
68 
 

Journal of Exercise Physiologyonline 
 
 

Volume 14 Number 2 April 2011 
 

 

Editor-in-Chief 
Tommy Boone, PhD, MBA  
Review Board 
Todd Astorino, PhD 
Julien Baker, PhD 
Steve Brock, PhD 
Lance Dalleck, PhD 
Eric Goulet, PhD 
Robert Gotshall, PhD 
Alexander Hutchison, PhD 
M. Knight-Maloney, PhD 
Len Kravitz, PhD 
James Laskin, PhD 
Yit Aun Lim, PhD 
Lonnie Lowery, PhD 
Derek Marks, PhD 
Cristine Mermier, PhD 
Robert Robergs, PhD 
Chantal Vella, PhD 
Dale Wagner, PhD 
Frank Wyatt, PhD 
Ben Zhou, PhD 
 
 
 
  
Official Research Journal 
of the American Society of 

Exercise Physiologists  
 

ISSN 1097-9751 
 

 
 
 
 
 
 

 
JEPonline 

 
Development of Wingate Anaerobic Test Norms for 
Highly-Trained Women 
 
URSULA C. BAKER1, EDWARD M. HEATH2, DARLA R. SMITH1, AND 
GARY L. ODEN3 
 

1Kinesiology, University of Texas at El Paso, El Paso, TX; 2Exercise 
Science, Utah State University, Logan, UT; 3Health and Kinesiology, 
Sam Houston State University, Huntsville, TX 
 

ABSTRACT 
 
Baker UC, Heath EM, Smith DR, Oden GL. Development of Wingate 
Anaerobic Test Norms for Highly-Trained Women. JEPonline  
2011;14(2):68-79. Few studies have produced norms for the Wingate 
Anaerobic Test (WAnT), which is a test to determine power production. 
The purpose of this study was to develop normative data for the WAnT 
using highly-trained women for peak power (PP), mean power (MP), and 
fatigue index (FI). One hundred seven highly-trained women (age = 21.6 
± 2.7 yrs; height = 163.4 ± 7.4 cm; body weight = 61.8 ± 9.3 kg) 
performed one 30-second WAnT against a resistance of 0.085 kp·kg-1 
body mass (BM). Normative data tables were generated for absolute 
and relative values (W, W·kg-1 BM, and W·kg-1 lean BM, respectively) for 
PP, MP, and FI. The norms for PP and MP produced from this study are 
considerably higher than previously published norms and more practical 
because of the use of highly-trained participants, the higher resistance 
setting that is recommended for these individuals, and the use of toe 
stirrups. 
 
Key Words: WAnT, Athletes, Females, Cycle, Mean Power, Peak 
Power, Fatigue Index 
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INTRODUCTION 
 
Success in many athletic endeavors is dependent on the ability of muscles to produce high-intensity 
power instantaneously or within several seconds (12). To generate these explosive forces, intense 
and rapid muscular contraction must occur. Performances of short duration and high intensity lasting 
from a few seconds to no more than a minute are mostly anaerobic in nature and depend primarily on 
the amount of stored intramuscular phosphates and anaerobic glycolysis. The ability to use these 
stores is termed anaerobic power or anaerobic capacity (5,19). 

 
Interest in anaerobic power production in sports has increased greatly due to the realization that 
competitive athletic events, including both team and individual sports, largely depend on anaerobic 
power (6,21,31). Beckendholdt and Mayhew (2) stated that the ability of an athlete to generate large 
amounts of anaerobic power is a primary factor in athletic success along with the degree or level of 
motor skill development. Investigators, coaches, and trainers have used a variety of functional tests to 
evaluate anaerobic power production. 
 
The most widely used test to evaluate anaerobic power is the Wingate Anaerobic Test (WAnT) 
(1,6,7). This test requires maximal pedaling for 30 sec against a frictional resistance based upon body 
weight (e.g., 0.075 kp·kg-1 of body mass [BM]). The WAnT measures three indices (1): Peak power 
(the greatest 5 sec of mechanical power generated); mean power (an average of power sustained 
over the 30-sec period); and fatigue index (the rate of decline during the test). Numerous 
investigators have compared the WAnT with other anaerobic tests (8,18,26,29).  They have 
demonstrated improvements in the WAnT with anaerobic training (22) as well as an approximate 10% 
decrease in peak and mean power in the WAnT following 6 weeks of detraining (15), and they have 
showed that men have 10% and 17% higher peak and mean power than women when expressed 
relative to kg lean body mass (LBM) (20).  Biathletes have demonstrated 9.8% and 15.7% higher 
peak and mean power than controls per unit of body mass (23). 
 
Froese and Houston (9) studied the relationship between the results of a 30-sec WAnT and muscle 
morphology of the vastus lateralis in 30 untrained men and women subjects. The authors reported a 
significant influence of muscle morphology on anaerobic performance for the men but not for the 
women. They concluded that the absence of similar findings among the women subjects resulted 
from the use of untrained women subjects and the inappropriately high resistance setting (98 g·kg-1 
BM). Bradley and Ball (4) tested 46 women (25 non-athletes and 21 athletes) to determine the effect 
of varying resistance loads (75, 85, 95, and 105 g·kg-1 BM) to produce maximal peak power outputs. 
They found that peak power continually improved showing that increasing resistance (= 85 g·kg-1 
[0.085 kp·kg-1] BM) produced higher peak power values. However, no standard resistance setting 
was suggested for women athletes during the WAnT. 
 
The force initially recommended by the Wingate group was 0.075 kp·kg-1 BM (13), which is 
traditionally most often used.  Bar-Or (1) later revised the recommended resistance to 0.085 kp·kg-1 

BM.  A number of investigators since 1987 have reported that peak power tends to increase as 
resistance setting increases without as much difference with mean power and fatigue index (24,33). 
Üçok, Gökbel, and Okudan (33) demonstrated no significant difference in peak power, mean power, 
and fatigue index with an increase of 0.085 kp·kg-1 BM to 0.095 kp·kg-1 BM for the resistance setting. 
Although there is some controversy in the optimization of load setting for the WAnT, the 0.085 kp·kg-1 

BM value revised by Bar-Or may still be most relevant, particularly for athletes. 
 
Maud and Shultz (17,18) developed normative values for three anaerobic tests: (a) the Lewis test; (b) 
the Margaria-Kalaman test; and (c) the WAnT using 109 male and 74 women subjects. Of the 74 
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women, 68 were used to derive the norm values for the WAnT. The women subjects were considered 
physically active because they engaged in strenuous physical activity a minimum of three times per 
week (with no mention of duration or intensity), but were apparently not highly trained and/or athletes. 
Since there is a strong relationship between anaerobic power and sports performance, it would be 
more valuable to develop normative values with highly-trained individuals. Anaerobic power is not 
considered one of the components of physical fitness (10,21) and the usefulness of normative data for 
non-athletes is questionable. Further, Maud and Shultz (17) reported that the cycle ergometer they 
used was not equipped with toe stirrups. LaVoie, Dallaire, Brayne, and Barrett (16) demonstrated 
significantly higher results in peak power when toe stirrups were used with the WAnT. Thus, the 
major shortcomings of the only known study that developed norm tables for the WAnT for women are 
that the subjects were not highly trained and toe stirrups were not used. 
 
Stickley, Hetzler, and Kimura (30) also tested a large number of women (n = 96) who were not highly-
trained to determine if the parameters from the 30-sec WAnT could be predicted from a 20-sec WAnT 
protocol. Stickley et al. concluded that peak power could be measured and mean power and percent 
fatigue could be accurately predicted from a 20-sec WAnT protocol. Again, the usefulness of these 
values, which are most related to performance in anaerobic sports are questionable for women who 
are not highly trained. 
 
Zupan et al. (35) developed a classification system for men and women intercollegiate athletes that 
included testing 64 women in tennis, track, soccer, and gymnastics for a total of 211 tests. Although 
the subjects were highly-trained athletes, similar problems of previous research included the use of 
the less-than-optimal resistance setting of 0.075 kp·kg-1 BM and no mention of the use of toe stirrups. 
 
Given the apparent deficiency in the published literature in regards to using highly-trained women, the 
appropriate resistance setting (0.085 kp·kg-1 BM), and toe stirrups, there is clearly the need to 
develop normative data for the WAnT that corrects the deficiencies. Thus, the purpose of this 
investigation was to develop normative data for the WAnT for peak power (PP), mean power (MP), 
and fatigue index (FI) using highly-trained young women athletes. It was hypothesized the norm 
values for peak power and mean power would be higher using highly-trained women compared to 
previously published values on women who were not as highly trained. 
 

METHODS  
Subjects 
A total of one hundred seven (n = 107; 18 to 30 yrs) highly-trained women participated in this study. 
The descriptive data for the subjects are presented in Table 1. The subjects were recruited from two 
universities, a community college, and numerous fitness centers. They were selected based on one 
or more of the following criteria: (a) current participation in a competitive anaerobic sports team (e.g., 
basketball, cycling, softball, or track and field); (b) participation in the past 2 months in a competitive 
anaerobic sports team (such as volleyball or soccer); and (c) participation in a strength training 
regimen for at least the past 3 months. Women who participated during the past three consecutive 
months in anaerobic strength training program met the following guidelines: (a) an exercise intensity 
that was approximately equal to 75% of a one-repetition maximum (1 RM); (b) an exercise duration of 
8 to 12 repetitions per set and total session time of 20 to 25 min; and (c) an exercise frequency of a 
minimum of 3 days per week (25). The subjects who were currently engaged in a competitive sports 
activity were involved in a training regimen designed to enhance or maintain performance as were the 
ones not currently competing who were involved in an off-season conditioning program.  
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Physical activity forms showed that all the women participated in substantial anaerobic activity. 
Twenty-seven participants exercised 3 to 4 days per week, of which, three reported a minimum 
duration of 30 min a day, nine a duration of 30 to 45 min, and 15 a duration of 1 hr or more per day. 
Fifteen of the 27 participants reported RPE values between 13 and 15, and 12 reported RPE values 
between 16 and 18 during their workouts. Eighty participants exercised 4 or more days per week, of 
which, one reported a duration of 30 min a day, 9 exercised a duration of 30 to 45 min per day, and 
70 reported a duration of 1 hr of more per day. Fifteen of the 80 participants reported RPE values 
between 13 and 15, and 65 participants reported values between 16 and 18 during their workouts. 
 
A total of 41 subjects were competitive athletes from the National Collegiate Athletic Association 
(NCAA) Division I university teams (softball, n = 12; soccer, n = 9; tennis, n = 7; cheerleading, n = 8; 
and volleyball, n = 5). Twenty subjects were competitive athletes from the National Junior College 
Collegiate Athletic Association (NJCCAA) Division I softball team (n = 20), and 46 subjects were 
classified as club or recreational athletes (rugby/soccer, n = 8; kick boxing/martial arts, n = 11; 
basketball, n = 5; ROTC, n = 3; cyclist, n = 4; and weight lifters, n = 15). 
 
Approval for all aspects of this study was obtained from the University of Texas at El Paso 
Institutional Review Board.  Participants were informed about the nature and risks of the research 
protocol, and they all signed an informed consent document prior to initiation of their involvement in 
this study. 
 
Procedures 
Each subject completed two questionnaires designed to determine their current physical activity level 
and medical history. Participants completed a 6-month self-report physical activity form that included 
activity, time exercised (hrs per session), frequency (days per week), and intensity using the Borg 
scale (3). They were required to complete a medical questionnaire in order to eliminate anyone who 
might be a medical risk for testing. Individuals who responded positively to questions indicating any 
orthopedic injuries within the last 2 months were excluded from participation.  
 
Age to the nearest month, height to the nearest 0.25 cm, and weight to the nearest 0.10 kg were 
determined for each subject. Body density was estimated with Lange skinfold calipers (Cambridge, 
MD) using the generalized regression equation for three-site skinfold developed by Jackson, Pollock, 
and Ward (21). Each site was measured three times, averaged, and then summed in accordance with 
techniques described by Heyward and Wagner (11). Once density was calculated, percent body fat 
was estimated using the Siri (28) equation.  
 
Two testing sessions were scheduled for each subject. The first session was to: (a) complete a 
consent, medical history, and physical activity form; (b) collect skinfold, height, and weight 
measurements; (c) provide description of the test protocol; (d) record seat height and predetermine 
testing workload; and (e) schedule a test date and time. The second session was to complete a 30-

Table 1.  Descriptive data of the subjects (n = 107). 
Variable Mean ± SD Range 
Age (yrs)  21.6 ± 2.71 18.0 - 30.9 
Height (cm) 163.4 ± 7.35 146.0 - 180.0 
Weight (kg) 61.8 ± 9.3 43.6 - 89.5 
Body Fat Percentage (%)  22.4 ± 4.31 13.2 - 31.0 
Lean Body Weight (kg)  47.7 ± 5.74 34.2 - 65.3 
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second WAnT.  The WAnT consisted of a warm-up, a 30-sec test, and a recovery period. The third 
session was only for 10 of the participants to conduct a repeat WAnT for test-retest reliability. 
 
Instrumentation 
All subjects warmed up on a modified cycle ergometer (Model 818E, Monark, Sweden) equipped with 
a resistance knob. A modified cycle ergometer (Model 814E, Monark, Sweden) with a 0.5 kp 
resistance basket was used for the WAnT. Modifications to the ergometer included: (a) alloy cage 
pedals with clips and toe stirrups (16); and (b) aluminum alloy mountain bike handlebars with 
ergonomically designed handgrips (Gripping Solutions, El Paso, TX). The flywheel (1.615 m) of the 
ergometer had 16 reflective markers evenly spaced around the perimeter and a photoelectric Opto-
Sensor was positioned 3 to 5 cm from the flywheel to record the flywheel revolutions. 
 
Data collection for each 30-sec WAnT was captured with Sports Medicine Industries, Inc. (SMI) (St. 
Cloud, MN) Power software. Resistance for each subject was calculated and displayed in absolute 
terms (body weight in kg multiplied by 8.5%). Resolution was set so that the calculated value was 
rounded to the nearest 0.25 kg.  Peak power was defined as the highest power output during the test 
averaged over 5 consecutive sec during the 30-sec test. Generally, this occurred within the first 5 to 6 
sec. Power output was expressed in absolute values (Watts and kpm·minute-1). Absolute mean power 
was determined from the average power output of 6 successive 5-sec periods in the 30-sec test. 
Minimum power was determined from the lowest power output during the test averaged over 5 
consecutive sec. Minimum power was needed to determine the fatigue index (decrease in power). 
Fatigue index was calculated as a percentage of peak power minus minimum power divided by peak 
power and multiplied by 100. 

 
Testing Protocol 
Warm-up consisted of each subject’s self-selected stretching exercises and cycling on the ergometer. 
The ergometer warm-up resistance was 1.0 kg for all subjects. Each subject pedaled for 5 min at a 
cadence ranging from 60 to 90 rpm, interspersed with all-out sprints of cycling the last 4 to 5 sec of 
each minute. To eliminate the possibility of fatigue after the warm up, a brief rest period followed the 
warm-up before testing was initiated (12). 
 
Prior to the initiation of the test, the pre-determined workload was placed in the ergometer’s basket 
and secured with tape. The data for each subject were entered into the SMI Power program. Prior to 
the collection of data, each subject pedaled without resistance for 5 sec building up to maximal rpm to 
overcome the initial inertia of the ergometer. Simultaneously, one assistant held up the resistance 
basket while the other assistant counted seconds (1-5) and at the command “GO” the resistance 
basket was released and data collection began.  All subjects remained seated and pedaled as fast as 
possible for 30 sec. Verbal feedback as to the time remaining was provided at 15, 10, and 5 sec 
remaining while verbal encouragement was given. Subjects continued pedaling (approximately 60 
rpm) after completion of the test with a resistance of 1.0 kg for several min to cool down.  
 
Statistical Analyses 
Descriptive data included: (a) mean values, (b) standard deviations, and (c) range values for age, 
height, body mass, percentage body fat (%BF), and LBM. Critical information for developing 
normative data included means, standard deviations, and percentile ranks. Absolute and relative (W, 
W·kg-1 BM, and W·kg-1 LBM, respectively) raw scores for peak power, mean power, and fatigue index 
were recorded for each subject. These descriptive and normative data were used to generate norm 
tables that ranged from 5 to 95% for peak power, mean power, and fatigue index. Reliability of the 
WAnT was determined by calculation of intraclass correlation coefficient for 10 subjects who 
volunteered to perform two WAnT within 24 to 48 hours of the first test (32). 
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RESULTS 
 
One hundred seven women 18 to 30 yrs of age volunteered to participate in this study. The majority 
(93.4%) of the participants identified themselves as Hispanic or non-Hispanic White.  
 
The peak power values of the different groups of subjects described in the methods section did not 
differ substantially, which was justification to use all of them to develop the norm tables. The athletes 
(n = 61) and the non-competitive athletes (n = 46) demonstrated peak power values of 11.0 ± 0.9 and 
10.8 ± 1.2 W·kg-1 BM, respectively. The lowest group was kickboxing/martial arts (n = 11, 9.7 ± 1.4  
W·kg-1 BM) and the highest group was competitive soccer (n = 9, 11.5 ± 0.7 W·kg-1 BM). 
 
Ten subjects performed two WAnT within 48 hours. Cronbach’s Alpha intraclass correlation 
coefficient for peak power (W), mean power (W), and fatigue index were r = 0.92 – 0.95. Percentile 
ranking (5 to 95%), mean values, SD, and range are reported for peak power (Table 2) and mean 
power: (a) W, (b) W·kg-1 BM, and (c) W·kg-1 LBM, and fatigue index (Table 3). 
 

Table 2. Percentile norms and descriptive statistics for peak power for the Wingate Anaerobic Power 
test in Watts, Watts per body weight (W·kg-1), and Watts per lean body mass (W·kg-1 LBM), (n = 107). 
Percentile 
Rank 

Watts W·kg-1 W·kg-1 LBM 

95 878.4 12.50 15.88 
90 807.2 12.40 15.54 
85 787.4 11.98 15.41 
80 766.4 11.84 15.28 
75 748.0 11.70 15.04 
70 724.8 11.60 14.79 
65 707.0 11.40 14.62 
60 694.8 11.30 14.44 
55 683.4 11.20 14.33 
50 677.0 11.00 14.23 
45 664.2 10.90 14.03 
40 651.8 10.70 13.74 
35 630.6 10.60 13.62 
30 620.8 10.50 13.56 
25 594.0 10.30 13.41 
20 575.6 10.10 13.11 
15 558.4   9.90 12.68 
10 528.8   9.48 11.97 
  5 482.0   9.06 11.64 

M   672.67 10.97 14.06 
±SD  100.90  0.95   1.17 

Minimum 400.0  7.50 10.42 
Maximum 936.0           13.40 17.06 
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DISCUSSION 
 
Although the participants were all highly trained, they were from a variety of training experiences. 
Comparison of the WAnT values by group demonstrated less than a 2% difference between the mean 
values of the groups over all the components of the test. This small difference suggests that the 
group of non-competitive athletes was able to produce anaerobic power comparable to the group of 
competitive athletes, which justified grouping the entire sample together to generate the norm tables.  
 
When performing the WAnT, modifications in test protocol such as resistance settings and differences 
in the subject pools make it difficult to directly compare data with Bradley and Ball (4), Maud and 
Shultz (17), and Zupan et al. (35). The protocol used in this study required the subjects to perform 
one WAnT with a resistance of 0.085 kp·kg-1 BM. Comparisons of mean values from this study for 
peak power, mean power, and fatigue index with those of Bradley and Ball (4) using women athletes 
and non-athletes and equal resistance settings, are presented in Table 4. The average values for 
peak power, in this project, were 10.6% (W) and 8.6% (W·kg-1 BM) higher than the results of average 
values for peak power reported by Bradley and Ball (4). Comparisons of average values for mean 
power were only 2.4% (W) and .95% (W·kg-1 BM) higher than Bradley and Ball reported. One 
possible reason for the smaller increase in mean power could be that resistance settings equivalent 
to 0.085 kp·kg-1 BM have been shown to elicit maximal peak power output and not necessarily 

 
 
 
Table 3. Percentile norms and descriptive statistics for mean power for the Wingate Anaerobic 
Power test in Watts, Watts per body weight (W·kg-1), and Watts per lean body mass (W·kg-1 LBM) 
and Fatigue Index (FI) performed by highly-trained women with Means (M), Standard Deviations 
(SD), minimums, and maximums  (n = 107). 
Percentile 
Rank 

Watts W·kg-1 W·kg-1 LBM FI 

95 578.2 8.90 11.04 39.62 
90 551.2 8.44 10.61 42.82 
85 535.2 8.30 10.51 45.10 
80 520.8 8.20 10.33 47.48 
75 510.0 8.10 10.21 48.60 
70 499.0 7.90 10.12 50.08 
65 484.6 7.80 10.02 50.88 
60 472.0 7.70   9.91 52.16 
55 458.4 7.60   9.67 53.16 
50 453.0 7.40   9.59 54.20 
45 443.0 7.30   9.48 54.90 
40 434.0 7.20   9.41 55.88 
35 425.3 7.10  9.36 56.62 
30 418.4 7.00  9.19 57.98 
25 411.0 6.95  9.09 58.50 
20 400.0 6.86  8.99 58.90 
15 388.0 6.70  8.60 59.98 
10 369.4 9.40  8.26 61.20 
  5 321.4 6.10  7.88 63.36 

M  456.47 7.47  9.59 53.23 
±SD   66.13 0.73  0.82   6.44 

Minimum    279.0 4.70  6.46 32.50 
Maximum    691.0 9.50       12.10 65.80 
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maximal mean power (4,7,27). The subjects of this study and those of Bradley and Ball (4) were 
somewhat similar indicating the possibility that the highest mean power output was obtained. A 
comparison of fatigue index mean values showed a 16.2% increase above the mean values for 
fatigue index reported by Bradley and Ball (4). This increase in FI is related to the higher peak power 
values. The higher fatigue index (53.23 ± 6.45) could be due to anaerobic fitness differences between 
the subjects or differences in muscle mass. 
 
   
Table 4.  Comparison of mean values (± SD) for peak power, mean power, and fatigue index between 
two studies with a resistance setting of 0.085 kp·kg-1 BM (Bradley and Ball, 1992 and the current 
study) and two studies with a resistance setting of 0.075 kp·kg-1 BM (Maud and Shultz, 1989; Zupan 
et al., 2009). 
                 Peak Power                 Mean Power Fatigue 

 Watts W·kg-1 Watts W·kg-1 Index 
Bradley & 
Ball 

 608.0 ± 90.5 10.1 ± 0.9 445.7 ± 68.2 7.4 ± 0.80 45.80 ± 6.2 

      
Current 
Study 
(Women) 

672.7 ± 0.9 10.97 ± 0.95 456.5 ± 66.1 7.47 ± 0.73 53.23 ± 6.44 

      
Maud & 
Shultz 

454.5 ± 81.3 7.61 ± 1.24 380.8 ± 56.4 6.35 ± 0.73 35.05 ± 8.32 

(Women)      
 
Maud & 
Shultz 

 
699.5 ± 94.7 

 
9.18 ± 1.43 

 
562.7 ± 66.5 

 
7.28 ± 0.88 

 
37.67 ± 9.89 

(Men)      
 
Zupan et al. 

 
598.0 ± 88.0 

 
9.59 ± 0.99 

 
445.0 ± 64.0 

 
7.16 ± 0.70 

 
42.00 ± 7.80 

(Women)      
 
Zupan et al. 

 
951.0 ± 141.0 

 
  11.65 ± 1.39 

 
686.0 ± 91.0 

 
8.47 ± 0.88 

 
47.00 ± 7.60 

(Men)      

 
 
As expected, normative data for peak power, mean power, and fatigue index from this study were 
higher than those reported by Maud and Shultz (17). In fact, the values for this study were more 
comparable to the male values reported by Maud and Shultz, with peak and mean power (W·kg-1 BM) 
being higher, 19.5% and 2.6%, respectively, in the current project (see Table 4). There are a number 
of possible reasons for the differences that include: (a) differences in participants (active vs. highly 
trained); (b) modified resistance settings (0.075 vs. 0.085 kp.kg-1 BM); and (c) a modified cycle 
ergometer (toe stirrups). The authors suggest the most likely reason for the WAnT norm value 
differences in the two studies was the use of highly-trained participants in the current study. 
 
The normative data for the WAnT, developed by Maud and Schultz (17) using subjects who were not 
highly-trained, may not be relevant to the population for which the test was designed. Even though 
the WAnT is used in research with various populations (e.g., men, women, active, and sedentary), it 
was designed to measure anaerobic power production. Jacobs et al. (14) accurately favoured the 
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WAnT to assess maximal anaerobic power output because most athletic events depend heavily on 
immediate and nonoxidative energy sources for power. Anaerobic performance, unlike aerobic 
fitness, is not a component of general fitness and athletes and highly-trained individuals strive to 
increase anaerobic performance through intense physical training. The normative data produced by 
Maud and Schultz (17) for active women who were not particularly anaerobically trained are not 
useful in discriminating the anaerobic power production of a specific population of highly-trained 
women.  
 
Zupan and colleagues (35) conducted a large number of WAnT (211) on women athletes to develop a 
classification system. Altogether 211 tests were conducted on a total of 64 women and the peak and 
mean power values (W·kg-1 BM) were 14.4% and 4.3%, respectively, lower than the current study. 
These differences could be explained by the different testing protocol in the Zupan et al. study – the 
use of a resistance setting of 0.075 kp·kg-1 BM, which is more appropriate for non-athletes and no toe 
stirrups. 
 
In the present study, the testing ergometer was fitted with mountain bike handlebars in order to 
accommodate the subjects varying grip spans. The WAnT protocol for this study used toe stirrups in 
accordance with findings of LaVoie et al. (16) who concluded that toe stirrups allowed subjects to 
produce higher peak power and mean power. Even though Dotan and Bar-Or (9), Bradley and Ball 
(4) and Vandewalle et al. (34) reported that a resistance greater than 0.090 kp·kg-1 BM produced 
optimal peak power outputs, resistance was set at 0.085 kp·kg-1 BM. More research studies are 
needed to investigate differences using two separate resistance settings to produce optimal peak 
power and mean power outputs among highly-trained women subjects with different athletic abilities. 
 

CONCLUSIONS 
 
The main focus of this study was the development of normative data for the WAnT using highly-
trained women. The norm values were greater than the previous values of Maud and Shultz (18) 
mostly because of the recruitment of highly-trained women in the present project as well as several 
differences in testing protocols. In addition, mean values for peak power, mean power, and fatigue 
index were greater than previous studies using similar protocols and women subjects. The WAnT is 
designed to determine anaerobic power and capacity, which is important in performance in many 
sports. Therefore, use of the WAnT to determine success in sports that require anaerobic power and 
to monitor anaerobic training should be with highly-trained individuals, which make these normative 
values so useful.  
 
Address for correspondence: Edward M. Heath, PhD, Exercise Science Program, Utah State 
University, Logan, UT, USA, 84322-7000. Phone (435) 797-3306; FAX: (435) 797-3759; Email: 
edward.heath@usu.edu. 
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