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Wingate Anaerobic Test Reference Values
for Male Power Athletes

Erin Coppin, Edward M. Heath, Eadric Bressel, and Dale R.Wagner

Purpose: The aim of this study was to develop reference values for the Wingate Anaerobic Test (WAnT) for
peak power (PP), mean power (MP), and fatigue index (FI) in NCAA Division IA male athletes. Methods:
Seventy-seven athletes (age 20.8 ± 1.8 y, mass 84.4 ± 9.4 kg, height 183.9 ± 6.2 cm) participating in American
football (n = 52) and track and field (n = 25) performed a 30-s WAnT resisted at 0.085 kp/kg body mass (BM).
Results: Absolute mean (± SD) values for PP and MP were 1084.2 ± 137.0 and 777.1 ± 80.9 W, respectively,
whereas values normalized to BM were 12.9 ± 1.5 and 9.3 ± 0.9 W/kg BM, respectively. Mean FI values
were 49.1% ± 8.4%. PP outputs >13.6, 12.4-13.6, and <12.4 W/kg BM were classified as high, medium,
and low, respectively. MP outputs >9.8, 9.0-9.8, and <9.0 W/kg BM were classified as high, medium, and
low, respectively. Conclusions: The reference values developed in this study can be used in various athletic
training and research programs to more accurately assess athletes' anaerobic fitness and to monitor changes
resulting from anaerobic training.
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The ability to develop maximal anaerobic capacity is
critical for success in power sports. Ayalon et al' first pre-
sented the Wingate Anaerobic Test (WAnT) as a method
of measuring maximal anaerobic power (peak and mean),
as well as anaerobic fatigue. The WAnT is a 30-second
supramaximal exercise test where an individual pedals as
fast as possible on a cycle ergometer against a resistance
determined as a percentage of body mass (BM). The test
is considered safe, easy to administer, reliable, and valid
and uses equipment common in most laboratories.^'^
Furthermore, it is a well-known and popular test among
students and teachers of exercise physiology, as well as
researchers. A search of the PubMed database using the
term Wingate Anaerobic Test reveals nearly 400 listings.
Before the development of the WAnT in the mid-1970s,
few easily administered laboratory tests existed to mea-
sure anaerobic fitness.

A number of sports require explosive bursts of
activity lasting from a few seconds to 1 to 2 minutes.''
Activities of this intensity and duration rely heavily on
anaerobic metabolic pathways, namely the ATP-PC
pathway and the glycolytic pathway. Previous research-
ers indicated that, during a 30-second WAnT, the energy
contribution of the ATP-PC pathway is 28%, of the glyco-
lytic pathway is 56%, and of the aerobic pathway is only
16%.' Due to the specificity of the WAnT" for measuring
components of anaerobic capacity, it would seem logical
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to use this test to measure anaerobic power of athletes
participating in power sports. Although the WAnT is not
exercise-specific to running-based sports, it has been used
to assess anaerobic-fitness levels and the effectiveness
of anaerobic-training programs for a variety of power
sports including American football,* basketball,' tennis,*
and track and field.' However, its use and interpretation
as an evaluative measurement are limited because there
are few published reference values with large numbers
of subjects for athletic populations.

Given the popularity and versatility of the WAnT, it
is surprising that there is a paucity of reference values
for the test. Only 3 studies attempted to develop norma-
tive data tables for the WAnT,"^'^ and 1 study, that of
Zupan et al,'^ established classification tables for men
and women intercollegiate athletes undertaking a large
number of WAnTs. The 2 studies performed by Maud
and Shultz"'^ developed normative data for physically
active men and women and utilized a group of subjects
consisting of students who participated in college club
or varsity sports, majored in physical education, or were
enrolled in physical activity classes. Because the Maud
and Shultz studies had participants who were moderately
active, the norm values are not useful for highly trained
athletic populations. Furthermore, Maud and Shultz did
not use the optimal resistance setting and did not men-
tion the use of toe stirrups, which also limits the useful-
ness of the data. Subsequently, Baker et al'° developed
norms for highly trained women, but there is a lack of
published reference values for highly trained male power
athletes. Zupan et al'^ developed a classification system
from an exceptionally large group of National Collegiate
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Athletic Association (NCAA) Division IA male athletes
(1374 tests from 457 athletes). These athletes included
the sports of lacrosse, American football, water polo,
boxing, track, cycling, soccer, basketball, and wrestling.
Although the subjects were highly trained men, there
were methodological problems similar to those in previ-
ous studies that included the use of the less than optimal
resistance setting of 0.075 kp/kg BM and no mention of
the use of toe stirrups.

Anaerobic-power data may be used by coaches, train-
ers, or athletes as a reference of conditioning and enable
more effective decisions to be made regarding training
focus or rehabilitation status. Therefore, the purpose of
this study was to develop reference values for the WAnT
for peak power (PP), mean power (MP), and fatigue index
(FI) using highly anaerobically trained NCAA Division
IA male athletes competing in American football and the
power events of track and field. We expected that refer-
ence values developed in this study would be higher than
previously published values because the athletes in this
study were trained to a higher anaerobic level than the
participants in prior studies.

Methods

Subjects

A total of 77 college-age, highly trained males vol-
unteered to participate in this study. Participants were
required to have been in a competitive anaerobic NCAA
Division IA sport (ie, American football or a power event
in track and field) within the last year. The assumption
was that any athlete currently participating in competition
was involved in a training program designed to develop or
maintain an optimal level of anaerobic performance. Any
athlete not participating in competition at the time of data
collection was required to be involved in an off-season
conditioning program. In the sample of 77 participants,
52 were football players: 17 defensive backs, 16 receiv-
ers, 9 running backs, 5 quarterbacks, 4 linebackers, and 1
kicker. The remaining sample included 25 track and field
athletes: 7 high jumpers, 3 pole-vaulters, three 400-m run-
ners, 3 decathletes, 3 hurdlers, 3 sprinters, 2 throwers, and
1 long jumper. Before any testing procedures, participants
signed an informed-consent document approved by the
university's institutional review board.

Methodology

Each participant completed 2 questionnaires designed to
determine medical history and current activity level. The
medical-history questionnaire addressed medical status in
order to exclude any participants who may have had medi-
cal risks for testing. Participants who reported difficulty
breathing; use of recreational or performance-enhancing
drugs; a history of chest pain, heart attacks, or other heart
problems; or an injury within the last 2 months to the hips,
knees, ankles, or f̂ eet were excluded from the study. The

physical activity form assessed participants' physical
activity for the past year, as well as their exercise for the
past 24 hours. The duration of activity was measured in
hours and minutes per day. The frequency was measured
as the number of days per week a participant engaged
in each activity.

In addition to height and mass measurements, body
composition was estimated from a 3-site skinfold test
(chest, abdomen, and thigh). Body density was estimated
using the procedures described by Jackson and Pollock,'"*
and percent body fat (% fat) was calculated using the
equation of Siri.'^ Fat mass was calculated as the product
of BM and % fat, whereas lean body mass (LBM) was
estimated as the difference between BM and fat mass and
was used for determining relative peak power (PP) and
mean power (MP) values.

Testing Protocol

The WAnT was performed on a cycle ergometer (Monark
824 E, Monark, Sweden) equipped with a 1.0-kg-resis-
tance basket and a photoelectric sensor to record the
flywheel revolutions. Data for each 30-second WAnT
were collected using POWER software (SMI, St Cloud,
MN) and an IBM-compatible microcomputer.

Each participant completed a warm-up consisting
of self-selected stretching exercises, with no time limit
imposed, and 5 minutes of cycling on the ergometer.
The ergometer seat height was set so the knee was fiexed
approximately 15° in the fully extended pedal position.
The ergometer was set to a resistance of 1.0 kg during the
warm-up, and each participant was instructed to pedal at
a rate of 60 to 90 rpm. During 4 to 5 seconds at the end of
each minute of the warm-up, each participant performed
an "all-out" sprint to simulate the actual test. Toe stirrups
were used for both the warm-up and the WAnT.

Before initiation of the WAnT, the resistance for
each participant was calculated using BM in kilograms
multiplied by 8.5%, and the determined amount was
placed in the basket. The resistance of 8.5% of BM was
used because researchers have reported higher power
measurements using this resistance.'*^'^ At the start of
the test, an assistant held up the resistance basket so no
resistance was applied to the flywheel, and each partici-
pant was instructed to begin pedaling sohe would be at
maximal rpm at the end of the 5-second countdown. The
researcher counted backward from 5 to 1 and then said
"go." Before the command "go," the participant reached
his maximal pedaling speed. Simultaneously with the
command, the resistance basket was released and data
collection began, subsequently ending after 30 seconds.
Each participant, while remaining seated, pedaled at
maximal speed for the duration of the test without any
attempt to conserve energy for the last few seconds. A
30-second WAnT was decided on for the current study
because it is the standard WAnT duration^ and it facili-
tated comparison of results with other studies. Verbal
encouragement was given throughout the test. After the
30-second WAnT, participants were instructed to pedal
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against a light resistance (1.0 kg) until they returned to
approximately their pretest condition.

Statistical Analysis

Peak power was defined as the highest average power
output obtained during any successive 5-second interval
during the 30-second WAnT. Mean power was defined
as the average power sustained throughout the 30-second
test and was determined by averaging the values obtained
during the 30-second test. Lowest power (LP) was defined
as the lowest average power output obtained during any
successive 5-second interval. A determination of the
lowest power was needed to calculate the fatigue index
(FI). The FI was defined as the rate of power drop-off
during the test and was calculated using the equation FI
= [(PP-LP)100]/PP.

Statistical analyses included descriptive statistics for
PP, MP, and FI. Reference values were established by
classifying the top 30%. as high, the next 40% as medium,
and the bottom 30% as low for FI index, as well as watts,
watts per kilogram of BM, and watts per kilogram of
LBM for PP and MP

Results
Seventy-seven male athletes completed the study proto-
col. They were 20.8 ± 1.8 years, 84.4 ± 9.4 kg, 183.9 ±
6.2 cm, 8.1% ± 3.5% body fat, and 77.4 ± 7.4 kg LBM.
Participants reported engaging in physical activity an
average of 4.9 ± 0.8 d/wk for 3.3 ± 0.6 h/d. Reference
values and descriptive statistics for PP, MP, and FI are
presented in Tables 1 and 2. Absolute mean (± SD) values
for PP and MP were 1084.2 ±137.0 and 777.1 ± 80.9 W,
respectively, whereas relative values normalized to body
mass were 12.9 ± 1.5 and 9.3 ± 0.9 W/kg BM, respec-
tively. Mean FI values were 49.1 % ± 8.4%.

Discussion
In response to the lack of reference values for male power
athletes, the intent of this study was to develop reference
values for power and fatigue for highly anaerobically
trained male athletes for the WAnT. Only Baker et al'O
and Maud and Shultz'^ have previously attempted to
develop normative data tables for the WAnT. In addition,
Zupan et al'^ developed classifications for the WAnT with

Table 1 Reference Values for Peak Power for the Wingate Anaerobic
Test Performed by NCAA Division IA Male Power Athletes (N = 77)

Category

High

Medium

Low

Mean

SD

Maximum

Minimum

W

>1152

1010-1152

<1010

1084.2

137.0

1423

807

W/kg BM

>13.6

12.4-13.6

<12.4

12.9

1.5

16.2

9.3

W/kg LBM

>14.8

13.5-14.5

<13.5

14.0

1.5

17.4

10.2

Fatigue index

<44.6

53.5..44.6

>53.5

49.0

8.4

66.3

27.8

Abbreviations: BM, body mass; LBM, lean BM.

Table 2 Reference Values for Mean Power
for the Wingate Anaerobic Test Performed by
NCAA Division IA Male Power Athletes (N = 77)

Category

High

Medium

Low

Mean

SD

Maximum

Minimum

W
>813

745-813

<745

80.9

952

576

W/kgBM

>9:8

9.0-9.8

<9.0

9.3

0.9

11.0

6.6

W/kg LBM

>10.6

9.9-10.6

<9.9

10.1

1.0

11.6

7.3

Abbreviations: BM, body mass; LBM, lean BM.
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large numbers of NCAA Division IA athletes. Although
data between studies were not statistically compared,
the values in the current study were greater in all ca.ses.

For example, PP (W/kg BM), MP (W/kg BM), and
Fl values were 40.4%, 27.2%, and 30.2% higher, respec-
tively, than values reported by Maud and Shultz'^ and
10.6%, 9.3%, and 4.5% higher, respectively, than values
reported by Zupan et al. '̂  The greater Fl values represent
greater fatigue in participants in the current study. The
greater declines in power are partly explained by the
higher PP values; there was a higher power from which
to decline in the current study. Mean values for PP and
MP relative to BM and Fl as determined by Maud and
Shultz,'^ Zupan et al,'^ and the current study are presented
in Table 3. A comparison of the values demonstrated in
the current study relative to Maud and Shultz'^ and Zupan
et al" is also presented in Table 3.

There are multiple reasons for these differences.
One is that the participants in the Maud and Shultz'^
study were considered physically active, participat-
ing in strenuous physical activity at least 3 d/wk for a
period of at least 6 weeks before the test, whereas the
highly anaerobically trained participants in the current
study were all actively involved in a NCAA Division
IA athletic program and considered themselves highly
active, participating in strenuous physical activity 4 or
more days per week. This increased level of training
and participation in a power sport likely played a role
in the higher values produced by the college athletes in
the current study. Another reason is that the resistance
used by Maud and Shultz'^ of 0.075 kp/kg BM, although
it was the original resistance suggested for the test by
Ayalon et al,' was later shown to be too low to produce
optimal PP and MP measurements. The resistance of
0.085 kp/kg BM used in the current study elicited higher
power measurements.'^" In fact, an increase beyond the
resistance level of the current study has been shown to
continue to increase PP but MP begins to decrease,'^'^
which provides some rationale for the use of 0.085 kp/
kg BM. Moreover, Maud and Shultz'^ did not report
whether toe stirrups were used, which were employed in
the current study and have been shown to elicit greater
PP and MP measurements.'* Finally, Maud and Shultz,'^

as with earlier WAnT researchers, likely used a different
method to determine PP, which may have contributed to
lower values. In earlier studies, PP was determined from
the values of the first 5 seconds, whereas in the current
study and the work of Zupan et al,'^ PP was determined
from the highest 5 consecutive values.

The comparison of the current study with that of
Baker et al'" indicated that, although the current study
yielded higher mean values for PP and MP and higher
values relative to BM, the values for PP and MP relative
to LBM were similar for both studies (14.0 ± 1.5 vs 14.1
± 1.2 W/kg LBM for PP and 10.1 ± 1.0 vs 9.6 ± 0.8 W/
kg LBM for MP—current study listed first). This would
point toward the conclusion that the participants used
by Baker et al'° and the participants in the current study
were trained to similar levels of anaerobic fitness, because
both groups performed similarly when the physiological
differences between sexes were minimized.

The large number of tests conducted by Zupan et al'^
is compelling in drawing conclusions on their classifica-
tion system, but the PP and MP values (W/kg BM) were
10.6% and 9.3%, respectively, lower than in the current
study. The lower values reported by Zupan et al '̂  could be
explained by differences in testing protocols, resistance
settings, and the types of athletes tested.

Practical Applications
The development of anaerobic capacity is vital to success
in many sports. The WAnT has been the most popular
test of anaerobic fitness,^ and the reference values
developed in this project using male NCAA Division IA
power athletes may be more applicable than previously
reported reference values. Reference values from the
current study may be used by coaches and athletes to
help determine success in power sports and to monitor
progress of anaerobic-training programs for male athletes.
Even though the WAnT has been the most used test of
anaerobic capacity, it does have limitations. It appears to
be highly specific in terms of the energy systems used
for many athletic endeavors but lacks the sport-specific
muscle-activation pattern of most sports, except for
cycling and possibly speed skating. Further research may

Table 3 Average Values for Relative PP, Relative MP, and Fl
(% Decline) for 3 Studies with Percentage of Increase in the
Current Study Relative to Maud and Shultz^^ and Zupan et

Maud and Shultz'^

Zupan et al'-̂

Current study

increases over Maud and Shultz'-

increases over Zupan et al'^

PP (W/kg)

9.18

11.65

12.89

(40.4%)

(10.6%)

MP (W/kg)
7.28

8.47

9.26

(27.2%)

(9.3%)

Fl

37.7

47.0

49.1

(30.2%)

(4.5%)

Abbreviations: PP, peak power; MP, mean power; Fl. fatigue index. Note: An increase in Fl is an
indicator of a greater decline in power.
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be needed to assess the effects of specificity of training
on WAnT performance, to determine if the WAnT is the
best measure of anaerobic performance or whether further
development needs to be completed, and to compare the
performance of physically active individuals with that of
highly trained power athletes at 0.085 kp/kg BM.

Conciusions
The reference values reported in this study were con-
siderably greater than in previous studies and are more
representative of anaerobically trained NCAA Division
IA male athletes. The reference values may be used in
various training and research programs to more accurately
assess an athlete's level of anaerobic fitness and to moni-
tor changes resulting from anaerobic training.
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