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EXPLORING THE EFFECTS OF COLD-WATER SWIMMING
ON OBESE POPULATION: A SYSTEMATIC REVIEW
Maria Theodorou, Russell Kabir
Anglia Ruskin University, United Kingdom
ABSTRACT
Background: Obesity is a life-threatening condition linked to various diseases in all ages.
Most common interventions focus on physical activity though there are some drawbacks limiting
peoples’ participation in exercise. Swimming targets these limitations offering promising results
to people who wish to improve their lifestyle.
Objectives: The aim of this review is it to investigate the effects cold water can have on the
obese population. This will be done by examining the physiological effects of swimming, understanding if different water temperatures can result in different outcomes and finding any other
benefits that come along with swimming exercise.
Search Strategy: PubMed, EbscoHost and Google Scholar are used as search engines to find
the appropriate papers using the words obese, overweight, swim, aquatics, water immersion.
A systematic review summarises the findings of primary research papers. This review is based
according to the PICO guidelines and all the selected papers are evaluated using the CASP tool.
A meta-synthesis summarises the results of the papers.
Results: Results indicated that swimming helps people lose weight while providing additional benefits such as decreasing joint pain in people suffering from osteoarthritis. Furthermore, positive results are seen in anthropometric measures, physiological responses, and body
composition.
Conclusions: It is concluded that water-based exercise can prove an effective intervention
for obese people wishing to lose weight. Results were seen from different protocols and water
temperature was difficult to monitor. Future research should use the same exercise design in
various water temperatures to fully understand the differences in the results.
Key words: Swimming, Obesity, Temperature, Cold, Systematic Review
BACKGROUND
Obesity is a condition of additional and unnecessary body fat (Pozza and Isidori, 2018).
While there are many reasons lying behind
people being overweight, excessive mass is
agreed to be an imbalance between energy intake and energy expenditure in favour of the
prior (Vandevijvere et al., 2015). Sedentary
lifestyle leads to lower caloric expenditure and
promotes weight gain. Studies suggest that
regular physical activity can help maintain and
sustain a desirable body weight and composiJournal of Applied Sports Sciences
2019, Vol. 2, pp. 3-21
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

tion by reversing this imbalance and favouring
caloric expenditure provided that the volume,
intensity and frequency of exercise is high
(Bouchard, Depres and Tremblay, 1993). Exercise may also offer additional benefits to people
who are overweight such as increased cardiorespiratory fitness and reduced cardiovascular
disease risk factors (Segal, Pi-Sunyer, 1989).
In 1998, Horton and Hill rose this debate
whether a sedentary lifestyle is a cause of obesity or a consequence. This statement can be
true both ways. Sedentary lifestyle as explained
3
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above leads to weight gain due to the energy
imbalance created when being physical inactive. However, because obesity is a product of
various reasons such as parenthood and food
choices, many overweight people might have
grown to a state where being active is not an easy
option. Extreme obesity, according to Unick et
al. (2013), is one of the major limitations of inactivity and causes of osteoarthritis. In these cases,
mixed interventions are used to maximise results
by incorporating nutritional interventions to reduce caloric intake, and lifestyle-behavioural
interventions to support and educate individuals
before moving on to physical active protocols.
The second major limitation is joint pain,
commonly known as osteoarthritis. Osteoarthritis is mostly seen in overweight people
(Okay et al., 2009) and it affects mostly the
lower limps such as the hips and knees (Bennell and Hinman, 2011) resulting in pain,
stiffness, swelling and joint and muscle weaknesses (Vincent et al., 2012). It is caused by
previous knee injuries, knee-straining work,
aging (Miranda et al., 2002), malalignment,
genetic and ethnic predispositions, muscle
weakness and extra loading such as weight
and specific physical activities (Felson, 2004).
Furthermore, pain can also manifest in nonloadbearing joints such as the lumbar spine
causing back pain (Vincent et al., 2012) and
reducing the quality of people’s lives.
Studies suggest that moderate exercise is
a beneficial non-pharmacological approach
that prevents osteoarthritis and stops its acceleration in people who already suffer from it,
provided injury does not occur (Bosomworth,
2009; Bennell and Hinman, 2011). Specifically, in his study, Bosomworth tested whether
exercise would actually help or hinder people
with osteoarthritis and found that the participants not only improved physical functioning
but also resulted in less pain and disability.
Vincent et al (2012) explains that this is due to

M. Theodorou, R. Kabir

the reduction of body weight because of exercise, which lowers the mechanical and inflammatory stressors on load bearing joints.
Extreme obesity, hip and knee bearing mo
vements as well as back pain are factors that
drive people to be physical active or inactive.
There is a wide variety of methods for weight
loss including appropriate nutrition, medications, bariatric surgery and exercise to lower
people’s weight and increase physical function
without pain (Vincent et al., 2012). However,
exercise is preferred amongst the later, and more
specifically aquatic practice (Bosomworth,
2009; Bennell and Hinman, 2011) since some
physical activities are a cause of osteoarthritis
themselves (Felson, 2004). Aquatic training immediately tackles the hip and knee bearing barriers and offer a great alternative to individuals
who wish to lose weight and already suffer from
osteoarthritis but want to be physical active. The
limited evidence for the benefits of swimming
on obesity is a certain downside. However, with
the continuous rising numbers of obese people
around the world, a new intervention is undoubtedly a necessity. Therefore, further research
around this area would stretch what is already
known about swimming and might prove it to
be a more effective intervention by a; targeting
a wider population, that is obese people who
also have joint discomfort and back pain, b; using this type of practise as a foundation before
moving on to more load-bearing training and c;
resulting in similar or better outcomes.
Diverse temperatures can make the body
respond in different ways. Warm environments cause blood flow and core temperature
to increase together with sweat rates that enhance cooling (Hoffman, 2014). Additionally,
a study by Sramek et al. (2000) showed that
heart rate decreased, as well as systolic and diastolic pressures, reducing the amount of effort
the heart must do to move the blood around
the body (Becker et al., 2009). On the other
4
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hand, cold environments can result in heat loss
(Stocks et al., 2004) while minimizing the decline in core temperature (McArdle, Katch and
Katch, 2010). Metabolic rate is increased due
to shivering in order to produce heat, and higher oxygen consumption is required (McArdle,
Katch and Katch, 2010). Because of that, heart
rate is increased making the heart work faster
(McArdle, Katch and Katch, 2010) to provide
the body with oxygen. This results in increasing the systolic and diastolic pressures (Becker
et al., 2009). Furthermore, prolonged hours of
being exposed to a cold environment may also
increase metabolic rates during rest (McArdle,
Katch and Katch, 2010).
In addition to the above, cold and hot exposure affect the contractile properties of the
musculoskeletal system (Kubo, Kanehisa and
Fukunaga, 2005). Due to this, cold water immersion is often used as a form of treatment after strenuous physical activity (Eston and Peters, 1999; White and Well, 2013). Opposed to
cold treatments, methods that involve contact
with warmth are not often seen due to increases in blood flow that may cause swelling in the
strained areas (Gregson et al., 2011). Lastly,
cases have shown that cold water swimming
can have positive effects on mental health,
particularly in people suffering from depression and anxiety (BBC, 2018). Even though
the studies in this area are limited, Sramek et
al (2000) explain that cold environments effect
the sympathetic nervous system which may
have additional consequences in the human
body. The aim of this review is to explore the
effects of cold-water exercise and the benefits
these may have in the obese population.

intervention, comparison and outcome, and
helps to determine the inclusion and exclusion
criteria and making the research question specific (Scells, et al., 2017). The population and
problem of interest involves overweight and
obese adults following a water-based intervention with the key aim to lose weight. The effectiveness of these protocols was measured by
comparing the participants weight, body mass
index, waist circumference or physiological
responses before and after they have taken
part in the experiments. The magnitude of the
results and any further benefits achieved from
the intervention would lead to answering the
research question. Only the papers following
all four components of the PICO guidelines
were included in the analysis. Furthermore,
the temperature of the water was noted from
the studies that included this information to
understand whether this could be a factor in
producing different results.
The electronic databases used to apply the
specific search terms were PubMed for medical and health topics, EbscoHost for high quality published articles and Google Scholar for
general science and scientific journals. Only
primary research studies of swimming interventions on obesity were selected. The key
words used for the extensive exploration include; obese, overweight, swim, aquatics and
water immersion, and were applied in all three
databases. Truncations were used for the words
obese and swim to maximise the number of
research papers in this area. The Boolean operator “and” was used to combine terms with
one another and the operator “or” to get results
from at least one of the similar words. Lastly,
the operator “not” was applied after the reMETHODOLOGY
sults were filtered to eliminate the papers that
Search Strategy
contained any of the exclusion criteria and to
The search strategy for the current system- reduce the number of hits. Lastly, additional
atic review was based on the PICO framework. papers were obtained via reference harvesting
This context stands for population/problem, of selected studies.
5
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Identification

The last step of the search strategy involved
the removal of any duplicates found by going
through the titles of the papers. Next, the abstracts were scrutinized for eligibility and the
appropriate studies were examined in full. To
end the search, the CASP tool was applied to
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assess the papers and to determine which ones
to use in the analysis. According to Moher et
al (2015), the best way to interpret the search
process and results for a systematic review is
with the Prisma-P flowchart. Hence, Figure 1
gives the detailed procedure of this pursuit.

Records identified through
database searching
(n = 1,994)

Additional records identified
through other sources
(n = 3)

Included

Eligibility

Screening

Records after duplicates removed
(n = 1,965)

Records screened
(n = 1,965)

Full text articles screened for
eligibility (n= 138)

Records excluded
(n = 1,827)

Full - text articles
excluded, with reasons
(n = 126)

Total Qualitative and Quantitative
Studies Included for CASP
(n = 12)

Figure 1. The data collection process and results
From the search in all three databases a to- framework and were eligible for evaluation
tal of 1,994 articles were gathered. A further using the Critical Appraisal Skills Programme
three were found from the references of other tool.
Articles were removed due to the reasons:
papers. After removing all the duplicates from
• Involved animal subjects
the list, the titles and abstracts were read to see
• They were non-obese focused
whether they would relate to my research area
• Water depth studies
and 1,827 were excluded. From the 138 fully
• Not entirely focused on the desired area
read articles only 12 were based on the PICO
6
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• Involved unhealthy obese adults
• Involved injuries

was done to minimise the number of studies
and to focus only on the most relevant ones.
These criteria were applied for all the types of
Study Selection
studies as well as for each of the PICO guideThe research papers were selected after lines mentioned earlier. The table below gives
applying inclusion and exclusion criteria. This a summary of the criteria.
Table 1. The Inclusion and Exclusion Criteria
Inclusion

Exclusion

Study Type

•
•
•
•
•
•
•
•
•

Primary research studies
Experimental
Cohort
Case control
Randomised control trials
Quantitative
Qualitative
2010-2018 time-frame
English language

•
•
•

Systematic reviews
Not in English language
Articles published before
2010

Population/Problem

•
•
•

Obese and overweight subjects
Subjects aged 18+
Healthy subjects (not having
something related to obesity)

•
•
•
•
•

Animal studies
Pregnant women
Subjects below the age of 18
Injured subjects
Subjects with mental conditions

•

Non-water-related interventions
Interventions that include the
use of dietary supplements
Interventions that include a
nutritional plan

Intervention

Swimming
and water-based exercise

•
•

Comparison

Outcomes

Before and after the intervention

•
•
•
•
•

Weight
Body Mass Index (BMI)
Waist circumference
Physiological responses (insulin, glycogen)
Additional benefits

The inclusion criteria were applied to
make sure that all the final studies were focused on the same topic and resembled the
same research area. The first step was to include only the studies that were of primary
research nature such as experimental studies,
cohort studies, case studies, randomised con-

•
•
•

Men against females
Racial comparisons
Group comparisons

•
•

Training experiences
Personal stories

trol studies which produced either quantitative and/or qualitative results. To minimise
the number of papers, a timeframe of eight
years was chosen and only the most recent
data was studied. Additionally, only the papers written in English language were preferred. Systematic reviews were excluded due
7
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to this paper being a systematic review itself.
Following the PICO framework all the
studies had to involve a population of obese
and overweight individuals aged at least 18
years old. Studies with subjects below the age
of 18 were excluded. The individuals had to
be healthy from everything else that did not
link to obesity and they should not have any
injuries or mental conditions. Papers that involved pregnant women were not considered
because of the complexity of the analysis.
Lastly, any studies that involved animal experiments were excluded as well. The intervention of every study had to focus entirely
on swimming or water immersion. Any study
that included other types of exercise interventions, the use of dietary supplements or nutrition diet plans for the participants was rejected. Since this research is looking at how cold
water might benefit obese and overweight
people, the combination of other methods is
most likely to result in false understanding.
The outcomes of the papers had to include at
least one of the following; weight, body mass
index, waist circumference and physiological
responses, specifically insulin and glycogen.
Studies that mentioned any additional benefits
were also included in the research to understand the magnitude swimming interventions
may produce. Studies that explained experiences of different swimming protocols or personal stories were excluded as they would not
offer any benefit to the current research.

M. Theodorou, R. Kabir

but related studies in order to deepen the understanding within an area.
RESULTS
Results of almost all papers produced
positive results regarding either physiological responses or anthropometrical and functional parameters. Data including water temperatures is severely lacking. Some studies
were conducted in public pools where the
temperatures are most commonly over 32Co,
but an accurate temperature is not available.
Most studies lasted for 12 weeks whereas the
shortest experiment lasted one hour investigating a whole-body hyperthermia treatment
by full body immersion into warm water. This
was also the only study that did not produce
any positive results. Specifically, physiological responses remained the same within the
whole sample. The longest study was conducted by Gibas et al. (2016) which lasted six
months and researched the effects of cold-water swimming in healthy people’s physiology.
However, the exact temperature is not listed
within their study, but they mention that the
participants were swimming outdoors during
the winter months. Lastly, in addition to body
composition and weight improvements, studies comparing swimming protocols with other exercise designs showed that water-based
exercise provided further benefits. Specifically, the studies by Jones, Meredith-Jones and
Legge (2010) and Gibas et al. (2016) showed
improvements in the participant’s physiology whereas the study by Yagizi et al. (2013)
resulted in reduced knee pain in people suffering from osteoarthritis. Additionally, studies which compared water-based exercise to
land-based exercise (Naple et al., 2017; Motimath et al, 2018) found greater results from
the water training designs.

Analysis
In the current research both quantitative
and qualitative studies were identified. The
findings are presented using meta synthesis
to select, appraise, evaluate and combine the
results to answer the research question. According to Walsh and Downe (2005), metasynthesis summarises the results of different

8
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Study
Design
Casecontrol

Cohort

Randomised
control trial

Table 2. Summary of included studies
Reference
Gibas-Dorna, M., Chęcińska, Z.,
Korek, E., Kupsz, J., Sowińska, A.
and Krauss, H., 2016. Cold water
swimming beneficially modulates
insulin sensitivity in middle-aged
individuals. Journal of aging and
physical activity, 24(4), pp.547554.
Drenowatz, C., Hand, G., A.,
Shook, R., P., Jakicic, J., M., Hebert, J., R., Burgess, S. and Blair,
S., N., 2014. The association between different types of exercise
and energy expenditure in young
nonoverweight and overweight
adults. Applied Physiology, Nutrition, and Metabolism, 40(3),
pp.211-217.
Yázigi, F., Espanha, M., Vieira, F.,
Messier, S., P., Monteiro, C. and
Veloso, A., P., 2013. The PICO
project: aquatic exercise for knee
osteoarthritis in overweight and
obese individuals. BMC musculoskeletal disorders, 14(1), p.320.

Sample
Size
30 subjects
aged 50 +/9.4

417 adults
(46.2%
obese/overweight) aged
21 - 36

50 adults
aged
40 - 64

Duration
of Study
Six
months

Selfreported

Three
months, two
60-minute
sessions per
week

Swimming contributes significantly to
the variability in total daily energy expenditure in obese/
overweight adults

Increased insulin
sensitivity and
improved body
composition

Results

-

Outdoor
swim

Notes

IntervenObjectives
tion
Cold water
Changes in
swimming body composiat least
tion and insulin
twice a week
sensitivity

Variable

Examine the
contribution of
different types
of exercise and
the variability in
energy expenditure
and time

Improvement
of knee
osteoarthritis
symptoms

0.5oC

35.5 +/-

Temp:

Water

Aquatic
exercise
program

Control the
symptoms
of osteoarthritis
and the participants physical
activity
levels and
metabolic rates

9

Randomised
control trial

Randomised
control trial

Randomised
control trial

Cadmus, L., I., S., A., Patrick, M.,
B., Maciejewski, M., L., Topolski,
T., A., R., I., Belza, B., A., S., I., A.
and Patrick, D., L., 2010. Community-based aquatic exercise
and quality of life in persons with
osteoarthritis. Medicine & Science in Sports & Exercise, 42(1),
pp.8-15.

Rivas, E., Newmire, D., E., Crandall, C., G., Hooper, P., L. and
Ben-Ezra, V., 2016. An acute bout
of whole body passive hyperthermia increases plasma leptin but
does not alter glucose or insulin
responses in obese type 2 diabetics and healthy adults. Journal of
thermal biology, 59, pp.26-33.

Greene, N., P., Lambert, B., S.,
Greene, E., S., Carbuhn, A., F.,
Green, J., S. and Crouse, S., F.,
2010. Comparative efficacy of
water and land treadmill training for overweight or obese
adults. Medicine & Science in
Sports & Exercise, 41(9), pp.18081815.

10

Fiftyseven obese
adults (25
men and 32
women)

Eighteen
adults (50%
obese and
diabetic,
and 50%
healthy
non-obese)
aged 41.1
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Physiology
1. Insulin
Increased insulin sensitivity was found in
the study of Gibas et al. (2016) who used
an outdoor cold-water protocol, and in the
study of Jones, Meredith-Jones and Legge
(2010) who used an indoor swimming pool
for their experiment. In both cases insulin sensitivity was improved following six
months and six weeks respectively of training aerobically. Specifically, changes in insulin were observed from the beginning to
mid-season during cold water swimming.
In addition to aerobic exercise, the second
study also incorporated resistance training.
Insulin levels decreased by 44% at the end
of the research. However, an experiment by
Rivas et al. (2016) failed to show any differences in insulin sensitivity after just an hour
of a hyperthermic treatment in a 39.4 +/- 0.4
Co water temperature as longer durations as
mentioned above are more desirable compared to the heat of the immersion.

studies of Cadmus et al., (2010), Greene et
al. (2010) and Nagle et al. (2017). Specifically, the study design in a public pool environment by Cadmus et al. had more positive
results on the obese population (BMI<30),
rather than people with BMI levels ranging
from 18.5 to 30. Greene et al. compared water-based treadmill to land treadmill and BMI
rates had the same magnitude of improvement from both training methods. In more
detail, land treadmill improved BMI scores
from 30.7 +/- 1.0 to 30.1 +/-1.0 whereas the
later from 29.9 +/- 0.9 to 29.4 +/- 0.9. Lastly,
Nagle et al. also compared aquatic exercise
to walking and results showed an improvement in BMI by 2.6 +/- 1.2 and 2.2 +/- 1.7
respectively. A fourth study by Motimath
et al. (2018) confirms these findings when
comparing water circuit training to land circuit training with the later producing greater
results. In conclusion, water-based training
produces slightly greater results than landbased training but failure to specify the water temperature in three of the four studies
makes it unable to identify the magnitude
that temperature plays in the final results.

2. Glucose
The same study by Jones, Meredith-Jones
and Legge produced positive results for glucose with a recording of 30.4% reduction 2. Weight
seen after two hours of physical activity. ImChanges in weight were observed in most
portant to note at this point, the current group
of the studies showing a decrease regardless
consisted of individuals with reduced glucose
of the exercise protocol, type, exercise dutolerance. On the other hand, the study by Riration, water temperature and study length.
vas et al. (2016) did not show any differences
Again, the three studies which compared
compared to baseline figures after an hour of
water- to land-based exercise produced
a full body water immersion in approximategreater results after aquatic training.
o
ly 40C temperature. This again confirms that
longer durations yield better results com- 3. Waist Circumference
pared to the actual water temperature as both
As with weight, waist circumference meainterventions were conducted in warm water.
sures were seen in most studies with a reduction in most cases. Changes were as high as
Anthropometrics
6% reduction after a 12-week period as seen
1. Body Mass Index
in the study by Jones, Meredith-Jones and
Improvements in BMI were found in the
Legge (2010) in an indoor setting. However,
13
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the studies comparing land- to water-based
protocols produced conflicting results.
Motimath et al. (2018) found clinically significant results in BMI scores in a female
obese population performing circuit training
exercises in water compared to those training on land. On the opposite side, the study
by Nagle et al. produced more favourable
results towards land-based exercise with a
reduction in waist circumference by 7.23
+/- 8.7cm compared to the aquatics group
which decreased BMI levels by 6.63 +/3.2cm. Furthermore, Greene et al. produced
identical results between both groups with
an approximate of 3.7cm decrease in waist
circumference. It is important to note here
that the protocols in the three last studies
varied between one another and water temperature was not indicated which otherwise
may have produced more similar results to
reach a conclusion regarding waist circumference.

M. Theodorou, R. Kabir

ics group even though body composition improved equally in both land and water. Identical results were found by Greene et al. (2010)
when compared land treadmill to underwater
treadmill exercise design. Specifically, in their
study the group training on land improved their
body fat percentage from 39.4 +/- 1.8 to 36.1
+/- 1.8% whereas the group exercising on the
underwater treadmill decreased their body fat
percentage from 39.4 +/- 1.6 to 38.1 +/- 1.8%
after a period of 12 weeks.
Additional Benefits
1. Pain
In addition to the physiological responses
and the bodily changes observed, studies
included pain as a measure in their studies. Yágizi et al. (2013) specifically tested
a 3-month 35.5 +/- 0.5 Co water-based intervention in a population of 56 obese individuals aiming to improve osteoarthritis
symptoms. Furthermore, a study by Cadmus
et al. (2010) predicted a reduction in pain
scores by 0.5 in a scale of 0 to 3. They found
that aquatic exercise may benefit obese people as swimming takes away the extra load
from the joints and allows pain-free motion
regardless of the temperature of the water.

4. Body composition
Body composition was measured by body
fat percentage which improved in all the studies which included this factor. In more details,
the study by Colato et al. (2017) improved body
composition within an obese female population whereas Principal et al. (2018) produced 2. Fitness Levels
positive results within an obese male populaStudies showed positive results in the partion. Gibas et al. (2016) stated that obese and
ticipants’ fitness levels. Improved measures
non-obese females tend to have greater BMI
of VO2max and VO2peak were seen in the
levels and less fat free mass compared to their
papers of Greene et al. (2010), Rica et al.
male counterparts. However, their study, which
(2013), Colato et al. (2017) and Nagle et
involved swimming outdoors during the winal. (2017). All protocols lasted at least 12
ter months, improved measures in both sexes
weeks with an additional four weeks in the
with obese males showing greater responses.
study of Nagle et al. Specifically, Rica’s
Additionally, Cadmus et al. (2010) observed
study included exercising in a public pool
changes only within the obese group compared
with average water temperature compared
to the control. The study by Nagle et al. proto the other studies which did not specify.
duced better results for waist circumference in
However, increases in strength were seen
the land-based group compared to the aquatin the studies by Rica et al. and Nagle et
14
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al., and where measured by exercise repetitions. Studies comparing aquatics to walking showed improved fitness levels in both
groups with water-based exercise producing
more strength and improving leg lean muscle mass. However, advances in flexibility
were more a result of exercising on land
compared to water (Nagle et al., 2017).

more detail, insulin is a glucose regulator and
helps its metabolism in all the tissues within
the body apart from the brain. Insulin is secreted by β-cells located within the pancreas
and exercise hinders their concentration. This
means that during exercise the working muscles have a greater response to glucose uptake
due to the enhanced insulin sensitivity. On the
other hand, the study by Rivas et al. (2014)
failed to show any changes in both insulin
and glycogen during a one-hour full body immersion into warm water. This is because no
strain was induced in the muscles. Like this the
β-cells concentration was not deterred which
resulted in normal insulin circulation and thus,
glucose uptake. This indicates that the time
and strain of the intervention produces greater
results compared to the warmth of the water.
Due to the physiological responses of exercise, differences were also seen in the anthropometric scores. Body mass index, weight,
waist circumference and body composition
(body fat percentage) improved in all studies
regardless of exercise duration and training
protocol. According to Hoffman (2014) a single bout of exercise can produce physiological
changes and therefore alter hormonal response
to exercise. This results in muscles working
more efficient and harder to produce work
which leads to greater energy expenditure. According to McArdle, Katch and Katch (2010),
the thermic effect of physical activity is one of
the three factors impacting total daily energy
expenditure (TDEE). Furthermore, consistent
physical activity stimulates resting metabolism resulting in more calories burned during
rest periods. This happens because the worked
muscles tend to spend 20% more energy during inactivity compared to unworked muscles,
making rest the second factor affecting TDEE.
Specifically, Drenowatcz et al. (2014) and
Greene et al. (2010) reported higher energy
expenditures from their participants after ex-

3. Mental Health
In addition, benefits were seen in participants’ quality of life. Specifically, Cadmus
et al. (2010) collected data using the Perceived Quality of Life scale before and after their intervention program. The positive
outcomes suggest that swimming is beneficial for obese people suffering also from osteoarthritis. This was linked to the fact that
pain scores were decreased commencing
the training period. These findings are confirmed by the study of Rica et al. (2013) who
found improvements in self-reported quality
of life which included physical, psychological, social and environmental aspects after
a swimming intervention in a public pool.
However, this may be more due to the fact
that the participants interacted with individuals similar to their weight and state, and less
to the temperature of the water, especially
since the data is limited. These results suggest that aquatic exercise may also provide
mental therapeutic properties independent
of the water temperature.
DISCUSSION AND CONCLUSION
The major findings of this systematic review clearly answered two of the three research objectives that were set. The physiological responses to swimming indicated that
aquatic exercise can effectively improve insulin sensitivity and glucose uptake regardless of
the water temperature. According to Hoffman
(2014), these hormones work hand in hand. In
15
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ercise. Lastly, the third aspect that contributes
in excess energy utilisation is feeding which is
not discussed in this review.
In addition, the study by Gibas et al. (2016)
showed greater anthropometric results of obese
people when compared to lighter subjects after swimming outdoors. Based on McArdle,
Katch and Katch (2010) this is because overweight individuals need to move a greater
surface area. This results in greater work required and thus, greater energy expenditure.
Lastly, the studies that compared land-based
to water-based interventions found results favouring aquatics regardless of the protocol and
temperature. Swimming uses excess energy to
maintain buoyancy while using the arms and
the legs to generate movement. Swimmers also
must face the resistance of forces such us skin
friction, wave drag, and different pressures created around their bodies which makes energy
expenditure four times greater when compared
to a land-based programme covering the same
distance (McArdle, Katch and Katch, 2010). It
is therefore concluded that TDEE is the factor
affecting anthropometric measures.
In addition to the above, participants’ fitness was improved which is seen in the studies calculating VO2max, VO2peak and strength
measures. Strength is affected by pretraining
history, program length and training frequency
and need to provide the appropriate stimulus
to the muscle to develop (Hoffman, 2014).
Furthermore, Boyce et al. (2009) stated that
beginners and individuals with sedentary lifestyles experience greater strength gains compared to trained people. This, in contrast with
Hoffman’s statement, explains why increases
in the participants’ strength were seen in relatively short term. Moreover, changes in cardiovascular fitness refer to the increased duration of doing exercise. According to McArdle,
Katch and Katch (2010), the human body hosts
fast-twitch fibres which produce short bursts
16
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of strong movements and slow-twitch fibres
which are responsible for endurance. Depending on the exercise type individuals can develop either aptitude. Due to the nature of all
the studies and the participants’ abilities, the
intervention protocols consisted of low intensity, but longer duration exercise several times
a week. VO2max values have been shown to
increase by 15% to 30% within the first three
months of training (Hoffman, 2014), which is
what is shown in the findings irrespective of
the water temperature of each intervention.
This is due to the increased capillary thickness
that enhances the time the oxygen spends in
the working muscles, thus increasing work duration (Bassett and Howley, 2000).
Studies of Yagizi et al. (2013) and Cadmus et al. (2010) found reductions in pain in
subjects suffering from osteoarthritis. As explained by the authors, swimming takes away
the extra load from the working joints while
timely reducing excess mass and strengthening the body. Moreover, according to Kubo,
Kanehisa and Fukunaga (2005), different temperatures affect the ways the musculoskeletal
system contracts to produce work. Both studies
mentioned involved aquatic exercise in warm
environments. Gregson et al. (2011) stated that
warmth increases blood flow, thus transporting oxygen and blood to the working muscles
around the joint. This drives the muscles to
contract more efficiently while minimising the
weight the joints need to carry.
Pain was associated with improved quality
of life scores seen in the study by Cadmus et al.
(2010). In addition, general mental health improved in the participants of Rica et al. (2013)
who reported better physical movement. Additionally, the same study revealed that progresses
in the social and environmental aspect of people’s lives contributing to enhanced quality of
life. Even though they have been cases showing
the benefits of cold-water swimming on men-
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tal health (BBC news), this does not explain
the current findings as both protocols involved
swimming in public pools where the water is
usually warm. However, considering the reductions in pain, Heo et al. (2010) stated that mood
depends on function while function depends
on pain, and pain depends on obesity levels.
As weight drops, so does pain which increases functional movement and improves mental
health. Additionally, the social and environmental health improvements be a result of generally
positive self-evaluation. In other words, according to Taylor and Brown (1988), positive selfevaluation promotes care for self and for others,
the ability to be happy, productive and creative.
These can lead to adopting a healthier lifestyle,
seeing changes which make people happier, interacting with others and supporting change to
create an encouraging environment. Therefore,
it is concluded that swimming can also prove to
be a mental therapy.
In contrast to the above, there are a few li
mitations in this review worth to mention. The
first and main limitation regards the second objective set, which was not met. This is since water temperatures were not monitored during all
the studies. However, based on the findings of
our analysis and knowledge about the effects of
the different water temperatures on the human
physiology, we can assume the following; the
colder the water, the greater the results. According to Stocks et al. (2004), cold environments
induce shivering to provide heat for the body.
To do this, the heart works harder to provide
oxygen through blood to the muscles (McArdle,
Katch and Katch, 2010) which require energy.
This involves the use of extra calories resulting
in a greater calorific expenditure in addition to
the losses from exercise alone.
Second limitation comprises of the study
protocols themselves. To start with, all the
studies involved different exercise methods
which made it difficult to understand which

intervention plan was the most effective. Even
so, all the results were encouraging. Next, studies focused on specific outcomes which may
have led to biased results towards other factors. Furthermore, as already mentioned, water
temperatures were not precise which may have
contributed to the misinterpretation or the outcomes. Lastly, while great caution was taken
to select studies that did not include another
intervention other than exercise, it is uncertain
whether the participants followed nutritional
or behavioural consultation in addition to exercise. Specifically, Nagle et al. (2017) incorporated a behavioural model with the exercise
intervention making it the only mixed methods
study in the analysis. Additionally, the study
by Drenowatcz et al. (2014) collected the data
from participants self-reports. Thus, it is unsure if the participants were honest or modified
their responses to display a greater discipline
and attitude.
Third, studies involved populations with
various health impairments. Even though this
might serve as a benefit due to the positive
outcomes from this review’s analysis, it also
stands as a limitation. In more details, Rivas
et al. (2016) involved a diabetic sample and
Jones, Mereditj-Jones and Legge (2010) included people with normal and abnormal glucose intolerances. Individuals with physiological differences respond in another way towards
exercise which makes the results questionable.
However, overweight people usually come
with these further problems, so it is useful to
see the magnitude of physical activity on these
populations. Furthermore, the participants in
the studies of Yagizi et al. (2013) and Cadmus
et al. (2010) suffered from osteoarthritis. It
would be of interest to see the results of their
studies if exercise was not limited by the pain
created from this condition. Additionally, Drenowatch at al. (2014) compared the responses
of obese to non-obese participants to exercise.
17
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Even though this study provided greater results
in favour of the obese population, the protocol
might not have been strenuous enough for the
non-obese people in order to see similar results.
However, a more strenuous training plan may
have proven to be too hard for the overweight.
Lastly, the study by Rivas et al. (2016) failed
to show any positive physiological results of a
one-hour hyperthermic treatment. This might
be because of three reasons. Firstly, the short
duration of the study design, secondly, the fact
that it was just water immersion and not exercise in the water, and thirdly, the high-water
temperature. Assuming it is the latter, this will
confirm the previous statement of “the colder
the water, the greater the results”. However,
there is a need of more experiments like this
to confirm the authors’ findings and provide
us with further and more precise information
around this topic.
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ABSTRACT
The aerobic capacity is considered to be a prerequisite for high training and competitive
performance in judo. However, it is not clear how the differences in the body composition of
judokas affect their aerobic performance. The present study was aimed at comparing the body
composition variables and aerobic capacity among judo players from different weight categories and examining the best method for scaling the VO2max for differences in body mass. The
subjects were 109 male and 108 female judokas 15-26 years old, grouped in three weight categories for each sex. Percentage of body fat (%BF) was predicted by skinfold equations. Fat mass,
fat-free mass (FFM) and BMI were also calculated. The maximal oxygen uptake (VO2max) was
measured during a graded maximal bicycle ergometer test. The correlations between VO2max,
normalized by different methods, and body size variables were tested by Pearson’s productmoment correlations.
The %BF and body composition variables significantly differed among weight categories
and were with the highest values in the heaviest athletes. The average V̇O2max.BM-1 of the entire groups of male and female judokas were respectively 48.4±4.7 ml.kg-1.min-1 and 39.7±4.0
ml.kg-1.min-1. The lightweight classes demonstrated the highest relative to BM values of V̇ O2max.
When VO2max was adjusted to BM with derived allometric exponents (0.77 for males and 0.69
for females) the results for the three weight categories of male and female judokas were similar,
regardless of the differences in their body composition.
The interpretation of the between-weight categories differences in aerobic capacity in judokas is dependent on the method of expression of VO2max. The VO2max, normalized for BM or
FFM, did not remove the effect of body size and still correlated with body composition variables
in both sexes. The power function expression of VO2max produced size-free variables, which did
not correlate with body size in judokas.
Key words: judo, aerobic capacity, VO2max, body composition, allometric scaling
INTRODUCTION
Judo is one of the most popular combat
sports in the world that became an official
Olympic sport in 1972 for men and in 1992
for women.
The competitive success in judo requires
not only tactical skills, but also complex motor
skills − strength, speed, flexibility, agility, dynamic and static balance, coordination, explosive power (Callister et al., 1991; Little, 1991;
Journal of Applied Sports Sciences
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Sterkowicz-Przybycień, 2011).
Judo match has a dynamic intermittent
character and duration of up to 5 min that can
be extended at the referee‘s decision for another 3 minutes. The contest is characterized
by the repetition of brief combat periods, when
the contestants perform attacks with maximal
or supramaximal intensity, alternating with
periods of breaks that are effortless. Franchini
et al. (2013) reviewed the studies performDOI: 10.37393/jass.2019.02.2

JOURNAL of Applied Sports Sciences 02/2019

1989). However, the mean values of V̇ O2max
from different nationalities ranged widely between about 45 and 63 ml.kg-1.min-1 in males,
and between 40 and 52 ml.kg-1.min-1 in females
(Franchini, et al., 2011a). Apart from genetic
factors and a different level of cardiorespiratory fitness of the athletes, the large variability
of reported data is partly due to the different research methodologies – protocols, equipment,
and exercise modes.
On the other hand, body size and composition are recognized as factors, which significantly influence the aerobic capacity. Judo is a
weight-classified sport and therefore the body
size of the contestants varies widely. The athletes from both sexes compete in seven weight
classes. For male competitors the weight divisions are <60 kg, 66, kg, 73 kg, 81 kg, 90 kg,
100 kg, and >100 kg; and for female athletes
the respective weight classes are <48 kg, 52,
kg, 57 kg, 63 kg, 70 kg, 78 kg, and >78 kg.
Although, judokas attempt to minimize their
body weight and body fats, studies have indicated an increase in body fat percentage from
lightweight to heavy-weight category (Callister et al., 1991; Thomas et al., 1989; Borkowski et al., 2001). Comparing body size and
composition of judokas with different athletic
achievements, studies have generally shown
that athletes with lower percentage of body
fat are more successful (Callister et al., 1991;
Kubo et al., 2006; Nikolova, Dimitrova, 2018).
The negative influence of body fat on aerobic performance has also been documented
(Franchini et al., 2007). However, probably
due to relatively small studied samples, the
publications to date have not presented a comprehensive analysis of body composition influence on the aerobic performance of judo contestants with respect to the weight categories.
In addition, in most of the studies, the
VO2max is traditionally expressed as scaled by
body weight (ml.min-1.kg-1) to compare values

ing time-motion analysis of judo matches and
found that the periods of efforts vary from 10
secs to 63 secs and pause periods vary from 1
sec to 22 secs. The power attacks of judokas
are highly dependent on anaerobic metabolism. Although no direct method of determining anaerobic performance currently exists,
variety of anaerobic tests have been used for
assessment of upper and lower body part of judokas (Borkowsky et al., 2001; Ali et al., 2010;
Franchini at al., 2005, Franchini, et al., 2011b).
Accordingly, high values of the peak and mean
power during Wingate test, especially in the
upper body, have been documented in judo
players from different national teams (Franchini et al., 2005; Kim et al., 2011, Thomas et al.,
1989). Because the duration of attack periods
is about twice as long as the effortless periods,
it is generally considered that judo is a primary
anaerobic sport. However, the effective fight
carried out by judo players depends on the
aerobic energy systems as well. The aerobic
metabolism contributes to faster restoration of
high-energy substrates and delayed accumulation of metabolites in the periods of breaks between attacks as well as for the faster recovery
from the consecutive matches (Franchini, et al.,
2009; Franchini, et al., 2011a, b). During the
tournament, the number of matches performed
by the elite contestants may reach 6 or 8 on a
single day. Therefore, the aerobic capacity is
considered as a prerequisite for high training
and competitive performance of judo contestants (Kubo et al., 2006, Thomas et al., 1989).
The most widely used aerobic capacity indicator is the maximal oxygen uptake (VO2max),
which is defined as the highest rate of oxygen
consumption attainable during maximal or
exhaustive exercise. The VO2max of athletes
practicing judo has been subject to research
with regards to age, sex, competitive level, etc.
(Callister et al., 1991; Borkowsky et al., 2001;
Nikolova, Dimitrova, 2018; Thomas et al.,
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between athletes of different sizes. This socalled simple ratio standard is based on the
assumption of a linear relationship between
the aerobic capacity and body size, which is
rarely satisfied (Katch, Katch, 1974). However, this manner of adjustment has been criticized, because it does not eliminate the effect
of the body size, and the normalized indices of
VO2max could yet display a residual correlation with BM (Maciejczyk et al., 2014, Nevill,
1994, Toth et al., 1994, Heil, 1997).
One of the alternative methods of scaling
is the allometric or power function modelling,
which is based on the theoretical presumption
of biological similarity. The power function
expresses the relationship between VO2max
and BM by the equation:
VO2max =aBMb,
where a is a proportionality constant and b is
the scaling exponent.
It is assumed that allometric scaling removes the effects of BM and body composition when we compare groups with different
body sizes (Chia, Aziz, 2008). Although some
authors used theoretical exponents (most commonly 0.67 and 0.75) that are predicted by dimensional theory, it is recommended for sports
populations to derive sample-specific scaling
factors (Nevill et al., 1992, 2003).
Because judo is a weight category sport,
normalizing the VO2max to body mass is important for understanding the physiological
response to training in athletes of different
body size. The use of appropriate techniques
for scaling the VO2max provides options to
clarify the between-weight category differences in aerobic capacity of judo athletes. Our
hypothesis is that neither the absolute nor the
simple ratio-standard expression of VO2max
remove the influence of body size on VO2max
and they are not appropriate for evaluation of
the aerobic performance of judo players.
Therefore, the present study was aimed at
24

1) comparing the body composition variables
and aerobic capacity among competitive judo
players from different weight categories and
2) examining the best method for scaling the
VO2max for differences in body size.
METHODOLOGY
The investigation was performed in accordance with the ethical standards of the Helsinki Declaration. All research procedures,
including testing protocol, received approval
from the Ethical board of the National Sports
Academy. The athletes and their parents were
informed about the objective and design of the
study and provided their written consent for
participating in the study.
Participants
Two hundred and seventeen (108 females
and 109 males) judo athletes participated in
this study. The age of athletes was between 15
and 26 years, mean age 19.6±3.4. Study participants had to meet the following criteria: to be
well-trained judokas with training experience
of at least 8 years and to be competitors licensed
by the Bulgarian Judo Association. They were
evaluated during pre-participation physical
and medical examinations in 2016-2018. The
main exclusion criterion was the presence of
contraindications to perform a maximal physical effort test (Fletcher et al., 2013).
For the purpose of the analyses, athletes
we
re grouped with respect of their actual
weight measured during the study. For male
judokas the groups were lightweight category
(-60 kg, -65 kg, -70 kg) (n=70), middleweight
category (-81 kg, 90 kg) (n=27) and heavyweight category (-100 kg and over 100 kg)
(n=12). The respective groups for female judokas was lightweight category (-48 kg, -52 kg,
-57 kg) (n=38), middleweight category (- 63
kg, -70kg) (n=50) and heavyweight category
(-78 kg and over 78 kg) (n=20).

JOURNAL of Applied Sports Sciences 02/2019

Anthropometric measurements
All athletes underwent an anthropometric
assessment by the same experienced investigator who followed the international standards
for anthropometric assessment, published by
the International Society for the Advancement
of Kinanthropometry (ISAK) (Marfell-Jones
et al.,2006). The equipment used to obtain anthropometric measures was calibrated at the
beginning and end of each examining day.
Participants were wearing light clothing and
no shoes during measurements. Body mass
(BM) was measured with a calibrated electronic weighing scale with precision of 0.1
kg and height were measured using a GPM
anthropometer (Switzerland) with accuracy
of 0.1 cm. Four skinfold thickness measurements (triceps, subscapular, supraspinal, and
front thigh) were taken with a Lange Skinfold
Caliper (Cambridge Scientific, Cambridge,
MD, USA) to the nearest 0.1 mm. Duplicate
readings were taken at each site, and the average value was used for the analysis. If the two
readings differed by more than 2 mm, a third
one was taken, and the closest two were averaged.

Maximal oxygen uptake test (VO2max)
The tests were preceded by a routine clinical examination. The oxygen uptake (VO2max)
was measured during a graded maximal aerobic power test performed on a bicycle ergometer Ergometrics er800s (Ergoline, Germany).
The test was performed after a 15-min warmup. Initially, the workload was set at 60 W and
every 90 sec the workload was increased by 30
W until the subjects reached a volitional exhaustion or were unable to maintain the pedal
cadence. During the test, the pedaling rate was
kept constant at 80 rpm.
The attainment of VO2max was validated if
at least two of the following criteria were met:
(1) reaching a plateau in VO2max with an increase of the power output; (2) a respiratory exchange ratio ≥1.1; (3) the heart rate approaches
(±10%) the age-predicted maximal heart rate
(220−ages) and (4) or volitional fatigue.
Maximal oxygen uptake was defined as the
maximal attained VO2 at the end of the exercise period in which the subject reached exhaustion. Gas exchange and ventilatory variables were measured continuously during the
gas exchange tests, breath by breath, using an
open-circuit spirometry procedure on a Quark
CPET Metabolic cart (Cosmed, Italy).
Before each test, the gas analyzers were
calibrated with the use of gases of known concentration of carbon dioxide and oxygen balanced with nitrogen, and the flow meter was
calibrated with a 3-L syringe. Heart rate was
continuously recorded at rest and during the
graded exercise testing with an integrated 12lead ECG (Quark C12x, Cosmed, Italy).
All tests were performed at the same laboratory in the same conditions.

Body composition estimation
Anthropometric measures were used for
the prediction of body composition variables.
Body density was predicted using 4 skinfolds
equations of Jackson&Pollock (Jackson, Pollock, 1978, 1980, 1985). The percentage of
body fat (%BF) was calculated with Siri equation (Siri, 1961).
Fat mass (FM) and fat-free mass (FFM)
were calculated using the respective formulas:
FM = (BW x %BF)/100 (kg)
FFM = BW − FM (kg)
Body mass index (BMI) was calculated as
Statistical analysis
body mass in kilograms divided by height in
All analyses of data were made with the Sta-2
meters squared (kg.m ).
tistical Package for the Social Sciences (SPSS),
version 23 for Windows (Inc., Chicago, IL,
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USA). The statistical significance was set at
p≤0.05 and the data were described as mean ±
standard deviation. We applied the Shapiro-Wilk
test for assessing the normality of data. The data
were statistically tested for heteroscedasticity. A
one-way ANOVA nalysis was used for evaluation of the differences between groups. Next,
post hoc comparisons were conducted with the
Tukey’s HSD test to determine the significance
of between-weight categories differences.
Pearson’s product moment analysis was
applied on natural log-transformed data for
VO2max (ml.min-1), BM (kg) and height (cm).
The allometric analysis, that was applied
to the entire group for each sex, was preceded
by statistical testing the appropriateness of the
model. Body mass and VO2max were natural log-transformed and linear regression was
used to find the scaling factors for males and
females. The sex-specific allometric exponents
were determined from the following logarithmic equation:
ln (VO2max) = ln (a) + b x ln (BM),

where ln (VO2max) was the natural logarithm
of maximal oxygen uptake in ml.min-1, ln (BM)
was the log-transformed data of BM (kg), ln(a)
– the intercept, b – the body mass exponent
(Nevill et al., 1992).
The normality of log-linear model residuals was tested also with Shapiro-Wilk test.
Pearson’s product–moment correlation coefficients were used to determine the relationship between the absolute, relative to BM and
FFM, and expressed as power function ratio
values of VO2max and body composition indices.
RESULTS
Table 1 summarizes the physical characteristics, body composition variables and
aerobic capacity as well as ANOVA results
for between-weight category differences in
male and female judo players. The mean age
and training experience of the studied groups
in both male and female judo players were
similar.

Table 1. Characteristics, body composition and aerobic capacity in judo players
Group / Variable
Age (yrs.)
Training
experience (yrs.)
Height (cm)
Body mass (kg)
%BF
FM (kg)
FFM (kg)
BMI (kg.m-2)
VO2max(L.min-1)
VO2max/BM
(ml.kg-1.min-1)
VO2max/FFM
(ml.kg-1.min-1)
VO2max/BM0.69
(ml.kg-0.77.min-1)

Light
Middle
Heavy
Mean difference
weight cate weight cat- weight catbetween categories
gory (1)
egory (2) egory (3)
Male judokas
(n=109)
(n=70)
(n=27)
(n=12) (2)-(1) (3)-(2) (3)-(1)
19.6±3.4
19.7±2.7
19.3±5.2
19.3±1.1
-0.4
-0.1
-0.5
Entire
group

10.40±4.1

10.56±3.7

10.41±4.2

9.82±1.2

170.2±8.3
71.2±13.5
10.6±2.2
7.7±2.8
63.5±11.1
24.38±2.8
3.41±0.5

165.92±4.5
63.39±6.4
9.94±1.8
6.37±1.6
57.02±5.2
23.01±2.0
3.14±0.41

173.9±6.1
78.1±3.6
11.0±2.1
8.6±1.6
69.5±3.9
25.88±1.5
3.74±0.32

186.8±2.5
101.2±4.6
13.6±1.9
13.8±2.2
87.4±3.9
29.03±1.7
4.30±0.28

8.0* 12.8* 20.9*
14.8* 23.1* 37.8*
1.1* 2.6* 3.7*
2.2* 5.2* 7.4*
12.5* 17.9* 30.4*
2.9* 3.2* 6.0*
0.6* 0.6* 1.2*

48.4±4.7

49.6±4.5

46.9±3.9

42.6±2.6

-2.6*

-4.4*

-7.0*

53.6±7.2

55.0±4.9

51.8±3.3

49.2±2.5

-3.2*

-2.6*

-5.8*

127.7±16.6

128.6±11.8

2.9

2.7

5.5

26

125.7±27.1 123.0±7.3

-0.2

-0.6

-0.7
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Female judokas
Age (yrs.)
Training
experience (yrs.)
Height (cm)
Body mass (kg)
%BF
FM (kg)
FFM (kg)
BMI (kg.m-2)
VO2max(L.min-1)
VO2max/BM
(ml.kg-1.min-1)
VO2max/FFM
(ml.kg-1.min-1)
VO2max/BM0.69
(ml.kg-0.69.min-1)

(n=108)
18.7±2.2

(n=38)
18.4±1.7

(n=50)
19.2±2.3

(n=20)
18.9±1.7

(2)-(1) (3)-(2) (3)-(1)
0.7
-0.3
0.2

9.98±1.5

9.74±1.1

10.11±1.7

9.93±1.6

0.37* -0,18* 0.19*

161.1±4.5
61.0±10.4
14.4±5.2
9.2±4.5
51.8±6.9
23.1±3.1
2.40±0.3

156.8±5.2
50.0±4.0
11.1±4.0
5.6±2.3
44.3±3.7
20.3±1.9
2.09±0.23

162.6±2.9
63.2±3.7
14.4±4.2
9.2±2.8
54.0±3.0
23.4±1.8
2.50±0.21

165.6±3.4
76.6±4.3
20.8±3.6
16.0±3.2
60.6±3.5
27.9±0.9
2.77±0.27

5.7* 3.0* 8.8*
13.2* 13.4* 26.6*
3.4* 6.3* 9.7*
3.6* 6.7* 10.3*
9.7* 6.6* 16.3*
3.0* 4.5* 7.6*
0.41* 0.27* 0.68*

39.7±4.0

41.9±4.2

39.6±3.2

36.1±1.9

-2.4*

-3.5*

-5.9*

46.5±3.7

47.2±4.2

46.3±3.6

45.6±2.9

-0.9

-0.7

-1.6

141.3±11.6

140.7±13.3

142.9±11.0

138.4±8.9

-2.2

4.5

2.3

Note: The values are mean ± SD, BM – body mass, %BF – percent body fat, FM – fat mass,
FFM – fat-free mass, BMI – Body mass index, VO2max – maximal oxygen uptake
*ANOVA p<0.05
Differences in body composition between
weight categories
The results from morphological assessment showed that the anthropometric and body
composition variables increased in the heavier
weight divisions in both sexes and all differences between the weight groups were significant
(p<0.05). The male and female athletes in the
heavyweight class exhibited the highest average values of the height, weight, and Body mass
index. The average values of body fat percentage also showed an increase with the weight
category. The percentage of BF was 9.94±1.76
for the lightweight category, 11.02±2.07 for the
middleweight category and 13.60±1.87 for the
heavyweight category of male judokas. For female athletes %BF of the corresponding groups
the figures were respectively 11.08±3.99,
14.43±4.15 and 20.77±3.56. The mean difference in %BF between the heavyweight and
lightweight divisions of judokas was 3.66% for
the males and 9.69% for the females.
In addition, the derived variables such as

fat mass and fat-free mass also increased with
weight category and all differences among the
groups in both sexes were significant (p<0.05).
Based on the BMI the male judokas in the
middleweight category, and the athletes from
both sexes in the heavyweight category, were
classified as over weighted (BMI ≥ 25 kg·m–2).
For the other weight categories of judo players,
the BMI fell into the normal recommended by
WHO range.
Allometric modelling
The results from Pearson product moment analysis indicated stronger relationship
between VO2max (ml.min-1) and BM (kg) for
both sexes (r = 0.83 for males and 0.85 for
females) than between VO2max (ml.min-1) and
height (cm) (r = 0.58 for males and r = 0.61 for
females). Therefore, in the subsequent allometric procedures we used BM as a better predictor for ln(VO2max). After natural log-transformation of VO2max and BM, sex-specific mass
exponents were derived.
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The resulted regression equations were as
The scaling factor was found to be 0.77
y (females) = 4.95+0.69x, where y is the V̇ O2max and x is the BM.
followed:
(95% CI: 0.68 – 0.86, p<0.0001) for male
The scaling
factor
was found to be 0.77 (95% CI:judo
0.68players
– 0.86,and
p0.0001)
for male
judo– players
y (males)
= 4.85+0.77x,
0.69 (95%
CI: 0.60
0.78,
and0.69 (95% CI: 0.60 – 0.78, p0.0001) for female
p<0.0001)
for and
female
judokas and
the differand
judokas
the difference
between
them
y (females) = 4.95+0.69x,
ence between them was significant (p<0.0001)
was
significant
where
y is the (p0.0001)
VO2max and(Figure
x is the1).BM.
(Figure 1).
8.6

Males y = 0.77x + 4.9

lnVO2max (L/min)

8.4
8.2
8

Females y = 0.69x + 4.9

7.8
7.6
7.4
7.2

3

4 ln BM (kg)

3.5

4.5

5

Figure
ln(V̇ O2max
) as
Figure1.1.Linear
Linearregression
regression model
model constructed
constructed using
using ln(VO
max)
asthe
the dependent
dependent and
and ln
ln (body
2
mass)
as
independent
variables
in
male
and
female
judo
players
for
deriving
the
power
function
(body mass) as independent variables in male and female judo players for deriving the power
scaling
factors.
function
scaling factors.
The analysis confirmed the normal distri- ml.kg-1.min-1 and 36.1±1.9 ml.kg-1.min-1). All
bution
of the
residualsthefornormal
the log-linear
re- of differences
between
weight regression
groups in both
The
analysis
confirmed
distribution
the residuals
for the the
log-linear
using
gression
bodythe
mass,
and that
thehomoscedastic.
residu- sexes were significant (p<0.05).
body
mass,using
and that
residuals
were
als were homoscedastic.
When expressed VO2max relative to FFM,
Differences in aerobic capacity between weight categories
the significant differences between the weight
Differences
in aerobic
capacity between
The results
from the
bicycle ergometric
testing ofclasses
the aerobic
indicated
the greatest
in thecapacity
male judo
players that
remained,
and
weight categories
-1
lightweight
demonstrated
highmean value of V̇ O2max expressed in absolute unitsthe(L·min
) wasathletes
demonstrated
by thethe
male
and
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Table 2. Pearson’s r correlation coefficients (r) for the association between VO2max and body
size variables
Variable
BM

FFM
FM

Male judokas

%BF

BMI
Height

%BF
FFM
FM
BMI
Height

Female judokas

BM

VO2max

0.85 (CI:0.78 to
0.89) p = 0.02
0.50 (CI:0.34 to
0.63) p < .0001
0.85 (CI:0.79 to
0.89) p < .0001
0.72 (CI:0.62 to
0.08) p < .0001
0.81 (CI:0.73 to
0.87) p < .0001
0.68 (CI:0.56 to
0.77) p < .00001
VO2max

0.82 (CI:0.76 to
0.88) p < .0001
0.46 (CI:0.27 to
0.58) p < .0001
0.84 (CI:0.78 to
0.89) p < .0001
0.62 (CI:0.49to 0.72)
p < .0001
0.75 (CI:0.66 to
0.83) p < .0001
0.58 (CI:0.44 to
0.69) p < .0001

VO2max/BM

-0.45 (CI:-0.59 to
-0.28) p < .0001
-0.32 (CI:-0.48 to
-0.14) p = 0.008
-0.43 (CI:-0.57 to
-0.26) p < .0001
-0.44 (CI:-0.58 to
-0.26) p < .0001
-0.21 (CI:-0.38 to
-0.03) p = 0.03
-0.46 (CI:-0.59 to
-0.29) p < .00001
VO2max/BM
-0.54 (CI:-0.67 to
-0.40) p < .0001
-0.58 (CI:-0.69 to
-0.44) p < .0001
-0.44 (CI:-0.58 to
-0.27) p < .0001
-0.59 (CI:-0.70 to
-0.45) p < .0001
-0.53 (CI:-0.65 to
-0.38) p < .0001
-0.34 (CI:-0.49 to
-0.16) p< .0004

VO2max/FFM

-0.25 (CI:-0.42 to
-0.07) p = 0.009
-0.008 (CI:-0.20 to
0.18) p = 0.934*
-0.25 (CI:-0.38 to
-0.02) p = 0.03
-0.21 (CI:-0.42 to
-0.07) p = 0.008
-0.11 (CI:-0.29 to
0.08) p = 0.254*
-0.37(CI:-0.52 to
-0.20) p < .0001
VO2max/FFM
-0.23 (CI:-0.40 to
-0.04) p = 0.015
-0.04 (CI:-0.15 to
0.23) p = 0.679*
-0.28 (CI:-0.44 to
0.09) p = 0.004
0.005 (CI:-0.18 to
0.19) p = 0.606*
-0.10 (CI:-0.34 to
0.14) p = 0.282*
-0.23 (CI:-0.40 to
-0.04) p=0.015

VO2max/BM-0.77

-0.04 (CI: -0.23 to 0.15)
p = 0.681*
0.07 (CI:-0.31 to -0.18)
p = 0.472*
-0.09 (CI:-0.27 to 0.10)
p = 0.371*
-0.04 (CI:-0.28 to 0.21)
p = 0.711*
0.07 (CI:-0.12 to 0.26)
p = 0.452*
-0.12 (CI:-0.36 to 0.13)
p = 0.205*
VO2max/BM-0.69
-0.12 (CI:-0.36 to 0.13)
p = 0.203*
-0.01 (CI:-0.20 to 0.18)
p = 0.918*
-0.18 (CI:-0.36 to 0.01)
p = 0.062*
0.09 (CI:-0.1 to 0.35)
p = 0.203*
-0.04 (CI:-0.15 to 0.23)
p = 0.679*
0.04 (CI:-0.15 to 0.23)
p=0.680*

BM – body mass, %BF – percent body fat, FM – fat mass, FFM – fat-free mass, BMI – Body
mass index, VO2max – maximal oxygen uptake, CI - confidential interval, n.s. – not significant
(p<0.05)
The results statistically showed significant
positive correlations between VO2max and all
tested body composition variables in both sexes.
The strength of the association with the weight,
FFM and BMI in male judokas were very strong
(respectively, r=0.85, r=0.85, and r=0.81), with
height and FM − strong (respectively, r=0.68,
and r=0.72) and with %BF - moderate (r=0.50).
The results were similar for female judokas –
very strong associations of VO2max with the
weight (r=0.82) and FFM (r=0.84), strong −
with BMI and FM (respectively r=0.75 and
r=0.62) and moderate - with height and %BF
(respectively, r=0.58, and r=0.46).

When VO2max was expressed in relative to BM terms, the correlations between
VO2max and all body composition variables
were negative and moderate except for BMI
in male athletes and height in female athletes,
where the association was weak. All correlation coefficients were significant at p<0.05.
The normalized to FFM values of the
̇VO max were with weak association with the
2
weight, height, FFM and FM in male judokas,
and with weight, height and FFM in female
judokas. All other correlation coefficients were
statistically insignificant (p<0.05).
There were no significant correlations iden29

height, FFM and FM in male judokas, and with weight, height and FFM in female judokas. All
other correlation coefficients were statistically insignificant (p0.05).
There were
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correlations
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DISCUSSION
The primary objective of this study was to
characterize the changes in the body composition and aerobic capacity of judo athletes from
both sexes with respect to weight categories.
In this study, the body fat percentage of
the entire groups of male and female judokas was not high −10.6%±2.2 for males and
14.4%±5.2 for females. These values are in accordance with the data from other authors who
summarized the results for judo athletes from
different nationalities (Franchini et al., 2011a;
Torres-Luque et al., 2016). Additionally, it
should be noted that these values are significantly lower than those of the general population (Yordanov, 2012). It is well known, that
in order to gain a competitive advantage, the
judokas try to optimize their body weight so
that within the weight category to have more
lean tissues and less body fat (Franchini at al.,
2014). However, we observed a marked trend
for increasing the body fat percentage and the
fat free mass along with the increase of the
weight category of the competitors. Comparing
the results for the three weight categories we
found significant differences between them in
all body composition variables (height, %BF,
FM, FFM, BMI), with the highest average values in the heaviest athletes from both sexes.
These results confirmed the findings by other
authors that increased weight of the athletes
from heavy-weight categories is due not only
to an increase of lean mass but also to a higher
adiposity (Franchini, et al., 2014; Stachoń, et
al., 2014; Singh, 2015).
Body composition can have considerable
implications on performance of aerobic and
anaerobic tasks. The maximal oxygen uptake
reflects the maximum capacity to transport and
utilize oxygen and is generally considered as
the best single marker of the functional capacity of the aerobic system (Shephard, 1994).
Various studies suggest that aerobic capacity

is influenced by changes in body size. In this
study, the mean values for absolute VO2max,
increased with the body weight of the athletes
from 3.14 L.min-1 for the lightweight group
to 4.30 L.min-1 for the heavyweight group of
males, and respectively, from 2.09 L.min-1 to
2.77 L.min-1 for the females. The highest values of VO2max (p<0.05), reached at the end
of the incremental test, by the heavyweights,
simply reflected their greater body mass.
Since the absolute value of the VO2max is
highly affected by the body mass, it is generally accepted to express aerobic capacity in
relative units (with a denominator BM-1). The
average VO2max.BM-1 of the entire groups of
male and female judokas were respectively
48.4±4.7 ml.kg-1.min-1 and 39.7±4.0 ml.kg-1.
min-1. These values approximate to the lower
limit of aerobic capacity, reported for judo
players from other nationalities (Franchini,
2011a) and are closer to those of the general
population than to those of endurance athletes.
When compared the relative to body mass
values of VO2max, the lightweight categories
were with the highest results and the heavyweight athletes were with the lowest results in
both gender groups of judokas and the significant differences (p<0.05) between weight categories in male and female athletes were still
apparent.
This result is in accordance with the data,
presented by other authors (Franchini et al.,
2007, Thomas et al., 1989) and may suggest
that the heavier judo contestants have lower
aerobic performance or otherwise, high BM,
regardless of body composition, has a negative
effect on the relative aerobic capacity. However, such statement is misleading and has been
criticized by a number of authors, who found
that the simple ratio standard favored lighter
individuals and penalized those with larger BM
(Katch, Katch, 1974; Winter et al., 1991; Vanderburgh, Katch, 1998; Welsman et al. 1996).
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The secondary objective of this study was
to assess how the body size of male and female
judo players from different weight categories
affects their aerobic capacity by examining
different approaches for scaling the maximal
oxygen uptake.
As was already mentioned, there is a range
of evidence to suggest that VO2max is affected by the body composition (Mondal, Mishra,
2017; Hunt et al., 1998; Goran et al., 2000).
Accordingly, when expressing VO2max per kg
BM, the results of the athletes who compete in
lightweight category were the highest, indicating that they have a higher aerobic capacity
compared to other categories. However, the
correlation analysis still demonstrated moderate negative associations between VO2max.
BM-1 and all body composition variables.
Hence, using the conventional method of expression of VO2max the results for the different groups are not independent of the body
mass. This is in accordance with the existing
statement that the use of whole-body mass
as scaling denominator for VO2max does not
remove the confounding effect of body size
(Nevill, 1994; Svedenhag, 1995; Heil, 1997).
Although the theoretical and statistical limitations of the simple ratio standard have been
well-documented, its use in the exercise science still remains common.
One of the factors explaining the significant
differences in absolute oxygen uptake among
groups of athletes with different BM, is the
considerable heterogeneity of body composition (Lolli et al., 2016). Traditionally, sports
scientists use the two-compartment model of
body composition, which divides the body into
two chemically distinct compartments - the fat
mass and fat-free mass. A larger part of FFM
constitute the muscle mass. The VO2max is
strongly influenced by the total active muscle
mass being gained during exercise, as the skeletal muscle mass is the greatest consumer of
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oxygen during exercise (Tolfrey et al., 2006;
Toth et al., 1994; Hunt et al., 1998). Therefore,
it is reasonable to expect that the variability
in the FFM may account for the differences
in the VO2max. In this sense, some authors
consider the FFM is more appropriate scaling
denominator for VO2max than is BM (Toth et
al., 1994; Hunt et al., 1993, Goran et al., 2000).
In the present study, the aerobic capacity of
the male judokas, adjusted for the differences
in the FFM, was with significantly highest values (p<0.05) for the lightweight category and
lowest for the heavyweight category. The correction of VO2max for the FFM eliminated the
differences between the three weight categories in female judokas, and they demonstrated
similar results.
However, weak and negative, but significant correlations between VO2max/FFM, body
mass, fat-free mass and fat mass were found in
males. In females, similar relationships were
observed between VO2max/FFM and the body
mass and fat-free mass.
It is assumed that the allometric scaling allows for examining the maximal oxygen uptake that remove the confounding effect of the
body mass (Nevill et al, 1992, 2003; Welsman
et al., 1996; Lolli et al., 2016).
The theory using 2/3of the individual’s body
mass as scaling factor is based on the surface
to volume relationship in Euclidean geometry
and dated back to the 19th century. According
to surface law, the exponent in the allometric
relationship between VO2max and body mass
should be 0.67. However, almost two centuries
later McMahon, using the concept of elasticity,
proposed that body surface area increases as
volume 3/4 rather than volume2/3. Nevertheless,
recent studies have established that in athletic
and non-athletic population the experimentally
derived scaling factors may deviate from the
theoretical exponents. In a systematic review
involving a large sample of 7,851 participants
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Lolli et al. (2016) estimated the pooled allometric exponent (95% CL) to be 0.71 (0.65
to 0.77) for body mass. Jensen et al. (2001)
analyzed data for 655 male and 312 female
athletes from 25 different sports and found an
allometric exponent of 0.73.
In this study, using log-linear analysis of
covariance with body mass as the covariate,
we determined sex-specific body mass exponents for use in the power function scaling. The experimentally derived exponent for
males (0.77) was significantly higher than that
for females (0.69) (p<0.0001).
The 95% CI of both sex-specific BM exponents were lower than 1.0 (p<0.0001),
suggesting that the relationship between the
VO2max and BM is curvilinear as well as the
increase in oxygen consumption is faster than
the increase in weight in both sexes. The derived mass exponents were consistent with the
theoretically predicted by ⅔ and ¾ power law
(Heil, 1997; Nevill, 1994; Svedenhag, 1995).
For female judokas the scaling factor is close
to the ⅔ law, but for males it is closer to ¾
law. According to Heil (1997), the differences
in size exponents may reflect the heterogeneity of the studied samples with respect to age,
training background, and height.
Using power function modelling for scaling the VO2max Chia & Aziz (2008) revealed
also different allometric factors for both sexes - b = 0.67 for male athletes and b = 0.24
for female athletes. The results of Lolli et al.
(2016) demonstrated lower exponent in women (b=0.52; 95% CL: 0.41 to 0.64) than for
men (b=0.77; 95% CL: 0.71 to 0.83).
In this study, the use of the allometric scaling factor to normalize the VO2max produced
similar results for the three weight categories
in both sexes of judokas, without significant
differences between them (p<0.05). This result suggests that the differences in the body
size and composition of the judokas compet-

ing in different weight categories did not affect their aerobic capacity. Moreover, no residual correlations were found between VO2max/
BM0.77(0.69) and all body composition variables,
which confirms the appropriateness of the allometric scaling as an efficient method for
correction of differences in body size between
weight categories in judo.
To the best of our knowledge this is the
first study characterizing the aerobic capacity
of judo contestants with respect to the weight
categories by using different methods of normalization for the body size. The results may
help both in characterization of the differences
between the weight categories in judo and in
better understanding the variations in the aerobic power in judo contestants.
Limitations
It is important to emphasize that all body
composition variables in this study were derived based on prediction equations using
skinfold thickness. The mean error of prediction equations, as it is recognized, can vary between 3 and 6%.
Another limitation is that the study encompassed individuals in wide age range, and due
to the relatively small number of subjects in
the individual weight groups, the study did not
take into account their maturational status. No
data were received regarding the menstrual
cycle phase of female athletes.
Also, the maximal oxygen uptake test was
performed on a cycle ergometer and the values would not be applicable if the test was to
be performed with the use of other ergometers
such as a treadmill.
CONCLUSION
The body composition variables, such as
height, weight, %BF, FM and FFM increase
along with increasing the weight category. The
absolute values of the VO2max are highest in
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heavy-weight category, followed by middleweight and light-weight ones. However, based
on the results of this study, it can be concluded
that the interpretation of the aerobic capacity in judokas with different body size is dependent on the method of the expression of
VO2max. The normalized to BM and FFM values of VO2max by ratio standard were still in
correlation with body composition variables,
therefore the highest results for light-weighted
athletes were misleading. In contrast, the power function expression of VO2max produced
size-free variable in male and female judo
players. The allometric scaling of the aerobic
capacity in both sexes showed similar results
for the three weight categories, regardless of
the differences in their body composition. This
study provides a better understanding of the
association between aerobic capacity and body
size in judokas that is useful for coaches and
sports scientists.
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SUBMAXIMAL LABORATORY ANAEROBIC TEST
TO DETERMINE RHYTHMIC GYMNASTS’ FITNESS LEVEL
Maria Gateva
National Sports Academy “Vassil Levski”, Sofia, Bulgaria
ABSTRACT
In sports such as gymnastics it is difficult to monitor the fitness and endurance level of the
athletes. In rhythmic gymnastics it is proven that the competitive program is in anaerobic regime of work. Some authors state that there is no contribution by the aerobic energy system in
gymnastics. Very few attempts have been undertaken to create specific anaerobic tests in the
different gymnastics disciplines. That’s why the aim of this study was to create a laboratory test
to measure the fitness level (specific endurance) of the rhythmic gymnasts competing at national
and international level.
Twelve high level gymnasts aged 15.7 (±2.1) were involved in this study. Two tests were
performed in the laboratory – VO2max and submaximal 2-min test (author’s test) and one field
test – competitive routine was carried out. Two min min submaximal treadmill test with constant
load (95% of the maximal test) requires a 2-min run on a treadmill with a constant speed of
8,4 km/h and individually set up incline of 95% of the maximum for each athlete. The incline
is fixed on the basis of: reached HR and incline during the maximal test; extrapolation of the
incline as 100% from the theoretical maximal pulse and calculation of the 95% of the incline
for each gymnast.
Rhythmic gymnastics routine clearly showed better results in the competitive period and is
an indicator for tapering into peak performance. We received some contradictory information
as regards the laboratory results. Heart rate during the whole load on the treadmill test was
lower (significantly proven). This means that in the next stage of the investigation, the experiment needs to be done with the same duration, but we should increase the load to 100%.
Key words: rhythmic gymnastics, laboratory test, submaximal load, fitness level
INTRODUCTION
In sports such as gymnastics it is difficult
to monitor the fitness and endurance level of
the athletes. The VO2max test which is a gold
standard for measuring the aerobic endurance
in many sports is not applicable in disciplines
where the anaerobic system is the energy supplier. The anaerobic regime of work has been
proven to be considerably activated in rhythmic gymnastics competitive program (Gateva
& Andonov, 2006; Gateva, 2008; Manos, Grigore, Popescu, 2012; Batista, 2018), but there
are not enough investigations in this field. We
Journal of Applied Sports Sciences
2019, Vol. 2, pp. 37-45
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believe the comparison with other gymnastics
disciplines’ kinematic structure of the movements and duration of the routines is adequate
and inevitable because they are closest to
rhythmic gymnastics. In artistic gymnastics,
the estimated aerobic energy supply in floor
routine is no more than 20-30% while the main
energy supplier is anaerobic glycolysis (Jemni et al. 2011; Marina, & Rodríguez, 2014).
Powers & Howley (2018) state that there is no
contribution by the aerobic energy system in
gymnastics. We completely disagree with the
statement that floor routine in artistic gymnas37
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tics and routine in rhythmic gymnastics are
predominately dependent on aerobic metabolism (Armstrong & Willem, 2017).
Very few attempts have been undertaken
to create specific anaerobic tests to measure
the fitness level of the athletes in the different gymnastics disciplines (Alves et al., 2015;
Heller et al., 1998; Gateva, 2019). Heller et al.
(1998) suggests that a field test of 30-s repetitive jumping performance may be used as a
simplified measure of anaerobic capacity, because of its close relationship to the standard
laboratory 30-s Wingate test.
In laboratory conditions Force-Velocity
and Wingate tests which measure the power
output are not ideal to determine the specific
fitness level in rhythmic gymnastics despite
the fact that authors are using them in artistic
gymnastics (Jemni et al., 2006). The Runningbased Anaerobic Sprint Test (RAST) is similar
to the Wingate Anaerobic and the tree-minute
step test uses comparison of personal results
obtained from different testing (Mackenzie,
2005). Douda et al. (2006) suggest that rated
perceived exertion scale (RPE) could be more
efficient than heart rate in estimating the % of
VO2max in gymnasts of different competitive
levels (especially for higher level gymnasts)
in a training program. The variables of heart
rate and subjective rate of perceived exertion
are significant to control the effects of training on the performance of individual rhythmic
gymnasts (Fernández-Villarino, et al., 2018).
Based on the physiological indicators of a
competitive routine the aim of this study was
to create a laboratory test to measure the fitness level (specific endurance) of the rhythmic
gymnasts competing at national and international level.

Bulgarian National team) aged 15.7 (±2.1)
were involved in this study. The competitors
were category “Elite” from Levski Triaditsa
sport club in Sofia, training 30 to 35 h per
week. The testing was done twice – first in the
preparatory period and then in the competitive
period. Two tests were performed in the laboratory – VO2max and submaximal 2-min test and
one field test – competitive routine was carried
out. Parental permission and informed consent
were obtained from all participants. The study
protocol was conducted in agreement with the
principles stated in the Declaration of Helsinki
for human studies (WMJ, 2008) and in compliance with the ethical code of the National
Sports Academy (2019).
Instruments
Heart rate was recorded with POLAR
RCX3. The recording started at rest and continued until 10 min post exercise (recovery
period). Blood samples were taken from the
fingertip to measure blood lactate with the use
of an Accutrend Plus Roche. Lactate was taken
before and on the 3rd, 5th and the 9th min during the recovery period (Weinstein et al. 1998).
Based on those two indicators it is possible to
compare the load during all the tests.
For the laboratory testing COSMOS h/p
(Germany) treadmill was used. Gas exchange
was monitored during and 10 min after the exercise (load). Breath by breath gas exchange
was measured continuously with Oxicon Pro
(Yeger, Germany), blood pressure and other
associated metabolic and cardiovascular functions indicators were recorded and will be presented in later publications.

Study design
Laboratory testing (on treadmill)
METHODS
The first task was to assess the fitness
Subjects
level of the gymnasts with standard testing as
Twelve high level gymnasts (some in the VO2max and based on the results to design a
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test with a load close in duration and intensity to the rhythmic gymnastics routine. This
new test needed to provoke work at 95% of
the reached maximum HR during the VO2max
test.
The 2 treadmill tests:
1. VO2max–a modification of Balke Treadmill Protocol was done – Athlete (Franklin
et al., 2000). Increase of the incline of the
treadmill with 0.6° (starting from 0°) on
each 30 sec. The speed during the test was
constant – 8.4 km/h. to determine the level
of the load reached at the end of the test in
order to calculate the submaximal load for
the 2 min test. It was done only once – in
the preparatory period.
2. 2-min Submaximal treadmill test with
constant load (95% of the maximal test)
(authors’ test) – The test requires a 2-min
run on a treadmill with a constant speed of
8.4 km/h and individually set up incline of
95% of the maximum for each athlete. The
incline is fixed on the basis of:
- reached HR and incline during the maximal test;
- extrapolation of the incline as 100%
from the theoretical maximal pulse and
calculation of the 95% of the incline for
each gymnast.
The 2-min submaximal laboratory test was
performed 48 hours after the maximal one took
place. The test was performed in the preparation and in the competitive period.

petitive periods.
Warm up
The start of each of the laboratory tests
was preceded by a three-minute light warm
up. When testing in field the routine was accomplished at the beginning of the training
sessions after a 30-min warm up, followed by
a 10-min specific warm up prior to the routine.
After completing each test, the subjects were
asked to have a passive recovery period for 10
min.
Statistical analysis
Descriptive statistics was used to characterize the physiological reaction during and after applying the tests and routines in rhythmic
gymnastics.
Student’s paired t-test was applied to find
the differences in heart rate monitoring and
blood lactate measuring between the two periods – preparatory & competitive period. Student’s independent t-test was used to compare
the laboratory 2-min test with the load provoked by the rhythmic gymnastics’ individual
routine. The level of significance of p ≤ 0.05
was adopted in all cases.
RESULTS
The VO2max reached for this group was
50.0 (±4.2) ml/min-1kg-1 and some individuals
reached 57.0 ml/min-1kg-1. Blood lactate didn’t
show any significant difference in preparatory
period between the two testing – in lab and
in field. Contrary to this, the heart rate from
the beginning of the load to its end had a significant difference (p≤0.01). Figure 5 clearly
shows that the 2-min laboratory test had lower
values and could not reach the target of the
competitive routine.

Field testing:
1. Competitive routine – individual rhythmic
gymnastics competitive routine with average duration 1.30 min. The field testing
was done in the same week of the laboratory testing at the beginning of the training
session in the preparation and in the com-
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Figure 1. Blood lactate values after submaximal lab test & routine
In the competitive period the average values of blood lactate had differences between
the lab and field testing. In the laboratory test
no improvement was observed in La and even
the values were slightly higher but with level
of significance (p≤0.05). From the 30th second
of the loading onwards, the heart rate had differences (p≤0.01). But at the end of the routine
and the lab test the peak values showed no dif-

ferences.
The laboratory test showed no difference in
the heart rate values between the two periods
(preparatory & competitive). Quicker recovery was clearly observed in the competitive
period (Figure 3) at the submaximal laboratory test. From the 1.45 to 2.15 min the difference between the two periods was significant
(p≤0.05).
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Figure 2. Heart rate values after submaximal lab test & routine
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Table 1. Descriptive statistics of the HR and concentration of the blood lactate after the load

Test

Laboratory test PP

HR mean HR min.
(SD)
(b/min)
(b/min)
186.2 (±6.0)
178

Gymnastics routine PP

194.2 (±4.4)

Laboratory testCP
Gymnastics routine CP

HR max.
(b/min)
198

La mean
La min. La max.
(SD)
(mmol/L) (mmol/L)
(mmol/L)
10.0 (±1.6)
7.2
12.3

187

200

8.7 (±2.3)

5.7

12.8

184.3 (±6.5)

174

193

10.7 (±1.6)

8.0

14.1

188.1 ( ±4.0)

181

194

7.2 (±2.2)

5.0

11.7

PP – preparatory period; CP – competitive period

190.0
180.0
170.0
160.0
150.0
140.0
130.0
120.0
110.0
100.0
90.0

to the preparatory period. From the 45th second of the routine onward up to its end on the
90th second the difference was also significant.
There was a significant difference in the recovery from the end of the load to the 4th min.

prep period
comp period

00:00
00:30
01:00
01:30
02:00
02:30
03:00
03:30
04:00
04:30
05:00
05:30
06:00
06:30
07:00
07:30
08:00
08:30
09:00
09:30
10:00
10:30
11:00

bpm

The measured indicators during and after
rhythmic gymnastics routine clearly showed
that the gymnasts tapered into peak performance in the competitive period. The blood
lactate values decreased significantly, and the
HR values were lower with 5 bpm compared

Figure 3. Heart rate during and after 2 min submaximal tresmill test in the preparatory &
competitive periods
Table 2. Heart rate dynamics during the testing (means ± SD)
2 min laboratory test
t (min)
Preparatory
Competitive
period
period
00:00
113.8 (±17.6)
120.8(±17.5)
00:15
140.1 (±13.9)
147.5 (±12.3)
00:30
161.5 (±12.4)
163.3(±8.3)
00:45
169.5 (±10.4)
171.3(±7.3)
01:00
174.9 (±9.1)
175.6(±5.6)
01:15
178.1 (±7.9)
177.2(±5.8)
01:30
181.2 (±6.9)
180.0(±5.8)
01:45
183.3 (±6.7)
182.0(±6.1)
02:00
186.2 (±6.1)
184.3 (±6.5)
*p < 0.05 significant difference between the periods
**p < 0.01 significant difference between the periods
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Gymnastics routine
Preparatory
Competitive
period
Period
147.5 (±11.0)
132.9 (±17.6)
161.0 (±12.1)
152.5 (±10.7) *
177.3 ( ±7.8)
173.1 ( ±6.4)
186.2 (±5.3)
180.5 ( ±5.3) *
189.9 (±4.9)
184.5 ( ±4.0) *
191.6 (±4.4)
186.1 ( ±4.1) *
194.2 (±4.4)
188.1 ( ±4.0) **
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age (14-18). With the performance of 2-min
submaximal treadmill test we had only several
cases (5 gymnasts) who reached the theoretical maximal pulse and respective incline recorded during the VO2 max test. For most of
the subjects the greater incline was on their
second (submaximal) test (it was extrapolated
for their theoretical maximum). The choice of
the 2-min submaximal test on a treadmill was
based on:
99 Duration is comparable with the two
gymnastics disciplines – individual
and group (1.30 and 2.30 respectively)
routine;

HR in the VO2max test. Consequently, in the
submaximal test some gymnasts had greater
incline that the one reached in the incremental
test. Observing the HR values in the preparatory period from the beginning to the end of
the load we can see how 2-min submaximal
test had lower impact on the body compared
to rhythmic gymnastics routine. This will provoke another experiment in order to test the
2-min submaximal treadmill test to become
maximal (goes up to gymnasts’ maximum –
100%). Blood lactate was slightly higher in
lab test but without any significant difference.
In the competitive period the situation was
controversial – blood lactate stayed above 10
mmol/l (even increased its values) and the HR
had not changed much from the preparatory
period into the competitive one. Meanwhile
the HR values during the gymnastics routine
went lower (because of the adaptation) but still
weren’t higher than the laboratory results. In
agreement with Thompsen et al. (2007), the
best results in sport are obtained with the use
of training protocols which are as specific as
possible to the demands of the sport activity.
The differences are possibly due to the type
of measurement performed. It is not the same
measuring in a laboratory conditions with nonspecific tests as in a real training situation. Because of the different kinematic structure of
the running and gymnastics exercise we can
explain the higher values in blood lactate. Also
because of the adaptation, the trained muscles
are able to cope with higher values of blood
lactate (in competitive period) which can be
produced by nonspecific exercise (running
for gymnasts). HR during the recovery can be
used as a tool to control and monitor athletes’
current level of fitness and subsequent periodic
testing can be used to evaluate the success of
training programs. In some cases, time or distance covered would be the dependent variable
measured rather than a direct measurement of

99 Intensity and effort should be close to the
actual gymnastics routine – 95% of the
maximum.
99 It is expected to measure the anaerobic
and the beginning of aerobic capacity
(same as gymnastics);
99 It is set up individually for each subject.
Routine is a control tool for the real load of
the gymnastics discipline. Studying the physiological exertion (tension) in gymnasts’ body
during the execution of the competitive routine
is necessary for a better understanding of the
adaptation of the body’s systems towards the
intensity and the volume of the competitive
impact (Gachev & Djarova, 1992; Weltman,
1995; Grancharov, 1997; Gateva & Andonov,
2006; Jemni et al., 2011). The higher intensity
level in the training (moderate to very vigorous
intensity exercises) corresponds to practising
the gymnastics routines and parts of the routine (Batista et al., 2018).
What was clear from the received values
from the rhythmic gymnastics routine is that
it showed big improvement (significantly) and
tapering into the peak performance period. We
received contradictory information as regards
the laboratory results. First of all, not all of
the gymnasts managed to reach their maximal
43

SUBMAXIMAL LABORATORY ANAEROBIC TEST ...

M. Gateva

power output to create sport specific test (Powers & Howley, 2018). It appears in gymnastics
we need greater effort in finding the best laboratory test. We should also try to standardise
the effort in performing exercises so that field
test be the most accurate – closest to the competitive programme.
CONCLUSIONS
In the attempt to find an adequate standardise laboratory test to measure the specific
endurance in rhythmic gymnast we found several issues:
99 Heart rate during the whole load on the
treadmill test was lower (significantly
proved). In the next stage of the investi
gation the experiment needs to be done
with the same duration of the test (2 min)
but to increase the load to 100%;
99 since a gymnast doesn’t practice running
the adaptation in this test will be difficult
to observe as in the rhythmic routine the
tapering into the peak performance period
was very clear. The laboratory test can
be used as a tool for indicating the taper
since its recovery period values can show
a quicker adaptation of the cardiovascular
system.
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ABSTRACT
The methodological classification of the volume of the exercises is in the basis of the multiannual preparation in gymnastics. A number of authors (Dimitrova, 2015; Borisenko, 2000;
Fisenko, 2005; Gaverdovskiy, Smolevskiy, 2014) note that for the apparatus of female all around
– balance beam and floor exercise, the volume material united in different structural groups is
equal. The basic motor habits differ only as regards the specificity of the particular apparatus.
The aim of the research is to establish the role of the velocity gradient for the learning algorithm in a multi-annual aspect and on floor exercise. We used kinematic analysis, comparative
data analysis and variation analysis when we processed the results. The analysis of the results
allowed us to establish the role of the velocity gradient for learning algorithm in the multiannual aspect and of floor exercise. Our research has shown that the basic exercises sequence on
floor exercise according to the gradient velocity does not fully correspond to the methodical
sequence of training used for years so far. We established the following dependence: the greater
number of movements in the main action phase executed for shorter time increases the velocity
gradient. It was confirmed for the apparatuses of the gymnastic all around too. The obtained
values for the velocity of basic exercises of floor exercise by structural group confirmed their
direct proportional dependence on difficulty.
Key words: floor exercise, velocity gradient, methodological classification
INTRODUCTION
The methodological classification of the
volume of the exercises is in the basis of the
multi-annual preparation in gymnastics. For
the successful realization of a gymnast, the
proper selection of basic motor habits according to the individual qualities is of great importance. Biomechanical analysis is leading
in the implementation of this process (Kuchukov, 2009; Brüeggemann, 1994). A number
of authors have investigated kinematic characteristics, such as the change of the vertical
and horizontal velocity of the center of gravity during take-off of backward salto (Banerjee, Ghosh, Bhowmick, 2014), the linear momentum and take-off segmental angles during
impulse in the backward stretched somersault
(Mkaouer et al., 2013), angular momentum of
Journal of Applied Sports Sciences
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ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

46

the take-off phase of double backward somersault (Hwang, Seo, & Liu, 1990). The most
comprehensive studies on backward take-offs
have been provided by Brüeggemann, 1983;
Geiblinger, et al., 1995; Hwang, et al., 1990,
Knoll, 1992; Knoll and Krug, 1990, Mkaouer
et al., 2012. The authors outlined key components of the back somersault performed
after round-off, flic-flac and they agreed that
a speed of 5 to 6 m/s and a take-off angle between 75º and 85º were optimal to perform the
backward stretched somersault. Our research
on the kinematic parameters of exercises of
different structural groups on uneven bars
(Petrova, Dimitrova, 2012; Petrova, 2013)
established the vital role of maximal hip joint
velocity achieved in the phase of the main
actions. On the basis of the time needed for
DOI: 10.37393/jass.2019.02.4
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the realization of this speed we determined
the dynamics of its increase as a basic technical characteristic of gymnastics exercises.
The increase in the speed per unit of time is
the velocity gradient we established. The research of the velocity gradient as an objective quantitative indicator allowed the construction of the methodical classification for
uneven bars. We continued the study of this
kinematic parameter for two different apparatuses from the gymnastic all around – vault
and balance beam (Petrova, 2013; Dimitrova,
Tankusheva, Petrova, 2015; Dimitrova, Petrova, Tankusheva, 2014), which optimized the
learning process. The scientific study showed
that the lower the maximum speed reached in
the main action phase is, the easier the exercise is to master (Petrova, Dimitrova, 2012).
A number of authors (Dimitrova, 2015; Borisenko, 2000; Fisenko, 2005; Gaverdovskii,
Smolevskiy, 2014) note that for the apparatus
of female all around – balance beam and floor
exercise, the volume material united in different structural groups is not different. The
basic motor habits differ only as regards the
specificity of the particular apparatus. In the
routines both on a balance beam and in a floor
exercise, the acrobatic exercises are about
22 - 25 (Borisenko, 2000), and in the jumps
mostly split leaps and switch leaps are included (Tankusheva, 2013). In most cases, they
determine the difficulty score received by the
gymnast. The study of the velocity gradient of
the volume material of balance beam exercises showed some specific features (Dimitrova,
Petrova, Tankusheva, 2014) that directed us
to the present research. The exercises of floor
exercise are those which artistic gymnastics
training begins with. The successful growth
of a gymnast depends on the proper motor actions developed in a correct sequence. That is
why the scientific study of the factors that influence this process is topical. The calculation

of the velocity gradient (Petrova, 2013) and
the floor exercise elements and connections
will allow the construction of a scientifically
based training sequence.
The aim of the research is to establish the
role of the velocity gradient for the learning
algorithm in a multi-annual aspect and on floor
exercise. To fulfill this aim, we set the following tasks:
99 To make a kinematic analysis and find
the velocity gradient of basic exercises
from the different structural groups of
the floor exercise;
99 To analyze the obtained results for the
structural groups;
99 To analyze each structural group velo
city gradients obtained from the same
exercises on balance beam and floor
exercise;
99 To optimize the existing methodological
classification of exercises of floor exer
cise in a multi-annual aspect.
METHODOLOGY
Object of the research is the number of basic exercises of floor exercise. The subject is
the learning algorithm in a multi-annual aspect.
Limits of the research
Five national level female 10-year-old
gymnasts volunteered to take part in the present study. They had five years of training experience of participation at Bulgarian young
national level gymnastics championship. Only
the hip joints velocity in the main phase of
exercise was examined, and on this basis the
velocity gradient was calculated for each performance.
Procedure
Basic gymnastics exercises were recorded
with the use of a video camera (SONY HDR47
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PJ810EB). The camera frequency was 25 fra
mes /sec. We recorded the gymnasts observing all the principles of scientific filming. The
camera was placed sideways of the subject.
The camera axis was positioned at the perpendicular direction of the movement.
During training, a total of eight basic exercises and three different acrobatic series were
photographed. From the structural group of
the jumps we included a split leap fwd and a
switch leap. From the group of handsprings –
round-off, back handspring and handspring
fwd with legs together. From the somersaults
we photographed – somersault fwd tucked.
Three attempts were required for each of
exercises and acrobatic series (round-off,
back handspring, somersault bwd tucked;
round-off, back handspring, somersault bwd
stretched; handspring fwd, somersault fwd
tucked). Only the best execution of each exercise and acrobatic series was selected for
the study.
For the purpose of the research a kinematic analysis was performed, and a gradient
of the velocity of the exercises and series was
calculated. The recorded exercises were analyzed with Ulead video studio (Version 10.0)
software. The hip joins velocity was analyzed
as the point closest to the center of gravity
because thus, it is the most indicative of the
common speed of the studied exercises of the
floor exercise. The gradient of the velocity, that

we first established in a scientific study of uneven bars (Petrova, Dimitrova, 2012, Petrova,
2013), is the time in the phase of the basic actions for which the highest speed is achieved
when performing the exercise. Taking the time
for the realization of this speed into consideration allowed us to determine the dynamics of
its increase as a basic technical characteristic
of the gymnastic exercise. We determined that
the speed increase per unit of time was a velocity gradient.
Data analysis
The results of the research were processed
with math-statistical methods (variation analysis) with the statistical package SPSS-19.0.
(Gigova, 2002).
RESULTS AND ANALISIS
The result of the variation analysis showed
that in half of the studied exercises (split leap
fwd, switch leap, handspring, round-off before somersault bwd tucked, somersault fwd
tucked and somersault bwd stretched), the sign
dissipation was small, which means that the
group was highly homogeneous - the coefficient of variation was between 4% and 9.63%
(Table 1). As regards the other exercises, the
group was approximately homogeneous, with
a value of V% above 12%. For some indicators, the values of asymmetry (As) and excess
(Ex) had an abnormal distribution.

Table 1. Variation analysis of the exercises studied
Gymnastic
jumps
Handsprings

Indexes

N

Min

Max

R

Mean

S

V%

Split leap fwd
Switch leap
Back handspring
Round-off
Handspring fwd with legs
together

5
5
5
5

9.96
10.83
10.41
15.47

10.54
12.17
14.88
20.83

0.58
1.34
4.47
5.36

10.25
11.50
12.65
18.15

0.41
0.95
3.16
3.79

4.00
8.24
25.0
20.88

5

17.86

20.24

2,38

19.05

1.68

8.83
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Handspring fwd
Round-off before somersault bwd tucked
Round-off before somersault bwd stretched
Back handspring before
somersault bwd tucked
Back handspring before
somersault bwd stretched

5

20.24

26.19

5.95

23.21

4.21

18.12

5

16.31

18.47

2.16

17.39

1.08

6.21

5

19.04

29.76

10.72

25.19

5.53

21.96

5

16.31

30.79

14.48

21.14

8.36

39.55

5

20.24

29.75

9.51

23.80

5.18

21.78

Somersault fwd

Somersault fwd tucked

5

11.59

11.90

0.31

11.75

0.22

1.87

Somersault
in series

Somersault fwd tucked
Somersault bwd stretched
Somersault bwd tucked

5
5
5

8.93
8.93
9.96

10.20
10.71
14.75

1.27
1.78
4.79

9.56
9.66
11.86

0.90
0.93
2.54

9.39
9.63
21.45

Handsprings
in series

Table 2 and Table 3 present the velocity
gradient average values of the basic exercises
of the structural groups of jumps, handsprings,
somersaults, and acrobatic series. For each
performance, the gradient of the velocity was
calculated and the average of all the studied
exercises by structural groups was derived.
The analysis of the obtained results showed
that the methodological sequence of the magnitude of the investigated index of the floor
exercise differed both from the vault and from
the uneven bars, as well as from the same exercises (jumps, handsprings and somersaults)
performed on the balance beam. The established direct proportional dependence of the
magnitude of the gradient of the velocity on the
difficulty of the exercises in uneven bars and
vault, which allowed the creation of a methodological classification in a multi-annual aspect,
was not confirmed on floor exercise. And here,
like on the balance beam, the jumps from the

different difficulty groups had a bigger gradient than the somersaults. For example, in Table
2 and 3 we can see that the split leap fwd is the
least difficult “A” has a gradient of 10.25 m/s2,
but a somersault bwd tucked of 9.56 m/s2. That
shows that the same biomechanical structure
of exercises reveals the same dependencies,
regardless the specific performance conditions
associated with the smaller supporting area.
That is why floor exercise is directly proportional to the increase in values of the velocity
gradient and difficulty of exercises only in the
particular structural groups.
Table 2 shows that logically, the more difficult jump – switch leap had a higher magnitude
of the investigated index – 11.5 m/s2. It is interesting to note that the values obtained on floor
exercise were higher than those on the balance
beam, regardless of the methodological requirement for the sequence of training – first on floor
exercise, then on balance beam (Figure 1).

Table 2. Velocity gradient of the gymnastic jumps on floor exercise
Group exercises
Gymnastic jumps

Name

V max (m/s)

Gradient (m/s2)

Split leap fwd

2.05

10.25

Switch leap

2.30

11.5

These results are logical, because on floor from a psychological point of view and thereexercise the jumps are performed more calmly fore they are with a higher speed. The balance
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beam with a height of 1.2 m., a width of 10 the reason for the established differences in the
cm. and a length of 5 m., requires more pre- performance of the same motor habits of floor
is the reason for the established differences in the performance of the same motor habits of
cise and moderate motor actions. The success- exercise and balance beam, as well as for the
floorful
exercise
and balance
beam, as on
well
for the
established
greater
gradient
the velocity
established
greater
gradient
of the of
velocity
of
preservation
of the equilibrium
theaslimeasier for execution exercises of
ited supporting
area for
requires
a change
in some ofmethodically
of methodically
easier
execution
exercises
the floor exercise.
kinematic parameters of the exercises. This is the floor exercise.
11.5
11

Velocity gradient (m/s2)

11.5
11
10.5
10

10.25
9.75

9.5
9
8.5

Split leap fwd
balance beam

Switch leap
floor exercise

Figure
1. Velocity
gradient
gymnastic
jumps
balancebeam
beamand
and floor
floor exercise
Figure
1. Velocity
gradient
of of
thethe
gymnastic
jumps
onon
balance
exercise
In the group of handsprings (Table 3) we fwd tucked performed after running had a larg-

In the group
of handsprings
(Table
the m/s
exercises
performed
2
gradient (11.75
researched
the exercises
performed
in 3)
oneweerresearched
) than that
performedininone
in series.
interestingfact
factisis that
that the
a series
m/s2) – ahad
direct
from
placeplace
and and
in series.
AnAn
interesting
back (9.56
handspring
theconnection
smallest velocity
the back handspring had the smallest velocity several exercises – in this case, handspring fwd,
gradient (12.65 m/s ), making it the easiest to somersault fwd (Table 3). The exercises were
is not
confirmed
by theexercises.
many years
of practical
experience
in theso arrangement
volume
included
in a series,
as to achieve aofgreater
learn
from acrobatic
This, however,
horizontalisand
the successfully
rebound vertical
speed
is notof
confi
rmedexercise.
by the many
of practical
material
floor
Inyears
many
cases, round-off
theafter
first
performed
experience in the arrangement of volume ma- required for the realization of more difficult
acrobatic
exercise.
From aInbiomechanical
point acrobatic
of view, exercises.
however,Inthere
a turning
around
this is
case,
however,
in
terial of
floor exercise.
many cases, roundsaltospeed
after running,
conditions
off is the
acrobatic
two axes,
andfirst
thesuccessfully
specificityperformed
of the motor
actionperforming
requires a one
greater
of movement
at the
exercise. From a biomechanical point of view, are created to achieve optimal speed for motor
center
of gravity.
proves around
that thetwo
established
relationship
between
the velocity
In the series,
after running
and a gradient
jump
however,
there This
is a turning
axes, habit.
forward,
thereresults
is an intermediate
motor activand difficulty
the specificity
of the
motor
action
requires The
and the
of the
motor
habit
is correct.
obtained
from the structural
group
a greater speed of movement at the center of ity (handspring fwd) and then the salto, which
of the somersaults are interesting. The somersault fwd tucked performed after running had a
gravity. This proves that the established rela- we think reduces the magnitude of the veloc2
larger
gradient
(11.75
) than
that performed
in gradient.
a series To
(9.56
m/s2) a–correct,
a directmulti-year
connection
construct
tionship
between
them/s
velocity
gradient
and the ity
cation, we
to consider
culty ofexercises
the motor habit
correct.
Thehandspring
ob- methodical
fromdiffi
several
– in isthis
case,
fwd, classifi
somersault
fwdneed
(Table
3). The
tained results from the structural group of the separately the connections of acrobatic exercisexercises
were are
included
in a series,
so as to es
achieve
a greatercomplexity
horizontal
after the
in their different
andand
sequence.
somersaults
interesting.
The somersault

gradient (12.65 m/s2), 2making it the easiest to learn from acrobatic exercises. This, however,

rebound vertical speed required for the realization of more difficult acrobatic exercises. In
50 running, conditions are created to achieve
this case, however, in performing one salto after

optimal speed for motor habit. In the series, after running and a jump forward, there is an
intermediate motor activity (handspring fwd) and then the salto, which we think reduces the
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Table 3. Velocity gradient of the acrobatic exercises on floor exercise
Group
exercises

Name
Back handspring
Round-off
Handspring fwd with legs together
Handspring fwd
Round-off before somersault bwd tucked
Round-off before somersault bwd stretched
Back handspring before somersault bwd tucked
Back handspring before somersault bwd stretched
Somersault fwd tucked

Handsprings

Handsprings in
series
Somersaults fwd
Somersaults in
series

V max Gradient
(m/s)
(m/s2)
2.023
12.65
3.214
18.15
3,809
19,05
4.642
23.21
3.478
17.39
4.285
25.19
3.405
21.14
3.967
23.80
3.69
11.75

Somersault fwd tucked

2.857

9.56

Somersault bwd stretched
Somersault bwd tucked

3.253
3.333

9.66
11.86

Velocity gradient (m/s2)

In the back somersaults (Table 3, Figure 2), chanics, leads to a higher speed. The research
the established gradient of velocity showed a we conducted logically showed that the somerdifference from the methodological classifica- sault bwd stretched had a lower gradient of vetion of floor exercise used so far. According to locity of 9.66 m/s2, whereas for the somersault
the code of points, the somersault bwd tucked, bwd tucked the magnitude was 11.86 m/s2.
somersault bwd piket and somersault bwd
The result was justified in further studies.
stretched are basic exercises from group “A”. The new recorded data from the kinematic
The experience of coaches and gymnastics analysis and the magnitude of the velocity graspecialists has established that the somersault dient confirmed the already established values
bwd tucked must be learned first. It is assumed and we think that there is a logical explanation.
that it is easier to perform the rotation around The lower value of velocity of the somersault
the side
axle, because the radius of the turning bwd stretched achieved for a longer time has
somersault bwd stretched achieved for a longer time has lesser dynamics, which is an
is smaller. However, the reduction in the radius lesser dynamics, which is an indicator for the
indicator for the easy learning of the exercise.
of movement, according to the laws of biome- easy learning of the exercise.
32
28
24
20
16
12
8
4
0

25.19
17.39

21.14

23.8

23.21

9.56

11.86

9.66

Legend:
1 –Velocity
before somersault
tucked; 2exercises
– before (in
somersault
stretched
Figure 2.
gradient of bwd
the acrobatic
series) onbwd
floor
exercise

Figure
2. Velocity
gradient
of thebwd
acrobatic
series) on
oor exercise
Legend:
1 – before
somersault
tucked; exercises
2 – before (in
somersault
bwdflstretched
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In coordination, tucked and piked somersault
require greater precision in motor

activity, which is related to folding the hip, shoulder and knee joints, turning momentum,
unfolding and landing. U. Gaverdovskiy came to a similar opinion (2002). He recommends
learning somersault bwd stretched or ungrouped somersault as a base for somersaults bwd.
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In coordination, tucked and piked somersault require greater precision in motor
activity, which is related to folding the hip,
shoulder and knee joints, turning momentum, unfolding and landing. U. Gaverdovskiy
came to a similar opinion (2002). He recommends learning somersault bwd stretched or
ungrouped somersault as a base for somersaults bwd. His statement found its scientific
explanation in our research.
DISCUSSION
The analysis of the results allowed us to
establish the role of the velocity gradient for
learning algorithm in the multiannual aspect
and the exercises of floor exercise. It was
proven that the maximal magnitude of the kinematic hip joint velocity parameter reached
for a unit of time in the basic action phase
and defined as a velocity gradient is indica-

tive of the exercises in each individual structural group. Figure 2 shows the diagram of
the basic exercises sequence on floor exercise
according to the gradient of the velocity. Our
research has shown that it does not fully correspond to the methodological sequence of
training in the multiannual preparation used
so far. Like on the balance beam, it is necessary to make classification of the exercises by
structural groups.
Table 4 shows the learning algorithm of the
most commonly performed basic exercises on
floor exercise according to structural groups.
Our study revealed the need for a separate
methodical algorithm for acrobatic exercise
connections. This is related to the different
situations created by the changing phases of
preparative and concluding actions of the executive motor actions.

Table 4. Learning algorithm of basic exercises on floor exercise
Age
Group
6-7 years
8-9 years
exercises
Gymnastic
Split leap fwd
Switch leap
jumps

9-10 years
Switch leap with ½ turn

Handsprings

Back handspring; Round-off

Handspring fwd

Somersault bwd

Somersault bwd stretched

Somersault bwd tucked

Somersault fwd

Somersault fwd tucked

Somersault fwd piked

CONCLUSIONS
The research allowed us to draw the following conclusions:
The established dependence that the larger volume of movements in the main actions
phase executed for shorter time increases the
velocity gradient was confirmed for this apparatus of the gymnastic all around too.
The obtained values of the velocity gradient of basic exercises of floor exercise by
52

structural group confirmed their direct proportional dependence on difficulty.
We established that the role of the gradient
of the velocity of basic exercises in floor exercise is logically related to that of the balance
beam.
A new methodical learning algorithm is
needed of the acrobatic exercise connections
(series) of floor exercise, which will be subject
of our future research.
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ABSTRACT
Starting from 2018 the judges began to evaluate the level of difficulty of the compositions
with an open scale according to the rules of the competition. The article is devoted to the evaluation of the compositional difficulty of competitive compositions of group routines in rhythmic
gymnastics. One of the factors that determines both the difficulty of the composition and the
synchronization of motor interaction execution by sportswomen in group routines is defined. The
purpose of this research is to justify the necessity of taking into account tempo-rhythmic abilities of gymnasts that predetermine difficulty of compositional decision of competitive program
in group routines. The objective of this study is to reveal the correlational interconnections between tempo-rhythmic abilities and expert evaluations of synchronicity of group motor activity.
The methods that were applied in are an expert evaluation that assesses the synchronization of
motor actions of gymnasts in group routines and testing that consists of listening to and playing
of parts of pieces of music of different rhythmic patterns. The revealed correlational interconnections allow increasing the synchronicity of motor actions of gymnasts in group routines that
will make competitive programs more qualitative and spectacular.
Key words: rhythmic gymnastics, group routines, synchronization of motor interactions,
tempo-rhythmic abilities, musical accompaniment.
INTRODUCTION
Starting from 2018 (the World Cup in Bulgaria), the judges began to evaluate the level
of difficulty of the compositions with an open
scale according to the rules of the competition.
This innovation has become promising for the
further development of rhythmic gymnastics
as a kind of Olympic program. Ranking of
sportswomen based on the level of execution
skills became more adequate. Competitive
programs with all apparatuses have become
more dynamic and interesting. The difficulty
Journal of Applied Sports Sciences
2019, Vol. 2, pp. 55-62
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

of competitive routines has equally increased
from 2018 to 2019. It is connected with the
opening of evaluation scale and with including a greater number of motor interactions into
group routines. The difficulty of the programs
has increased rapidly by 7 points in average. It
can be traced in two types of all-around (Table
1). The variation coefficient indicates the degree of teams’ uniformity in difficulty. As the
routines of leading teams are a kind of standard, so many teams pursue the same indicator of difficulty, which sets higher demands to
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synchronization of gymnasts’ motor actions,
directly connected with their tempo-rhythmic
abilities. Gymnasts began to include a greater
variety of different elements with a high coordination difficulty in their compositions,
which increased the spectacular effect of their
performances (Terekhina et al., 2018).
Today, the importance of information, aesthetic and emotional factors as important components in all spheres of activity, such as mu-

sic, painting, architecture, literature and sports,
etc. has significantly increased in the world.
The carried out analysis of scientific works
devoted to the importance of composition, allowed to reveal a pattern – in all spheres of
activity, there are laws of composition, which
authors are obliged to follow, but still they all
obey the aesthetic aspect: difficulty, emotion
and logic.

Table 1. Comparative analysis of the evaluation of composition at the World Cup (2017), the
World Championship (2018), the Europe Championship (2019) (points) (n=24)
The World Cup
(2017)
Routine
evaluation
With the same
apparatuses
With different
apparatuses
Statistical
indicators

М±m

V (%)

18.13±0.22 3.27

The World
Championship (2018)

The Europe
Statistical
Championship (2019) conclusion, P

М±m

V (%)

М±m

V (%)

< 0.05

20.86±0.67

8.45

24.00±1.06

11.64

< 0.05

4.28

25.45±0.40

4.13

< 0.05

18.04± 0.18 2.68 21.18±0.34

Note: M-arithmetic average value; m-error of average value; V – variation coefficient;
P – the significance of differences.

Following these conditions, authors create
an image and an idea available to the perception
of a spectator. Since it is a question of sport,
the aesthetic aspect obliges to study execution
skills from the point of view of the model of
aesthetic attitude of a person to reality.
The aesthetic principle is inherent in all
sports as a display of perfection of physical
nature of a person. But in such kind of sport as
rhythmic gymnastics, along with other complex coordination sports, the measure of aesthetics is already maximal due to a certain direction of the rules. An increase in difficulties
of free compositions in technical and aesthetic
sports increasingly puts judges-evaluators in a
difficult position. A growing number of sportswomen include maximum elements of the
highest difficulty in their free program and perform them technically perfectly. In such a situation only, the aesthetic side may serve as the
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elusive moment, which gives the possibility of
qualitative distinctions in the performances of
gymnasts.
Of course, the choice of music for competitive routine makes an undeniable contribution
to the compositional decision. The compositional structure of musical accompaniment and
the musical form play an important role. The
analysis of the World Cup in Bulgaria (Sofia)
showed that teams use 3 styles of competitive
combinations, depending on the difficulty of
the rhythmic pattern they use and the style
of musical accompaniment. The most difficult style is an etude-imagery. The degree of
synchronization of motor actions with such a
choice of musical accompaniment is difficult
and requires that sportswomen have additio
nal psychophysical abilities. The competitive composition of Italy with 5 hoops fully
complies with the classical laws of music. The
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point of the Golden section falls on 2/3 of the
routine (2nd place in the finals). Each aesthetic
property can be quantified and evaluated, and,
consequently, the degree of compositional difficulty as a whole can be evaluated. Reliable
differences were revealed in the developed
criteria for evaluating the compositional difficulty of group routines at 95% confidence
probability by Wilcoxon, despite the fact that
the world’s leading teams are not inferior to
each other in difficulty and technique.
The main task is to develop such extraordinary and bright competitive compositions
that are clearly identified, easy to remember,
but are associated with quite capacious associations and be understandable to the viewer.
Modern compositions of the leading teams
differ in their uniqueness: unusual originality
of throws, catches, formations and variety in
formations. On average, each routine includes
up to 32-40 technical elements, the difficulty
of 0.5 to 1.0 points, the tempo of performance
is correspondingly very high.
Thus, there are increased demands to gymnasts’ skills of synchronization of difficult motor actions, performed separately and together
as well, and only highly developed temporhythmic abilities of gymnasts allow performing such a difficult program without any technical deductions for execution.
Many specialists (Medvedeva et al., 2014;
Medvedeva et al., 2018; Shevchuk, Turchina,
2015) note that the main distinctive feature
of the group routines of rhythmic gymnastics
from individual programs is the simultaneous
work of all gymnasts. There are high requirements for sportswomen who have to perform
a certain set of technically difficult elements
for synchronicity of their execution. When
performing a competitive combination of
group routines of rhythmic gymnastics, sportswomen need to coordinate their movements
not only with each other (the same methods

of execution, the same amplitude and rhythm
of movements, the accuracy of rearrangements
and images), but also with changes in musical
tempo and rhythm of the corresponding piece
of music (Medvedeva et al, 2014; Medvedeva
et al., 2018). That is, the principle of synchronicity is to ensure accurate time accordance between separate components: phases, periods,
operations, actions, taking into account the
tempo-rhythmic structure of the musical accompaniment. In this regard, a sense of tempo
and rhythm is a condition of success of group
sports activities of gymnasts, indicating the
need to take into account the specifics of the
display of this factor in the process of improving the synchronicity of motor actions (Medvedeva et al., 2018; Bespalov, Leonov, 2008).
All of the abovesaid has determined the relevance of the problems of this research.
METHODOLOGY
Ten high-qualified 18-19-year-old gymnasts from two teams of group routines (sports
qualifications – Masters of Sport in rhythmic
gymnastics) participated in this research. The
degree of development of tempo-rhythmic
abilities of gymnasts was studied and an expert evaluation of mistakes in synchronicity of
group motor activity was made. A compulsory
condition of gymnasts’ allowance to participation in testing the abilities was normal or above
normal keenness of hearing. While analyzing
medical cards on the given indicator of hearing sensor system, we did not find any deviations. Considering that the traditional method
of evaluation system of tempo-rhythmic abilities is subjective, we developed a control exercise for evaluating these abilities of gymnasts
to discover correlations of inner tempo-rhythm
of a sportswoman and musical tempo-rhythm
of a piece of music.
In order to carry out the evaluation of the
degree of development of the ability, phono57
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grams with a record of five variants of rhythmic ing of a gymnast (without musical accompattern that are most often used in rhythmic paniment). The record and the playing of a
gymnastics were created beforehand with a rhythmic pattern by a gymnast were done
computer audio editor (Cubase PRO9). Those through the sequential pressing of the midi
five variants of rhythmic pattern are: two- key on a keyboard connected to the computer
beat dotted (“Old French Song”), three-beat and sending a signal to the audio editor (Cusimple (“Playing Hobby-horses”), three-beat base PRO9). The comparison of the rhythm
dotted (“German Song”), the eighth- two six- of the original phonogram with its playing
teenth (“Neapolitan Song”), syncope (“Kra- by a gymnast was accomplished by means of
kowiak”). All melodies were chosen from the comparison of graphic images with the calChildren’s Album by P. I. Tchaikovsky. The culation of average value of rhythmic deviaphonograms were records of drum in form tions according to a metric scale. Thus, an inof a graphic image of sound wave amplitude dividual level of tempo-rhythmic abilities of
overlaid on a metric net (scale of bars) and a gymnast was evaluated. We calculated the
while playing they were accompanied by the deviation from the given figures according to
metronome beats with the given tempo fig- a number of divisions on the metric scale (the
ures. Each phonogram consisted of four bars. scale of bars) between the graphic image of
Sportswomen
supposed
to listen
inbetween
the original
rhythmic
number ofwere
divisions
on the metric
scaleto
(thethe
scalebeats
of bars)
the graphic
image pattern
of beats inand
the its
phonogram
and play it twice: along with the interpretation by a gymnast. Each division is
original rhythmic pattern and its interpretation by a gymnast. Each division is a notional unit in 1/32 of
playing phonogram with the metronome ac- a notional unit in 1/32 of a bar (Figure 1) (Koa bar (Figure 1) (Korbakova, Stepanova, 2018).
companiment and following an inner count- rbakova, Stepanova, 2018).

Т1

Т2

Т1
Т2
Note: Т1 – along with a playing melody; Т2 – following an inner counting.
Note: Т1 – along with a playing melody; Т2 – following an inner counting.

Figure 1 – Graphic comparison of metric accents of music and their playing by gymnasts by memory

Figure 1. Graphic comparison of metric accents of music and their playing by gymnasts by
memory

In Figure 1 there is an example of graphic image of accuracy of playing the melody

In Figure 1 there is an example of graph- The module of the number of deviations from
rhythm
by sportswomen.
First the
played
along
withupper
the playing
melody
(T1), and
ic image
of accuracy
of playing
the melody
melodywasthe
given
in the
line was
calculated.
– following the First
inner the
counting
(T2).
One division
was taken
as a notional
unit. The upper
rhythmthen
by sportswomen.
melody
was
An expert
evaluation
of synchronicity
of explayed line
along
with
the playing
melody
(T1),line
andis the
ecution
of motor
group
is the
model
rhythm and
the lower
replaying
of theactions
rhythmbybysportswomen
sportswoman.inThe
then – module
following
thenumber
inner counting
(T2).
One
gymnastic
out according to
of the
of deviations
from
the given
in the routines
upper linewas
wascarried
calculated.
division was taken as a notional unit. The up- the types of mistakes in synchronicity of group
An expert evaluation of synchronicity of execution of motor actions by sportswomen in group
per line is the model rhythm and the lower line motor activity identified by N. A. Shevchuk and
gymnastic routines was carried out according to the types of mistakes in synchronicity of group motor
is the replaying of the rhythm by sportswoman. E. V. Turchina.
activity identified by N. A. Shevchuk and E. V. Turchina. 1. Mistakes that break the form of the routine:
deviations in axial positions of the body, arms and legs; a shift of the body from a given plane
58

of motion; unintended movement in initial and middle positions; underrotating or over rotating
of pivots. 2. Mistakes connected with the level of technical skill of sportswomen: insufficient amplitude
in initial, middle and final body positions; angle deviation from an axis of a given pivot or of an axis of
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1. Mistakes that break the form of the routine: deviations in axial positions of the body, arms
and legs; a shift of the body from a given
plane of motion; unintended movement in
initial and middle positions; underrotating
or over rotating of pivots.
2. Mistakes connected with the level of technical
skill of sportswomen: insufficient amplitude in
initial, middle and final body positions; angle
deviation from an axis of a given pivot or of an
axis of a balance; an absence of control over the
body parts and head positions during routine.
3. Mistakes in following the tempo-rhythmic structure of elements: a failure in accuracy of positions and transitions, unity of routines and parts
of composition: deviations in speed and time
parameters of execution (Shevchuk, Turchina,
2015).
The analysis of 6 video records of two teams
from the same competitions was conducted in
order to determine mistakes in synchronicity
of group motor activity. Each violation in researched indicators gave 1-point deduction. An
average value of mistakes made by each gymnast in three competitions was calculated. Ten
high-qualified gymnasts at the age of 18±0.5

years old, who have the sport title – master
of sports, took part in the research (5 people
in each team). These are the same gymnasts
who participated in the evaluation of temporhythmic abilities. Competitive compositions
of both teams were identical and had the same
difficulty close to the world level. Considering
the fact that all the gymnasts are of the same
level of technical training, the factor that influences the degree of synchronization of motor
actions of gymnasts is tempo-rhythmic abilities. And such factor as execution technique
is neutralized. The expert evaluation was conducted by 4 high-qualified judges (having the
category – sport judge of the All-Russian category, the number of judges was determined by
the rules of the competition FIG). The average
deduction out of 4 evaluations was calculated
for each gymnast. The degree of concordance
of judges was determined according to the coefficient of concordance (it equals 0.9).
RESULTS
The results of an expert evaluation of synchronicity of execution of motor actions by athletes in group routines are shown in Table 2.

Table 2. Results of an expert evaluation of synchronicity of execution of motor actions by athletes in
group routines (n=12)
Types of mistakes
(Expert evaluation, points)

Failures in a
routine form

Low level of
technical skill

Deviations from axial positions of the body,
arms and legs
A shift of the body from a given plane
Unintended movements in initial and middle positions
Underrotating or over rotating of pivots
Insufficient amplitude in initial, middle
and final positions
Conditional deviation from an axis
of a given pivot or a shift of a balance axis
An absence of control over body parts
and head position during a routine

59

Statistical
indicators
M±m
V (%)
2.50±0.39

47.14

0.90±0.19
6.90±0.64
1.20±0.21

63.07
27.71
52.70

0.40±0.17

129.10

0.60±0.17

86.07

0.00±0.00

0.00
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A failure in accuracy of positions and transitions,
unity of routines and part of composition

6.50±0.98

45.44

Deviations in speed and time parameters of execution

4.30±0.47

32.98

Note: M-arithmetic average value; m-error of average value; V – variation coefficient.
Musical accompaniment for both teams
was of a two-beat simple pattern that allows
executing all the movements accurately. Despite that fact, during an expert evaluation the
sportswomen made a lot of mistakes both in
“unintended movements in initial and middle
positions” and in “a failure in accuracy of positions and transitions, unity of routines and
parts of composition”, that lead one another as
a consequence, but are evaluated by different
brigades of judges. As a rule, inaccurate apparatus throws, and catches are the reasons of
such mistakes. In the second place of mistakes
in synchronicity of execution are “deviations
in speed and time parameters of execution”,
that are most often revealed in non-simultaneous execution of structural technical elements
or asynchronous execution of pivots during
the execution of motor interactions. Highqualified gymnasts usually do not make such

mistake as an “absence of control over body
parts and head position during a routine”.
In the process of determining tempo-rhythmic abilities of sportswomen a difference was
revealed between the playing of rhythmic pattern along with the playing melody and the
playing of the same rhythmic pattern following an inner counting. The difference was 4
points on average and the results were statistically reliable according to Wilcoxon W-criterion where p˂0,05. It was also determined that
the playing of the rhythmic pattern with the
faster tempo was done more accurately than
with slower tempo but if the rhythmic pattern was simple. The rhythmic pattern such
as eighth- two sixteenth and three-beat dotted
caused more difficulties when playing with inner counting.
The results of testing of tempo-rhythmic
abilities are shown in Table 3.

Table 3. The results of tasting the tempo-rhythmic abilities of gymnasts (n=12, points)
Rhythmic pattern
Testing
of
abilities

Krakowiak
Syncope
Т1

М± m

Т2

Playing
Neapolitan Song
Hobby-horses
Three-beat
Eighth-two
simple
sixteenth
Т1
Т2
Т1
Т2

German Song

Old French

Three-beat
dotted
Т1
Т2

Two-beat
dotted
Т1
Т2

7.0±0.5 8.8±1.6 5.0±1.6 7.2±1.5 5.2±1.4 10.5±4.7 7.9±1.2 11.7±2.0 8.0±1.3 8.6±1.8

V (%)

20.2

Р

p˃0.05

52.7

92.9

62.7

77.9

p˂0.05

17.5

p˂0.05

43.6

51.1

p˂0.05

48.9

64.1

p˃0.05

Note: notional unit is 1/32 of a bar; Т1 – along with the playing melody; Т2 - following an inner counting.
M-arithmetic average value; m-error of average value; V – variation coefficient; P – the significance of differences.
A correlation analysis was carried out in or- by sportswomen in competitive combinations
der to identify the interrelations between tem- of group routines. The results of correlation
po-rhythmic abilities and expert evaluations analysis are shown in Table 4.
of synchronicity of motor actions execution
The strongest interrelations were discov60
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ered between an expert evaluation of synchron- abilities during the playing of a three-beat,
icity of motor actions execution by sports- two-beat dotted and syncope rhythmic pattern.
women in group routines and tempo-rhythmic
Table 4. Correlational interconnections between tempo-rhythmic abilities and expert evaluations of synchronicity of group motor activity (n=12)

Failures in tempo-rhythmic Low level of technical skill
structure of elements

Breaks in routine forms

Expert
evaluation
(mistakes
in synchronous
execution, points)
Deviations from
axial positions of
a body, hands
A body shift from
the given plane
Unintended movements in initial
and middle positions
Underrotating’s
or overstating’s of
pivots
Insufficient
amplitude in
initial, middle and
final
positions
Conditional
deviation from
and axis of
a given pivot
or a shift of
a balance axis
Failure in accuracy of positions
and transitions,
unity of routines
and parts of composition
Deviations in
speed and time
parameters
of execution

Very vividly
Allegro
Vivo
2|4
Syncope
Т1

Т2

Tempo

Very moder- Quite moderate (Мolto
ate (Мolto
voderato)
voderato)
Musical time signature
3/8
2/4
3|4
2|4
Rhythmic pattern
Three-beat Eighth-two Three-beat
Two-beat
simple
sixteenth
dotted
dotted
Т1
Т2
Т1
Т2
Т1
Т2
Т1
Т2
Very fast
(Presto)

0.388 0.042 0.118 0.233

Quietly
(Andante)

0.0

-0.021 0.064 -0.203 0.382 0.397

-0.145 -0.185 0.188 0.239 -0.155 -0.039 -0.067 -0.188 -0.309 -0.309
-0.115 -0.427 -0.121 -0.403 -0.212 -0.13 -0.533 -0.203 -0.273 -0.448
-0.394 -0.421 -0.179 -0.124 -0.364 -0.276 -0.191 -0.176 -0.545 -0.458

0.052 0.324 0.424 0.209 -0.339 -0.091 0.579 0.545 -0.061 0.118

0.052 -0.070 0.03

0.209 -0.218 0.152 0.064

0.0

0.303 0.391

-0.179 -0.485 -0.255 -0.524 -0.309 0.109 -0.294 -0.094 -0.273 -0.348

-0.233 0.073 0.167 0.115 0.242

0.0

0.497 -0.303 -0.312 -0.297

Critical r=0,450, p=0,05; Т1 – along with the playing melody; Т2 - following an inner counting.

with their inner counting and the rhythmic
CONCLUSION
Important characteristics of sportswomen’s pattern of a chosen musical accompaniment.
sense of tempo and rhythm are in accordance Gymnasts usually execute absolutely differ61
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ent actions with the same rhythm while they
execute motor interactions (“Collaborations”
according to “FIG” code).
It is the easiest for gymnasts to adjust to simple two-beat rhythm even if there are deviations
in the execution technique. At the same time,
the choice of a difficult piece of music by teams
assumes a high technical level of sportswomen
that allows fulfilling interesting complex coordination compositional decisions of competitive routines, which makes them incomparable
and memorable. In this case gymnasts are able
not only to express the melody through body but
to form a melodic line with apparatuses while
executing sequential elements with them.
Thus, it was established that gymnasts’
tempo-rhythmic abilities characterize the quality of their synchronized actions and more specifically - the ability of gymnasts to deliver the
tempo-rhythmic structure of motor actions to
the music.
The data of the correlational analysis revealed that a difficult rhythmic pattern of a
chosen musical accompaniment places high
demands on synchronization of motor actions
of team members that is dependent on sportswomen’s high technical level of training. And
vice versa, a simple rhythmic pattern (e.g. twobeat) of a chosen musical accompaniment creates optimal conditions for synchronization of
actions of all team members. It is influenced by
sportswomen’s level of technical training and
tempo-rhythmic abilities.
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ABSTRACT
Examining the place and influence of emotional intelligence in sports context attracts the
attention of a number of researchers. Their surveys are done mostly among athletes and more
rarely among coaches. In the last years some researchers have begun to study the relation between emotional intelligence and coaches’ leadership style. Authors have found out that emotional intelligence of the coaches was shown to directly predict leadership style and coaching
efficacy (Hwang et al., 2013).
The aim of the present research is to study the interdependence between Emotional intelligence and Leadership style among Bulgarians football coaches.
Methodology: The research was done among 172 football coaches aged between 20 and
56 years, who differ in age, license, age group of their competitors, coaching experience, and
sports experience as football players.
In order to fulfill the aim of the research we used: 1) Background information, 2) Emotional
Intelligence Scale (EIS; Schutte et al., 1998), 3) Revised Leadership Scale for Sport (RLSS;
Zhang et. al., 1997).
Results: The results reveal that the researched coaches possess the greatest skills in managing their own emotions and the smallest – as regards “Perception of emotions”. They most often
prefer behavior related to “Training and instruction behavior”, choose more seldom Positive
feedback behavior, and prefer to take authoritative decisions. We found significant relations between the subscales of Emotional intelligence and Leadership style. Our results did not wholly
confirm the results found in literature about the role of Emotional intelligence as a predictor of
“Positive feedback behavior” and “Autocratic behavior”.
Key words: Emotional intelligence, Leadership style, Coaching behavior, Football coaches
INTRODUCTION
The realization and management of sportscompetitive activities sets serious challenges
to coaches. They have to cope with and overcome different obstacles which include problems related to athletes, tactical decisions,
decisions connected with selection and issues
related to the competitive environment, and in
the meantime they have to try to maintain their
own optimal psychological and emotional levels (Gould et al., 2002).
In sports context, during trainings and comJournal of Applied Sports Sciences
2019, Vol. 2, pp. 63-76
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

petitions athletes can experience both positive
and negative emotions (Hanin, 1997; Jones,
2002). Hanin (2000) suggested that coaches
should develop skills in order to recognize and
manage their emotions (Hanin, 2000). Totterdell and Leach (2001) found out that emotional
regulation could lead to states of optimal efficiency (Totterdell & Leach, 2001).
Salovey and Mayer (1990) created the first
conceptual model of emotional intelligence
which predicted the successful functioning of
people in society. The authors conceptualized
63
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emotional intelligence (EI) as: “the ability to use this information to guide one’s thinking
monitor one’s own and others’ feelings and and actions” (Salovey & Mayer, 1990).
emotions, to discriminate among them and to

EMOTIONAL
INTELLIGENCE
Appraisal &
expression
of emotion

Regulation
of emotion

Utilization
of emotion

Figure 1. Conceptualization of Emotional Intelligence by Salovey & Mayer (1990)
Emotional intelligence is related to important aspects in life such as building productive
personal relationships and achieving professional success. It influences the cognitive processes and is a factor for achieving a greater
personal success (Romanelii, Cain & Smith,
2006). People with higher EI find it easier to
arrange their thoughts according to their significance, to regulate their behavior and to create an appropriate lifestyle in order to achieve

the goals they have set (Brackett, Rivers &
Salovey, 2011).
There are several conceptual models of
emotional intelligence in scientific literature.
Bar-On (2006) stated that could lead to contradictions when determining the most appropriate approach if we wanted to differentiate and
measure EI (Bar-On, 2006). Table 1 presents
the two leading models of EI.

Table 1. Differences Between Trait and Ability Models of EI
EI Model
Trait Emotional Intelligence
Ability Emotional Intelligence

Measurement
Self-Report Questionnaire
Maximum Performance Measures

Mayer and Salovey (1997) developed the
ability conception of EI (Figure 2), which has
four branches: (1) perception/appraisal, (2)
emotional facilitation of thinking, (3) understanding/analyzing emotion, and (4) regulation (Mayer & Salovey, 1997).
Mayer, Salovey, and Caruso (2002) have
emphasized EI as a cognitive-emotional ability within an ability frame work that ought to
be measured by a maximum performance test
(MSCEIT), which consists of performance
tasks requiring responses that are evaluated
against predetermined scoring criteria (i.e. ex-
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Conceptualization
Personality Trait
Cognitive ability

pert or consensus scoring) (Mayer, Salovey, &
Caruso, 2002).
The other conception of EI uses the trait
framework, which argues that this construct is
not related to intelligence (i.e. cognitive ability) as traditionally defined, but rather that it
is based on personality and behavioral dispositions. Trait approaches to emotional intelligence emanate from emotional behavioral
dispositions and encompass self-perceptions
in accord to experiences (Petrides & Furnham,
2001).
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PERCEIVING
EMOTIONS

MANAGING
EMOTIONS

EMOTIONAL
INTELLIGENCE

USING
EMOTIONS

UNDERSTANDING
EMOTIONS

Figure 2. Four-branch model of emotional intelligence (Mayer & Salovey, 1997).
Within trait emotional intelligence, participants reflect on emotional experiences across
different situations and report their subjective
perceptions. That is, the trait EI measures individuals’ perceptions of their typical emotional
ability such as regulating, identifying/appraising, and utilizing emotions in a specific situation (Petrides & Furnham, 2001, 2003).
Furnham and Petrides (2003) suggest that
participants high in trait emotional intelligence
believe that they are in touch with their own
emotions and through regulating these emotions, well-being is promoted (Petrides &
Furnham, 2003).
According to Petrides and Furnham, the
trait approach places EI in the domain of personality, encompassing various behavioral dispositions and emotion-related self-perceptions
measured via self-report based on psychometric theory (i.e. Likert scale) (Petrides & Furnham, 2003).
Examining the place and influence of EI
in sports context attracts numerous psychologists. Their research is aimed mostly at athletes

(Lane & Lowther, 2005; Meyer & Fletcher,
2007; Zizzi, Deaner, & Hirshhorn, 2003), but
the influence of EI on coaches’ work and efficiency has not been studied exhaustively yet.
Gould et al. (2002) surveyed Olympiclevel coaches for coaching effectiveness and
identified that, in Olympic competition, being
in control of one’s own emotional state and
masking certain emotions from athletes are
just some aspects of a coach’s effective performance (Gould et al. 2002). Hanson and Gould
(1988) reported that being aware of their athletes’ anxiety levels is a matter of great concern of coaches (Hanson & Gould, 1988).
Despite the numerous differences between
business environment and sport (i.e. the nature
of the aim and context), there are a number
of similarities between the two contexts especially as regards coaches’ role in the team.
Some authors claim that business managers
with high levels of emotional intelligence cope
better with tension and conflict solving related
to work, as well as with recognition, evaluation, prediction and management of emotions
65
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in such a way that they can influence positively and motivate the members of their teams
(George, 2000; Jordan et. al., 2002; Jordan &
Troth, 2002; Weinberg & McDermott, 2002).
Others define EI as one of the characteristics
of great leaders (Caruso, Mayer, & Salovey,
2002; Rosete & Ciarrochi, 2005).
Athletic coaches are also leaders of their
teams just as business leaders. Therefore, just
as EI has been shown to be an effective variable in the business setting (Humphrey, 2002;
Rosete & Ciarrochi, 2005), it is reasonable
to consider EI as a key variable in effective
coaching.
The research done has shown the positive
relationship between EI and effective leadership. Some authors (e.g., Rosete & Ciarrochi,
2005; Sadri, 2012) said that EI was related to
leadership effectiveness and was its key component. Barling, Slater and Kelloway (2000)
reported in their studies that EI was associated
with many aspects of transformational leadership (Barling et. al., 2000). Higgs and Aitken
(2003) related EI to many aspects of leadership
and to its ability to predict leadership potential
(Higgs & Aitken, 2003).
According to Kerr et. al. (2006) “leadership
is intrinsically an emotional process, whereby
leaders recognize followers’ emotional states,
attempt to evoke emotions in followers, and
then seek to manage followers’ emotional
states accordingly” (Kerr et. al., 2006).
A good sports leader is a coach who daily
provides his athletes with adequate technical
reparation, shows them support and influences
their motivation in order to implement the vision of victory (Walach-Bista, 2014).
Barrow (1977) defined the leadership as
the behavioral process of influencing individuals and groups toward set goals (Barrow,
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1977). Nowadays, Whitmore (2003), defined
leadership as the way to unlock a person’s potential so as to maximize its own performance
(Whitmore, 2003).
Smoll, Smith, Curtis and Hunt (1978) created mediational model of leadership, based
on: coach behaviors, player perceptions and
recollections, and players’ evaluative reactions
(Smoll, Smith, Curtis and Hunt, 1978). In this
model the effects of coaching behaviors are
mediated by the meaning the players attribute
to them.
Effective leadership is described as a function of the traits of the persons entering the relationships, i.e. the coach and the athletes, and
of the situation (Chelladurai & Carron, 1978).
Chelladurai (1978) developed the Multidimensional Model of Leadership. It incorporates three states of leader behaviors: required,
preferred, and actual (Figure 3). Chelladurai
states that a leader will be more effective if the
team’s satisfaction with the leader is high. A
team which is not satisfied with its leader will
not demonstrate the same level of performance
and satisfaction. According to the model, leadership effectiveness is a product of the right
interactions between leader characteristics
(e.g.: interpersonal skills, experience and decision making), athlete’s characteristics (e.g.:
age, gender, skill level, experience and motivation) and the context (e.g.: group size, type of
sport and competition/game importance). If a
leader is required to behave in a specific manner (Required) in a certain environment and
does so (Actual), and if this behavior is what is
preferred by the group (Preferred), then there
is a high likelihood that the group will be satisfied with the leader and the way in which they
are being led and a higher level of performance
result. (Chelladurai, 2007).
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Figure 3. Multidimensional model of leadership in sport displaying relationship between
antecedents, behavior and consequences (Chelladurai, 1978, 2007)
The leadership style of any coach is a major factor which affects the performance of a
person or a group of people, directly or not
(Vincer & Loughead, 2010). That is why it is
important to predict and analyze the choice of
coaching behavior.
Chelladurai and Saleh developed a questionnaire (1980) - The Leadership Scale for
Sports (LSS). The questionnaire has three
main objectives. It has been used to study Athletes’ Preference for specific leader behavior
and Athletes’ Perceptions of their coaches’ behavior. It has also been used to study Coaches’
Perception of their own behavior. Each item
is preceded with a phrase, for example “The
coach should…”, “I prefer my coach to…”,
“My coach…”, or “In coaching…”, depending
the scale’s purpose in the particular study (e.g.,
Required Leader Behavior, Preferred Leader
Behavior, or Actual Leader Behavior). The
questionnaire includes five dimensions: (1)
Training and Instruction – refers to the behavior
of the coach that is directed towards improving the performance of athletes (2) Democratic
Behavior – refers to whether the coach allows
67

athletes to participate in important coaching
decisions associated with group goals, practice
methods, game tactics and strategies (3) Autocratic Behavior - refers to the authority and
independent decision making of the coach (4)
Social Support - refers to the coach’s concern
for the welfare of his/her athletes (5) Positive
Feedback -refers to the coach’s behavior of reinforcing athletes and recognizing and rewarding good performances.
Zhang, Jenson, & Mann (1997) used the
original model of LSS and created the Revised Leadership Scale for Sport (RLSS). The
authors retained the original five dimensions
but added one further dimension – Situational
consideration behavior (describes behaviors
aimed at considering situational factors and
setting goals for members and determining
how they can achieve them).
The research of the influence, significance,
and interrelation between coaches’ personal
characteristics and the choice of appropriate
leadership style behavior is very important for
the optimization of sports-competitive activities.
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Horn (2008) formulated a working model of coaching effectiveness (Figure 4.), and
coaches’ behavior and expectations, beliefs
and goals are in the center of his model (Horn,
2008). The model is based on three assumptions. The first is that antecedent factors (i.e.,
sociocultural context, organizational climate,
and coaches’ personal characteristics) influ-
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ence coaches’ behaviors indirectly through
coaches’ expectancies, beliefs, and goals. Second, coaches’ behaviors directly influence athletes’ evaluations of their coaches’ behaviors
and team performance. Finally, the effectiveness of coaches’ behaviors is influenced by
situational factors and athletes’ individual differences

Figure 4. A working model of coaching effectiveness (Horn, 2008).
Hwang et. al. (2013) did research with 323
head coaches of high school’s basketball team
and used Horn’s working model of coaching
effectiveness.
The aim of the research was establishing
the relation among emotional intelligence
(EI), coaching efficacy (CE), and coaches’
leadership style (LS) which test the mediation of CE in the relation between EI and
LS. The authors found that Emotional intelligence of the coaches was shown to directly
predict leadership style and coaching efficacy
(Hwang et al., 2013).
The aim of the present research is to study
the interdependence between Emotional intel68

ligence and Leadership style among Bulgarians football coaches.
METHODOLOGY
Participants
The research was done among 172 football
coaches aged between 20 and 56 years who
differ in: age (20-25-year-old – 27 coaches,
26-30-year-old – 32 coaches, 31-35-year-old
– 46 coaches, 36-40-year-old – 41 coaches,
41-45-year-old – 18 coaches, 46-50-year-old
– 4 coaches, over 50-year-old – 4 coaches), license (“С“ license – 72 coaches, “В“ license –
64 coaches, “А“ license – 19 coaches, “B” GK
– 17 coaches), age group of the athletes they
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are working with (6-9-year-old – 23 coaches,
10-14-year-old – 61 coaches, 15-18-year-old
– 42 coaches, over 19-year-old - 28 coaches,
women – 1 coach, not working at the moment
– 17 coaches), coaching experience (0-2 years
– 70 coaches, 3-6 years – 58 coaches, 7-10
years – 30 coaches, 11-15 years – 11 coaches, over 15 years – 3 coaches), experience as
football players (0-5 years – 33 coaches, 6-10
years – 53 coaches, 11-16 years – 47 coaches,
17-23 years – 30 coaches, over 24 years – 9
coaches).

(e.g., let the athletes share in decision making
and policy formulation), as was Positive feedback behavior (e.g., congratulate an athlete
after a good play). Situation consideration
behavior was measured by 10 items (e.g.,
adapt coaching style to suit the situation), as
was Teaching and instruction behavior (e.g.,
explain to each athlete the techniques and tactics of the sport). Finally, both Social support
behavior (e.g., encourage close and informal
relationship with the athletes) and Autocratic
behavior (e.g., disregard athletes’ fears and
dissatisfactions) were represented by 8 items.
These six factors: training and instruction,
positive feedback, social support and situational consideration comprised leadership
behaviors, whereas the other two comprised
decision-making styles of the coach (Chelladurai, 2007).
The scales show very good psycho-metric
characteristics in Bulgarian conditions.

Measures
In order to fulfill the aim of the research
we used:
Background information. To obtain appropriate demographic data, we developed a
background information questionnaire to ascertain details such as age, gender, the number of years that they have been coaching, and
the current level of their coaching.
Emotional Intelligence. The Emotional
Intelligence Scale (EIS; Schutte et al., 1998)
was employed in the present study. The EIS,
although totaling 33 items (where items are
rated on a 5-point scale anchored by 1 = strongly disagree to 5 = strongly agree), is made up
from one factor (Schutte et al., 1998) and four
factors (Ciarrochi et. al., 2001). Perception of
Emotions was represented by 10 items, Managing Own Emotions was measured by 9 items,
Managing Others’ Emotions was represented by
8 items and Utilization of Emotion was measured by 6 items.
Revised Leadership Scale for Sport
(RLSS; Zhang et. al., 1997). The six-factor
structure of leadership behaviors is represented through 60 items that are measured using
a 5-point Likert-type scale ranging from 1
(Always) to 5 (Never). All items are preceded
with the phrase, “In coaching, I….” Democratic behavior was represented by 12 items

Statistical methods
When processing the initial data from the
research we used statistical package SPSS 21
and made variation, correlation, comparative
and regression analyses.
RESULTS AND ANALYSIS
Figures 5 and 6 present the results from the
variation analysis of the subscales of Emotional intelligence and Leadership style.
The data show that from the subscales of
Emotional intelligence, “Managing own emotions” or researched coaches’ skills to manage
their own emotions received the highest result.
It was followed by “Utilization of emotions”
and “Managing others’ emotions”. The subscale “Perception of emotions” received the
lowest values among the researched coaches.
The mean value of total Emotional intelligence
was 3.91.
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Figure 5. Emotional Intelligence - Descriptive statistics of study variables (n=172)

Figure 5. Emotional Intelligence - Descriptive statistics of study variables (n=172)
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Table 2. Bivariate correlation of study variables (n=172)
TEI
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SCB
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Table 2. Bivariate correlation of study variables (n=172)
TEI
PE MOWE MOTE UE
TIB
DB
AB
SSB PFB SCB
TEI
1
PE
.820** 1
MOWE .839** .534** 1
MOTE .833** .568** .621** 1
UE
.785** .515** .589** .562** 1
TIB
.265** .208** .232** .205** .224** 1
DB
.396** .325** .285** .411** .292** -.136 1
AB
.324** .260** .240** .306** .279** -.016 .527** 1
SSB
.496** .341** .437** .478** .384** .317** .462** .270** 1
PFB
.417** .285** .359** .388** .357** .315** .468** .269** .559** 1
SCB
.437** .282** .416** .354** .405** .374** .440** .462** .528** .469** 1
**p <0.01 level (2-tailed) *p <0.05 level (2-tailed)
Notes: TEI-Total Emotional intelligence; PE-Perception of Emotions; MOWE-Managing Own
Emotions; MOTE-Managing Others’ Emotions; UE-Utilization of Emotions; TIB-Training and instruction behavior; DB-Democratic behavior; AB-Autocratic behavior; SSB-Social support behavior; PFB-Positive feedback behavior; SCB-Situational consideration behavior;
There were significant differences depending on qualification. The coaches with “А” license used more often “Training and instruction behavior”, unlike those with “C” license.
The coaches who are not working at the
moment were more willing to use “Autocratic
behavior”, compared to others. The coaches
with work experience between 7 and 15 years
received significantly lower values for “Democratic behavior”, compared to the other coaches.

The comparative analysis of the data revealed statistically significant differences among the researched coaches along all researched parameters (Figure 7). It clearly showed
that the coaches with a longer experience as
football players (between 11 and 23 years) received higher results for the subscale “Utilization of emotions”, but rarely used “Democratic
behavior” compared to those with less experience as football players.

Figure 7. Comparative analysis of study variables (n=172)
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In order to reveal more profoundly the relation between Emotional intelligence and Leadership style we used regression analysis. The
results showed (Figure 8) that “Perception of
emotions” influenced “Training and instruction behavior” (β = .200 ***) and “Democratic behavior” (β = .212 ***). “Managing

T. Iancheva, G. Prodanov

own emotions” stimulated “Social support behavior” (β = .473 ***) and “Situation consideration behavior” (β = .257 ***). “Managing
others’ Emotions” and “Utilization of Emotions” stimulated “Social support behavior”
(β = .478 ***) and “Situation consideration
behavior” (β = .405 ***) respectively.

Figure 8. Regression analysis of study variables (n=172)
DISCUSSION
The obtained results from our research reveal that the researched coaches possess the
highest skills for managing their own emotions “Managing own emotions”. The lowest
results were established as regards “Perception of emotions”. These results correspond to
those published in literature (Ciarrochi, et. al.,
2001). The indexes for „Total Emotional intelligence” are similar to those received by other
authors who researched athletes (Zizzi et. al.,
2003; Vaughan & Laborde, 2017).
Our data show that coaches prefer more often behavior related to giving instructions during the training process and correction about
the team’s performance during trainings and
in competitions (“Training and instruction behavior”). They tend to consider their players’
abilities and to change the load and difficulty
of the different play elements (“Situational
72

consideration behavior”). It is interesting that
coaches more rarely choose behavior appreciating their players’ success and encouraging
them (“Positive feedback behavior”) and prefer to take authoritative decisions.
The results from the correlation analysis
revealed significant relations among the subscales of Emotional intelligence and Leadership style. Our data correspond to those found
in literature (Rahman et. al., 2012; Maamari &
Majdalani, 2017).
The comparative analysis showed statistically significant differences along all factors
– coaching experience, experience as a football player, license, age, age of the athletes the
coaches are working with. There are significant
differences along the researched indexes depending on the coaches’ experience as football
players. Those with longer experience as football players have the best skills for „Utilization
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of emotions”, but use most rarely „Democratic
behavior”, compared to the coaches with less
experience as football players.
We established statistically significant differences along the factor age of the coaches
as regards “Total Emotional intelligence”. The
coaches aged between 31 and 40 and 46 and
50 had significantly higher results compared
to those aged 20-25 years. Gioldasis et al.
(2013) found that younger coaches preferred
to take authoritative decisions, and older ones
– democratic decisions (Gioldasis et al., 2013).
Milek et. al., (2011) confirmed that older football coaches preferred „Democratic behavior“
more than their younger peers (Milek et. al.,
2011). Our data did not show statistical differences in the way of taking decisions.
The coaches with “А” license had significantly higher results as regards “Training and
instruction behavior”, unlike those with “C”
license. We assume this was due to their better
qualification and competence in the field.
The results show that the coaches who are
not working at the moment are more willing
to use “Autocratic behavior”, compared to
others. The coaches with work experience between 7 and 15 years have lower values for
“Democratic behavior”, compared to the other
coaches. These data differ from the ones received by Gioldasis et al. (2013), according to
whom coaches with longer work experience
preferred to use “Democratic behavior” (Gioldasis et al., 2013).
Horn’s (2008) working model of coaching effectiveness shows that coaches’ personal
characteristics influence indirectly coaching
behavior, and Hwang et. al. (2013) suggested
a direct way from coaches’ characteristic to
behavior. The authors claimed that coaches’
evaluations about their emotions may directly
influence their perceptions of leader behavior
(Hwang et. al., 2013). Jordan & Troth (2002)
stated that leaders with high emotional intel73

ligence made better decisions in difficult social
situations (Jordan & Troth, 2002). This finding
implies that coaches who have higher sense in
regulating their own emotion to keep a positive mood and identifying athletes’ emotional
states (e.g. burnout, boredom, and anxiety level) are likely to demonstrate “positive feedback
behavior“ (e.g. encouraging an athlete after a
mistake and complimenting properly), “situational consideration behaviors“ (e.g. selecting
an athlete for the appropriate game position and
differentiating coaching style at different skill
levels), and “training and instructional behavior“ (e.g. planning training schedule and evaluating the performance of the athletes) (Hwang
et. al., 2013). Milek et. al., (2011) added that
coaches who reported higher well-being, emotionality, self-control or social competence also
claimed to provide more „social support behavior“ (Milek et. al., 2011).
The received data from the regression
analysis partially confirm the data in literature.
According to the results from our research the
subscales of Emotional intelligence do not predict “Positive feedback behavior” and “Autocratic behavior”.
We should point out some limitations of
our research. It was done only among football
coaches which means that the results could not
be applied to all coaches in general. Future research with more coaches from different kinds
of sport could cast more light on this very important for theory and practice issue.
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PERSONALITY CHARACTERISTICS
AND CONFLICT PREDISPOSITIONS IN TEAMS MARITZA
AND RAKOVSKI FROM BULGARIAN WOMEN’S
NATIONAL VOLLEYBALL LEAGUE
Ivan Ivanov, Vladimir Kotev
National Sports Academy “Vassil Levski”, Sofia, Bulgaria
ABSTRACT
Introduction: In the game of volleyball, game efficiency is based not only on physical preparation and technical skills. A great deal of it depends on the players’ abilities to cooperate, communicate and adapt to the psychosocial aspects of team group dynamics. In this study we attempt
to establish the players’ behavior in conflict situations, their basic personality characteristics
and how these influence some game indicators.
Methodology: 1) Background information; 2) Thomas-Kilmann Conflict Mode Instrument
(1977); 3) Big Five Personality Test developed by Goldberg (1992).
Results: The results of our research reveal that the scale with the highest result is Compromising, which is the trait described by both assertiveness and cooperativeness. We have
significant differences between teams and age groups in terms of the scale Competing from the
Thomas-Kilmann Conflict Mode Instrument and Conscientiousness and Agreeableness from the
Big Five Personality Test.
Conclusions: The younger players are more open and try to find more information about the
sports environment and learn more about the game and their personal growth. The higher the
qualification and the age, the more the players prefer competing and being assertive in their
interpersonal relationships. The lower level players prefer clearer rules and instructions. The
players from Maritza are more sport aggressive and with a higher winners’ attitude.
Key words: interpersonal relationship, women volleyball players, personality traits
INTRODUCTION
The structure of our personality is based
on some different parameters and traits, which
are described as dispositions to reaction in one
or another way. Since 1980 researchers have
begun to agree on the basic personality structures. Many authors have determined five independent dimensions through surveys with selfreport questionnaires across different cultures
and countries (McCrae & John, 1992). All five
factors show high convergent and discriminatory validity with other instruments and with
observers’ reports and have been stable for deJournal of Applied Sports Sciences
2019, Vol. 2, pp. 77-85
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

cades (Pervin, L. A., & John, O. P. 1997; McCrae, & John, 1992).
The two basic models of conceptualization of the modern five-factor model of personality are attributed to Goldberg and Costa
& McCrае (Goldberg, 1990, 1992; Costa &
McCrае, 1992a, 1992b, 2008). Goldberg’s
model is known as the “Big five”, and Costa
& McCrае’s model - as the “Five factors”.
The first structure is described by factors like
Extraversion, Agreeableness, Conscientiousness, Emotional stability and Intellect (Goldberg, 1990, 1992). The second - by factors like
77
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Neuroticism, Extraversion, Openness to experience, Conscientiousness and Agreeableness
(Costa & McCrае, 1992a, 1992b, 2008). The
original instrument was developed by Goldberg (2001) and was adapted for Bulgaria by
Karamanova (2016).
The analysis of the internal consistency
shows high reliability of the Bulgarian version
of the instrument. Cronbach’s alphas are as follows: Emotional stability α=0.810; Extraversion α=0.794; Agreeableness α=0.786; Conscientiousness α=0.759; Intellect α=0.709.
For the whole questionnaire - α=0.821 (Karamanova, 2016).
The personality traits concept is closely related to the interpersonal relationship theory.
There are two basic styles of interaction – cooperation and competing. The first dimension
is described as agreeableness, sympathy and
helpfulness. People with this style are productive during conflict situations and for them it
is more typical to cooperate with others. The
second characteristic is based on mistrust,
hostility and destructive behavior.
According to Iancheva (2004) the complicated contemporary situation in elite sport is
based on the very high expectations toward
the personality of athletes, their behavior and
sport performance. All these circumstances
make the role of personal integrity an essential factor for the preparation and realization
of competitive strategies.
Blake and Mouton (1964) published the
original dual model for acting during conflicts, also described as the “conflict grid”.
These conflict styles are based on two separate
dimensions, “concern for people” and “concern for production”. Several similar models
have since emerged - Hall (1969), Thomas and
Kilmann (1974), Rahim (1983), Pruitt (1983),
and Pruitt and Rubin (1986). The models include variation of “concern for self” and “concern for others” and depend on whether indi-

viduals prefer one of these two dimensions.
Thomas and Kilmann (1974) described
five styles of conflict resolution: competing
(high concern for self, low concern for others); collaborating (high concern for both self
and others); compromising (moderate concern for self and for others); accommodating
(low concern for self and high for others); and
avoiding (low concern for self and for others).
In sports psychology, the comparison between personality and sport success is a very
appealing issue that can help to understand
which personality dimensions are associated
with greater levels of success. The association is very complex and therefore different
motivational and dispositional variables correlate with sport performance. Success has
been described in terms of the competition
level and previous results on the Big Five have
shown that high-level athletes (e.g., athletes
competing at a national or international level)
are more agreeable, conscientious, and with
higher emotional stability.
The aim of the present research is to study
and establish the personal traits and interpersonal relationships (the level of two dimensions assertiveness and cooperativeness) of
two women volleyball teams (Maritza and
Rakovski) and to compare the results in terms
of age, practice, qualification.
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METHODOLOGY
Participants
The research was done among 27 women volleyball players aged between 17 and
34 years with different level of practice and
qualification. The mean age of researched individuals is 21.4. For the purpose of the research the players were divided into groups as
follows: according to their experience: 6-10
years (17 players), 11-23 years (10 players);
according to their age: 17-23 (20 players), 2434 (7 players); according to participation in
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“A” national team of their countries – 8 out of analysis researchers can look at the responses
27 players.
of people to hundreds of personality items and
ask the question “what is the best way to sumMethods
marize an individual?”. This has been done
In order to fulfill the aim of the research with many samples from all over the world
we used:
and the general result is that, while there
Background information. To obtain appro- seem to be unlimited personality variables,
priate demographic data, we used a question- five stand out from the pack in terms of exnaire to ascertain details such as age, sport and plaining a lot of people’s answers to questions
competitive experience.
about their personality: extraversion, neurotiThomas-Kilmann Conflict Mode Instru- cism, agreeableness, conscientiousness and
ment (1977). Thomas-Kilrnann instrument openness to experience. The big five are not
has 30 pairs of statements describing modes associated with any particular test, a variety
of handling conflict. Each mode is paired of research methods have been developed to
with the other four modes an equal number measure them. In this study we used the Bulof times. Subjects are asked to choose the garian adaptation (Karamanova, 2016), based
statement in each pair that best describes their on the Big-Five Factor Markers from the Inbehavior in a conflict situation. A profile of ternational Personality Item Pool, developed
behavior for handling conflict is obtained by by Goldberg (1992).
summing the number of statements the subStatistical methods. To analyze the initial
ject endorses for each mode. This instrument data from the research, we used the statistical
is specifically designed to minimize the effect program SPSS 23 and conducted variation,
of social-desirability response bias (Kilmann correlation and comparative analyses.
& Thomas, 1977). Based on the concept of
Thomas and Kilmann we can describe an inRESULTS
dividual’s behavior along two dimensions: (1)
The results of the average values of all 27
assertiveness, the extent to which the person competitors (Figure 1) showed that the scale
attempts to satisfy his own concerns, and (2) with the highest result (M=7.37) was Comprocooperativeness, the extent to which the per- mising, which is the trait described by both asson attempts to satisfy the other person’s con- sertiveness and cooperativeness. The players
cerns. These dimensions are described by five displayed high level of agreement and confordifferent scales: Competing, Accommodat- mity. The next characteristic was Collaborating, Avoiding, Collaborating, Compromising. ing (M=6.81). Accommodation (M=6.59) and
Big Five Personality Test. The big five Avoiding (M=5.55) ranked third and fourth
personality traits are the best accepted and respectively. The scale with the lowest score
most commonly used model of personality was Competing (M=4.22). We can see that the
in academic psychology. The big five come scales regarding cooperativeness, the extent to
from the statistical study of responses to per- which the person attempts to satisfy the other
sonality items. Using a technique called factor person’s concerns, had higher results.
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Figure 1. Mean values of compromising, collaborating, avoiding, accommodating and competing
All these results are expected and normal if
we take into account the characteristics of volleyball and the basic personality traits which
are important for the successful competitive
career of the players. Like in most team sports,
the results depend on the actions and behavior
of all competitors and the data in our research
showed that the scales with high results were
Compromising, Collaborating and Accommodating. These three different styles define
conflict solving as a basic priority value which
comes before any personal interests and goals.
This is the core structure when we build a functional team, and it is tremendously important
for obtaining good results. On the other hand,
we have the two scales from Thomas-Kilmann
instrument – Avoiding, when the player tries to
stay away from trouble, and Competing, when

they try to win their own position.
The mean values from the Big Five Personality Test showed that the scales Conscientiousness and Agreeableness had the same high
score – M= 41. The two levels are described
in Goldberg’s theory and in different scientific
reports as traits of people who tend to reflect
more on the individuality of others and adjust
their behavior in order to suit them. High scorers are typically polite and they like people.
Low scorers tend to ‘tell it like it is’. Conscientiousness is the personality trait of being honest
and hardworking. High scorers tend to follow
rules. Low scorers may not be well-organized
and tend to cheat. Neuroticism was the lowest scale (M=30.00), it means that most of the
players exhibit medium emotional stability in
comparison to the general population.

Figure 2. Mean values of openness, conscientiousness, agreeableness, neuroticism and extraversion.
80
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The next analysis is comparative by age for divided the respondents into two groups 17-23
all players in the research. For this purpose, we (20 players), 24-34 (7 players).
Table 1. Comparative analysis of the researched parameters by age
Parameter
Competing

Collaborating

Compromising

Avoiding

Accommodating

Extraversion

Agreeableness

Conscientiousness

Neuroticism

Openness

Age
17-23
24-34
Total
17-23
24-34
Total
17-23
24-34
Total
17-23
24-34
Total
17-23
24-34
Total
17-23
24-34
Total
17-23
24-34
Total
17-23
24-34
Total
17-23
24-34
Total
17-23
24-34
Total

N
20
7
27
20
7
27
20
7
27
20
7
27
20
7
27
20
7
27
20
7
27
20
7
27
20
7
27
20
7
27

The data (Table 1) show that there were
significant differences in two of the scales –
Competing and Openness. The first parameter was higher in older athletes (t = 3.21;
α = 0.01). They are more assertive, with more
sport aggression and motivation to win. We
can hypothesize that this is due to the social

M
3.55
6.14
4.22
6.85
6.71
6.81
7.55
6.85
7.37
5.65
5.28
5.55
6.75
6.14
6.59
35.00
39.00
36.03
41.20
40.57
41.03
41.05
40.85
41.00
29.65
31.14
30.03
36.25
38.42
36.81

SD
3.22
2.74

t

α

3.64

0.05

1.50
0.93

0.233

0.81

1.61
1.67

0.972

0.34

1.30
1.24

0.656

0.51

2.06
2.28

0.624

0.53

5.58
6.69

-1.54

0.13

0.256

0.15

5.47
5.31

0.79

0.93

6.64
10.66

-0.392

0.69

4.56
4.01

2.28

0.02

4.01
6.67

and sport experience.
The second scale with different results
(t = 3.21; α = 0.01) was Openness. It refers to
people who seek new experiences and intellectual pursuits, trying to learn something new
in their daily life and profession. The younger
players displayed higher results regarding this
81
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trait, they are more open and ready to develop.
The other purpose of our research was
to compare the parameters between the two
teams – Maritza and Rakovski. Table 2 shows
a comparative analysis of all parameters in our
research by team. The two teams are part of
the Bulgarian volleyball league but take very
different qualification places in the champi-

onship. Maritza is the best in Bulgaria, with
two participations in the Champions League
for the last two seasons. Rakovski is one of
the teams in our championship, whose best
achievement is second place two years ago.
The players from Maritza are more qualified,
most of them are part of the national teams of
their own countries.

Table 2. Comparative analysis of the researched parameters between the teams
SD
t
Parameter
Team
N
M
Maritza
15
5,60
3,22
Competing
Rakovski
12
2,50
2,74
2,64
Total
27
4,22
Maritza
15
6,53
1,50
Rakovski
12
7,16
0,93
Collaborating
-1.27
Total
27
6,81
Maritza
15
7,20
1,61
Compromising
Rakovski
12
7,58
1,67
-0,60
Total
27
7,37
Maritza
15
5,53
1,30
Avoiding
Rakovski
12
5,58
1,24
-0,10
Total
27
5,55
Maritza
15
6,13
2,06
Accommodating
Rakovski
12
7,16
2,28
-1,23
Total
27
6,59
Maritza
15
36,73
5,58
Extraversion
Rakovski
12
35,16
6,69
0,66
Total
27
36,03
Maritza
15
39,60
4,01
Agreeableness
Rakovski
12
42,83
6,67
2,56
Total
27
41,03
Maritza
15
39,86
5,47
Conscientiousness
Rakovski
12
42,41
5,31
3,21
Total
27
41,00
Maritza
15
30,86
6,64
Rakovski
12
29,00 10,66
Neuroticism
0,55
Total
27
30,03
Maritza
15
36,60
4,56
Openness
Rakovski
12
37,08
4,01
-0,28
Total
27
36,81
Table 2 shows there were significant differences (t = 2.64; α = 0.01) between the teams
when it comes to the scale Competing. The
results showed that the players from Maritza
scored higher. The more experienced and qualified team and players demonstrate more skills
82

α
0,01
0,57
0,89
0,76
0,28
0,54
0,03
0,01
0,42
0,27

and tend to put their own interests first. Most
of them are players with very extensive experience and prefer to be assertive in most of the
situations. The competitors of Maritza know
their rights better, they are willing to make an
effort to be part of the team and take their own
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place on the court. The players from the other
team are not assertive enough and they may
have confidence issues during the game. They
have to be emotionally stable and to defend
their position, to find their place in the team, if
they want to achieve their goals.
The next scale with significant differences
was Agreeableness (t = 2.56; α = 0.03). Rakovski’s players displayed higher results. The
characteristic is described as the way people
tend to reflect more on the individuality of others and adjust their behavior in order to suit
them. High scorers are typically polite and like
people. Low scorers tend to ‘tell it like it is’.
We can observe again that the better qualified
volleyball players showed more assertiveness
when compared to Rakovski’s. But on the
other hand, more agreeableness means more
“team players”, which is important in volleyball. It is clear that a good team needs to have
leaders and it is important to demonstrate sport
aggressive behavior on many occasions during
practice and games.
The third scale with significant differences
was Conscientiousness (t = 3.21; α = 0.01).
Rakovski scored better here. The typical description of this trait includes high level organizational skills and motivation with clear
goals. People prefer to follow the rules and
the moral code, but sometimes they are rigid
and not flexible enough in their behavioral
responses. We can say that for less experienced players it is very important to have a
good and professional description of tactical
tasks, because they need clearer directions.
They do not prefer to improvise and to switch
their behavior quickly in accordance with the
situation. The more experienced players from
Maritza adapt better in the core and basic
characteristics of volleyball – rapidly changing situations.
As a whole, the results showed that the
competitors from Maritza have higher asser-

tiveness, are more ambitious and demonstrate
a freer exchange of information and persuasion and a more active involvement.
The correlation analysis showed there were
only two significant correlations between the
researched parameters. The first correlation is
negative – scale Competing with scale Agreeableness (- 0.433). We can consider that more
assertiveness and competitiveness are traits
which are not associated with conformism and
agreeableness. The dimensions show that most
of the players who prefer team cohesion behavior do not display enough sport aggression
and are ready to take responsibility in complicated game situations.
The other significant correlation was between accommodating and openness (0.469).
It is positive and we can conclude that the two
dimensions often go together as part of the
psychological profile of the players. People
who are open to new experiences and challenges easily adapt to new situations, practices
and competitions.
DISCUSSION
The results of the study lead to some interesting conclusions. As a whole, the results
indicate that the mean value of Compromising has the highest score. Competing is the
scale with the lowest points. The data show
that these traits are important for volleyball as
a team game and confirms that the attitudes to
conflict and to deviant thinking and behavior
are not typical in many of the situations. In the
theory the research instrument is based on, the
level of conflict disposition of the players is
low. This is one of the core indicators for good
group cohesion.
The second test “Big five” indicates that
Conscientiousness and Agreeableness are the
scales with the highest scores. This means that
the results, where the researched competitors
prefer to act with more conformity, corre83
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spond with the dimensions from the ThomasKilmann Conflict Mode Instrument.
The teams in the research are part of the
Bulgarian championship, but their results and
their qualifications are very different. The
younger players are more open and try to find
information about the sports environment and
learn more about the game and their personal
growth.
There are significant differences between
the teams and the different age groups regarding the scale Competing. The higher the
qualification and the age, the more the players
prefer competing and being assertive in their
interpersonal relationships. When we compare
the teams in our survey, the more experienced
Maritza displays a higher level of competitiveness, which means more sport aggression. And
this style of behavior is very useful and important during games, it is part of the winners’
attitude.
Team Rakovski has higher scores on the
scales Agreeableness and Conscientiousness.
There are significant differences between the
teams, which means that lower level players
prefer clearer rules and instructions. This style
is useful for the players’ development, but in
sports like volleyball they have to think and
react spontaneously in a lot of unpredictable
situations. Usually this is the core difference
between the more qualified competitors and
the others.
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ABSTRACT
A majority of the students at physical education universities are actual athletes who have
“double career”. They combine getting professional education with professional sport activities. In this regard, sport activities of students form an important part of their future career,
because it is the informal way of getting professional knowledge and skills. However, today
there are no officially recognized organizational and pedagogical approaches to the formalization and assessment of informal education outcomes, which student-athletes demonstrate
during their sport activities. Consequently, there are very few practices of making individual
university programs for student-athletes based on their informal education outcomes. The study
purpose was to develop and approbate a model of substantial integration of study process and
sport training at the sports university as a method of combination of formal and informal education types for student-athletes. The study included a comparative analysis of educational and
professional standards, elaboration of measures for substantial integration of sport and educational process, and study of athletes’ academic performance. In addition, we used methods of
modeling, interviewing, expert assessment and mathematical statistics in our study. The study
revealed the coherence of athletes’ knowledge, skills and activities and the competencies they
acquire at the sports university. We demonstrated that elite athletes gain knowledge, skills and
attitudes envisaged in the educational program in the framework of their sport activities. We
have designed the model of individual university program for elite athletes, which corresponds
to the techniques of integration of formal and informal education types.
Key words: higher education, sport training, integration, quality of education, informal
education.
INTRODUCTION
The common problem of higher physical
education is the organization of education for
elite student-athletes. This problem occurs because they are required to spend much time at
sport training camps (Abelkalns, 2012, 2013,
Forster, 2010). For this reason, elite studentathletes do not often demonstrate high academic achievements. Meanwhile a majority of
the student-athletes obtains high credits during
final assessment and demonstrates a high total
level of professional competencies. For example, the average academic performance of
Journal of Applied Sports Sciences
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student-athletes in Volga Region State Academy of Physical Culture and Sport was 26,3
per cent lower than the results of final exams.
It means that elite student-athletes demonstrate
higher level of professional knowledge and
skills acquired upon completion of academic
courses in comparison with other students.
We suppose that elite athletes acquire a certain amount of knowledge, skills and experience
closely connected with the requirements of the
training program for coaches in the framework
of their sport activities. Such training called informal education occurs in day-to-day life or in
DOI: 10.37393/jass.2019.02.8
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professional activities. According to Christian
Dumitrescu (Dumitrescu, 1999), the main difference between formal and informal education
is that the first one is non-voluntary and passive
while the latter is the output of individual voluntary activity and is primarily active.
Therefore, sport activities enhance the
development of professional and coach competencies of athletes in the framework of informal education. However, this creates an
organizational and pedagogical challenge –
how to assess the development of professional
competencies of student-athletes who study
coach-training programs. It is a very topical
problem for sports universities at least in the
Russian Federation.
Unfortunately, today there are no information resources about the issues of comprehensive integration of educational activity
and sport training of students. Information we
get from international literature (The Guardian, 2017, Victoria University, 2017, Gustin,
2017, University Sports of Oulu, 2017, The
University Adelaide, 2017, European Parliament, 2017) tend to reveal organizational aspects of the problem of combination of sport
and academic activity of elite athletes1. There
are descriptions of the support programs that
help athletes to find a balance between the
study process and individual requirements for
educational activity, which are as follows:
• Implementation of alternative examination forms
• Implementation of individual terms of
study completion
• Introduction of a flexible timetable
• Cross-institutional study assistance.
Russian researchers examine the issues of
organizational, pedagogical and technological
support of the educational process for studentathletes, through the application of distant learn1

ing technologies (Galimov, 2016, Kotlyarova
2015), cluster interaction of educational and
sport bodies (Latypov, 2013), individualization
of educational process (Afanasyevа, 2016), etc.
Nowadays there are some research papers
demonstrating the necessity of alignment of
qualification requirements of professional
standards and professional competencies developed by learners during the study process
(Galimov, 2017, Fedorov, 2017).
METHODOLOGY
For achieving the goal of the current research, we carried out a comparative analysis
of the higher education standard for coachtraining programs and the professional “Athlete” standard. We analyzed academic performance of student-athletes in Volga Region
State Academy of Physical Culture and Sport.
We used such methods as interviewing, questionnaires, and expert assessment to examine if
student-athletes were satisfied with the educational environment.
In the experimental part of our research we
carried out quality assessment of some professional competencies acquired by studentathletes in the framework of “Technologies
of sport training in favored sports”, “Human
physiology”, “Sport physiology” and “Refinement of professional and sport achievements”
courses. The experiment brought together 18
student-athletes doing centralized sport training either in federal training centers or in professional sport clubs (an experimental group),
and 20 students with no prior centralized training experience (a control group).
The experiment included the following organizational and pedagogical activities:
1. Creating lists of expected program learning outcomes corresponding to professional competencies;

European literature considers the athletes who compete at a high international level to be «elite athletes».
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2. Creating lists of athlete’s knowledge,
skills and actions for every course, which
correspond to the expected outcomes;
3. Identification of the fields of content integration of academic course and sport
activity, through comparison of the range
of expected academic outcomes and athletes’ relevant knowledge, skills and actions;
4. Student-athletes involved in the experiment did not make current academic

tasks on the development of competencies which had the similar content with
the professional “Athlete” standard;
5. All students passed through the interim
attestation according to the unified pool
of rating tools.
Figure 1 presents a graphical image of the
algorithm of content integration of educational
process and sport activity for a certain studentathlete in the framework of a certain academic
course.

Figure 1. Algorithm of the content integration of educational process and sport activity in the
framework of the academic course
Table 1 presents an example of determina- sport activity in the framework of the “Techtion and formalization of the volume of inter- nologies of sport training in favored sports”
sections (integration) of study materials and course.
Table 1. The example of integration of content of educational process and sport training in
the framework of the “Technologies of sport training in favored sports” course.
Competencies
Criteria
ОK-7
PK-10
PK-13
PK-29
The quantity of planned learning outcomes
24
9
19
9
The quantity of planned learning outcomes intersecting with knowledge, skills and experience of an
athlete

14

5

15

4

The volume of content integration of the academic
course and sport training (%)

58

56

79

44

Contribution of sport activities to the final credits
for the academic course (10-point scale)

6

6

8

4

88
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It is evident that the examined academic
course focuses on the development of the following competencies:
1. capacity for self-organization and selfeducation (OK-7);
2. ability to implement the system of selection and sport orienteering in favored
sports with the use of modern techniques
for determination of anthropometric,
physical and psychic features of students
(PK-10);
3. ability to use technologies of the management of human condition, which are
relevant for the favored sports, including
pedagogical control and correction (PK13);
4. ability to implement methods of processing research results with the use of methods of mathematical statistics and information technologies, to formulate and
present conclusions.
We identified the volume of content integration of the academic course and sport training for a student.
We carried out a pedagogical experiment.
We divided the materials of the “Technologies
of sport training in favored sports” course into
two parts. The first part contained materials
and tasks studied by students in the framework
of formal education (in classes or by distance
learning). The second part consisted of academic materials available for students within
their sport activities. The experimental group
of elite student-athletes studied academic materials from the first part only during the semester, but they had to pass the final exams of
both parts at the end of the semester.
We used math-statistical methods to process the results. We applied the Student criterion for independent selection (a double selective t-test) in order to identify statistically
significant difference between the groups surveyed. The whole range of data was explored

for the normality of a distribution with the use
of the Kolmogorov-Smirnov/Lilliefors criterion, and it complies with the law of a normal
distribution.
We carried out the experiment focused on
exploring the comfort of educational environment among selected 20 student-athletes at the
beginning and at the end of the first academic
semester 2017-2018. In our research, we used
the “Assessment of Psychic Activation, Interest, Emotional Tonus, Strain and Comfort”
techniques elaborated by N.A. Kurganskii
(1990), and our own questionnaire.
Our questionnaire aimed at the investigation of student-athletes’ satisfaction with the
following major aspects: the opportunity for
studying and combining educational, cognitive, social, communicative, training and
competitive activities; the opportunity for regulating courses timetable; study process, conditions and outcomes; prompt feedback from
the participants of educational process; correspondence between somatic, physical needs
and spatial conditions of educational environment.
RESULTS
A comparative analysis of the above-mentioned standards and the results of interviews
revealed that the student-athletes involved in
centralized training acquired a significant number of competencies during their training and
competitive activities. For example, members
of the Russian national team acquire general
cultural competencies while interacting with a
great number of people: teammates, coaches,
administrative staff, and judges. When athletes
go to international competitions they have to
speak various languages, negotiate with competition managers, meet day-to-day challenges, and all these activities contribute to the
development of competencies characterizing
numerous interpersonal relations and commu89
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nications.
Athletes get an insight into the fundamentals of economic knowledge in various fields of
life when they help their coaches to calculate
expenses for competitions. Athletes get legal
knowledge in various fields of life in the framework of their labor activity and sector-specific
actions aimed at protection of their rights and
awareness of their responsibilities when passing through the doping control procedure.
The ability to develop social and personal
qualities of students: persistence, self-organization, hardworking nature, responsibility,
patriotic thinking, communicativeness, and
tolerance, can be acquired in the process of
assisting their coaches during training period,
and if athletes are team leaders. Furthermore,
athletes often deal with the procedures of control and assessment of both physical abilities
and technical skills of teammates, younger
generation, and their own performance (based
on video records). They are able to use favored
sport tools for promotion of healthy lifestyle
attitudes. Similarly, athletes are obliged to
have appropriate skills and abilities in the field
of life safety measures, sanitary and hygienic
norms, prevention of injuries and provision of
emergency assistance.
Due to his great experience, a professional
athlete also has an overview of competition organizing and refereeing, can use information
and communication technologies.
Talking about professional competencies
of pedagogical activity, there is a number of
similarities with the professional standard, e.g.
an athlete is supposed to be aware of theoretical
fundamentals of physical education and sports
(at all qualification levels). Due to their professional activity, athletes have to be aware of
sport training standards and their indicators in
various training periods. Considering knowledge and personal experience in determination
of trends of sport development, we can speak
90

about possibility of qualitative selection of students in various training periods. According to
the professional standard, athletes have to be
able to control their own physical and emotional health, to be aware of the structure of
control exercises aimed at the assessment of
general and specific physical fitness.
There is no doubt that athletes acquire the
ability of refinement of individual sport performance during training sessions. Elite athletes
who compete at a high international level can
reveal relevant issues in the field of physical
education and sports as well.
Therefore, our study revealed a significant
content intersection of requirements for skills
and abilities of athletes, and professional competencies of perspective coaches. It became evident during interviews with student-athletes.
They noted that when choosing an educational
institution, they clearly understood that they
would have to combine sport career and education process. They understood that their sports
career could simplify the studying process. That
is why they preferred coaching profession.
Of course, studying at the university is a
complicated process, particularly for the students who spend much time in training camps.
Nevertheless, student-athletes think that they
can master the educational program for coaches easier than ordinary students.
From Table 1 we can see that an elite
student-athlete is able to learn up to 62% of
the “Technologies of sport training in favored
sports” course materials in the framework of
his sport activities. Of course, a student-athlete
should get a leave of absence from studying
integrated academic materials during the academic semester, and this is the core point of
the individual approach to the planning of the
academic studies.
The comparative analysis of the exam resul
ts revealed no significant differences between
experimental and control groups (Table 2).
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Table 2. Comparison of the academic performance of student-athletes participating in the
experiment
Groups

Frequency

Control (n=20)
Experimental (n=20)
Р

8,52±1,91*
3±1,91
≤0,01

Current
performance
38,08 ±8,34*
11,21±4,2
≤0,01

Examinee
answers
46,13± 4,08
42,1±4,41
≥0,05

Final points
83,21±10,45*
87±6,34
≥0,05

Note - * differences between control and experimental groups (Р≤0,05)
Having analyzed the data in Table 2, we
can affirm that there are statistically significant
differences existing in indicators of academic
frequency, and that occurs when a great number of students leave for centralized training
and competitions. It is notable that without integrative approach student-athletes obtain low
number of credits when making typical tasks
of relevant program modules because of their
engagement in professional sphere, nevertheless they successfully cope with the current attestation (tests). We can see in Table 2 that the
student-athletes cope with the demands if they
use the developed approach – additional test
questions, and as a result there is no statistical significance between final credits 87±6, 34
and 83, 21±10, 45 in experimental and control

groups respectively.
We carried out the same multi-step activities for other academic courses in the coachtraining curriculum. The results from the experiment demonstrate that the offered model of
the organization of educational process allows
integration of formal and informal education
of student-athletes in the framework of their
educational and sport activities.
We explored such student conditions as psychic activation, interest, emotional tonus, strain
and comfort with the use of these techniques.
We assessed the comfort levels of educational environment at the university according
to certain indicators characterizing psychological, intellectual and physical comfort parameters (Table 3).

Table 3. Outcomes of the analysis of the comfort level of educational environment
Satisfaction
Unit of
levels
measurement
Low
Medium
High

individuals
%
individuals
%
individuals
%

Survey results (1st phase)
Control
group
0
0
9
45
11
55

Experimental
group
3
15
13
65
4
20

Here we can see that at the first phase,
three student-athletes considered the comfort
of educational environment to be on the low
level, 13 student-athletes considered it to be
on the medium level. At the second phase,
there were only one student-athlete left dis-

Survey results (2nd phase)
Control
group
0
0
10
50
10
50

Experimental
group
1
5
14
70
5
25

satisfied with the organization of educational
process. We registered the increasing number
of student-athletes who had turned to assess
the comfort of educational process on medium and high levels.
Furthermore, we carried out a comparative
91
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analysis of the comfort levels of educational environment for control and experimental groups
at the 1st and 2nd phases with the data from the
Table 5. Satisfaction parameters in control and
experimental groups at the early experimental
period (1st phase) were significantly different.
The control group demonstrated much higher
satisfaction. At the end of the experiment (2nd
phase) there was no statistically evident difference between the groups.
CONCLUSION
The research revealed that conceptual fundamental for integration of the educational
process and sport training depends on the competence approach to the organization of higher
education, which considers knowledge, skills
and activities in the framework of the professional “Athlete” standard to be the expected
program learning outcomes. In this regard, integration of study process and sport activities of
students should be formalized into characteristic features of educational program considering
specifics and content of sport activities.
We have developed and experimentally
tested the techniques for the quality assessment of acquiring competencies based on the
identification of content compliance with the
professional “Athlete” standard requirements.
It has been demonstrated that implementation
of the developed techniques for quality assessment of acquiring competencies when studying academic courses increases satisfaction of
student-athletes with the conditions of organization of educational process at the sports university. The findings of this study in the form
of practical recommendations for the integration of educational process and sport training
are applicable for coach-training programs.
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The Editor-in-Chief commits the final decision for publication, based on the conclusions
of the reviewers. The decision can be: publish it without revisions, publish it after revision
in accordance with the recommendations made in reviews, refuse to publish. If the Editorial
Board commits a decision to publish the manuscript after revision upon recommendations,
authors should review and answer to the Editorial Board’s e-mails. The authors have to revise their manuscripts and present a report of the revisions they made in terms defined by the
Editorial Board, upon which the Editorial Board commits a decision whether to publish it or
refuse to publish the manuscript.
If there are contradictions of the reviews, the Editorial Board may determine an additional
reviewer (reviewers).
SUBMISSION AND STRUCTURE REQUIREMENTS OF THE ARTICLES
The article submissions shall be provided in Microsoft Word format, as follows:
Font: Times New Roman 12;
Format of the pages: Page Setup: Top: 2,5 cm, Bottom: 2,5 cm, Left: 2,5 cm, Right: 2,5 cm
Line Spacing: 1,5 lines; First Line: 1,5 cm; Paper Size: A4.
The main structure of the article shall include:
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First page;
Introduction
Main text
Conclusions
References
TITLE PAGE (PAGES)
The Title page/s includes:
Title of the article (it is recommended the title of the article be short (5-10 words) and present the main topic of the study);
Abstract. The abstract of the articles, whose main text is in Bulgarian language should be
written in English. For publications that are all in English language, the abstract should only be
in English language. It should be short and clear and concisely contain the following elements:
Introduction (“background” of the study) (required);
Purpose and objectives of the study (required);
Applied methodology (“staging of the research”) (required)
Achieved major results (required)
Leads (conclusions) (required);
Limitations of the research and consequences (if any)
Practical implications (if any);
Originality/Value (required);
The maximum length of the abstract should not exceed 300 words.
Keywords (specify up to 5 keywords in English).
Article Classification. Authors must categorize their paper as part of the ScholarOne submission process. The category which most closely describes their paper should be selected from
the list below:
Original Article/Research paper. This category covers papers which report on any type of
research undertaken by the author(s). The research may involve the construction or testing of
a model or framework, action research, testing of data, market research or surveys, empirical,
scientific or clinical research.
Reports. These papers describe scientific research, presented on a scientific forum/conference.
Discussions/Conceptual paper. These papers will not be based on research but will develop hypotheses. The papers are likely to be discursive and will cover philosophical discussions
and comparative studies of others’ work and thinking.
Studies. The papers covered by this category shall analyse actual and important issues, the
study should be with high scientific value and proven practical value.
Editorial Materials/General review. This category covers those papers which provide an
overview or historical examination of some concept, technique or phenomenon. The papers are
likely to be more descriptive or instructional (“how to” papers) than discursive.
MAIN TEXT
Introduction
The purpose of the introduction is to convince readers that the published research contains
novelty and it is applicable. It answers the following questions:
What is the main problem?
Are there any existing solutions (indicates the level of study the problem at the moment)?
What are the best solutions according to the author/s?
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What is the main limitation of the research?
What is expected to be achieved by the author of the research?
The main text is structured into separate sections, distinguished by their titles (headings
should be brief, with clear indication of the differences between their hierarchy). The preferred
format for writing the main titles is to be bold format and subtitles to be written in italics. font
– Times New Roman 12, capitals, left alignment).
The main text should include:
Purpose and objectives of the study. The purpose and objectives of the study should ensure the understanding of the publication’s focus and should justify its structure. After that,
authors should specify:
What is the significance of the publication?
Why the publication is important and original?
To whom is the publication designed?
Additionally, can be discussed potential utility of practice, importance for future studies,
detailed limitations of the study and others.
Main thesis and hypothesis of the research. Authors’ arguments about their merit are
presented.
Applied methodology and methods. The author should indicate the main methods used by
him in a separate title. Author should demonstrate that the methodology is robust and appropriate to achieve the objectives. It is expected by the author to focus on the main theme, to point
the main stages of his research, to show the used methods and influences that determine the
chosen approach by him, to give arguments why he has chosen specific examples and others.
Achieved major results. When presenting the results, it is important that authors focus
on the essentials. The publication must contain only the essential facts and those with a wider
meaning, without giving many details of every possible statistics. If development is full of
statistics, it is possible to prevail over the conclusions and after all the publication to be seen
primarily as an enumeration of facts, not as a scientific study. The main thesis of the author must
be clearly traceable and steadily established.
When describing the results author should seek answers to the following questions:
Do you provide interpretation for each of the submitted results you want?
Are the results consistent with what other researchers have found?
Are there any differences? Why?
Are there any limitations?
Does the discussion logically lead the reader to your conclusion?
It is important when presenting the results not to make statements that go beyond what results can acknowledge.
Conclusion
The general rule is that the conclusion should not only contain a summary of the research
(it can be found in the abstract). The conclusion should give answers to the set at the beginning
of the publication questions and to indicate opportunities for further research. It would be better
to reveal how the achieved results will be applied in practice and to identify constraints in this
regard. While indicating how this research can be applied and extended in future studies, it is not
accepted in the conclusion to introduce new material or state the obvious. In the conclusion it
should be emphasized what is different in the research results, what stands out in the design or is
unexpected.
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Notes
Notes or Endnotes should be used only if absolutely necessary and must be identified in the
text by consecutive numbers, enclosed in square brackets and listed at the end of the article.
Funding agencies
The funding agencies of the scientific research should be added in Step 6 of the submission
process on ScholarOne system.
Figures
All Figures (charts, diagrams, line drawings, web pages/screenshots, and photographic images) should be submitted in electronic form.
All Figures should be of high quality, legible and numbered consecutively with Arabic numerals. Graphics may be supplied in colour to facilitate their appearance on the online database.
● If possible, the figures should be made in graphical programs (Corel Draw, Adobe Illustrator, Adobe PhotoShop) or Excel. The figures should not be in Picture format. They should
be numbered consecutively in order of citation in the text. Numbers and titles of the figures are
placed below them. Authors should avoid many inscriptions inside the figures.
● Pictures and scanned images can be made into separate files, preferably in JPG or TIFF
format, not embedded in the text. Photos must be of good quality and suitable for printing.
Colour illustrations are accepted in exceptional cases after special agreement and eventual additional costs!
● If authors make a blueprint they should use Word Equation. The numbers of formulas
should be written in brackets in the left side of the page!
Tables
Tables should be typed in Word Table or Excel format. They should be numbered consecutively according to citation in the text. Each table should have a title. Numbers and titles of the
tables are placed over them. It is preferable that it fit on the page without turning widest part
of the sheet horizontally. The necessary explanations are given below by means of appropriate
symbols / characters.
References
References to other publications must be in Harvard style and carefully checked for completeness, accuracy and consistency.
The cited authors should be presented in any of the following ways:
● Surname and year of publish (ex. Adams, 2006)
● Citing both names of two and year of publish (ex. Adams, Brown, 2006)
● When there are more than three authors, it is typed the surname of the first author and year
of publish (ex. Adams et al., 2006)
At the end of the paper a reference list in alphabetical order should be supplied.
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Surname, Initials (year). Title of Book, Publisher, Place of publication.
For books

e.g. Harrow, R. (2005). No Place to Hide, Simon & Schuster, New York, NY.
Surname, Initials (year). Chapter title, Editor’s Surname, Initials, Title oj Book,
Publisher, Place of publication, pages.

For book chapters e.g. Calabrese, F.A. (2005). The early pathways: theory to practice - a continuum,
in Stankosky, M. (Ed.), Creating the Discipline of Knowledge Management,
Elsevier, New York, NY, pp. 15-20.
Surname, Initials (year). Title of article, Journal Name, volume, number, pages.
For journals

For published
conference
proceedings

For unpublished
conference
proceedings

e.g. Capizzi, M.T. and Ferguson, R. (2005). Loyalty trends for the twenty- first
century, Journal of Consumer Marketing, Vol. 22 No. 2, pp. 72-80.
Surname, Initials (year of publication), Title of paper, in Surname, Initials
(Ed.), Title of published proceeding which may include place and date(s) held,
Publisher, Place of publication, Page numbers.
e.g. Jakkilinki, R., Georgievski, M. and Sharda, N. (2007). Connecting
destinations with an ontology-based e-tourism planner, in Information and
communication technologies in tourism 2007 proceedings of the international
conference in Ljubljana, Slovenia, 2007, Springer-Verlag, Vienna, pp. 12-32.
Surname, Initials (year), Title of paper, paper presented at Name of Conference,
date of conference, place of conference, available at: URL if freely available on
the internet (accessed date).
e.g. Aumueller, D. (2005). Semantic authoring and retrieval within a wiki, paper
presented at the European Semantic Web Conference (ESWC), 29 May-1 June,
Heraklion, Crete, available at: http://dbs.uni- leipzig.de/file/aumueller05wiksar.
pdf (accessed 20 February 2007).
Surname, Initials (year). Title of article, working paper [number if available],
Institution or organization, Place of organization, date.

For working
papers

e.g. Moizer, P. (2003). How published academic research can inform policy
decisions: the case of mandatory rotation of audit appointments, working paper,
Leeds University Business School, University of Leeds, Leeds, 28 March.
Title of Encyclopedia (year) Title of entry, volume, edition, Title of Encyclopedia,
Publisher, Place of publication, pages.

For
encyclopedia
e.g. Encyclopaedia Britannica (1926) Psychology of culture contact, Vol. 1, 13th
entries
(with no author or ed., Encyclopaedia Britannica, London and New York, NY, pp. 765- 71.
editor)
(For authored entries please refer to book chapter guidelines above)
For newspaper
articles
(authored)

Surname, Initials (year). Article title, Newspaper, date, pages.
e.g. Smith, A. (2008). Money for old rope, Daily News, 21 January, pp. 1,3- 4.
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For newspaper
articles (non
authored)
For archival or
other
unpublished
sources

Newspaper (year). Article title, date, pages.
e.g. Daily News (2008). Small change, 2 February, p. 7.
Surname, Initials, (year). Title of document, Unpublished Manuscript, collection
name, inventory record, name of archive, location of archive.
e.g. Litman, S. (1902). Mechanism & Technique of Commerce, Unpublished
Manuscript, Simon Litman Papers, Record series 9/5/29 Box 3, University of
Illinois Archives, Urbana-Champaign, IL.
If available online, the full URL should be supplied at the end of the reference, as
well as a date that the resource was accessed.

For electronic
sources

e.g. Castle, B. (2005). Introduction to web services for remote portlets, available
at: http://www-128.ibm.com/developerworks/library/ws-wsrp/ (accessed 12 November
2007).
Standalone URLs, i.e. without an author or date, should be included either within
parentheses within the main text, or preferably set as a note (roman numeral
within square brackets within text followed by the full URL address at the end of
the paper).
For each source quoted in Cyrillic - in Bulgarian language should be given the
same source, written in the regulations of the transliteration.

3a източници на
български език
e.g. Erhard, L., 1993. Blagodenstvie za vsichki, Sofia, UI „Stopanstvo” //
Ерхард, Л., 1993. Благоденствие за всички, София, УИ “Стопанство”.
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