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Abstract. The purpose of the study was to exam ine ifthe Wingate Anaerobic Test 
(WAnT) is a reliable anaerobic test for boys with intellectual disability (I D). 
Sixteen adolescent boys (aged 15.5±1.0yr ) with ID (lQ range 30-50) and with 
appropriate informed consents performed a 30-s Wingate Anaerobic Test on a 
cycle ergometer on two separate days. Results of intra-class reliability and 
indicators of agreement and variation for the two all-out exercise intensity tests are 
as follows: 

Variable 

Peak power (PP) 
Mean power (PP) 

Intra-class reliability 
co-efficients 

0.93* 
0.95* 

*Significant at P<0.05 

95% lim its of 
agreement 

-51 W to - 5W 
-23W to 16W 

Co-efficients of 
variation 

55% 
42% 

The results indicated that even though adolescent boys with ID had lower PP and 
MP values than their peers without ID, and were more variable in their 
performances, given appropriate habituation and practice prior to testing, 
adolescent males with ID were able to perform the WAnT with significant ' levels 
(P<0.05) of reliability, agreement and variation. 

(Biol.Sport 19:51-62, 2002) 
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Introduction 

Recent resea rch has established the reliability and validity of laboratory and 
field tests for appraising cardiovascular fitness [ 14,20,25] and muscular strength 
[22~ 15] of young persons with mild intellectual disabilities (I D). Having 
established the reliability of these performance tests, subsequent comparative 
studies have demonstrated that young persons with I D have inferior cardiovascular 
fitness [31] and also higher levels of body fat than their peers without ID [30]. 
Comparative studies of isokinetic muscle strength have also shown that young 
people with ID are significantly weaker than their peers without ID l22 , 15]. 

While there are research data on the cardiovascular fitness and muscle strength 
of young persons with I D, there are apparently none on their anaerobic capability. 
This paucity of anaerobic performance data may be due in part, to the lack of the 
establishment of a reliable test to evaluate the capability of young persons with ID 
to perform exercise that is supra-maximal in nature. or to the general perception 
that young people with ID may not have the motivation or the ability to accomplish 
exercise of such an intense nature [II]. However. such a view may be challenged 
since it has not be confirmed or refuted by research data. Anecdotally, it appears 
that young persons with intellectual disabilities are capable of exercise of a high 
intensity as they engage in anaerobic-type training in preparation for competitive 
events in the Special Olympics. Moreover, anaerobic fitness data are insightful as 
data on the anaerobic capability can complement the available aerobic data and 
provide a more complete picture of the exercising young person with ID. 
Importantly, assessing the anaerobic fitness of participants with ID can provide 
information about individuals in need and provide baseline values to serve as a • 
starting point to set goals for improving fitness levels. 

The Wingate Anaerobic Test (WAnT) [ 16] is by far the most popular anaerobic 
performance test. Comprehensive reviews of the test are available [ 16,8]. 
Essentially, the test involves pedaling or arm cranking for 30 seconds at supra
maximal effort, at a constant applied force using commonly available cycle 
ergometers that can be instrumented and customized to be more sensitive. The 
WAnT yields a peak mechanical power output that is equivalent to two to four 
times that of a maximal aerobic power . in young people [5]. Other variables of 
interest in the WAnT are mean mechanical power which is the average power over 
the 30-s test and the fatigue index which is the power drop during the test 
expressed as a percentage of peak power [8]. 
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The cycle test has been used with normal populations and with populations with 
chronic disease and physical disabilities. For instance, the test has been used to 
assess normal healthy children [ 16~ 9], children of different nutritional status [1 ], 
young patients with cystic fibrosis [6], asthmatic children [28] and children with 
spastic cerebral palsy [ 13]. The rationale for testing such participant populations 
has been that factors that limit physical performance may be muscular and 
neurological rather than cardio-respiratory in some patient groups with chronic 
disease or physical disabilities [ 16]. Therefore testing their "peripheral" function 
may have diagnostic and prognostic value [ 16]. There has been limited data on the 
reliability of the WAnT for testing special populations of young people but data 
emanating from the Children's Exercise and Nutrition Centre in Hamilton, Canada 
suggest that young persons with muscular dystrophy, muscle atrophy, cerebral 
palsy. spina bifida, cystic fibrosis , obesity and anorexia nervosa can perform the 
WAnT with acceptable levels of compliance. For instance, Tirosh, Rosenbaum and 
Bar-Or [26] reported that in a participant cohort that comprised 58 participants with 
a number of physical disabilities and chronic disease, test-retest correlation 
coefficients were significant at 0.96 for peak power (PP) and mean power (MP). 

Limited data on the anaerobic performance of young persons with chronic 
disease and physical disabilities show that in comparison to normal healthy young 
people, patients with Duchenne muscular dystrophy had body mass-related mean 
power values that were two standard deviations below the mean for normal healthy 
young boys [16]. Similar low anaerobic power values were documented for 
children with cerebral palsy [13,19]. Additionally, Cabrera et al. [6] reported that 
patients with severe cystic fibrosis (CF) had considerably lower PP and MP than 
patients whose CF where less advanced. 

Despite its popularity as an exercise test among populations with special needs, 
the WAnT has apparently not been used to assess young persons with ID. 
Therefore the purpose of the study was to determine the reliability of the WAnT in 
a cohort of adolescent boys with ID. 

Material and Methods 

Participants: Participants were 16 male adolescents with I D. Both participant 
and parent/guardian informed consents were obtained prior to testing. The 
University Institutional Review Board approved the study. The sampling design 
was purposive [21] in that the participants had to meet the criteria of 10 and come 
from two MINDS (Movement For The Intellectual Disabled Of Singapore) schools 
in Singapore. Classification of 10 was determined according to the model for 
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diagnosis by Luckasson et al. [17] and was determined by qualified personnel at 
the MINDS schools. Other criteria for inclusion in the study included: 
(a) participants were male between the ages of 15 and 17 years; 
(b) were free from any known physical disabilities and chronic disease; 
(c) were not taking medications affecting heart functions; and 
(d) were adept at cycling. 
None ofthe participants had Down Syndron1e. 

Anthropometric measurements and determination of sexual maturity status: 
Age was computed from the date of birth and date of examination. Stature, body 
mass and skinfold thicknesses over the triceps and sub-scapular regions were 
measured by techniques described by Weiner and Lourie (29]. A male physician 
assessed the sexual maturity status of the participants in accordance to the criteria 
established by Tanner [24]. The method involved a visual inspection of pubic hair 
development, with a rating of 1 to 5, with a rating of I indicating pre-pubertal 
status and a pubic hair rating of 5 indicating the attainment of sexual maturity. 

Habituation to the test procedures: All participants reported to the laboratory on 
four different days, over a two-week period accompanied by two teachers from 
their school. The WAnT was conducted on a friction loaded cycle ergometer 
(Monark 834E; Monark-Crescent AB, Varberg, Sweden) that was interfaced with a 
microcomputer. The ergometer was calibrated in accordance to the manufacturer's 
instructions immediately prior to the test series and the same ergometer was used 
throughout for all the WAnTs. The seat height and handle bars were adjusted 
appropriately for each participant, and the test resistance was set at 0. 74N per 
kilogram me of body mass [ 16,8]. 

On the first day, participants practised maintaining a pedal cadence of 50 .. 60 
rpm, over three attempts. Participants were also taken through the warm-up 
protocol that was standardized as four minutes of pedaling at between 50 and 60 
rpm against a minimal applied force (with the load basket supported). This was 
interspersed with threect all-ou\ intensity sprints of 2-3 s a~~ ins~ th,y W~t r~~i~t~n9~1 
at the end of the 1st, 2° and 3r min. After the warm-up, the participant performed 
two minutes of stretching that involved the quadriceps, hamstrings and groin 
muscles. The entire practice session took about 40 min. 

On the second day, after completing the standardized warm-up, parttctpants 
performed al5-s WAnT, twice with a recovery period of20 minutes separating the 
two sprints. The WAnT was started from a rolling start at between 50 and 60 rpm 
against a minimal applied force. When a constant pedal rate of 50 to 60 rpm was 
achieved, a countdown of "3, 2, 1, go" was given and on the word "go", the test 
resistance was applied immediately, and simultaneously, the computer was 
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activated to start the data capture. Participants remained seated on the ergometer 
and were verbally encouraged throughout the test. Immediately after the test, 
participants completed a cool down consisting of continuous light pedaling that 
was set against a minimal resistance for three minutes. 

On the third day, the procedures of the second day were repeated, except that 
the participants completed a 30-s test. On day four, participants completed another 
30-s WAnT, and duplicate fingertip blood samples were taken at two minutes after 
the WAnT [9] and immediately assayed for lactate concentration using a YSI 2300 
Stat Plus whole blood analyzer (Ciandon Scientific, Farnborough, Hampshire, 
UK}. The analyser self-calibrated with a known concentration of lactate every five 
samples, and the calibration was checked regularly against commercially prepared 
standards of verified concentrations. Inertia-corrected power data-namely, peak 
power (PP), and mean power (MP) that were computed over 1-s time periods [9] 
over the two 30-s WAnTs were obtained. 

Statistical analyses: Data were stored and analysed using a SPSS software 
programme (SPSS version I 0.0). Descriptive statistics-means and standard 
deviations-for anthropometric variables, PP, MP and blood lactate were generated. 
Normality of data for PP and MP were checked using normality plots and by 
examining the Sharpiro-Wilks outcome statistic for PP and MP. Intra-class 
reliability co-efficients, the 95o/o limits of agreement, and the co-efficients of 
variation for PP and MP, over the third and fourth test sessions were computed to 
determine the reliability co-efficients, 95% levels of agreement and co-efficients of 
variation of the variables in theW AnT. For all analyses, statistical significance was 
established at P<0.05. 

Results 

Normality of power data 
Normality of WAnT data for PP and MP was established, as the Sharpiro-Wilks 
test statistic for PP and MP, respectively was not significant, i.e. P>0.05. 

Participant and WAnT performance characteristics 
Table 1 presents descriptive anthropometric data, WAnT performance, and blood 
lactate concentration measured after the test. In terms of the sexual maturity status 
of the participants, 86% were Tanner Stage 2 or 3 in their pubic hair development. 
The other 14% were adjudged as Tanner Stage 4 in pubic hair development. 
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Table 1 
Descriptive and WAnT performance characteristics of the participants 

Variable 

Age (y) 
Body mass (BM) (kg) 
Stature ( m) 
Sum oftriceps & sub-scapular skinfolds (mm) 
Degree of ID 

Peak power (W) 
Relative peak power ( W /kg BM) 
Mean power (W) 
Relative mean power (W/kg BM) 
Post-WAnT blood lactate (mM/L) 

Data are means ±standard deviations 

Boys 
(n=I6) 
15.5±1.0 
47.4±12.6 

1.59±0.07 
23.5±9.2 

Moderate 
(30-50) 

219±87 
5.2±1.9 

155±74 
3.5±1.8 
3.8±2.2 

Participant characteristics in relation to intellectual disabili~v 
Table 2 presents information regarding the nature of the intellectual disability of 
the sixteen participants. 

Table 2 
Intellectual disability descriptions of the male adolescent participants 

Participant 

2 

3 

4 

Description 

He is an intellectually disabled boy with speech and language 
difficulties. He is socially incompetent. 
Due to his delayed speech, he is impaired in activities reqUJrtng 
verbal communication skills. 
He has moderate ID. His adaptive behaviour in the classroom is in 
the borderline range. 
He is born with congenital microcephaly. which means he has a 
smaller brain. 
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5 He has mood changes and this has led him to aggression on 
occasions. 

6 
7 

8 

9 
10 

11 
12 

13 

14 
15 
16 

He has a delayed reaction. 
He is very hyperactive and impulsive. He can be trusted to engage in 
more constructive activities. 
He is weak in gross motor, mental and social skills. He needs 
stimulation to help him devel·op. 
He has moderate ID. He has problems with verbal communication. 
He demonstrates poor visual-motor-spatial integration including 
perceptual and orientation difficulties. 
He has moderate ID. He has problems with verbal communication. 
His non-verbal responses are better than his verbal responses. He has 
the ability to read but his response time is slow. 
He is dependent on gestures to express his needs. His attention span 
is very short. 
His non-verbal IQ is relatively high. 
He is considered as high-functioning in class. 
He is delayed in his overall development. His language development 
is comparatively slow. 

Reliability and levels of agreement for PP and MP in adolescent boys with ID 
Table 3 presents the intra-class reliability co-efficients, indicators of agreement and 
co-efficients of variation for PP and MP in the WAnT for adolescent boys with ID. 

Table 3 

Reliability and level of agreement of MP and PP of boys with TO 

Variable Intra-class 95% limits of Co-efficients of 
reliability agreement variation 

co-efficients 

Peak power (PP) 0.93* -51 W to -5W 55% 
Mean 2ower (MP2 0.95* -23W to 16W 42% 

*Significant at P<0.05 
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Discussion 

The intellectual disability descriptions of the participants are consistent with the 
prognosis of moderate intellectual impairment [17]. The stature, body mass and 
sum of two-site skinfold thicknesses of boys with 10 are in general agreement with 
their peers without ID for that age group [7,31 ], even though some studies have 
shown that the body mass index (BMI) of fei11ales with 10 was significantly higher 
than their peers without IO [30]. In terms of the sexual maturity status, the male 
adolescents with 10 did not appear to be ahead or delayed in their sexual maturity 
in comparison to their peers without IO [7]. The significance of assessing sexual 
maturity status as it relates to anaerobic performance is that there appears to be a 
positive maturity effect on WAnT -type performance in some but not in all studies 
in normal young persons without ID [2]. 

Intra-class reliability coefficients were high for MP and PP at 0. 95 and 0. 93 , 
respectively. The results are comparable to those reported for young persons 
without IO [16], and also in physically disabled populations and in young patients 
with chronic disease [26], where correlation coefficients for PP and MP were in 
excess of 0.90. In comparison test-retest correlation co-efficients in healthy young 
people in repeated WAnTs are 0.96 for PP and 0.92 for MP [27]. 

Researchers have debated the appropriateness of the use of inter-class and intra
class correlations, in test-retest computations to establish reliability [4] of the test 
instrument for various subject populations. The 95% limits of agreement [4] are 
proposed as the more appropriate alternative to establish reliability and agreement 
between two data sets, as the method is less affected by sample heterogeneity, 
compared to the use of intra-class correlations [3]. In essence the limits . of 
agreement represent the test-retest differences for the variables reported for 95% of 
the sample cohort tested. However, the method has yet to gain prominence as few 
researchers report on the limits of agreement as an indicator of reliability. Some 
researchers in sports science have used the 95o/o limits of agreement in studies of 
body composition [23, 1 0], and also in studies on the aerobic fitness of adults with 
mental retardation [ 12], but to date, apparently only Chia [7], has used the method 
to substantiate the reliability or agreement between data sets of WAnT 
performance in young persons without ID. 

Chia [7], reported that the 95% limits of agreement for a 20 s WAnT were (i)-
57W to 63W for PP and (ii)-40W to 44W for MP, in twenty-five 10 year-old boys 
without ID. The 95% limits of agreement for PP (-51 W to -5W) and MP (-23W to 
16W) in the present study on boys with ID, are in agreement with the results 
reported by Chia [7]. In other words, in the case of M~, when the test is repeated, 
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there is a 95% chance that the difference between the first MP score and the second 
MP score was between -23W and l6W. This is within the range of differences 
identified by Chia [7] for boys and girls without ID. This demonstrated the 95% 
limits of agreement between repeated WAnT performances in male adolescents 
with ID were comparable to those of normal young people without ID. 

The co-efficients of variation for PP and MP (55% and 42%, respectively) were 
considerably higher than the 6-7% reported by Naughton, Carlson and Fairweather 
[18] for MP, for six to 12-year-old boys and girls who were skilled at cycling. The 
present results were also higher than the 21% to 27o/o reported for WAnT power in 
1 0-year-old boys and girls [7]. Like their peers without ID, PP was far less stable 
as a measure than MP in the participants with ID. The results demonstrated that 
boys with ID were more variable and less consistent in their power performances 
as a cohort compared to trained young people and young persons without ID. 

In the present study, every attempt was made to habituate the participants to the 
WAnT and the test environment, and for the participants to give a supra-maximal 
effort throughout the 30-s test. However~ it is uncertain if the variability in WAnT 
power was due to a lack of motivation on the part of the participants or is indeed an 
inherent characteristic of high intensity exercise outcomes in adolescent males with 
ID. Nonetheless, it has been reported that WAnT performances in special 
populations are not only inferior to those of normal populations, they are also more 
variable [ 161. 

Although, the 95o/o limits of agreement for repeated WAnT performances of the 
adolescent males with ID are in concord with those reported for young persons 
without ID (e.g. Chia, [7]), their means for PP and MP of 219W and 155W, 
respectively were only about 35o/o and 34% of the PP and MP attained by their 
peers without 10, using a similar WAnT protocol [7]. A similar conclusion can be 
deduced when the current results are compared with published performance norms 
for healthy untrained male adolescents, albeit using a dissimilar WAnT protocol 
[16]. Our results of low peak muscle power (as indicated by PP) and local muscular 
endurance (as indicated by MP) were also buttressed by the low post-exercise 
lactate values taken two minutes following the WAnT. Some researchers used post-~ 
exercise blood lactate values as an indicator (albeit a blunted one) of the extent of 
anaerobic metabolism that has taken place during exercise. There appears to be a 
positive correlation between the high power outputs in the WAnT and post
exercise lactate concentration [9] . There are no data on the post-exercise blood 
lactate values in persons with ID but the values in the present study were 
substantially lower than those found for in persons without ID of the same age 
range [7]. 
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The low PP and MP generated by boys with ID are consistent with findings in 
the extant literature where a similar pattern of low anaerobic power and anaerobic 
endurance are documented for children with cerebral palsy [13, 1 9] and children 
with chronic diseases [ 16]. An emergent body of information has shown that the 
aerobic fitness of young persons with ID is substantially lower than their peers 
without ID [31 ,30]. Our results suggested th';lt in adolescent boys with ID, their 
anaerobic fitness is also poor in comparison to their peers without ID. 

In conclusion, our results showed that while the reliability coefficients and 
levels of agreement between repeated WAnTs were high and comparable to that of 
young persons without ID, there were greater variations in WAnT power in the 
adolescent boys with ID compared to non-disabled populations. This mirrors 
published data on the variability of aerobic performance of people with ID. 
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