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Development, Reliability, and Validity of a Multistage
Dance Specific Aerobic Fitness Test (DAFT)
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Abstract

The aim of this study was to design a multi-
stage dance-specific acrobic field-test that
would indicate whether a dancer had the
cardiorespiratory capabilities to cope with
the demands of dance class and perfor-
mance. The test consisted of five progres-
sively demanding dance sequences. The
technical level of each stage was kept as
simple as possible to reduce the effect of
economy of movement so that the empha-
sis of the test was physiologically based
rather than skill orientated. The reliability
of the stage workloads was measured via
oxygen uptake and heart rate using a tele-
metric gas analyzer. After an initial famil-
farization trial, subjects (n = 56: 24 males
and 32 females) undertook the test twice
within 48 hours. The results showed sig-
nificant differences in oxygen requirement
and heart rates between stages (F [4, 172]
= 803.522; p < 0.001) and gender (p <
0.01). The HR-VO, relationship for the test
was 1 = 0.94; n = 3336; p < 0.001 and the
SEE was + 4.506. Reliability of the DAFT

was calculated by determining the coeffi-
cient of variation (CV) expressed as a per-
centage and the percentage change in the
mean between trials (%Amean). CV ranged
between 1.4 and 6.0 and %Amean between
0.2 and 6.3 for the stages. The use of dance
specific moves and specific levels of the test
equating to the mean oxygen demands of
class and performance confirmed that logi-
cal validity had been achieved. Possible ap-
plications to the dance world are the moni-
toring of heart rate at each of the stages
during the year; setting of a target stage at-
tainment for an individual’s readiness to
undertake class or performance after injury
and/or, setting specific aerobic capabilities
for dancers post-holiday or for guest artists
(below a specific mean heart rate during a
designated stage).

here is a problem when
administering a “maximal”
test to dancers.! Dance is

non-competitive and dancers do not
need to strive against others during
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performance. Consequently, the
intensity of the performance is set by
the choreographer and the concept of
“gritting your teeth” for the final push
is not found within the environment
of dance, probably due to the high
skill factor required. Chatfield and
colleagues' suggested that this has led
to problems during physiological
testing which require the participants
to exert themselves maximally.
Previous studies have reported that
dancers’ have achieved maximal
oxygen uptake ranges of between 39
to 51 ml-kg-"'min™ for females and 48
to 59 ml-kg-"'min™ for males during
laboratory tests.'' Maximal exertion
within a simplistic movement form
(running or cycling) is alien to the
dancer as the choreography during a
performance generally determines
maximal effort. Additionally, the
result could be affected by the
specificity of the tests used with
regards to dance. Dancers experience
mechanical problems when running
and walking due to highly developed
turn-out and limited dorsiflexion
capabilities of the ankle, and
physiotherapists often actively
discourage running as an activity,
though this has not been
demonstrated scientifically.

Direct measurement of the physi-
ological cost of dance has until now
proven difficult due to the limitations
of apparatus available to researchers.
Schantz and Astrand’ used Douglas
bags as the method of gas collection but



noted problems with potential move-
ment restriction (even in classical bal-
let) and the fact that the data provided
were only a mean value of the workload.
Other studies used heart rate monitors
during dance, which overcame the prob-
lem of movement restriction.**® The
aforementioned studies indirectly cal-
culated the oxygen requirement of
dance by comparing the heart rates
gained during class with those from a
maximal oxygen uptake treadmill (or in
some cases cycle) test. This method is
also open to question as it assumes that
the HR-VO, relationship during dance
is the same as that for treadmill or cycle
work. The results from Redding and
colleagues'? study indicated the flaw in
this method, the HR-VO, relationship
in dance and treadmill work produced
predicted oxygen consumptions from
heart rates that were significantly dif-
ferent. The movement patterns within
dance are very diverse, ranging from
multi-directional to the static holds. The
physiological demands are considered
to be high intensity, intermittent exer-
cise in nature and to produce a HR-
VO, relationship (r = 0.79,) less than
that seen in steady state or incremental
exercise (r = 0.82; r = 0.87 — 1.00).!"!
Oxygen uptake during performance
and class ranges between 10 to 60
ml-kg-'min™ for both ballet?®*'3!4 and
contemporary dance.”” The results from
Wyon and associates" noted significant
differences between the physiological
demands of contemporary dance class
and performance. The mean oxygen re-
quirement of class for males and females
was 22.06 + 5.86 ml-kg-'min" and
17.42 + 2.75 respectively. While the
mean requirements for performance
were also low, they were significantly
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greater at 24.85 + 5.83 ml-kg-'min" and
23.34 + 3.83 ml-kg-'min™ respectively.
The main differences between class and
performance were the periods spent at
high intensities with performances re-
quiring a significantly greater time (min-
utes) above 35 ml-kg-'min” and 160
b-min™ than class.

Aims

Field-testing allows those without access
to laboratory equipment the ability to
measure base fitness levels and training
adaptations. However, the newness of
dance science means that appropriate
and specific field tests have not been
developed. The aim of the present study
was to produce a continuous incremen-
tal five-stage aerobic fitness test that used
dance specific movements. The test was
to have specific stages that corresponded
to the mean oxygen requirement of
dance class and dance performance. The
movement sequence of each stage was
designed so that both novice and elite
dancers of the same gender would work
at the same relative oxygen requirement.
The test was designed to be able to ob-
serve changes in a dancer’s aerobic fit-
ness by their ability to dance at a higher
stage or by recording lower heart rates
during each stage during a repeat test
thereby indicating an improvement in
their aerobic power.

Method
Development of the Test

The development of the test proved to
be difficult as the investigators wanted
an initial dance sequence that could be
elaborated on to gain the increased in-
tensities required for the subsequent test
stages. The aim was to add only one to
two variations per test level so that the
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learning of the test was not a factor of
its function. This was achieved by real-
time reviewing of data from a telemet-
ric gas analyzer and adapting the dance
movements so that they fell within a 5
ml-kg-'min" bandwidth.

The final test was designed around a
16-beat sequence. It was established that
each stage should be 4 minutes in length
and that the oxygen requirements of
each stage would be within a 5
ml-kg-'min" bandwidth. This enabled
physiological steady state to be achieved
even though the movement patterns
that the dancer carried out were diverse.
Intensity was increased at each stage ei-
ther in terms of tempo, the size of move-
ments or the inclusion of additional
movements (Table 1). The movements
were kept simple with regard to skill to
allow novice and elite dancers to use the
same test, thereby reducing the affect
of movement economy. Dancers were
eliminated from the test if: 1. They were
behind the beat or, 2. Movements be-
came compromised (e.g., arms and
hands not held properly, feet not
pointed). A telemetric gas analyzer
(Cosmed K4 b?, Italy) was used to mea-
sure oxygen consumption and heart rate
during the test to allow reliability
analysis.

Reliability, Validity, and HR-VO,
Analysis

Fifty-six contemporary dancers (Table
2) undertook the test wearing the tele-
metric gas analyzer on two occasions,
with not more than 48 hours between
the tests. Each subject signed a consent
form and PAR-Q and undertook a fa-
miliarization trial to learn the dance se-
quences 2 hours before starting the trial.
Their skill level was also recorded as ei-

Table 1 Dance Aerobic Fitness Test
Tempo
Stage (bmin')  Movement

1 68 5 steps, lunge and recover. 4 sets of 2 pliés with 90° turn between each set. Repeat for 4 minutes.

2 78 5 steps, lunge and recover. 3 spring hops in a circle. 4 sets of 2 pliés with 90° turn between each set, arms
moving between first and second position. Repeat for 4 minutes.

3 78 5 steps, lunge and recover. 3 spring hops in a circle include arm movements. 4 sets of hop pli¢ with 90°
turn between each set, arms moving between first and second position. Repeat for 4 minutes.

4 94 5 steps, lunge and recover. 3 spring hops in a circle include arm movements. 4 sets of hop, hop with 90°
turn between each set, arms moving between first and second position. Repeat for 4 minutes.

5 108 5 springs, lunge and recover. 3 spring hops in a circle include arm movements. 4 sets of hop, hop with

90° turn between each set, arms moving between first and second position. Repeat for 4 minutes.
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Table 2 Subject Data
Years Age Height Weight
Gender  Level N Dancing (years) (cm) (kg)
Female Novice 13 1.4+0.9 20+1.2 1.63+0.1 53.6+4.6
Elite 19 6.7+23 23 +3.2 1.66 + 0.1 51.2+3.8
Male Novice 8 1.1+04 20+ 2.8 1.75+0.1 66.2+7.2
Elite 16 59+3.1 24 + 4.1 1.74+0.2 679+6.8

ther novice (presently in full-time train-
ing) or elite (graduate dance student or
professional dancer). Mean relative oxy-
gen uptake and heart rate were calcu-

lated for each stage. The HR-VO, data
were plotted.

Statistical Analysis
A repeated measures ANOVA with

within-subject repeated contrasts was
used to analyze and detect a main effect
for the relationship between the stages.
To detect significant differences between
gender and skill level for each individual
stage, a factorial MANOVA was per-
formed. Reliability of the test was cal-
culated by determining the coefficient
of variation (CV) and the percentage
change in the mean between trials
(%Amean) as suggested by Hopkins
and coworkers'®; this is variation on the
Bland-Altman test for reliability. The va-
lidity of the test was assessed logically.'”'®
The similarity between the mean oxy-
gen requirements of dance class and
performance and specific stages of the
test was used for logical validity. Another
aspect of logical validity was the termi-
nation criteria of the test. The moves

chosen for the test were assessed as to
their relevance to modern dancers. The
“termination criteria’ for the test were
when pointed feet and arms in specific
positions could not be maintained. Lin-
ear regression analysis was used to as-
sess the HR-VO, relationship for the
whole test and to calculate the standard
error of the estimate.

Results
Test Stage Data

The oxygen consumption for each
stage is depicted in Table 3. Repeated
Measures ANOVA detected signifi-
cant differences between the stages,
(F [4, 172] = 803.522; p < 0.001).
There was a significant difference be-
tween genders at each stage (p < 0.01)
but no significant difference between
skill levels was observed at each stage.
Figure 1 provides an example of the
test for a male and female subject.

Test Reliability

The variables measured were mean
oxygen consumption (ml-kg-"min™)
and heart rate (b-min™) for each stage

(Table 4). The acceptable percentage
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Figure 1 Representative oxygen uptake for a male and female dancer during the five

stages of the test.

change in the coefficient of variation
was set at 5% between the trials.

HR-VO, Relationship

Group-wise linear regression analysis
noted that the HR-VO, relationship
for the test was strong, r = 0.91; n =
4462; p < 0.001; and SEE £ 5.6
b-min™ (Fig. 2).

Discussion

Hopkins and coworkers'® suggested that
one method of testing reliability was by
analyzing the changes in the coefficient
of variation between the trials, expressed
as a percentage of change (a variation
on the Bland-Altman method). They
went on to note that the percentage
changes below 5% between trials were
considered to be reliable. As can be seen
in Table 4, the percentage changes in
the coefficient of variation for heart rates
are all within this designated limit. The
reliability for relative oxygen uptake is
outside the 5% upper limit for stages 1
and 2, though it drops within the des-
ignated zone for the subsequent three
stages. This may be due to the slow pace
of the movement and the limited limb
action seen in stages 1 and 2.

Validity for the test was assessed
logically,'”'® this refers to the concept
that the test is valid by definition. The
aim of the test was to be able deter-
mine whether a dancer could cope
with the cardiorespiratory demands of
class and performance. These criteria
were met with stage 3 having a simi-
lar mean oxygen demand as a dance
class (20 ml-kg-"'min).>*"> Perfor-
mance demands were more difficult
to quantify, as the mean oxygen de-
mand is very similar to that of class,
though Wyon and associates" noted
the work-to-rest ratio during perfor-
mance indicated a greater reliance on
the aerobic system to supply the en-
ergy demands of the high intensity
dance periods than that seen in class
that was more reliant on the ATP-CP
system. The study by Wyon and asso-
ciates also noted that not only were
the dance periods longer during per-
formance than class but were also at a
higher oxygen demand (30 to 60
ml-kg-"'min™). There were a number
of reasons for limiting the test to an
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Table 3 Oxygen Uptake Requirements for Each Stage of the Test for Trials

Iand II
Mean Relative Oxygen Uptake (ml-kg-'min)
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Males
Test I 21.7+24 302+37 39.7+39 485+3.6 557+4.1
Test 11 22.8+24 322+33 421+25 503+29 56.0+3.5
Females
Test I 19.7+24 271+3.6 34.1+39 407+44 46.0+3.5
Test 11 20.5+23 28.1+3.7 349+38 41.6+43 456+4.5
Table 4  Stage Reliability
Heart Rate Relative Oxygen Uptake
CV (%) %Amean CV (%) %Amean
Stage 1 2.7 0.2 5.5 6.3
Stage 2 3.5 1.3 6.0 6.2
Stage 3 2.6 3.3 3.5 5.1
Stage 4 1.7 1.6 1.4 3.3
Stage 5 1.5 0.6 3.6 0.7
oxygen uptake range of 46  decided by the authors that the oxy-

ml-kg-"'min" for female dancers and
55 ml-kg-'min™ for male dancers. The
maximal oxygen uptakes are within
the ranges previously reported for
dancers,""” and although the peak
oxygen requirements of dance perfor-
mances are noted to exceed the oxy-
gen requirements of the test,”'*" the
actual time the dancer is working at
the higher intensity during a perfor-
mance is very short. Moreover, there
has been no research to date suggest-
ing possible optimal VO,max for
dancers, perhaps due to the diverse
nature of dance performance. It was

80 -
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ml-kg™-min’

gen requirement of the fifth stage of
the test should be similar to that re-
ported for maximal oxygen uptakes
of other non-endurance sports."”
The HR-VO,; relationship for the
test (r = 0.912) was stronger than that
seen during other dance activities
(e.g., class and performance) (r =
0.792),% similar to that seen during
progressive intensity exercise tests,'"*!
but less than seen in steady state exer-
cise (r = 0.95 t0 0.99).2>? Possible rea-
sons for this could be due to the length
of time at each stage (4 minutes) and
the small fluctuation in workload

b-min™

Figure 2 HR-VO, relationship for the test.
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during each stage (5 ml-kg-"'min™).
The low standard error of estimate (+
5.6 ml-kg-'min") and the high cor-
relation between heart rate and oxy-
gen consumption allow for reasonably
accurate prediction of oxygen con-
sumption from heart rate data;
thereby increasing the efficacy of the
test as a field method for monitoring
work intensities and changes in aero-
bic fitness levels. This was demon-
strated by Redding and Wyon?** who
monitored two dance companies over
a period of time comparing physi-
ological adaptation from class and
performance.

The stages increase by approxi-
mately 7 ml-kg-"min™ for females and
8 ml-kg-'min” for males, providing
clear separation of each stage. The aim
of the study was to devise a test that
measured aerobic fitness rather than
skill, and this was achieved as there
were no significant differences ob-
served between novice and elite danc-
ers in any of the stages. The decision
to emphasize physiological parameters
rather than skill was due to the fact
that dance training tends to empha-
size skill and technique, perhaps to the
detriment of the relevant physiologi-
cal parameters of fitness. One of the
main reported causes of injury within
the dance world is a reduced level of
physical fitness.'®*?¢ A test of this
type will help provide reliable and rel-
evant information regarding the aero-
bic fitness levels of dancers, which
may thereby help reduce injury risk.

The use of submaximal aerobic fit-
ness tests to predict maximal oxygen
uptakes must be viewed with caution.
At high relative workloads, the HR-
VO, relationship changes from the
linear seen at submaximal intensities;
therefore the use of linear regression
to calculate VO, max by plotting
submaximal heart rates against known
workloads will cause an over predic-
tion of the value. This was the reason
that the test was designed so that two
stages had similar oxygen require-
ments as that seen for the two main
aspects of dance — performance and
class.

There are a number of possible ap-
plications of the test to the dance
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world. These could include setting
specific stage targets to be met at the
start of training and at the commence-
ment of rehearsals or performances.
The specific targets would need to be
set by artistic directors, physiothera-
pists, teachers, or choreographers. For
example, the mean oxygen require-
ment for dance class is 17
ml-kg-"min™ for females and 21
ml-kg-"'min" for males and approxi-
mately 85% of the class are below the
oxygen requirement of stage three (34
ml-kg-"'min" and 39 ml-kg-"'min™, re-
spectively). Therefore a pre-requisite
for dancers returning from holiday
might be to reach level three, which
would imply that they had the physi-
ological capability to cope with class.
Due to the simplistic nature of the
dance movements during the test, it
is ideal in determining whether a
dancer is physiologically ready to re-
turn to class or performing after in-
jury without the added complication
of skill. The use of the test to predict
maximal oxygen uptake has been
highlighted, but further research is

needed to examine this ability.

Limitations

The main limitation for the study
is the low number of subjects. This
is very apparent for the issue of va-
lidity. The other limitations are con-
cerned with the administration of
the test; presently its designers have
only taught the test to subjects and
possible differences in the physi-
ological parameters have not been
monitored when others teach the
movements to subjects. The effects
of learning the sequences from video
and the use of the subjective test
termination criteria have not been
examined and further research is
needed to examine whether the er-
ror is increased.

Conclusion

The test has shown to be a reliable
and valid field test capable of mea-
suring a dancer’s physiological abil-
ity to cope with the aerobic de-
mands of class and performance.
The null hypotheses that stated
there would be no significant dif-
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ference between stages for mean
oxygen consumption and heart rate;
between genders for mean oxygen
consumption for each stage; or in
oxygen consumption between danc-
ers’ ability levels can be rejected.
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