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Kinematic evaluation of contrary body movement
in sport ballroom dancing

SZYMON KULIŚ*, JAN GAJEWSKI

Faculty of Physical Education, Józef Piłsudski University of Physical Education, Warsaw, Poland.

Purpose: The aim of the study was to analyse the contrary body movement in Viennese waltz performed by dancesport athletes and
to determine its relationship on scores awarded by the adjudicators. Methods: Six high-level and six intermediate dance couples took part
in the study. Each couple performed three identical series of three natural turns figure in the Viennese waltz. All of them were recorded
on camera while performing to music. All the trials of each couple were evaluated by 6 international adjudicators as to the technical
quality component from the Absolute Judging System. A device for measuring triaxial rotational angular velocities was mounted on the
dorsal part of the pelvic girdle and on the back of the chest of each athlete. Results: An analysis of covariance revealed that the mean
squares of the difference in angular rotation velocity of the pelvic girdle and thoracic spine of the tested dancers were strongly associated
with scores given by the adjudicators (F1.9 = 11.5, p = 0.0240, ηp

2 = 0.449) independently of the assignment to the given group. Conclu-
sions: The analysis and comparison of top level and intermediate athletes showed that the suggested method of measurement, presenta-
tion and analysis of the profile motion of pelvic girdle and chest motion may become a good tool for a general evaluation of the move-
ment technique as well as a quick and effective qualitative and quantitative biomechanical assessment of selected components of
movement technique in dancesport.

Key words: dancesport, kinematic, dance, technique, ballroom dancing

1. Introduction

Given the continuous development of the World
Federation of DanceSport and its desire to include
dancesport among the Olympic disciplines, the im-
provement of the judging system used to determine
the winners in competitions has recently become one
of its most important objectives [7], [12], [18]. The
World DanceSport Federation does its best to con-
tinuously improve its judging methods and systems in
attempt at making them more transparent, clearer, and
also strives at eliminating any possible ambiguity in
the process [8], [20], [31]. The new assessment sys-
tem and method developed on the basis of the system
used in skating appears to be objective. However, the
available literature sources indicate that the dance
definitions and assessment components and subcom-

ponents included encompassed by it, as well as their
scale, require a much more detailed description [19].
Contrary, rolling and swinging movements are the main
components of the body action assessment subcompo-
nent, and are considered by experts to be the three
fundamental motions that are particularly taken into
account in the judging process [13]. The current state
of knowledge related to dancesport does not provide
answers to questions as to the strict kinematic de-
scription of the movement of the best sports dancers
in standard style [17], [36]. Kinematic evaluation of
selected movements during the dance performed
by top-level class competitors using accelerometers
may prove its usefulness in teaching dance couples the
technique of movement, as well as in quantitative
technical evaluation of their dance [3], [10]. Hypotheti-
cally, the kinematic description of the best couples
could contribute to developing a movement pattern of
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a champion and, in the long run, help the adjudicators
in an effective and objectified assessment of dance
couples. The present study is the first one which pro-
poses a quantitative approach to the description of dance
technique. In qualitative terms, the importance of con-
trary movements has already been hinted at many times
by other researchers. Literature sources dedicated to
movement technique suggest that in standard dances
contrary body movements are considered to be one of
the most important movements performed during the
dance [15], [24]. The current state of knowledge sug-
gests that the relationship between the technical per-
formance of individual dance actions and the judges’
assessment has not yet been investigated. For this
reason, the aim of the study was to analyse the con-
trary body movement in Viennese waltz performed by
dance sport couples and to determine its relationship
on the marks given by the adjudicators.

2. Materials and methods

2.1. Participants

A total of twelve sport dance couples participated
in the study. All respondents were informed about the
purpose and method of the study and the possibility of
resigning without having to provide reasons at any
stage of the study and gave their written consent to
participate in the project. The ethical approval for this
study was given by the local ethical committee at
Józef Piłsudski Academy of Physical Education (SKE
01-13/2022). In order to obtain the movement pattern,
six couples from the adult category from the champi-
onship group were examined. All competitors in this
group hold the highest sport class (international class)
and are champions or vice champions of their coun-
tries (Lithuania, Poland, Russia, Romania). The sur-
veyed competitors represent the world’s top level in

standard style. The remaining six polish couples par-
ticipating in the study were intermediate level who
compete at a national level. This group is character-
ised by an intermediate sport level. All the participants
had lack of injury in the last six months. In Table 1, the
basic characteristics of the top-level and intermediate
groups are shown.

2.2. Accelerometric measurement
of kinematic characteristics

in natural turn in Viennese waltz

Four three-component accelerometers with a digi-
tal recorder were used to measure the angular velocities
of the thoracic spine section and the pelvic girdle section
of the tested dancers. (ZPP-3D/BC; JBA Zb. Staniak)
[29]. Measurements were carried out of the velocity
vector component of the angular motion of the pelvic
girdle (x1) and thoracic spine (x2) around the vertical
axis. The measuring device was placed on the subjects
bya person trained by the producer of the equipment.
Calibration of the equipment has been done according
to the manufacturer's instructions. The measurement
time was 90 seconds for each trial. The sampling rate
was 200 Hz. The angular velocities were measured
while the dance couples performed a clockwise turn
after ten minutes warm up. This is a basic figure from
the Viennese waltz called the “natural turn” [27]. All
couples in the top-level and intermediate groups per-
formed identical three series of full three natural turns
along a straight line in the gymnasium. The sport cou-
ples danced to the rhythm of music at a tempo of 60 bars
per minute. In addition, each of the three repetitions
was recorded with a camera in 4K quality, 30 fps. All
the dance couples’ rehearsals were assessed by six
adjudicators, holding an international judging licence
of the WDSF federation. The judges evaluated each
of the three competitors’ dance repetitions according
to the criterion of technical quality on a scale from 1

Table 1. Average values (SD) of age, body mass, training experience and BMI of competitors
from the top-level group and intermediate group

Top Level Group Intermediate group

Males (n = 6) Females (n = 6) Males (n = 6) Females (n = 6)
Age [years] 31 ± 3.6* 28 ± 3.9* 20 ± 2.4 19.7 ± 2.0
Body height [cm] 182 ± 3.8 170 ± 6.3 181.5 ± 3.4 170.8 ± 4.9
Body mass [kg] 71.3 ± 3.0 52.7 ± 4.0 72.7 ± 4.1 52.8 ± 5.7
BMI 21.6 ± 1.0 18.2 ± 0.4 22.1 ± 1.3 18.1 ± 1.3
Training experience [years] 22 ± 2.6* 19 ± 3.1 11.8 ± 1.5 12.7 ± 2.1

Different than in intermediate level group: * – p < 0.05.
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to 10 in accordance with the Absolute Judging System
(AJS). Given the fact that the first natural turn is com-
bined with a preparatory movement and the last one
with a halting movement, it was decided that only
each second natural turn of the tested couple should
be taken into account in an analysis of kinematic
characteristics of the dance and the judges’ assess-
ment. The scheme of the test and the positioning of
the judges are shown in Fig. 1.

Fig. 1. Schematic of accelerometric measurement
of the natural turn kinematic characteristics of the Viennese waltz

2.3. Arrangement of recorders

The triaxial acceleration and triaxial rotation an-
gular velocity recorders were placed in foam stabili-
sation pads and arranged on the dorsal part of the pel-
vic girdle (sacroiliac joint) and on the thoracic region
(Th5) of the spine of the studied dancers by experi-

enced and trained researcher. Stabilisation pads with
accelerometers were fixed with the use of an elastic
band (Fig. 2). Equipment calibration was performed
after the mounting of the equipment on the tested
subjects.

2.4. Statistical analysis

The following variables were distinguished to carry
out the analysis: mean difference of squares of angular
velocity waveforms x1 and x1 (C) in women and men:
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where t – time, T – time of execution of a contrary
movement as well as minimum, mean, maximum and
standard deviation values of angular rotation veloci-
ties in relation to the vertical axis of the pelvic girdle
(x1) and angular rotation velocities in relation to the
vertical axis of the thoracic spine (x2). Given the
small size of the study group, a decision was made to
use the non-parametric Mann–Whitney test to com-
pare the achieved values of the kinematic criteria for
assessing the technique of dancers from the top-level
and intermediate groups and, as an indicator of the
effect size, Glass’s biserial correlation coefficient. The
dependence of judges’ scores on the quantitative pre-
dictor studied (accompanying variable) and group
membership (champion, intermediate levels) was ex-
amined by performing an analysis of covariance
(ANCOVA). Selected variables describing dance kine-
matics were used as accompanying variable. The volume
of the effect was appraised using the partial value of eta
square )( 2

p . The concordance of the mean courses of
angular velocities of dancers from both studied groups
was compared using Spearman’s rank correlation coef-
ficient. The concordance of the marks awarded by the
adjudicators was checked using the Friedman test and
Kendall’s concordance coefficient. The significance
level was set at  = 0.05. The statistical analysis was
performed using Statistica 13.0.

3. Results

3.1. Scores given by adjudicators

In Table 2, the average scores given by the judges
for each couple from both groups are collected.

Fig. 2. Mounting of accelerometers on the thoracic spine
and dorsal part of the pelvic girdle [own study]
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The judges agreed that champion level dance
couples differed from those in the intermediate level
with regards to the technical quality component. The
Kendall concordance coefficient of the ratings for
both groups combined was K = 0.992 ( p = 0.0006).
High concordance of the ratings given by the judges
was shown in both the top-level group (K = 0.981,
p = 0.0117) and the intermediate group (K = 0.975,
p = 0.0121).

The champion level group was shown to differ sig-
nificantly from the intermediate level group in mean
x2 (Z = 2.00, p = 0.0411, R = 0.722) and maximum
angular rotation velocities of the thoracic spine seg-
ment x2 (Z = 2.16, p = 0.0260, R = 0.778). It should
be emphasised that significant differences have been
ascertained between the male groups in the mean
sums of squares of the differences in pelvic rotation
angular velocity (ωx1) and thoracic spine rotation an-
gular velocity x2 signals (Z = 2.48, p = 0.0087, R =
0.889). An analysis of covariance revealed that the
mean squares of the signal difference were strongly
associated with the judging score obtained (F1.9 = 11.5,
p = 0.0240, 2

p  = 0.449). In Figures 2 and 3, examples
of the mean angular velocity waveforms x1 and x2
during the execution of the contrary movement of men

Fig. 3. Mean courses of angular velocity x1 and x2
during the execution of contrary movement of men

from the championship level group in the forward step:
x1 – angular rotation velocity in relation to the vertical axis

of the pelvic girdle, x2 – angular rotation velocity
in relation to the vertical axis of the thoracic spine

from the champion and intermediate level group in the
forward step are shown.

Fig. 4. Mean courses of angular velocity x1 and x2
during the performance of contrary movement by men

from the intermediate group in step forwards:
x1 – angular rotation velocity in relation to the vertical axis

of the pelvic girdle, x2 – angular rotation velocity
in relation to the vertical axis of the thoracic spine

The characteristics of mean changes in x2 signal
velocity in men from the champion and intermediate
level groups points to a high correlation (R = 0.939).
However, it was found that the maximum angular
rotation velocity of the thoracic spine of men in the
champion group is reached at the final step. The dif-
ference in achieved angular rotation velocity between
the first and last signal is higher.

A negative, statistically significant correlation
(R = –0.457) was recorded between the courses of
angular velocities x1 in men from both groups: top-
level and intermediate dancers. This indicates differ-
ent technical performance of the contrary movement
by the groups of men (Figs. 2 and 3).

3.2. Contrary body movement
of women in forward step

Significant differences between groups were ob-
served for the mean sums of squares of the differences in
courses (x1 and x2) (Z = 2.48, p = 0.0087, R = 0.889).

Table 2. Judges’ average scores for the technical quality component from three repetitions
for each pair in the top-level (CH) and intermediate (IL) groups

CH group IL group
Mean
assessment 9.83 9.46 9.46 9.14 8.79 8.19 3.43 3.17 2.63 3.04 3.18 2.85
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It has also been proven that mean squares of the dif-
ference of courses of x1 and x2 in contrary move-
ment obtained by women from the top-level group are
strongly correlated with the awarded score by the
judges (F1.9 = 11.5, p = 0.0079, 2

p  = 0.562). How-
ever, no significant differences were found for the
other analysed variables. In Figures 4 and 5, examples
of mean values of the angular rotation velocity com-
ponents (x1 and x2) in the first step of natural turn of
women in the champion level group (M) and the in-
termediate group (S) are presented.

Fig. 5. Illustrative mean courses of angular velocity x1 and x2
during contrary movement of women from the top-level group

in step forwards: x1 –angular rotation velocity
in relation to the vertical axis of the pelvic girdle,

x2 – angular rotation velocity in relation to the vertical axis
of the thoracic spine

Fig. 6. Illustrative mean courses of angular velocity x1 and x2
during contrary movement of women from the intermediate group

in step forwards: x1 – angular rotation velocity
in relation to the vertical axis of the pelvic girdle,

x2 – angular rotation velocity in relation to the vertical axis
of the thoracic spine

The mean courses of angular velocity x2 in women
from the top-level and intermediate groups were found

to show significant similarity and correlate strongly
with each other (R = 0.751), and the maximum veloc-
ity x2 in women from the top-level group is higher
than in women from the intermediate group. The
curves of angular velocity x1 in women from the top-
level and intermediate groups are different and corre-
late negatively (R = –0.321) – at times when x1
reaches higher values for the top-level group, lower
values occur for the intermediate group.

3.3. Contrary body movement
in backward step in men

Significant differences were ascertained in the
minimum velocities of the x1 signal (Z = 2.32; p =
0.0152; R = 0.833) and the minimum velocities of the
x2 signal (Z = 2.00; p = 0.0411; R = 0.722). The
mean angular velocity waveforms x1 and x2 in the
intermediate group indicated a high statistically sig-
nificant similarity (R = 0.707). Such a significant re-
lationship was not observed among men from the top-
level group. The correlation between the studied sig-
nals of x1 and x2 of men from both groups is low:
(R = 0.287) for the angular velocity of the pelvic gir-
dle (x1) and (R = 0.291) for the angular velocity of
the thoracic spine (x2).

3.4. Contrary body movement
of women in backward step

Significant differences were demonstrated for the
minimum (Z = 2.64, p = 0.0043, R = 0.944) and mean
values of the x1 signal (Z = 2.64, p = 0.0043, R =
0.944). The mean velocity waveforms of the x1 and
x2 signals of women in the top-level group exhibited
substantial similarity (R = 0.538). No other significant
relationships were identified between these wave-
forms in women in the top-level and intermediate
groups.

3.5. Comparison of contrary
body movement performed by women

and men in forward step

A significant correlation was observed between
mean angular velocities of the pelvic girdle in men
and women (x1) from the top-level and intermediate
groups. In the top-level group of dancers, the correla-
tion between the waveforms was R = 0.780, and in ath-



S. KULIŚ, J. GAJEWSKI124

letes of the intermediate group it equalled to R = 0.491.
Spearman’s correlation between the mean courses of
angular velocities of the male and female thoracic
spine (x2) in dancers from the top-level group was
R = 0.903. Among the intermediate group dancers,
a lower correlation was ascertained (R = 0.532). The
concordances in the angular velocity waveforms of
female and male dancers in the top-level group were
found to be higher than in the intermediate level cou-
ples, which suggests that male and female dancers in
the top-level group perform forward contrary body
movements more concordantly than male and female
dancers in the intermediate group. No significant dif-
ferences were observed between women and men in
forward movement in both groups.

3.6. Comparison of contrary
body movement performed by women

and men in backward step

Among the male and female dancers in the cham-
pionship group, significant differences have been as-
certained in the angular rotation velocity of the tho-
racic spine (x2) (R = 0.581). On the other hand, no
significant similarity was discovered between female
and male dancers in the angular rotation velocities of
the pelvic girdle (x1) in backward step. As regards
courses of angular rotation velocities of the thoracic
spine (x2), no significant differences have been as-
certained between men and women in the intermediate
group, however, a significant negative correlation was
observed between the courses of pelvic rotation ve-
locities (x1), which amounted to R = –0.407. Angular
rotation velocity in relation to the vertical axis of the
pelvic girdle of men and women in the intermediate
group is characterized by significant differences of
mean values x1 (Z = 2.16, p = 0.0260, R = 0.778) and
maximum ones x1 (Z = 2.00, p = 0.0411, R = 0.722).
It was found that, with respect to the vertical axis of
the thoracic spine (x2), dancers from the intermediate
group differed significantly in the achieved mean val-
ues (Z = 2.32, p = 0.0152, R = 0.833), minimum ones
(Z = 2.48, p = 0.0087, R = 0.839) and maximum ones
(Z = 2.48, p = 0.0087, R = 0.889) with respect to an-
gular rotation velocities x2. Among female and male
dancers in the top-level group, significant differences
were ascertained only in the minimum rotation speeds in
relation to the axis of the thoracic spine (x2) (Z = 2.00,
p = 0.0411, R = 0.833). No significant differences
have been ascertained in the remaining criteria of the
master group. This suggests that women and men in

the top-level group perform the contrary body move-
ment in the backward step in a more consistent way
than women and men in the intermediate group.

4. Discussion

This paper is one of the first investigations where
dance sport technique is scientifically examined. Techni-
cal preparation is expressed in the form of mastered
specialised movement skills and is fundamental in any
sport [11]. Soraka and Sapezinskiene [28] and Xiaoxi
[32], emphasise that the economy and effectiveness
of a dance technique result from the interaction of
many factors. Literature indicates that when consid-
ering a particular movement technique, it is necessary
to refer to a hypothetical movement pattern [23]. The
literature source were found to point out that the aim
in the process of long-term training should be to bring
the athlete’s technique closer to the model of a cham-
pion [9]. Therefore, in this study, a kinematic analysis
was carried out of angular velocities of selected body
points in semi-finalists and finalists of the world cham-
pionships, taking their movement as a model. The
choice of the tested group of top-level group dancers
can be considered the most reasonable.

4.1. Contrary body movement of men
and women made in forward step

According to literature sources that describe the
movement technique in standard dances, contrary body
movement is considered one of the most important
motions performed during a dance [6], [25]. Com-
petitors in the top-level group received higher scores
from judges with respect to the technical quality com-
ponent. The value of these scores can be confirmed by
the obtained results of kinematic variables. Men from
the top-level group achieved statistically higher mean
and maximum angular rotation velocities of the tho-
racic spine segment (x2) than males dancing in the
intermediate group. The correct execution of the con-
trary movement by dancers from the top-level group is
also proven by the significant difference in the mean
sum of squares of the differences in signals between
the angular rotation velocity of the pelvic girdle (x1)
and the angular velocity of the thoracic spine segment
(x2). The contrary body movement of men and
women of the top-level group was found to be per-
formed more accurately in contrast to their counter-
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parts of the intermediate group. This phenomenon im-
plies that the way the contrary body movement is per-
formed in a dance, especially through the thoracic spine
section (x2), is an element that has a direct influence
on the judges’ higher scores. This was also confirmed
by the analysis of covariance. The results of our own
study confirm the theory of contrary body movement
technique given by Sietas et al. [27].

The mean curves of angular rotation velocity of
the thoracic spine (x2) of men from the top-level and
intermediate groups are highly correlated (R = 0.939).
The high correlation indicates a high similarity of the
movement performed by men from both groups.
However, the maximum velocity of angular rotation
of the thoracic spine (x2) is reached by the men of the
champion group in the final part of the first step, and
the difference in angular rotation velocity between the
first and last part of this step is greater. Concurrently,
it was also noted that the courses of the angular ve-
locity of the pelvic girdle (x1) in men from the cham-
pion and intermediate groups showed a significant
negative correlation (R = –0.457). This indicates that
the dancers’ pelvic girdle movement is not uniform or
even reversed, and that the moment of reaching the
maximum angular rotation velocity in relation to the
vertical axis is different. Dancers in the top-level
group are characterised by a higher degree of motor
coordination. This is evident during the performance
of a combination of the contrary body movement and
the simultaneous transfer of the body weight from the
left leg to the right leg when performing the first step
in a natural turn. In dancers from the intermediate
group, the angular rotation velocities of the thoracic
spine (x2) were found to be higher, but their move-
ment was characterised by relatively small velocity
differences in relation to the angular rotation veloci-
ties of the pelvic girdle (x1). When analysing the
courses of angular rotation velocity of the thoracic
segment (x2) in groups of women from the champion
and intermediate groups, a high correlation (R = 0.751)
was found between these courses. Despite the similar
performance of the contrary movement by women from
the champion and intermediate groups, it was noted
that the maximum angular velocities of the thoracic
segment of the spine of dancers from the champion
group were significantly higher than those of women
from the intermediate group. An interesting finding
was the observed negative significant correlation of
the courses of angular velocities of the pelvic girdle
(x1) in women from the champion and intermediate
groups (R = –0.321). This phenomenon certainly indi-
cates a completely different performance of the ana-
lysed movement and a lower level of technique in

women from the intermediate group. The hip move-
ment of the more experienced dancers seems calmer
and more coordinated with the movement of the
partner.

The measured courses of the angular rotation veloc-
ity with respect to the vertical axis of the thoracic spine
(x2) of women from the championship group prove that
these velocities are greater than the velocity of pelvic
angular rotation along the vertical axis. This allows the
presumption that the contrary movement is performed to
a greater extent by the upper body, which is in accor-
dance with the theoretical description of the movement
technique from the literature sources [15]. Regarding
intermediate dancers, however, a clear deviation from
this principle may be observed. During the dance, they
reached higher angular velocities in the rotation of the
pelvic girdle (x1) in relation to the angular rotation
velocities of the thoracic spine segment (x2). Particu-
larly substantial increases in angular velocity of the
pelvic girdle (x1) of dancers from the intermediate
group were observed in the first part of the performed
step. These phenomena may have a significant influ-
ence on the ergonomics of the dance movement and
the lower scores awarded by the judges for the com-
ponent of movement technique quality.

Shioya [23] attempted to describe this phenome-
non in a theoretical way. A similar approach was pre-
sented by Chang [4] and Moore [15]. The aforemen-
tioned works base their rationale only on coaching
experience and are not studies in which the subjects
had acquired a high sport level. The high similarity of
the achieved movements among men and women
from both groups may be proven by the significant
Spearman’s correlation observed between the mean
course of angular velocities of the pelvic girdle (x1)
of men and women from both groups. In dancers of
the top-level (champion) group, the correlation coeffi-
cient was R = 0.780, while in dancers of the interme-
diate group it equalled to R = 0.491. The higher cor-
relation coefficient in dancers of the champion group
indicates a similar execution of the contrary move-
ment with similar angular speeds of rotation. An in-
teresting phenomenon recorded for the dancers of the
intermediate group was that there were moments in
which the hip girdle rotation was performed to the left,
especially in the initial part of the step. This is proba-
bly one of the reasons for the lower correlation coeffi-
cient between men and women in this group. A high
similarity was observed of the course of angular rota-
tion velocities of the thoracic spine segment (x2) of
men and women from the champion group while
analysing kinematic variables of contrary movements
in dancers from both groups. This fact may be con-
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firmed by a high correlation (R = 0.903). A lower, but
also statistically significant correlation (R = 0.532)
was observed in the group of women and men in the
intermediate group of dancers. It seems that dancing in
pairs does not affect the kinematic parameters achieved
by the dancers. In this type of dancing, women and
men do not differ significantly in their groups in for-
ward contrary movements. This theory is supported by
the results obtained by other authors [2], [22].

4.2. Contrary body movement
of women and men

performed in backward step

As previously mentioned, in order for a dance cou-
ple to successfully execute a natural turn in a Viennese
waltz, the contrary movement should be performed in
the first and fourth step of the figure during the natural
turn. According to guidelines provided by literature,
in the backward movement the contrary movement in
the dancer’s body should be initiated by rotation of
the hip girdle and then continued by the upper body
[16], [27], [30]. According to Sietas et al. [27], it is
expected that in the first step backwards, the angular
velocity of the pelvic girdle should be higher than the
angular rotation velocity of the thoracic spine. When
analysing the measured angular velocities in men
moving backwards in the fourth step, it was noted that
the angular rotation velocity of the pelvic girdle (x1)
of athletes in the intermediate group decreases in par-
ticular at the end of the fourth step. During the analy-
sis, it was noticed that the angular rotation velocities
of the thoracic spine (x2) are higher than those of the
pelvic girdle. This is not in line with the principle set
out in literature [14], [15], [27]. Higher angular ve-
locities of the pelvic girdle can be observed in men of
the championship group (x1) in the backward motion
than the velocity of the thoracic spine, which supports
the correct description of the execution of the contrary
movement of the body in the backward motion in
available literature [21], [27]. The velocity changes in
the contrary motion of the pelvic girdle (x2) and tho-
racic spine (x2) are similar in male dancers of the
intermediate group. This may be proven by the corre-
lation (R = 0.707). A decrease in angular velocity in
the final part of the step points to the incorrect execu-
tion of the contrary movement. For the champion
group, no statistically significant correlation was ob-
served. However, higher velocities achieved by the
pelvic girdle (ωx1) of male dancers in relation to ve-
locity of the thoracic spine section confirm the princi-

ple of the correct execution of contrary movement
described in literature [15], [23], [27]. Statistically
significant differences in the minimum pelvic girdle
velocities (x1) and mean angular velocities x1 have
been ascertained in the performance of the backward
contrary movement of women from the top-level and
intermediate groups. It can be seen that in female
dancers of the top-level group, the angular rotation
velocities of the pelvic girdle (x1) are higher than the
angular rotation velocity of the thoracic spine (x2)
throughout the first step backwards, similarly to the
male dancers of the same group. The performance
characteristics of the backward contrary movement
of women from the top-level group are as described
by dance experts [15], [26], [34]. Furthermore, fe-
male dancers in the intermediate group were found to
have higher hip rotation speeds (x1) at the beginning
of the first step, however, in its middle part the rota-
tion speed (x1) tends to fall drastically. It seems that
a slight decrease in the angular velocity of the thoracic
spine segment (x2) in the contrary movement in fe-
male dancers of the intermediate group is probably the
reason for the lower fluency of the dance. The char-
acteristics of mean waveforms of velocity changes of
the x1 and x2 signals for top-level dancers were
found to have a significant similarity (R = 0.538). No
other significant correlations were found between top-
level and intermediate women. The rotation of the
thoracic spine in relation to the vertical axis x2 in the
backward movement of men from both groups is
characterised by a significant correlation (R = 0.581).
The literature sources do not provide distinguishing
between the way in which male and female dancers
perform the contrary movement [8]. When assessing
the technical quality component, the judges expect the
same technical performance from both the male and
female dancer [5], [18]. It is, therefore, interesting to
note that no significant correlation was observed be-
tween the angular velocities of the pelvic girdle (x1)
during the backward motion of men and women from
the top-level group in the waveform characteristics of
this signal. It may not be ruled out that this phenome-
non could be caused by the greater backward devia-
tion from the vertical axis of the dancers in the top-
level group in the starting position or by high-heeled
footwear [1]. Meanwhile, the upper body movement
of men and women from the intermediate group
during backward motion was not found to differ sig-
nificantly. It turns out that the components of the
change in the x1 signal waveform of the dancers in
the intermediate group have a negative correlation
(R = –0.407). This probably indicates that the rotation
of the pelvic girdle by the dancers could be executed
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in a rather chaotic way. One of the most difficult ele-
ments in the standard style is to coordinate the move-
ment of two people moving in constant contact [33],
[36]. Considering the dance movement of contestants
having less sport experience, this problem becomes
clearly evident. This may also be further proven by the
significant differences ascertained in kinematic vari-
ables between men and women in particular groups.
Male dancers in the intermediate group differed sig-
nificantly from women in the same group with respect
to the average signal runs obtained x1. The angular
rotation velocities of the thoracic segment (x2) of the
achieved mean, minimum and maximum courses were
significantly different among dancers in this group. In
the top level group, male dancers were found to differ
significantly from women only with respect to the mini-
mum angular rotation velocity of the thoracic spine
(x2). No significant differences were ascertained for
the remaining parameters in this group. The above
indicates that female and male dancers from the top-
level group perform the contrary movement of the
body in backward motion more consistently than
women and men from the intermediate group.

4.3. Practical implications

The present study may be, therefore, considered as
the first empirical analysis dedicated to the actual
movements performed by several championship sports
couples. It is recommended that while learning the
contrary movement during the training cycle, special
attention be paid to the correct execution of this move-
ment, taking the above mentioned facts into account.

4.4. Limitations

The limitations of the study mainly concern the accu-
racy of the measurement of the angular velocity compo-
nents. There is a possibility that the accelerometers may
have moved to some extent. The relatively small size of
the study groups allows only large effects to be detected.
On the other hand, athletes belonging to the world elite
cannot constitute a large group.

5. Conclusions

The study shows that the scores awarded by judges
for the quality of movement technique are considera-
bly consistent. The adjudicators of the highest cate-
gory were unanimous in their assessment of dance

couples from the champion and intermediate groups.
The group of champion dancers differs from the group
of intermediate dancers in terms of criteria of the
technical quality component expressed quantitatively
and qualitatively by courses of the angular velocity of
performed contrary movements. In contrary body
movement during backward motion, signal compo-
nents were found to be similar for males and females
in thoracic spine motion. In the top-level group, the
similarities are greater than in the intermediate group.
It was found that the mean squares of the differences
in angular rotation velocity signals of the pelvic girdle
and thoracic spine are a useful criterion for adjudicators
to use while evaluating contrary body movements. The
applied measurement method enables a quantitative
description of complex rotational movements and dif-
ferentiation of movements performed by the pelvic
girdle and the thoracic spine of sport dancers. The de-
scriptions of complex rotational movements obtained
in this study can be used in the analysis, teaching and
evaluation of dance couples.

References

[1] BICHER M., WINKLER S., KÖRNER A., Modelling A Viennese
Ballroom: Agent-Based Simulation to Investigate Complex Be-
haviour, Math. Comput. Model Dyn. Syst., 2020, 26 (2), 1–24,
https://doi.org/10.1080/13873954.2020.1727930

[2] BIRRIEL J., Understanding Physics Through Dance: Review
of Physics and Dance, Phys. Teach., 2021, 59 (3), 217–217,
https://doi.org/10.1119/10.0003672

[3] BŁAŻKIEWICZ M., Joint Loads and Muscle Force Distribution
During Classical and Jazz Pirouettes, Acta Bioeng. Biomech.,
2021, 23 (1), https://doi.org/10.37190/ABB-01675-2020-02

[4] CHANG M., HALAKI M., ADAMS R., COBLEY S., LEE K.Y.,
O’DWYER N., An Exploration of the Perception of Dance and
Its Relation to Biomechanical Motion: A Systematic Review
and Narrative Synthesis, J. Dance Med. Sci., 2016, 20 (3),
127–136, https://doi.org/10.12678/1089-313X.20.3.127

[5] EUNGJOON KIM, JINOH JEONG, Mixed Method for Develop-
ment of Preliminary Dancesport Judging Scale, Meas. Phys.
Educ. Exerc. Sci., 2008, 10 (1), https://doi.org/10.21797/
Ksme.2008.10.1.002

[6] Hearn G., A Technique of Advanced Standard Ballroom Figures,
London 2004.

[7] JEONG J.O., KIM E.J., The Judges’ Organization and Objec-
tivity of A Dance Sport Competition, Leis. Stud., 2006, 26,
483–495, https://doi.org/10.51979/Kssls.2006.05.26.483

[8] KIM M.S., LIM Y.H., HA HYE SEOK, Trust In Dancesport
Competition Judges and Moral Philosophy of Kant, Kspsdm.,
2018, 26 (3), https://doi.org/10.31694/Pm.2018.09.26.3.009

[9] KOFF S., Science of Dance Training, Sports Biomech., 2016,
5 (3), 365–366. https://doi.org/10.1123/Ijsb.5.3.365.

[10] KLONOVA A., KLONOVS J., GIOVANARDI A., CICCHELLA A.,
The Sport Dance Athlete: Aerobic-Anaerobic Capacities And
Kinematics To Improve The Performance, Antropomotoryka,
2011, 21, 33–37.



S. KULIŚ, J. GAJEWSKI128

[11] KULIŚ S., SIENKIEWICZ-DIANZENZA E., STUPNICKI R., Anaero-
bic Endurance of Dance Sport Athletes, Biomed. Hum. Kinet.,
2020, 12 (1), https://doi.org/10.2478/Bhk-2020-0018

[12] LIIV H., JÜRIMÄE T., MÄESTU J., PURGE P., HANNUS A.,
JÜRIMÄE J., Physiological Characteristics of Elite Dancers of
Different Dance Styles, Eur. J. Sport Sci., 2014, 14 (1), S429–
S436, https://doi.org/10.1080/17461391.2012.711861

[13] LIU B., Multi-Attribute Fuzzy Evaluation of the Teaching
Quality of Dancesport Major, Int. J. Emerg. Technol.,
2020, 15 (22), 177–191, https://doi.org/10.3991/Ijet.
V15i22.18201

[14] MONLEÓN C., CAÑADAS E., SANCHIS C., SERRANO J., MARTIN M.,
BLASCO E., Evaluating the Performance of Adjudicators After
A Dancesport Competition, Rev. de Psicol. del Deporte.,
2018, 27 (1), 23–30.

[15] Moore A., Ballroom Dancing, Tenth Edit., A & C Black Pub-
lishers Limited, London 2007.

[16] MUELAS PÉREZ R., SABIDO SOLANA R., BARBADO MURILLO D.,
MORENO HERNÁNDEZ F.J., Visual Availability, Balance
Performance and Movement Complexity in Dancers, Gait
Posture, 2014, 40 (4), 556–560, https://doi.org/10.1016/
J.Gaitpost.2014.06.021

[17] OUTEVSKY D., MARTIN B.C.W., Conditioning Methodologies
For Dancesport Lessons From Gymnastics, Figure Skating, and
Concert Dance Research, Med. Probl. Perform. Art., 2015,
30 (4), 238–250. https://doi.org/10.21091/Mppa.2015.4043.

[18] PAVLESKI V., Judging Objectivity Analysis with Judging
Component “Technical Qualities” In Standard Sport Dance
“English Waltz”, J. Phys. Educ. Sport, 2020, 9, 201–206.
https://doi.org/10.46733/Pesh2090201p.

[19] PREMELČ J., VUČKOVIĆ G., JAMES N., LESKOŠEK B., Reliabil-
ity of Judging in Dancesport, Front. Psychol., 2019, 7 (10),
https://doi.org/10.3389/Fpsyg.2019.01001

[20] QI D., Research on the Integration and Development of
WDC and WDSF, Assehr, 2018, https://doi.org/10.2991/
Icesem-18.2018.274

[21] SHAN G., VISENTIN P., Advances In Arts Biomechanics, Ad-
vances in Arts Biomechanics, Canada, 2019.

[22] SHIOYA T., Analysis of Sway in Ballroom Dancing and Other
Sports, Proc., 2017, https://doi.org/10.1299/Jsmeshd.2017.D-1

[23] SHIOYA T., Analysis of Swing Movement in Ballroom
Dancing, Proc., 2018b, 2 (6), 224, https://doi.org/10.3390/
Proceedings2060224

[24] SHIOYA T., Mechanical Comparison of Left Turn and Right
Turn In Ballroom Dancing, Proc., 2018, (0), 21. https://doi.org/
10.1299/Jsmeshd.2018.C-21

[25] SHIOYA T., Analysis of Pivot Turn and Related Movements
In Ballroom Dancing, Proc., 2019, (0), C–2, https://doi.org/
10.1299/Jsmeshd.2019.C-2

[26] SHIOYA T., Analysis of Rise and Fall In Ballroom Dancing, Proc.,
2016, (0), C–9, https://doi.org/10.1299/Jsmeshd.2016.C-9

[27] SIETAS M., AMBROS N., CACCIARI D., CACCIARI O., FERRARI M.,
GUERRA R., BENINCASA G., Viennese Waltz (2i Ed.), 2013.

[28] SORAKA A., SAPEZINSKIENE L., Research Methodology
For Education Through Partner Dancesport, Procedia
Soc., 2015, 191, 1976–1982, https://doi.org/10.1016/
J.Sbspro.2015.04.314

[29] STANIAK Z., BUŚKO K., GÓRSKI M., PASTUSZAK A., Acceler-
ometer Profile of Motion of the Pelvic Girdle in Butterfly
Swimming, Acta Bioeng. Biomech., 2018, 20 (1), 159–167,
https://doi.org/10.5277/ABB-01069-2017-02

[30] WELLS M., YANG F., A Kinetic Analysis of the Triple Step in
Recreational Swing Dancers, Sports Biomech., 2021, https://
doi.org/10.1080/14763141.2021.1898669

[31] XAVIER M., Improving the Skaiting System – II: Methods and
Paradoxes From a Broader PerspectiveI, 2004.

[32] XIAOXI G., The Research on the Sports Biomechanics Analy-
sis of the Basic Movement in Dance, Indian J. Biotechnol.,
2014, 10 (12), 6864–6869.

[33] YOSHIDA Y., BIZOKAS A., DEMIDOVA K., NAKAI S., NAKAI R.,
NISHIMURA T., Partnering Effects on Joint Motion Range and
Step Length In the Competitive Waltz Dancers, J. Dance.
Med. Sci., 2020, 24 (4), 168–174, https://doi.org/10.12678/
1089-313X.24.4.168

[34] YOSHIDA Y., BIZOKAS A., DEMIDOVA K., NAKAI S., NAKAI R.,
NISHIMURA T., Determining Partnering Effects In the “Rise
and Fall” Motion of Competitive Waltz by the Use of Statis-
tical Parametric Mapping, Balt. J. Sport Health Sci., 2021,
1 (120), 4–12, https://doi.org/10.33607/Bjshs.V1i120.1047

[35] YUK I.-S., SEONG C.-H., Development and Validation of Part-
nership Measurement Scale for Dancesport Couples, Korean J.
Sport Sci., 2021, 60 (3), 291–309, https://doi.org/10.23949/
Kjpe.2021.5.60.3.21

[36] ZALETEL P., VUČKOVIĆ G., JAMES N., REBULA A., ZAGORC M.,
A Time-Motion Analysis of Ballroom Dancers Using an Auto-
matic Tracking System, Kinesiol. Slov., 2010, 16, 3, 46–56.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




