EXNS 2111: Exercise Physiology I
Lab #2: Anaerobic Power & Capacity Testing
(30 points)
SECTION A
Lab Purpose
The Wingate Anaerobic Capacity Test (WAnT) is a high intensity cycling test that requires a power level that is 2-4x the
participant’s VO2max. The WAnT was developed as a test to determine a participant’s peak anaerobic power, anaerobic
capacity (mean anaerobic power), total work, and fatigue index. The difference between peak anaerobic power and
anaerobic capacity is described by the inclusion of a time factor. Peak anaerobic power (AnP) refers to the maximal
(peak) power achieved during the test and is expressed in Watts. Anaerobic capacity (AnC) refers to the average power
output accomplished over the entire 30 seconds of the test and is a calculation of the total resistance placed on the cycle
flywheel and the distance covered during the testing period (circumference of the flywheel x the number of flywheel
revolutions), measured in Newton meters or Joules (1 N-m = 1J). The fatigue index reflects the degree of fatigue over the
course of the 30-second test and is presented as a percent decrease in power output. A higher fatigue index is due to the
inability to maintain the power output over the duration of the test. High scores of the Wingate test are meant to
indicate high anaerobic fitness. Some of the factors reportedly associated with the higher (better) scores are 1) greater
capacity to produce lactate, (2) greater phosphagen and/or creatine stores, (3) greater buffering capacity, (4) a combination
of greater motivation and tolerance to discomfort.
Outside of the lab setting, the 35-Meter Running Anaerobic Sprint Test (35-m RAST) can be used to evaluate muscular
endurance by observing sprint performance decrement over time. Like the WAnT, the 35-m RAST can be used to assess
power and fatigue.
Physiological Rationale & Calculations
Peak anaerobic power mostly reflects the participant’s ability to generate ATP via the phosphagen system. Anaerobic
capacity reflects the ability to derive energy from the combination of glycolytic and phosphagen energy systems. Note
that WAnT and the 35-m RAST do not truly measure an individual’s complete anaerobic capacity. The duration of the
tests are shorter than the 40-seconds to 2-minutes that may be required to exhaust an individual’s anaerobic system.
Nonetheless, the heavy utilization of glycolytic metabolism during the WAnT and the 35-m RAST are evidenced by the
fact that blood lactate levels will rise 6-15 times resting levels.
•

Peak Anaerobic Power (AnP): highest power output value recorded during the WAnT test. Usually observed
during the first 2-5 seconds of exercise within the WAnT. Appropriate calculations to derive AnP:
Force setting (N) = Force setting (kg) * 9.8067 [conversion from kg to N]
Distance covered during test (m) = Number of flywheel revolutions !"distance/revolution (6 m)
Peak Anaerobic Power (W) = [Force (N) !"#Rev !"6 m/rev] / 5sec

•

Horizontal Power: estimations of power output values derived from straight-line running in humans utilizing
body weight and time. Average horizontal power is calculated utilizing average sprint time attained over the six
35-m RAST intervals, whereas peak horizontal power is calculated using the fastest sprint time achieved within
the bout of six sprint intervals.
Average Horizontal Power:
Average Horizontal Power = (body wt (kg)*1,225) / (average time (sec))3
Peak Horizontal Power:
Peak Horizontal Power = (body wt (kg)*1,225) / (fastest time (sec)) 3

•

Total Work: based upon the total number of revolutions completed in the 30-second testing period and the force
setting (N) on the flywheel against which the participant pedaled. (1 J = 1 N•m). Appropriate calculations to
derive Total Work:
Total Work (J) = Anaerobic Capacity [Mean Anaerobic Power] (W) * Time (s)

•

Anaerobic Capacity [Mean Anaerobic Power] (AnC): total work (kJ) accomplished in 30-seconds and is
estimated by average AnP over the duration of the WAnT. (1J = 1 W/s). Appropriate calculation to derive AnC:
# Rev =Total Work (J) /[6 m/rev * Force (N)]

•

Fatigue Index: reflects the degree of fatigue accumulation over the duration of the entire WAnT, specifically the
percent decrement in power from the highest power recorded (peak AnP) to the lowest power value over the 30second period. Appropriate calculation to derive fatigue index:
Fatigue Index (%) = [Highest Pwr (W) – Lowest Pwr (W) / Highest Pwr (W)] * 100

Often times, AnP and AnC are expressed in relative terms by diving the absolute values by the participant’s mass in
kilograms (kg). This allows for comparison of these parameters between individuals by eliminating the confounding
variable of differences in body weight.
Accuracy of the Wingate Test (WAnT)
Reference: Adams, GM & Beam, WC. Exercise Physiology Laboratory Manual, 7th ed. New York, NY: McGraw Hill Education, 2014.

The day-to-day variability of anaerobic power tests are similar to aerobic tests—about 5-6%. The variability of the
Wingate Test is at least partially attributed to its reliability. Test-retest comparisons for maximal aerobic power and
capacity are very high, usually ranging from 0.95-0.98. The retesting reliability of fatigue index can range from 0.43-0.78
(low-moderate). The intraclass correlation coefficient (ICC) for repeat WAnT separated by one week was r = 0.98 for
mean anaerobic power. When examining the WAnT performance variability compared to other common anaerobic power
and capacity tests, the WAnT was supported by the following correlational relationships: high relationship for peak power
and time for the 50 m run time (r = -0.91) and the vertical jump; low to moderate relationships for mean power and 50 m
time (r = -0.79), 300 m cycling time (r = -0.75), and 300 m total work (r = 0.64).
SECTION B
Methods
Wingate Anaerobic Test (WAnT)
Reference: Adams, GM & Beam, WC. Exercise Physiology Laboratory Manual, 7th ed. New York, NY: McGraw Hill Education, 2014.

Pre-Test Protocol
1. Record baseline demographic and anthropometric data. Create a profile for the participant in the Monark
Wingate system and add the appropriate demographic/anthropometric data.
a. Resistance Setting: the prescribed resistance should be 7.5% of the participant’s body mass (kg) for
general population and modestly non-cycle trained individuals. For this lab we will use (4-5% of body
mass.) The resistance should be 8.6-9.0% body mass (kg) for more active or recreationally trained
(anaerobic) individuals, and 9-11% body mass (kg) for highly anaerobically trained individuals.
2.

Ensure that the participant is wearing a Polar heart rate monitor and properly prepped the heart rate strap
electrodes with ultrasound gel.

3.

Devise a short movement preparation and dynamic flexibility protocol (3-minute duration) and require
participant to complete prior to cycling warm-up.
Warm-up: Using the fitness/spin bike, ask the participant to pedal for 5-min at 60-70 rpm at low resistance (2-3

4.

on 10-pt scale; 1-1.5 kg). Interspersed within the warm-up, participant completes 2 to 3 short 5-second “high
speed sprints” at moderate resistance (3-4 on 10-pt scale; 2-4 kg) for testing familiarity. Explain the full
protocol and testing expectations to the participant during this warm-up period.
5.

Warm-up recovery and mobility: 2-minutes of rest, recovery, and dynamic flexibility/mobility.
Example warm-up (10 reps each):
• Lying leg raise, lying knee extension, glute bridges, 90/90 hip flip, adductor rocks

6.

Adjust the seat and handle bar positioning (height and forward/aft).
a. NOTE: the height of the seated should be adjusted such that there is a slight bend at the participant’s
knee when the pedal stroke is in the bottom position (6 o’clock position). The knee should NOT be
locked out straight in the bottom pedal position. The remaining adjustments are based upon body
position and comfort.

7.

Add the proper resistance weight to the weight basket based on previous calculations.

WAnT Protocol
8. Familiarization trial: Using the Monark Peak Bike, participant runs through a brief practice test to ensure
familiarity with the test-specific protocol:
a. 20 to 5 seconds (warm-up): pedaling at normal pace beginning to progressive build speed. Technician
calls out the time remaining every 5-seconds throughout the warm-up.
b. 5 to 0 seconds (acceleration phase): 5 seconds to build to maximal speed—last 1 second should be at
maximal speed! Technician emphasizes maximal speed ramp up to ensure participant compliance.
• Manually drop weight using the button on the handle
c. 0 to 5 seconds (beginning of Wingate test): pedaling as fast as possible against resisted load.
• Technician removes resistance load at 5 seconds
d. 5-15 seconds (recovery): SLOW DOWN and KEEP PEDALING as you progressively cool down.
9.

Familiarization trial recovery: 3-5 minutes of rest, recovery, and dynamic flexibility/mobility.

10. Wingate trial: Using the Monark, participant completes the FULL WAnT 30-second protocol:
a. 20 to 5 seconds (warm-up): pedaling at normal pace beginning to progressive build speed. Technician
calls out the time remaining every 5-seconds throughout the warm-up.
b. 5 to 0 seconds (acceleration phase): 5 seconds to build to maximal speed—last 1 second should be at
maximal speed! Technician emphasizes maximal speed ramp up to ensure participant compliance.
• Manually drop weight using the button on the handle
c. 0 to 30 seconds (full Wingate test): pedaling as fast as possible against resisted load for the ENTIRE 30SECONDS! Technician calls out the time every 5-seconds throughout the test.
• Technician removes resistance load at 30 seconds (end of test)
d. 30-60 seconds (recovery): SLOW DOWN and KEEP PEDALING as you progressively cool down.
PARTICIPANTS CANNOT STOP PEDALING WHEN THE TEST IS OVER! If the individual
ceases pedaling, it puts them at risk of blood pooling in the legs and decreasing blood return to the
heart. If the heart does not have adequate blood return, it does not have adequate volume of blood to
pump, therefore it is highly probably that the participant will begin to feel light-headed, nauseated,
and/or may pass out. The participant MUST KEEP PEDALING during recovery! Technician must pull
the lever to take the weight off of the flywheel.
Wingate trial recovery: 3-5 minutes of rest, recovery, and static flexibility/mobility.

WAnT Protocol Summary
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Participant & Technician Tasks & Responsibilities
1. Participants (Performers): List of test participants provided on Blackboard—even distribution among lab
section and lab teams. Please arrive for test refreshed, euhydrated, dressed in lightweight exercise clothes, and
not under the influence of drugs, dehydration, hunger, fullness, and/or caffeine.
2.

Technician Group #1—Caretaker(s):
a. Prepare the participant by ensuring completion of the proper movement preparation and warm-up
protocols.
b. Ensure participant is wearing a heart rate monitor and that it is functioning properly.
c. Adjust the seat and handle position.
d. Explain the exercise testing protocol during the warm-up phase on the spin bike.
e. Guide the participant through each phase of the familiarization and test (warm-up, ramp-up, maximal
effort, and cool-down).

3.

Technician Group #2—Data Collection Manager(s) & Timer(s):
a. Oversee gathering of basic demographic and anthropometric data (e.g. height, body mass, gender, age,
current training/activity level, etc.).
b. Help your GA create a proper profile on the Monark management system using the above data.
c. Select the proper resistance setting based upon participant’s current training/activity level.
d. Monitor the timing of the full protocol steps (see graphic above).
e. Monitor the computer system with your GA during each familiarization and testing protocol.
f. Remove the resistance load at the end of the familiarization period and Wingate test

4.

Additional Groups—Cheerleaders:
a. Encourage the participant throughout the WAnT testing protocol, particularly during the last 10-seconds!
b. Observe and learn the testing protocols and technician jobs because we will rotate responsibilities!

35-Meter Running Anaerobic Sprint Test (35-m RAST)
References:
1.
Draper, N., & Whyte, G. (1997). Anaerobic performance testing - Here’s a new running-based test of anaerobic performance for which you need only a
stopwatch and a calculator. Peak Performance, 96, 3-5.
2.
Fernández-de-las-Peñas, C., Downey, C., & Miangolarra-Page, J. C. (2005). Validity of the lateral gliding test as tool for the diagnosis of intervertebral joint
dysfunction in the lower cervical spine. Journal of Manipulative and Physiological Therapeutics, 28(8), 610–616.
3.
Test instructions and guidance: https://www.topendsports.com/testing/tests/rast.htm
4.
Zacharogiannis, Elias & Paradisis, Giorgos & Tziortzis, Stavros. (2004). An Evaluation of Tests of Anaerobic Power and Capacity. Medicine & Science in
Sports & Exercise. 36. S116. 10.1249/00005768-200405001-00549.

Pre-Test Protocol
1. Weigh yourself (or estimate your weight) using a standard scale. This number will be needed to calculate horizontal
power values (force/time).
2. Using 24th street sidewalk (depending on weather) or B2 Hallway, using an open reel measuring tape, measure out
35-m (38.28 yds). You also want to measure an additional 10-m past each end to give the participant a deceleration
zone.
3. Mark the start point and end point of your 35-meter runway using your cones or another easily identifiable object.
4. Complete a standardized warm-up protocol (movement preparation and dynamic stretching) to properly prepare your
body for intense exercise. This protocol includes the following dynamic warmup via RAMP Protocol

R.A.M.P. Protocol for Test Preparation
Raise
a. 35 Meter Light Jog Down and Back 6x
Activate and Mobilize
b. Toe Grab to Deep Squat x 5
c. World’s Greatest with Lunge x 10yds
d. Walking Quad Stretch with Lunge x 10yds
e. Lateral Cossack switch squats with shuffle x 10yds
f. Iso Wall Sprint (3 second hold each leg) x 2
g. Iso Wall Sprint (Switch leg on command or clap for each leg) x 3
Potentiate
h. A-skips x 10yds
i. Carioca cross-over movement x 5 yds each side
j. High knees to Build-ups x 10yds
k. Build up sprints x 10 yards each:
1x @ 50%,
1x @ 75%,
1x @ 100%
Note: Start with Arm Swings to Falling Start
**3-5 Minute Warm-up recovery before the start of 35 Meter Running Anaerobic Sprint Test Protocol**
35-m RAST Protocol
5. Using stopwatches, 3 people will record times during the test. 1 partner will be in the middle using the commands
“3, 2, 1, GO!” They will also be recording the rest period when the participant finishes the 35 meters. The other two
partners will be at the ends of the 35-meter stretch. They will start recording when the partner in the middle yells
“GO!” and will stop recording when the participant crosses the end-line.
6. REST 10-seconds and prepare for the next sprint interval!
7. The next sprint starts after the 10-sec rest from where you finished the previous 35-meter sprint. Listen for the
partner in the middle counting down! “3, 2, 1, GO!”
8. This sprint-rest protocol will be replicated until all six 35-meter sprints are completed.
9. Recovery: 3-5 minutes of walking/moving recovery and static flexibility/mobility.
35-m RAST Protocol Summary
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SECTION C
General Laboratory Notes
In continuation of the in-class and lab discussion, you and your lab team will complete the following questions and tasks
listed below.
GOAL OF THIS LAB: To understand appropriate lab and field-based anaerobic testing protocols as it relates to
exercise metabolism and performance topics discussed this semester.
EACH GROUP MEMBER will complete the lab write-up provided below based on their reading, research, previous
knowledge, and consultation with other group members.

SECTION D
Standardized Data
Reference: Adams, GM & Beam, WC. Exercise Physiology Laboratory Manual, 7th ed. New York, NY: McGraw Hill Education, 2014.

Student Name: ____________________________________________
SECTION E
Anaerobic Power & Capacity Testing Worksheet
Include this sheet in your lab write-up due at the beginning of your next lab. NO late work accepted.
Place your data in the tables provided. On this page(s) SHOW ALL YOUR WORK IN AN ORGANIZED MANNER.
If you do not show any work, you will not receive any credit. (2 pts)
DATA TABLE #1 (WAnT):
Platform
Scale
Wt.
(lbs.)

Platform
Scale
Wt.
(kg)

Cycling
Resistance
(% BW)

Resistance
Load
(kg)

Resistance
Force
(N)

Total
Work
(kJ)

Peak
Power
(W)

Relative
Peak
Power
(W/kg)

Mean
Power
(W)

Relative
Mean
Power
(W/kg)

Fatigue
Index
(%)

NOTE: Use one of the platform scales in the Exercise Physiology & Metabolism Lab or Exercise Physiology & Biochemistry Lab to determine body
weight.

DATA TABLE #2a (RAST):
Participant 1

Sprint Interval Number
1

2

3

4

5

6

Time (seconds)
Power (Watts)

Participant 1 Weight (kg): _____________
Max (Peak) Power (fastest sprint): _____________ W

Minimum Power (slowest sprint): _____________ W

Average Horizonal Power: _____________ W

Fatigue index (Max – Min/ total): _____________ %

DATA TABLE #2b (RAST):
Participant 2

Sprint Interval Number
1

2

3

4

5

6

Time (seconds)
Power (Watts)

Participant 2 Weight (kg): _____________
Max (Peak) Power (fastest sprint): _____________ W

Minimum Power (slowest sprint): _____________ W

Average Horizonal Power: _____________ W

Fatigue index (Max – Min/ total): _____________ %

DATA TABLE #2c (RAST)
Participant 3

Sprint Interval Number
1

2

3

4

5

6

Time (seconds)
Power (Watts)

Participant 3 Weight (kg): _____________
Max (Peak) Power (fastest sprint): _____________ W

Minimum Power (slowest sprint): _____________ W

Average Horizonal Power: _____________ W

Fatigue index (Max – Min/ total): _____________ %

DATA TABLE #2d (RAST)
Participant 4

Sprint Interval Number
1

2

3

4

5

6

Time (seconds)
Power (Watts)

Participant 4 Weight (kg): _____________
Max (Peak) Power (fastest sprint): _____________ W

Minimum Power (slowest sprint): _____________ W

Average Horizonal Power: _____________ W

Fatigue index (Max – Min/ total): _____________ %

Blank Area for RAST Calculations:

Additional Blank Area for RAST Calculations:

Lab Tasks:
1. Each lab group must enter all the data collected during the lab period for all their lab teammates in the lab
section Excel database provided by your instructor. Please enter in this information in the Male OR Female
table. (1 Wingate and however many RAST tests were ran)
**Please confer with your lab teammates to ensure all data for each individual has been captured prior to entry
in the lab section Excel database**

2.

Using the WAnT and RAST lab database provided by your instructor AFTER the conclusion of the lab
session, use the standardized data provided in the lab write-up to categorize individual performances listed in
the Excel file based on population norms for the following information: (2 pts)
a. Peak anaerobic power by gender (Table 9.2)
b. Anaerobic capacity/mean anaerobic power by gender (Table 9.2)
c. Fatigue index by gender (Table 9.2)
NOTE: Please save your completed Excel database as a PDF and submit as part of your Lab #2 write-up.

3.

Using the class data Excel file provided by your lab instructor, create a bar graph that compares WAnT peak
power, WAnT anaerobic capacity (mean power), RAST peak power, and RAST anaerobic capacity (mean
power) values for the following populations: (4 pts)
a. Average males
b. Average females
c. Personal (or lab teammate if you didn’t personally complete a Wingate trial)
NOTE: Please save your completed Power & Fatigue Index Comparison figure as a PDF and submit as part of
your Lab #2 write-up. This will all be depicted in ONE graph.

4.

Using the RAST database provided on Blackboard, convert all sprint times into power (watts). Then create a
line graph in Excel to show changes in power output over the course of the test for the following populations.
(3 pts) HINT: Sprint number on the x-axis and Power (watts) on the y-axis.
a. Average males
b. Average females
c. Personal (or lab teammate if you didn’t personally complete a Wingate trial)
NOTE: Please save your completed Excel database as a PDF and submit as part of your Lab #2 write-up.

5.

Using the mock WAnT database provided on Blackboard, create a line graph that depicts the 5-second
average power output values (Watts) across the entire 30-second duration of the WAnT for the following
populations: (4 pts)
a. Average males
b. Average females
c. Personal (or lab teammate if you didn’t personally complete a Wingate trial)
NOTE: Please save your completed Longitudinal Power Comparison figure as a PDF and submit as part of
your Lab #2 write-up. This will all be depicted in ONE graph.

Lab Questions:
1. Using your textbook, class notes, and any relevant research literature, discuss how each of the energy systems
are, or are not utilized during the 35-m RAST test. That is, explain the physiology underlying this test. As part of
your answer, discuss the energy systems assessed by the peak and average horizontal power calculations. Be sure
to discuss each of the energy systems in your answer. (3 pts)
2.

Explain three limitations as a test facilitator and three limitations as the participant that you experienced when
working with the 35-m RAST during this laboratory period. How could you prevent or reduce each of the
limitations discussed? (3 pts)

3.

Speculate on how the fatigue index, calculated from both the WAnT and 35-m RAST data, might be used to
classify individuals into groups with respect to their energy system dominance. Explain your logic. (2 pts)

4.

Explain the different settings in which you would use the WAnT versus the 35-m RAST. Identify AT LEAST two
settings or scenarios where EACH test would be more appropriate over the other. Be sure to define your rationale
for EACH setting/scenario. (2 pts)

5.

For both the WAnT and RAST, what observations can you make about changes in power throughout each test using
the data tables and graphs that you created? How are these changes described by fatigue index? Explain. (3 pts)

