 sec. sprint @ 3.7 % TBW at 
2:00, 3:00, 4:00 of warm-up 
 
3 min. recovery @ 0% TBW 
 

 
 

7.5 

 
 

60 

Peak HR 
2-min post lactate 
Anaerobic Power 
Anaerobic Capacity 
Fatigue Rate 

Male 5 min. @ 2.0 % TBW 
 
5 sec. sprint @ 4.1% TBW at 
2:00, 3:00, 4:00 of warm-up 
 
3 min. recovery @ 0% TBW 

 
 

8.3 

 
 

60 

Peak HR 
2-min post lactate 
Anaerobic Power 
Anaerobic Capacity 
Fatigue Rate 

 
Table 2.  30-second Wingate cycling protocol (Sprint Track Cyclists) 

 Warm-up Resistance 
(% TBW) 

Start 
(rpm) 

Data 

Female 5 min. @ 2.0 % TBW 
 
5 sec. sprint @ 5.0 % TBW at 
2:00, 3:00, 4:00 of warm-up 
 
3 min. recovery @ 0% TBW 
 

 
 

10.0 

 
 

135 

Peak HR 
2-min post lactate 
Anaerobic Power 
Anaerobic Capacity 
Fatigue Rate 

Male 5 min. @ 2.0 % TBW 
 
5 sec. sprint @ 6.6% TBW at 
2:00, 3:00, 4:00 of warm-up 
 
3 min. recovery @ 0% TBW 

 
 

13.3 

 
 

135 

Peak HR 
2-min post lactate 
Anaerobic Power 
Anaerobic Capacity 
Fatigue Rate 

 
Table 3.  18-second Wingate cycling protocol (Sprint Track Cyclists) 

 Warm-up Resistance 
(% TBW) 

Start 
(rpm) 

Data 

Female 
& Male 

5 min. @ 2.0 % TBW 
 
5 sec. sprint @ 5.0 % TBW at 
2:00 (rolling start), 3:00 
(standing start), and 4:00 
(standing start) of warm-up 
 
3 min. recovery @ 0% TBW 
 

 
 

10.0 

 
 
0 

(standing 
start) 

Peak HR 
2-min post lactate 
Anaerobic Power 
Anaerobic Capacity 
Fatigue Rate 



CALCULATIONS: 
 

Knowing the resistance, the number of revolutions of the flywheel, the distance traveled, 
and the time, power and work can calculate outputs.  The primary calculations of interest are 
peak power, average power, total work, and the rate of fatigue.   
 
Peak Power:  Peak power represents the highest amount of power generated during the test; it is 
usually achieved within the first five seconds.  This value indicates the energy generating 
capacity of the ATP-CP system, and it is measured in watts.  Relative power represents peak 
power divided by the athlete’s body mass.  Reporting data in relative units is actually of more 
value than absolute units when making comparisons between athletes.  For example, a smaller 
athlete may have a smaller peak power than a larger athlete, but the smaller athlete may actually 
be more powerful per kilogram than the larger athlete. 
 
 Peak Power = Work (kg-m/min) / Time (minutes) 

Work = [Force x Distance (# of revolutions x distance per revolution)] 
 

Example:   A 73.3 kg cyclist pedals with 5.5 kg resistance completing 12 revolutions (6.0 
meters traveled per revolution) in the first 5 seconds of the test (5 seconds = 
0.0833 min). 

  
Work = 5.5 kg x (12 rev. x 6.0 m) 

           = 396 kg-m/min. 
  

Peak Power = (396 kg-m/min) / (0.0833 min) 
                = 4753.9 kg-m/min 
 1 watt = 6.12 kg-m/min 
 Peak Power = (4753.9 kg-m/min) / (6.12 kg-m/min) = 776.8 W 
 
 Relative Peak Power = Peak Power (W) / Body Mass (kg) 
        = 776.8 W / 73.3 kg 
        = 10.6 W/kg 

 
Average Power:  This is simply the average power that is sustained throughout the entire test 
and is measured in watts.  Whereas peak power represents the energy generating capacity of the 
ATP-CP system, average power is a reflection of the energy produced from glycolysis.  This is a 
measurement of the anaerobic capacity and indicates how well the muscles can sustain high 
power outputs for the duration of the test.  Average power is the product of force and the total 
distance pedaled during the test, while relative average power is the average power divided by 
the athlete’s body mass. 
 
 Average Power = Force x Total distance in 30 seconds 
 

Example:   A 73.3 kg cyclist pedals with 5.5 kg resistance completing 48 revolutions (6.0 
meters traveled per revolution) in 30 seconds. 

 



 Average Power = 5.5 kg x (48 rev. x 6.0 m) 
           = (1584 kg-m/min) / (6.12 kg-m/min) 
           = 258.8 W 
  
 Relative Average Power = Average Power (W) / Body Mass (kg) 

               = 258.8 W / 73.3 kg 
               = 3.5 W/kg 
 
Total Work:  Like the name suggests, total work is the total amount of work accomplished 
during the test.  Like average power, it is another measurement of anaerobic capacity.  However, 
whereas average power is measured in watts, total work is calculated in joules.  Relative total 
work is the total work divided by the athlete’s body mass.  
 
 Total Work = Average Power (W) x Time (seconds) 
  

Example:   A 73.3 kg cyclist pedals for 30 seconds and achieves an average power of 
258.8 W. 

 
 Total Work = 258.8 W x 30 sec. 
     = 7764 J 
 
 Relative Total Work = Total Work (J) / Body Mass (kg) 
        = 7764 J / 73.3 kg 
        = 105.9 J/kg 

 
Rate of Fatigue:  Rate of fatigue, or anaerobic fatigue, is the percentage decline in power 
output during the test; it represents the total capacity to produce ATP via the ATP-PC and 
glycolytic energy systems.  It is calculated by subtracting the minimum power achieved during 
the test from the peak power then dividing by the peak power and converting to a percent.  In 
evaluating rate of fatigue, the higher the percentage, the more the athlete dropped off during the 
test.  A lower rate of fatigue indicates that the athlete was able to maintain the workload longer, 
which could indicate improved endurance.   
 
 Rate of Fatigue = [(Peak Power – Minimum Power) / Peak Power] x 100 
 

Example:   A cyclist achieves a peak power of 776.8 W and a minimum power of 323.7 
W. 

 Rate of Fatigue = [(776.8 W – 323.7 W) / 776.8 W] x 100 
          = 58.3% 
 

CONCLUSION:   
 

Even though it is relatively short in duration, the Wingate test is a useful tool for 
monitoring an athlete’s training by changes in peak anaerobic power and anaerobic capacity.  
These two variables reflect the energy production of the body’s immediate and short-term energy 
systems and are quantified in terms of peak power, average power, total work, and rate of 



fatigue.  Table 4 summarizes values for some of these calculations during the 30-second 
Wingate test for female and male U.S. National Team cyclists.   
 
Table 4.  U.S. National Cycling Team averages for 30-s Wingate test.  Redrawn from 
Garrett and Kirkendall (2000). 
 

PEAK POWER AVG POWER TOTAL WORKSUBJECTS RESISTANCE 
(% Total BM) (W) (W/kg) (W) (W/kg) (J) (J/kg) 

Track, female 10.0 - - - - - - 

Track, male 13.3 1730 19.4 1258 14.1 37,752 423 

Endurance, female 7.5 667 10.9 546 8.9 16,371 268 

Endurance, male 8.3 940 13.4 772 11.0 23,305 330 

Off-road, female 7.5 649 11.2 466 8.0 13,975 242 

Off-road, male 8.3 849 11.7 703 9.7 21,078 292 
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