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Abstract

The purpose of this study was to evaluate the effects of
a Greek fraditional dance programme on sensorimotor
synchronization (SMS) and reaction time on primary school
children (6.41 = .41 yr.). We randomly assigned 61 children to
either the dance group (31 children, 15 boys, 16 girls, 6.42 =
40 yr.), who fook part in a dance programme of 12 lessons
(8 times/week), or the control group (30 children, 16 boys,
14 girls, 6.40 = .42 yr.). Before and after the intervention, we
assessed both groups for SMS (walking in synchrony to 80
and 120 beats/min) and reaction time. Two-way ANOVA
repeated measures show that the dance group performed
significantly beftter on SMS compared fo the control group
at 80 beats/min (BPM), but not at 120 BPM. We discuss the
results in relation to spontaneous motor tempo and the
information-processing theory. In relation fo reaction fime,
no significant difference was observed between the two
groups at the end of the intervention. However, the dance
group showed a significant improvement between pre- and
post-tests. It may be concluded that a dance programme
of 12 lessons constitutes an effective and enjoyable activity
for the improvement of young children’s sensorimotor
synchronization at 80 BPM and perhaps reaction time.
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Intfroduction

he word ‘rhythm’ originally derives from the Greek

word ‘rhythmos’, which refers to any regular recurring
motion. Natural rhythms, such as the rising of the sun or the
changing of the seasons affect everything we do, our very
existence. For example, circadian rhythms create a regular
sleep and eating pattern, which is associated with external
environmental and social factors, even in the absence of
daily environmental signals (Roenneberg & Merrow, 2016).
Moving on time to a rhythm, usually to music, is an intfegral
part of the human experience and is observed in a wide
range of cultures. Although there are many features that
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distinguish dance traditions, rhythm is at the centre of
almost all of them (Bose et al., 2019).

Sensorimotor synchronization (SMS) refers to the ability
tfo synchronising movements with rhythmic stimuli
(Repp & Su, 2013). Specialists from the field of dance
education might be more familiar with the term
rhythmic ability (Chatzopoulos et al., 2019). Previous
research has documented the importance of SMS
for sports performance (MacPherson et al, 2009)
and children’s language and literacy development
(Thomson & Goswami, 2008). Moreover, poor SMS
performance is associated with speech- and writing-
related developmental disorders (Laddnyi et al.,, 2020).
Slater et al. (2013) reported that SMS is related to
reading ability not only in populations with reading
difficulties but in typically-developing children as well.
However, despite the importance of SMS for children'’s
motor and literacy development, there is limited
research examining the improvement of SMS in school
settings.

One of the main skill components of dance is moving in
synchrony fo the beat of the music. Therefore, dance
lessons can be an instrument fo improve rhythm.
However, there has been limited empirical research on
dance programmes integrated info school curricula
and their effects on children's SMS improvement
(Chatzihidiroglou et al., 2018). Theoretically, dance may
play a role in developing children’s rhythm, particularly
since several studies have reported that professional
adult dancers show better synchronization to the
beat compared to non-dancers (Jin et al, 2019;
Karpati et al,, 2016). However, these studies provide a
correlational link between dance level and rhythm
performance rather than a cause-and-effect link
(Chatzopoulos, 2019). Betfter rhythm performance
of the dancers might be affributed to their better
sense of rhythm or might be a result of the selection
process by experienced dance teachers. Most of the
studies examining the effects of dance on children’s
development have concenfrated on dependent
variables that are not directly related to dance. For
example, previous studies have claimed that dancing
may improve children’s health-related quality of life
(Theocharidou et al, 2018), cardiovascular fitness
(Burkhardt & Brennan, 2012), or contribute to healthy
weight maintenance (Staiano et al., 2017). While these
variables are desirable educational benefits, they
might be achieved through other aerobic activities.
Moreover, they do not provide information on whether
children’s SMS is improved through dance, or how
many dance lessons are required for the improvement
of SMS.

Previous studies originating from the music education
domain have reported positive results of music training
on SMS (Repp & Su, 2013). For example, Zachopoulou
et al. (2003) reported that a music and movement
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programme, based on Orff's approach, improved
rhythmic synchronization in preschool children. While
music education uses both (a) body movement in
synchronization with music and (b) practising musicall
insfruments fo improve rhythmic synchronization,
dance education involves only body movement in
synchrony with rhythmic stimuli. Moreover, music
fraining generally focuses on producing sound using
specific hand and finger movements while dance
fraining focuses on following sound using whole-body
movements. So far, it has not been fully understood
whether dance training affects children’s SMS (Jin et
al., 2019).

Traditional dance is considered a form of cultural
expression that combines physical activity, social
interaction, personal and emotional expression. All
these elements comprise a holistic experience, which
provides pleasure to participants and increases their
motivation for participation. This tfype of dance is
relied on sfructured movement patterns performed
in time fo rhythmic stimuli and provides opportunities
for self-expression. Especially in Greece, folk dances
are an integral part of the society and are performed
at every important moment of life (e.g., weddings
and birthdays). Several studies have reported the
psychosocial benefits of tfraditional Greek dance
(Lykesas et al., 2017). However, there is a research gap
regarding the effect of traditional dance on young
children’s SMS.

Reaction time is defined as the time between stimulus
onset and the completion of a movement (e.g., pressing
of a target button). Performing dance movements
often requires fast movement responses to sounds (i.e.,
well-developed reaction-time ability).Usually, dancers
must quickly change their movement or direction in
accordance with certain accents in music. An accent
is the stress or special emphasis placed on a particular
note. An example of an accent would be alouder beat
in a song. Accents are important for the beginning of
the counting in a dance movement sequence, and
the regular accentuation of metrically organised
music facilitates the execution of the movements. In
dance lessons, teachers often use numbers to count
the sequence of dance movements, and the children
perform the movements in time with the counting.
Young children may become more aware of accents
with dance games, such as when dancing around
the room and changing direction or movement on
accented beats. Kaftenstroth et al. (2013) reported
that elderly people (mean age of 68.60 = 1.45 yr)
engaged in dancing showed enhanced reaction time
compared to non-dancers. Although reaction fime is
an important component of the dance performance,
the research in this field is limited.

Movement synchronization to
and reaction fime are crucial

rhythmic  stimuli
factors in dance
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performance and daily/ sports activities (Mann et
al,, 2007). Traditional dancing requires both SMS and
reaction time. Therefore, this study aimed to investigate
whether 12 dance lessons would be sufficient to elicit
significant improvements in SMS and reaction fime of
young children.

Method
Participants

The study sample consisted of 61 children who
attended an primary school centre (31 boys and 30
girls, age 6.41 = 41 yr). The dance group consisted
of 31 children (15 boys and 16 girls, age 6.42 = .40 yr)
and the control group consisted of 30 children (16
boys and 14 girls, age 6.40 = .42 yr.). The sample size
was determined using G*Power (version 3.1.7, F. Faul,
University Kiel, Germany) with a medium effect size at
f = 0.25, an alpha of 0.05, and a power of 0.80. Thus,
the required sample size was set to 34 (Faul et al.,, 2007).

We conducted the study in accordance with
the ethical guidelines of the local university, and
all procedures followed the latest version of the
Declarafion of Helsinki. Informed consent was
obtained from the guardians of the subjects, and
the latter could withdraw from the study at any time
without any negative consequences. The subjects
were free of acute musculoskeletal injuries, did not
receive any previous dance or sports training and had
no diagnosed learning disabilities.

Procedures

A physical education (PE) feacher who was also
a certified traditional dance instructor taught the
dance group. The dance group followed a 4-week
dance programme, which fook place three times a
week (fotal 12 sessions, 45 min/session).

The dance programme consisted of the following
three traditional dances: ‘sousta Kritis’, ‘“ta koukia’
("oeans’), and ‘choros sta fria’. The dances were chosen
according to the following criteria: (a) they consist of
basic locomotor movements that can be performed
by the children and (b) they are highly repetitive (Little
& Hall, 2017).

The focus of each lesson was one or two of the
following dances:

- Sousta. ‘Crete Sousta”: Men and women perform
this dance in pairs. It is a kind of opposite-pair
dance. The couples sometimes approach
each other, move away from each other, and
sometimes hold hands, making furns (https://
www.youtube.com/watch?v=5z0zIETVOT8).

- Ta koukia (‘the broad beans’): This is a mimetic
dance and it is usually performed on Halloween

and at weddings. The dance consists of
two parts. In the first, we have a dance with
three steps;in the second, we have mimetic
movements that represent the planting,
carving, picking, and loading of beans (https://
wwwyoutube.com/watch?v=ZMLbHzavDaA).

- Choros sta tria (‘three-step dance’). Choros
sta tria is the first dance that a dancer learns
from childhood. The dance got its name from
the three main progressive steps performed
by dancers (https://wwwyoutube.com/
watch?v=eRAExkVM_FA).

Topromote children’sself-expressionandimprovisation,
the dance steps and positions were combined with
the Laban movement concepts: body awareness,
spatial awareness, effort, and relationships (Gilbert,
2015). To foster freedom of choice and increase
motivation, the children were explored their own ways
of expressing the dance themes, and instructions
were provided through analogies (Chatzopoulos et al.,
2020; McCutchen, 2006). The structure of the lessons
included:

- Warm-up with dynamic sfretching exercises
and music (Chatzopoulos et al.,, 2015; Lykesas et
al., 2020).

- Introduction of the dance theme and the
dance steps.

- Practising the dance steps.

- Dance improvisation; searching for personal
expression.

Cooling down with motion and relaxation rhythmic
games. Partficipants in the confrol group aftended
their regular PE lessons during the 4-week intervention
period and were faught basic movement skills. The
control group was taught by their regular PE teacher.

Measurements

Before and after the intervention, we applied the
following tests to measure SMS and Auditory reaction
fime of children.

Sensorimotor Synchronization

We assessed SMS by using the K-Rhythm-test, which
consists of a soffware programme and two force
plates (KINVENT, www.k-invent.com). The participants
were asked fo walk in place in synchrony with the
beat of the meftronome at 80 and 120 beats/minute
(BPM) (Karpati et al, 2016). The system captured
(a) the time of the beat and (b) the participants’
corresponding foot contact (sampling frequency 100
Hz). The sensorimotor asynchrony (rhythmic ability) is
defined as the femporal absolute difference between
the beat and the corresponding foot contact (Karpati
et al, 2016). Thus, lower absolute asynchrony scores
indicate better performance (i.e., greater synchrony).
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Before the measurement, the partficipants were
acquainted with the apparatus and thereafter
performed 24 steps in synchrony with the beat of
the metronome. The first eight steps of the 24 served
as an adaptation period. The mean of the absolute
differences from the rest of the 16 steps was used
for statistical analysis. The reliability was reported in
Chatzopoulos (2019).

Auditory Reaction Time

The reaction time measurement entailed movement of
the dominant foot in response to an auditory stimulus.
The participant stands at attention and, upon hearing
a sound from the computer (after a fore period of 2-3
sec randomised across frials), performs a fast side-
step of the dominant foot fo the corresponding force
plate (20-cm distance, Fig. 1). The reaction time is
defined as the time between the onset of the stimulus
and the participant’s foot contact on the force plate.
Participants completed one practice attempt and
three trials with 30-second rest periods. We then
used the best of the three attempts for statistical
analysis. The reliability of the tfest was reported in
Chatzihidiroglou et al. (2018).

Figure 1
Reaction-Time Measurement

Note. The person in the figure is a model who did not participate in
the studly.

Statistical Analyses

We analysed the data using a fwo-way ANOVA
repeated measures design with the between-subject
factor group (dance group vs. control group), and the
within-subject factor time (pre vs. post). In the case of
significant interaction, we applied a post hoc analysis
with Bonferroni correction to determine significant
differences.

Table 1
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Furthermore, effect sizes of ANOVA are presented as
partial eta-squared values and for t-tests as Cohen's d
values. All statistical analyses were performed through
SPSS. The statistical significance level was set at p < .05.

Results

The descriptive statistics of the dependent variables
are presented in Table 1.

Synchronization at 80 beats

The repeated measures ANOVA indicate a significant
inferaction effect between group and time of
measurement (Fw,w = 438, p = .04, qu = .06). At the
beginning, no significant differences were observed
between the fwo groups (t = 11, p = .54, d = .28). At the
end, the dance group performed significantly better
than the control group (t =2.92, p = .04, d = .75).

Synchronization at 120 beafts

No significant interaction effect was observed
between group and time of measurement (F ., = .76,
p = .38, an = .01). Moreover, there was no significant
difference between the two groups at the beginning
(t=.94,p=.45,d=.24) and at the end of the infervention

(t=184,p=10,d=.47).
Auditory reaction time

No significant interaction effect was observed
between group and time of measurement (F, ., = 1.46,
p = .23, qu = .02). There was no significant difference
between the two groups at the beginning (t = .01, p =
.25, d = .30) and at the end of the intervention (t = 19, p
= .84). However, the dance group showed significant
improvement between pre and post measurement
(t =293, p =.006, d = .62) whereas the control group
showed no significant difference between pre and
post measurement (t =1.03, p = .30, d = .25).

Discussion

SMS and reaction time are crucial factors for the
successful execution of daily and sports activities
(MacPherson et al,, 2009). The purpose of this study was
fo investigate the effects of a Greek fraditional dance
programme on SMS and reaction time of primary

Sensorimotor Synchronization (SMS) (msec) and Auditory Reaction Time (msec) of the Dance Group and the

Control Group in Pre- and Post-Tests.

Dance group

Control group

Pre Post Pre Post
SMS 80 BPM 182.8 + 48.59 145.4 + 48.46* 176.0 + 39.59 171.4 + 48.78
SMS 120 BPM 147.2 £ 4092 129.0 £ 36.46 165.4 + 4396 147.0 £ 48.22

Reaction tfime 8081 + 295.80

6441 = 227.04

718.4 = 306.24 654.5 +187.78

*Significant difference between the two groups (p <.05).
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school children. The study results show that a dance
programme of 12 lessons may enhance children’s
rhythmic synchronization at 80 BPM but not at 120
BPM. Moreover, regarding reaction time, no significant
differences was observed between the dance group
and control group at the end of the infervention.

The ability of movement synchronization with music is
an important aspect of dance performance. In dance
lessons, movement synchronization refers to either the
synchronization of one's movements with the beat
of music or with those of another dance partner.
The results of this study show that a Greek fraditional
dance programme enhanced the children’s SMS
at 80 beats/min. This finding is in agreement with
those originating from the field of music/movement
education (Zachopoulou et al,, 2003). However, while
music/movement education focuses on producing
sounds with hand and finger rhythmic movements,
dance fraining focuses on aesthetic whole-body
movements in synchrony with the beat of the music.
Therefore, a comparison of the results of studies in
music education and those of the present study should
be made with caution. Besides, the albsence of other
studies necessitates further investigation regarding
the effects of dance on rhythmic synchronization.

Previous studies have shown that professional dancers
demonstrate better synchronization performance
than non-dancers (Jin et al, 2019; Karpati et al,
2016). However, these studies do not provide a
causal link between the dancers’ level and rhythmic
synchronization. Therefore, it is unclear whether the
dancers’ superior performance is the result of extensive
dance fraining or the result of the selection process by
experienced dance teachers. The participants of this
study were young children without any previous music
or dance experience. Therefore, the improvement of
SMS could be an indication that it may be frained in
young children.

According to Drewing et al. (2006), rhythmic
synchronization  substantially  improves  during
childhood until about the late teens, and thereafter
remains at least relatively stable until old age.
According fo the current study, a dance programme
enhanced the SMS of young children. Therefore, future
studies could examine whether dancing increases the
rate and the magnitude of the developmental frend
of children’s SMS.

An important issue of this study is the absence of
significant difference between the dance group and
the control group at 120 BPM. The non-significant
finding might be attributed o children’s Spontaneous
Motor Tempo (SMT), which refers to the rate at which
children choose to tap in the absence of external
rhythmic stimuli. Studies of beat synchronization in

children reported that approximately 120 BPM is the
preferred spontaneous tempo of children (McAuley
et al, 2006). Additionally, it has been shown that
movement synchronization is most accurate when
the tempo of the rhythmic stimulus is around the SMT
(Styns et al, 2007); thus, any further improvement
may be difficult to achieve. Moreover, the period of
12 dance lessons may not be sufficient to improve
synchronization at 120 BPM. The limited number of
sfudies in this area necessitates further research.

SMS is an essential component of the perception and
performance of dance movements and daily/ sports
activities. Yet, the underlying mechanisms are still not
entirely understood. Two main theoretical approaches
to SMS can be distinguished: information-processing
theory and dynamic systems theory. Information-
processing ftheory usually deals with discrete
movements (i.e., those preceded and followed by
a period without motion) whereas dynamic theory
deals primarily with continuous movement. The basic
mechanisms of SMS are studied with the finger-
fapping paradigm. As finger-fapping on a surface
generates discrete events, most researchers using the
finger-tapping paradigm have adopted information-
processing perspective whereas dynamic systfems
theorists generally preferred continuous movement
tasks (Repp & Su, 2013).

According to the information-processing theory,
rhythmic synchronization of discrete movements
is thought fo involve a clock-like mechanism that
incorporates an explicit representation of the time
interval defined by each discrete movement.

It is assumed that synchronization with an external
rhythm is achieved using a central timekeeper
through three distinct processes: (a) an internal
clock that captures temporal information and acts
as a pacemaker, (b) relational memory systems that
estimate duration and create a memory trace of the
tfime interval, and (c) decision processes to enable
motor preparation and tfrigger action initiation (Rose
et al, 2021). Within the theoretical framework of the
information-processing approach, a stable SMS is
maintained through the processes of phase and
period correction. Without such correction, error
variance due to internal timekeeper variability would
accumulate and lead to asynchrony (Repp & Su,
2013). In the phase-correction process, information
about the asynchrony (tfime difference) between the
finger-tap and the click of the metronome is used to
adjust the start point of the next tfimekeeper interval.
It is assumed that this is an automatic process (i.e., it
occurs without participants’ awareness). The period
correction adjusts the internal representation of
the temporal interval when mismatch is detected
between an inter-tap (period between ftwo finger-
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taps) and metronome intervals (period between
two clicks of the metronome). The period-correction
process is assumed to lbe more under cognitive
confrol. Phase correction is believed to be sufficient
for maintaining synchronization with an isochronous
stimulus sequence (such as that produced by a
metronome) whereas period correction appears o
come info play only when the period of the stimulus
sequence is changed in a systematic way (e.g., fempo
changes) (Repp & Su, 2013).

In dance lessons, parficipants often must quickly
change their movements in fime with certain music
accents. Therefore, it was expected that a dance
programme would improve their auditory reaction
fime. According fo the study, there was no significant
difference between the dance group and the confrol
group at the end of the infervention. Also, the dance
group performed significantly better at the end of
the infervention compared to pre-test data. This
could indicate that dance activities may have a
positive effect on the development of reaction fime.
The findings of this study are aligned with those of
a previous study involving preschool children and
that reported no significant difference between the
dance group and the control group at the end of a
dance programme (Chatzihidiroglou et al., 2018). On
the contrary, Kattenstroth et al. (2013) reported that
the reaction time of elderly participants significantly
improved affer a dance programme. The different
findings could be attributed fo the different ages of the
participants of the samples. The sample of Kattenstroth
et al. (2013) consisted of elderly people, ours of young
children, and it is well established that the reaction
fime performance decreases and becomes more
variable with age (Dykiert et al, 2012). Furthermore,
physical activity of older participants also affects the
reaction-time performance (Spirduso, 1980). Therefore,
the comparison of the resulfs of studies with samples
of participants of different ages should be made
cautiously. Nonetheless, there is definitely a need for
further research on the effects of dance on children’s
reaction fime.

Limitation

The study has some limitations. The limitation of this
study is that the study participants consisted of young
children (6-7 years old). SMS and auditory reaction
fime measurements require concenfration that
young children probably did not have at the time of
measurement.

Conclusion

SMS and auditory reaction time are important factors
for the successful execution of daily and sports
activities. In the present study, the importance of
dancing for the development of SMS in young children
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has been stressed. Considering the imporfance of SMS
for children’s motor and cognitive development, we
suggest that dance should be a basic component of
the curriculum in primary school education.
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