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5. ABSTRACT

Dancesport is a higimtensity intermittent activity that imposes substantial demands on
aerobic and anaerobic energy systems. In starstglel ballroom dances, the ability to
sustain technical execution under progressive physiological load is strosgtysasd with
aerobic capacity. However, existing aerobic fithess tests in dance are predominantly
laboratorybased or developed for ballet and contemporary dance, limiting their ecological
validity for standard dancesport couples.

Therefore, the overadlim of this doctoral dissertation was to construct and comprehensively
evaluate a novel, dangpecific Ballroom Aerobic Test (BAT) protocol for assessing

aerobic capacity in standastlyle dancesport athletes.

Study 1Methods
A within-subject tedtretest design was applied. Thirteen advanced staistided
dancesport athletes (age: 20.1 + 3.8 years) completed two identical BAT sessions separated
by seven days. Ventilatory and metabolic variables were recorded using thigld4&3B
portable gas analyzer. Reliability was assessed using the intraclass correlation coefficient

(ICC, twoway random effects, absolute agreement), coefficient of variation (CV, %), and

Cohenés effect size (ES). Aybicaloefran (TE), while | i a b i |
practical usefulness was evaluated by comparing TE with the smallest worthwhile change
(SWC=02x%xbetweesubj ect SD). StatisticaThisstudgni fi c

was approved by the Ethical Committee of the Faculty of Kinesiology, University of Zagreb,
Croatia(No. 77/2020,29 April 2020).

Study 1Results
No significant differences were observed between test and retest measurements (p > 0.05).
ICC values ranged from 0.80 to 0.99, indicating very good to excellent reliability. The CV
ranged from 1.63% to 4.85%. Effect sizes were trivial to small (ES ¥ Q40. The BAT
protocol demonstrated acceptable usefulness for key variables, including speed (TE = 2.76
bpm,; SWC = 3.20 bpm), absolute VO (TE =

minuteventi l ation (TE = 4.87 LLMin T1T).



Study1 Conclusion

The BAT protocol exhibits high reliability and sufficient sensitivity to detect meaningful
individual changes in aerobic performance among standard dancesport athletes.

Study 2Methods
Criterion validity was examined in 24 standard dancesport athletes (12 dance couples; age:
20.4 + 3.9 years). BAT outcomes were compared with two laborbatsgd treadmill
protocols (KF1 and Bruce). Absolute and relatit®max respiratory exchange ratio (RER),
mi nhute ventilation (VE), tidal vol ume (VT),
and dead space ratio (VD/VT) were analyzed. Pearson correlation coefficients (r) were
calculated, with interpretation thresholdsdeid as | ar gveer(yr 10ar0g & 0()r al
Agreement between methods was assessed usingi Bllamadn plots and standard error of
estimate (SEE).

Study 2Results
Large to very large correlations were observed between BAT and KF1/Bruce protocols for
absoluteV®zmax(r = 0.87 0.88) and relativ®&/©.max(r = 0.85 0.88). Ventilatory parameters
showed correlations ranging from r = 0.70 to 0.86. Blé&tizhan analyses demonstrated no
systematic or proportional bi asmavasttdvde n me |
mLLKkg T Lmin T (BAT vs. KF1) and N3.75 mLLkg

Study 2Conclusion
The BAT protocol demonstrates strong criterion validity and satisfactory agreement with

established laboratoityased aerobic capacity tests.

Study 3Methods
Diagnostic accuracy was assessed using receiver operating characteristic (ROC) curve
analysis in the same sample of 24 dancesport athletes. Area under the curve (AUC),
sensitivity, specificity, fals@ositive and fals@egative rates, as well as positiRLR) and
negative likelihood ratios (NLR), were calculated for BAT outcomes relative to KF1 and
Bruce protocols. An AUC threshold of >0.75 was considered indicative of good diagnostic

accuracy.



Study 3Results

The BAT protocol demonstrated good to excellent diagnostic accuracy. AUC values for
absoluteV-®2max ranged from 0.92 to 0.94, while relati®smax yielded AUC values
between 0.94 and 0.95. Sensitivity ranged from 66.7% to 95.1%, and specificity from 60.0%
to 100.0%. The highest PLR values were observed for reMsmax (KF1: 10.31; Bruce:

11.05), indicating strong discriminative power.

Study 3Conclusion
The BAT protocol is a diagnostically accurate and sensitive tool for identifying aerobic

fitness levels in standaistyle dancesport athletes.

Key words dancesportaerobic capacityballroom dancedjeld-based testingreliability,

validity, diagnostic accuragyallroom aerobictest



6. SAGETAK

Sportski ples predstavljaisokointenziviu intermitentru sportsku aktivnost koja
namele znalajne zahtjeve aerobnim i anaero
pl esovi ma, sposobnost odr gavanj a tehnil ke
optereienjem snagno je povezana s swd@robnir
aerobne zdr guj pvesuipretegno su | aboratorijski
gto ogranilava njihovu ekol o@Ja.lbtoga gElglpvain o st
cilj ove doktorske disertacije bio konstruirati i sveobuhvatno procijeniti novi, plesno
speci fi | an upptesnbjavorari (BATE z tpracjenu aerobnog kapaciteta kod

pl esala standardni h plesova

Metode Studije 1 U Studiji 1 gimijenjen je dizajn testetest unutauzorka Trinaest
p | e standaadnihplewa( dob: 20,1 N 3,8 godina) zavr §i

razdvojene sedam dana. Ventilacijske i me
prijenosnog analizatora plinova Meta MaxE
koeficijenta intraklasne kerl aci j e (I CC, dvosmjerni sl ul aj
koeficijenta varijacije (CV, %) i Cohenove
kvantificirana jJje tipilnom pogregkom (TE)
usporedbom TEsnamampo vr i j ednom promjenom (SWC = 0, 2
Statistilka znal d&F0,05Stt umlo § tua \jlej eondao bjré | ma Et
Kineziologkog fakulteta Sveuliligta u Zagre
RezultatiStudije1Ni su uol ene znalajne razli ke i zme

>0,05). VrijednostilCca kr et ale su se od 0,80 do 0, 99,
pouzdanostCV se kretao od 1,63% do 4, 85%. Vel il

(ES = 0,000, 47) . BAT protokol pokazao je prihva
ukl julujuli brzinu (TE = 2,76 bpm; SswC = 3,
SWC=Q 15 L Lmnumuvie)ntii l aciju (TE = 4,87 LLmin T

Z a k | jStudlij@lBAT protokol pokazuje visoku pouzdanost i dovoljnu osjetljivost za
otkrivanje znalajnih individual nipd emrad mjman :

standardnih plesova.

MetodeStudije 2 U Studiji 2kriterijska valjanostspitanaje kod 24 | esal a st anda
plesova(12 plesnih parova; dob: 20,4 = 3,9 godina). Ishodi BAT us por el eni su



| aboratorijska protokola na traci za tr] anj

VO max, omj er respiratorne i zmj eneiskil RER)
vol umen (VT), ventilacijski ekvival enti (V
(VDIVT). I zr al unat i su Pearsonovi koeficijent.i
definiranim kao veliki (r O 0,50) i vrlo ve

je pomodAl tBilammd i h dijagr ama ene(SEE)landar dne pc

RezultatiStudiie2Uo | ene su velike do vrlo velike ko
protokola za apsolutnv®©2max (r = 0,870,88) i relativni V®2max (r = 0,850,88).
Ventilacijski parametri pokazali su korelacije u rasponu od r = 0,70 do 0,86.-Bland
Al t manove analize nisu pokazale sustavnu i
SEE za relativniV®max i ZNnosi o | e N3, 36 mLLKkg T Lmin T
mLLkg TLmin T (BAT vs. Bruce).

Zak!l jStuti@2dB AT pr ot okol pokazuje snagnu krite

slaganje s utvrlLlLenim | aboratorijskim testov

MetodeStudie3 Di j agnostil ka tol nost procijenjena
uzor ku od 24 sportaga pl esnog sporta. Po\
specifilnost, stope |l agno pozitivnih i | agn
inegatvne Vvj eroj atnosti ( NLR) , lzralunat. Su

protokolePragAUGa od >0, 75 smatran je pokazateljenm

Rezultati Studie 3 BAT pr ot ok ol pokazao je dobru do
Vrijednosti AUGa za apsolutnV®zmax kretale su se od 0,92 do 0,94, dekrelativni
V®©2maxdao vrijednostAUC-a i zmelLu 0, 94 i 0, 95. Osjetl!l j

95, 1%, a specifilnost od 60 ,a0 % odloe nLe0 Os, w0 %.a N
VO max (KF1: 10, 31; Bruce: 11,05), gto ukaz

Zak!l jSuudi@e&8BAT protokol je dijagnosti| ki t ol

razine aeroboga kapacitettodp | esal a st andardni h pl esova.

K1 j ul n ePlesni spoet,| aerobni kapacitstandardni plesovj testiranje na terenu,
pouzdanost, valjanogtsjetljivost,d i | a g n o st dvbr&nski aerobhitests t ,

10



7. INTRODUCTION

7.1 Contextandbackground

Dance has traditionally been perceived primarily as a form of artistic expression;
however, contemporary research increasingly recognizes dance as a physically demanding
activity that combines artistic performance with substantial physiological requirement
Within this spectrum, dancesport represents a unique discipline characterized by complex
choreography, precise motor coordination, and high levels of physical conditioning.
Competitive dancesport athletes must simultaneously demonstrate technicaly master
musical interpretation, aesthetic expression, and the physical ability to sustain repeated bouts
of intense activity during both training and competition. Consequently, dancers require well
developed physiological capacities to meet the demands ofdiseipline and maintain
performance quality under conditions of fatigue (Koutedakis & Jamurtas, 2004).

The physiological demands of dancesport have been increasingly investigated within the
field of sports science, where dance is often classified as a form of intermitteiteigsity
physical activity requiring both aerobic and anaerobic energy systemeddition to
technical skills, physical fithess components such as muscular endurance, flexibility,
coordination, and cardiorespiratory capacity play a crucial role in determining performance
success (Angioi et al., 2009). Among these physiologicalmétants, aerobic capacity has
been identified as one of the key factors enabling dancers to sustain repeated sequences of
movements and maintain technical precision throughout performances (Smol & Fredyk,
2012).

Aerobic capacity reflects the ability of the cardiovascular and respiratory systems to
deliver oxygen to working muscles and the muscles ability to utilize that oxygen during
sustained physical activity. Maximal oxygen upta¥®£{may is widely regarded as the most
reliable indicator of aerobic fithness and has therefore been extensively used to assess
cardiorespiratory performance in athletes across numerous sports disciplines (Wasserman et
al., 1999). Higher levels of aerobic capgeate associated with improved fatigue resistance,
faster recovery between bouts of activity, and the ability to maintain higher exercise
intensities over prolonged periods of time.

Despite the physiological demands of dancesport, research has consistently
demonstrated that dancers often exhibit low&max values compared with athletes

participating in endurance and team sports. Previous studies have reported\&@&hage

11



values of approximately 48 mlLkg TLmMin T
endurance sports such as swimming, rowing, middieance running, and triathlon
commonly demonstraté®2maxv al ues ranging between 55 and
et al., 1982; Koutedakis & Jamurtas, 2004). Interestingly, these values are only moderately
higher than those reported in sedentary populations, suggesting that traditional dance
training may provide Amited stimulus for the development of aerobic capacity (Rodrigues
Krause et al., 2015).

One explanation for these findings lies in the structure and objectives of dance training.
Dance rehearsals are primarily focused on technical development, choreography learning,
artistic interpretation, and performance refinement rather than structuyestblpgical
conditioning. As a result, the physiological stimulus provided by dance training may not
consistently reach the intensity and duration required to induce significant improvements in
aerobic capacity (Wyon et al., 2004). Research indicatesrtpedvements in aerobic fitness
typically occur when exercise is performed at intensities between approximately 70% and
80% of an individual's maximal oxygen uptake for durations exceeding 20 minutes (McCord,
Nichols & Patterson, 1989). However, danceniraj sessions are often characterized by
intermittent rehearsal segments with frequent pauses for instruction, correction, and
repetition of specific movement sequences.

Furthermore, competitive dance performances themselves are typically composed of
short routines lasting between one and two minutes, separated by brief recovery periods.
While such performance structures require high levels of anaerobic and neuromuscular
performance, they may not provide a sufficient aerobic stimulus to significantly enhance
cardiorespiratory capacity. As a result, dancers may rely heavily on technical efficiency and
neuromuscular coordination rather than physiological endurance to maetaimmance
quality during competitions.

Given the importance of aerobic capacity for sustaining repeated bouts of activity and
supporting recovery processes, objective assessment of cardiorespiratory fitness represents
an important component of training management in dancesport athletes. Mgnitor
physiological variables such as oxygen consumption, heart rate, and ventilatory parameters
enables coaches and sport scientists to evaluate training loads, identify potential performance
limitations, and design targeted conditioning programs to imppbyesical performance
(Tiemens et al., 2023).

Traditionally, aerobic capacity has been assessed using labelbas®eg ergometry

protocols, including treadmill and cycle ergometer tests. Such protocols are widely

12



considered the gold standard for measuring maximal oxygen uptake and associated
physiological parameters because they provide controlled conditions and accurate
measurement of gas exchange variables (Wasserman et al., 1999). Commonly used protocols
such aghe Bruce treadmill test or incremental running tests have demonstrated high levels
of reliability and validity for assessing aerobic performance in athletic populations.

However, the application of these laboratbased methods to dancers presents several
methodological and practical limitations. First, treadmill running does not replicate the
complex movement patterns characteristic of dance performance. Dance movevobrés
multidirectional steps, rotations, and coordinated partner interactions that differ substantially
from linear locomotion patterns observed during treadmill running. Consequently,
laboratorybased tests may fail to accurately reflect the specifysiplogical demands of
dance activity.

Second, dancers often develop sgpeecific biomechanicalhangess a result of long
term training. These adaptations include increased external rotation of the hips, limited ankle
dorsiflexion, and specific posturelated changes associated with dance technique. Such
characteristics may make running uncomfortabl@echanically inefficient for dancers and
may even increase the risk of musculoskeletal stress or injury during treadmill testing
(Russell, 2013).

Third, laboratory testing requires specialized equipment, trained personnel, and
controlled environments, which may limit its accessibility for coaches and practitioners
working in dance settings. These logistical constraints highlight the need for grbete:
based testing protocols that can be implemented in training environments while still
providing valid and reliable estimates of aerobic capacity.

In response to these challenges, researchers have attempted to develepelifice
field tests that more closely replicate the movement patterns and physiological demands of
dance performance. Several testing protocols have been proposed, includiveyaibie
Power Index (API) (Wallman et al., 2003), the Ba#ipecific Aerobic Fitness Test {B
DAFT) (Twitchett et al., 2011), the Dance Aerobic Fitness Test (DAFT) (Wyon et al., 2004),
the Highlintensity Dance Performance Fitness Test (HIDT) (Redding,e2@09), and the
Seifert Assessment of Functional Capacity for Dancers (SAFD) (Seifert et al., 2021).

While these protocols have contributed valuable insights into the physiological
characteristics of dancers, several limitations remain. Most of these tests were developed for
ballet or contemporary dancers, whose movement patterns and training struitteres d

substantially from those observed in dancesport athletes. Ballet and contemporary dance

13



typically involve individual performance, whereas dancesport is fundamentally based on
synchronized partner movement within a dance couple.

Ballroom dancesport competitions involve five primary dance styles: English Waltz,
Tangq Slowfoxtrot Viennese Waltz, and Quickstep. Each dance style is characterized by
distinct tempo, rhythm, and movement dynamics, which place varying physiological
demands on the dancers. In competition settings, dancers must perform multiple routines
consecutively, deén with minimal recovery between rounds. This competition structure
requires dancers to maintain both technical precision and physiological endurance
throughout multiple performances.

In addition to these structural differences, the physiological profiles of ballroom dancers
may differ from those of ballet or contemporary dancers. Previous research has suggested
that ballroom dancers tend to demonstrate higher avaf@ggaxvalues compared with
ballet dancers, as well as different body composition characteristics (Liiv et al), Batldt
dancers generally exhibit lower body fat percentages than contemporadarzceort
dancers. In the study by Liiv et al. (2014), mean body fat percentages were 12.7 + 2.9% in
male and 17.5 £ 2.5% in female ballet dancers, 13.0 £ 1.0% and 21.2 + 3.8% in male and
female contemporary dancers, and 13.1 + 4.3% and 21.9 + 3.8% in mafenaalée
dancesport dancers, respectivelyThese differences may reflect distinct aesthetic
expectations, training practices, and physiological demands associated with each dance
discipline.

Furthermore, ballroom dancing involves specific biomechanical characteristics,

including greater hip rotations, increased knee extension torque, and enhanced dynamic
balance due to the requirement of synchronized partner movement. These biomechanical
featues contribute to a unique physiological profile that may not be adequately captured by
aerobic fitness tests originally developed for other dance styles.
Another limitation of existing danegpecific tests lies in their methodological validation.
Many previously developed protocols focused primarily on correlations between
physiological variables measured using the same device rather than comparibgsgeld
testing results with laboratoidyased golestandard methods. In addition, important
psychometric properties such as itestest reliability, measurement error, sensitivity to
change, and diagnostic accuracy have rarely been evaluated comprehengely single
testing protocol (Hopkins, 2004; Buchheit et al., 2011).

In order to address these limitations, a progressive-fiatkd protocol known as the

Ballroom Aerobic Test (BAT) was developed specifically for standard dancesport athletes.
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The BAT protocol was designed to replicate the movement patterns, tempo progression, and
physiological demands of ballroom dance performance while providing a structured and
standardized method for assessing aerobic capacity.

The BAT protocol consists of a sequence of progressively increasing dance stages based
on the five ballroom dances: English Waltz, Slow Foxtrot, Tango, Viennese Waltz, and
Quickstep. Each stage is performed at a predefined tempo controlled by a metrwitbme,
the tempo gradually increasing throughout the test. Dance couples perform basic dance
figures during each stage until volitional exhaustion is reached. By integrating authentic
dance movements and tempo progression, the BAT protca®lspecifically designed to
assess aerobic capacity under conditions that reflect the typical movement structure of
ballroom dances.

The research presented in this doctoral dissertation represents a comprehensive attempt
to develop and scientifically validate the BAT protocol for assessing aerobic capacity in
ballroom dancesport athletes. The dissertation follows the Scandinavian model of a
publicationbased doctoral thesis, where the main body of the thesis consists of several
published scientific articles addressing different aspects of the research topic.

Within this framework, the BAT protocol was evaluated through three interconnected
studies focusing oreliability, validity, and diagnostic accuracy.

The first study investigated the reliability and practical usefulness of the BAT protocol
using a tegtretest design in competitive dancesport athletes. Reliability measures such as
intraclass correlation coefficients, coefficients of variation, and typrcar were calculated
to determine the stability and reproducibility of physiological measurements obtained during
the test.

The second study examined the criterion validity of the BAT protocol by comparing
physiological variables obtained during the test with those measured during established
laboratorybased treadmill protocols, including the KF1 and Bruce protocols. Coorelati
analyses and agreement methods were used to determine the extent to whiderBéd
measures accurately reflect laboratbased assessments of aerobic capacity.

The third study evaluated the diagnostic accuracy of the BAT protocol using receiver
operating characteristic (ROC) analysis, sensitivity and specificity testing, and likelihood
ratios. This analysis aimed to determine whether the BAT protocol can effgctiv
distinguish between different levels of cardiorespiratory fithess among dancesport athletes.

Taken together, the findings of these studies provide comprehensive evidence supporting

the reliability, validity, and diagnostic usefulness of the Ballroom Aerobic Test as a field
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based assessment tool for evaluating aerobic capacity in dancesport athletes. By integrating
sportspecific movement patterns with physiological measurement, the BAT protocol
represents an important step toward improving the ecological validity of fitestssg in
aesthetic sports.

Furthermore, the development of such s{spetcific assessment tools may contribute to
improved training monitoring, performance evaluation, and injury prevention strategies
within the field of dancesport. Coaches, strength and conditioning specialists, an
researchers may utilize the BAT protocol to better understand the physiological demands of
dance performance and to design targeted conditioning programs aimed at optimizing
dancers physical preparedness.

Ultimately, this dissertation aims to contribute to the growing body of scientific literature
addressing the physiological characteristics of aesthetic sports and to provide a practical and
scientifically validated testing protocol specifically designed tie unique demands of
dancesport performance

7.2.Literature review

Aerobic Capacity Assessment in Dancesport
Laboratorybased methods, such as treadmill protocols, are considered the gold standard for
assessing aerobic capacity. Previous research has shown that protocols like the Bruce test
provide valid and reliable measurements of maximal oxygen up¥®eméy, allowing
precise evaluation of cardiorespiratory fithess (Midgley et al., 2007). However, Wyon et al.
(2004) reported that such protocols may not accurately reflect the specific physiological and
biomechanical demands of dancers, particularly due to elifters in movement patterns and

muscle activation.

Field-Based Testing in Dance Populations
To overcome these limitations, several fiblased tests have been developed. Early attempts
included the Aerobic Power Index (API) (Wallman et al., 2003), which provided initial
insights into dancspecific aerobic assessment but showed limited appligaiyl more
complex dance settings. Wyon et al. (2004) introduced the Dance Aerobic Fitness Test
(DAFT), reporting moderate to high correlations Witl2max Similarly, Twitchett et al.
(2011) developed the Ballspecific Aerobic Fitness Test {BAFT), demonstrating
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acceptable reliability in ballet dancers. Redding et al. (2009) proposed thdnit&ghity

Dance Test (HIDT), which was designed to simulate performance conditions and showed
appropriate physiological responses during testing.

More recently, Seifert et al. (2021) developed the Seifert Assessment of Functional Capacity
for Dancers (SAFD), which aimed to provide a more comprehensive evaluation by
integrating functional movement patterns with physiological assessment. Howevég desp
these advancements, the majority of these protocols remain limited to specific dance
disciplines and do not fully capture the complexity of partvesed performance in

ballroomstyle dancesport.
Population-Specific Limitations

Furthermore, most studies have been conducted on ballet or contemporary dancers and
primarily at the individual level. Angioi et al. (2009) reported that ballet dancers exhibit
lower body fat percentage and different movement patterns compared to otber dan
populations. In addition, Tiemens et al. (2023) notedlihitoomstyle dancesport athletes

often demonstrate high®®:maxvalues compared to ballet dancers, indicating that findings

from one population cannot be generalized to another.

Importantly, none of the existing protocols account for paiiased performance, which

represents a key characteristidoaflroom dances.

Measurement Properties of Performance Tests

From a methodological perspective, the evaluation of performance tests in dance requires a
comprehensive assessment of key measurement properties, including reliability, validity,
and diagnostic accuracy. Reliability represents the consistency of repesasdrements

and is commonly assessed using intraclass correlation coefficients (ICC), coefficient of
variation (CV), and typical error (TE) (Hopkins, 2000; Atkinson & Nevill, 1998). In dance
specific research, several studies have reported acceptaldbilitgliof field-based
protocols. For example, Twitchett et al. (2011) demonstrated goddetest reliability of

the Balletspecific Aerobic Fitness Test {BAFT), while Wyon et al. (2004) reported
consistent physiological responses using the Dancebfefritness Test (DAFT). However,
despite these findings, reliability outcomes in dance research remain inconsistent and often

depend on the type of dance discipline and testing conditions.
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Validity reflects the degree to which a test measures what it is intended to measure, typically
assessed through comparison with laborab@sed gold standard methods. In dance
science, validity has most often been examined through correlations betelddrased
protocols and VOmaderived from treadmill or cycle ergometer testing (Wyon et al., 2004,
Redding et al., 2009). While some studies have reported moderate to high correlations, a
systematic review by Tiemens et al. (2023) highlighted substamatiability in validity
coefficients (r ranging from 10.212 to 0.91)
dancespecific tests to accurately estimate aerobic capaditye recent approaches, such

as the Seifert Assessment of Functional Capacity for Dancers (SAFD) (Seifert et al., 2021),
have attempted to integrate functional movement assessment with physiological evaluation.
Although this approach enhances ecologicaliditg by incorporating dancepecific
movement patterns, its ability to accurately estimate aerobic capaytype limiteddue to

the absence of direct physiological measurements sutf®asay thereby restricting its
validity in comparison with labotary-based methods

In addition to reliability and validity, diagnostic accuracy provides further insight into the
practical applicability of performance tests by evaluating their ability to correctly classify
individuals based on predefined criteria. This includes the amsassof sensitivity,
specificity, and area under the curve (AUC) val(&sman & Bland, 1994; Zhou et al.,

2011). Despite its importance, diagnostic accuracy has been largely overlooked in dance
related research. Most existing studies have not evaluated the classification ability- of field
based tests, limiting their practical use in identifying different levels of aerobic fithess among
dancers.

Moreover, previous research has rarely integrated all three measurement properties within a
single testing protocol. Instead, studies have typically focused on isolated aspects, such as
reliability or validity, without providing a comprehensive evaluatioamework. This
limitation reduces the overall interpretability and applicability of existing tests, particularly

in sportspecific contexts such as standatgle dancesport.

Therefore, there is a clear need for a comprehensive anesggaitic evaluation framework

that simultaneously addresses all key measurement properties of performance tests in dance.
To the best of t he aut hor so6 k nalwdxanihgde , no
reliability, validity, and diagnostic accuracy within a single fiblmsed protocol tailored to
standarektyle dancesport athletes.

In response to these limitations, the Ballroom Aerobic Test (BAT) protocol was specifically

developed as a progressive, fibldsed test designed to reflect the physiological,
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biomechanical, and performanspecific demands of standard dancesport. By integrating
all key measurement properties within a unified framework, the BAT proiatesigned
as acomprehensive and practically applicable tool for assessing aerobic capacity in this

population.

7.3.List of tables

Study one
Table 1.The BAT dance protocol for every dance style
Table 2. Basic descriptive statistics of the study participants

Table 3. Reliability measures for theta Max® 3Baerobic outcomes

Study two
Table 1 The BAT dance protocol for every dance style.
Table 2.Basic descriptive statistics, mean difference (diff.), and ES between the BAT

protocol against the KF1 and Bruce protocols

Study three

Table 1.The BAT dance protocol for every dance style

Table 2 Classification of the study participants based on the median values of the KF1
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Figure 2. Bland Altman plot of differences between the BAT and Bruce protocals (y
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7.5.Research aims and questions

Looking altogether, previous studies investigating aerobic capacity in dancesport athletes
have primarily focused on ballet or contemporary dancers and were mostly conducted at the
individual level. Moreover, laboratoityased methods remain the gold staddalthough
they are often impractical, expensive, and not spgoste c i f i c . To the best
knowledge, there is a lack of comprehensive studies evaluating the reliability, validity, and
diagnostic accuracy of a fielohsed aerobic test specdily designed for standastyle
dancesport couples.

Therefore, the main purpose of this doctoral thesis is to examine the measurement
properties of a newly developed Ballroom Aerobic Test (BAT) protocol for assessing
aerobic capacity iballroomdancesport athletes. This dissertation is designed according to
the Scandinavian model and is divided into three distinct studies with related research

guestions and aims:

1. Is the BAT protocol a reliable and useful tool for assessing aerobic performance in

ballroomdancesport athletes?

2. Is the BAT protocol a valid measure of aerobic capacity when compared to

laboratorybased methods (KF1 and Bruce protocols)?

3. What is the diagnostic accuracy of the BAT protocol in classifying aerobic capacity

in relation to objective laboratory measures?
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7.6. List of research studies

In order to answer the abewmeentioned research questions, the current doctoral thesis

includes threstudies that have been published:

1. Despot, T.,& Plavec, D. (2026). Application of the Ballroom Aerobic Test protocol
for assessing performance in standsiyde dancesport athletes. PeerJ, 14, e20556.
https://doi.org/10.7717/peerj.20556

2. Despot, T.,& Plavec, D. (2025).The criterion validity of a newly developed
Ballroom Aerobic Test (BAT) protocol against objective methods. Sports, 13, 337.
https://doi.org/10.3390/sports13100337

3. Despot, T,Radag, J., & Pl avTeeBallrobm AelfoliciTesafar o f
estimating cardiorespiratory fitness in standard style dancesport athletes: diagnostic
accuracy against laboratory measures. Acta Kinesiologica.
https://doi.org/10.51371/issn.18£2976.646
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7.7.Thesis outline

This doctoral thesis is structured according to the Scandinavian -&dséel model and

consists of four main chapters, followed by the included published papers.

Chaptemoneintroduces the thesis and an overview of literature review

Chaptertwo presents the methodological framework of the thesis, including the
characteristics of the study population, the selected study variables, the testing procedures,

and the data processing methods used across the three studies.

Chapterthree comprises the scientific articles that constitute the empirical foundation of
this doctoral work.
Thefirst studyexamines the teistetest reliability and practical usefulness of the Ballroom
Aerobic Test (BAT) protocol ithallroomdancesport athletes.
The second study investigates the criterion validity of the BAT protocol through comparison
with established laboratofyased treadmill protocols (KF1 and Bruce), including correlation
analyses, agreement assessment, and estimation of measurement error.
The third study evaluates the diagnostic accuracy of the BAT protoca@nhlyzing
sensitivity, specificity, receiver operating characteristic (ROC) curves, and likelihood ratios

in relation to objective laboratowyerived measures of aerobic capacity.

Chapterfour provides an integrative synthesis of the findings from the three included
studies. The results are discussed within a comprehensive validation framework,
demonstrating the methodological progression from reliability assessment to validity
confirmationand diagnostic evaluation. The scientific contribution of the BAT protocol as
a reliable, valid, and diagnostically accurate fieltsed tool for assessing cardiorespiratory
fitness in standardtyle dancesport athletes is highlighted. Strengths and tiom$aof the
thesis are critically examined, and practical implications for training monitoring and
performance optimization are outlined.

Finally, directions for future research are proposed.

The published articles are appended in their original form at the end of the thesis.
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8. CHAPTER 2: RESEARCH METHODOLOGY

8.1. Study population

This doctoral thesis is based on three studies conducted on statydardancesport
athletes in order to examine the measurement properties of the newly developed Ballroom
Aerobic Test (BAT) protocol.

In Study1, the sample consisted of 13 advanced starsigttd dancesport athletes, including

six dance couples and one male participant. Their mean age was 20.1 * 3.8 years, mean body
height was 175.0 £ 8.2 cm, and mean body mass was 64.3 + %73tgdy2 and Studys,

the sample consisted of 24 standstgle dancesport athletes, that is, 12 dance couples, who
competed at national and international level. Their mean age was 20.4 + 3.9 years, mean
body height was 172.1 + 8.7 cm, mean body mass was 60.1 + 9.4 kg, amtran@ng and
competitive experience was 8.2 + 3.4 years

All participants were members of certified dancesport clubs and were actively involved in
regular training and competition.

Before the testing procedures, all participants had to be free from acute or chronic injury,
illness, or disease that could affect their performance or prevent them from completing the
testing. The inclusion criteria were age between 16 and 35 years patiticipation in
standarekstyle dancesport, and completion of all testing procedures. In the studies involving
dance couples, all measurements were perfor
Before the beginning of the research, all participaigned written informed consent forms
agreeing to participate in the study and to allow their data to be used solely for scientific
purposes.

The research was conducted anonymously and in accordance with the Declaration of
Helsinki. Ethical approval for the studies included in this thesis was granted by the Ethical
Committee of the Faculty of Kinesiology on 29 April 2020 under ethical code mumbe
77/2020.
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8.2. Study variables

Studyl

In Study1, the variables used for the analysis were obtained during repeated BAT testing
and included: 1) speed expressed in beats per minute (bpm), 2) albbsakineal oxygen
uptake (VO2may expressed in L-mird, 3) relative maximal oxygen uptakéV-©2may)
expressed in mL-Kd.-min' 1, 4) respiratory exchange ratio (RER), 5) expiratory ventilation
(VE), 6) tidal volume (VT), 7) breathing frequency (BF)n®ymalized oxygen uptak® Q-
norm), 9) normalized breathing frequen{BF nornj, 10)ventilatory equivalent for oxygen
(VE/VOo), 11)ventilatory equivalent for carbon dioxiq¢E/VCO,), and 12)dead space to
tidal volume ratio(VD/VT). In addition, effect size (ES), intraclass correlation coefficient
(ICC), coefficient of variation (CV), typical error (TE), and smallest worthwhile change
(SWC) were calculated.

Study?2

In Study2, the variablesnalyzedwere ventilatory and metabolic parameters obtained
during the BAT protocol and compared with laboratbaged treadmill protocols. The main
study variables were: 1)vV2may expressed in L-mid, 2) ©ma) expressed in
mL-kg' 1-min' 1, 3) (RER), 4) (VE) expressed in L-rhin 5) tidal volume (VT) expressed
inL, 6) (VENO>), 7) (VE/NC(O,), and 8) (VD/VT).

Study3

In Study 3, the same ventilatory and metabolic variables waralyzedin order to
determine the diagnostic accuracy of the BAT protocol against objective laboratory
measures. The variables included: 1) absdlenax 2) relativeV-©zmax 3) RER, 4) VE, 5)
VT, 6) breathing frequency (BF), 7) WED>, 8) VE/VCO,, and 9) VD/VT. Based on these
variables, sensitivity, specificity, false positive val(EBV), false negative valuggNV),
positive likelihood ratiqPLR), negative likelihood ratigNLR), and area under the curve

(AUC) were calculated.
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8.3. Testing procedures

Studyl

In Studyl, the BAT protocol was performed on two separate occasions with an interval
of one week between measurements in order to determirigetest reliability and
usefulness. All measurements were conducted by the same experienced researcher. During
both triak, the participants wore their standard dance equipment, consisting of a-light T
shirt, tights, and dance shoes. The testing was carried out under controlled indoor conditions,
with air temperature maintained between 22 °C and 24 °C and relative humiidity o
approximately 55%. Ventilatory and metabolic parameters were obtained using the Meta
Max® 3B portable gaanalyzeywhich was calibrated prior to testing in accordance with the

manufacturerds. recommendati ons

Study?2

In Study 2, the participants performed the Ballroom Aerobic Test (BAT), a newly
developed fielebased protocol specifically designed for stanesyte dancesport athletes.
The BAT protocol wastandardizeacross five dances performed in the following order:
English Waltz, Slow Foxtrot, Tango, Viennese Waltz, and Quickstep. Each dance consisted
of progressively linked levels, and the tempo increased by 7 beats per minute throughout the
protocol. At each les, the dance couples performed basic standard dance figures for 30
seconds at a prescribed tempo, following a metronome and without accompanying music.
The test began at 75 bpm and continued until volitional exhaustion.
After completion of the BAT protocol, the participants also performed two laboratory
treadmill protocols, namely the KF1 and Bruce protocols, for the purpose of criterion
validation. During both laboratory protocols, ventilatory and metabolic parametees we
assessed by means of a brdagtbreath pulmonary gas exchange system. The KF1 protocol
began at a speed of 3 kmbLhil with a 1% incl
of 2.7 kmkbLht1 with a 10% gr adi epnogressielp b ot h

until volitional exhaustion was reached.

Study3
In Study3, the same BAT protocol was applied in order to assess the diagnostic accuracy
of the fieldbased test against the KF1 and Bruce treadmill protocols. The dancers performed

the BAT under conditions specific to dancesport, while physiological measuremeats we

26



collected using the MetdMax® 3B portable gasanalyzer Laboratory measurements
obtained from treadmill testing were then used as the reference criteria for sensitivity and

specificity analyses.

8.4. Data processing

Study 1

Prior to statistical analysis, all data were checked for completeness, consistency, and
suitability for further processing. Only participants who completed both testing sessions
were included in the final dataset. Ventilatory and metabolic variables etthiom the
MetaMax® 3B system were organized and prepared for analysis, including speed, absolute
and relative/O3, respiratory exchange ratio, expiratory ventilation, tidal volume, breathing
frequency, ventilatory equivalents, and dead space to tidal volume ratio.
The dataset was screened for the assumptions of parametric analysis. Normality was assessed
using the ShapiiidVilk test and @QQ plot inspection, whereas homogeneity of variance was
examined using Leveneb6s test. S ons, ¢he datal | vV a
were summarized using means, standard deviations, and 90% confidence intervals.
To support the interpretation of repeated measurements, effect size, intraclass correlation
coefficient, coefficient of variation, typical error, and smallest worthwhile change were
calculated. All data processing and statistical analyses were perforingdiBlsl SPSS

Statistics version 27.0, with statistical significance set at p < 0.05.

Study?2

Normality of distribution was assessed using the Shiayiik test, supported by D
pl ot i nspection, whil e homogeneity of var
Descriptive data were reported as means and standard deviations with 95% confidence
intervals. To examine potential dependence within dance couples, a lineareffiets
model with random intercept for couples was applied. Differences between the BAT, KF1,
and Bruce protocols were analysed using repeategsures analysis of variance. The
magnitude of differences was quantified using standardized mean differences expressed as
effect sizes. Associations between the BAT protocol and laboratmgd protocols were

eval uat ed us i nignonkeetaarraadan dogfficientsoAbneamient felative
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VO©2maxwas further examined using Blamdll t man anal ysi s, whi |l e
correlation coefficient was calculated to assess both precision and accuracy relative to the
reference methods. In addition, PassBablok regression was used to compare the BAT
with the KF1 and Bruce protocols and to detect potential measurement error between
methods. All analyses were conducted in IBM SPSS Statistics version 27.0, with statistical
significance set at p < 0.05.

Study3

Diagnostic accuracy of the BAT protocol against the KF1 and Bruce protocols was
examined using sensitivity, specificity, false positive, false negative, positive likelihood
ratio, and negative likelihood ratio. For each ventilatory and metabolic varmaltames
from the KF1 and Bruce protocols were classified into low and high groups according to the
median value, and BAderived values were subsequently crzdsilated against these
classifications. Receiver operating characteristic curve analysis wed 10 assess
discriminatory ability, with diagnostic performance quantified by the area under the curve.
A linear mixedeffects model with random intercept for couples was applied to test potential
dependence within dance couples for the primary outc@uoeelation coefficients and
linear regression equations were additionally calculated to examine associations between the
BAT and laboratory protocols and to estimate predicted rels@®saxvalues. All analyses
were performed in SPSS version 23, with statistical significance set at p < .05.
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9.2.Abstract

Introduction

Although the existing fieldbased tests to assess functional capacity in dancesport have been
developed, most of them have been applied to ballet or contemporary dancesport athletes at
the individual level, while little evidence is available for dancespouples in standard

dance disciplines. Therefore, the main purpose of this study was to examine-tbtegtst
reliability and usefulness of the progressive Ballroom Aerobic Test (BAT) protocol for

assessing aerobic performance.

Materials and Methods

Thirteen standard dancesport athletes (six pairs and one individual male participant; age:
20.1 £ 3.8 years; height: 175.0 £ 8.2 cm; weight: 64.3 £ 9.7 kg; males; age: 19.9 + 3.7 years;
height: 180.0 + 4.7 cm; weight: 70.2 + 8.7 kg; body mass index: 21.8 kg/m2 training
experience: 8.6 = 5.1 years; females; age: 20.3 + 4.0 years; height: 168.5 = 6.5 cm; weight:
57.5 £ 5.5 kg; body mass index: 20.2 + 1.3 kg/m2 ; training experience: 8.5 + 3.4 years) took
part in the study. All participants were membeafrsertified dancesport clubs who competed

at national and international levels. The BAT protocol consisted of five stages, each
corresponding to one of five standard dancesport disciplines (English Waltz, Slow Foxtrot,
Tango, Viennese Waltz, and Quickstef testretest design, with one week between trials,
was used to examine the reliability measures. Ventilatory and metabolic parameters were
derived from MetaMax® 3B, a reliable and valid portable gas analyzer. Reliability measures
included Cohen D effeésize (ES), intraclass correlation coefficient (ICC), coefficient of

variation (CV), typical error (TE) and smallest worthwhile change (SWC).

Results

No significant differences were observed between test and retest sessions (P > 0.05). ESs
ranged from trivial to small (0.00 . 47) with o6évery goodd to oOe
0.80'0.99; CV = 1.684.85%). The usefulness of the BAT protocol was gdiyerated as

6okd to 6gooddé for speed VOHE=0.12 SW®=0.13WC =
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<), respiratory exchange ratfBRER; TE= 0.02; SWC = 0.02; =), tidal volume (VT = 0.06;
SWC = 0.06; =), and dead space to tidal volume ratio (VD/VT; TE = 0.01; SWC = 0.01; =).

Conclusion

Current findings suggest that the BAT protocol is a reliable and useful tool for assessing
aerobic capacity in standastlyle dancesport athletes. Moreover, the BAT protocol can

accurately detect meaningful individual changes, particularly for speedo@120 absolute

VO,(0.15 L*minil ), and VE (4.87 L). These
conditioning coaches in monitoring and trac
process.

Key words. aesthetic sportsthe BAT protocol,cardiorespiratory fithesseffect size,

coefficient of variationtypical error,smallest worthwhile change

9.3.Introduction

Dancesport performance has been categorized as ankegisity intermittent exercise
requiring high levels of physical fitness (Koutedakis & Jamurtas, 2004). In addition to
technical requirements, the complexity of choreography makes physical prepajadness

as important as skill development (Ngo et al., 2024), with upper body muscular and
cardiovascular endurance identified as the best predictors of aesthetic performance (Angioi
et al.,, 2009). Although dancesport is composed of many disciplines, piyecal
capabilities are crucial to sustaining the demanding daily schedules of training and
competition performance. Evidence suggests that aerobic capacity is one of the key
determinants of success in dancesport (Smol & Fredyk, 2012). For example, &\study
RodriguesKrause, Krause & Reischa®!| i vei r a (2015) showed
cardiorespiratory requirements during both dancesport classes and performances were
equally important. However, aerobic capacity during rehearsals and/or classes exhibited
lower values than during competition. This suggests that, despite being a crucial factor
distinguishing successful from unsuccessful dancesport athletes (Malkogeorgos et al., 2013),
the discrepancy between training and competition in dancesport athletes miglldim

ability to improve or even maintain higher levels of cardiorespiratory physical fitness (Nam,
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Park & Kim, 2024). The ability to efficiently uptake, transport and utilize oxygen through
physiological processes has been prioritized, as it directly influences technical achievements,
performance quality, and career longevity (Angioi et al., 2012). Mew®oth professional

and student dancesport athletes tend to demonstrate lower maximal oxygen\tPtake (

compared to other athletes (Baldari & Guidetti, 2001; Tiemens et al., 2023). For instance,
male dancesport athletes exhtdomaxo f 48 . 0 ml * kg1 1*mi nT 1, whi c
than values reported in cyclic or complex team sport activities (Cohen et al., 1982;
Koutedakis & Jamurtas, 2004). Another contributing factoV€»max improvements in

dance may be related to its small ability to stimulate positive cardiorespiratory adaptations
(McCord, Nichols & Patterson, 1989). It has been documented that increases in aerobic
capacity are not related to class work, but rather toteasity and duration of performances

(Wyon et al., 204). Since the intensity of specific (dance movements) or general (circuit)
training regimes needs to bevOhgandwsborldlast 0 and
>20 min to enhance aerobic capacity, progressive dance protocols to stimulate
cardiorespiratory development are warranted. In dancesport, measuring aerobic capacity
with objective tools (heart rate monitors, ergometry) is the cornerstopéahning training

programs at the individual level (Tiemens et al., 2023). Because of complex movement
patterns and often strenuous training and competition programs, energy pathways for both
aerobic and anaerobic requirements should be considered equally important (Maciejczyk &
Fei, 2013). On the other hand, Inibeauseut ure s
indicator of physiological tremor and fatigue (Kruusamée, Maasalu & Jurimée, 2016;
MazurRdézycka et al., 2023), adding its practical ability to detect the level of endurance and
deteriorating effects of training and competition on dancegmaformance (Ngo et al.,

2024) . The necessity of determining an i
capabilities may be helpful in dosing the training load and primarily targeting positive
aerobic output during preparatory period. On the other,hang x a mi ni ng &é ma x i mz«
levels in dancesport is quite difficult to achieve, because the nature of dance-is non
competitive, and the intensity is often set by a choreographer (Chatfield et al., 1990).
Unfortunately, welestablished objective methotts assess aerobic performance, such as
running or cyclingbased ergometers, are expensive, difficult to administer and do not
mimic complex dancesport movements. Moreover, dancers may have biomechanical
limitations during running or walking, due to théimited dorsiflexion movements in the

ankle and a highly developed turn out of the feet, which may cause stress on the knee and

hip joints (Russell, 2013). Because of these limitations, previous studies have attempted to
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develop orfield aerobic tests for dancesport. According to a systematic review by Tiemens
et al. (2023), the most common cardiorespiratory fitness test protocols in dancesport include
the Aerobic Power Index (API) (Wallman et al., 2003), the Balbetcifc Aerobic Fitness

Test (BDAFT) (Twitchett et al., 2011), the Dance Aerobic Fitness Test (DAFT) (Wyon et
al., 2023), the Highntensity Dance Performance Fitness Test (HIDT) (Redding et al.,
2009), and the Seifert Assessment of Functional Capacity foreDau(SAFD) (Seifert et

al., 2021).

Despite the fact that all <fetesttelmbiligyx hi bi ted 6
properties, findings from these studies cannot be generalized to other dancesport
disciplines. Most studies recruited ballet (Twitchett et al., 2011), or contemp@/gion

et al., 2004) dancesport athletes, whose training routines and movement patterns differ
from those of standard dancesport practitioners (Ngo et al., 2024). Standard male (59.6
ml*kg' 1*min' 1) and female dancers (51.2 mI*Rgmin' 1) tend to have high@verage
V®-maxVvalues (Liiv et al., 2014), compared to ballet or contemporary dancesport athletes
(Wyon et al., 2004; Twitchett et al., 2011). Moreow&®.maxhas been the most

commonly used variable to assess aerobic capacity (Wallman et al., 2003; Redding et al.,
2009; Twitchett et al., 2011; Wyon et al., 2023), while data regarding speed, ventilatory

and metabolic parameters have been rarely investigatadlyt-mvailable fieldbased tests

have been developed at the individual level, andto theobest t he aut hor sdé kno
testretest properties have not been evaluated simultaneously in dancesport couples. These
discrepancies between different dancesport disciplines, type of dancesport athletes and
physiological characteristics may affect tieéability properties of a given test. Notably,

for the abovementioned tests assessing aerobic performance, neither typical error (TE) nor
smallest worthwhile change (SWC) were calculated, limiting their usefulness-timmeal
settings. TE indicates thandom error associated with a measurement protocol, while

SWC represents the smallest worthwhile change that is practically relevant to an athlete
(Hopkins, 2004; Hopkins, 2007). Both measures allow us to determine if observed
performance changes in atz@n variable are greater than the TE and the SWC, denoting
statistical significance and practical importance. The reliability and usefulness of a newly
developed progressive dance test to assess aerobic capacity would be of great importance
for standarektyle dancesport athletes and their strength and conditioning coaches, allowing
them to monitor and track training intensity and duration for maximum efficiency. If

results showed appropriate reliability statistics with confirmatory usefulness, the new
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progressive test would better reflect the true energetic state of dancesport athletes in both
training and competitive conditions. Based on the shortcomings of previously established
dancesport tests, the main purpose of this study was to examine -ttetasisteliability of

the Ballroom Aerobic Test (BAT) for assessing aerobic capacity in dancesport athletes
competing in standard dancesport disciplines. The second purpose was to determine its
usefulness in accordance with the noise of the test resdltm@asurement uncertainty

using the magnitude of the SWC. We hypothes

reliability and could detect meaningful changes in performance.

9.4.Materials and methods

Experimental approach

This observational, withisubject, testetest sukstudy was conducted to examine the
reliability properties and usefulness of the BAT in standard dancesport athletes. Portions of

this text were previously published as part of a stihspot & Plavec, 2035In brief, the

study was part of a project titled 6Constr.
Aerobic Capacity in Dancespor tDesfpdt &Hlagec,es f r c
2025. The project was divided into four segments to examine: (i) reliability and usefulness;

(i) validity; (iii) sensitivity; and (iv) pragmatic validity of the BAT. For the purpose of this

study, the BAT protocol was performed on two separate occasionsyemieapart. The

testing procedure was initiated during the preparatory period of dancesport athletes.
Measurements were performed by the same experienced researcher to minimize possible
measurement error. During both trials, the participants wore theilatd dance equipment

(light T-shirt, tights, dance shoes). The air temperature conditions of the indoor facility were
controlled to be between 22 UC and 24 UC wi

Study patrticipants

Thirteen advanced standard dancesport athletes (six pairs and one male participant; age: 20.1
*+ 3.8 years; height: 175.0 £ 8.2 cm; weight: 64.3 £ 9.7 kg) with >8 years of training and
competing experience participated in the study. As mentioned in a gpsestiady Despot

& Plavec, 202} all participants were members of certified dancesport clubs who competed

at national and international levels. The inclusion criteria to enter the study were: (i) being

free from any kind of injury, acute or chronic illness and disease, as confirnaecentyfied
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dancesport association doctor; (ii) age range between 16 and 35 years; and (iii) completing
both measurements for reliability and usefulness properties of the BAT protocolpfiba a

power analysis calculated by the G*Power software ver. 3.1Kadg( 202) showed that

by setting the input parameters of atva i | ed U < 0. 05, a mini mu.l
between two occasions at r > 0.@u¢hheit et al.2017) and statistical [
0.80, the required total sample size was n = 11. Before the study began, all participants had
signed a written informed consent to participate in the study and to allow their data to be

used solely for scientific purpaseAll procedures in the study were anonymous and
conducted in accordance with the Declaration of Helsiikor{d Medical Association,

2013. The Ethical Committee of the Faculty of Kinesiology approved the study on 29 April

2020 (ethical code number: 77/2020).

Study variables

The same methodology to examine the psychometric properties of the BAT protocol has
been published elsewhelegspot & Plavec2025. To examine the reliability properties of

the BAT protocol, we used the MetaMax® 3B (CORTEX Biophysik GmbH, Leipzig,
Germany), a reliable and valid portable breaykbreath ventilatory and metabolic
measurement system specifically designed for fiedohd laboratorybased testing
(Macfarlane & Wong, 2012 The device consists of two parts designed to be worn on the
chest. By using an electrochemical cell and an infrared analyzer, the MetaMax® 3B was
able to calculate ©and CO, concentrations based on standard metabolic equations
(Wasserman et al., 1999 Foll owing the manufactureros
studies Macfarlane & Wong, 2012 the system was turned on for at least 20 min and
calibrated prior to testing. The calibration process included adjusting the gas analyzers by
using reference gas values aof(04.97%),COz (4.96%) andN2 (+ 0.02%) and volume with

a standardized-B syringe (5530 series, Hans Rudolph, Inc., Shawnee, KS, USA). The
MetaMax® 3B software generated data regarding absolute (L1namd relativé/©2max

(ml*kg" 1*min’ 1) and associated variables including speed (bpm), respiratory exchange ratio
of CO, produced to @consumed during metabolism (RER), expiratory ventilation as the
total volume of air inhaled or exhaled per min (VE; L*hiji tidal volume as the volume
inhaled or exhaled during a normal breath (VT; L), breathing frequency (BF; W@»nand

BF norms calculated from referent values provided by the MetaMax® 3B (%), ventilatory
equivalents for @(VE/VO2) andCO; (VE/VCQ,) as determinants of breathing efficiency,
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and dead space to tidal volume ratio (VD/VT), which indicated the air that failed to

participate in @andCO; exchange process during breathing.

The BAT protocol

Of note, portions of this text were previously published as part of a study conducted by
Despot & Plavec (2025)To assess the level of aerobic capacity of dancesport athletes, we
constructed a fiekdbased BAT protocol. The protocol was standardized across five standard
dancesport disciplines according to the World DanceSport Federatiore(needl.,|2019

in the following order: (i) English waltz; (ii) Slow foxtrot; (iii) Tango; (iv) Viennese waltz;
and (v) Quickstep. Each dancesport discipline included multiple levels of dancing that were
progressively linked, where the speed of dancing (tempo) waseddfioth by individual

beats per minute (bpm), and by beat (bars per niiB&®) which denote rhythm. The
English waltz consisted of six levels, danced in 3/4 time in the rangd 87 ZPM or 75

110 bpm. The Slow foxtrot included five levels, danced intdwé in the range of 286

BPM or 117 145 bpm. The Tango had five levels, danced in 4/4 time in the rangé48s 38
BPM or 152 180 bpm. The Viennese waltz was performed through
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Table 1. The BAT dance protocol for every dance style

Dance styStage |Stage |Stage |Stage|Stage |Stage
English v

Beat s 75 8 2 8 9 96 103 110
Ti me 30 sed60 seql.5 mij2 min|2.5 mi3 min
Sl ow f ox

Beat s 117 124 131 138 145

Ti me 3.5 mi4.0 mif4.5 mif5. 0 mi5.5 mi
Tango

Beat s 152 159 166 173 180

Ti me 6.0 mMif6.5 mi|l7.0 mij7.5 mi8. 0 mi

Vi ennese

Beat s 187 1914 201

Ti me 8.5 mMij9. 0 mif9. 5 mi

Qui ck st

Beat s 208 215 222 229 236 243
Ti me 10.0 #10.5 n11.0 n11.5 n12.0 n12.5 1

three levels, danced in 3/4 time in the range 6662BPM or 187201 bpm. Finally, the
Quickstep consisted of six levels, danced in 4/4 time in the rangé 6® ®BPM or 208243

bpm. At each level, dancesport couples had to perform standard danceffig@s at a
prescribed tempo without accompanying mudiakje ). We did not include music, as
studies have shown that it may significantly impact both physical and psychological
performance, by increasing the ratings of pleasure and emotional arousal during more
complex musical piecesSélimpoor et al., 2009 affecting the autonomic nervous system
(Lundgvist et al., 2009 and altering the rhythm of movemenittu( Li & Liu, 2022), all of

which are contributing factors to dancesport performance. The speed expressed in beats
progressively increased throughout the protocol by seven BPM. The initial speed of the
dancesport protocol was set at 75 bpm. Participants danced to a mediinte tempo and
rhythm using a metronome. The elements of each dancesport discipline were basic and easy
to perform, while dancesport couples were free to create their own choreography. The
duration of the BAT protocol was cumulatively added up and gmth danced until

exhaustion.
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Data analysis

Shapiro Wi | k i0A§ teqt vEas used to assess data normality. Data were checked for critical

W values, @QQ plot inspection, and the homogeneity of the variance was confirmed using

the Leven test. If the calculated W value was larger than the tabulatedi®V théé denoted

that we did not reject the null hypothesis. All variables included in further analysis were
assumed to follow a hypothetical normal distribution, so data were presented as means and
standard deviations (SD) with 90% confidence intervait$irt@0% CI). The magnitude of

change between the two measurements (TO and T1) were examined using a standardized
mean difference with the following effect size (ES) proposedHbpkins, Schabort &

Hawley (2001) trivial (ES < 0.2), small (0.2 < ES < 0.5), moderate (0.5 < ES < 0.8), large

(0.8 < ES < 1.6), and very large (ES > 1.6). The reliability statistics betweeangr@ost
measurements were determined using three parameters: (i) intraclass correédticie o

(ICC), (ii) typical error (TE) expressed as coefficient of variation (CV%), and (iii) smallest
worthwhile change (SWC), calculated using an Excel spread sheet providéobkins

(2007) Based on the 90% CI of the ICC estimate provide&kbdy & Li (2016), the ICC
strength was described as Opooré6 (I CC O 0.5
IcCC O 0.9), and 6excellentd (I CC > 0.9). Tt
the mean and multiplied by 100, while the SWC as the betseigect SD multiplied by

0.2, according to ES. According Kopkins (2004,)the usefulness of a given variable was
determined by comparing TE and SWC, and ca
(TE = SWC), and 6gooddé (TE < SWC). The cri
Oadequat ed was CVBushhéitétal20idl AlllstatiSticat an@lysed @ere(
performed in SPSS v27.0 software (IBM, Armonk, NY, USA) with an alpha level set a priori

at p < 0.05 to denote statistical significance.

9.5.Results

Basic descriptive statistics of the study participants are presenfeabla 2 Men were
significantly taller and heavier compared to women. However, no significant differences
were observed in agei(value = 1.026, ES = 0.10), BMI{value = 1.374, ES = 0.72) and
training experience (tvalue = 0.029, ES = 0.0Z)able 3presents the reliability statistics

of aerobic capacity measures obtained by MetaMax® 3B portable spiroergometric device.
Tesi retest data showed no significantigyest differences (P > 0.05) in speed (pre = 220.54
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+ 16.19 bpm; post = 214.92 + 15.76 bpm), absoUe ( pre = 3.16 N 0.63 I
3.06 N 0.67 VOf(npirnel 1=) ,4 9r.e2l2atN v5e. 84 ml * kgl 1
6.28 ml*kgil*mini1l), RER (pre = 1.02 N 0.0
25.09 L*mint1; post = 98.09 N 23.53 L*mint
0.29 L), BF (pre = 55.08 + 9.18 bpmpost = 54.85 + 8.46 bpmYO2i norm (pre = 117.54 +

18.36%; post = 112.00 + 18.27%), Bform (pre = 32.31 = 9.58%; post = 33.62 &%),

VO/VO; (pre = 30.87 + 2.84; post = 29.82 + 2.34), VO (pre = 30.27 + 2.84; post =

30.64 * 3.44) and VD/VT (pre = 0.14 + 0.02; post = 0.14 £ 0.01).

9.6.Discussion

The main purpose of his study was to examinertdsst reliability properties and usefulness

of the progressive BAT protocol for assessing aerobic capacity in athletes of standard
dancesport disciplines. Findings suggest that the BAT protocol is aleefialy method

based on objectively measured ventilatory and metabolic outcomes derived from the the
MetaMax® 3B portable device. In general, trivial to small ESs were observed between two
occasions. The proposed cr i tvdthCVavaldeoforallo ade gL
the study variables < 5% (1.63 9%VTheO 4. 8
usefulness analysis of the BAT showed that

Table 2. Basic descriptive statistics of the study participants.

Study wvari Total ( Men (n Wo men (N pP*
Mean N Mean N Mean N

Age (years 20.1 N 20.3 N 19.9 N 0.254

Height (cm 175.0 N 180.6 N 168.5 K 0.003

Weight (kg 64.3 N 70.2 N 57.5 N 0.010

BMI (%g/ m 20.9 N 21.5 N 20.2 N 0.197

Experience 8.5 N 8.6 N 8.5 N 0.977

*denotes significant differences between men and wofen(.05)
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Table 3. Reliability measures for the MetaMax® 3B aerobic outcomes.

EsS Mean d I CC CV% (TgEOO SwcC Ratin
(90% ¢ (90% ( (90% o) (v0w
Speed 0.35 (_'75'5652_ 0.98| 1.83 (22'706 3.20]  Good
(bpm) (smal 3:68)’(0'94; (1.10; 4.'19(2.41;
AbsoNORd 0.15 (_60'210_ 0.96| 4.40 (00'114 0.15|  Goog
(L*min (triv) 270 o902 705 (%57 (0. 10;
Rel a¥®@x ¢ 0.31 (_'31'4900_ 0.89| 4.52 (21'164 121 oo
( ml kngith (smal 0.'40)’(0.71; (2.90; 3.'24(0.92; 9
0.02
0.00 0.00 0.86 1.63 0.02
RER (triv]|(-0.02; (0.67; (1.00; (OO'O%(O.OI; Ok
VE 0.20 (_'5"575, 0.97| 4.85 (43'641 .87 Guoq
(L*min (smal 1:63)’(0'92; (3.34; 6.'98(3.68;
VT 0.33 (_'Oo'ff_ 0.96| 4.32 (00'006 0.06 ok
(L) (smal 0_'05)’(0.91; (3.20; O_'09(0.04;
BF 0.03 0.23/ 0.90 4.57 (32' Yon 17 g
(bpm) (trivi(2.41;](0.74;] (2.99;| ,°3 (1.33; 9
VOZnor m 0.30| P2t o0.98| 3.91 (32'036 3.66| oo
( %) (smal 3'40)’(0.94; (2.80; 4 '64(2.77;
BFinor m 0.14 1.31 0.99| 4.71 (10'3; 1.92 co o d
( %) (triv](0.40;] (0. 96: (3.00: (%% (1. 45;
1.05 0.9¢
0.47 | o.8s 3.602 0.48 .
VE V2 (smal ('3'3?;‘)'(0.66; (2.78: (%7 (0. 36; Maroin
1.53
0.10 0.37 0.80 3.83 0.63 .
VE CO¥ triv|ico.69;|(0.54; (2.56; (1 Y (0. 4a8; Margin
2.30
0.01
0.00 0.00 0.82| 4.40 0.01
VD VT Ctviv] (0. 00| (0. 585 (2.44;] (2 % (0. 00; Ok

ES = effect sizelCC = intraclass correlation coefficient; CV = coefficient of variation; TE =

typical error; SWC = smallestorthwhile change; Cl = confidence intervals
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change. Results from this study were considered in the context of previous studies aiming to

develop and investigate the reliability statistics of flessed danaport tests for measuring
aerobic capacityWallman et al., 2003Redding et al., 2009 witchett et al. 2011 Seifert

et al., 2021Wyon et al., 2028 In the study byVallman et al. (2003khe API test showed

0 g 0 o d-rietest religbility for aerobic output (ICC = 0.98; mean diff. = 0.02 + 0.16

W* kgt 1;
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Redding et al. (2009eported somewhat poorer agreement values for the HIDT, ranging
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from 0.80 between bouts of each trial and 0.82 between the four trials for maximal heart rate
(HRmax),VO2 and blood lactate. A-g&in stage SAFD test for collegiate dancers exhibited
moderated to excellent reliability for time (ICC = 0.8@peak (ICC = 0.92), RER (ICC =

0.50), HR (ICC =0.86), blood lactate (ICC = 0.52) and RPE (ICC = 0.80) with no significant
differences between the two trialSeffert et al., 2021 In current dancesport practice, the

most widely used tool to assess aerobic capacity has been the AN ét al., 2028 a

4min five stage test with a 5 ml*kgil*mint]
authors failed to provide the ICCs fg®©2maxand HRmax as the outcome variables of the
telemetric gas analyzer (COSMED K4 b2, Italy), the CVM@&@2maxand HRmax ranged

from 1.4 to 6.0% and 1.5 to 3.5% between stages, indicating adequate relisyiay ét

al., 2023. IndeedVVO2 is the most common functional parameter for assessing consumption

in dancesport athletegiémens et al., 2023Thus, our findings indicated that the ICCs for
absolute and relative€ O, were 0.96 and 0.89, which is in line with the abovementioned
evidence. However, we noted that the CV was <5%, which was somewhat lower than the
data reported for the DAFT test. Although some studies have suggested that the guidelines
for reliability stats t i cs are | CC > 0. 80, moder ate CV
(Atkinson & Neuvill, 1998 Hopkins, 200), we additionally strengthened the inclusion

criteria to insure the test is reliable and pragmatic intreed settings. Thus, our newly
developed BAT protocol appears to be a reliable measure for testing aerobic capacity and its
components. Data fromithstudy also showed that the BAT protocol yielded appropriate
sensitivity to detect meaningful changes following performance. Unfortunately, this is the

first study to have calculated TE and SWC. When observing the findifgble3 6ok 6 t o
60gooddé useful ness wasVQRER¥ENTYO,arfdBFnorsnp e e d,
and VD/VT, while relativeVO», BF, VENO; and VEMCO, wer e deemed Omar g
useful, as the TE was larger than the SWC. Changesinrél@weé 1 . 21 ml * kg1 1* mi
BF (1.77 bpm), VEVO: (0.48) and VE/NCO; (0.63) should be interpreted with caution, as

the TE surpassed the SWC for capturing individual changes. Nevertheless, a higher
proportion of variables were rated as O0o0kbod
test for aerobic performance mtoring. Although this study aimed to examine the-test

retest reliability and usefulness of the BAT protocol, it is not without limitations. Sensitivity
analysis calculated from the G*Power icatied that the appropriate sample size to detect

ICC > 0.69 between the two occasions was n = 11, but we cannot exclude the possibility of
insufficient statistical power. Additionally, training experience in dance ranged from 6 to 20

years, increasing theeterogeneity at both individual and dancesport couple levels. Because
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of the small sample size, we were unable to examine the differences based on experience.
Although dancesport is considered a higtensity intermittent exerciseKutedakis &
Jamurtas, 20Q4RodriguesKrause, Krause & ReischaBliveira, 2019, dancesport athletes

are regarded as a O6riskyod6 group of indi v
(Tiemens et al., 2033 Evidence regarding the development of aerobic capacity has
consistently shown that none of their energy systems have been overly develyped (

2005. Another problem may be attributed to different energy requirements during the
rehearsal and performance period, where the performance period is often accompanied by
higher aerobic energy demands and more intense figure routines. Therefore, an advantage
the BAT protocol is that it simulates classical movements from five dancesport disciplines
and mimics competition conditions. The current findings have provided evidence of its
reliability properties and offer guidelines for the detection of meaningfiainges in
ventilatory and metabolic parameters. The authors suggest that this test can be implemented
within the dancesport training program in preparatory and competitive periods, as it provides

important information about changes and usefulness of iagpebformance variables. In

i d

terms of itsd oOreal 6 appl i c-#dsadlstimulyanddther i ng

associations with lonterm cardiovascular adaptations, the findings of the BAT protocol
could be useful in enhancing both ventilatorg ametabolic parameters related to dancesport
activities. From a physiological perspective, the newly established dancesport protocol
adequately addresses the most important factors of aerobic capacity in dancesport athletes,
including V®2max By following the BAT protocol, which consists of gradual increase of
exercise intensity and duration every 30 s, positive changes in physiological abilities may be
attributed to enhanced vascular tone and parasympathetic modulation of autonomic nervous
system Tomlinson & Naemi, 2026 These beneficial adaptations may contribute to faster
recovery and less energy requirements for the same amount of activity, which leads to more
sustainable sports performance during training or competitiaa ét al., 2022 Although

we obtained promising results demonstrating adequate reliability and usefulness of the BAT
protocol, we cannot exclude a few potential limitations. Despite using calculator software

with available input to calculate the appropriate sample (fizeeference, please see the

0Study participants6é section), a small sam

capture the oO0trued6 reliability and useful
the findings obtained in this sample ntayt be generalizable to other dancesport athletes
from different disciplines and techniques. However;tetdst data indicated extremely high

reliability and ability to detect meaningful TE and SWC. Nevertheless, this approach should
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be tested in other groups of dancesport athletes to confirm whether the BAT protocol yields
satisfactory propertiePespot & Plavec, 2035

9.7.Conclusion

In summary, the BAT protocol is a reliable and useful progressive test for measuring aerobic

capacity in standard discipline dancesport athletes. The test is suitable for administering in

Qo

large groups indoors and can be completed in a relatively shastgberio f t iThbe o f
min. The characteristics through five stages which linearly progress by seven BPM and the
duration of 30 s at each stage make this test easy to administer among dancesport couples
while mimicking competition conditions. Moreover, bynabining several dancesport
disciplines (English waltz, Slow foxtrot, Tango, Viennese waltz, and Quickstep), coaches
and their teams may be able to monitor anit
training and/or detraining periods. It should be hgjtted that 36second intervals are

capable of accurately capturing small ventilatory and metabolic differences derived from the
portable MetaMax® 3B gas analyzer. From a practical perspective, the BAT protocol is able

to detectchangesaslowas 0.151mi1 or 1. 21 ml *kgi 1*minit 1l fc
VO,, providing a useful basis for planning and programming the training process during

preparatory and competitive periods.
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10. Abstract

Background

Al t hough | aboratory testing to assess aer ol
science, its high costs and tirnensuming protocols may not be feasible for monitoring and
tracking progress in limited conditions. In dancesport athletes, sdiedabased aerobic

tests have been proposed, but the majority of them have been developed for ballet or
contemporary dancers at the individual level, while the data among dance couples engaging

in standard dance styles is lacking. Therefore, the mapoparof this study was to validate

a newly developed Ballroom Aerobic Test (BAT) protocol against objective methods.

Methods

Twelve standard dancesport couples (age: 20.4 + 3.9 years; height: 172.1 + 8.7 cm; weight:
60.1 + 9.4 kg) with 8.2 £ 3.4 years of training and competing experience participated in this
study. Ventilatory and metabolic parameters were generated using tladM&t® 3B
portable gas analyzer (the BAT), whil e the
every minute) and Bruce protocols were followed in laborab@sed settings on the running

ergometer.
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Results

Large to very large correlations were obtained between the BAT and KF1/Bruce protocols

for the absolute maximal oxygen uptaké&;max r = 0.88 and 0.87) and relative®2max

(r = 0.88 and 0.85), respiratory exchange ratio (RER; r = 0.78 and fintiteventilation

(VE; r = 0.86 and 0.79), tidal volume (VT; r = 0.75; 95% CI = D&&87; p < 0.001),
ventilatory equivalent for O2 (VEO2; r = 0.81 and 0.80) ardO, (VE/VCO;; r = 0.78 and

0.82), and dead space (VD/VT; r = 0.70 and 0.74). The Blatthan plots indicated no
systematic and proportional biases between the BAT and KF1 protocols (standard error of
estimate; SEE = N 3.36 mL * k piodls(SEE®wi+nT 1 )
3.75 mL * kg1l * mintl ).

Conclusion

This study shows that the BAT exhibits satisfactory agreement properties against objective
methods and is a valid dance protocol to accurately estimate aerobic capacity in dancesport

athletes participating in standard dance styles.

Key words: dance; fieldbased test; aerobic capacity; agreement; Bruce protocol; KF1

protocol; MetaMax® 3B portable gas analyzer

10.1. Introduction

Dancehas often been defined as a combination of art and sport, with some intermittent
intensity elements which are performed at higher I¢¥elRegardless of the style of dance,

the ability to withstand the training and competition schedules is a prerequisite, and these
physiologic capabilities are essential. Evidence suggests that aerobic capacity plays a
significant role for success in daii2g Prioritizing the efficiency of the uptake, transport,

and oxygen use efficiently is crucial for dance performé8)célowever, it has been noted

that both semprofessional and professional dancers tend to have lower levels of maximal
oxygen uptake \(®:2max ) in comparison to other athlefds The V®max in dancesport
athletes is approximately 30% lower, in comparison to rsingctural and team sport

athletegl). A further explanation for th®®:max hypothesis in dance might relate to the
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limited capacity of dance to stimulate positive training adaptations. Research has shown that
improvements in aerobic capacity are not linked to rehearsal activities but rather to the
intensity and duration of physical performan&sDuring specific dance movements or
training protocols, the level ®:maxshould ideally be maintained at a level between 70%
and 80% of V®2mal, @Nd they duchtiorm $héukl exceed 20 min in order to
effectively boost the aerobic capa¢ity From a practical view, complex dance movements

do not necessarily mean intensity but rather complexity. The shortcoming of dance is that
there is no methodology for developing aerobic capacity and defined dance structures
through which both intensity anduration are achieved. Thus, aerobic endurance is
maintained or even increased through multiple repetitions of dance routines and

choreography.

In the field of dance, assessing aerobic capacity using objective measures such as heart rate
monitors and ergometeis crucialfor tailoring training programs at an individual leil
Determining an individual 6s cardiovascul ar
effectively managing the training load and focusing on achieving positive aerobic outcomes
during the preparatory period. 4 anwdances r eV
presents challenges due to its fummpetitive nature and the predetermined intensity by a
choreograph€(6). Traditional objective methods for assessing aerobic performance, such as
running or cyclingbased ergometers, are not walited for dance as they are costly,

difficult to administer, and do not replicate the intricate movements involved in dance.
Furthermore, dancers may experience biomechanical constraints during running or walking,
stemming from limited dorsiflexion movements in the ankle and the highly developed turn

out of the feet, leading to potential stress on the knee and hip {@)nté/hen running,

dancers often experience discomfort and pain in the shin area and uneven force distribution
between tendons, ligaments, and muscles (especially in the calf area), leading to a higher
risk of injuries or strairrelated musculoskeletal probig8). To address these limitations,
previous studies have endeavored to develefietth aerobic tests specifically tailored for

dance. A systematic review by Tiemens ddaldentified several common cardiorespiratory

fitness test protocols in dance, including the Aerobic Power Index (ARI}he Ballet

Specific Aerobic Fitness Test{BAFT) (10), the Dance Aerobic Fitness Test (DAKT)),

the HighIntensity Dance Performance Fitness Test (HIQIR), and the Seifert Assessment

of Functional Capacity for Dancers (SAFQJ).
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Although an effort has been made to adequately predict aerobic outcomes derived from
objective methods from danspecific testing protocok®i 13), most previous studies have
correlated th&/©.max and maximal heart rate (HR) from a single devicél0,11). Also,

the agreement between correlation coefficients fov#gnax and associated factors ranged
from (1®to0.21(11), | i miting the 6trued validity
available tests have been primarily developed for ballet or contemporary dd@cé® at

the individual level, while the validity properties in ballroom dance couples engaging in
standard dance styles have yet to be investigated. Ballet and contemporary dancers have
different training routines and movement patterns compared to the staddace
practitionergl4). Also, ballet dancers have been shown to have an even lower accumulated
fat mass %, which often goes below 10%, while ballroom style dancers tend to maintain
their fat mass % between 10 and 20%, respecf{ii/®lyStandard male and female ballroom
dancers tend to have higher avergg®max valueg(15), compared to ballet or contemporary
dancers(10,11). This would imply that higher levels of thé®>max and peak heart rate
(HRpeak) are generally needed to maintain performance at a high level and to cope with
training and competition demand$5). From a sporspecific point of view, ballroom
dancesport athletes who come from modern dance typically develop aerobic capacity and
maximal performance at different rates, while athletes from other endurance activities tend
to increase their aerobic cagitzes linearly throughout their care@). On the other hand,

by comparing the maximal aerobic capacity of dancers to other endurance sport athletes, the
averageV®omax i s 48. 0 mL * kgil * minil, while it
kgt 1l = mi ni 1 1 n- asdwiongdistances runnem, raweis,eand triathlon
athletegl). Interestingly, th&©®>maxi N dancers is similar to sed
* kgt1l1 * mintl), highlighting that the end:
throughout dance routines, while the developruginted endurance training has yet to be
investigatedl). Thus, aerobic capacities and fidddsed tests in these athletes cannot be
generalized to other dance styles, due to different physiological profiles and
training/performance regimes during the preparatory and competition pétidilsBy
examining the regular training and performance by using a specific test to assess aerobic ca
pacity, coaches and choreographers would be able to monitor and track both cardiovascular
and respiratory demands of different standard dance styles andachudd the training

volume to tackle physiological enhancements.
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Because of the shortcomings from previously developed and validated dance protocols, the
primary purpose of this study was to develop and validate a newly established Ballroom
Aerobic Test (BAT) protocol specifically designed for dance couples performivayious
standard dance styles. A secondary purpose was to establish the typical error of measurement
and BlandAltman agreement between the protocols. Based on the available evidence, we
hypothesized that the BAT protocol would yield large to very lasgterion validity
properties against treadmbbased methods (KF1 and Bruce protocols) for measuring aerobic

capacity.

10.2.MaterialsandMethods

ExperimentalApproach

In this study, a within subject tésétest sukstudy was utilized to examine the validity
properties of the BAT in standard dancesport athletes. This study was part of a project
entitled 6Construction and val paigindamece of a
sport athletes from standard dance styl es.
examine (i) reliability and usefulness; (ii) validity; (iii) sensitivity; and (iv) pragmatic
validity of the BAT. For the purpose of this study, twarglard progressive treadmill tests

(the KF1 and Bruce protocols) were assessed to determine aerobic capacity, followed by the
BAT protocol one week later. The testing procedure was initiated during the preparatory
period of dancesport athletes. Measureimiemere conducted by the same experienced
researcher to avoid possible measurement errors. During testing, the participants wore their
standard dance equipment (lighshirt, tights, dance shoes). The air temperature conditions

of indoor facility and laboat ory were controlled to be be
humi dity of &55%

Study Participants

Through a public call between April 2025 and June 2025, a convenience sample of twenty
four standard dancesport athletes (12 dance couples; age: 20.4 £ 3.9 years; height: 172.1 +
8.7 cm; weight: 60.1 + 9.4 kg) with 8.2 £ 3.4 years of training and compexipgrience

participated in the study. All participants were members of certified dance clubs who
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competed at national and internation levels. The inclusion criteria to enter the study were as
follows: (i) being free from any kind of injury, acute or chronic illness, and disease,
confirmed by a certified dance association doctor; (ii) age range befiBesmd 35 years;

and (iii) complete both measurements for validity properties of the BAT protocol. The
exclusion criteria included having dance experience < 5 years, suffering from
musculoskeletal or any other injury that precluded them from enteringaanpleting the

testing procedures, being without a training partner, which could not mimic conditions from
competition, and not being able to complete the fiatdl laboratorybased protocols. The a

priori power analysis calculated by the G*Power softweme 3.1.9.716) showed that by

setting the input parameters of atvami | ed U < 0. 05, a mini mur
bet ween the two methods at r > 0.69, and st
sample size was n = 16. Because of a possiblealibme, we enlarged the sample size by

50% to n = 24. Before the study began, all participants had signed a written informed consent
form to participate in the study and to use data solely for scientific purposes. All procedures

in this study were anonymous aimdaccordance with the Declaration of Helsi(kr). The

Ethical Committee of the Faculty of Kinesiology approved this study on 29 April 2020
(ethical code number: 77/2020).

The BAT Protocol

To assess the level of aerobic capacity of dancesport athletes, we constructeaséeld
BAT protocol. The protocol was standardized by 5 standard dance styles with the following
order: (i) English waltz; (ii) slow fox; (iii) tango; (iv) Viennese waland (v) quick step.
Every dance style had multiple levels of dancing that were pragrely linked, where the
speed of dancing (tempo) was defined by individual beats per minute (bpm). The English
waltz consisted of 6 levels, danced in 3/4 time inréimge of or 76110 bpm. The slow fox
included 5 levels, danced in 4/4 time in the range of 14% bpm. The tango had 5 levels,
danced in 4/4 time in the range of 1380 bpm. The Viennese waltz was carried out through

3 levels, danced in 3/4 time in thenge of 187201 bpm. Finally, the quick step consisted

of 6 levels, danced in 4/4 time in the range ofiZ8 bpm. At each level, dance couples
had to perform standard dance figures for 30 s at a defined speed without the melody (Table
1), while the time was cumulatively summed from the beginning of the BAT protocol. The
speed expressed in beats progressivelyréased throughout the protocol by 7 bpm. The

initial speed of the dance protocol was set at 75 bpm. Participants dancece-tbeéinad
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dance tempo and rhythm by following the metronome. The elements for each dance style
were basic and easy to perform, with the freedom of dance couples to create their own
choreography. The duration of the BAT protocol was cumulatively added up and each pai

danced until exhaustion.

The MetaMax® 3B Outcome

To examine the reliability properties of the BAT protocol, we used the MetaMax® 3B
(CORTEX Biophysik GmbH, Leipzig, Germany), a reliable and valid portable bbgath

breath ventilatory and metabolic measurement system specifically designed fanfield
laboratorybased testing®). The device was composed of two parts designed to be worn on

the chest. By using an electrochemical cell and an infrared analyzer, the MetaMax® 3B was
able to calculate ©and CO, concentrations based on standard metabolic equat@ns(
Based on manufacturer s r e &7, thersgstechwdsiumeds and
on for at least 20 min and calibrated prior to the testing. The calibration process included
adjusting the gas analyzers by using reference gas valuebt.97%),CO, (4.96%), and

N2 (£0.02%) and volume with a standardized 3 L syringe (5530 series, Hans Rudolph, Inc.,
Kansas City, MO, USA). The MetaMax® 3B software generated data regarding absolute (L

* mint1l) &0@a(rmll a*t ikvge1 1 * minil) and assoc
respiratory exchange ratio €O, produced to @ consumed during metabolism (RER),
expiratory ventilation as the total vol ume
tidal volume as the volume inhaled or exhaled during a normal breath (VT; L), ventilatory
equivalent for @ (VE/VO,) andCO, (VE/VCQO,) as determinants of breathing efficiency,

and dead space to tidal volume ratio (VD/VT), which indicated the air that failed to

participate in @andCO; exchange process during breathing.

51



Table 1. The BAT dance protocol for every dance style

Dance sty Stageg Stageg Stageg Stageg Stageg St agses
English

Beat s 75 82 89 96 103 110
Ti me 30 s 60 s¢ 1.5 n 2 mi 2.5 n 3 mi
Sl ow f ox

Beat s 117 124 131 138 145

Ti me 3.5 n 4.0 n 4.5 n 5.0 n 5.5 n
Tango

Beat s 152 159 166 173 180

Ti me 6.0 n 6.5 n 7.0 n 7.5 n 8.0 n
Viennese

Beat s 187 1914 201

Ti me 8.5 n 9.0 n 9.5 n

Qui ck stg

Beat s 208 215 222 229 236 243
Ti me 10. 0 10. 5 11.0 11. 5 12.0 12.5

Time = cumulative time from BAT start.

The testing procedure indicated that both male and female dancers (one dance couple) were
simultaneously measured with the MetaMax® 3B in order to simulate conditions from
competitions in realife settings. Although the order of trial was fixed, whereagacouples

first had to be tested for the BAT protocol and 48h after with the KF1 and 72 h after the KF1
protocol with the Bruce protocol in laboratory conditions, the possibility of a learning effect
was vastly diminished. Each dance couple was testéddodlly to other dance couples for

both fieldand laboratorbased protocols. Also, they were told to keep the dance protocols
and procedures to themselves and not to unveil them to the next dance couple. The BAT
protocol was performed in an environmspecific to dance, regarding the floor and dance
attire that needed to be worn, while the KF1 and Bruce protocols were examined in

laboratory conditions.

The KF1 and Bruce Testing Protocols

V®:maxand associated ventilatory and metabolic parameters were assessed by-laybreath

breath pulmonary gas exchange system (Quark b2, COSMED, Roma, lItaly) during an
incremental treadmill test (KF1 and Bruce). KF1 is a standard test for the assessment of
aerobicand anaerobic energy capadi®p) . The starting speed of
at a slope of 1% (continuous) for a duration of 2 min, after which the speed increased by 0.5
km * hil at the end of the third min and
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During recovery after each test protocol , t
Bruce protocol, the participants started ex
an incline of 10% gradient for 3 min. Workloads (speed and irtlomg were subsequently

increased each 3 min period in a simultaneous way until volitional exhaustion was
reached?l). Both protocols generated equal cardiorespiratory data as the MetaMax® 3B,
which were filtered and averaged on a 5 s basis.

Data Analysis

Shapira Wi | k 8M\§ tegt Bas used to assess data normality. Data were checked for the
critical W values, QQ plot inspection and the homogeneity of the variance was confirmed
using the Leven test. If a calculated W value was larger than tabulated Whislaenoted

that we did not reject the null hypothesis. All variables included in further analysis came
from a hypothetical normal distribution, so data were presented as means and standard
deviations (SDs) with 95% confidence interval limits (95% CH.ekamine whether there

was a couple dependence present during the BAT protocol, we utilized antixeareffects

model (LMM) with random intercept for couples and showed that there was no dependence
effect within each couple for®zmax as our primary outcome of the study (F = 1.533, p =
0.244). Differences between each protocol were examined with repeated measures analysis
of variance (RM ANOVA). The magnitude of the change between the two measurements
(the BAT protocol vs. KF1 and Bee protocols) wasxamined with a standardized mean
difference and the following effect sizes (ESs) proposed by Hopkins2®)atr{vial (ES <

0.2), small (0.2 < ES < 0.5), moderate (0.5 <ES <0.8), large (0.8 <ES < 1.6), and very large
(ES > 1.6). Degree of coherence between ventilatory and metabolic parameters of the BAT
protocol vs. KF1 and Bruce protocols was assessed siecar s o n 6isooment odu ct
correlation (r). Correlation values denoted association between variables and tests as small
(r=0.70.3), moderate (r = 0i8.5), large (r = 0.80.7), very large (r = 010.9), and almost

perfect (r = 0.91.0)23). Since V®2max IS considered as one of the most important
determinants of performance in dancesport athle#S], a Bland Altman plot was created

to present a graphical visualization of the agreement between the BAT and KF1/Bruce
protocols for relativd/®-max. In brief, the difference between the BAT and KF1 (BAT and
Bruce) protocol was calculated on thexis, while the average of the two measurements
was presented on theaxis. To be able to determine the mean difference ideally close to (0)

and the uppeand lower limits of agreement (£1.96 SD), we created three horizontal lines.
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Based on data representation, we were able to (i) determine visual agreement between the
two methods; (ii) identify possible bias where the mean difference was significantly different

from O; (iii) assess the presence of magnitude of random error; aresi@glish the limits

of agreement to confirm whether the differences between the two methods were clinically
meaningfule4d) . Finally, we calculated Linds conco
analysis which tests both precision and accuracy of bivariate pairs of observations relative

to a 6gold standardd or an@g,theacutofspeintsfas f dat
Opoor 6 vs. 0excell entd agreement iBabloke <0. 2
regression analysis was considered as apasametric technique for comparing the BAT

with the KF1 and Bruce protocols to observe a potentiat @r both measuremengs). All

statistical analyses were performed in SPSS v27.0 software (IBM, Armonk, NY, USA), with

an alpha level set a priori at p < 0.05 to denote statistical significance.

10.3.Results

Primary Outcomes

According to the objective termination crit
proportion of the participants who reached thisaffitvas 20.8% for the BAT protocol and

45.8% and 37.5% for the KF1 and Bruce protocols. Basic descriptiiaistadf the study
participants are presented in TaBleNo significant differences between the KF1 and BAT

nor between the Bruce and BAT protocols were observed for the abg@@taax (F1,3 =

0.206; p = 0.816¢] p = 0.02) and relativ®"®©2max (F1,3 = 1.502; p = 0.24%} p = 0.12),

RER (F1,3 = 2.272: p = 0.094: d2p = 0.24),
(F1,3 = 2.833; p =OQq.FA63; =d2p 54 40. 1)=, OVHE/O
VENCO;(F1,3 = 2.737; p = 0.087; d2p = 0.20),

=0.21). ESs showed trivial to small changes. Large to very large correlations were calculated
between the KF1 and BAT protocols for absoM&@omax(r = 0.88; 95% CI = 0.78.95; p

< 0.001) and relative®©zmax (r = 0.88; 95% CI = 0.76.95; p < 0.001), RER (r =0.78; 95%

Cl = 0.590.90; p < 0.001), VE (r = 0.86; 95% CI = 0i@296; p < 0.001), VT (r = 0.75;

95% CI = 0.570.87; p < 0.001), VB/O> (r = 0.81; 95% CI = 0.59.91; p < 0.001) and
VE/NVCO;, (r =0.78; 95% CIl = 0.6%.94; p < 0.001), and VD/VT (r =0.70; 95% CI = 0.40

0.87; p < 0.001). Large to very large correlations were obtained between the Bruce and BAT
protocols for absoluté®omax(r =0.87; 95% CI = 0.720.95; p < 0.001) and relati%e®zmax
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(r = 0.85: 95% CI = 0.710.93; p < 0.001), RER (r = 0.76: 95% CI = 0.B®1; p < 0.001),
VE (r = 0.79; 95% Cl = 0.5®.94; p < 0.001), VT (r = 0.83; 95% CI = 0iTL91; p < 0.001),
VE/VO (r = 0.80; 95% Cl = 0.64.92; p < 0.001) and VE&O, (r = 0.82; 95% Cl = 0.75
0.94; p < 0.001), and VD/VT (r = 0.74; 95% CI = 0.889; p < 0.001)

Tabl e 2. Basic descriptive statistics, me a i
protocol against the KF1 and Bruce protocol
Stu_dy KF1 Bruc BAT Absol ute di Rel ati ve ES
vari abl g
Me an| Mean Me an KF1 Bruce KF1 Br u< KF1 Br u<c
SD SD SD BAT BAT BAT | BAT | BAT | BAT
0.05 ] ]
Absolutd3.08 3.05| 3.00 0. 0. 2 0.07 0.0
(L*min 0.7{ 0.75 0.65 %"11% jo.11] 184 L84l
Relativ¢50.9 49.9f{50.2{ 2 " lo. 21 4 29 0 a6 0-11 0.03
( ml #kngin| 7. 4 7.55 5.9¢ 0 83 iT1.93 : : (tri| (tri
0.02
RER 1.09 1.08| 1.07 0. 0aL. 0.3¢ 0.2
0.0 0.04 o.08 Q93| 0. 02 183 %93 (sma| (sma
6.01| -6.23
VE 110.] 110.4 104 . 2 - . 0.29 0.2
(L*min N 28 28.7 26.3 102"2202 113'|3873 5.45 5.64 (sma| ( sma
0. L6
VT 1.93 1.98| 1.77 0. 2@. 5 0.4] 0. 4¢
(L) 0.4 0.54 0.36 00' 2084 i0.2d 8-29 1111 “Smal (sma
0. 71 ]
VE / VvVO0133.6 33.8] 32.09 0. om. 0.2] 0. 2¢
3.8 3.4 2.93 10'6274 io.04 2-11 2-69 S'mal (sma
VE / vCc(30.9 30.1( 31.0{0.100. § 0. 8B. q 0.04 0.2¢
3.8/ 2.67 3.51 i1.17 i1.73 245 2-92 (4| (sma
0.003 0.009
VD / VT oO. 105 oO. 1043 00. 1052 0 004 0 001 2 ool 6. 43 (ot.roij (os.msas
: : : 0.01| 0.02
Linébs analysis indicated an excellent concc
the absolut&/®;max(} ¢ = 0.93; 95% CI = 0.84.97) and relativ&/®2max (J ¢ = 0.92; 95%
Cl=0830. 97) , RER (}Jc =i0098&6%,; YE%(Ek =1710.682,;
0.97), VT () c =1004),BM02(95c% =C10 .=8 80; 1069%pard C I =
VEWVCO(J ¢ = 0.88;i099%) Cl anadOVDLVT (@92= 0.81

Similarly, the data showed an excellent concordance between the Bruce and BAT protocols
for the absolutd/©zmax(} ¢ = 0.93; 95% CI = 0.83.97) and relativé/©smax (} ¢ = 0.90;

95% Cl=07810. 96) ,
0.95), VT (}J)c
VENCO:( 4 ¢ = 0.

RER

() c

£0 .09 B)3,;

88:;1099%) Cl ardOVDBVT (

j c93) =

55
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Secondary Outcomes

Figurel shows the BlaridAltman scatterplot of the®©.maxagreement between the BAT and

KF1

protocol s.
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indicating no measurement bias (p > 0.05). Although a negative linear trend was observed,

a linear regression analysis showed no potentajpo r t i on a |
wi t h

0.

02;

0.066),

p

a

bi

standard

as (ib

error

The linear regression equation to predict the relafi@emaxfrom the KF1 protocol was as

follows: VO2maK F 1
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Cl for the slope and zero was included for the intercept, the BAT procedure yielded similar

measurements to the KF1 procedure.
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Figure 1. Bland-Altman plot of differences between the BAT and KF1 protocolaxig) and the

average of the two measurementsis) for relativev-®omax

The Bland Altman scatterplot of th&©2maxagreement between the BAT and Bruce

protocols is presented in Figu2eThe mean difference between the two methods yielded a
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value of 0.23, indicating no measurement bias (p > 0.05). Similarly to theKFAT a

negative linear trend between the BAT and Bruce protocols was observed; however, no
potenti al proportional bi asiOdxmpg=6WOH.WmMe (b =
generated SEE of thé®maxwas 3. 75 mL * kg1l * minitl. Sin
the linear regression equation to predict the relafi@2maxfrom the Bruce protocol was

as follows:V®@maB RUCE (mL * kgT 1 * mi NOBATHRI=3. 996
0.72; p < 0.001). The slope coefficient between the BAT and KF1 protocols was b = 1.10
with a 95% CI (0. 80, 1.30), while the int:¢
confidence interval (1r10. 17, 9. 90 )milar i ndi c e

measurements to the Bruce protocol.
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10.4. Discussion

The main purpose of this study was to develop and examine the criterion validity anid Bland
Altman agreement of the BAT protocol against the KF1 and Bruce laboratory protocols in
dancesport athletes performing in standard dance styles. Findings sugdbkstubatilatory

and metabolic parameters derived from the MetaMax® 3B portable gas analyzer during the
BAT protocol correlate as large to very large with the KF1 and Bruce aerobic outcomes. The

level of agreement calculated from the BlaAtiman plots forthe relativevV-©2maxshows no

systematic nor proportional biases between the two methods with the SEE of 3.36 mL *
kgrl1 * mintl1l (KF1) and 3.75 mL * kg1l * mi
knowledge, this is the first study examining the development and validitpafgaessive

test to assess aerobic capacity in standard dancesport athletes. Our results should be
interpreted in light of previous studies. To date, several progressivbdésttl tests to assess

the level of aerobic capacity in dan have been proposed and validated against more
objective methods. For example, a study by Wallmann €3)alfowed that the API
submaximal exercise fitness test correlated well withVi®enax (r = 0.89 and 0.90), with a
technical error of measurement (TV®OM}x=of a
0.71 mL * kgilmintl. Anot her dance protoco
t he mean sqgquared root (sw2) for thell).est wa
One of the most common fitness protocols to examine aerobic capacity is the DAFT, a five
stage 4 min progressive ted). In a study by Wyon et al(), data generated from the

portable telemetric gas analyzer (Cosmed K4 b2, Italy) indicated that the &RI\V-©2max
correlated very strongly for the test (r =
were noted for the HIDT dance protocol, where five participants (n = 5) undertook both the
treadmill and dance tests to estimatevt®2max(12). During the treadmill protocol, the mean
VOmaxwas 46.40 N 3.60 mL * kgl 1V®bmaVallewasand du
51.00 N 6.60 mL * kgilminil. A pairwise co
protocols showed no significant difference&/®2max(p = 0.100)12). The same study also

showed that the mean % of the HRmax was significantly lower in the HIDT compared to the
treadmill test (97.50 vs. 101.00%, p = 0.020), while the validity of blood lactate values were
high (HIDT = 6.10 N 1.80.030mmbl*.L7A mamal t* elal
(12). The most recent SAFD test to evaluate the functional capacity of collegiate dancers
revealed large to very large correlations with the peak treadmill test for the r&t&tiwex

(r = 0.78), HRwax (r = 0.85), blood lactate (r = 0.72), and rate of perceived exertion (RPE; r

58



= 0.84), while trivial to moderate correlations were found for time (r = 0.60) and the RER (r

= 70(13L2)

Although the existing progressive dance protocols to assess aerobic capacity exhibited
satisfactory validity properties against objective meaq@ids3), our newly developed BAT
protocol yielded high agreements with the treadmill test following two protocols (KF1 and
Bruce). The incremental difference and the novelty between our and other dance protocols
lies in the fact that it is specifically desigrfed dance couples who engage in standard dance
styles. This is very important, because both individuals need to cope with each other during
the rehearsal/training or competition. This would suggest that their aerobic capacity needs
to be at equal level iorder to keep up with the partner. Despite the fact that@maxtends

to be low in dancesport athletes, compared to other atli&#®s the intention of the BAT
protocol is to enhance the aerobic system and to physiologically prepare for stress during
training and/or performance. Dance movements in standard dance styles are often
characterized by sway components and the interplay betwses and falls, which are
considered key elements for preserving or increasing functional performance in competitive
dancesport athlet€27). Moreover, the complexity of figures and faster pace during training
and competition in standard dance styles is not comparable to ballet or contemporary dance
styles, where the movements are often performed in static conditions, emphasizing esthetic
rather than functional components of dance. Therefore, the BAT protocol can serve as an
avenue for screening and tracking aerobic capacity within the narrow niche of standard style
dance athletes.

The practical application of the BAT protocol is reflected in the development of a completely
new model for measuring aerobic capacity and an algorithm for estimativ@®@axin

standard dances under the conditions of the spatific activity. This enables a realistic
assessment of physical and energy loads specific to the activity, in comparison with the
existing tests for assessing aerobic capacity. Since standard tidasenave been often
categorized as higimtensity physical activities thateed aerobic and anaerobic energy
systems to perforni28), the newly established dance protocol would be able to increase
aerobic capacity and to optimize dance training. Indeed, correct and timely diagnostic
procedures for measuring and/or assessing energy capacities in dance are needed to achieve

primary goas and positive trends towards sports sucteds

This study is not without limitations. First, a cresectional design prevents us from

confirming a causal relationship between fiedahd laboratornbased testing protocols for
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assessing aerobic capacity. Second, we did not include thexHBr blood lactate
parameters as indicators of aerobic and anaerobic capacities, limiting our findings to data
generated from the MetaMax® 3B and treadmill devices. Previous studies have shown a
strong relationship between RBandV®->max(10,11) and adequate sensitivity in Rkand

blood lactate changes following the dance prot¢&8). Third, a relatively small sample

size might have underpowered the validity properties of the BAT protocol. Although we
perfor med a sampl e si ze cal cul ati on (for
Participantsod6 sect i on)statistga power. froutht wedakediou d e t
examine the rate of perceived exertion (RPE) and collect blood samples for lactate
concentrations following the BAT, KF1, and Bruce protocols. These physiological measures
have been constantly used as potential erarkor determining fatigue and should be
considered in further research in dancesport athletes. Fifth, the BAT protocol was measured
with the MetaMax® 3B, while the treadmill tests used COSMED Quark b2. The difference

in devices could introduce systematicors independent of the protocol. Finally, the BAT
protocol was not crosglidated in other athletes from different dance styles (ballet,
contemporary, or Latin American), limiting its applicability. Nevertheless, the authors
suggest that the BAT pratol is a valid training and performance tool for measuring aerobic
capacity and associated factors in dancesport athletes from standard dance styles.

10.5. Conclusion

In summary, this study shows that the BAT protocol has a strong to excellent criterion
validity against the KF1 and Bruce protocols. Also, the Bilatimnan analysis indicated

that the SEE for the KF1 and Bruce protocols against the BAT protocol was 3836 nik.g 1T 1

* mint 1l and 3. 7 5Theradvaritagkofthe BAT protacolnsithat it simulates
classical movements from five dance styles and mimics competition conditions. The current
findings have provided evidence of its validity properties and potential guidelines for
monitoring and trackingventilatory and metabolic parameter changes under different
training conditions. The authors suggest that this test can be implemented within the dance
training program in preparatory and competitive periods, as it gives important and valid
information alout the agreement between field and laboratory aerobic performance variables

among standard dancesport athletes.
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11.4.Abstract

Background

The main purpose of the study was to investigate the sensitivity properties of a newly
developed Ballroom Aerobic Test (BAT) protocol for cardiorespiratory fithess against

objective methods.

Methods

Twenty-four young dancesport couple athletes who competed at international level were
recruited (age 20.40+3.90 years; stature 172.10+8.70 cm; body mass 60.10+9.40 kg; 50.00%
women). Physiological parameters from the fieltsed BAT protocol were evaluatesing

the MetaMax® 3B portable gas analyzer, while objective data were generated on the running
ergometer following the KF1 and Bruce protocols. The area under the curve (AUC),
sensitivity, specificity, false positive (FP), false negative (FN), positkedilhood ratio

(PLR) and negative likelihood ratio (NLR) were calculated.

Results

The AUC for the BAT against the KF1 and Bruce protocols yielded satisfactory values of >

.75, with the largest agreements for absolute (AUC = .92; 95% C11820 and .94; 95%

CI1.907 1.00) and relative maximal oxygen uptak&bmax AUC = .94; 95% CI .90 1.00

and .95; 95% CI .86 1.00). Other ventilatory and metabolic parameters yielded somewhat

| ower AUC values (.65 O AUC O .93). Sensi
acceptable agreement percentages between the BAIFrMBruce protocols;anging from

67% to 95% for sensitivity and 60% to 100% for specificity. The largest PLRs were shown

for relativeV®2maxin both KF1 (10.31) and Bruce (11.05) protocols.
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Conclusion

This study shows that the BAT protocol may be considered as a good diagnostic tool for

evaluating ventilatory and metabolic parameters of standard style dancesport athletes.

Key words: diagnostic testing; dance; physiological parameters; sensitivity; specificity.

11.5.Introduction

Dance is often seen as a vigorous form of exercise that demands higher levels of muscular
and cardiorespiratory capacitieBeing able to handle the rigors of training and competition

in dance is essential, underscoring the importance of physiological capabiitssarch
indicates that having a strong aerobic capacity is vital for success in dance. It's crucial for
dancers to be efficient in how they take in, transport, and use oxygen to enhance their
performancé. Interestingly, studies show that bosiemiprofessional and professional
dancers typically have lower maximal oxygen uptak®4nay compared to athletes from
other sports. In fact, dancers in competitive dance sports exMBbaxthat is about 30%

lower than that of athletes involved in mestouctural and team spoft®©ne possible reason

for this lowerV®:maxin dancers may be linked to the limited ability of dance training to
induce significant training adaptations. Findings suggest that improvements in aerobic
capacity are more rafed to the intensity and duration of physical performance rather than
rehearsal activities. This approach is key to effectively boosting their aerobic performance.
From a practical view, complex dance movements do not necessarily mean intensity, but
rathe complexity. The shortcoming of dance is a lack of standardized orsypwific
protocols integrated into routine training and defined dance structures through which both
intensity and duration are achieved. Thus, aerobic endurance is maintainedinceased

through multiple repetitions of dance routines ahdreography.

In the realm of dance, it is essential to evaluate aerobic capacity using objective tools like
heart rate monitors and ergometers to customize training programs fomedaatiual®

Assessing an athlete's cardiovascular and respiratory abilities is vital for effectively
regulating the training load and aiming for beneficial aerobic results during the preparatory

phase. Nonetheless, measuring 'maximal’ aerobic levels in dance isghglldue to its
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noncompetitive aspects and the predetermined intensity set by the choreographer.
Conventional objective techniques for measuring aerobic performance, such as-ranning
cycling-based ergometers, are not ideal for dance because they are expensive, complicated
to implement, and fail to mimic the complex movements required in d&nie complex,
aesthetic, and skilbased discipline (like dance or parkour), where traditional testing is
inadequate, reinforcing the need for ecologically valid tests isantaaf° To address these
limitations, previous studies have endeavored to develdielmhaerobic tests specifically
tailored for dance. A systematic review by Tiemens étidéntified several common
cardiorespiratory fitness test protocols in dance, including the Aerobic Power Index{API),
the Balletspecific Aerobic Fitness Test {BAFT),!! the Dance Aerobic Fitness Test
(DAFT),12 the Highintensity Dance Performance Fitness T@g#DT),'3and the Seifert

Assessment of Functional Capacity for Das¢8AFD) 1

Despite attempts to accurately forecast aerobic results based on objective methods from
dancespecific testingorotocolst®4 the majority of earlier studies have link€€.max and
maximal heart rate (HR») using a single devicé>**Ultimately, the tests that are available

have mostly been created for ballet or contemporary daf¢esa a personal basis, whereas

the diagnostic aspects in ballroom dance pairs participating in standard dance styles have not
been explored. Ballet and contemporary dancers follow distinct training regimens and
movement styles in contrast to traditional daperformers® From a biomechanical point

of view, ballroom dancers tend to have highaeree extension torque movements,
accompanied by greater hip external and internal rotations, and hip extension, opposed to
more traditional dance discipliné&!’ Also, studies have shown that ballroom dancers,
being more competitive and spoelated comparison to ballet and contemporary dancers,
have more hamstring muscle length and dynamic balance, indicating higher levels of
physical fitness! Lower mobility in the pelvis region found in ballet dancers might indicate
more intraarticular lesions, folwed by discomfort and pain more frequentflyThe
biomechanical problem in the lumisacral region may also indicate a complex association
with altered gait biomechanics, specifically kinematics and kinetics of the dance movements.
Greater dynamic balance in ballroom dancesport athletes leads wearisk of spor

related lower limb injury rate. Moreover, ballet dancers exhibit an even lower percentage of
accumulated fat mass, often falling below 10%, whereas ballroom dancers typically keep
their fat maspercentage between 10 and 20%, respecti&lgom a physiological point of

view, typical male and female ballroom dancers generally exhibit higher avé¢agax
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values16 when compared to ballet or contemporary dafftérghis suggests that elevated
V®:maxand peak heart rate (HRa) are usually required to sustain hilgivel performance

and meet the challenges of training and competition demands.17 From a dispplife
perspective, ballroom dancesport competitors originating from modern dance usually
enhance their aerobic cajity and peak performance at varying rates, whereas those from
other endurance sports generally see a gradual increase iretiobicabilities throughout

their careerd! Conversely, when examining the maximal aerobic capacity of dancers
relative to other endurance sport athletes, the €amaxis recorded at 48.0 ml-kgy-min-

1, whereas it varies from 55.0 to 77.0 mkRgmin-1 among swimmers, middland long
distance runners, rowers, and triathlétéotably, theV®2max in dancers aligns with
sedentary act i-¥minl), emphasiZinghatahe enduraince kf glancesport
athletes is cultivated solely during dance performances, while endurance trainimgedesig
for improvement remains unexploré@onsequently, aerobic capacities and field tests in
these dancers cannot be applied to other dance forms, as a result of varied physiological
profiles and training/competition routines throughout the preparatory and competitive
phases:* Through the analysis of consistent training and performance with a designated test
to evaluate aerobic capacity, coaches and choreographers can oversee and record the
cardiovascular and respiratory requirements of various standace dtyles and can modify
training volume to address physiological improvements. Therefore, the main purpose of the
study was to examine the sensitivity properties of a newly developed Ballroom Aerobic Test
(BAT) protocol for cardiorespiratory fitness agst objective methods. We hypothesized
that the BAT protocol would yield satisfactory sensitivity and specificity values in

comparison to laboratotlyased aerobic capacity tests.
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11.6.Materials and methods

Experimental approach

This observational sustudy, conducted within subjects, aimed to assess the diagnostic
characteristics of the BAT in standard dancesport athletes. The research was a component of

a project titled 6éDevel opment teaerdbiceapdcitydat i o
I n dancesport competitors from standard da
segments to investigate: i) reliability and utility; ii) validity; iii) diagnostic accuracy; and iv)
practical validity of the BAT. Portions of thext have been published recently regarding the

validity properties of the BAT protocol, where we used continuous data to evaluate
correlations and Blandltman analyses between the BAT against the KF1/ Bruce protocols.

Of note, the standard error of estimdSEE) for relativé/©zmaxwas 3.36 ml-kgl-min-1

(KF1) and 3.75 ml-kgl-min-1 (Bruce)®® In this study, two standard progressive treadmill

tests (the KF1 and Bruce protocols) were evaluated to measure aerobic capacity, with the
BAT protocol conductedree week later. The testing process commenced during the training
phase of dancesport competitors. Assessments were carried out by the same skilled
researcher to prevent potential measurement inaccuracies. During the tests, the participants
donned their usal dance gear (light-§hirt, tights, dance shoes). The indoor facility and
laboratory's air temperature was maintained between 22°C and 24°C, with a humidity level

of approximately 55%.

Study participants

Twenty-four standard dancesport athletes (12 dance couples; age 20.4+3.9 years; stature
172.1+8.7 cm; body mass 60.1+9.4 kg) with 8.2+3.4 years of training and competing
experience participated in the study. All participants were members of certifieddlisinee

who competed at national and internation level. The inclusion criteria to enter the study were:

i) being free from any kind of injury, acute or chronic illness and disease confirmed by a
certified dance association doctor; ii) age range betweend.8&years; and iii) complete

both measurements for validity properties of the BAT protocol. Tixeoa power analysis

calculated by the G*Power software ver. 3.1.9.719 showed that by setting the input
parameters of a twtailed P< .05, a minimum regen correlation between the two methods

at R>.69, and statistical powerebl= . 95, the required total sa
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of a possible drojput rate, we enlarged the sample size by 50% to n=24. Before the study
began, all participants had signed a written informed consent to participate in the study and
to use data solely for scientific purposes. All procedures in the stadyanonymous and

in accordance with the Declaration of HelsigRi.

The BAT protocol

To assess the level of aerobic capacity of dance sport athletes, we constructedasdield

BAT protocol. The protocol was standardized by 5 standard dance styles with the following
order: i) English waltz; ii) Slow fox; iii) Tango; iv) Viennese waltapav) Quick step. Every

dance style had multiple level of dancing that were progressively linked, where the speed of
dancing (tempo) was defined by individual beats per minute di)preind by beat (bars per
minutei BPM) denoting rhythm. The English waltansisted of 6 levels, danced in 3/4 time

in the range of 2837 BPM or 75110 BPM. The Slow fox included 5 levels, danced in 4/4
time in the range of 286 BPM or 117 145 BPM. The Tango had 5 levels, danced in 4/4
time in the range of 385 BPM or 152180 bpm. The Viennese waltz was carried out
through 3 levels, danced in 3/4 time in the range e BBPM or 187201 BPM. Finally,

the Quick step consisted of 6 levels, danced in 4/4 time in the range66f B2M or 208

243 BPM At each level, dance couplexl to perform standard dance figures for 30 sec at a
defined speed without the melody (Table 1). The speed expressed in beats progressively
increased throughout the protocol by 7 BPM. The initial speed of the dance protocol was set
at 75 BPM. Participastdanced on a pi@efined dance tempo and rhythm by following the
metronome. The elements for each dance style were basic and easy to perform, with the
freedom of dance couples to create their own choreography. The duration of the BAT

protocol was cumulately added up and each pair danced until exhaustion.
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The MetaMax® 3B outcomes

To examine the reliability properties of the BAT protocol, we used the MetaMax® 3B
(CORTEX Biophysik GmbH, Leipzig, Germany), a reliable and valid portable bbgath
breath ventilatory and metabolic measurement system specifically

Table 1. The BAT dance protocol for every dance style

Dance sty Stageg Stageg Stageg Stageg Stageg St agses
English

Beat s 75 8 2 89 96 103 110
Ti me 30 s 60 s¢ 1.5 n 2 mi 2.5 n 3 mi
Sl ow f ox

Beat s 117 124 131 138 145

Ti me 3.5 n 4.0 n 4.5 n 5.0 n 5.5 n
Tango

Beat s 152 159 166 173 180

Ti me 6.0 n 6.5 n 7.0 n 7.5 n 8.0 n

Vi ennese

Beat s 187 1914 201

Ti me 8.5 n 9.0 n 9.5 n

Qui ck stg

Beat s 208 215 222 229 236 243
Ti me 10. 0 10. 5 11.0 11. 5 12.0 12.5

Note: Ballroom Aerobic Test (BAT).

designed for fieldand laboratobased testing* The device was composed of two parts
designed to be worn on the chest. By using an electrochemical cell and an infrared analyzer,
the MetaMax® 3B was able to calculate &hd CO2 concentrations based on standard
metabolic equationr®&Based on manufacturer 0s swdego mmend
the system was turned on for at least 20 min and calibrated prior to the testing. The
calibration process included adjusting the gas analyzers by using reference gas values of O
(14.97%),CO, (4.96%) and\2 (= 0.02%) and volume with a standardized 8yringe (5530

series, Hans Rudolph, Inc., MO, USA). The MetaMax® 3B software generated data
regarding absolute (I-mift) and relative/©zmax (Ml-kg-1-min-1) and associated variables
including respiratory exchange ratio @0, produced to @consumed during metabolism
(RER), expiratory ventilation as the total volume of air inhaled or exhaled per min (VE;
[-min-1), tidal volume as the volume inhaled or exhaled during a normal breath (VT; L),
ventilatory equivalent for &VE/VO2) andCO, (VE/ VCO,) as determinants of breathing
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efficiency, and dead space to tidal volume ratio (VD/VT), which indicated the air that failed

to participate in @andCO; exchange process during breathing.

The KF1 and Bruce testing protocols

V®2max and metabolic parameters were assessed by a Hmeatieath pulmonary gas
exchange system (Quark b2, COSMED, Italy) during an incremental treadmill tests (KF1
and Bruce). KF1 is a standard test for the assessment of aerobic and anaerobic energy
capacity?® The starting speed of the KF1 was 3 kat-ht a slope of 1% (continuous) for a
duration of 2 min, after which the speed increased by 0.5-knatithe end of the third min

and after that every 30 sec until volitional exhaustion. During recovery aftertesich
protocol, the subjects walked at 5 krt:Hor 3 min. In the Bruce protocol, the participants
started exercising at a treadmil|l speed of
min. Workloads (speed and inclination) were subsequently increas&d3minute period

in a simultaneous way until volitional exhaustion was reaéhBwth protocols generated

equal cardiorespiratory data as the MetaMax® 3B, which were filtered and averaged on a 5

second basis.

Statistical analysis

Diagnostic accuracy of outcome measures derived from the BAT protocol against the KF1

and Bruce protocols included sensitivity, specificity, false positive (FP) and false negative

(FN) values, and the level of positive likelihood ratio (PLR) and negakeehiood ratio

(NLR). The outcome was everyariable derived from the KF1 and Bruce protocols
categorized as "opleorwcoe ntbh d legw atntde” péndengld) 6 ( ab
according to the median value. Such approach has been previously usecctoarplayers

and general population to determine the level of physical fififéd8ased on the two

groups for each variable, we crdasdulated the values from the MetaMax® 3B portable

device and calculated the abovementioned statistical procedures. Sensitivity represented the
proportion of i ndivi du a ilesspeulfficity Hendted thosewtith u e 6 |
the 6trued negative test. Sensitivity and
(true positives)/(true positives + FBhd specificity = (true negatives)/(true negatives + FP).

Il ndi vidual s categorized in the oO6higho6é grouyg
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the BAT protocol and vice versa represented FP and FN. Likelihood ratios determined the
utility of the BAT protocol. PLR was calculated as sensitivigfkEcificity), while NLR

was calculated as {densitivity)/specificity. To examine the discriminatotyilgy of the
ventilatory and metabolic outcomes derived from the MetaMax® 3B portable device to
predict the same variables from the KF1 and Bruce protocols, we used receiver operating
characteristics (ROC) curves quantified by the area under the curv@)(/RODC curves
analyses were designed to test the discriminatory power. The AUC represented the
diagnostic power of a test classified as small (AUC=.5®), moderate (AUC= .63.71)

and large (AUC> .71). Twaided values of P were used, and signifoeawas set at P< .05.

All the analyses were calculated in Statistical Packages for Social Sciences v.23 (SPSS,
Chicago, IL, United States).

11.7.Results

Before the examination of diagnostic accuracy of the BAT protocol against the KF1 and
Bruce protocols, we determined if a couple dependence was present during the testing
procedures, by utilizing a lineanixed effects model (LMM) with random intercept for
couples. Data showed no dependence effect within each coup®©ige, as our primary
outcome of the study (F= 1.533, P= .244). As previously stated,18, the proportion of
theparticipants who reached the-ouf f of RER O 1. 10 wasand0. 8%
45.8% and 37.5% for the KF1 and Bruce protocols. Ventilatory and metabolic parameters
obtained from the MetaMax® 3B portable device yielded great diagnostic properties in terms

of sensitivity and specificity (Table 2). The AUCs exhibited weredhgeist for the absolute

and relative/®-may, followed by VE and VT. The lowest AUCs were presented foNMk&/

and VE/NMCOg. Nevertheless, all AUCs were mostly

Table 3 shows the sensitivity, specificity, FP and FN, and PLR and NLR properties of the
ventilatory and metabolic parameters from the BAT protocol against the KF1 and Bruce
protocols. Similar to AUCs, the largest sensitivity and specificity properties gesrerated

for the absolute and relative®.max Again, VENO, and VE/MCO; exhibited somewhat

lower diagnostic properties. However, all parameters showed PLR greater than 1, indicating
that the participants cat egathe BAEmotocohwerei t her
more likely to be categorized in the same category of the KF1 and BAT protocols. The lowest
PLRs were obtained for the VEBO, in the KF1 protocol (1.68) and VD/VT for the Bruce
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protocol (1.92). The BAT protocol yielded large to very large correlations with the KF1 and
Bruce protocols for both absolute (R= .88 and .87) and relsi®en.x (R= .88 and .85),
RER (R=.78 and .76), VE (R=.86 and .79), VT (R=.75 and .83VUE(R= .81 and .80)

and VEMCO, (R=.78 and .82), and VD/VT (R=.70 and .74).

The linear regression equation to predict the relafi@emaxfrom the KF1 protocol was as

follows: V®omaxKF1 (ml-kg-1-min-1 ) = 1 4. 3 0WBmatBAT) (R2=1.97D [he

sl ope coefficient between the BAT and KF1
2.25), while the intercept coefficient was
42.13), indicating ngroportional bias. Similarly, the linear regression equation to predict

the relativev-®;maxfrom the Bruce protocol was as follows®,maxBRUCE (ml-kg1-min-

1) = 1 3. 9\8BmaxrBAT) (R= (7).5The slope coefficient between the BAT and

KF1 protocols was b= 1.10 with a 95% CI (. 8
T1.05 with a 95% confidence interval (110.1
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Table 2. Classification of the study participants based on the median values of the
KF1 protocol against the BAT protocol

AUC

(9

Std.

Study wvariabl gPr ot cl) erroSlgn|f
V2max-absol ut¥® (L* KF1 .92 1i0(@. 8172 . 053 P< .00
Bruc .93 1i7(@. 98 . 050 P< . 00
vezmax-r el at i vwemiPml | KF1 .94 1@0.9¢( .021 P< .00
Bruc| .957@a. 86 . 047 P< .00
RER KF1 .81 -(98 . 091 = .01
Bruc| .85 1i(.6¢ . 080 P= .00
VE (L% min KF1 | .87i¢.2d .086/ P= .00
Bruc| .86 1. 649 . 087 P= . 00
VT (L) KF1 | .857i¢.2d .078/ P= .00
Bruc| .93 7. 88 . 054 P< .00
BF (bpm) KF1 | .847i0.69g .o080f P= .00
Bruc| .88 i(.D4 . 069 P= .00
VE/ VO2 KF1 .84 i(.68 .083 P= .00
Bruc| .76 710.96 . 103 P= . 03
VE/ VCO2 KF1 .65 -(8% . 114 P= .21
Bruc| .80 7. 6¢ . 102 P= .01
VD/ VT KF1 .76 -(96) . 099 P= . 03
Bruc .82 -(98 . 084 P= .01

NOTE: Ballroom Aerobic Test (BAT)
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Table 3. Sensitivity, specificity, FP and FN of the BAT protocol against the KF1 and
Bruce protocols

The BATI b, gt gSensi|Speci FP FN PLR | NLR
protoco
VO2max 4 4
(L* Wi n KF1 83. 3 75.0 16. 7] 25.0 3.33 0. 27
Bruc| 92. 70 75.0(0 8.30] 25.0 3. 1 0. 11
VO2max s
( ml *kngin KF1 95.9(¢ 90.7(¢ 4.10|] 9.30 10. 3 0. 05
Bruc| 92. 70 91. 70 8.30] 8.30 11. 0 0.0¢6
RER KF1 76.9( 72.7(0Q 23.1( 27. 3 2.824 0. 372
Bruc| 76.9(¢ 81.8(@0Q 23.14y 18. 2 4.23 0. 28
VE (L% m KF1 80.0¢100.0 20.0 0.00 4.00 0.0(¢
Bruc| 83.3(0Q 83.30Q16.7 16.7 4.99 0.2(¢
VT (L) KF1 76.9( 81.8(¢Q 23.1( 18. 2 4.23 0.28
Bruc| 84.60 90.9(0 15. 4 9.10 9.30 0.093
BF (bpm KF1 80.0(¢ 71.4(0Q 20.0( 28.6 2.80 0.28
Bruc| 73.3(0 88.90426.71 11.1 6.60 0.3(¢(
VE/ VO2 KF1 81.8( 76.9(¢Q 18.2( 23.1 3.54 0. 214
Bruc| 73.3(0 88.90426.71 11.1 6.60 0.3(¢(
VE/ VCO2 KF1 66. 70 60.0¢ 33.3(40.0 1.68 0.56¢6
Bruc| 81.8(0 76.9(¢0Q18.21 23.1 3.54 0. 214
VD/ VT KF1 70.6(0 85. 70 29. 4 14. 3 4.94 0. 31
Bruc| 82.4( 57.1(¢Q 17.6( 42.09 1.92 0. 31
Note: Ballroom Aerobic Test (BAT), The area under the curve (AUC), sensitivity, specificity, false positive (FP), false

negative (FN), positive likelihood ratio (PLR) and negative likelihood ratio (NLR).

proportional bias. Similarly, the linear regression equation to predict the réf&@i2max

from the Bruce protocol was as followt®omaxBRUCE (ml-kgl-minrl ) = 17T 3. 996 +
(1.075V®2max BAT) (R2=.72). The slope coefficient between the BAT and KF1
protocols was b= 1.10 with a 95% CI (.80, 1
T1.05 with a 95% confidence interval (110. 1

11.8.Discussion

The main purpose of the study was to develop and examine the diagnostic accuracy of the
BAT protocol against the KF1 and Bruce laboratory protocols in dancesport athletes
performing in standard dance styles. Findings suggest that the ventilatory andlimetabo
parameters derived from the MetaMax® 3B portable gas analyzer during the BAT protocol
yield large to very large sensitivity and specificity properties with the KF1 and Bruce aerobic
outcomes. The level of AUC indicates satisfactory discriminative powet ween o661 owo

6highé groups in each parameter with high F
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As far as the author is aware, this is the initial research investigating the creation and
reliability of a progressive exam to evaluate aerobic capacity in standard dancesport
competitors. Our findings ought to be understood in the context of earliarales&o far,

multiple advanced field tests to evaluate aerobic capacity in dance have been suggested and
confirmed through more objective methods. A study conducted by Wallmann et al.9
demonstrated that the APl submaximal exercise fitness test had g stnwalation with
V®2max(R=.89 and .90), along with a technical error of measurement (TEM) of power output

= .07 W-kgl andVv©®© = .71 ml-kgl-min-1. A different dance protocol aimed at ballet
dancers showed that the mean squared root (sw2) for the test was 5.01, and the SEE was
6.20 ml-kg1-min-1.10 A frequently used fitness protocol to assess aerobic capacity is the
DAFT, a 5stage progressive test lasting 4 mindfes.

A study conducted by Wyon et al.11 showed that data from the portable telemetric gas
analyzer (Cosmed K4 b2, Italy) demonstrated a very strong correlation betweegrmhiiR
V®©omax for thetest (R=.91; SEE = 5.60 b-mik). Comparable findings were observed for

the HIDT dance protocol, with five individuals (n=5) participating in both the treadmill and
dance assessments to evalud@®; max'! In the treadmill protocol, the averayédzmax
recorded was 46.4 + 3.6 ml-Kigmin-1, while in the HIDT, theV-®2maxVvalue reached 51.0

+ 6.6 ml-kg1-min-1. A comparison between the treadmill and dance protocols indicated no
notable differences in V& ax!? The identical research indicated that the average %HRmax
was notably less in the HIDT when compared to the treadmill assessment (97.5 vs. 101.0
%), while the accuracy of blood lactate measurements was elevated (HIDT = 6.1 + 1.9
mmol LL 7T v&. 3t Nedd)@# Immo+ LL T

The latest SAFD assessment measuring the functional ability of collegiate dancers showed
substantial to very substantial correlations with the peak treadmill evaluation for relative
VO max (R m&(R=B%,)blpod Hdtate (R =.72), and rate of perceived exertion
(RPE; R = .84), whereas trivial to moderate correlations were observed for time (R = .60)
and RER (R = 1T.12).171]

Despite the current progressive dance protocols for evaluating aerobic capacity showing
acceptable validity compared to objectivee a s u¥oarsecently created BAT protocol
demonstrated strong correlations with the treadmill test after two protocds(FBruce).

The unique aspect and distinctiononfr dance protocols compared to others is that they are
tailored specifically for dance couples practicing standard dance styles. This is crucial, as

both partnersmust support one another during praetar competition. This implies that
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comparable fitness levels may be beneficial for performance. Althé@ghaxis generally
lower in dancesport athletes in comparison to other atHtétixg aim of the BAT protocol
is to improve the aerobic system and to physiologically prepare them for stress during

training and/or competition.

Standard dance styles frequently feature movements defined by sway elements and the
interaction of rises and falls, regarded as crucial factors for maintaining or enhancing
functional performance in competitive dancesport competifokslditionally, the intricate

figures and quicker tempo during training and competition in standard dance styles cannot
be compared to ballet or contemporary dance styles, where movements are frequently
executed in static settings, focusing more on aesthétan on the funicnal aspects of
dance. Consequently, the BAT protocol can act as a method for assessing and monitoring

aerobic capacity within the limited group of standard style dance competitors.

This research has its limitations. Initially, a creestional design inhibits our ability to
validate causal relationships between fiehd laboratonbased testing methods for
evaluating aerobic capacity. Second, we omittednddRRnd blood lactate measures as
indicators of aerobic and anaerobic abilities, restricting our results to data obtained from the
MetaMax® 3B and treadmill equipment. Earlier research has demonsaraigaificant
connection between HRx and V®:mai%tand sufficient sensitity in HRmax and blood

lactate variations after the dance protdédf The reasons for not considering these
measures were the lack of time and devices for collectingaaalyzing blood sampling.

Third, a relatively limited sample size may have weakened the validity characteristics of the
BAT protocol. Even though we conducted a sample size calculation (for additional details,
refer to the 6St ud yanmotruld outdhie passibilitg @ inalexgatei o n )
statistical power. Fourth, statistical analyses indicated that objectively measured ventilatory
and metabolic parameters were split by a median into two groups (low vs. high), which could
have led to a lack dftatistical power and hypothetical significance. Thus, weateulated

the continuous data and presented with the coefficients of correlation between the BAT and
KF1/Bruce protocols and a set of regression equations to estimate prédied Also,
previous studies have used the same approach to define the participants with low. vs. high
physical fitness levels, based on cardiorespiratory d&talltimately, the BAT protocol

was not cross validated in athletes from various dance styles (balketynpmmary, or Latin
American), which constrains its applicability. The authors indicate that the BAT protocol

serves as a legitimate training and performance instrument for assessing aerobic capacity
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and related factors in dancesport athletes engaged in standard dance styles. Finally, while
the tempo was controlled, this freedom introduced potential variability in movement

economy and energy expenditure between couples, which could influence tte result

Practical Applications

The practical use of the BAT protocol is shown in creating a bnamd model to assess
aerobic capacity and an algorithm for estimafif®>max in competitive standard dances
within sportspecific activity conditions. This allows for an accurate evaluation of physical
and energy demands related to the activity, in contrast to current tests for measuring aerobic
capacity. Given that conventionadmte styles are frequently identified as higtensity
physical activities requiring both aerobic and anaerehirgy systems for execution, the
newly introduced dance protocol could enhance aerobic capacity and improve dance
training. Accurate and promptly executed diagnostic methods for evaluating and/or
measuring energy capacities in dance are essential to peagdry objectives and foster
positive trends toward athletic succé$€On the other hand, data from the BAT protocol
could be used in both clinical and coaching environment to test specific aerobic capacity
related to dancesport performance. Heedthted professionals and strength and
conditioning coaches should include the BAT protocol to evaluate, monitor and track
cardiorespiratory fitness and to adjust training and choreography regimes for maximal
performance output and persistence of high veotyaand metabolic parameters for future
health. However, given the nature of the study, future research should consider establishing
the minimal detectable change (MDC), which is critical for coaches to determine if an
observed change in performance tsu@ improvement or simply measurement ef?dihis

would improve practical ability of the test and denote whether changes in performance occur

intentionally or by chance.
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11.9.Conclusions

In conclusion, this research demonstrates that the BAT protocol exhibits excellent diagnostic
accuracy properties when compared to the KF1 and Bruce protocols. The benefit of the BAT
protocol lies in its ability to replicate classical movements from éigace styles while

imitating competition environments. The present results have demonstrated sensitivity and
specificity characteristics and possible recommendations for overseeing and observing
changes in ventilatory and metabolic parameters across sdrimning conditions. The

authors propose that this assessment can be incorporated into the dance training regimen
during preparatory and competitive phases, as it provides crucial and reliable insights into

the correlation between field and laboratoryoléc performance metrics among standard
dancesport competitors. As mentioned in the
the next critical step for validating the BAT protocol for practical use. Since it tests the
smallest change that is unlikeio be due to the measurement error, evaluating the MDC

may be hel pful for targeting a o6real & chan
ventilatory and metabolic outcomes to reach high confidence levels and to adjust the training

program for ehancing aerobic capacity.
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13. CHAPTER 4: GENERAL CONCLUSION

This doctoral thesis addressed a significant methodological gap in dancesport science,
namely the lack of valid, reliable, and spspecific tools for assessing aerobic capacity in
standarestyle dancesport athletes, particularly at the level of dancpleuExisting
assessment protocols have predominantly relied on labottaésed testing or general field
based methods, which do not adequately reflect the specific physiological demands of

dancesport performance.

Previous research has attempted to develop egrexfic protocols for assessing aerobic
capacity, primarily within ballet and contemporary dance populations. Among the most
commonly used fiekbased tests are the Aerobic Power Index (API), the Bapetific
Aerobic Fitness Test (BAFT), the Dance Aerobic Fitness Test (DAFT), the Higtensity
Dance Performance Fitness Test (HIDT), and the Seifert Assessment of Functional Capacity
for Dancers (SAFD). These protocols have been designed to assesespnaitary fitness
using dancespecific movements and progressive workloads, demonstrating varying levels
of validity and reliability. However, they have predominantly been developed for individual
dancers and specific dance styles, with limited applitgkb standarestyle dancesport
athletes and coupleased performance settings. Furthermore, inconsistencies in
methodological approaches and validity outcomes across studies have limited their broader
applicability. Consequently, there has been a clead ffior a standardized and spgpecific
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protocol tailored to standaistyle dancesport athletes (Despot & Plavec, 2025; Despot &
Plavec, 2026).

In line with these limitations, this doctoral thesis developed and systematically evaluated
the Ballroom Aerobic Test (BAT) as a novel fidddsed protocol specifically designed for
standarestyle dancesport athletes. Across the included studies, the BAfbcpl
demonstrated consistent evidence of scientific robustness and practical applicability for

assessing cardiorespiratory fitness.

In terms of criterion validity, the BAT protocol showed strong agreement with established
laboratorybased methods, including treadmill protocols such as KF1 and Bruce. Large to
very large correlations were observed for key physiological variables, percabsolute
and relative maximal oxygen uptake (V&),xas well as selected ventilatory parameters.
Additionally, the absence of systematic bias and acceptable limits of agreement further
support the validity of the BAT protocol as an alternativethod for estimating aerobic

capacity outside controlled laboratory conditions (Despot & Plavec, 2025).

The reliability and usefulness of the BAT protocol were confirmed throughiaetest
design, demonstrating trivial to small effect sizes, high intraclass correlation coefficients,
and low coefficients of variation across measured variables. Furthertinenelationship
between typical error and the smallest worthwhile change indicated that the BAT protocol
is capable of detecting meaningful changes in performance, supporting its applicability for
monitoring training adaptations and performance @egjon in dancesport athletes (Despot
& Plavec, 2026).

In addition to validity and reliability, the diagnostic accuracy of the BAT protocol was
evaluated against laboratebased measures. The findings revealed satisfactory to high
discriminatory power, with area under the curve (AUC) values exceeding adeeptab
thresholds for mo s t ma¢ Sensitwily lared sspecifipitp anlysesu | a r |
further demonstrated that the BAT protocol can effectively classify athletes according to

their aerobic performance levels (Despot et al., in press)

From a practical perspective, the BAT protocol offers a feasible;dffi@ent, and easily
implementable method for coaches, practitioners, and clinicians. Its ability to provide
objective and sensitive measures of ventilatory and metabolic respon$dssemare
precise monitoring of training load and performance development in stasigibed
dancesport athletes.
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Despite these strengths, certain limitations should be acknowledged. The relatively small
sample sizes and the focus on standdyte dancesport athletes may limit the
generalizability of the findings to other dance disciplines or populations. Futuegalese
should aim to further validate the BAT protocol across different dance styles, performance
levels, and age groumnd sexess well as to establish normative values and minimal

detectable changes.

In conclusion, this doctoral thesis integrates existing knowledge on aerobic capacity
assessment in dance with newly generated empirical evidence, providing strong support for
the Ballroom Aerobic Test (BAT) as a valid, reliable, and diagnostically aediektbased
protocol for standardtyle dancesport athletes. The BAT protocol represents a meaningful
advancement in dancesport performance diagnostics and offers a practical tool for both

scientific and applied use.

13.1.Strengths and limitations

A major strength of this doctoral thesis is its cumulative, arbelsed design, which
allowed the Ballroom Aerobic Test (BAT) protocol to be examined from several
complementary perspectives, including reliability, validity, and diagnostic accuracy. This
provided a more comprehensive evaluation of the protocol than would have been possible
within a single study. Another important strength is that the BAT protocol was specifically
developed for ballroomstyle dancesport athletes, a population that remains
underrepresented in the existing literature, while the testing procedure itself more closely
reflects actual dancesport performance conditions. In addition, the use of objective
physiological measurements obtained from portable and labotadged gas anais
systems strengthened the methodological quality of the thesis and enabled direct comparison
between fielebased and laboratotyased outcomes. Finally, the application of several
statistical approaches across the three studies contributed to addetaleation of the
protocol and increased both the scientific value and practical relevance of the findings for
monitoring aerobic performance liallroomstyle dancesport athletes.

Several limitations of this doctoral thesis should be acknowledged. Although the initial
doctoral proposal was broader in scope, the final aftiaked thesis primarily focused on
the key measurement properties of the BAT protocol, namely reliabilitgrion validity,

and diagnostic accuracy. Consequently, some components of the original research plan,
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particularly the broader pragmatic validation of the test and the full development of a
predictive algorithm for maximal oxygen uptake, were not addressed to the same extent and
remain important directions for future reseawspplicability of the findings may also have

been influenced by partner selectibmthe present sample, this aspect was documented only
anecdotally, indicating that dancers should ideally be tested in the same pairing in which
they usually train and compete.

In addition, although anthropometric and morphological variables were collected in
accordance with the original doctoral design, not all of them were included in the final
analyses. The published studies were intentionally centred on the evaluationBé{Tthe
protocol itself, while the broader dataseteds to be complemented from a larger sample
size and broader age group, bffers further analytical potential, particularly for examining

additional determinants of aerobic performance and refiniedigiive models.

The studies were also conducted on relatively small sampbbedliafomstyle dancesport
athletes. Although this was appropriageven the specific nature of the investigated
population, the sample size still limits the statistical strength of the findings and indicates
the need for further verification in larger groups within the same discipline.

It should also be noted that the BAT protocol was specifically developédxifooom
style dancesport athletes and reflects the technical, biomechanical, and physiological
demands of this discipline. For this reason, its applicability to other dance forms was not

examined, as their movement structure and performance demands differtgallystan

Finally, since the thesis is based predominantly on methodological anesecbsmal
studies, the findings support the measurement quality and practical relevance of the BAT
protocol, but donot yet provide evidence on longitudinal training adaptations,
responsiveness to interventions, or ldagn monitoringof all features that need to be

examined further in future

82



13.2. Perspectives for future research

Future research should extend the evaluation of the BAT protocol beyond its current
methodological framework. Although the present thesis established its reliability, criterion
validity, and diagnostic accuracy, further studies should examine its pragadatity in
real training environments, particularly in relation to training monitoring, performance
progression, and decisianaking in practice. Such work would provide a stronger basis
for its routine use in standastlyle dancesport.

An additional direction for future research is the further use of the broader dataset
collected within the doctorahesisproject. Since anthropometric and morphological
variables were measured but not fully incorporated into the published analyses, future
studies could investigate their relationship with BAT outcomes and their contribution to
the prediction of maximal oxygearptake. This would also support the refinement of
predictive models originally envisaged in the docttmakisproposal.

Future studies should also include larger samplgswider age rangef ballroom
style dancesport athletes in order to strengthen the statistical stability of the findings and
confirm the applicability of the BAT protocol within the same disciplilso, diferent
practical algorhithmshould be developed and tested on larger sartpkssable accurate
prediction of aerobic capacity, thereby allowing fieldased assessment without the need
to directly measurphysiological parameter¥{2max etc). Thiswould considerably
broaderapplicability of this field testin addition, longitudinal and interventidrased
studies are needed to determine whether the BAT protocol is sensitive to trathingd

adaptations and whether it can be used for-tengn monitoring of aerobic performance.

Finally, future research should examine additional physiological and perceptual
indicators that were envisaged in the initial docttrakisdesign, such as heart rate and
ratings of perceived exertion, in order to provide a more comprehensive understanding of
the demands captured by the BAT protocol. Together, these directions would further
strengthen the scientific and practical value oftdst in standardtyle dancesport athletes.
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ABSTRACT

Background. Although the existing field-based tests to assess functional capacity
in dancesport have been developed, most of them have been applied to ballet or
contemporary dancesport athletes at the individual level, while little evidence is available
for dancesport couples in standard dance disciplines. Therefore, the main purpose of
this study was to examine the test-retest reliability and usefulness of the progressive
Ballroom Aerobic Test (BAT) protocol for assessing aerobic performance.

Methods. Thirteen standard dancesport athletes (six pairs and one individual male
participant; age: 20.1 &+ 3.8 years; height: 175.0 &+ 8.2 cm; weight: 64.3 £ 9.7 kg;
males; age: 19.9 £ 3.7 years; height: 180.0 £ 4.7 cm; weight: 70.2 &+ 8.7 kg; body
mass index: 21.5 + 1.8 kg/m2 training experience: 8.6 & 5.1 years; females; age:
20.3 £ 4.0 years; height: 168.5 £ 6.5 cm; weight: 57.5 & 5.5 kg; body mass index:
20.2 £ 1.3 kg/m?; training experience: 8.5 & 3.4 years) took part in the study. All
participants were members of certified dancesport clubs who competed at national
and international levels. The BAT protocol consisted of five stages, each corresponding
to one of five standard dancesport disciplines (English Waltz, Slow Foxtrot, Tango,
Viennese Waltz, and Quickstep). A test-retest design, with one week between trials,
was used to examine the reliability measures. Ventilatory and metabolic parameters
were derived from MetaMax® 3B, a reliable and valid portable gas analyzer. Reliability
measures included Cohen D effect size (ES), intra-class correlation coefficient (ICC),
coefficient of variation (CV), typical error (TE) and smallest worthwhile change (SWC).
Results. No significant differences were observed between test and retest sessions
(P > 0.05). ESs ranged from trivial to small (0.00-0.47) with ‘very good’ to ‘excellent’
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reliability (ICC = 0.80-0.99; CV = 1.63—4.85%). The usefulness of the BAT protocol
was generally rated as “ok’ to ‘good’ for speed (TE = 2.76; SWC = 3.20; <), absolute
VO, (TE = 0.14; SWC = 0.15; <), respiratory exchange ratio (RER; TE = 0.02; SWC
= 0.02; =), tidal volume (VT = 0.06; SWC = 0.06; =), and dead space to tidal volume
ratio (VD/VT; TE = 0.01; SWC = 0.01; =).

Conclusion. Current findings suggest that the BAT protocol is a reliable and useful tool
for assessing aerobic capacity in standard-style dancesport athletes. Moreover, the BAT
protocol can accurately detect meaningful individual changes, particularly for speed
(3.20 bpm), absolute VO; (0.15 L*min~!), and VE (4.87 L). These results may assist
athletes and strength and conditioning coaches in monitoring and tracking ‘real’ time
changes to optimize the training process.
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INTRODUCTION

Dancesport performance has been categorized as a high-intensity intermittent exercise
requiring high levels of physical fitness (Koutedakis & Jamurtas, 2004). In addition to
technical requirements, the complexity of choreography makes physical preparedness
just as important as skill development (Ngo et al., 2024), with upper body muscular
and cardiovascular endurance identified as the best predictors of aesthetic performance
(Angioi et al., 2009). Although dancesport is composed of many disciplines, physiological
capabilities are crucial to sustaining the demanding daily schedules of training and
competition performance. Evidence suggests that aerobic capacity is one of the
key determinants of success in dancesport (5ol & Fredyk, 2012). For example, a
study by Rodrigues-Krause, Krause & Reischak-Oliveira (2015) showed that dancers’
cardiorespiratory requirements during both dancesport classes and performances were
equally important. However, aerobic capacity during rehearsals and/or classes exhibited
lower values than during competition. This suggests that, despite being a crucial factor
distinguishing successful from unsuccessful dancesport athletes (Malkogeorgos et al.,
2013), the discrepancy between training and competition in dancesport athletes might
limit the ability to improve or even maintain higher levels of cardiorespiratory physical
fitness (Nam, Park ¢~ Kim, 2024). The ability to efficiently uptake, transport and utilize
oxygen through physiological processes has been prioritized, as it directly influences
technical achievements, performance quality, and career longevity (Angioi et al., 2012).
However, both professional and student dancesport athletes tend to demonstrate lower
maximal oxygen uptake (VO,max) compared to other athletes (Baldari ¢~ Guidetti, 2001,
Tiemens et al., 2023). For instance, male dancesport athletes exhibit VO, max of 48.0
ml*kg™*min~, which is 20 to 50% lower than values reported in cyclic or complex team
sport activities (Cohen et al., 1982; Koutedakis ¢ Jamurtas, 2004). Another contributing
factor to VO, max improvements in dance may be related to its small ability to stimulate
positive cardiorespiratory adaptations (McCord, Nichols & Patterson, 1989). It has been
documented that increases in aerobic capacity are not related to class work, but rather
to the intensity and duration of performances (Wyon et al., 2004). Since the intensity of
specific (dance movements) or general (circuit) training regimes needs to be between 70
and 80% of an individual’s VO,;max and should last >20 min to enhance aerobic capacity,
progressive dance protocols to stimulate cardiorespiratory development are warranted.
In dancesport, measuring aerobic capacity with objective tools (heart rate monitors,
ergometry) is the cornerstone for planning training programs at the individual level
(Tiemens et al., 2023). Because of complex movement patterns and often strenuous
training and competition programs, energy pathways for both aerobic and anaerobic
requirements should be considered equally important (Maciejczyk ¢~ Fec, 2013). On the
other hand, literature suggests that physical performance can be a useful indicator of
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physiological tremor and fatigue (Kruusamie, Maasalu & Jiirimde, 2016; Mazur-Rozycka
et al., 2023), adding its practical ability to detect the level of endurance and deteriorating
effects of training and competition on dancesport performance (Ngo et al., 2024). The
necessity of determining an individual’s cardiovascular and respiratory capabilities may
be helpful in dosing the training load and primarily targeting positive aerobic output
during preparatory period. On the other hand, examining ‘maximal’ aerobic levels in
dancesport is quite difficult to achieve, because the nature of dance is non-competitive,
and the intensity is often set by a choreographer (Chatfield et al., 1990). Unfortunately,
well-established objective methods to assess aerobic performance, such as running- or
cycling-based ergometers, are expensive, difficult to administer and do not mimic complex
dancesport movements. Moreover, dancers may have biomechanical limitations during
running or walking, due to their limited dorsiflexion movements in the ankle and a
highly developed turn out of the feet, which may cause stress on the knee and hip joints
(Russell, 2013). Because of these limitations, previous studies have attempted to develop
on-field aerobic tests for dancesport. According to a systematic review by Tiemens ef al.
(2023), the most common cardiorespiratory fitness test protocols in dancesport include the
Aerobic Power Index (API) (Wallman et al., 2003), the Ballet-specific Aerobic Fitness Test
(B-DAFT) (Twitchett et al., 2011), the Dance Aerobic Fitness Test (DAFT) (Wyon ef al.,
2023), the High-Intensity Dance Performance Fitness Test (HIDT) (Redding et al., 2009),
and the Seifert Assessment of Functional Capacity for Dancers (SAFD) (Seifert et al., 2021).

Despite the fact that all tests exhibited ‘good’ to ‘very good’ test-retest reliability
properties, findings from these studies cannot be generalized to other dancesport
disciplines. Most studies recruited ballet (Twitchett et al., 2011), or contemporary (Wyon
et al., 2004) dancesport athletes, whose training routines and movement patterns differ
from those of standard dancesport practitioners (Ngo et al, 2024). Standard male (59.6
mPkg™"*min~") and female dancers (51.2 ml*kg™'*min~") tend to have higher average
VO,max values (Liiv et al., 2014), compared to ballet or contemporary dancesport athletes
(Wyon et al., 2004; Twitchett et al., 2011). Moreover, VO, max has been the most commonly
used variable to assess acrobic capacity (Wallman et al., 2003; Redding et al., 2009; Twitchett
et al., 2011; Wyon et al., 2023), while data regarding speed, ventilatory and metabolic
parameters have been rarely investigated. Finally, available field-based tests have been
developed at the individual level, and to the best of the authors’ knowledge, the test-
retest properties have not been evaluated simultaneously in dancesport couples. These
discrepancies between different dancesport disciplines, type of dancesport athletes and
physiological characteristics may affect the reliability properties of a given test. Notably,
for the abovementioned tests assessing aerobic performance, neither typical error (TE)
nor smallest worthwhile change (SWC) were calculated, limiting their usefulness in
real-time settings. TE indicates the random error associated with a measurement protocol,
while SWC represents the smallest worthwhile change that is practically relevant to an
athlete (Hopkins, 2004; Hopkins, 2007). Both measures allow us to determine if observed
performance changes in a certain variable are greater than the TE and the SWC, denoting
statistical significance and practical importance.
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The reliability and usefulness of a newly developed progressive dance test to assess
aerobic capacity would be of great importance for standard-style dancesport athletes and
their strength and conditioning coaches, allowing them to monitor and track training
intensity and duration for maximum efficiency. If results showed appropriate reliability
statistics with confirmatory usefulness, the new progressive test would better reflect the
true energetic state of dancesport athletes in both training and competitive conditions.
Based on the shortcomings of previously established dancesport tests, the main purpose
of this study was to examine the test-retest reliability of the Ballroom Aerobic Test (BAT)
for assessing aerobic capacity in dancesport athletes competing in standard dancesport
disciplines. The second purpose was to determine its usefulness in accordance with the
noise of the test results and measurement uncertainty using the magnitude of the SWC. We
hypothesized that the BAT test would yield ‘good’ reliability and could detect meaningful
changes in performance.

MATERIALS AND METHODS

Experimental approach

This observational, within-subject, test-retest sub-study was conducted to examine the
reliability properties and usefulness of the BAT in standard dancesport athletes. Portions
of this text were previously published as part of a study (Despot ¢ Plavec, 2025). In brief,
the study was part of a project titled ‘Construction and Validation of a Test Protocol to
Assess Aerobic Capacity in Dancesport Athletes from Standard Dance Styles.” (Despot ¢
Plavec, 2025). The project was divided into four segments to examine: (i) reliability and
usefulness; (ii) validity; (iii) sensitivity; and (iv) pragmatic validity of the BAT. For the
purpose of this study, the BAT protocol was performed on two separate occasions, one week
apart. The testing procedure was initiated during the preparatory period of dancesport
athletes. Measurements were performed by the same experienced researcher to minimize
possible measurement error. During both trials, the participants wore their standard dance
equipment (light T-shirt, tights, dance shoes). The air temperature conditions of the indoor
facility were controlled to be between 22 °C and 24 °C with the humidity of ~ 55%.

Study participants

Thirteen advanced standard dancesport athletes (six pairs and one male participant; age:
20.1 & 3.8 years; height: 175.0 &£ 8.2 cm; weight: 64.3 &= 9.7 kg) with >8 years of training
and competing experience participated in the study. As mentioned in a previous study
(Despot & Plavec, 2025), all participants were members of certified dancesport clubs who
competed at national and international levels. The inclusion criteria to enter the study were:
(i) being free from any kind of injury, acute or chronic illness and disease, as confirmed
by a certified dancesport association doctor; (ii) age range between 16 and 35 years; and
(iii) completing both measurements for reliability and usefulness properties of the BAT
protocol. The a-priori power analysis calculated by the G*Power software ver. 3.1.9.7
(Kang, 2021) showed that by setting the input parameters of a two-tailed « < 0.05, a
minimum required correlation between two occasions at r > 0.69 (Buchheit et al., 2011),
and statistical power of 1 — 8 = 0.80, the required total sample size was n=11. Before the
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study began, all participants had signed a written informed consent to participate in the
study and to allow their data to be used solely for scientific purposes. All procedures in
the study were anonymous and conducted in accordance with the Declaration of Helsinki
(World Medical Association, 2013). The Ethical Committee of the Faculty of Kinesiology
approved the study on 29 April 2020 (ethical code number: 77/2020).

Study variables

The same methodology to examine the psychometric properties of the BAT protocol has
been published elsewhere (Despot & Plavec, 2025). To examine the reliability properties
of the BAT protocol, we used the MetaMax® 3B (CORTEX Biophysik GmbH, Leipzig,
Germany), a reliable and valid portable breath-by-breath ventilatory and metabolic
measurement system specifically designed for field- and laboratory-based testing
(Macfarlane & Wong, 2012). The device consists of two parts designed to be worn on
the chest. By using an electrochemical cell and an infrared analyzer, the MetaMax® 3B
was able to calculate O, and CO; concentrations based on standard metabolic equations
(Wasserman et al., 1999). Following the manufacturer’s recommendations and previous
studies (Macfarlane & Wong, 2012), the system was turned on for at least 20 min and
calibrated prior to testing. The calibration process included adjusting the gas analyzers by
using reference gas values of O, (14.97%), CO; (4.96%) and N> (£ 0.02%) and volume
with a standardized 3-L syringe (5530 series, Hans Rudolph, Inc., Shawnee, KS, USA). The
MetaMax® 3B software generated data regarding absolute (L*min~!) and relative VO, max
(ml*kg~'*min—!) and associated variables including speed (bpm), respiratory exchange
ratio of CO; produced to O, consumed during metabolism (RER), expiratory ventilation
as the total volume of air inhaled or exhaled per min (VE; L*min™!), tidal volume as
the volume inhaled or exhaled during a normal breath (VT; L), breathing frequency (BF;
bpm), VO, andBF norms calculated from referent values provided by the MetaMax® 3B
(%), ventilatory equivalents for O, (VE/VO,) and CO, (VE/VCO,) as determinants of
breathing efficiency, and dead space to tidal volume ratio (VD/VT), which indicated the
air that failed to participate in Oz and CO; exchange process during breathing.

The BAT protocol

Of note, portions of this text were previously published as part of a study conducted
by Despot & Plavec (2025). To assess the level of aerobic capacity of dancesport athletes,
we constructed a field-based BAT protocol. The protocol was standardized across five
standard dancesport disciplines according to the World DanceSport Federation (Premeld
et al., 2019) in the following order: (i) English waltz; (ii) Slow foxtrot; (iii) Tango; (iv)
Viennese waltz; and (v) Quickstep. Each dancesport discipline included multiple levels of
dancing that were progressively linked, where the speed of dancing (tempo) was defined
both by individual beats per minute (bpm), and by beat (bars per minute-BPM) which
denote rhythm. The English waltz consisted of six levels, danced in 3/4 time in the range
of 25-37 BPM or 75-110 bpm. The Slow foxtrot included five levels, danced in 4/4 time in
the range of 29-36 BPM or 117-145 bpm. The Tango had five levels, danced in 4/4 time
in the range of 38-45 BPM or 152-180 bpm. The Viennese waltz was performed through
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Table 1 The BAT dance protocol for every dance style.

Dance styles Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6
English waltz

Beats 75 82 89 96 103 110
Time 30s 60s 1.5 min 2 min 2.5 min 3 min
Slow fox

Beats 117 124 131 138 145

Time 3.5 min 4.0 min 4.5 min 5.0 min 5.5 min

Tango

Beats 152 159 166 173 180

Time 6.0 min 6.5 min 7.0 min 7.5 min 8.0 min

Viennese waltz

Beats 187 194 201

Time 8.5 min 9.0 min 9.5 min

Quick step

Beats 208 215 222 229 236 243
Time 10.0 min 10.5 min 11.0 min 11.5 min 12.0 min 12.5 min

three levels, danced in 3/4 time in the range of 62-67 BPM or 187-201 bpm. Finally, the
Quickstep consisted of six levels, danced in 4/4 time in the range of 52-60 BPM or 208243
bpm. At each level, dancesport couples had to perform standard dance figures for 30 s at
a prescribed tempo without accompanying music (Table 1). We did not include music,
as studies have shown that it may significantly impact both physical and psychological
performance, by increasing the ratings of pleasure and emotional arousal during more
complex musical pieces (Salimpoor et al., 2009), affecting the autonomic nervous system
(Lundqvist et al., 2009), and altering the rhythm of movements (Hu, Li & Liu, 2022), all of
which are contributing factors to dancesport performance. The speed expressed in beats
progressively increased throughout the protocol by seven BPM. The initial speed of the
dancesport protocol was set at 75 bpm. Participants danced to a predefined dance tempo
and rhythm using a metronome. The elements of each dancesport discipline were basic
and easy to perform, while dancesport couples were free to create their own choreography.
The duration of the BAT protocol was cumulatively added up and each pair danced until
exhaustion.

Data analysis

Shapiro—Wilk’s (S—W) test was used to assess data normality. Data were checked for critical
W values, Q-Q plot inspection, and the homogeneity of the variance was confirmed using
the Leven test. If the calculated W value was larger than the tabulated W value, this denoted
that we did not reject the null hypothesis. All variables included in further analysis were
assumed to follow a hypothetical normal distribution, so data were presented as means and
standard deviations (SD) with 90% confidence interval limits (90% CI). The magnitude of
change between the two measurements (T0 and T1) were examined using a standardized
mean difference with the following effect size (ES) proposed by Hopkins, Schabort ¢
Hawley (2001): trivial (ES < 0.2), small (0.2 < ES < 0.5), moderate (0.5 < ES < 0.8), large
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(0.8 < ES < 1.6), and very large (ES > 1.6). The reliability statistics between pre- and
post- measurements were determined using three parameters: (i) intraclass correlation
coefficient (ICC), (ii) typical error (TE) expressed as coefficient of variation (CV%), and
(iii) smallest worthwhile change (SWC), calculated using an Excel spread sheet provided
by Hopkins (2007). Based on the 90% CI of the ICC estimate provided by Koo ¢ Li (2016),
the ICC strength was described as ‘poor’ (ICC < 0.5), ‘moderate’ (0.5 < ICC < 0.75),
‘good’ (0.75 < ICC < 0.9), and ‘excellent’ (ICC > 0.9). The CV% was calculated as the
ratio of the SD to the mean and multiplied by 100, while the SWC as the between-subject
SD multiplied by 0.2, according to ES. According to Hopkins (2004), the usefulness of a
given variable was determined by comparing TE and SWC, and categorized as ‘marginal’
(TE > SWC), ‘ok’ (TE = SWC), and ‘good’ (TE < SWC). The criteria for considering
reliability statistics as ‘adequate’ was CV < 5% and ICC > 0.69 (Buchheit et al,, 2011). All
statistical analyses were performed in SPSS v27.0 software (IBM, Armonk, NY, USA) with
an alpha level set a priori at p < 0.05 to denote statistical significance.

RESULTS

Basic descriptive statistics of the study participants are presented in Table 2. Men were
significantly taller and heavier compared to women. However, no significant differences
were observed in age (t—value = 1.026, ES = 0.10), BMI (t—value = 1.374, ES = 0.72) and
training experience (¢—value = 0.029, ES = 0.02).

Table 3 presents the reliability statistics of aerobic capacity measures obtained by
MetaMax® 3B portable spiroergometric device. Test-retest data showed no significant
pre—post differences (P > 0.05) in speed (pre = 220.54 + 16.19bpm; post =214,92 + 15.76
bpm), absolute VO, (pre = 3.16 & 0.63 L*min™!; post = 3.06 & 0.67 L*min™!), relative
VO, (pre = 49.22 + 5.84 ml*kg~"*min~!; post = 47.33 & 6.28 ml*kg~"*min—!), RER
{pre = 1.02 &£ 0.05; post = 1.02 £ 0.05), VE (pre = 102.95 £ 25.09 L*min~"'; post =
98.09 & 23.53 L*min~ 1), VT (pre = 1.88 + 0.29 L; post = 1.78 &+ 0.29 L), BF (pre =
55.08 & 9.18 bpm; post = 54.85 & 8.46 bpm), VO,—norm (pre = 117.54 £ 18.36%; post =
112.00 £ 18.27%), BF—norm (pre = 32.31 £ 9.58%; post = 33.62 £ 9.62%), VO/VO; (pre
=30.87 £ 2.84; post = 29.82 £ 2.34), VO/VCO; (pre = 30.27 & 2.84; post = 30.64 £ 3.44)
and VD/VT (pre = 0.14 £ 0.02; post = 0.14 £ 0.01).

DISCUSSION

The main purpose of his study was to examine test-retest reliability properties and usefulness
of the progressive BAT protocol for assessing aerobic capacity in athletes of standard
dancesport disciplines. Findings suggest that the BAT protocol is a reliable new method
based on objectively measured ventilatory and metabolic outcomes derived from the the
MetaMax® 3B portable device. In general, trivial to small ESs were observed between two
occasions. The proposed criteria for ‘adequate’ reliability were met, with CV values for
all the study variables < 5% (1.63 < CV < 4.85) and ICC values > 0.69 (0.80-0.99). The
usefulness analysis of the BAT showed that the majority of variables were rated as ‘ok’ or
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Table 2 Basic descriptive statistics of the study participants.

Study variables Total (n=13) Men (n=7) Women (1#=6) P
Mean + SD Mean + SD Mean + SD
Age (years) 20.1 £ 3.8 203+ 4.1 1994+ 3.5 0.254
Height (cm) 175.0+ 8.2 180.6+ 4.7 168.5+ 6.5 0.003
Weight (kg) 64.3 £ 9.7 70.2+ 8.7 575+ 55 0.010
BMI (kg/mz) 209+ 1.7 2154+ 1.8 202+ 1.3 0.197
Experience (years) 85+ 4.2 8.64 5.1 85+ 3.4 0.977
Notes.
*denotes significant differences between men and women (P < 0.03).
Table3 Reliability measures for the MetaMax® 3B aerobic outcomes.
ES Mean diff. ICC CV% TE SwC Rating
(90% CI) (90% CI) (90% CI) (90% CI) (90% CI)
Speed 0.35 —5.62 0.98 1.83 2.76 3.20 Good
(bpm) (small) (—7.55; —3.68) (0.94; 0.99) (1.10; 2.48) (2.09; 4.19) (2.41; 4.84)
Absolute VO, 0.15 —0.1 0.96 4.40 0.14 0.15 Good
(L*min~") (trivial) (—0.20; —0.01) (0.90; 0.99) (2.70; 6.00) (0.10; 0.21) (0.10; 0.20)
Relative VO, 0.31 —1.90 0.89 4,52 2.14 1.21 Marginal
(ml*kg~"*min~") (small) (—3.40; —0.40) (0.71; 0.96) (2.90; 6.00) (1.61;3.24) (0.92; 1.85)
RER 0.00 0.00 0.86 1.63 0.02 0.02 Ok
(trivial) (—0.02; 0.01) (0.67; 0.95) (1.00; 2.30) (0.02; 0.03) (0.01; 0.03)
VE 0.20 —4.85 0.97 485 4.61 487 Good
(L*min~") (small) (—8.07; —1.63) (0.92; 0.99) (3.34; 6.40) (3.48; 6.98) (3.68;7.37)
VT 0.33 —0.09 0.96 4.32 0.06 0.06 Ok
(L) (small) (—0.14; —0.05) (0.91; 0.99) (3.205 5.64) (0.05; 0.09) (0.04; 0.09)
BF 0.03 —0.23 0.90 4.57 3.11 1.77 Marginal
(bpm) (trivial) (—2.41;1.94) (0.74; 0.96) (2.99; 6.68) (2.35;4.71) (1.33; 2.68)
VO,-norm 0.30 —5.54 0.98 3.91 3.06 3.60 Good
(%) (small) (—7.68; —3.40) (0.94; 0.99) (2.80; 5.00) (2.31; 4.64) (2.77; 5.55)
BF-norm 0.14 1.31 0.99 471 1.30 1.92 Good
(%) (trivial) (0.40; 2.22) (0.96; 0.99) (3.00; 6.26) (0.98; 1.97) (1.45;2.91)
VE/VO, 0.47 —1.05 0.86 3.62 0.98 0.48 Marginal
(small) (—1.74; =0.37) (0.66; 0.94) (2.78; 4.38) (0.74; 1.49) (0.36; 0.72)
VE/VCO; 0,10 0.37 0.80 3.83 1.52 0.63 Marginal
(trivial) (—0.69; 1.43) (0.54; 0.92) (2.56; 5.40) (1.15;2.30) (0.48; 0.96)
VD/VT 0.00 0.00 0.82 4.40 0.01 0.01 Ok
(trivial) (0.00; 0.01) (0.58; 0.83) (2.44; 6.38) (0.01;0.01) (0.00; 0.02)

Notes.

ES, effect size; ICC, intraclass correlation co

cfficient; CV, coefficient of variation; TE, typical error; SWC, smallest worthwhile change; CI, confidence intervals.

‘good’, indicating that the test is sufficiently sensitive to detect the smallest meaningful

change.

Results from this study were considered in the context of previous studies aiming

to develop and investigate the reliability statistics of field-based dancesport tests for

measuring aerobic capacity (Wallman et al., 2003; Redding et al., 2009; Twitchett et al.,
20115 Seifert et al., 2021; Wyon et al., 2023). In the study by Wallman et al. (2003), the
API test showed ‘good’ test-retest reliability for aerobic output (ICC = 0.98; mean diff.
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= 0.02 &£ 0.16 W*kg’l; CV = 3.87%), rate of perceived exertion (RPE; ICC = (.94,
mean diff. = 0.05 + 2.10 a.u.; CV = 6.74%) and VO;max (ICC = 0.98; mean diff. =
0.41 £2.13 ml*kg~"*min~'; CV = 4.63%). In another reliability study, the B-DAFT
dancesport protocol produced an almost perfect correlation between the two trials (r

= 0.998) with the 95% limits of agreement calculated from the Bland-Altman plots to
be + 6.2 ml*kg~ *min~! (Twitchett et al., 2011). Redding et al. (2009) reported somewhat
poorer agreement values for the HIDT, ranging from 0.80 between bouts of each trial and
0.82 between the four trials for maximal heart rate (HRmax), VO, and blood lactate. A
3-min stage SAFD test for collegiate dancers exhibited moderated to excellent reliability for
time (ICC = 0.85), VO,peak (ICC = 0.92), RER (ICC = 0.50), HR (ICC = 0.86), blood
lactate (ICC = 0.52) and RPE (ICC = 0.80) with no significant differences between the
two trials (Seifert et al, 2021). In current dancesport practice, the most widely used tool to
assess aerobic capacity has been the DAFT (Wyon et al., 2023), a 4-min five stage test with
a 5 ml*kg~"*min~" bandwidth within each stage. Although the authors failed to provide
the ICCs for VO,;max and HRmax as the outcome variables of the telemetric gas analyzer
(COSMED K4 b2, Ttaly), the CV for VO,max and HRmax ranged from 1.4 to 6.0% and 1.5
to 3.5% between stages, indicating adequate reliability (Wyor et al., 2023). Indeed, VO, is
the most common functional parameter for assessing consumption in dancesport athletes
(Tiemens et al., 2023). Thus, our findings indicated that the ICCs for absolute and relative
VO, were 0.96 and 0.89, which is in line with the abovementioned evidence. However,
we noted that the CV was <5%, which was somewhat lower than the data reported for
the DAFT test. Although some studies have suggested that the guidelines for reliability
statistics are ICC > 0.80, moderate CV of < 10%, and small ES (<0.60) (Atkinson ¢ Nevill,
1998; Hopkins, 2000), we additionally strengthened the inclusion criteria to insure the test
is reliable and pragmatic in real-time settings. Thus, our newly developed BAT protocol
appears to be a reliable measure for testing aerobic capacity and its components.

Data from this study also showed that the BAT protocol yielded appropriate sensitivity
to detect meaningful changes following performance. Unfortunately, this is the first study
to have calculated TE and SWC. When observing the findings in Table 3, ‘ok’ to ‘good’
usefulness was presented for speed, absolute VO,, RER, VE, VT, VO, and BF norms and
VD/VT, while relative VO, BF, VE/VO; and VE/VCO, were deemed ‘marginally’ useful,
as the TE was larger than the SWC. Changes in relative VO, (1.21 ml*kg™'*min~!), BF
(1.77 bpm), VE/VO; (0.48) and VE/VCO; (0.63) should be interpreted with caution, as the
TE surpassed the SWC for capturing individual changes. Nevertheless, a higher proportion
of variables were rated as ‘ok’ or ‘good’, confirming the BAT protocol as a useful test for
aerobic performance monitoring. Although this study aimed to examine the test-retest
reliability and usefulness of the BAT protocol, it is not without limitations. Sensitivity
analysis calculated from the G*Power indicated that the appropriate sample size to detect
ICC > 0.69 between the two occasions was 1 = 11, but we cannot exclude the possibility
of insufficient statistical power. Additionally, training experience in dance ranged from 6
to 20 years, increasing the heterogeneity at both individual and dancesport couple levels.
Because of the small sample size, we were unable to examine the differences based on
experience.
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