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Introduction 

AIESEP Proceedings 1997 

A COMPARISON OF AEROBIC FITNESS LEVELS 
IN A SINGAPORE CURRICULUM SPORT MODEL 

Michael C McNeill 
Nanyang Technological University, Singapore 

Data related to fitness was extracted from a longitudinal case study which examined the effects of 
sports specialisation within a school curriculum. The case study investigated a number of factors 
including Body Mass Index (BM[). student attitudes and Extra-curricular /academic results. however 
this paper specifically studies aerobic fitness as a side-effect of participation in the project. The study 
was conducted in land scarce Singapore, a country dependent on human resources where academic 
studies are especially important to the its economic future and where students zealously pursue 
academic accreditation in order to secure and enhance their career prospects often to the detriment of 
their involvement in sport and physical education 

Against this cultural backdrop. the Principal of an autonomous, government aided school took the 
initiative of setting up an elite sports model "The Sports Class" (SC) to support pupils who wished to 
participate in sport as an extra curricular activity (ECA). This, it was thought, would also maintain the 
school's strong tradition in badminton. basketball and table tennis. 

The SC began in 1994 when pupils were not only provided with a different timetable. but also specific 
staff were identified to teach the students· academic classes. School tests were even deferred until 
school sports' competitions were completed and additional coaches were introduced from the National 
Sporting Associations to supplement the sports programme. These conditions allowed opportunities for 
the pupils to excel in sport without sacrificing their studies. As schools in Singapore are ranked on 
their academic performance in the Cambridge ·o· Level Examinations, a fine balance has to be 
achieved between studies and sport and so the Principal closely scrutinised the SC results in school 
tests. Pupils who were found to be falling behind were transferred out of the SC to other classes to 
help them cope better with their studies. 

Trials in badminton, basketball and table-tennis were held at the beginning of Secondary I ( 1994) out 
of which 69 pupils (n=36 girls and 33 boys) were selected for the SC. Those successful in the trials 
became the talent pool which would service the school for the next four years in ECA competitions. 
During the course of the next four years. through a process of exclusion, retention and transfer, the SC 
culminated in Secondary 4 ( 1997) with a class of 37 pupils ( 17 girls and 20 boys). 

This case-study was initially undertaken to monitor and assess the progress and success of the SC 
initiative for the Principal. One of the aspects of the study was to measure the longitudinal effect of 
this training-regime on the individual student's fitness levels over the duration of the programme. The 
information obtained would help the teachers and coaches in the future to assess the effectiveness of 
their training programs. 

This paper outlines : 

I) differences in aerobic fitness between Sports Class and Non-Sports Class (NSC) pupils 

2) differences between and within genders 

3) trends in SC fitness scores for sub-groups of Badminton, Basketball and Table Tennis . 

Methodology 

The 143 pupils who participated in the study were volunteers and brought consent forms signed by 
their parents. The 20-Metre Shuttle Test (20-MST), validated by Leger and Lambert in 1982, was 
conducted to identify the aerobic fitness levels of the SC and NSC pupils. This test was selected as 
being most appropriate for collecting data from children ( Boreham et al.. 1990: Mahoney, 1992: 
Mercier, 1983;Van Mechelin et al.. 1985) in a field- setting using a large number of pupils 
(Hazeldine, 1988) over an extended period. The I minute test protocol suggested by Leger and 
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Rouillard in 1983 and Brewer et a! in 1988 was used on all occasions and all the pupils were tested on 
the same morning to ensure as far as possible identical conditions. Brewer, Ramsbottom and Williams 
( 1988) recommended a tabulation based on the level (palier) that the child dropped out including the 
shuttle number which was expressed as a percentage of the palier. 

The 69 SC pupils were matched against a control group of 74 NSC pupils and were tested in the 
morning during the first week of July for four consecutive years with the school hall being used for the 
test. On each occasion, Polar electro-heart rate monitors ( PE4000, Polar, Finland) were worn by an 
average of 30 randomly selected pupils (boys as well as girls) as the 20-MST requires subjects to 
exercise until volitional exhaustion. 

The SPSS 6.1.2 statistics package was used to analyse the data l using T-tests for Independent Samples 
and Analysis of Variance (Anova) Tests]. T-tests were used to identify differences between the SC 
and NSC as well as boys and girls. Anova was used to find difference between the groups ( SC, sub
divisions of the SC and NSC) in Secondary I, 2, 3 and 4. Anova was followed up by Tukey Highly 
Significant Difference Tests (post hoc) which provided more detailed information about the year 
groups. 

Results 

As is shown in Table 1, the results over the four years demonstrated that the subjects were exercising 
at or near expected maximal heart rates (220- age ±12) for their age group (Astrand and Rodhal, 
1986 ). The mean scores support the assumption that the subjects did exercise maximally . 

Table 1 : Means of Heart Rates for Boys and Girls 

Year Mean Heartrate St. Dev. Rang_e 
Secondary I 208 b.min 1 ± 14.43 157-225 

Secondary 2 208 b.min 1 ± 8.73 184-228 

Secondary 3 204 b.min 1 ± 9.32 182-221 

Secondary 4 200 b.min 1 ± 12.05 192-216 

In Secondary 4, heart rates were sustained during the test for an average of 3.3 minutes ± 1.96 per 
person within the range 192-216 beats per minute. Girls' (n= 12) maximum heart rates averaged 194.2 
±12.11 (rangel64-207) and boys' (n=l5) heart rates averaged 204.3 ±10.29 (range 191-225) further 
supporting the fact that children were running at a level approaching their maximum. · 

Overall fitness levels were analysed to discover if there was any improvement from year to year. 
Comparing the means of the 20 metre shuttle test from Secondary 1- 4, the only difference that 
occurred was between the Secondary 2 result, the highest fitness level over the four years, and the 
Secondary I result (F3.8731, df3,287[ p<0.0097]). 

The trend of the fitness scores for the two main groups of boys and girls over the four years 1s 
illustrated in Figure 1 below. 

Gender Differences Overall 

As is clearly shown in Figure 1, the boys mean values are higher than the girls for all four years when 
measured by t-test (p<O.OO I). The boys and girls results were analysed by t-tests to identify any 
difference within the two genders. The girls scores from Secondary 4 were lower than their scores 
from Secondary 3 (t=2.18, d/67.91, p=0.033) and from Secondary 2 (t=3.37, df60.2, p=O.OOI). The 
boys scores were better in Secondary 2 than Secondary 1 (t=-2.54, df 55.47, p=0.014) and although 
they did not achieve an improvement in Secondary 3 and 4 over Secondary 2 they were still fitter in 
Secondary 3 (p=0.004) and Secondary 4 than Secondary l(t=-2.50, df55.49, p=0.016). 
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Figure I : Graph Depicting Trend in MST Scores by Palier and Gender for NSC & SC Groups 

12.-----------------------------------------

10+-----~==~=-------=-==----.-------

Pal. 6 ~---·====if====;;====:-----
4+-----------------------------------------

2+-----------------------------------------

0+-------~------,--------r-------.-------, 

0 Sec1 Sec2 Sec3 Sec4 

Non Sports Class Fitness Results 

-----non-sports girls 

---non-sports boys 

~sports class girls 

_..__sports class boys 

The results of the NSC pupils (see Table 2) were analysed longitudinally to establish any 
improvements in this sample and to ascertain improvements for boys and girls in their gender settings. 
The analysis showed that the Secondary 2 results and the Secondary 3 results of the NSC were better 
than their Secondary I results 1-4 (F 3.6142, df3,137 [p=0.015j). 

Table 2 : 20 MST Fitness Means for Non Sports Class Pupils 

Sec I Sec2 Sec 3 Sec 4 
n=32 n=32 n=34 n=40 

Total Sample 5.72 7.14 +1.93 7.02 ±2.10 6.74 ±2.26 
+1.09 

Girls 5.24 5.43 ±0.49 5.24 ±0.92 4.93 ±0.95 
+0.72 

Boys 6.52 8.46 ±1.53 8.61 ±1.47 8.54 ±1.66 
+1.16 

When the non sports class girls results were analysed (F 1.1255, df 3,69 [p=0.3452]) from Secondary. 
1-4 no difference between any of the years was found. When the non-sports class boys results were 
subjected to Analysis of Variance (F 5.9725, df 3,67 [p=0.0012]) the post-hoc test found a difference 
between the means of Secondary I and Secondary 2, 3 and 4. However there were no differences 
found between the means of Secondary 2, 3 and 4 groups. 

Sports Class Fitness Results 

Analysis of the difference between the NSC and SC using a T -test revealed significant differences in 
every year, as Table 3 demonstrates. A longitudinal analysis (t=-8.72, df 278.83, p<O.OO I) also 
indicated that the sports class pupils were fitter than the non sports class pupils over the duration of the 
programme. 

Table 3 : Means of Sports Class and Non Sports Class Pupils 

Non Sports Sports Class Sig. 
Class 

Sec I 5.72 (1.09) 8.31 (1.54) * * * 
Sec 2 7.14 (1.93) 9.06 ( 1.62) * * * 
Sec 3 7.02 (2.10) 8.80 (1.82) * * * 
Sec4 6.74 (2.26) 8.32 (2.20) * * * 
***p<O.OOI 
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When the SC results from Secondary 1-4 (refer to Table 4) were analysed no difference was found in 
their overall scores; neither was there any difference found when the SC boys results from Secondary 
1-4 were analysed but the SC boys were found to be fitter than the SC girls (F 194.5350, df 
I, 149[p<0.001 ]). A difference was also found when the results between the Secondary 2 and 
Secondary 4 scores of the SC girls were analysed (F 5.7884, df 3,69 [p=0.0014]) indicating that the 
SC girls were fitter as Secondary 2 pupils than they were in Secondary 4. 

Table 4 :Sports Class (Boys & Girls) Fitness Means 

Boys & Girls Boys only Girls only 
Sec 1 8.31 + 1.54 9.42 + 1.16 7.20 + 0.97 
Sec 2 9.06 + 1.62 10.03 + 1.32 7.85 + 1.05 
Sec3 8.80 + 1.82 10.14 + 1.21 7.25 + 0.97 
Sec4 8.32 + 2.20 9.99 + 1.26 6.37 + 1.23 

A difference was found when the SC girls results were analysed against the NSC girls (t=-1 1.61, df 
122.76, p<O.OO I) as well as a difference between the boys in the SC versus the NSC (t=-7 .II, df 
122.83, p<O.OO I). 

The badminton. basketball and table tennis group results in Table 5 showed no difference between 
Secondary I and Secondary 4. When the results were further analysed longitudinally by gender only 
the basketball girls (F= 11.1524, df=3,25 [p=O.OOO I]) displayed any difference in their fitness, being 
fitter in 

Table 5: 20 MST Fitness Means for Sports Class Pupils 

Badminton Basketball Table tennis 
Sec I Sec2 Sec3 Sec4 Secl Sec2 Sec3 Sec4 Secl Sec2 Sec3 Sec4 

Total 8.03 8.74 8.46 8.04 8.60 9.84 9.21 8.45 8.17 8.27 8.68 8.52 
Sample +1.36 +1.78 +2.20 +2.12 + 1.64 + 1.32 + 1.84 +2.71 +1.79 +1.39 +1.13 +1.35 

7.10 7.50 6.97 6.74 7.41 8.74 7.35 5.72 6.90 7.15 7.68 6.90 
Girls +1.15 +.87 +1.07 +1.39 +.97 +.77 +1.07 +.94 +0.62 +.93 +0.51 +.95 

9.11 10.20 10.44 9.78 9.64 10.58 10.46 10.58 9.44 9.02 9.35 9.33 
Boys + 1.06 + 1.41 + 1.55 + 1.61 + 1.4 + 1.07 +0.92 + 1.21 + 1.66 + 1.13 +0.89 +.41 

Secondary I. 2 and 3 than in Secondary 4 . In fact the basketball girls fitness increased in Secondary 
2 when compared to Secondary I (t=-2.72. df 10.96, p=0.020) then decreased in Secondary 3 when 
compared to Secondary 2 (t=2.58, df 9.13, p=0.030) and decreased again in Secondary 4 when 
compared to Secondary 3 (t=2.91, dfl0.13, p=0.016). 

Group Analysis (boys and girls combined) 

In Secondary I the NSC (boys as well as girls) were significantly different to all other groups 
(F=20.5974, df~3.65[p<0.0000]) . Secondary 2 analysis indicated that the NSC were different to the 
badminton group and the basketball group [F =9.0791, c/f~3.69[ p<O.OOO]). The difference in 
Secondary 3 was found between the NSC and the basketball group only (F=5.3643. df=3,72 
[p=0.0022]) and by Secondary 4 the post hoc found no two groups to be significantly different 
(F=3.3627, df=3.78. [p=0.0230]) in spite of the difference at the p<=0.050 level. 

Girls Results 

The Secondary I results indicated that the NSC girls were less fit than the girls in badminton. 
basketball and table tennis [F=i 6.390 l,df=3.36 [p<O.OOOO ]). Secondary 2 results showed a similar 
difference to Secondary I [F=35.7845. df=3,30[p<0.000]) as well as a difference in fitness between the 
girls in the basketball group and the girls in the badminton and table tennis groups, with the basketball 
girls fitter than all other groups. In Secondary 3 the NSC girls were again less fit than the badminton. 
basketball and table tennis groups (F= 13.1360. df~3.33 [p<O.OOOO]). By Secondary 4 the post hoc 
found only the badminton and table tennis girls fitter than the NSC girls (F=7.3020. df=3,37 
[p=0.0007]). 
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Boys Group Results 

In Secondary I all of the SC boys' groups (badminton, basketball and table tennis) were fitter than the 
NSC boys (F=I4.0690, df=3,28 [p<O.OOO]) . The badminton and basketball boys alone were fitter in 
Secondary 2 than the NSC boys (F= 5.8496, df=3,38 [p= 0.0024]). Similar results were found in 
Secondary 3 with the badminton and basketball boys retaining their fitness over the NSC boys [F= 
5.3737,df=3,38 [p=0.0038]). In spite of improving their mean score from 8.96 to 9.35 the table tennis 
boys were still not significantly fitter than the NSC boys. By Secondary 4 only the basketball boys 
were fitter than the NSC boys (F=4.3844,cij~ 3,40 [p=0.0097]). 

Discussion 

The 20-MST was conducted at a time in the year when the sports players would not have gained any 
special advantage from their training programme. The tests were not conducted immediately prior to 
the National Championships, when the sports class players would have been at peak fitness but rather 
at a time, prior to the National Physical Fitness Test (NAPFA), that was relatively similar for both 
groups. These results therefore do not present peak fitness data for the SC pupils as the timing of the 
test did not coincide with school sporting competitions. 

Prior to Secondary 4 the SC would still have been in training for the following year's championships 
and so there would have been more continuity in their fitness levels. Nevertheless, the test was 
conducted in the same school term as their national fitness test so there should have been some 
motivation towards maintaining their fitness levels, even in Secondary 4, in order to perform well in 
the NAPFA Test. 

As the SC mean fell in Secondary 3 and in Secondary 4 (refer to Table 4) it suggests that the SC 
groups were not benefiting from the SC Programme for aerobic fitness levels as much as they had been 
in Secondary 2 or that the necessary level of fitness required for their sports had been reacped well 
before Secondary 4. The SC girls' were fitter in Secondary 2 than in Secondary 4. Only the table tennis 
girls had a higher mean score in Secondary 3 and were the only female SC group to have a mean in 
Secondary 4 equal to or better than Secondary I, which is surprising as these players rely less heavily 
on aerobic fitness. The basketball girls, who had been fitter than every other group in Secondary 2, 
registered a significant deterioration in Secondary 4 and were no longer different to even the girls of 
the non sports class. 

The SC boys results increased overall. Although the badminton boys had a higher score in Secondary 4 
than Secondary I their aerobic fitness mean in Secondary 4 was lower than in Secondary 2 and 3. The 
table tennis results showed very little change throughout and the basketball boys produced the best 
results with a fitness score in Secondary 4 equal to their best in Secondary 2 The results indicate that 
whilst the girls fitness levels are falling during this period of adolescence the boys are maintaining 
their fitness levels over the same term. Similar findings in girls results in this age span were reported 
by Leger ( 1982). 

The fitness levels in Secondary 4 might well have been influenced by the fact that all of the pupils (SC 
and NSC) were in the throes of preparation for their 0 Level examinations and the Championships 
were over for the SC. Equally, the fitness scores for the SC girls in Secondary 4 may have been 
affected by the change in their Body Mass Index (BMI) (F=3.3107,df=3,70,[p=0.0252]) over the four 
years (McNeill, in preparation). Post hoc analysis found difference between their Secondary 4 BMI 
results and their Secondary I and 2 results. The tremendous fluctuation in fitness results for the 
basketball girls also coincided with an increase in their BMI scores. The basketball girls had higher 
BMI results in Secondary 4 than in Secondary I and 2 (F=9.1344, df=3,26[p=0.0004]). A modest 
correlation of r=-.6603 (Cohen and Holliday, 1982) significant at p=O.OOO indicated that as fitness went 
down in value, BMI increased. No difference was found in the boys or the NSC girls BMI results over 
the four years of the study. 

The results of this study suggest that although the Sports Class programme appears to have been 
successful in maintaining a difference in aerobic fitness levels for SC boys and SC girls there is a need 
for all the sport coaches to reflect on the training regime when planning future programs in Secondary 
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3 and 4. especially for girls if they wish to include fitness as a crucial part of their programme. 
However. the results clearly demonstrate that the SC pupils. boys as well as girls, are fitter than their 
non sporting counterparts not only year by year but also over the duration of the programme. 
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