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PrEfacE

In the times of ultra-fast information flow, publishing a monograph in the form 
of a book seems an anachronism. Nevertheless, both the authors of the works 
published in this book as well as their reviewers and above all the editors, have 
taken up their work in the belief that it is reasonable to provide readers with a current 
view of the science in swimming in a printed form. Hoping that reading the indi-
vidual chapters of the monograph will demonstrate the authors’ intentions, let me 
explain the motives for printing the Science in Swimming VII.

In fact the leitmotif of printing it is a scientific tradition, that is, to paraphrase – 
scientific achievements created and developed over a long period of time, recognized 
by the community as significant for the present and future of science. With this in 
mind, seeing through the obvious prism of modesty, let us look at this volume as 
the seventh in a publishing series, which was inaugurated in 2004 and the next 
element of an open collection of scientific publications appearing periodically, in 
a two-year cycle, for almost 15 years. A retrospective review of subsequent volumes 
will show the current state of science in swimming, development directions and 
trends that have dominated it.

At the end of the last century, scientific interests concentrated on determining 
the principles and mechanisms of effective swimming. The technical and technological 
advancements in obtaining data and development of methods of their analysis con-
tributed to the recognition of this area of research, creating a reliable basis for the 
application of results for both the didactics of swimming and for swimming training. 
Consequently, scientific interests turned to the issue of monitoring the swimmer’s 
exercise capacity, humanizing the approaches in terms of learning and teaching 
swimming, and training it. The trend thus outlined dominated in the coming years 
with accents on the analysis of swimming techniques or innovative trends in the 
technology of didactic processes in swimming. A little later, an important topic of 
drowning prevention appeared. In the monograph, handed over to readers today, 
we will read, among others, about the ecological dynamics framework to motor 
coordination and learning in swimming. We will find a broader reflection on the 
factors determining performance in great and youth swimming. The issues of talent 
identification for professional swimming are also highlighted, as is the difference 
between the teaching of swimming techniques and the training of swimming skills, 
which is critical for aquatic education of the young generation.

Therefore, it can be seen that science in swimming is evolving, opening more de-
tailed spheres of knowledge to the readers. At the same time, the intention of the 
creators of this series is important, in a sense that this evolution originates from 
a scientific tradition. Scientific knowledge is true, when it is based on solid foun-
dations and one cannot forget, that it is these foundations that make up the source 
of current knowledge, although they seem obvious from the current perspective. 
Modernity draws from the traditions and it is impossible to conduct a reliable scien-
tific process without referring to the basics of knowledge, let alone apply the results 
of this process to improve the activities of which a human being is the subject 
(student, athlete, teacher or coach).

In this very context we observe the emergence of Internet – a widely available 
source of knowledge. Without depreciating its many functions, it should be noted, 



that the working system of this medium prefers access to current information at 
the expense of older resources. Additionally, even if the astute seeker reaches the 
canons of knowledge, the publishing requirements of renowned scientific journals 
(literature updates) will effectively discourage him or her from citing them. As a result, 
particularly the young scientists are deprived of the opportunity to draw from the 
tradition on the matter under consideration. Therefore, in place of a preface, let us 
urge for respecting and developing the science in swimming tradition in all possible 
forms, not excluding the printed publishing series.

Marek Rejman
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ABSTRACT

Drowning is a complex worldwide phenomenon that is the consequence of the 
dynamical interactions between the person(s), the task and the environment. Experts 
agree that one of the most important interventions is to teach as many people as 
possible to be “water competent”. WHAT IS WATER COMPETENCE? The term 
was first used by Langendorfer (1995). Moran (2013) defined it in a drowning 
prevention context as “the sum of all personal aquatic movements that help prevent 
drowning, as well as the associated water safety knowledge, attitudes, and behaviors 
that facilitate safety in, on, and around water”. Fifteen competencies including psy-
chomotor, cognitive and affective competencies have been identified (Stallman 
et al., 2017). WHY SHOULD WE TEACH IT? In line with other health interven-
tions, we need evidence based interventions rather than those traditionally based 
on anecdotes and axiomatic beliefs. The research evidence identified shows pro-
tective value. WHERE SHOULD WE TEACH IT? Given that most drownings occur 
in open water, at developmentally appropriate times and places, the open water 
experience should be introduced. HOW SHOULD WE TEACH IT? Using develop-
mentally appropriate methods, we should include the creative integration of the 
psychomotor, cognitive and affective competencies focusing on their intercon-
nections, repeating each in a spiral as the teaching package snowballs, increasing 
in volume and giving an accumulative effect. An emergency challenges several 
competencies. Combining competencies is an effective way to simulate a risk sce-
nario. We have presented the research evidence showing protective value for the 
inclusion of the selected competencies.

Key words: water competence, drowning prevention, water safety

introdUction

Most experts agree that the real burden of drowning, globally, is probably 2-3 
times greater than the official figure of 360,000 published by the (WHO, 2017). 
This is primarily because a) some of the statistics are unreliable, b) many countries 
are not represented and c) because the WHO’s ICD 10 system of recording deaths 
does not include drowning by natural disasters, transport accidents or suicide (WHO, 
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2014). This estimate would then bring us to over one million, more than the num-
ber of deaths attributed to AIDS related diseases (UNAIDs, 2017). It is also estimated 
that > 90% of drownings occur in Low and Middle Income Countries (LMIC’s). It 
is especially LMIC’s which have difficulty gathering statistics on drowning when 
they are also burdened with high death tolls from many other causes. We typically 
meet the attitude that drowning is not so important when we have so many suc-
cumbing to e.g. traffic deaths, AIDS, malaria, dysentery, malnutrition. The dilemma 
is that the countries most in need of drowning prevention are those least able to 
convince their governments that drowning is a serious public health problem. We 
have trouble getting statistics without the support of the government and we have 
trouble getting the support of the government without the statistics, a Catch 22. 
This situation is also found in a number of HIC’s.

In high income countries (HIC’s), drowning is often in relation to intentional 
entry related to recreational activities. Others are related to unintentional immer-
sion and occur in the home, on farms or construction sites and in conditions such 
as heat and cold (ice), storm and flood. In (LMIC’s), most are related to domestic 
life, occupational pursuits, travel, and natural disasters.

There are many causes of drowning. Therefore, many interventions are needed. 
However, most experts also agree that one of the most important is to teach as many 
people as possible swimming and lifesaving skills, and the concomitant water safety 
knowledges and attitudes; i.e., to be “water competent”. It should of course be 100% 
(some would say it is a human right to learn to swim). Historically, the teaching of 
swimming and lifesaving skills has been supported by tradition and expert opinion. 
Recently experts have suggested that further research on the concept of water com-
petence, including aquatic psychomotor competencies, cognitive competencies 
(knowledge and judgement), affective competencies (attitudes and values), was re-
quired. In 2006 Brenner and colleagues recommended that “the concept of swim-
ming ability be replaced by the more encompassing notion of water competence with 
regards to drowning prevention” (p. 116). They also recommended that “swimming 
ability be promoted as a necessary component of water competence, but with the 
understanding that swimming ability alone is not sufficient to prevent drowning” 
(p. 116). In 2007, the International Lifesaving Federation (ILS) adopted a Position 
Statement for Swimming and Water Safety Education (ILS, 2007). They stated that 
a basic level of water safety knowledge, and a basic level of swimming skill should 
prevent most drownings. In low income countries (LMIC’s) exposure to water is 
part of daily living and therefore both the exposure and the risk is high.

In a large cohort trial in Bangladesh, a program of 18 aquatic competencies (Swim-
Safe) has reduced fatal drowning among young children (Linnan et al., 2011). A case-
control study in rural China suggested a protective drowning prevention value 
among children aged 1–4 years for swim instruction (Yang et al., 2007). Similar 
evidence is also reported from high income countries (HICs). A case-control study 
in the U.S. showed a positive relationship between swimming lessons and lower 
risk in children under five (Brenner et al., 2009).

These studies give powerful support for water safety education, though under-
standing the protective value of the competencies taught in such programs continues 
to be difficult. Agreement on which competencies to include has not yet been 
achieved, with considerable variation among current water safety programs even 
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regarding which swimming competencies should be required to swim in deep water 
(Quan et al., 2015).

In our recent review paper “From Swimming Skill to Water Competence” 
(Stallman et al., 2017), we introduced the concept of “water competence”. After sev-
eral centuries of focus on swimming skill, and that based primarily on tradition, 
sufficient research has finally become available, to make it possible for science to 
help us answer the question, “what should we teach?” The bottom line is of course, 
that we should teach that which reduces the risk of drowning for any given per-
son. But what is that? For decades, aquatic educators and researchers had observed 
the dramatic variation of what is taught among even high profile national and 
international organizations. In the past half century, many of these organizations 
have become more aggressive in their belief that they have the answer, that their 
program is “better” than others. Yet common sense tells us that water is the same 
and people are the same around the world. It should therefore be possible to iden-
tify universal competencies which are so essential that they “must” be taught. The 
concept of water competence is an attempt to do just that.

While others have also identified most of the competencies included in our re-
cent effort to answer the question of what should be taught?, an holistic approach 
and the so critical integration of the psycho-motor, cognitive and affective com-
petencies have been inadequately addressed. The concept of water competence is 
broadly inclusive. As such, it is more comprehensive than previous attempts to iden-
tify essential teaching objectives. The most unique aspect of the current attempt 
to identify “what should be taught”, in a drowning prevention perspective (we 
would argue there is no other), is the use of research evidence showing protective 
value, for each of the elements recommended as essential.

The bottom line is obviously that, what should be taught is that which will re-
duce the risk of drowning for any individual. While there are other worthy concomi-
tant goals for aquatic activity, drowning prevention must always come first. As an 
example of the need for this discussion, in the recent World Conference for Drown-
ing Prevention 2017, in Vancouver, the words “water competence” appeared in the 
program several dozen times. It was not always described in the same way (or simply 
not described), some authors missing essential aspects of the concept.

The primary aims of this paper are to describe the physical, cognitive and affec-
tive competencies, which help to make a person water competent and thus less at risk 
of drowning. Here we define water competence as the sum of all personal aquatic 
movements that help prevent drowning, as well as the associated water safety knowl-
edge, attitudes, and behaviors that facilitate safety in, on, and around water (Moran, 
2013). This more inclusive concept allows us to focus on what should be taught. 
We specifically address the rationale supporting the selected competencies, as well 
as examine the research evidence for its inclusion. In doing so, it is hoped that 
weaknesses in the evidence base for the proposed water competencies will be exposed 
and stimulate future research. In addition to this idea of “what” should be taught, 
we also address the issues of “why”, “where” and “how” they should be taught.
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MEthodS

Already in 2011 at the World Conference on Drowning Prevention, in Da Nang, 
Viet Nam, the concept of “water competence” was thoroughly discussed, given what 
we knew at that time. A workshop exploring the same theme was held in 2013 at 
the Potsdam WCDP. An international working group was formed shortly thereaf-
ter, to advance this concept. The members represent five different nations and 
three continents. This group liaised with the Drowning Commission of the Inter-
national Lifesaving Federation and work began in 2014. The aims of the working 
group were to identify research which would support the selection of specific com-
petencies in an attempt to answer the question “what should we teach?” or better 
yet, in a drowning prevention context, “what should be learned to reduce the risk 
of drowning for any individual?” The project took the form of a review paper 
which would search for experimental evidence which suggested that certain specific 
competencies have survival value. The paper was recently published as Vol. 10, Nr. 2, 
Article 3 in The International Journal of Aquatic Research and Education (Stallman 
et al., 2017).

The starting point was to scrutinize the programs for teaching beginning swim-
ming from a number of high profile national and international organizations which 
are engaged both in the teaching of swimming and the training of instructors. A list 
of approximately 25 learning outcomes were derived from this collection of or-
ganizations. Those competencies selected were those most commonly included in 
these programs.

The strategy then was to search for experimental evidence and to either add to, 
confirm or remove from the list, items for which a reasonable body of relevant 
evidence was identified. Again, the aim was to uncover the most essential compe-
tencies in the search for “what should be taught/learned”. The search was con-
ducted by the science department of the University of Washington Library via 
Prof. Linda Quan.

A search strategy was developed by a medical librarian, utilizing a variety of key 
words and phrases related to “swimming, floating, diving, rescue, drowning, drown-
ing prevention, survival”, and more. Searches were performed in February and March 
2015 in the following databases: on the Ovid platform; Medline and PsycInfo; on 
the EBSCO host platform; SPORTDiscus; elsewhere: EMBASE. Retrieval was limited 
to human studies written in English from 1970 to March 2015. In all databases, ap-
propriate index terminology (Medical Subject Headings, Thesaurus of Psychological 
Index Terms, thesaurus of SPORTDiscus descriptors and Emtree headings) were used, 
along with text words.

As research results were accumulated, this list was adjusted. None of the organi-
zations surveyed included all of the final list. The final result was a list of 15 com-
petencies of which 10 are the psycho-motor competencies we normally think of as 
physical “skills”. Five more were adaptations of the affective and cognitive compe-
tencies focusing on knowledge and attitudes.
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rESUltS

WHAT IS WATER COMPETENCE?

Water competence has drowning prevention as it’s primary goal. Aquatic 
activities boast a host of worthy learning objectives. Learning to swim is one of these 
goals, potentially offering protection and reduction of risk. We are only now under-
standing the essence of what this means. What should be taught has been debated 
for decades and consensus is not yet achieved. Many aquatic activities assume com-
petence in swimming. Few paddling, rowing or sailing clubs, for example, check to 
insure that their members can swim. The few who do so do not agree on how to do 
this. Many persons who practice a boating life style, cannot swim or swim poorly. 
The life jacket requirement question remains unresolved. Competitive swimming 
supporters purport to be concerned about drowning prevention but are shock-
ingly naive about what this entails.

All aquatic activities share the burden of the risk of drowning and share the re-
sponsibility to attempt to reduce this omnipresent danger when in, on or around the 
water. Each in fact, has the opportunity and the responsibility to add to the grow-
ing base of knowledge about safety. Each has its own unique needs and can offer 
specific knowledge and other competencies while at the same time, adding to the 
general body of common solutions for risk reduction. Each must accept that their 
primary responsibility is drowning prevention, whatever their unique interests. 
The only morally defensible position is that ‘’drowning prevention must come first’’.

Water competence should reduce the risk of drowning. Very little evidence exists 
that teaching water competence actually reduces the drowning statistic – whatever 
the current accepted wisdom. Studies in China and the U.S.A. have identified a re-
lationship between learning to swim or having had swimming lessons and reduction 
in death by drowning. The recent cohort study in Bangladesh, is the first which has 
shown a cause and effect relationship (Linnan et al., 2011). They followed a cohort 
of 132,000 + children for five years, half of whom had been taught to swim. Drown-
ing rates were reduced dramatically.

In spite of this huge global public health burden, far too little research has been 
conducted to uncover the mysteries of its reduction, especially regarding the learning 
of essential competencies. Lastly, the under-estimated burden of non-fatal drowning 
and its consequences remains poorly understood.

Water competence is a dynamic concept. According to Newell’s dynamic con-
straints model of motor learning (1986), the acquisition of any new competency is an 
interplay between the person concerned, the environment, and the task at hand. 
Langendorfer (2013) has adapted this idea to drowning prevention as shown be-
low. As he describes it, this means that there is an ever changing challenge to any 
person at risk. What is needed to survive an emergency in a pool is not the same as 
in open water (Tipton et al., 2008,), in a swimming costume as when fully clothed 
(Laakso et al., 2014; Moran, 2014) in waves vs. quiet water (Kjendlie et al., 2012), as 
the person involved changes in level of competence e.g. due to age/health status/etc.

This obviously makes any preparation for dealing with such risk, far more com-
plex. It once again confirms the need for all around development of the psycho-
motor, the cognitive and the affective competencies. As we have said above, many 
potential risk scenarios demand many potential solutions.
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Water competence means broad, inclusive development. As the figure above 
shows, achieving the goal of reducing risk demands a very broad development of com-
petencies. The nature of the evolution of a drowning episode is virtually infinite 
and random. Many potential scenarios require many potential solutions. Missing or 
weakly developed competencies are usually the trigger which launches the drowning 
scenario. The psychomotor competencies must represent a very broad spectrum of 
movement solutions. “Water competence in a drowning prevention context includes 
all aquatic movements that might contribute to reducing drowning, plus essential 
water safety knowledge and attitudes” (Moran, 2013). The cognitive and affective 
competencies must include knowledge, judgement, attitudes and values.

All-around preparation has been under attack. Some organizations actually dictate 
against it, (perhaps unknowingly/unreflectively) proclaiming some competencies 
as far more valuable than others. For example, some still argue about the value of 
swimming on the front vs on the back or side; a common award in several Northern 
European countries is to swim 200m of which at least 50m must be on the back. 
This implies that swimming on the front is three times more important than on 
the back. We strongly disagree. They are equally essential. Some still argue about 
the virtues of survival floating vs treading water. Here the proponents of treading 
“correctly” argue that heat loss is reduced when the head is above the surface. It is 
however not that simple. For most children and youth, learning to float is easier than 
to tread, thus treading usually comes later. One who is poor at treading water, risks 
using more energy than necessary. Energy production results in heat loss. Thus one 
poor at treading water may lose more heat with the head up by virtue of excessive 
energy use and of course, heat loss by conduction resulting from the movement. 
In some cases, floating with part of the head in the water will actually reduce heat 
loss. Here, one size does not fit all. Not only does the solution need to fit the circum-
stances, but also the person. We argue that all of these are of roughly equal impor-
tance. All should be taught. They are situation oriented, e.g. swimming on the front 
is necessary under certain circumstances, on the back or side under other circum-

FIGURE 1. Water competence – a dynamic concept
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stances. Their remains broad neglect of the integration of the cognitive competencies 
(e.g. knowledge) and the affective competencies (e.g. positive attitudes).

Water competence consists of affective competencies… The affective competen-
cies include attitudes and values. Attitudes are the tendency to react negatively or posi-
tively towards an idea, person, object or situation. Attitudes are difficult to measure. 
However, they are considered to be the foundation of behavior. Behavior is easier 
to observe and to quantify. In some cases, safe behavior is a dichotomous issue and 
therefore easy to observe, for example, the use or non-use of a life jacket. Some would 
argue that if sequentially considered, positive attitudes backed by knowledge, lead 
to safe behavior. … cognitive competencies including knowledge and judgement. 
Again, these do not stand alone. They are intimately related to both the psycho-
motor and the affective competencies. There is a base of general knowledge which 
can positively impact any risk situation. There are also more specific knowledges which 
would apply in specific situations. For example a knowledge of how cold water af-
fects the human body can of itself, reduce the risk. But combined with respect for this 
potentially risky environmental condition and certain psycho-motor solutions, 
the risk is even more dramatically reduced. When the foundation of knowledge is 
established, making informed decisions in an emergency is more likely to lead to 
a successful solution. … psycho/motor competencies, i.e. all of the physical move-
ments which might help to extricate a person from a threatening risk scenario, as 
described by Moran (2013). We have described above how this needs to be an ex-
tremely all-around profile of physical competencies. They do not however, stand 
alone. Each is intimately related to the others.

Water competence is an holistic concept, meaning that the psycho-motor, cog-
nitive and affective competencies are all so tightly interwoven, that they cannot 
be separated. Any tendency to separate them will certainly reduce their protective 
quality and reduce the chance of surviving an emergency scenario. No compe-
tency stands alone. There is an holistic rather than a dualistic nature to the concept 
with no attempt to differentiate between psych-motor, cognitive and affective. For 
example, safe entry behavior can only be the result of an attitude of respect for the 
need of safe entry, the dangers of unsafe entry and knowledge of the challenge of 
entry (and exit) at any given local environment. They are intimately related in a spider 
web like net, inseparable (Stallman, 2008; Stallman et al., 2017).

WHAT SHOULD BE TAUGHT?

For several decades, some have struggled to define what swimming is, in the 
pursuit of divining what should be taught. This was primarily a reaction to the 
common experience among aquatic educators and researchers that there was an 
unexplained and dramatic variation among high profile organizations, in what 
they included or excluded when teaching swimming. Tradition and ‘’expert’’ 
opinion had ruled. The concept of water competence frees us from this obsession. 
The critical issue is simply ‘’what should be taught’’ (learned) in order to reduce 
the risk of drowning. As we understand more about the causes of drowning (the 
immediate circumstances prior to, during and after submersion), it should be eas-
ier to translate this to what competencies are missing or too weakly developed to 
cope with the challenge. It should be obvious that what should be taught/learned, 
is that which offers protective value, thus reducing risk.
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FIGURE 2. The selected water competencies

FIGURE 3. Missing blocks – a fault line develops – a drowning episode ensues
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If we use the analogy of building the foundation of a house, each building block 
in the first row represents an essential competency. If one or more of these are miss-
ing, a hole in the foundation appears. The unsuspecting and inexperienced in-
structor begins the second row not realizing that the first row is not complete. As 
the wall grows, these ‘’holes’’ proliferate and the pressure on the lower rows from 
the growing wall, increases. A fault line develops. The wall collapses. A drowning 
episode is born. See figure 3 below.

WHY TEACH WATER COMPETENCE?

Protective value – research evidence. The identification of research evidence 
which confirms protective value, has revealed a broad selection of psycho-motor, 
cognitive and affective competencies. This confirms the need for all-around devel-
opment. All-around development, once referred to as ‘’watermanship’’, enjoyed 
over a century of acceptance and practice. One of the largest organizations in the 
world included in its water safety education, the then popular ‘’Nine Styles of 
Swimming’’ (ARC, 1961). After WWII, leading national organizations became more 
aggressive in promoting their own programs as ‘’better ’’ than all others. Many of 
these ignored (perhaps accidentally or by lack of reflection) some of what others 
considered essential. Few if any of the proliferation of national and international 
organizations included all of what we now believe to be the most essential compe-
tencies, i.e. ‘’must be included’’. And to repeat, the turning point has been the 
possibility of supporting the recommended competencies with research evidence 
which shows protective value. The primary reason that we took so long to reach 
this point is simply that such research was to a great extent, not available before 
the millennium shift. See the examples below (in “Where …..”) which describe 
research showing that mastering, e.g. survival floating, swimming or floating in 
cold water and swimming and floating in clothes, has protective value.

WHERE SHOULD WE TEACH WATER COMPETENCE?

Competence in open water has recently been identified as needed research (Stall-
man et al., in Bierens, edit., 2014). Given that most drownings occur in open water, 
the open water experience is essential. In open-water, water competence will be 
affected by many factors such as cold, rough water, and clothing (Moran, 2015). 
This is the environment factor shown in figure 1 above. Individual variations in 
competence are the personal factor and the measures needed to solve the chal-
lenge are the task factor. The lack of consistency in safety advice is related to the 
lack of research as to what constitutes open water competency. Learners would ben-
efit from experiencing the challenges of open water competency from a drowning 
prevention perspective, especially that which simulates survival conditions rather 
than simply repeating swimming performance.

 Considerable research is available concerning the effects of cold water on any 
person immersed for more than a short period of time. See Golden & Tipton, 2002; 
Ducharme & Lounsbury, 2007.

A previous UK study (Home Office, 1977) had shown that most UK drowning 
occurs within 3–4m of safety. Experts realized that hypothermia could not be the 
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cause of the drowning. The cold shock response (CSR, the body’s immediate reac-
tion to cold water) was identified and defined (Tipton et al., 1989, 1999, 2002).

However, little quantified information is available about the differing challenges 
of closed vs open water and the qualities required to meet the greater challenge. If 
I can do A in the pool, what can I do in open water? Only a few studies have addressed 
this issue. Tipton et al, (2008) found that lifeguards lost 30–57% of their efficiency 
when moving from the pool to open water and then to surf.; Barwood et al. (2011) 
recommended float first; Ducharme & Loundsbury (2007) found that subjects per-
formed more poorly in cold water than in warm water; Kjendlie et al. (2013) found 
an 8% loss of swimming efficiency in moderate waves and a 24% loss in floating 
capacity, Laakso et al. (2013) found a significant degradation in skill when wear-
ing clothing vs a swimming suit.

HOW SHOULD WE TEACH WATER COMPETENCE?

Several pedagogical principles can guide us in our teaching. The unique and in-
clusive characteristics of the concept of water competence requires a slightly different 
approach to teaching than that which has been traditional. It is no longer sufficient 
to guess at content, to randomly construct a teaching progression and to follow 
the typical approach of focusing on each single learning outcome, one at a time, 
crossing it off on the list when accomplished.

Creative integration. The inter-related nature of the competencies as described 
above, demands creative ways of combining and integrating all of the competen-
cies. An example of this inter-relationship is that safe entry, while a psycho-motor 
competency, is based on the affective competency – an attitude of respect for the 
danger of inappropriate entry and the cognitive competency of knowledge of the 
local conditions/hazards. Entry techniques would thus change as the individual 
and the environment change. In this same way, all of the cognitive and affective 
competencies form the foundation and describe the need for each of the psycho-mo-
tor competencies. This relationship is fluid, changing as the circumstances change. 
Another example is the obvious interrelation between breath control and buoy-
ancy control. How, how much, when we breathe determines how we float or sink. 

Our experience is that this area may be the most poorly developed of all edu-
cational efforts. This integration however, becomes immediately easier if the starting 
point is the future and unpredictable possible risk scenario. What might happen? 
Pupils love this kind of role playing when creatively pursued. Work your way back. 
If A might happen, what competencies would we need to meet the challenge? And 
how best teach them? And what then about B? The creative teacher always has the 
future potential need in mind.

Consolidation refers to the need to spend sufficient time and/or focus on each 
competency (and each learning outcome) to reach a level which strengthens the 
bonds between competencies and forms a stronger foundation upon which grow-
ing competence can build. When the various competencies are poorly developed, 
the opportunity for several to bond in a protective way, is lost. Inexperienced teachers 
often struggle with making decisions about whether a given level of achievement is 
sufficient to move on to a higher level. The easiest way to assess this is to closely 
monitor any newly introduced learning outcome for signs of difficulty. Inappro-
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priate difficulty with moving ahead is usually a sign that some prerequisite is missing 
or too poorly developed. It is often simply a matter of finding that hole, going back 
and filling it. (See figure 3 above).

Combination suggests that as each competency develops, combining them gives 
a cumulative effect. This cumulative effect is considered essential in the drowning 
prevention context. It may in fact be the best way to simulate the risk scenario for 
which we are preparing the learner. An emergency virtually always challenges several 
competencies. Oliveira (2013) described how children who had learned a series of 
competencies were unable to combine them when exposed to an unannounced 
capsize of an inflatable boat. They were capable of one at a time as each was checked 
off. When they had to perform several at the same time, they could not.

The relationships that develop between the competencies, as each becomes 
progressively stronger, and between learning outcomes or steps in a teaching pro-
gression may become unique and new entities. These might be described as “added 
value” or “added mass” (Stallman, 2016). The consequence is that the whole be-
comes greater than the sum of the parts. The combination of the ideas of consoli-
dation, combination, accumulation and the development of unique relationships 
really only describes what good teachers have always done. But it also describes what 
is needed to prepare the learner for an unpredictable possible risk scenario. To the 
extent possible, these strategies simulate and are the ideal preventative measure.

Simulation. Subjective consciousness in the human allows us to compare past, 
present and future as probably no other species can. Considering the future allows 
us to predict. To paraphrase the evolutionary biologist Richard Dawkins (1976), one 
of the best ways to predict is to simulate. Simulation is a kind of test of how a future 
scenario might look and how it’s result might conclude. If applied to drowning 
prevention, we might say that if we can roughly predict what a drowning scenario 
will might look and how it will conclude, we can prepare in advance for such an 
emergency by simulating such a scenario during the teaching/learning process. 
This simulation will require exposure to several competencies at the same time as 
described below.

To a certain extent, the final outcome, that of a drowning episode, is a result 
of – but also defines that which comes before, whether it be with mortality, mor-
bidity or with a successful non-injurious outcome (the latter puts both victim and 
rescuer at risk and may cause trauma for both). If we use this final outcome as the 
starting point and look backward, we can speculate on which competencies were 
missing or too poorly developed thus triggering the episode. In depth interviews 
with drowning survivors (Dahl, 1985) has shed some light on this. It is clear that 
normally several competencies are challenged in any emergency scenario. And we 
can safely say that failing to get a breath when needed is the famous “straw” which 
broke the camel’s back (or did he drown?). All too often, important competencies 
and/or steps in teaching progressions are taught one at a time. They are often ticked 
off when successfully performed, then forgotten as the inexperienced instructor 
moves on to the next step. The first step fails to increase in its quality (consolida-
tion does not take place) and bonds between the first and next competencies fail 
to evolve. The cumulative effect of combining these steps fail to evolve and the rela-
tionships between them remain weak. Clearly some kind of creative integration has 
not been present in the teaching/learning process. If we routinely combine com-
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petencies during the teaching/learning process, we may simulate a potential drown-
ing scenario and thus more effectively prepare for its eventuality. The experienced 
and reflective teacher/instructor does this instinctively. Young teachers should be 
taught to understand this and to practice.

The Spiral of Progression refers to the idea that each step in a progression of 
learning outcomes repeats itself, it comes back around – at a higher level, with a greater 
challenge. Take breath holding as an example. At the lowest level perhaps we aim 
for 5 seconds. When the learner reaches the next level, say floating, we expect 10 
seconds. At a third level e.g. gliding, we expect 15 seconds. At a fourth level, maybe 
propulsion, we expect 20 seconds, etc. Another metaphor might be that of a cas-
cading river or a snowball which grows in size as it progresses. Each step along the 
way is added to the previous steps, accumulating all that went before – adding them 
together like a snowball.

diScUSSion 

The evolution of the concept of water competence was perhaps inevitable. It 
evolved from a gradually growing understanding of what the necessary competencies 
are which protect any individual from the risk of drowning. No person is of course 
fully safe. Even an Olympic champion might not survive a Tsunami. Yet on the aver-
age, we can make people much safer. Many if not most drownings are preventable. 
We can equip people with affective, cognitive and psychomotor competencies which 
might protect them when in danger. Rather than dwell in the past tradition of teach-
ing what our grandfathers taught, because “after all, he was my grandfather, and 
he knew what he was doing”, OR that’s the way the champions do it! We can now 
answer the question, “what should we teach”. Here we have addressed not only what 
we should teach, but have carried this logically further to begin a more systematic 
look at why we teach that which we choose to teach, where we should teach it (and 
the why of the where) and we finally dare to venture into the discussion of “how” –  
a more subjective and complex issue. 

conclUSionS

All of those who practice any aquatic activity share the risk of drowning as well 
as the responsibility to promote water safety – i.e. the prevention of drowning. The 
burden is universal, it knows no boundaries. And given that at some point in time, 
perhaps all humans are in one way or another, exposed to water, the risk is ever 
present for virtually all of us. With a new cohort of non-swimmers born every day, 
our job will never finish. Water safety should be a way of life!

 If we can agree that the most essential competencies have been identified (new 
knowledge will of course help us consider improvements to the list), it remains to 
focus on how these should be conveyed to the learner. Our focus is on content rather 
than method of transmission. Each teacher/instructor has their own personality, 
their own way of being. Each has unique talents. Transferring skills, knowledges and 
attitudes to the learner remains a rather open scenario which depends on the situ-
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ation at hand, the instructor, the task to be learned and the environment. The same 
can be said for the reception of these competencies by the learner. They are de-
pendent on the individual (their needs, background, developmental stage, etc), the 
task at hand and the environment. Content however, is we believe fixed by the 
universality of the risk of drowning.

Make no mistake – drowning is a leading killer, far more than the numbers tell us. 
It is the leading killer of children in many parts of the world and among the leading 
killers of adults. We can do something about this.
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ABSTRACT

In ecological dynamics framework, movement and coordination pattern variability 
should not necessarily be viewed as error detrimental to performance, nor as 
a deviation from a putative expert model, which should be corrected in learners 
by coaches. A key idea is that coordination pattern variability can be viewed as 
a functional property in skilled performers, which helps them adapt their movement 
behaviours to dynamic and interacting constraints. Constraints set the boundaries 
for the emergence of adaptive behaviours, suggesting the need to reconsider
learning and training in swimming. 

Key words: motor control, coordination, constraint, pedagogy

introdUction

Why is it important to talk about swimming coordination? Given the density 
of the aquatic environment (about 800 times denser than the air), the forward 
displacement in swimming results from the maximization of the propulsive forces 
and the minimization of the resistive forces, while showing the greatest propulsive 
efficiency (minimize the kinetic energy to maximize movements useful to over-
come active drag) (Toussaint & Truijens, 2005). However, coordinating his/her 
movements (i) to deal with transition between the air and the water, (ii) to minimize 
active resistance (e.g., during the recovery of limbs in breaststroke) and (iii) to take 
advantage of the drag and lift forces, is not obvious. In fact, two swimmers can 
have the same propulsive efficiency and/or generate the same propulsive power 
output without using the same motor coordination. In other words, good propul-
sion does not mean good coordination. Besides, can we speak of “good” coordina-
tion, i.e. expert coordination, which would optimize propulsion and energy cost? 
In theory, a coordination in “opposition” or “continuity” pattern, corresponding 
to a continuity of the propulsive actions between the two arms for front-crawl and 
backstroke and between the arms and the legs for butterfly and breaststroke, makes 
it possible to minimize the variations of speed of the centre of gravity (because this 
speed is maintained) within a swimming cycle. Therefore, minimizing glide should 
prevent strong acceleration and strong deceleration causing these speed variations 
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and resulting in a higher energy cost. Nevertheless, we would like to show that a co-
ordination pattern emerges from a set of interacting and dynamic constraints (New-
ell, 1986). We also would like to show how the theoretical framework of ecological 
dynamics for motor learning and coordination could be the basis for a nonlinear 
pedagogy (Chow, 2013).

coordination and conStraintS

Research on ecological dynamics framework (Davids, Button, & Bennett, 2008; 
Seifert et al., 2014) suggests that the nature of motor coordination emerges from 
three types of constraints: environmental (aquatic resistances and speed as resistance 
equal to speed squared), task (imposed by the operator, e.g. swimming at maximal 
intensity, swimming in fatigue condition) and organismic (corresponding to the 
swimmer’s characteristics, i.e. anthropometry, morphology, strength etc.). From 
this perspective, the swimmer’s motor coordination is a consequence of interacting 
and temporary constraints and not a cause (Davids, Araújo, Seifert, & Orth, 2015; 
Davids, Button, & Bennett, 2008). Thus, coaches should (i) take the organismic 
constraints into account, (ii) find means to minimize the environmental constraints, 
and (iii) manipulate the task constraints to destabilize inadequate coordination in 
order to bring about a coordination pattern not expected from the beginner’s ini-
tial behaviour. 

Thus, it is indeed conceivable that imposing gestural frequencies, swimming 
patterns or different respiratory modalities will lead to different motor coordination 
adaptations. For example, beyond a gestural frequency of 50 cycles.min-1 and/or a 
swimming speed of 1.8 ms-1, swimmers predominantly adopted a coordination 
pattern in superposition (Potdevin, Bril, Sidney, & Pelayo, 2006; Seifert, Chollet, 
& Rouard, 2007). On the other hand, it is accepted that the active resistance varies 
with the square of the speed; also, at 1.5–1.7 m.s-1, wave resistances are important 
and dominant (<50–60% of total resistances), while their impact is much less marked 
at slow speed (Toussaint & Truijens, 2005). Thus, swimming a 100 m crawl at maxi-
mum intensity for an expert (2 m.s-1) and for a novice (1 m.s-1) does not correspond 
to the same environmental constraint and will probably not involve the same motor 
coordination. Finally, the level of flotation as well as other individual properties 
such as breathing preference, swimming specialty, level of expertise, anthropomet-
ric characteristics (particularly related to gender), vary according to swimmers and 
support the hypothesis that motor coordination emerges from the interaction of 
these constraints. For example, it is important to specify that in crawl unilateral 
breathing tends to have an asymmetric coordination between the propulsive ac-
tions of the two arms (with a more pronounced lag time on the inspiratory side), 
whereas a bilateral breathing leads a symmetrical coordination; this asymmetry is 
often more marked by the lack of expertise, as swimmers take longer to inspire 
(Seifert, Chollet, & Allard, 2005). Using a frontal snorkel, bilateral breathing or ap-
noea seems to be a task constraint that minimizes the asymmetry of coordination 
in crawl (Seifert, Chehensse, Tourny-Chollet, Lemaitre, & Chollet, 2008). 

Finally, we must not forget the temporary nature of these constraints; for example, 
fatigue can alter the adaptability of a swimmer. In this case, the less expert the swim-
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mers are, the more they tend to decrease the power output and the speed of the hand 
in the water, leading to a motor coordination that can approach the superposition 
of the propulsive actions without showing a great efficiency (Alberty, Sidney, 
Pelayo, & Toussaint, 2009). In the end, there is no expert coordination (which would 
be the model of the “opposition” or “continuity” pattern) but rather an expertise 
to adapt his/her coordination to constraints (Seifert, Button, & Brazier, 2011; Seifert 
et al., 2014).

coordination and adaPtaBility

The concept of adaptability was raised by Bernstein (1996) when he spoke of 
“resourcefulness” (i.e., stability and initiative) as an important property of “dex-
terity” (p. 221). “Dexterity” refers to the expert’s ability to reach the goal of a task 
correctly, quickly, reasonably (efficient) and with resourcefulness (Bernstein, 1996). 
In fact, access to expertise would not necessarily correspond to achieving theoreti-
cally accepted coordination by prescribing a biomechanically ideal model or ap-
proaching the expert model linearly (step by step, by gap reduction). Indeed, per-
formance is multifactorial, so a high level of performance is not synonymous with 
effective and efficient coordination. And conversely, effective and efficient coordi-
nation does not mean that the swimmer will perform well, because the swimmer 
not only focuses on coordinate his/her limbs, but also focuses on other purposes 
such as breathing, equilibration, hydrodynamics etc. In particular, the swimmer 
does not coordinate his/her motor actions only to swim as quickly as possible but 
also in adequacy with the breathing (e.g., the exhalation takes place during the 
pushing of the arm and the inspiration takes place outside the propulsive actions)
(Lerda & Cardelli, 2003). In the same way, a beginner will “push” on the water 
(propulsive surfaces and motor paths going downward rather than backward, uni-
form speed of limbs movement) to stay on the surface (possibly with the head out 
of the water), which is not satisfactory to go fast, but may be temporarily accept-
able if it meets the constraints, perceptions and intentions that organize him/her 
at this stage of learning. Thus, teaching or training a swimmer to adapt his/her 
motor coordination to different constraints in order to increase his/her range of 
available motor coordination can help improve his/her performance. 

Adaptive variability or adaptability is to be stable when needed and flexible 
when needed (Seifert, Button, & Davids, 2013; Seifert et al., 2014). In other words, 
a pattern of coordination is stable when it is robust over time, resistant to distur-
bance and reproducible, so that a similar motor coordination emerges when task 
and/or environmental constraints change. Nevertheless, this pattern of coordina-
tion is not stereotyped and rigid but flexible and adaptable. This means that even 
if some patterns of coordination show similarities and structural regularities, they 
are not fixed in a stable and rigid solution, but can show functional adaptations 
(Seifert, Komar, Araújo, & Davids, 2016). In the end, “stability” and “flexibility” are 
not antinomic; in this case, the variability is not a loss of stability, on the contrary, 
it can be a sign of flexibility. Also, the intra- and inter-individual variability of motor 
coordination and more generally of swimming technique would not be considered 
as an error with regard to the expert model, but as functional, i.e. a variety of behaviour 
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and resources to be used by the teacher and coach to individualize and enrich their 
intervention (Davids, Glazier, Araújo, & Bartlett, 2003; Seifert et al., 2014). In sum, 
Adaptability means adapted and adaptive (or adaptable) behaviors: adapted behavior 
to a set of constraints reveals stability against perturbations, while adaptive or adapt-
able behavior reflects flexibility to guarantee functional solution to constraints 
that dynamically interact (Edelman & Gally, 2001; Glazier & Davids, 2009; Seifert 
et al., 2016).

coordination and non-linEar PEdagogy

The previous key theoretical concepts in ecological dynamics provide a powerful 
underlying principled philosophical basis for the implementation of a nonlinear 
pedagogy (Chow, 2013; Chow, Davids, Hristovski, Araújo, & Passos, 2011). Chow 
(2013) proposed several principles for a nonlinear pedagogy in sport and physical 
education: the representativeness of the situation, focus of attention, functional 
variability through exploratory behaviours, manipulation of constraints, and en-
suring relevant information-movement couplings (e.g., favouring perception of af-
fordances). Through these principles, nonlinear pedagogy emphasizes the non lin-
earity and non proportionality between the amount of practice undertaken and the 
skill acquisition (i.e., the level of expertise) (Chow et al., 2011). This pedagogy is 
called non-linear because there is not necessarily a proportional relationship be-
tween the causes (the instructions given by the coach or the teacher, the training 
time) and the consequences (the behavioural response of the swimmers, technical 
progress). This philosophical orientation to practice contrasts completely with 
ideas from the theory of deliberate practice, which are beginning to be discredited 
in the field of expertise acquisition (Hambrick et al., 2014; Tucker & Collins, 2012). 
In contrast to such a linear pedagogical orientation that prescribes the movement 
to be learned, giving numerous verbal instructions, nonlinear pedagogy encourages 
behavioural exploration, interaction with task and environmental constraints (Chow, 
2013; Chow et al., 2011). In nonlinear pedagogy, prescription is replaced by pro-
scription; that is to say, we forbid the initial motor coordination (which seems to 
us inappropriate) by destabilizing the behaviour by the manipulation of a set of 
constraints in order to make emerge and stabilize a new motor coordination. For 
instance, the coach can artificially modify the environment (e.g., pull or hold the 
swimmer with an elastic, use pads or fins to amplify sensations) to feel the resist-
ance to advancement / hydrodynamism, or manipulate the task constraints (to im-
pose a stroke frequency by a metronome) to promote problem solving (without 
indicating how to do it, i.e., to give the solution). 

Thus, intervention is seen as an interactive process, a circular coupling where 
the coach guides the swimmer by reducing the range of possibilities, for example 
by giving global verbal instructions (such as analogies - kinds of biomechanical 
metaphors), which gives swimmers relative freedom of exploration to produce the 
adaptive behaviour (for an example of learning breaststroke, see Komar, Chow, 
Chollet, & Seifert, 2014). This nonlinear pedagogy requires a respect for processes 
like task simplification rather than part-task decomposition, in the sense that learning 
and training designs have to preserve the complexity of an activity to maintain the 
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coupling between information and movement (Davids et al., 2008). In nonlinear 
pedagogy, error-reduction towards a specific model is thus not relevant. The chal-
lenge for coaches is instead to create conditions that facilitate the exploratory 
process for the performer, rather than merely providing a precise description and 
prescription of a movement pattern to follow. For instance, key aspect of nonlin-
ear pedagogy is to use external focus of attention instructions to enhance a more 
subconscious control of movement with attention paid to the effects of a movement 
on the environment, rather than the precise form of the movement, which seems 
to encourage the acquisition of important affordable in skill learning. 

In conclusion, the interest of an implicit learning and more broadly of a non-linear 
pedagogy would be to provide information or to manipulate a constraint that would 
allow to more or less channel the exploration of the motor coordination to learn.
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ABSTRACT

The aim of this study was to determine the effect of real-time swimming velocity 
control with the use of concurrent visual information on the efficiency of swim-
ming. Before the experiment started, for each participant the swimming speed was 
measured during both exercise trials. The Pansold Test für Schwimmer (Mesics 
GmbH, DE) computer software was used to determine the participants’ intensity 
levels. The sample included men and women actively participating in swimming 
training (n = 14). The main experiment consisted of two exercise trials. In each 
trial subjects swam a distance of 200m freestyle and 2.5 minutes after each trial, 
the blood lactate level were measured. The beginning of each exercise trial started 
in the water. In both trials the participants’ task was to swim the test distances 
as closely as possible to the previously set times. In the first trial participants 
swam the trial distance without getting real-time information on their swim-
ming speed. In the second trial participants watched a beam of light move at the 
bottom of the swimming pool, generated by the device ’Lider‘ (Kuca Ltd., PL), which 
informed them of their swimming speed. A beam of light covered the test dis-
tance exactly within the time established before the experiment. The time difference 
between the set time and the achieved time was statistically significantly lower 
while swimming with visual information (p = 0.015). The difference in lactate 
levels obtained before and after the trial is statistically significantly lower when 
operating with visual information (p = 0.020). Visual information delivered in 
real-time enabled participants to control velocity, and thus reduced physiological 
cost determined by the blood lactate levels. The maintenance of a stable velocity 
improves the efficiency of the exercise.

Key words: pacing in swimming, speed stabilization, visual information, con-
current information, swimming efficiency

introdUction

The essence of a swimming sports competition is to cover a set distance in the 
shortest possible timeframe (Seifert et al., 2016). To achieve a good performance, it is 
important to use as much driving force as possible in order to efficiently overcome 
the water’s resistance force (Chengalur & Brown, 1992). During swimming training, 
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features that maximize the propulsion forces are encouraged while simultaneously 
reducing the resistance force (Toussaint & Truijens, 2005). The use of variable propul-
sion forces and changeability variations in the resistance force cause changes in ac-
celeration and in turn the intracyclic velocity variability (D’Aquisto & Costill, 1998). 
Interaction between driving forces and the strength of the resistance generate the 
intracyclic velocity variability (Kreighbaum et al., 1990). Additionally, the movement 
structure of all four swim strokes enforces the intracyclic velocity variability (Bar-
bosa et al., 2005).

High variability in the intracyclic velocity as well as changes in the swimming 
velocity over the entire distance are linked with an increase in the incurred energy 
costs. This is caused by the need to overcome the varying resistance force (Kolmogorov 
& Duplischeva, 1992). Reducing the intracyclic velocity variability was recognized 
as an indicator for the increased effectiveness of swimming (Schnitzler et al., 2008). 
Stabilization of the changes in swimming velocity which most often require long-
term training leads to a flawless technical movement.

It is recognized that the so-called ‘water sensation’ or feeling of different stimuli, 
interpreting them and then adapting one’s movements to suit a given experience 
helps in streamlining the action (Maglischo, 2003). Due to the precision of the 
resulting motion, it is possible to use the driving force at an optimal level as well 
as the reduction of the resistance forces. These features are developed when swim-
ming at a particular speed. The acquisition of precise swimming skills is thus as-
sociated with participation in long-term training processes.

The stabilization of changes in swimming velocity and its real-time control is 
also an important element in training, which leads to effective competition prepa-
ration. Due to such ability, the chance for a faster adaptation to the desired effort is 
increased. An example of this is swimming at speed within indicated training zones; 
above or below the anaerobic threshold. In the case of the maintenance of the es-
tablished metabolic zone (intensity), such training helps to develop physiological 
traits or elements of swimming techniques (Szczepan et al., 2016). In particular, 
young athletes are not able to maintain adequate and stable speed when swim-
ming. Thus, the control of swimming velocity in real time allows for a faster adapta-
tion to the required effort. This enables one with such a possibility to achieve the 
objectives of training during the early stages of preparation for competition.

Usually, information on swim speed or times is passed on by the coach through 
the verbal message. However, environmental conditions, i.e. the noise and whether 
a swimming cap is worn, all constitute interference in the process of feedback. Nu-
merous methods have been created to improve the quality of feedback, including video 
recordings (Andrieux & Proteau, 2016) and devices for wireless verbal feedback 
(Zatoń & Szczepan, 2014). Visual information also helps improve the performance 
of movements (Carroll & Bandura, 1990; Seat & Wrisberg, 1990), including in swim-
ming (Gonzalez et al., 2002; Pérez et al., 2009; Zatoń et al., 2016).

To stabilize the changes in swimming velocity and provide concurrent velocity 
control, a technical device called ’Lider‘ (Kuca Ltd., PL) was used. The light system 
’Lider‘ allows for the transmission of visual information to the swimmer on their 
swimming velocity in real time (concurrently) – a beam of light moves at a given 
speed along a tube placed at the bottom of the pool. As a result, the swimmer can 
stabilize the changes in swimming velocity and control it in real time. Concurrent 
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information is continuous information that is conveyed during the performance 
of the motor activity (Schmidt & Lee, 2005). This type of information is considered 
very effective in controlling the mechanisms involved in the prevention and cor-
rection of errors which occur during a motor activity (Scheeler et al., 2004). 

The aim of this study was to determine the effect of real-time swimming velocity 
control with the use of concurrent visual information on the efficiency of swimming.

MatErial and MEthodS

The sample included men and women who were actively participating in swim-
ming training (n = 14) of age  20.4 ± 3.9 (years), body height  177.9 ± 9.1 (cm), 
weight  69.4 ± 10.7 (kg), with competitive swimming experience  10.4 ± 3.1 
(years), and their personal best times in the 200 freestyle 2:12 (min:sec)  ± 5.8 (sec). 
The subjects were informed about the nature of the experiment and its circum-
stances and they signed a written consent to participate. The ethics committee ac-
cepted the grounds for and means of conducting the trials. 

The experiment took place in a 25m swimming pool. Before the experiment 
started, for each participant swimming speed was measured during both exercise 
trials. The Pansold Test für Schwimmer (Mesics GmbH, DE) computer software was 
used to determine the participants’ intensity levels. Thus, the same relative exercise 
intensity for all the subjects was obtained. When determining the speed, the records 
from the current season in the 200m freestyle competition were used. The set speed 
to swim during the exercise trials corresponded to a third energy zone, which 
represents a range of intensity between the anaerobic threshold and maximum oxygen 
uptake, where both aerobic and anaerobic metabolic systems are shaped (Pansold, 
Zinner 1994).

Before each trial, participants’ resting blood lactate levels. Then participants per-
formed a warm-up in the water, i.e. swimming 200m freestyle in the first energy 
zone. This corresponded to a slower speed than the speed of the aerobic threshold 
(Pansold, Zinner, 1994). The blood lactate level for the second time 2.5 minutes after 
the warm-up in the water. 

The main experiment consisted of two trials. In each one subjects swam the 
200m freestyle and 2.5 minutes after swimming, the blood lactate level was meas-
ured again.

The beginning of each trial started in the water. In both trials the participants’ 
task was to swim the test distances as closely as possible to the previously estab-
lished times. In the first trial participants swam the test distance without getting 
real-time information on their swimming speed. In the second trial subjects watched 
a beam of light move across the bottom of the swimming pool, generated by the 
device ’Lider‘, which informed them of their swimming speed. A beam of light 
covered the test distance exactly at the time established before the experiment.

The tests were performed at the same time on two consecutive days. Trial with 
visual feedback was first performed by the participants. The subjects were also asked to 
maintain within a normal diet and abstain from caffeine (Atkinson & Reilly 1996).

The concentration of lactate La (mmol · l–1) in the arterial blood, samples collected 
from the participants’ fingertips, was determined by an enzymatic test manufac-
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tured by Sentinel (Italy) and immediately diluted with a cold isotonic solution con-
taining NaF and NaCl. Samples taken after a warm-up were labeled La A and La C, 
respectively, and the secondary samples after trials labeled La B and La D, respec-
tively (A – before test; B – after test (without visual information), C – before test; 
D – after test (with visual information). There was no differences of the pre warm-
up in lactate values.

The measurements of time to cover the 200m t(s) were taken electronically using 
the start system: Colorado Time System (Colorado Time, USA) with an accuracy 
of 0.01 seconds.

Visual information indicating the desired speed in the water was generated us-
ing a device known as ’Lider‘ (Kuca Ltd., PL). The device sends light signals from 
electronically controlled LEDs placed in a transparent hose laid on the bottom of 
the pool. Light signals move at the programmed speed (Fig. 1).

A statistical analysis was performed using Statistica 9.0 (StatSoft, USA). For the 
determination of statistical differences between  t, v, La a t-test was used for the 
paired samples. The value of p  0.05 was adopted as the level of statistical significance.

 

FIGURE 1. The device ’Lider‘ (Kuca Ltd., PL), consisting of a controller and polyvinyl 
chloride tube, (which contains LEDs) was installed prior to the experiment 
on the bottom of the pool



31thE EffEct of rEal-tiME SwiMMing vElocity control

rESUltS

The time difference between the designated time and the achieved time was 
statistically significantly lower in the trial with visual information (p = 0.015). 
This means that with the visual information the participants obtained significantly 
closer swim times to the times designated before the experiment. Swimming speed 
is significantly lower in the trial with visual information (p = 0.015). The difference 
in the lactate concentration obtained before and after the trials is statistically sig-
nificantly lower in the trial with visual information (p = 0.020) (Table 1).

 

diScUSSion

The aim of this study was to determine the effect of real-time swimming velocity 
control with the use of concurrent visual information on the efficiency of swimming. 
Physiological costs were a predictive measure for the efficiency of swimming and 
this was assessed using physiological parameters such as the blood lactate level (La) 
(Astrand et al. 2013). The formulated hypothesis of an improved efficiency of move-
ment has been confirmed.

Visual information was used in the study in an attempt to obtain significantly 
closer swim times to the times designated before the experiment (p = 0.015). The 
effect of visual information is that it yielded a statistically significant lower con-
centration of lactate (p = 0.020). This further promoted the effectiveness of the equip-
ment used in controlling the speed of swimming. The results of this study indirectly 
correspond to the results of the studies by Alves et al. (1996) and Barbosa et al. (2005), 
where a reduction in the intracyclic velocity variability translated into a further 
reduction in physiological costs. This dependence is observed largely in the free-

TABLE 1. The values of the dependent variables: t, v, La, analyzed before and after tests 
– with and without visual information.  means the absolute value of the 
difference

Parameter
t (s)

designated 
time

t (s) 
achieved 

time

 t  
(s)

v
(m/s)

La A 
(mmol/l)

before test

La B 
(mmol/l)
after test

 La 
(mmol/l)

without visual 
information

153.71 149.86 3.86 1.34 2.02 6.61 4.59

± 9.14 9.33 4.28 0.09 0.58 2.49 2.33

La C 
(mmol/)

before test

La D 
(mmol/)
after test

 La 
(mmol/)

visual 
information

153.71 153.29 0.43* 1.31* 2.49 5.96 3.47*

± 9.14 8.93 0.65 0.08 0.86 2.28 2.13

* statistical significance p  0.05;  t = time – time achieved  
La = La B – La A or La D – La C 
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style and the butterfly (Alves et al., 1996) and to a lesser degree in the backstroke 
(Barbosa et al., 2005; Vilas-Boas, 1996). These findings do, however, depend on 
the mechanics of movement and continuity of the driving forces (Barbosa et al., 
2006). Also, Perez et al. (2009) tracked swimming speed by a swimming chronometer 
which was submerged at the bottom of the pool. Their results showed that the 
swimming rate is determined by the speed (aerobic or anaerobic intensity of exer-
cise) and the length of the pool (25m, 50m). Therefore, one’s ability to maintain a 
stable swimming speed over a set distance in any swimming stroke is determined by 
the efficiency of the effort and reflects the athlete’s level. Perhaps, with the change of 
effort intensity into a higher zone, the resulting significance may be more pronounced. 
Increasing the intensity reduces control over the performed movement (Schmidt 
& Lee, 2005) and as such in this case the use of ’Lider‘ might be more desirable.

Swimming training is a dynamic process that requires an individual approach 
to the athlete’s body. Achieving better results often requires finding new and diverse 
training methods. One of these is the use of visual information. In practice, swim-
ming while receiving real-time information on one’s swimming speed is essential 
in order to achieve the objectives of training. Swimming at a certain speed im-
posed by the moving beam of light along a tube on the bottom of the pool, allows 
one to control the set intensity and improve one’s given exercise capacity. As a result, 
the swimmer has an opportunity to pursue the objective of the training. Individual 
established swimming speed, which will be carried out during the workout, to-
gether with its concurrent control increases the chance of rapid adaptation to the 
effort. In the present study the subjects obtained a significantly lower speed in the 
trial with visual information (p = 0.015), rather than without Therefore, when the 
goal of training is, for example, swimming at the speed corresponding to changes 
in the aerobic threshold, the use of visual information helps the swimmer perform 
the work with the desired intensity. 

conclUSion

We have concluded that concurrent visual information delivered in real-time 
has enabled swimmers to control swimming speed and thus reduced physiological 
cost, which is measured by blood lactate levels. The maintenance of a proper and 
stable speed over the distance caused that the effort has been performed in a des-
ignated training zone with an adequate intensity which increased the chance for 
adaptation to the effort and improved the efficiency of the swimming workout. 
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ABSTRACT

The aim of this study is to diagnose the sensory preference and dominance profile 
and to refer them to the level of swimming skills of subjects. The sample comprised 
20 children, aged 9–10 years, attending a swimming course. To diagnose the learning 
profile, a VAK test was used to identify the learning styles preferred by students 
and another test to diagnose student’s domination profile. A diagnostic survey 
was conducted which found that over 55% of respondents had the dominant left 
cerebral hemisphere, and that the kinesthetic style dominates among the swim-
ming course participants. The research shows that people with the kinesthetic 
profile achieve higher swimming skills. It seems that students with kinesthetic pro-
file should have a higher level of swimming skills because they are more aware of 
the movement and arrangement of the joints. It can be assumed that students with 
kinesthetic profile have a more developed sense of touch and kinesthetic sense.

Key words: learning by the senses, learning to swim 

introdUction

The course of the learning process is hidden, internal and individual by nature. 
Therefore, each person needs different duration for this activity, different stimuli, 
impressions and personalized experiences (Taraszkiewicz & Rose, 2006). The task 
set by neuroscientists fulfils the postulate to develop new concepts to modify and 
improve the learning process so that it meets the challenges of modern school and, 
above all, develops young people’s natural learning abilities. Already at the turn 
of the 21st centuries, many psychologists, neurologists and pedagogues used the 
notions of “neurodidactics” or “neuropedagogy”. It is said that they have introduced 
a revolution in the education process. Their creators attached great importance to 
identifying human brain capabilities in the aspect of changes and activations taking 
place therein during learning. Each of us has an individual, specific style of learn-
ing. It features the preferred sense and dominance of a given cerebral hemisphere 
and body parts. We can say that we are endowed with the so-called sensory con-
tribution. This is information transferred through eyesight, hearing, movement 
and touch (Taraszkiewicz, 2011). Studies on learning processes, individual learning 
styles and needs have been conducted for several decades. Bandler and Grinder 
developed a set of diagnostic and therapeutic techniques called NLP – Neurolinguistic 
Programming. They defined verbal and non-verbal communication there. They de-



36 M. chrobot, K. gracz

scribed the ways of interpersonal communication and the preferences of receiving 
information through the senses, the so-called VAK. This is where the styles of infor-
mation reception were coined: visual, auditory, and kinesthetic, together with their 
characteristic descriptions. This has become very important for learning and teach-
ing processes (Taraszkiewicz & Rose, 2006).

LEARNING AND THE SENSES

Each of us in our life absorbs various types of information, i.e. performs an ac-
tivity called learning. It is a process in which the subject adopts to changing environ-
mental conditions (Czyż, 2013). This is a process that takes place in our nervous 
system also through exercises, experiences and activities (Ostrowski, 2011).

Consequently, changes occur in the broadly understood behaviour of an indi-
vidual, which do not depend solely on the function of the individual’s receptors 
and effectors but occur because of individual experience (Włodarski, 1996). An 
equally important element of the learning process is the role and activity of the 
brain, which is analyzed and visualized by methods that delve into analysis of 
individual synapses activation and those that use brain imaging. The fact is: the 
effectiveness of learning depends on the activity of the brain and its continuous 
operation. The more we know how our brain works, the better we will know how 
to use it in the learning process, how to increase the effectiveness of our learning. 
Plewka and Taraszkiewicz argue that learning begins at the moment of connecting 
our senses with the object that we want to learn or when thinking about a thing evoked 
in our memory. The more senses are active, the more we will remember (Plewka 
& Taraszkiewicz, 2010). According to Linksman, there is a characteristic educational 
superlink that helps us learn, making the process easier and more enjoyable. It is 
a combination of the person’s best learning style with the cerebral hemisphere 
where information is processed and stored (Linksman, 2003).

Each of us uses two hemispheres of the brain, but over time one of them domi-
nates (it is innate and can be genetically conditioned). The dominance profile in-
dicates which cerebral hemisphere is dominant and which ear, eye, arm and leg is. 
That is what defines our learning style (Hannaford, 2003). It affects the way the 
acquired information is processed. Children at school age, adults under high stress 
or students when learning something new refer to the base profile, which is the basic 
dominance pattern. It runs throughout life, defining the action of our senses. 
There are different models of lateralization, i.e. right-sided, left-sided, crossed and 
unsteady. They can be divided into homogeneous and heterogeneous. In the former, 
there are right-sided lateralisation which indicates the dominance of the left hem-
isphere of the brain and the dominance of the right hand, eye and leg, and left-sided 
lateralisation which is its opposite (Taraszkiewicz, 2014). Heterogeneous latera, lisa-
tions include crossed and unsteady ones. Crossed lateralisation has dominant or-
gans of motion and sense on both sides of the axis of the body. Problems arise, for 
example, when reading or drawing. On the other hand, the unsteady lateralisation 
occurs when neither part of the body dominates. Difficulties then appear in the 
form of disturbances in spatial imagination and orientation of one’s own body (Szy-
mankiewicz, 2014). Each person has different learning preferences, characteristic 
only for them. Some learn faster by listening to a teacher, others prefer to see what 
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they are learning about. Some others must directly touch an object to understand how 
it works. There are 32 profiles of dominance. Knowing our own basic dominance 
profile enables us to see how we absorb new information and how we react in a stress-
ful situation (Hannaford, 2003).

Dominance profile makes us aware that the entire body is involved in learning. 
Impulses received by our receptors of sight, hearing or touch can be transmitted 
to the right or left cerebral hemisphere. Each hemisphere works in a different way. 
The most important rule is that when we are stressed or when we acquire new 
information, we have greater and faster access to the senses on the other side of 
the body than the dominant hemisphere (Taraszkiewicz & Rose, 2006). This results 
from the design of the nervous system. The right hemisphere affects the left side of 
the body and vice versa. Because of that learning is easier if, when the right hemi-
sphere dominates, the dominant senses are on the opposite side (Hannaford, 2003). 
Kinesthetic learners acquire information better when walking, because they can-
not concentrate while sitting in a place. Such students get very tired during lessons 
as they only listen to the lecture. They do not feel good if there is law and order 
around them. They remember best what they have done themselves. Kinesthetic 
learners speak slowly, sometimes even with difficulty (Taraszkiewicz & Rose, 2006). 
Feelers are a variation of kinesthetic learners. They learn by touching things. They 
experience sensations on the surface of the skin. Often reflexive and calm (Tarasz-
kiewicz & Rose, 2006). They are very emotionally involved in what they do.

LEARNING TO SWIM

Swimming is one of the most popular forms of physical activity, which is recom-
mended for practically all ages because of the low injury rate. Uniquely different 
from other activities by the aquatic environment. Men adopted swimming skills 
already in ancient times. It is counted among the healthiest physical exercises. 
When swimming, we systematically take care of our body. Swimming affects all 
human body systems: it corrects postural defects, strengthens muscles and joints, 
improves circulatory and respiratory performance. Not only motor features are 
developed: strength, endurance and motor coordination, but also personality traits, 
such as: willpower, courage, discipline, patience and diligence (Kucia & Stachura, 2013). 

Swimming skills are acquired in a long-lasting learning process. Movements of 
the upper and lower limbs and torso have been developed by evolution from four 
swimming strokes. This process requires scrupulous error correction. Of course, 
we must remember that each swimmer is different and has own individual technique 
(Pietrusik & Wochna, 2016). One of basic swimming teaching methods in the con-
temporary didactic procedure is a method based on direct movement sensation 
through kinesthetic information. “Human body in aquatic environment experiences 
changes in position, muscle and tendon tension, angular changes and physical phe-
nomena” (Pietrusik & Wochna, 2016). Due to this method we build the image of move-
ment. Through regular exercises in water as ordered by an instructor, a student quickly 
captures the material that has been previously explained and observed (Dybińska 
& Wójcik, 2004). When swimming, tactile sensations are very important because 
a swimmer receives fewer visual and auditory impressions (Pietrusik & Wochna, 
2016). Swimmer’s good adaptation to the aquatic environment is extremely impor-
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tant. A swimmer must have the so-called ‘feeling of water’. Water exerts pressure 
on the swimmer’s head, shoulders and other body parts. The sense of touch ap-
pears first and is very important for a human being, which is confirmed by the 
number of touch receptors in the skin. The sense of touch is vital for the develop-
ment of sensorimotor capabilities and movement planning (Maas, 2016). When 
watching a swimmer, we often notice his or her natural feeling of water. This is 
very important for a swimmer to be able to assess the effectiveness of own tech-
nique (Pietrusik & Wochna, 2016).

According to Jean Ayeres, the sensory integration theory author, to keep the brain 
always active and the mind working in a systematic way, a continuous inflow of 
tactile stimuli is necessary (Maas, 2016). In addition to superficial perception, we 
have deep perception, a.k.a. proprioception. It receives information about the po-
sition of our body. Kinesthetic impressions originate in muscles, tendons and in 
the labyrinth. That is where proprioceptors are deployed. With them we can easily 
move and coordinate complex movements (Maas, 2016). Mastering swimming skills 
is not difficult. It comes relatively easy, especially under the supervision of an instruc-
tor or coach (Pietrusik & Wochna, 2016).

The aim of this study is to diagnose the sensory preference and domination 
profile and to refer them to the level of swimming skills of children aged 9–10 years.

In this paper, two research problems have been formulated, which boil down 
to the following questions: 

1. Which learning profile dominates in the tested group of 9–10-year-old stu-
dents? 

2. Do students with the kinesthetic profile diagnosed swim better than others?

MatErial and MEthodS

Subjects of the research was a group of swimming course participants aged 
9–10 years. The study was carried out in ATOL Oleśnicki Recreation Complex on 
20 children, 11 girls and 9 boys, participating in a swimming course. Lessons were 
held at a swimming pool in the afternoon. Swimming lessons lasted 45 minutes, 
2 times a week for 6 weeks. After six weeks of the course, a fitness test was performed, 
which consisted of 11 swimming tasks. For this purpose, “The set of physical fit-
ness tests for recruitment to classes III or IV of the primary school” prepared by 
the Polish Swimming Association was used. The swimming skills assessment part 
of the test was used. Each participant had the right to perform one trial.

To diagnose the learning profile, the VAK test was used to identify the learning 
styles preferred by students and a test to diagnose student’s domination profile.

rESUltS

Analysis of the results of the VAK learning preference test has shown that the 
children attending the course represent kinesthetic, auditory and visual learning 
styles. Those with the kinesthetic style constitute a small majority. The results are 
shown in Figure 1.
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The second questionnaire was a test of the cerebral hemispheric dominance. 
The results are shown in Figure 2. In a small majority, over half of the respondents 
(55%), the left hemisphere dominates. The remaining subjects’ brains are dominat-
ed by the right hemisphere. No cross-hemisphere children have been identified.

Eleven swimming tasks were considered in assessing the subjects’ swimming 
skills. The test prepared by the Polish Swimming Association was used. The results 
are shown in Figure 3.

FIGURE 1. VAK learning profile of tested students

FIGURE 2. Percentage distribution of subjects’ dominant cerebral hemispheres

FIGURE 3. Swimming skills test results
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The test has shown that the boys performed better than the girls. A boy obtained 
the best score (40 points), the worst – 24 points, a girl. Percentage distribution of the 
test scores is shown in Figure 4.

Another aspect of the analysis of the collected data was to check whether the 
subjects with the predominant kinesthetic profile had achieved higher scores in 
the swimming skills test than the rest of the study group. Analysis of figure 5 
shows that the highest average scoring   in the swimming skills test (34.9 points) 
was indeed obtained by kinesthetic learners.

In addition, the highest score in the swimming skills test was obtained by a boy who 
preferred the kinesthetic learning style, with the dominant left cerebral hemi sphere.

diScUSSion

Hannaford (2003) emphasizes that we should approach each student individu-
ally. Each of us is different and absorbs information differently. Teachers should 
pay attention to this to successfully provide students with knowledge. From Han-
naford’s research it appears that in gifted and dominant students the logical hem-
isphere dominates. This is probably because students with dominant logical hem-
isphere process data linearly. Students with the right hemisphere dominant have 
difficulties in smooth proceeding through our current education system.

FIGURE 4. Percentage swimming skills test results broken down by gender

FIGURE 5. Arithmetic mean of swimming test scoring in terms  
of the preferred learning profile
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We must remember that the teaching method should be adapted to the type of 
the material in question, because not every transmitted content can be perfectly 
adapted to every individual learning style. An example is teaching the so-called 
“two-stroke” to an auditory student only through verbal communication without 
active participation in exercises.

Each of us has our own learning style, which is neurologically justified. Learn-
ing style is the way we memorize new information or skills fastest. While memo-
rizing, we use all our senses. The effectiveness of our learning will be the best 
when we use all our sensory channels, but to a greater extent our dominant sense. 
We will remember longer a content received through more senses (Plewka & 
Taraszkiewicz, 2010). As our brain absorbs new information, new connections 
develop between nerve cells. This is called plasticity of the brain. The brain and 
senses are connected by numerous pathways. Using one of the senses more often 
develops more advances pathways between the nerves of a sensory organ and the 
brain. (Linksman, 2005). What affects the formation of a personal learning style? 
Learning styles result from joint interaction of education and nature. Some of 
them can be inherited. Frequency of learning styles is not gender-related. Unfor-
tunately, most schools teach mainly through vision and hearing, and the kines-
thetic style is neglected (Linksman, 2006). According to preference, the learning 
styles are categorised as visual, auditory and kinesthetic-sensitive. Each of us has 
one dominant sensory channel, but we collect information from the outside world 
with all the sensors, it reaches a certain area of   the brain and is processed there. 
This is called sensory contribution (Taraszkiewicz, 2014). It’s good to know one’s 
own preferences and difficulties so as to be able to create an ideal learning envi-
ronment in a well-informed manner.

conclUSSionS

The empirical research undertaken for this study was aimed at showing the learn-
ing style and effect of the dominance profile on students’ swimming skills.

1. A diagnostic survey was conducted, and it was found that in over 55% of re-
spondents the left cerebral hemisphere dominates.

2. The results prove that the kinesthetic style dominates among the swimming 
course participants. 

3. The research shows that people with the kinesthetic profile achieve higher 
swimming skills. 

It seems that students with kinesthetic profile should have a higher level of swim-
ming skills because they are more aware of the movement and arrangement of the 
joints (Maas 2016). It can be assumed that students with kinesthetic profile have 
a more developed sense of touch and kinesthetic sense. It is the “sense of touch 
that is an inseparable element of physical fitness” (Maas 2016). We do not have to 
be born with the kinesthetic profile of learning dominant. Each of our senses can be 
developed so that we can achieve perfection in our actions. Education is very impor-
tant in human life. Therefore, from the very beginning it is worth recognising our 
own way of learning to receive information from the world easier. A good teacher 
should support the students’ learning style and care for their development. Teachers 
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need to realise that every student is different, each has their own way of learning. 
However, students acquire new information not only at school. Each parent should 
also learn about their own child’s way of learning. It also helps in communication 
between each other. As Linksman (2005) says: “learning styles result from joint in-
teraction of education and nature”.
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ABSTRACT

There is a huge variety in people’s motivation. In many studies the most frequent 
motives behind undertaking some sort of physical activity are broadly defined 
health, mental well-being, physique and fitness. The situation is no different in 
the case of swimming. Thus the objective of the present study was to determine 
what motivated adults to regularly take part in organised swimming classes. The 
respondents answered questions included in a questionnaire aimed at analysing 
their motives. The motives most often indicated by the subjects were health- and 
relaxation-related.

Key words: values, motives, swimming, physical activity

introdUction

When engaging various forms of physical activity, human beings become par-
ticipants in physical culture. Participation (or non-participation) in physical cul-
ture is an axiological choice, ascribing value to one of the many possibilities of 
taking part in this particular sphere of human activity. The internalisation of values 
associated with physical activity enables people to discover new possibilities and 
encourages them to act in a given direction. Thinking which draws in its essence 
on physical culture values also prompts specific actions. As Popielski notes (1996), 
“values can motivate subjective-personal life of human beings and are able to 
structure and integrate the quantitative as well as qualitative psychological poten-
tial of human beings” (Popielski, 1996, p. 73). If values provide a starting point for 
human behaviour, motives define the behaviour and become a direct cause of hu-
man actions.

Any activity is inextricably connected with motivation. There is a wide array of 
people’s motives that range from people with no motivation to engage in physical 
activity to those who find pleasure in exercise as such (Dacey et al., 2008). In the 
present study we define motivation as a psychological trait that prompts people to 
engage in physical activity and sustains their interest in it. Thus motivation is a priority 
element in engaging in physical activity, as greater motivation leads to increased 
engagement in such activity (Tsorbatzoudis et al., 2006).

Systematic physical activity helps people keep their bodies in the optimum shape, 
improves their mental well-being (Paluska & Schwenk, 2000), and has a positive im-
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pact on human health defined as physical, mental and social well-being (Sochocka & 
Wojtyłko, 2013; Winiarska-Mieczan & Dymek, 2009). Regular exercise can improve 
mobility, efficiency in the performance of daily activities, walking speed, can lower 
the risk of falls, increase bone mass and private comfort, especially among the elderly 
(Province et al., 1995; Daley & Spinks, 2000). Nicholl and associates found that physical 
activity in water brought with it a limited risk of injury (Nicholl et al., 1991). Off-load-
ing provided by water causes the muscles to relax, which facilitates the assumption of 
the correct posture and enables the exercisers to move more easily than on land (Pa-
sek et al., 2008). While moving in water the body is affected by alternative thermal, 
physical, chemical and mechanical stimuli which activate centres in the brain other 
than those activated on land. This enables those active on land to rest. That is why people 
coming out of the water feel reinvigorated, relaxed and well-rested (Łubkowska, 
2015). “The basic advantage of water consists in lessening the weight for the exerciser 
and using water resistance during exercises. In addition, exercises in water engage 
many muscle groups at the same time, and lower pain or discomfort” (Plewa & 
Markiewicz, p. 39). Unfortunately, despite so many benefits, engagement in vari-
ous forms of physical activity is not a norm. According to Statistics Poland (GUS), 
a vast majority of Poles spend their leisure time passively. Intense training, organised, 
systematic physical activity is undertaken in Poland only by 9.3% of men and 2.2.% 
of women (GUS, 2007).

One of the most important factors motivating people to engage in physical activ-
ity among all adult age groups is health (Ashford et al., 1993; Caglar et al., 2009; 
Kolt et al., 2004; Murcia et al., 2008; ). Next, authors list appearance (Kilpatrick et al., 
2005) and physique (Brudzynski & Ebben, 2010). Changes in motivation can also 
result from exercise type (de Andrade Bastos et al., 2006; Ryan et al., 1997), age (Fin-
ken berg et al., 1994; Gill et al., 1996) or can change during successive stages of physi-
cal activity (Frederick & Ryan, 1993). 

Numerous studies pointing to a favourable impact of swimming on fitness and 
functioning of human beings have inspired the authors of the present study to 
define the most frequent motives prompting adults to take up this form of physical 
activity.

The objective of the present study was to determine what motivated adults to 
regularly take part in organised swimming classes. The assumption was that the 
motives most frequently indicated by the respondents would be health-related. 

The following research questions were formulated to verify the hypothesis:
1. What motives prompted adults to take part in swimming classes?
2. Does participation in classes teaching and improving swimming skills im-

prove mood and make the participants relax, according the respondents?
3. Did participation in swimming classes increase the respondents’ level of fit-

ness in their subjective view?
4. Do people attending swimming classes feel safer in the water?

MatErialS and MEthodS

The study involved 44 women and 56 men aged between 20 and 50 and regularly 
(at least once a week) taking part in swimming classes. The beginner group was com-
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posed of 16 women and 30 men. The intermediate group – 15 women and 10 men, 
while the advanced group – 13 women and 16 men.

The lowest average age was that of the beginners (31 years), while the highest – 
subjects from the intermediate group (40 years). In order to verify whether the analysed 
groups differed in terms of their age, the experimenters carried out a Kruskal-Wallis 
test, which did demonstrate significant differences between the groups. 

In the beginner group 43% of the subjects attended swimming classes twice a week, 
while 30% attended the classes three times a week (Fig. 1). The remaining subjects par-
ticipated in the classes only once a week. Nearly three quarters (74%) of the subjects 
from the intermediate level group swam 2–3 times a week, 11% 4 times a week, while 
15% went to the swimming pool only once a week. Over one third of the subjects 
from the advanced level group went to the swimming pool 4 times a week. Half of 
the subjects went to their swimming classes 2 or 3 times a week, while only 6% – once 
a week. The results obtained in the study are statistically significant and clearly show 
that swimming class attendance increases with the group’s level of advancement.

The method chosen in the study was a diagnostic survey. The authors used 
a questionnaire comprising thirteen closed questions , semi-open questions as well 
as questions providing alternatives, i.e. with “Yes”, “No” and “Other” answers. In 
some cases the authors used cafeteria questions. In addition to questionnaire ques-
tions, the survey also featured four questions concerning the respondents’ particulars 
(gender, age, education, group).

The respondents attended swimming classes in groups of various levels of advance-
ment, depending on the difficulty of the classes, from classes for beginners to classes 
aimed at improving the participants’ swimming technique. The classes were held 
every day, between 6:00 and 22:00. They were conducted by qualified swimming 
instructors at the Wrocław Aqua Park, in an eight-lane indoor swimming pool, and 
lasted about 45 minutes. The average water temperature was 30 degrees Celsius.

The respondents answered the questions – which were to check the motivation 
behind their participation in swimming classes – anonymously. Forms were hand-
ed out after the end of the classes. The participation of the researcher was limited 
to handing out questionnaires and explaining how they should be filled in, and 
then collecting and verifying them. Each respondent replied independently to the 
same questions. In addition, the respondents had to fill in boxes in the questionnaire 

FIGURE 1. Swimming class attendance vs. level of advancement
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concerning their age and number of hours they spent weekly swimming. Thus the 
results can be standardised and are reliable. 

The results of the survey were collected, sorted out, and underwent a statistical 
and descriptive analysis. All the data are presented in percentage and numerical values 
in the figures below.

rESUltS

The respondents’ declared motives behind their participation in swimming classes 
are presented with regard to each group’s level of advancement (Tab. 1).

The respondents from the advanced group usually indicated that for them swim-
ming is a way to relax (24.3%) and engage in a different form of physical activity 
(leisure-related motive) – 18.9%. Another recurring motive behind participation 
in swimming classes related to health (improvement of performance and fitness) 
and cognition – 16.2% in each case. In the intermediate group the most frequently 
indicated motives related to health (28.6%) and cognition (20.4%). Over one quarter 
(16.3%) of the respondents said they took part in swimming classes to relax, while 
12.2% treated them as a way to improve their fitness and test a different form of 
physical activity. In the beginner group the most frequently indicated motives were 
related to health (26.0%) and leisure (23.3%). Quite a considerable number of respond-
ents also indicated relaxation (17.8%).

The results obtained in the study are statistically significant and clearly show 
that as the group’s level of advancement increases, more individuals do more dif-
ficult swimming exercises (Fig. 2). In the beginner group, easy exercises were done by 
41.3% of the respondents. In the intermediate group, on the other hand, the respond-
ents declared that the difficulty level of the exercises they did was low (19.1%), average 
(58%) or high (22.2%). In the advanced group nearly half of the respondents (44%) 
said they did difficult and 40% – moderately difficult exercises.

The results obtained in the study proved statistically insignificant. In all analysed 
groups a majority of the respondents believed that swimming classes made them 

TABLE 1. The respondents’ most frequently declared motives relating to swimming

 Group level

 advanced intermediate beginner

Health-related motives 16.2% 28.6% 26.0%

Leisure-related motives 18.9% 12.2% 23.3%

Fitness-related motives 16.2% 12.2% 8.2%

Cognitive motives 16.2% 20.4% 16.4%

Relaxation-related motives 24.3% 16.3% 17.8%

Social motives 2.8% 2.0% 6.8%

Utilitarian motives 5.4% 8.3% 1.5%
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FIGURE 2. Level of exercise difficulty vs. level of advancement

FIGURE 4. Impact of swimming on general fitness vs. level of advancement

FIGURE 3. Relaxation felt when swimming vs. level of advancement
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relax (Fig. 3). Interestingly, in the advanced group no fewer than 12% respondents 
said they did not feel relaxed after swimming classes. Worthy of note is the fact that 
it is the highest percentage of the respondents in all analysed groups. This may be 
associated with other objectives of the classes or higher level of their difficulty.

The results proved statistically insignificant, which means that no differences 
between the groups were observed (Fig. 4). In all groups a vast majority of the re-
spondents said that swimming classes increased their fitness. It should be said, how-
ever, that the biggest number of individuals who saw no positive effects was in the 
beginners group (21.7%).

The results obtained in the study proved statistically significant (Fig. 5). In the begin-
ner group the number of people who saw a change in their physique thanks to partici-
pation in swimming classes and those who did not observe such an effect was the 
same (50%). In the intermediate group a vast majority of the subjects (77.8%) saw 
effects of their participation in the swimming classes. When analysing the results 
of the respondents from the advanced group, the researchers found that the per-
centage of individuals who noticed a positive impact of swimming on their phy-
sique was the highest among the analysed groups – as much as 96%. It is evident that 

FIGURE 5. Impact of swimming on positive changes in the physique  
vs. level of advancement

FIGURE 6. Degree of safety felt by water vs. level of advancement
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as the level of advancement of the group rose, so did the percentage of individuals 
indicating a positive impact of physical activity in water on their physique.

In the beginner group, 43.5% of the respondents believed that after participating 
in swimming classes they felt safer by the water (Fig. 6). The remaining respond-
ents (56.5%) held the opposite view. When analysing the results in the intermediate 
group, the authors found that the percentage of people who felt safer by the water 
thanks to swimming lessons was 66.7%. Significantly, it was the intermediate group 
that had the highest number of individuals saying that the lessons made them feel 
safer by the water. In the advanced group just over a half (56%) of the respondents 
felt safer by the water thanks to engaging in this form of physical activity.

The results obtained in the study show unequivocally that, irrespective of their 
level of advancement, most respondents thought that swimming improved their 
mood (Fig. 7). In the beginner group only 6.5% of people disagreed. In the interme-
diate and the advanced groups the percentage was slightly higher (18.5% and 16% 
respectively). Summing up the results, it could be said that irrespective of their 
level of advancement, swimming made the respondents feel better.

The respondents from the advanced group indicated that they usually took up 
cycling (36.4%) or jogging (24.2%) in their free time (Tab. 2). Another quite popular 
form of leisure activity was Nordic walking (18.2%). When analysing the results 
from the intermediate group, the experimenters found that cycling again was the 
most popular form of leisure activity (31.6%), followed by jogging (26.3%) and 
Nordic walking (13.2%). In the beginner group the results were slightly different. 
Here the most popular form of activity apart from swimming was jogging (27.8%), 
with cycling being slightly less popular (23.7%). It is also worth noting that like in 
the case of the other groups Nordic walking was also popular (19.9%).

The results obtained in the study proved statistically insignificant (Fig. 8). Irrespec-
tive of the group to which they belonged, a vast majority of the respondents believed 
that swimming classes did not cause a greater strain than other forms of exercise. 
However, the percentage of people who thought that swimming put a greater strain 
on them than other forms of exercise increased slightly with the group’s level of 
advancement. This may have been caused by a greater intensity of the exercises. 

FIGURE 7. Perceived mood improvement vs. level of advancement
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TABLE 2. Other forms of leisure activities undertaken by the respondents

 Group

 advanced intermediate beginner

Cycling 36.4% 31.6% 23.7%

Jogging 24.2% 26.3% 27.8%

Nordic walking 18.2% 13.2% 19.9%

Aqua aerobic 6.0% 5.3% 7.4%

Dance 3.0% 10.5% 7.4%

Gymnastics 3.0% 5.3% 7.4%

Tennis 3.0% 2.6% 3.7%

Yoga 6.2% 5.2% 2.7%

diScUSSion

Most activities undertaken by adults are determined by factors like behaviour 
motivation. Motivation changes with age and depends on many other variables such 
as education, kind of work, wealth etc. A study of over 4000 people aged 16–74 
carried out in the United Kingdom has demonstrated that the most important fac-
tor motivating people to engage in physical activity is “to feel in good shape physi-
cally”, followed by “to improve or maintain health”. Next comes a “sense of achieve-
ment” (self-development) (Biddle & Mutrie, 2008). According to the 2002 East-West 
Heath Gap study, “among the countries included in the study (Finland, Spain, 
Germany, Russia and Poland) adult Poles came last in systematic physical activity. 
A very worrying fact in this context is that the level of physical activity decreases 
with age” (Rutkowska, 2004, p. 176).

Many studies have indicated health-related motives as the most important in 
engaging in physical activity (Dębicka, 2004; Ebben & Brudzynski, 2008; Eider, 

FIGURE 8. Perceived level of strain vs. level of advancement 
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2001). An analysis of the data from Statistics Poland shows that the motive behind 
engaging in physical activity most often cited by Poles is their desire to improve 
their health, less often their fitness level. The motives also include pleasure associ-
ated with exercise as well as fun. The health- and fitness-related motives predom-
inate in older age groups – they are cited as the most important reasons behind en-
gaging in sport among respondents over 45 and this increases with age (GUS, 2009). 
In a survey of residents of Elbląg, Poland, the most important motives behind engag-
ing in physical activity were: well-being followed by physical fitness and health as 
well as pleasure associated with physical activity. Motives cited as less important were 
promotion of physical activity by the respondents’ own example and increased self-
esteem (Olszewski-Strzyżowski & Dróżdż, 2014).

An analysis of motives behind participation in physical activity was conducted 
among students of the Kraków University School of Physical Education by Gacek 
(2002). He claims that the most important motives include shapely figure as well 
as maintenance of good health and fitness (Gacek, 2002). Among the students of the 
Gdańsk University School of Physical Education, surveyed by Prusik et al., the main 
motive behind engaging in physical activity is pleasure (52%) as well as maintenance 
of health and fitness (44%) (Prusik et al., 2009).

In the present study the most important declared motives behind participation 
in swimming classes in the beginner group were health- (26.0%) and leisure-related 
(23.3%). Quite a considerable number of respondents also indicated relaxation 
(17.8%). In the intermediate group, the most frequently indicated motives related 
to health (28.6%) and cognition (18.9%), while in the advanced group – relaxation 
(24.3%) and leisure (18.9%). The present study, like those indicated above, has dem-
onstrated that adults are guided by various motives when taking up physical activity 
in water. Owing to the small sample size, these results provide just an introduction 
to further and more in-depth research. Contemporary trends in the motives be-
hind engagement in physical activity are certainly worth exploring. “It is essential 
to permanently promote health-oriented activity, regardless of social and financial 
factors, activity based on the principles of health training, and to encourage appro-
priate attitudes towards health (building a hierarchy of values with health placed 
high in it). [...] Coaches, animateurs and instructors should consciously encourage 
autotelic engagement in physical activity” (Nowak, 2012, p. 391). To conclude, in 
order to live a safer and healthier life, to become a recipient and creator of numer-
ous values and to take advantage of the rich offer of the aquatic world of values, it 
is worth learning to swim and constantly improve one’s skills in water (Juszkie-
wicz, 2008).

conclUSionS

After analysing the survey results, the following observations can be made:
1. The most frequently declared motives behind participation of the respondents 

in swimming classes were health- and relaxation-related.
2. In all groups the link between swimming and perceived mood improvement 

was high (above 81%) and between swimming and declared relaxation – very 
high (above 88%).
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3. In all groups a vast majority of the respondents said that swimming classes 
increased their fitness. This effect rose in direct proportion to the respon-
dents level of advancement.

4. In the beginner group, 43.5% of the respondents believed that after partici-
pating in swimming classes they were safer by the water. In the intermedi-
ate group this opinion was confirmed by 66.7% and in the advanced group 
over half (56%) of the respondents. 
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ABSTRACT

Swimming has a significant impact on all human body systems, including the 
respiratory system. Also, the aquatic environment itself enhances this development 
because a swimmer while exhaling to water must overcome its resistance, which 
significantly activates the respiratory muscles. Another factor is the pressure that 
affects the chest and makes drawing air in it difficult. It seems that children who 
practice swimming have more efficient respiratory systems than those who do 
not engage in any sport. The aim of the research was therefore to experimentally 
document the relationship between the vital capacity of the lungs and the oxygen 
capabilities of teenage swimmers. The research method was a progressive cycle ergom-
eter test and spirometry of nineteen swimmers. Based on the research, it can be 
concluded that there was no correlation between VO2max, and the vital capacity 
of the lungs in the examined athletes.

Key words: swimming, physical activity, vital capacity of the lungs, oxygen 
capabilities

introdUction

Swimming is an individual sport in which athletes must develop their skills from 
an early age. This is necessary because the maximum athletic performance requires 
about 6-8 years of training. Research shows that “the average age of optimal men’s 
abilities is 19–22 years for sprinters, 17–19 for medium-distance runners and long-
distance runners (17–19 and 15–17 years for women, respectively)” (Czabański et al., 
2003, p. 186). It is therefore easy to deduce that to achieve high athletic performance, 
men athletes must start training at the age of 9–11, and women athletes aged 7–9. 

Land is the natural environment for humans, the one we are adapted to. Aquat-
ic environment, despite being in some sense alien to humans, is neither hostile nor 
harmful to human organism, on the contrary, it carries a few positive values. 
Water conducts heat much better than air, it is about 800 times denser than air, 
and it depends on its salinity, temperature and density. The higher the salinity and 
pressure, and the lower the temperature, the denser the water. For bodies moving 
in water, this is of great importance as it increases resistance and friction forces. 
The buoyancy force does not affect every human being in the same way, it is deter-
mined by the difference in the percentage composition of the human body mainly 
related to muscle, fat and bone tissue. Another property of the aquatic environment 
is water’s hydrostatic pressure (Czabański et al., 2003). There is also the phenome-
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non of water rippling. The most visible effects of this process can be observed on open 
water bodies with strong wind, which mainly drives it. In addition to wind, almost 
every interaction with water makes it wave, for example a motorboat, a training 
group, a child playing, and a droplet on the surface of calm water (Pelizzari & To-
vaglieri, 2009).

In the four swimming styles in which competition is running, FINA codes regu-
late the way the entire race is performed, from the moment of the start, through 
the turn, to the end of the race. The only thing left for the swimmer’s discretion 
is inhalation, and swimmer can inhale whenever he wants to (FINA swimming 
code 2013–2017). The regulation of emerging after 15 m underwater after the start 
and each turn applies to the freestyle, butterfly, and backstroke. The classic breast-
stroke, commonly called “frog”, does not have such a limitation. A swimmer can 
swim even the whole pool under the water surface. The only limitation is that a swim-
mer can perform only one full breast stroke movement underwater and one but-
terfly stroke leg kick.

Sports practice shows that swimming underwater, driven by legs kicks use only, 
is not slower than swimming on the surface in full style (Vorontsov & Rumyantsev, 
2000). Already at the Olympic Games in Moscow (1980) we could see some athletes 
swim almost 25m underwater after the start. In most cases their results were better 
than those of the other participants who swam on the surface (Arellano et al., 2002).

Cossor and Mason (2001) found significant negative correlations between the 
start time (measured at 15m) and the distance travelled under water in the finalists 
group at the 2000 Olympic Games in the 100 m butterfly stroke, backstroke and 
freestyle, and in the 200 m butterfly stroke. In the women’s group, negative cor-
relations were found in the 100 m backstroke and the 200m butterfly, breaststroke 
and freestyle. The authors found that the underwater distance after the start had 
the greatest impact on the race starting time.

In swimming sport, almost all human body muscles play an extremely impor-
tant role. Swimmers can cover as many as 15–20 km a day during two training 
sessions at the swimming pool (Rakowski, 2008). In addition to the four styles, 
there are innumerable exercises to improve swimming technique, feeling of water, 
and vital capacity of the lungs. Breathing muscles are very strongly developed. Lungs, 
airways, part of the nervous system in charge of lung function, chest with respira-
tory muscles and the diaphragm muscle make up the respiratory system whose main 
function is gas exchange or oxygen supply from the atmosphere to tissues and 
removal of carbon dioxide from the human body (Czyżewska & Górski, 2008). 
The main respiratory muscles are the diaphragm and intercostal muscles; the latter 
are divided into external that support inhalation by raising the lower ribs in rela-
tion to the upper ones, and internal that support exhalation by antagonistic effect. 
There are also additional respiratory muscles that are activated by intense physical 
activity to increase the chest volume, and consequently, the lung volume (Jaskólski, 
2002; Konturek, 2001).

Vital capacity of the lungs consists of:
– Breath volume – the amount of air delivered to the lungs or removed from 

them during a calm breathing cycle. On average, it is 500ml in an adult. 
– Reserve inhale volume – after a calm inhale, a certain amount of air can be 

additionally inhaled until the maximum inhale is reached. The amount of 
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additional air taken in is the reserve inhale volume. It is ca. 2000 ml in an 
adult.

– Reserve exhale volume – the amount of air that can be additionally exhaled 
after a calm exhale. It is ca. 1,500 ml (Jaskólski, 2002).

Vital capacity of the lungs is affected by factors such as: gender, body height, body 
weight, training, lung and chest flexibility, and respiratory muscle fitness. 

Determining the maximum oxygen uptake (VO2max), i.e. the basic oxygen energy 
potential parameter (Suchanowski &Przybylski, 1994) in sportsmen is the basis 
for assessment of aerobic fitness, i.e. the body’s ability to work for a long time. This 
denotes not only how much oxygen the body has taken, but, above all, how much 
of it has been used and transported. With this knowledge, “[…] the speed of energy 
substrate oxidation processes, and hence of their dependent processes of ATP re-
synthesis in skeletal muscles and the cardiac muscle” can be determined. (Zatoń & 
Jastrzębska, 2010, p. 6). High VO2max level also plays a very important role in resti-
tution after effort, because it helps to pay back the so-called oxygen debt. This 
means that after an effort, which is most often short-lived but of high intensity, the 
energy demand exceeded the oxygen capabilities of the body. On the other hand, 
higher oxygen uptake capabilities help in quick rebuilding of oxygen reserves and 
in ATP and phosphocreatine re-synthesis, and accelerate lactic acid decomposition 
into glucose and glycogen. Maximum oxygen uptake is measured in litres / minute 
or millilitres / body weight kilogram / minute. The second method, which includes 
the body weight, a parameter extremely important in many sports, is more reli-
able. A person with heavier body will take more oxygen, but it does not mean that 
every kilogram of the person’s working tissues will get more oxygen than lighter 
bodied people get. Due to this fact, results in the literature are usually presented 
in the ml/kg/min format (Górski, 2012; Klimek, 1996).

The final VO2max result consists of a series of variables, the most important of 
which are: maximum lung ventilation, lung diffusing capacity, maximum cardiac 
output, blood oxygen capacity, arteriovenous oxygen difference. Body’s ability to 
draw oxygen is largely genetically determined, but through physical training it 
can be improved at any age. “Body’s aerobic capacity increases by about 15–25% 
and 50% of the baseline after the first 3 months and after 2 years of intensive 
training, respectively” (Gabryś & Czarkowska, 2006, p. 154). The largest VO2max in-
crease is experienced during adolescence, and, from an early age, boys feature higher 
VO2max, which results from more physical activity, stronger development of mus-
cle tissue and with a higher haemoglobin content in the blood. On average, adult 
women have VO2max by 30% lower than men at the same age. This is because of 
naturally larger body fat growth, which does not require as much energy as muscle 
tissue, and that its metabolism is significantly slower. “Since the age of ca. 30, the 
maximum oxygen uptake decreases by ca. 0,75% yearly. A 70-year-old person inhales 
only 50% of the oxygen they inhaled at the age of 25–30” (Zatoń & Jastrzębska, 
2010, p. 28)

Due to the above-mentioned features of aquatic environment that differ it from 
land environment, swimming has a significant impact on all human body systems, 
including the respiratory system. It is believed that “children who practice swim-
ming have more efficient respiratory systems than those who do not engage in any 
sport.” (Hłyńczak et al., 1991, p. 12) This is because swimmers start training at 
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a very young age and they cover from 3 to 7 km in one training session, and coaches 
mainly use interval, variable and continuous methods that contribute the most to 
increase the maximum oxygen uptake and the rate at which they were achieved 
(Parfienow & Krawczenko, 1980). Training duration and methods have an extremely 
important impact on the development of VO2max and vital capacity of the lungs. 
Also, the aquatic environment itself enhances this development, because a swim-
mer while exhaling to water must overcome its resistance, which significantly ac-
tivates the respiratory muscles. Another factor is the pressure that affects the chest 
and makes drawing air into the lungs difficult. “Aquatic environment, which exerts 
additional pressure on the chest surface, leads to an increase in the respiratory 
muscles’ strength” (Iwanowski & Jaskólski, 1964, p. 175). Due to all these factors, 
chest mobility increases, as well as vital capacity of the lungs, capillaryisation and 
muscle mitochondrial content, mitochondrial size, haematocrit, cardiac hyperpla-
sia and maximum cardiac volume (Platonov, 1997).

The main aim of the research was therefore to experimentally document the 
relationship between vital capacity of the lungs and oxygen capabilities of teenage 
swimmers. It was assumed that those who practice competitive swimming should 
feature such a relationship.

The following research questions were posed:
1. Is vital capacity of the lungs positively correlated with maximum oxygen 

uptake in teenage swimmers?
2. Is there a significant correlation between vital capacity of the lungs and the 

athletes’ body height and weight?
3. Is there a significant correlation between maximum oxygen uptake and the 

athletes’ body height and weight, and age?

MatErialS and MEthodS

The test group consisted of thirteen male and six female swimmers training at 
WKS Śląsk Wrocław and KS Neptun Świdnica clubs. Their ages varied from eleven 
to nineteen years. They had training histories of 4–11 years. They trained six to 
ten times a week and sessions lasted 90-120 minutes. They all had competed on 
the national level. Some had won Polish Championship medals in their age cate-
gories and competed in the Main Polish Championship and U-21 Polish Champi-
onship. Most of them had competed internationally.

Spirometry is a test method for respiratory system examination. The test in-
strument is spirometer or spirograph (Jasik, Marcinkowska-Suchowierska 2017). 
Spirometric tests and progressive test were used in this study. Both tests were car-
ried out in laboratory conditions using a Quark b2 spirometer by Cosmed. Another 
tool was the Lode Excalibur Sport cycle ergometer.

The test results allow us to measure and check:
– Vital capacity 
– Inhale capacity
– Exhale capacity
– Breath volume
– Reserve exhale volume
– Reserve inhale volume (Konturek, 2001).
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Before the spirometric test the subjects was asked to specify the age, gender, and 
body height and weight. The test was carried out in a standing position, and the sub-
ject was wearing a special face mask covering the mouth and nose. Subjects were 
required to quietly take two breaths followed by one as deep and fast as possible. 
After the tests, a computer processed the data and displayed results. The spirom-
etry test was performed several times to authenticate the results. 

The progressive test is considered a direct method because it directly determines 
VO2max without having to calculate it from other parameters, as is the case for ex-
ample in the Astrand test, where the heart rate determines the maximum oxygen 
consumption (Klimek, 1996).

The tests were carried out on a cycle ergometer. The test started with a small 
load because the subject had to work at a steady pace (over 60 rpm). The test load 
was constantly increased, and the increments and their timing were dependent on 
the subject’s age, body weight, fitness level, and gender. Progressive test aims at 
bringing the subject to extreme exhaustion, which means that the test is carried 
out until the subject refuses further effort (Zatoń & Jastrzębska, 2010).

TABLE. 1 Test group – age, weight, height

Test subject Age (years) Body weight (kg) Body height (cm)

1 12 53.8 158

2 15 78.1 187

3 14 74.3 178

4 14 83 175

5 15 62 179

6 15 67.6 170

7 15 44.9 162

8 16 66.9 179

9 15 70.1 177

10 16 75.6 182

11 14 54.8 162

12 14 69.2 187

13 15 68 180

14 15 59.5 176

15 15 62.6 187

16 14 54.1 165

17 11 47.5 159

18 14 65.9 182

19 19 59 170
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During the test the subject was wearing a mask covering the nose and mouth, 
which through a plastic tube was connected to an appropriate apparatus. A com-
puter monitored and recorded current differences between volumes of the atmos-
pheric air inhaled and exhaled by the subject, and measured the percentage differ-
ence in the oxygen and carbon dioxide content. Based on this gas analysis includ-
ing minute ventilation, the apparatus determined minute oxygen uptake.

In order to state clearly that a result is the maximum oxygen uptake that the 
subject is capable of, the following conditions must be met:

– Decreased or stabilized VO2
– Volume ratio of the exhaled CO2 to the inhaled oxygen is more than 1.
– Frequency of myocardial contractions is close or equal to the maximum (Zatoń 

& Jastrzębska, 2010).

rESUltS

Maximum oxygen uptakes and vital capacities of the lungs of each subject are 
listed in Table 2.

TABLE 2. Test group results – VO2max, vital capacity of the lungs

Subjects VO2max (ml/min/kg) Vital capacity of the lungs (I)

1 46.84 3.91

2 62.21 8.11

3 63.54 7.04

4 55.56 10.26

5 57.53 6.33

6 55.43 6.68

7 62.02 4.42

8 62.89 8.03

9 54.69 8.36

10 53.11 6.13

11 46.94 3.80

12 56.38 7.11

13 53.24 6.81

14 63.00 4.42

15 56.00 5.92

16 56.25 6.74

17 40.82 3.08

18 46.34 6.83

19 38.73 6.21
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FIGURE 1. VO2max dispersion vs. vital capacity of the lungs

FIGURE 2. Body height dispersion vs. vital capacity of the lungs 
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FIGURE 3. Body weight dispersion vs. vital capacity of the lungs

It is also seen in Table 3 that none of the parameters has a significant impact 
on VO2max.

As seen in Figure 1 and Table 3 there is no significant correlation between vital 
capacity of the lungs and maximum oxygen uptake.

Research conducted for the study has shown that there is a significant correla-
tion between vital capacity of the lungs and body height and weight.

TABLE 3. Athletes’ results correlation

Variable

Correlation of Spearman’s rank order BD removed in pairs
Correlation coefficients are significant at p < 0.5000

age (years) body weight body height VO2max
vital capacity 
of the lungs

Age (years) 1.000000 0.229057 0.366203 0.180835 0.150298

Body weight 0.229057 1.000000 0.672539 0.261404 0.784555

Body height 0.366203 0.672539 1.000000 0.315143 0.529725

VO2max 0.180835 0.261404 0.315143 1.000000 0.348398

Vital capacity  
of the lungs 0.150298 0.784555 0.529725 0.348398 1.000000
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diScUSSion

The research aimed to determine the relationship between the vital capacity of 
the lungs and oxygen capabilities of teenage swimmers. The results clearly show that 
in the test group there was no correlation between vital capacity of the lungs and 
oxygen capabilities. This lack of dependence may result from problems with the 
spirometry test performance. Young athletes often have problems removing all the 
air from their lungs. This means that after a maximum exhale not all subjects 
were able to remove the reserve air from their lungs.

Another factor influencing the results might have been the size of the group. 
More numerous sample could increase or decrease the correlation coefficient, al-
though these are only speculations that cannot be proven. 

Even if aquatic environment is not a natural human environment, for the test 
group a swimming pool provides natural training and competing conditions. Also, 
the cycle ergometer test performance could destort the final results. If the progres-
sive test was performed while swimming in a pool, the resulting maximum oxygen 
uptakes might have been completely different. Unfortunately, since there was no 
such flow channel in Wrocław, no such test could be performed, and its performance 
in a normal swimming pool is difficult or impossible.

The VO2max results presented in the study can be compared with references by 
Powers and Hoowley (2009). Among the tested swimmers, as many as eleven had 
the highest values, which for men are over 56 ml/min/kg, and for women over 
42 ml/min/kg. Results of six athletes were at a very high level, which for men is 
51.0–59.9 ml/min/kg, and for women 39–41.9 ml/min/kg, while only two had 
good results, for men to 45.2–50.9 ml/min /kg for women and 35.0-38.9 ml/min/
kg. Majerski (2011) emphasizes how important the maximum oxygen uptake is. 
He also writes that athletes with outstanding stamina achieve VO2max results from 
60 to 80 ml/kg/min VO2max.

In this study five subjects, despite their young age, obtained results in the above-
mentioned range, which most probably indicates that in addition to the hard work 
they do, just like other people in training, they are outstanding individuals. “The 
maximum oxygen uptake is largely genetically determined” (Zatoń & Jastrzębska, 
2010, p. 6). It can be concluded that these people are better genetically conditioned 
to practice the sport than their peers.

Another important factor that could affect the results is also the swimming style 
and distance specialization. It follows from a research by Gabryś et al. (1995) that 
the maximum oxygen consumption depends on the distance of the subject’s spe-
cialization. These authors divided swimmers into groups – sprinters, who compete 
at 50m and 100m, medium distance pool swimmers – 200m and 400m, and long-
distance pool swimmers – 800m and 1500m. According to their study, those who 
compete at 50m and 100m obtain ca. 22% worse VO2max results than 200m and 
400m racers. The differences between medium-distance and long-distance swim-
mers are smaller and amount to 12–13.2%. In the present study, for the sake of 
credibility, all the three groups were tested. However, the differences presented in 
this paper do not coincide with those presented in the aforementioned study, be-
cause the highest maximum oxygen uptake (63.54 ml/min/kg) was obtained by 
a sprinter.
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conclUSionS

After analysing the test results, the following observations can be made:
1. Based on the research, it can be concluded that there was no correlation 

between VO2max, and vital capacity of the lungs in the examined athletes.
2. There is no correlation between maximum oxygen uptake and the athletes’ 

body height and weight, and age either.
3. A significant correlation was observed between vital capacity of the lungs and 

body height and weight.
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ABSTRACT

This paper analyzes sports results achieved by an elite female competitor in the 
Olympic cycle in the years 2004-2008. The results expressed in time units were 
converted into FINA points. The percentage value of her performances was also 
compared to her life record, European record and world record.
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introdUction

The goal of each athlete and coach is to achieve the best performance in sport, 
whereas the results and positions in rankings are indicators of how effective the 
training was. Failures may be divided into important ones and control ones, thanks 
to which the coach gets feedback about the current fitness capacity of his athletes 
and efficiency of the training itself. Information about the number, frequency and 
efficiency of competitions contributes to the development of more effective train-
ing plans. With this in mind, this paper presents analyses of the competition fre-
quency of the most prominent Polish swimmer in history. The data show the num-
ber, character and results of the performances in the subsequent macrocycles of 
the 2004–2008 Olympic preparations. The collected factual material and conclusions 
derived from its analysis identify organizational and training solutions.

MatErialS and MEthodS

This paper analyzes sports results achieved by an elite female competitor in the 
2004–2008 Olympic cycle. The results expressed in time units were converted into 
FINA points. In order to analyze in greater detail the value of the achieved results, 
the percentage values of competitor’s performances were compared to the life re-
cord, European and world records, which were applicable at the beginning of each 
year’s training cycle. Only the best results were analyzed regardless of whether 
they were achieved during preliminaries, semi-finals or finals of competitions.
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rESUltS

In the 2004–2005 macrocycle, the competitor participated in 12 out of 20 planned 
competitions (Table 1).

The swimmer competed 17 times in the 100m butterfly event, out of which 11 
races were analyzed (Fig. 1). The main competitions were the World Champion-
ships (Montreal) and the Universiade (Izmir). She achieved the best result during the 
World Championships (100m butterfly – bronze medal; 58.54 – 932 points; 98.75% 

TABLE 1. Participation in competitions in years 2004–2005

No. Competition type Date and place* Swimming 
pool [m]

Partici -
pated

1. Grand Prix 9–10.10 Skierniewice 25 No

2. Grand Prix 16–17.10 Kraków 25 No

3. Grand Prix 23–24.10 Łódź 25 No

4. Grand Prix 6–7.11 Zamość 25 No

5. Grand Prix 13–14.11 Szczecin 25 No

6. Winter Polish Championships 26–28.11 Oświęcim 25 No

7. European Championship 9–12.12 Vienna, Austria 25 No

8. Grand Prix 26–27.02 Płock 25 No

9. Grand Prix 12–13.03 Kozienice 25 Yes

10. POL–CZE–UKR Match 19–20.03 Praha, Czech 50 Yes

11. Grand Prix 16–17.04 Ostrowiec Św. 50 Yes

12. Grand Prix 30.04–1.05 Oświęcim 50 Yes

13. Grand Prix 7–8.05 Dębica 50 Yes

14. Summer Polish Championships 20–22.05 Dębica 50 Yes

15. Mare Nostrum 4–5.06 Barcelona, Spain 50 Yes

16. Mare Nostrum 7–8.06 Canet, France 50 Yes

17. Mare Nostrum 11–12.06 Rome, Italy 50 Yes

18. Meet 9.07 Kamnik, Slovenia 50 Yes

19. World Championships 24–31.07 Montreal, Can. 50 Yes

20. Universiade 12–17.08 Izmir, Turkey 50 Yes

* If not given otherwise, the towns are in Poland.
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FIGURE 1. 100 m butterfly. Results of subsequent races [min : s];  
values according to FINA points

FIGURE 2. 100 m butterfly. Results of subsequent races: values %

FIGURE 3. 200 m butterfly. Results of subsequent races: [min : s];  
values according to FINA points
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FIGURE 4. 200 m butterfly. Results of subsequent races: values %

FIGURE 5. 200 m in freestyle. Results of subsequent races: [min : s]; values according  
to FINA points

FIGURE 6. 200 m freestyle. Results of subsequent races: values %

of personal best1; 96.65% of world record and European record). The worst perfor-
mance was registered in the Grand Prix (GP) in Kozienice (1:02.08 – 750 points; 
94.54% of personal best, 91.09% of European record; 90.75% of world record), 
Fig. 2.

1 personal best – the term ‘life record‘ is used in the figures in this article.
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FIGURE 7. 400 m freestyle. Results of subsequent races: [min: s];  
values according to FINA points.

FIGURE 8. 400 m freestyle. Results of subsequent races: values %

In the 200 m butterfly event, the competitor competed 19 times in 12 competi-
tions (Fig. 3). The top 12 results were analyzed. The best result was achieved during 
the World Championships (world record; 2:05.61 – 1001 points, gold medal; 100.14% 
of personal best, European and world record). The poorest performance was given 
during the meet in Slovenia (2:15.65 – 795 points; 92.72% of life record, European 
and world record), Fig. 4.

In the case of 200 m freestyle, 8 out of 11 races were analyzed (Fig. 5). The best 
result (1:58.49 – 932 points) was obtained during the Universiade (gold medal; 
99.23% of life record; 98.44% of European and world record) and the poorest 
performance during the GP in Dębica (2:03.44 – 824 points; 95,25% of personal 
best, 94.49% of European and world record), Fig. 6.

In the 400 m freestyle event, the competitor participated three times (Fig. 7). 
The best result (4:15.36 – 829 points) was achieved during the GP in Kozienice (96.93% 
of life record; 94.48% of European record, 93.80% of world record), the poorest 
one during the GP in Oświęcim (4:25.67 – 766 points; 92.54% of personal best, 
92.35% of European record; 91.79% of world record), Fig. 8.
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In the second annual macrocycle (2005–2006) the competitor was injured in a car 
accident, which resulted in a long break in training. Because of that while preparing 
for the main competition, she took part in only 7 out of 21 planned competitions 
(Table 2).

The competitor competed seven times in the 100 m butterfly event, 4 perfor-
mances were analyzed (Fig. 9). The best result (59.34 – 896 points) was achieved 
during the Mare Nostrum competition (97.47% of personal best; 95.40% of European 
and world record), the poorest one (1:00.72 – 836 points) during the GP in Ostrowiec 
Św. (95.26% of personal best, 93.23% of European and world record), Fig. 10.

TABLE 2. Participation in competitions in years 2005–2006

No Competition type Date and place Swimming 
pool [m]

Partici-
pated

1. Grand Prix 8–9.10 Warszawa 25 No

2. Grand Prix 15–16.10 Kraków 25 No

3. Grand Prix 22–23.10 Łódź 25 No

4. Grand Prix 4–5.11 Poznań 25 No

5. World Cup 11–13.11 Durban, RSA 25 No

6. Winter Polish Championships 25–27.11 Gorzów Wlkp. 25 No

7. European Championship 8–11.12 Triest, Italy 25 No

8. Team Polish Championship 17–18.12 Ciechanów 25 No

9. World Cup 17–18.01 Stockholm, Sweden 25 No

10. World Cup 22–23.01 Berlin, Germany 25 No

11. World Cup 25–26.01 Moscow, Russia 25 No

12. Grand Prix 25–25.02 Zamość 25 No

13. Grand Prix 4–5.03 Kozienice 25 No

14. Grand Prix 18–19.03 Opole 25 No

15. POL–CZE–UKR Match 25–26.03 Ostrowiec Św. 50 Yes

16. Grand Prix 22–23.04 Oświęcim 25 Yes

17. Grand Prix 6–7.05 Ostrowiec Św. 50 Yes

18. Summer Polish Championships 18–21.03 Ostrowiec Św. 50 Yes

19. Mare Nostrum 10–11.06 Rome, Italy 50 Yes

20. Slovenian Championships 13–16.07 Ravne na Korośkem 50 Yes

21. European Championship 31.07–6.08 Budapest, Hungary 50 Yes
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FIGURE 9. 100 m in butterfly style. Results of subsequent races: [min : s];  
values according to FINA points

FIGURE 10. 100 m butterfly. Results of subsequent races: values %

FIGURE 11. 200 m butterfly. Results of subsequent races: [min : s]; values according  
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She competed 11 times in the 200 m butterfly event (Fig. 11). The best result (2:07.09 
– 966 points) resulted in winning the European Championship (gold medal – 
98.84% of personal best, European and world record) and the poorest one (2:15.73 – 
793 points) was noted in a multimatch (92.54% of life record, European and world 
record), Fig. 12.

The swimmer competed six times in the 200 m freestyle event, and the best re-
sult (1:57.25 – 962 points) was achieved during the European Championship (gold 
medal; 100.28% of personal best; 98.48% of European and world record), Fig. 13. 
The poorest result (2:04.34 – 806 points) was noted in a multi-match (94.56% of 
personal best, 93.81% of European and world record), Fig. 14.

In training year 2006-2007 the competitor competed in 17 out of 18 planned 
competitions (Table 3).

The swimmer competed 10 times in the 100 m butterfly event, 8 of them were 
analyzed (Fig. 15). The best result (59.62-884 points) was achieved during the Sum-
mer Polish Competition (SPC) (97.01% of personal best; 94.95% of European and 
world record), the poorest one (1:03.78 – 772 points) during the GP in Oświęcim 
(90.69% of personal best; 88.76% of European and world record), Fig. 16.

TABLE 3. Participation in competitions in the years 2006–2007

No. Competition type Date and place Swimming 
pool [m]

Partici-
pated

1. Grand Prix 30.09–1.10 Augustów 25 No

2. Grand Prix 14–15.10 Kraków 25 Yes

3. Grand Prix 28–29.10 Łódź 25 Yes

4. Grand Prix 4–5.11 Szczecin 25 Yes

5. Grand Prix 11–12.11 Gorzów Wlkp. 50 Yes

6. Winter Polish Championships 23–26.11 Gorzów Wlkp. 50 Yes

7. European Championship 7–10.12 Helsinki, Finland 25 Yes

8. Team Polish Championship 16–17.12 Ciechanów 25 Yes

9. Grand Prix 10–11.02 Warszawa 25 Yes

10. Grand Prix 17–18.02 Ostrowiec Św. 50 Yes

11. World Championships 25.03–1.04 Melbourne, Can. 50 Yes

12. Summer Polish Championships 12–15.04 Dębica 50 Yes

13. Grand Prix 19–20.05 Oświęcim 50 Yes

14. Grand Prix 26–27.05 Dębica 50 Yes

15. Meet 8–10.06 Rome, Italy 50 Yes

16. POL–CZE–UKR Match 23–24.06 Kiev, Ukraine 50 Yes

17. Meet 2–5.08 Paris, France 50 Yes

18. Japanese Grand Prix 21–24.08 Tokyo, Japan 50 Yes
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FIGURE 12. 200 m in butterfly style. Results of subsequent races: values %

FIGURE 13. 200 m freestyle. Results of subsequent races: [min : s];  
values according to FINA points

FIGURE 14. 200 m freestyle. Results of subsequent races: values %
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FIGURE 15. 100 m in butterfly style. Results of subsequent races: [min : s];  
values according to FINA points

FIGURE 16. 100 m butterfly. Results of subsequent races: values %

FIGURE 17. 200 m butterfly. Results of subsequent races: [min : s];  
values according to FINA points

FIGURE 18. 200 m in butterfly style. Results of subsequent races: values %
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In the 200 m butterfly race the swimmer competed 24 times, 16 of them were 
analyzed (Fig. 17). The best performance (2:05.92 – 993 points) was achieved during 
the meet in Paris, the poorest one during the GP in Oświęcim (2:18.93 – 740 points). 
Referring to the percentage weight of the result in relation to her personal best – 
the most valuable result (2:04.94 – 981 points) was achieved in the European Cham-
pionship (European record, gold medal – 102.30% of personal best; 100.66% of 
European record; 99, 28% of world record) and the poorest one during the GP in 
Oświęcim (2:18.93 – 90.41% of personal best and European record; 90.26% of 
world record). In the European Championship with the time 2:06.90 (971 points) 
she won the silver medal (98.98% of personal best and European record; 98.82% 
of world record).

Out of 24 races at the distance of 200 m freestyle, 16 were analyzed (Fig. 19). The 
most valuable result (1:54.39 – 991 points) was achieved at the European Champion-
ship (silver medal; 104.29% of personal best, 100.22% of European record; 
99.04% of world record), the poorest one (2:05.78 – 779 points) during the Winter 
Polish Competition WPC (93.14% of personal best, 92.73% of European and world 
record), Fig. 20.

The balance of 400 m freestyle races registers 21 participations, 15 of them were 
analyzed (Fig. 21). During the European Championship the athlete won a silver 
medal (4:04.23 – 987 points; 100.66% of personal best; 99.14% of European and 
world record). The poorest result (4:24.77 – 774 points) was registered during the 
competition in Oświęcim (93.50% of personal best; 92.09% of European and world 
record), Fig. 22.

FIGURE 19. 200 m freestyle. Results of subsequent races: [min : s];  
values according to FINA points

FIGURE 20. 200 m freestyle. Results of subsequent races: values %
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FIGURE 21. 400 m freestyle. Results of subsequent races: [min : s];  
values according to FINA points

FIGURE 22. 400 m freestyle. Results of subsequent races: values %

In the last year of preparations for the Olympic Games the swimmer competed 
in 17 out of 20 planned competitions (Table 4).

She competed 24 times in the 100 m butterfly race in 16 competitions, 15 per-
formances were analyzed (Fig. 23). The best result was achieved during the Euro-
pean Championship (bronze medal; 57.54 – 942 points; 102.0% of personal best; 
98.24% of European record; 97.24% of world record), the poorest one – during the 
meet in Rome (1:02.33 – 733 points, 92.80% of personal best; 90.82% of the cur-
rent European record and world record), Fig. 24. 

In her preferred event – 200 m butterfly – she competed 27 times in 16 compe-
titions, 16 of them were analyzed (Fig. 25). The best result was achieved during the 
European Championship (2:03.53 – 1015 points; gold medal, world record; 101.14% 
of personal best and European record; 100.14% of the previous world record). The 
poorest one – during the GP in Kozienice (2:16.14 – 758 points – 91.77% of personal 
best and European record; 91.11% of world record), Fig. 26.

The 200 m freestyle – 13 races in 9 competitions, 9 races were analyzed (Fig. 27). 
The best result (1:59.32 – 912 points) was achieved during the WPC (98.18% of per-
sonal best; 97.75% of European and world record) and the worst one during the 
GP in Kozienice (2:03.26 – 792 points; 92.80% of personal best; 92.69 of European 
record; 91.91% of world record), Fig. 27. 

Sixteen races were registered in the 400 m freestyle event in 12 competitions 
(Fig. 28). The best result (4:05.50 – 971 points, 9th place) was recorded during OG 
(99.08% of personal best; 98.63% of European and world record), Fig. 29.
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TABLE 4. Participation in competitions in the years 2007–2008

No. Competition type Date and place Swimming 
pool [m]

Partici-
pated

1. Grand Prix 6–7.10 Wrocław 25 Yes

2. Grand Prix 20–21.10 Łódź 25 Yes

3. Grand Prix 3–4.11 Poznań 25 Yes

4. World Cup 9–10.11 Moscow, Russia 25 Yes

5. World Cup 13–14.11 Stockholm, Sweden 25 Yes

6. Grand Prix 17–18.11 Gorzów Wlkp. 50 Yes

7. Winter Polish Championships 29.11–2.12 Gorzów Wlkp. 50 Yes

8. European Championship 13–16.12 Debrecen, Hungary 25 Yes

9. Grand Prix 19–20.12 Warszawa 25 No

10. Grand Prix 12–13.01 Kozienice 25 Yes

11. Olympic Reconnaissance 31.01–5.02 Beijing, China 50 Yes

12. Grand Prix 1–2.03 Oświęcim 50 No

13. European Championship 18–24.04 Eindhoven, Holland 50 Yes

14. Summer Polish Championships 3–6.04 Ostrowiec Św. 50 Yes

15. World Championship 9–13.04 Manchester, UK 25 No

16. Grand Prix 17–18.05 Ostrowiec Św. 50 Yes

17. Trofeo Sette Colli 6–8.06 Rome, Italy 50 Yes

18. Mare Nostrum 14–15.06 Canet, France 50 Yes

19. Meet 19–20.07 Radovljica, Slovenia 50 Yes

20. Olympic Games 9–17.08 Beijing, China 50 Yes

FIGURE 23. 100 m butterfly. Results of subsequent starts: [min : s];  
values according to FINA points
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FIGURE 24. 100 m butterfly. Results of subsequent races: values %

FIGURE 25. 200 m butterfly. Results of subsequent races: [min : s];  
values according to FINA points

FIGURE 26. 200 m butterfly. Results of subsequent races: values %

FIGURE 27. 200 m freestyle. Results of subsequent races: [min : s];  
values according to FINA points
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FIGURE 28. 200 m freestyle. Results of subsequent races: values %

FIGURE 29. 400 m freestyle. Results of subsequent races: [min : s];  
values according to FINA points

Analyzing the value of results in terms of the percentage of records, it was found 
that the most valuable result (99.33%), calculated as the smallest difference from 
the current personal best, European record or world record, was achieved by the 
swimmer during the GP in Poznań (4:09.17 – 892 points – 94.75% of the European 
and world record). The poorest one in the 400 m freestyle event was registered dur-
ing the GP in Kozienice (4:18.39 – 800 points; 95.79% of personal best; 91.37% of 
European and world record). The poorest result in relation to the percentage value 
of the result was achieved during the GP in Ostrowiec Świętokrzyski (4:16.42 – 
852 points – 94.86% of personal best; 94.43% of European and world record), Fig. 30.

While analyzing this factual material, the results in the 200 m butterfly event 
in the most important competitions of each macrocycle in the years 2004–2008 
were compared. The analysis was carried out for the results achieved in the 25 m 
and 50 m swimming pools. It was found that during 4 years in the 200 m butterfly 
event, the swimmer participated in total 81 times, whereas in the 25 m swimming 
pool in 2004 and 2005 she did not participate in international championships. The 
most valuable result in this event was achieved in 2007 at the European Champion-
ship in Debrecen (gold medal, world record; 2:03.53 – 1015 points), Fig. 31. This result 
constitutes 101.14% of personal best and European record, as well as 100.41% of 
world record (Fig. 32). As far as the result improvement dynamics in this event is con-
cerned, it was found that the greatest progress (102.30% of personal best) made by 
the swimmer was registered in 2006 at the European Championship in Helsinki 
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FIGURE 30. 400 m freestyle. Results of subsequent races: values %

FIGURE 31. Results achieved in the 200 m butterfly event during European 
Championships in years 2004-2007, 25 m swimming pool: [min : s] 
values according to FINA points

FIGURE 32. 200 m butterfly. Results of subsequent races in European Championships  
in years 2004–2007, 25 m swimming pool: values %
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(gold medal; 2:04.94 European record), Fig. 33. Percentage values in relation to in-
ternational records in that year amounted to 100.66% (European record) and 99.28% 
(world record) and were worse than in 2007 (Fig. 34).

In this event the swimmer participated in all major international competitions 
exclusively in the 50 m swimming pool. The best result, which was the new world 
record, was set by her in 2005 during the Montreal World Championships (2:05.61 – 
1001 points; 100.14% of world record, European and personal best). On the other 
hand, the poorest result was achieved in the flagship competition in 2006, i.e. the 
European Championship in Budapest (2:07.09 – 966 points; 98.84% of personal 
best, European and world record). Although the competitor did not improve her 
personal best after 2005 in this event, the results achieved by her in the next main 
competitions of the four-year cycle of preparations for the Olympic Games as well 
as the mere participation in them allowed her to achieve high ranking positions. 
Setting a new world record a few months before the Olympic Games (Debrecen, De-
cember 2007) confirms a very high fitness capacity in the final phase of preparations.

FIGURE 33. Results and point values achieved in the 200 m butterfly event during  
main competitions of the macrocycle 2004–2008, 50 m swimming pool

FIGURE 34. 200 m butterfly. Results of subsequent races in main competitions  
of the macrocycle 2004–2008, 50 m swimming pool: values %
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diScUSSion

Looking closely at competition in individual sports, you can see a large variety of 
competition frequency strategies that are adopted. Each competition can have a dif-
ferent character (main competitions, qualification ones, control ones). The need for 
being ready to compete in each of them requires proper preparation. Therefore, when 
developing training plans, the optimal number of competitions, which depends on 
the specificity of each sports discipline and competition, should be taken into account 
(Płatonow & Sozański, 1991; Sozański, 1999, 1994). The number and frequency of 
competitions in one season is, to a large extent, determined by the specificity of the 
practiced sports discipline.

For example, the number of competitions of track and field athletes is around 20 
in the season, in judo the number rises to 40 and in swimming there are even 60 with 
most of them in the short pool (75%) (Siewierski, Adamczyk & Boguszewski 2007). 

The structure of the macrocycle and the resulting number of competition periods 
depend on the athlete’s sports level. Elite swimmers enter competitions more often 
due to a more extensive competition calendar. Most often, however – regardless of 
the specifics of the annual structure – each training period includes three training 
phases (preparatory, competition and transitional period) (Słomiński, 2016).

In swimming, the competition frequency strategy is used to intensify work. It as-
sumes that entering a competition is an integral component of training. At the be-
ginning of the preparatory period, swimmers enter many races to increase their lung 
capacity. The competition frequency decreases with the approaching flagship com-
petition, and the competition readiness is increased by competing at the preferred 
distance (Płatonow, 2011, 2014; Sozański et al., 2015, 2013).

Determining the optimal number of competitions is a necessary condition for 
the proper course of the training process. Competitions set training goals, and the 
entire training program is adapted to the competition calendar. It should be also 
taken into account that a high frequency of competitions require not only proper 
planning, but also implementation of the training load program, with particular 
attention to the quality of performance. The individual training model should always 
be in close correlation with the frequency and number of competitions in the season 
(Colwin, 1992; Leonard, 2002; Maglischo, 1993, 2003).

A large number of competitions in the season can have a beneficial effect on the 
competitive performance. In 2007, their number in the case of individual competitors 
of the national swimming team ranged from 13 to even 107 in one season. Otylia 
Jędrzejczak won the world championship competing 52 times in the season and 
Paweł Korzeniowski won the gold medal competing 107 times during the season. 
Such a large number of races, apart from the functions they perform (control and 
training), also help in gaining experience and self-confidence (Siewierski, 2007, 2005; 
Słomiński, 2016). 

Entering competitions provides the trainers with the necessary information 
about the current state of the swimmer’s fitness capacity as well as the direction and 
dynamics of the occurring changes. Such information allows the coach, among others, 
to assess the effectiveness of the training used so far, thanks to which the coach can 
introduce changes optimizing the implementation programs (Słomiński, 2016).
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conclUSion

Defining both the number and frequency of competitions in the season can 
help in the preparation of optimal programs and training plans. Competition fre-
quency strategy is a component of comprehensive implementation of the training 
program. Each competitive race has its substantive reflection in periodization. De-
termining the number and frequency of competitive races in the season helps select 
rational, individually programmed training loads, which in turn should contribute 
to an increase in the level of performance.
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ACSTRACT

This paper analyzes age and body composition parameters (height and body mass) 
of medalists and finalists of the 2016 Summer Olympic Games in Rio de Janeiro 
in all individual swimming events. On the basis of collected data the mean pa-
rameter values for all the events – swimming distance and strokes – were calcu-
lated, as well as the BMI was determined. The goal of this paper was to identify 
the features of body composition and age of the Olympic finalists and medalists 
in all individual events as well as their profile in terms of the specificity of their 
swimming events.

Key words: somatic profile, swimming, Olympic Games

introdUction

Nowadays, the Olympic Games are the regulator of transnational sports compe-
tition. They determine the rhythm of sports development in 205 countries associ-
ated in the IOC. The Olympic Games have become an important event for promo-
tion of each country. Thus in the preparation system they constitute competitions 
of utmost priority which are preceded by four-year, or longer, training programs 
(Słomiński, 2016; Sozański & Siewierski, 2009).

The outcomes of many studies show a huge impact of the somatic profile on sports 
performances, it is also an effective selection agent in sport (Siewierski, Adamczyk 
& Grzechnik-Siewierska, 2011). So what are the findings of the analysis of age and 
body composition parameters of the swimmers participating in the Games of the 
XXXI Olympiad in Rio de Janeiro?

MatErial and MEthodS

This paper analyzes age and body composition parameters (height and body 
mass) of medalists and finalists of the Games of the XXXI Olympiad in Rio de Ja-
neiro in all individual swimming events. On the basis of collected data the mean 
values were calculated in division to distance and style, as well as BMI was determined. 



85SwiMMing – an analySiS of agE and SoMatic ProfilE of finaliStS…

The goal of this paper was to identify the features of body composition and age 
of the Olympic finalists and medalists in individual swimming events. In order to 
compare the means, one-way and two-way analysis of variance was used. In detailed 
comparisons, the Bonferroni post-hoc test was used. The calculations were carried 
out using STATISTICA 12 program. The level of significance was set at  = 0.05. 
Effect size was estimated on the basis of 2.

rESUltS

The highest mean age among the female medalists was in the 400 m medley 
(25.33), and the lowest (19.67) in the 100 m freestyle. The highest mean age of the 
female finalists was in the 50 m freestyle (24.5), and the lowest in the 100 m back-
stroke (21.75). Mean age of the female finalists in sprints is 22.9, and the female 
medalists 22.17 years. In the case of female competitors specializing in middle 
distance it was 23.21 and 23.56, respectively. In long distance races it was 23.81 
in female finalists and 24 years in female medalists (Table 1).

The highest mean age among male medalists of Rio 2016 was in the shortest 
sprint distance (50 m, freestyle), namely 29.67. Among finalists the highest mean 
(26.25) was in the following events: 50 m freestyle and 200 m medley. Among 
medalists, the lowest mean was in the 200 m breaststroke (21 years), and among 
the finalists in the 200 m backstroke (22 years). The mean age of sprinters was 
24.42 (finalists) and 25.73 (medalists). In competitors specializing in middle dis-
tances it was: 23.69 in the case of finalists and 23.17 in the case of medalists. In 
long distance races mean age was 22.63 (finalists) and 22.5 (medalists) (Table 1).

The greatest body height among female medalists of Rio 2016 had swimmers 
specializing at the 100 m butterfly (183.67), whereas the lowest (170.33) at twice 
as long distance (200 m butterfly). The tallest female finalists were in the 100 m 
freestyle (181.0), whereas the shortest ones (168.63) were in the 400 m medley. In 
female sprinters competing in finals the mean was 177. 53 cm, whereas in medal-
ists it was 178.13 cm. In female competitors at middle distances it was 175.0 cm 
(finalists) and 175.72 cm (medalists). The lowest mean was noted in female long 
distance competitors (finalists – 172.25; medalists – 173.83) (Table 2).

Among male finalists the greatest body height mean was in the 50 m freestyle 
(192.13), and the lowest (183.5) in the 400 m medley. Whereas among medalists 
the highest mean was in the 100 m freestyle (197.0), and the lowest in 400 m med-
ley (181.33). The mean body height of sprinters was: 189.6 cm (finalists) and 190.4 
cm (medalists), and in middle distance swimmers: 187.86 cm (finalists) and 188.67 
cm (medalists). In long distance swimmers, the mean body height was: 185.38 cm 
(finalists) and 184.0 cm (medalists) (Table 2).

In the case of women, the highest mean body mass among finalists was in the 
100 m freestyle (66.88), and the lowest in 400 m medley (58.38). Among medalists 
the highest mean body mass was in swimmers competing in the 100 m butterfly 
(68.0), and the lowest among the ones competing in the 800 m freestyle (60.0). In 
sprinters swimming in finals the mean body mass was 65.3 kg, and in medalists 
64.73 kg (Table 3).
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TABLE 1. Age of medalists and finalists in Rio 2016 [years]

Event
Place in the final race

Finalists Medalists
1 2 3 4 5 6 7 8

Women 

50 FS 22 20 31 26 24 26 22 25 24.50 24.33

100 FS 16 20 23 22 26 24 20 29 22.50 19.67

200 FS 19 23 22 28 19 27 23 21 22.75 21.33

400 FS 19 26 21 23 22 18 23 29 22.63 22,00

800 FS 19 26 23 26 23 21 28 22 23.50 22.67

100 BF 23 16 29 27 16 22 29 18 22.50 22.67

200 BF 26 21 26 25 24 24 22 20 23.50 24.33

100 BK 27 19 20 20 20 22 24 22 21.75 21.50

200 BK 23 27 25 18 26 33 17 21 23.75 25.00

100 BS 19 24 25 23 23 25 19 28 23.25 22.67

200 BS 28 24 23 20 21 20 22 27 23.13 25.00

200 IM 27 21 23 25 29 19 24 20 23.50 23.67

400 IM 27 23 26 27 19 24 23 24 24.13 25.33

Men

50 FS 35 26 28 22 24 27 25 23 26.25 29.67

100 FS 18 28 28 21 19 20 22 25 22.63 24.67

200 FS 25 24 27 21 20 30 22 21 23.75 25.33

400 FS 20 25 22 27 25 21 24 22 23.25 22.33

1500 FS 22 25 22 22 20 28 24 20 22.88 23.00

100 BF 21 31 24 31 17 24 25 20 24.13 25.33

200 BF 31 21 20 24 22 23 31 22 24.25 24.00

100 BK 21 21 31 23 31 20 26 19 24.00 24.33

200 BK 21 23 20 21 23 19 23 26 22.00 21.33

100 BS 22 28 24 23 30 24 29 21 25.13 24.67

200 BS 21 23 19 26 24 19 26 23 22.63 21.00

200 IM 31 22 22 25 32 25 30 23 26.25 25.00

400 IM 22 22 22 21 21 25 26 20 22.38 22.00
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TABLE 2. Body height of medalists and finalists of Rio 2016 [cm]

Event 
 Place in the final race 

Finalists Medalists
1 2 3 4 5 6 7 8

Women

 50 FS 170 180 175 172 186 179 179 168 176.13 175.00

100 FS 186 180 182 179 179 186 178 178 181.00 182.67

200 FS 183 182 180 177 183 171 186 174 179.50 181.67

400 FS 183 175 178 167 172 170 173 180 174.75 178.67

800 FS 183 175 167 168 173 178 184 179 175.88 175.00

100 BF 182 186 183 175 177 180 178 171 179.00 183.67

200 BF 168 179 164 173 175 174 168 175 172.00 170.33

100 BK 175 173 173 179 184 188 180 179 178.88 175.00

200 BK 176 175 173 183 167 173 181 187 176.88 174.67

100 BS 175 178 170 175 160 178 173 172 172.63 174.33

200 BS 174 178 175 169 178 175 150 175 171.75 175.67

200 IM 175 170 175 173 176 170 189 173 175.13 173.33

400 IM 175 175 168 166 170 168 171 156 168.63 172.67

Men

50 FS 191 199 198 185 190 187 191 196 192.13 196.00

100 FS 193 200 198 188 190 191 185 190 191.88 197.00

200 FS 198 186 196 187 196 193 177 188 190.13 193.33

400 FS 190 198 184 196 185 187 195 187 190.25 190.67

1500 FS 191 185 184 178 190 192 188 190 187.25 186.67

100 BF 184 188 186 193 183 190 192 – 188.00 186.00

200 BF 193 181 185 186 174 194 188 184 185.63 186.33

100 BK 190 184 190 187 200 184 178 185 187.25 188.00

200 BK 190 187 184 184 193 187 182 178 185.63 187.00

100 BS 191 184 180 196 190 188 186 195 188.75 185.00

200 BS 195 180 188 188 188 193 185 196 189.13 187.67

200 IM 193 177 191 176 188 192 187 188 186.50 187.00

400 IM 177 193 174 186 183 194 191 170 183.50 181.33



88 a. nowacka, P. Słomiński

TABLE 3. Body mass of medalists and finalists in Rio 2016 [kg]

Event 
Place in the final race

Finalists Medalists
1 2 3 4 5 6 7 8

Women

50 FS 58 67 60 59 67 69 58 80 64.75 61.67

100 FS 68 67 68 58 69 67 68 70 66.88 67.67

200 FS 60 68 66 65 72 59 74 61 65.63 64.67

400 FS 70 57 67 56 70 61 64 67 64.00 64.67

800 FS 70 57 56 60 64 67 74 67 64.38 61.00

100 BF 68 68 68 62 56 65 70 60 64.63 68.00

200 BF 60 66 54 65 63 57 52 61 59.75 60.00

100 BK 56 67 61 63 67 72 70 61 64.63 61.33

200 BK 65 56 61 70 57 62 65 82 64.75 60.67

100 BS 70 64 61 68 61 65 64 72 65.63 65.00

200 BS 67 64 68 60 65 65 57 61 63.38 66.33

200 IM 56 60 65 65 69 54 76 64 63.63 60.33

400 IM 56 65 60 53 55 62 66 50 58.38 60.33

Men

50 FS 73 99 100 92 90 80 86 84 88.00 90.67

100 FS 90 89 100 88 76 86 70 86 85.63 93.00

200 FS 89 83 88 83 83 93 68 80 83.38 86.67

400 FS 88 89 79 88 77 83 85 74 82.88 85.33

1500 FS 66 77 79 68 88 80 70 81 76.13 74.00

100 BF 74 82 83 88 73 90 86 - 82.29 79.67

200 BF 88 77 75 83 72 87 82 76 80.00 80.00

100 BK 84 72 93 72 85 72 62 72 76.50 83.00

200 BK 84 72 72 72 82 81 82 62 75.88 76.00

100 BS 86 85 79 91 89 80 90 85 85.63 83.33

200 BS 85 68 71 85 80 76 80 91 79.50 74.67

200 IM 88 68 74 72 88 86 83 80 79.88 76.67

400 IM 68 74 72 75 79 85 82 62 74.63 71.33
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TABLE 4. Body mass index BMI

 Event
Place in the final race

Finalists Medalists
1 2 3 4 5 6 7 8

Women

50 FS 20,07 20,68 19,59 19,94 19,37 21,53 18,10 28,34 20.95 20.11

100 FS 19,66 20,68 20,53 18,10 21,53 19,37 21,46 22,09 20.43 20.29

200 FS 17,92 20,53 20,37 20,75 21,50 20,18 21,39 20,15 20.35 19.61

400 FS 20,90 18,61 21,15 20,08 23,66 21,11 21,38 20,68 20.95 20.22

800 FS 20,90 18,61 20,08 21,26 21,38 21,15 21,86 20,91 20.77 19.86

100 BF 20,53 19,66 20,31 20,24 17,87 20,06 22,09 20,52 20.16 20.17

200 BF 21,26 20,60 20,08 21,72 20,57 18,83 18,42 19,92 20.18 20.65

100 BK 18,29 22,39 20,38 19,66 19,79 20,37 21,60 19,04 20.19 20.35

200 BK 20,98 18,29 20,38 20,90 20,44 20,72 19,84 23,45 20.63 19.88

100 BS 22,86 20,20 21,11 22,20 23,83 20,52 21,38 24,34 22.06 21.39

200 BS 22,13 20,20 22,20 21,01 20,52 21,22 25,33 19,92 21.57 21.51

200 IM 18,29 20,76 21,22 21,72 22,28 18,69 21,28 21,38 20.70 20.09

400 IM 18,29 21,22 21,26 19,23 19,03 21,97 22,57 20,55 20.52 20.26

Men

50 FS 20,22 25,00 25,51 26,88 24,93 22,88 23,57 21,87 23.86 23.58

100 FS 24,16 22,25 25,51 24,90 21,05 23,57 20,45 23,82 23.21 23.97

200 FS 22,70 23,99 22,91 23,74 21,61 24,97 21,71 22,63 23.03 23.20

400 FS 24,38 22,70 23,33 22,91 22,50 23,74 22,35 21,16 22.88 23.47

1500 FS 18,09 22,50 23,33 21,46 24,38 21,70 19,81 22,44 21.71 21.31

100 BF 21,86 23,20 23,99 23,62 21,80 24,93 23,33 – 23.25 23.02

200 BF 23,62 23,50 21,91 23,99 23,78 23,12 23,20 22,45 23.20 23.01

100 BK 23,27 21,77 25,76 20,59 21,25 21,27 19,57 21,04 21.82 23.60

200 BK 23,27 20,59 21,27 21,27 22,01 23,16 24,76 19,57 21.99 21.71

100 BS 23,57 25,11 24,38 23,69 24,65 22,63 26,01 22,35 24.05 24.35

200 BS 22,35 20,99 20,09 24,05 22,63 20,40 23,37 23,69 22.20 21.14

200 IM 23,62 21,71 20,28 23,24 24,90 23,33 23,74 22,63 22.93 21.87

400 IM 21,71 19,87 23,78 21,68 23,59 22,58 22,48 21,45 22.14 21.79
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The highest mean body mass among male finalists was in the 50 m freestyle (88.0), 
and the lowest in the 400 m medley (74.64). Among medalists the highest mean 
body mass was in sprinters (100 m freestyle – 93 kg), and the lowest (just like in 
finalists) was in 400 m medley (71.33). The mean body mass in sprinters, finalists 
was 83.61 kg, and in medalists 85,93 kg. In middle distance finalists it was accord-
ingly: 80.25 kg and 79.89 kg. In competitors swimming the longest distances: 
73.38 kg in finalists and 72.67 kg in medalists (Table 3).

Body mass index (BMI) was calculated for women and men on the basis of col-
lected data (Table 4).

There were no significant differences in mean BMI among representatives of 
different swimming strokes in individual races (F4.98 = 2.01, p = 0.0996, 2 = 0.076), 
whereas a significant difference (F2.100 = 3.64, p = 0.0297, 2 = 0.0679) connected 
with the length of races (sprint, middle distance, long distance) was demonstrated. 
With the use of the Bonferroni test significant differences in mean BMI in sprinters 
and long distance swimmers (p = 0.0455) were shown.

In the case of women, significant differences in mean BMI were among repre-
sentatives of different swimming strokes (F4.99 = 2.79, p = 0.030623, 2 = 0.101), 
however, significant differences connected with the length of races were not shown 
(F2.101 = 0.02, p = 0.9796, 2 = 0.0004).

diScUSSion

Sports results are influenced by a variety of factors, among which the most com-
mon are genetic predispositions, implementation of proper training, ability to re-
generate, character and current fitness capacity of the competitor, etc. (Nowacka, 
2017). Nevertheless, it is important to remember that the basis for sports qualifica-
tion and competition are, among others, physical conditions.

Body composition of athletes practicing various disciplines (gymnastics, track and 
field, swimming, football, volleyball, tennis and bodybuilding) was being analyzed 
during the last several dozens of years (Baxter-Jones et al., 1995; Pietraszewska, 2002, 
2004; Ruff, 2000; Siewierski, 2006; Sozański, Perkowski & Kosmol, 1944). Candidates 
are selected e.g. on the basis of their body composition for sports disciplines as well 
as for events.

Body composition along with body type are not the only factors which influence 
sport performance, nevertheless, they have an important impact on it (Drozdowski, 
1998; Siewierski, 2007, 2014; Sozański et al., 2015, 2013). High achievements are also 
influenced by after-training factors which increase with years of practice (Słomiński, 
Nowacka, 2016).

conclUSion

Swimmers specializing in sprints were not only much higher than middle- and 
long-distance competitors, but also their body mass was bigger. It is connected with 
the specificity of speed sports. In the case of swimming, body height and arm span 
are crucial, especially in sprints. Body mass of sprinters is also enhanced by strength 
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training, and as a result, also their well-developed muscles. Parameters of body 
composition and age are crucial factors upon selection and qualification for sport 
disciplines and competitions. Predispositions of body composition and age can also 
be determinants for stroke and distance specializations.
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ABSTRACT

The aim of this study was to understand the effectiveness of foam rolling (FR) on 
muscle stiffness, flexibility, and tone in swimmers. Twelve healthy young swimmers 
(aged 14 ± 2) were recruited. To fulfil our aim we conducted a study composed of 
measurements before, after swimming and after FR, using a myotonometric device 
MyotonPRO. Each participant performed also a Fingertip-to-Floor test before and 
after FR. The flexibility of selected postural muscles increased significantly, after 
swimming (p < 0.001) and after FR (p = 0.004). Muscle tension and stiffness did 
not change significantly. FR resulted in a significant increase in the flexibility, 
expressed by the FTF test (p < 0.001). Presented study confirmed the effectiveness 
of foam rolling in increasing the range of motion and muscle flexibility in athletes.

Key words: swimming, myotonometry, muscle flexibility, regeneration, foam rolling

introdUction

Swimming is the only sport that combines upper and lower extremity strength 
exercises with cardiovascular training in a non-weight-bearing environment (Waniven-
haus et al. 2012). Competitive swimming, however, is considered as one of the most 
monotonous sports that requires huge determination and self-discipline. Swimming 
training begins at a very young age. Even though competitive swimmers usually spe-
cialize and compete in one stroke: breaststroke, freestyle, butterfly or backstroke, 
freestyle is the major stroke that most of the training is based on. This may be a reason 
why Wymore et al. (2012) did not find any correlation between stroke specialty and 
rate of shoulder pain in NCAA male swimmers. Wanivenhaus et al. (2012) indi-
cate that competitive swimmers are predisposed to musculoskeletal injuries of the 
upper limb, knee, and spine. Wymore et al. (2015) in their research showed that 
healthy swimmers are more often injured than injured athletes in other sports.

One of the methods of detecting muscle dysfunction, and monitoring training 
or recovery of skeletal system is myotonometry. A new handheld device (Myoton-
PRO; Myoton AS, Estonia and Myoton Ltd, London), enables in-vivo, non-invasive 
measurement of non-neural tone and mechanical properties by using accelerometer 
based sensing of damped muscle oscillations (Aird et al., 2012). Myotonometry can 
be used to measure muscle mechanical properties such as tone, dynamic stiffness, 
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elasticity, relaxation, and creep. MyotonPro can easily provide objective data that 
cannot be obtained from any clinical trials and other tests (Orner et al., 2018). 
According to researchers, both reliability (Chuang et al., 2013; Viir et al., 2007) and 
validity (Bizzini and Mannion, 2003; Chuang et al., 2012; Marusiak et al., 2011) of 
these studies depend on proper using of MyotonPro.

Self-myofascial release (SMR) is an intensive self-treatment with rigid foam roll-
ers (FR) and other small handheld tools based on the exertion of compressive force 
on the soft tissue (Macdonald et al. 2014). Fascia acts as a support, stability, and 
cushion mechanism for bones and muscles, and surrounds many different organs 
and muscles (Barnes, 1997). Muscular fascia has been found to help with the mo-
bility of the muscle, cellular circulation within the body, and the elasticity of muscle; 
and it is vital that the fascia be loose and malleable (Aboodarda et al., 2015). Results 
from different studies indicate that foam rolling is effective in increasing ROM. 
There are a number of studies concerning the influence of foam rolling on flexibility 
(Behara & Jacobson, 2017; Halperin et al., 2014; Junker & Stöggl, 2015; Kelly & 
Beardsley, 2016), but it is unclear how long these changes in range of motion (ROM) 
last. Lastova et al. (2018) find that FR decreases sympathovagal balance for 30 min-
utes post-intervention, which is concurrent with an important hypotensive effect. 
In turn, Pearcey et al. (2015) in their research showed that FR substantially reduced 
the negative effect of DOMS on dynamic movements, which incorporate power, 
strength, and endurance.

The objective of this study is to understand the effectiveness of FR on muscle 
stiffness, flexibility, tone in swimmers.

MatErialS and MEthodS

Twelve healthy young swimmers (aged 14 ± 2) were recruited. All of them be-
long to a sports club and practice six times a week. Informed consent was obtained 
from each subjecy’s legal guardian. The study was approved by the Ethics Com-
mittee of the University School of Physical Education in Wrocław and conducted 
in accordance with the Declaration of Helsinki.

A handheld MyotonPRO device (MyotonPRO, Myoton Ltd, Estonia) was ap-
plied to measure muscle mechanical properties in the group of swimmers. The tip 
of the 3-mm diameter probe is applied perpendicular to the skin surface above the 
muscle that is being measured. A constant pressure (0.18 N) is applied, whereby 
the subcutaneous superficial tissues are slightly compressed. A brief (15 ms), low-
force (0.4 N) mechanical impulse is then transmitted to the underlying muscle 
(Drenth, 2017). From the oscillation acceleration signal the following three pa-
rameters were computed simultaneously in real time:

f – Oscillation frequency [Hz]
Oscillation frequency indicates the tone (that is, intrinsic tension) of a muscle 

in its testing state, which can be at rest without any voluntary contraction (EMG 
silent) or contracted. The higher the value, the higher the tone or state of tension. 

S – Dynamic stiffness [N/m]
Dynamic stiffness is the biomechanical property of a muscle that characterizes 

the resistance to a contraction or to a external force that deforms its initial shape. 
The higher the value, the higher the stiffness.
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D – Logarithmic decrement:
The logarithmic decrement of a muscle’s natural oscillation indicates the mus-

cle’s elasticity and dissipation of mechanical energy when tissue recovers its shape 
from being deformed. Elasticity is the biomechanical property of a muscle that 
characterizes the ability to recover its initial shape after a contraction or removal 
of an external force. The higher the value of logarithmic decrement, the lower the 
elasticity and the higher the dissipation of mechanical energy, as the tissue recovers 
its shape (Schneider et al., 2014). 

The muscles were tested in pattern of 6 points on one body side (Fig. 1). For all 
measurements participants were lying in a supine position on their abdomen with 
their arms rested beside the body.

Additionally, each participant performed the Fingertip-to-Floor test twice, be-
fore and after FR. The subject stood erect on a floor with shoes removed and feet 
together. He/she was asked to bend forward as far as possible, while maintaining 
the knees, arms, and fingers fully extended. The vertical distance between the tip of 
the middle finger and the floor was measured with a supple tape measure and was 
expressed in centimeters. When the participant touched the floor, the platform 
was added and the distance from the edge of the foot to the middle finger was also 
measured.

FIGURE 1. Localization of measurement points on tested muscles. Point 1 – Longissimus 
Thoracis (upper part), point 2 – Longissimus Thoracis (lower part),  
point 3 – Biceps Femoris (upper part), point 4 – Biceps Femoris (lower part), 
point 5 – Gastrocnemius laterialis, point 6 – Gastrocnemius medialis
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The first measurement was made before swimming practice, the second immedi-
ately after swimming practice and the third immediately after FR. Immediately after 
swimming practice (distance: 4 kilometers, duration: 75 minutes, type of training: 
aerobic) each athlete did a 15-minute foam rolling workout. The participants were 
rolling the back part of the body, including: legs, back and neck (8–10 repetitions 
on one muscle). Foam rolling involves rolling over the muscle starting at either the 
proximal or distal end and rolling to the opposite end of the muscle. We instructed 
them to place as much body mass as tolerable on the foam roller at all times and to 
roll their body mass slowly back and forth along the roller.

All statistical analyses were performed using the Statistical Package for Social 
Sciences (SPSS, IBM). Three measurements of muscle flexibility expressed by loga-
rithmic decrement, from six points of assessment, were separately compared with 
Student’s t- test. Student’s t-test was also used to compare distance [cm] in FTF test 
between two trials. In all tests, p-value < 0.05 was considered significant. Data are 
presented as mean ± standard error of the mean, unless otherwise stated.

rESUltS

The flexibility of selected postural muscles increased significantly, after swim-
ming (p < 0.001) and after applying SMR with foam rollers (p = 0.004), compared 
to the initial values. The average values of the three logarithmic decrement meas-
urements were as follows: 1.01 (±0.2), 1.05 (±0.2), and 1.05 (±0.2), respectively. 
Muscle tension and stiffness of selected postural muscles did not change signifi-
cantly after swimming (p = 0.10 and p = 0.24, respectively), and after FR (p = 0.54 
and p = 0,88, respectively). The average values of the three measurements were as 
follows: 15.9 (±1.9), 16.0 (±1.8), and 15.5 (±1.8) – for muscle tension expressed by 
frequency [Hz], and 286.8 (±57.8), 289.8 (±57.4), and 286.3 (±59.6) – for muscle 
stiffness [N/m].

The Fingertip-to-Floor (FTF) results also showed a statistically significant increase 
in the flexibility of the tested postural muscles (p < 0.001). The difference between 
the values of the tests performed before and after FR application was 4.9 [cm].

diScUSSion

The aim of this study was to define changes in muscle stiffness, flexibility and 
tone after foam rolling (FR). We found a significant difference in flexibility of se-
lected postural muscles: it increased significantly after swimming and after applying 
self-myofascial (SMR) release with foam rollers. Moreover, a significant increase 
in flexibility was also confirmed by the Fingertip-to-Floor (FTF) The difference 
between the values of the tests performed before and after FR application was 4.9 cm 
on average. Neither swimming nor FR caused any significant changes in muscle 
stiffness and tone.

Various methods have been proposed to increase muscle-tendon flexibility. It has 
been postulated that increasing the length of the muscle-tendon unit may prevent 
musculotendinous injury. This type of injury occurs when stretching force exceeds 
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the muscle-tendon limit of flexibility, to the point of failure (Woods et al.). As stated 
by Sullivan et al. (2013), it was determined that FR is an effective method of increas-
ing range of motion (ROM), particularly in hamstrings. According to the authors, 
a warm-up combined with FR was successful at improving flexibility measured via 
the standard sit-and-reach test. What is worth emphasizing is that FR did not im-
pair the athletic performance. In the review of the acute effects of stretching as 
a part of warm-up, Behm and Chaouachi (2011) showed that even short duration 
of static stretching caused impairments in force production. Concerning the possible 
negative effect of static stretching on muscle performance, Peacock et al. (2014) pro-
posed a warm-up routine consisting of both a dynamic warm-up and SMR. Accord-
ing to their results, total-body FR session resulted in overall improvements in athletic 
performance, effectively improving power, agility, strength, and speed. MacDonald 
et al. (2013) conducted a study to determine the effect of SMR application on knee 
extensor force and knee joint ROM. They concluded that SMR included in a warm-
up was an effective treatment to acutely enhance knee joint ROM, without a deficit 
in quadriceps muscle performance.

In accordance with our assumptions, the FR treatment can be seen as an effective 
tool to increase muscle flexibility after exercise. To support this assumption, Mohr 
et al. (2014) investigated post-exercise effect of FR on passive hip flexion ROM. 
They reported a significant effect sizes of hamstrings flexibility improvement, with 
ROM measured immediately after FR in 40 subjects. The effectiveness of FR interven-
tion for enhancing joint ROM in both: pre- and post-exercise muscle performance 
was also confirmed by Cheatham et al. (2015). In a systematic review they aimed 
at critically assessing current literature evidence based on 14 high quality articles.

The SMR has been commonly regarded as a post-exercise technique supporting 
repair of exercise-induced muscle damage and muscle recovery (Arroyo-Morales et al. 
2008). According to Okamoto et al. (2014), SMR demonstrated a positive therapeutic 
effect on pain and recovery due to a series of physiological responses, such as: dilation 
of the arterial system, restoration of soft-tissue, increased nitrogen dioxide (NO2), and 
improved vascular plasticity. MacDonald et al. (2014) also aimed at understanding 
the effectiveness of FR as a recovery tool after eccentric exercise-induced muscle 
damage. Twenty male subjects performed a 20-min FR exercise protocol immediately 
after eccentric exercise session, 24- hours after, and 48-hours after. FR substantially 
reduced delayed onset muscle soreness (DOMS) in all three trials, at the same time 
substantially improving ROM. As the main finding of the study, authors indicated 
that FR was beneficial in attenuating DOMS while simultaneously improving pas-
sive and dynamic ROM, which is consistent with our results. 

No statistically significant difference in muscle stiffness and tone in our study 
is also reflected in the lack of literature in this field of research. To the best of our 
knowledge, there is no scientific evidence that FR has a significant effect on reducing 
muscle tone and stiffness directly. A lot of issues concerning FR pre- and post-exercise 
effect remain in question and have to be investigated in future. Although FR is a com-
mon myofascial therapy among professional athletes and coaches, its influence on 
flexibility, tone and stiffness of soft tissue still requires further research.
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concUSSionS

The self-myofascial release session with foam rollers caused a significant in-
crease in the flexibility of selected postural muscles in swimmers. Myotonometric 
measurements of muscle flexibility expressed by a logarithmic decrement were 
additionally validated by the Fingertip-to-Floor test results. Presented study con-
firmed the effectiveness of foam rolling in increasing the range of motion in ath-
letes. Training in water and FR did not cause significant changes in tone and stiff-
ness of selected postural muscles.
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 ABSTRACT

The aim of the study was to analyse swim start techniques and to find the rela-
tionship between its effectiveness and the somatic build of young swimmers. In 
12 girls and 11 boys (age 14.63 ± 0.65, FINA points 538 ± 66), basic anthropo-
metric measurements were taken (among others, body mass and height, limb 
length and skinfold thickness). Using apparatus, two freestyle starts were recorded. 
Video analysis was performed using the SkillSpector program. Among others, the 
following parameters were determined: start time until achieving 15 m, height of 
hips on the block, distance of hips from front edge of the block, value of angle in 
knee joints and horizontal flight velocity. Horizontal flight velocity significantly 
influenced swim start performance. Larger body dimensions in boys (mass and 
height) favoured shortening start time. Body fat did not affect the start time. The 
start position on the block depends more on the preferences of the swimmers and, 
to a lesser extent, on their body structure.

Key words: swimming, biomechanics, anthropometry

introdUction

Achieving the best results in a sports career by a swimmer is the consequence 
of a long-term training process including technical, physical and mental training 
(Olbrecht 2007). The mentioned components of the training process are programmed 
on the basis of findings of scientific research. As in every discipline, in swimming 
as well, the strive to constantly improve performances is the main reason for under-
taking scientific research. However, in relation to swimming, an additional source 
of research regards the relatively frequent changes in regulations (concerning com-
petitions or new elements of swimming pool equipment) and the professionaliza-
tion of swimming, which was mentioned, among others, by Vantorre et al. (2014).

Examination of swimmers most often regards physiological, biomechanical, 
anthropometric, medical and psychological aspects (Pelayo & Alberty, 2011). Often, 
interdisciplinary research is also undertaken (Pelayo & Alberty, 2011). One of the 
most popular branches of scientific studies related to swimming concerns biome-
chanical research (Vilas Boas, 2010). Thanks to this type of inquiry, the athletes’ 
movements can be described using quantitative kinetic or kinematic variables, 
enriching our knowledge about the technique presented by the athlete. It should 
also be emphasized that in swimming the assessment of technique via direct ob-
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servation is hindered, among others, due to the fact that some of the propulsive move-
ments are performed underwater while the movement of body segments above water 
is characterized by significant speed. This makes it problematic for even experienced 
coaches to evaluate the technique of their athletes. Thanks to the use of relatively 
simple biomechanical methods (e.g. analysis of high frequency video recordings), 
the information which would usually be impossible to acquire during direct ob-
servation can be obtained.

Due to the complex structure of a swimming race, as well as the existing methodo-
logical limitations associated with recording movement in a water environment, 
biomechanical studies usually include single components such as start, swimming 
full stroke or turns. To capture the smallest details, it often happens that these race 
components are divided into even smaller parts. For example, swimming start analy-
sis is carried out taking into account the time spent on the starting block, flight, 
water entry, glide, phase of underwater motions of the lower limbs and full stroke 
swimming after ascent to 15 m from the starting wall (Vantorre et al. 2014). Such 
a division in the context of starts has its justification, because it has been proven 
that in the case of an improperly performed push-off from the starting block, it is 
impossible to obtain a suitably high speed during the underwater phase (Houel et al., 
2013). This is probably due to the fact that the competitor overcomes the first 5 m of 
the race in less than 2 seconds (Honda et al., 2010). Due to the fact that this time 
must be filled with the execution of a series of consecutive and dependent move-
ment sequences, the incorrect course of movement in the initial phases of the start 
leads to errors in subsequent elements of the swimming race. It seems that the 
resultant of these errors can be all the greater, the earlier the competitor made the 
original technical error. That is why it is important to look for opportunities to 
improve even the smallest components of the swim start. This also applies to the 
start phases in which the swimmer does not have contact with water: push-off from 
the starting block and flight.

One of the topics undertaken by authors of works related to biomechanics is the 
assessment of the impact of somatic build on the technique presented by swimmers. 
Such positive influence in relation to swimming full styles is documented, among 
others, by Figueiredo et al. (2016). Siders et al. (1993) also proved that high values   
of body height and mass prove to be beneficial in swim sprint performance. In 
turn, the conclusions of Kjendlie and Stallman (2011) assign a significant role to 
appropriate body proportions of swimmers. The aforementioned authors postulate 
that body proportions should constitute one of the criteria used to determine the 
distance specialization of a competitor.

In the available literature, there are no reports on the relationship between so-
matic build and the effectiveness of performing a swim start. Alpetkin’s (2014) work 
is basically the only one that touches on this issue. Nevertheless, the author focused 
on the description of the impact of body composition on the swim start technique, 
not taking other indicators into account (e.g. the length of individual body seg-
ments). The question remains, which of the variables characterizing body structure 
is a factor conducive to the effective implementation of the start, and which ones 
make it difficult to do so?

The aim of this study was to analyse the technique of swim start and to look 
for a link between its effectiveness and somatic build in young swimmers.
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MatErial and MEthodS

Research for the purpose of this work was carried out at the Complex of Indoor 
Swimming Pools of the University of Physical Education in Krakow, at a 25-meter-
long sports swimming pool with the approval of the Polish Swimming Association. 
The sample consisted of 12 girls (age: 14.56 ± 0.69 years, body height 167.71 ± 5.50 cm, 
body mass 55.93 ± 5.83 kg, FINA points 537 ± 66) and 11 boys (age : 14.71 ± 0.59, 
body height 174.38 ± 5.83 cm, body mass 62.57 ± 8.82 kg, FINA points 507 ± 70). The 
sports level of each subject was determined on the basis of the best result converted 
into FINA points achieved up to 12 months before the day of the measurements. 
These data were downloaded from the https://www.swimrankings.net/ website. 

All subjects were swimmers attending the Sports Championship School in Kra-
kow. On the day of measurements, the athletes were underage, therefore the con-
dition for admission to the tests was a written consent of their legal guardian. Each 
participant was also obliged to have a current medical certificate attesting the lack 
of contraindications to practice swimming. The Bioethical Committee at the Dis-
trict Medical Chamber in Krakow agreed to the research in the described formula 
(Statement No. 3/KBL/OIL/2018). 

Both the participants and their legal guardians were informed in detail about 
the nature of the measurements and the possibility of resigning from them at any 
stage. None of the participants, however, took advantage of this possibility. The first 
stage of research consisted of anthropometric measurements – taken without shoes, 
the subjects dressed only in swimsuit. For the measurements, a certified set of anthro-
pometric instruments manufactured by Siebier Hegner Machines SA (GPM, Switzer-
land) was used, which included an anthropometer and a small spreading caliper. 
Length and width measurements were made with an accuracy of 1 mm. For meas-
uring circumferences, a non-stretchable anthropometric tape was used (accuracy 
0.5 cm). Skinfold thickness was measured on the right side of the body using the 
Harpenden skinfold calliper GPM (Switzerland) with a constant spring pressure of 
10g/mm2 and accuracy of 0.5 mm. Body mass was determined using the Tanita 
BC-418 (Japan) electronic scale with an accuracy of 100 g. All measurements were 
made in accordance with the methodology developed by Martin and Saller (1957) 
and Tanner (1962). For each subject, the following values   were determined: 

– body height – H [cm], measured in a standing position, from the basis point 
(B) to the vertex point (v), with the head set in the Frankfurt plane; 

– body mass – m [kg]; 
– upper limb length – LA [cm], indirectly measured, subtracting the height of 

the dactylion point (da) from the height of the acromion point (a); 
– lower limb length – LL [cm], measured from the basis point (B) to the sym-

physion point (sy); 
– thigh length – LT [cm], measured indirectly from symphysion point (sy) to 

tibiale point (ti); 
– shank length – LS [cm], measured indirectly from tibiale point (ti) to the 

sphyrion point (sph); 
– skinfold thickness: over the triceps of the arm – FA, under the shoulder blade – 

FS, on the front side of the thigh – FT and on the calf – FC [mm].
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On the basis of the above measurements, the following were also calculated: 
– lower limb index – ILL=LL/H [-];
– intermembral index – IIL=LL/LA [-]; 
– BMI [kg/m2]. 
Body fat (BF) was calculated based on the formula proposed by Slaughter et al. 

(1988) according to the following equations: 
– for boys: BF = 1.21×(FA+FS)–0.008×(FA+FS)2–f, where f = 1.7 (prepubertal phase), 

3.4 (pubertal phase), 5.5 (postpubertal phase) 
– for girls: BF = 1.33×(FA+FS)-0.013×(FA+FS)2-f, where f = 2.5. 
After carrying out anthropometric measurements, according to literature 

(Bober, Zawadzki 2003), on the lateral part of the left side of the body of each sub-
ject, the centre of the transverse axis of the upper ankle, knee and shoulder joints 
was located. On the right, medial side of the body, the middle of the transverse 
axis of the upper ankle and knee joints was determined. In the above-mentioned 
places, approx. 2 cm in diameter, visible from a distance of approx. 6 m, marks were 
made with a black waterproof marker. Each time, the points were determined by 
the same qualified person with appropriate anatomic knowledge. 

After marking, the subjects proceeded to a standard 10-minute warm-up on 
land and 15 minutes in water, and then did a series of several trial jumps. After 
about a 10-minute break, each study participant performed two freestyle starts. 
The task of the respondents was to pass the 15 m line from the starting wall as 
quickly as possible. Each test was carried out in accordance with the FINA swim-
ming regulations. Participants were left with the option to choose the starting 
position, i.e. “grab start” (both feet on the front edge of the post) or “track start” 
(one foot placed at the back of the post on the so-called starting kick-plate), however, 
all of the participants performed the second type of start jump. In order to allow 
full recovery, approximately 5 minutes of passive rest was assigned to each subject. 

Measurement of time up to 15 m from the starting line was done using an elec-
tronic stopwatch (accuracy up to 0.01 s). The stopwatch was switched on at the time 
of the start signal, and turned off when the centre of the subject’s head was at the 
height of the cord placed about 1 m above the water surface, 15 m from the start-
ing line. 

Each jump was recorded using the Casio Exilim EX-FH25 (frequency 120 frames/s, 
shutter 1/640 s, aperture 2.8, single frame size 640x480 pixels). The device was placed 
on a tripod at a height of about 1 m measured from the top edge of the pool trough, 
3 m from the starting wall and 6 m from the lane where the swimmers performed 
the start. The device was positioned so that the long axis of the lens was perpen-
dicular to the direction of movement of the subjects. This location was intended 
to accurately record the entire above-water movement of the subjects (from the 
start signal to immersion of fingers in the water). 

After having made the video recordings of the starts, in the middle of the re-
corded area, a 1.02 m x 1.02 m calibration frame was placed, which was filmed 
using the previously described recording device. Among the individual recordings, 
this video was chosen for further analysis, which included a recording of the start, 
after which the swimmer covered a distance of 15 m in a shorter time. Analysis 
was carried out using the Skill Spector program (version 1.3.2). Using the 6-point 
model created for the needs of the research, the course of movement of previously 
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marked anatomical points was restored. The films were scaled using a recording 
registering the calibration frame. All described activities enabled determination of 
the following variables: 

– start time up to 15 m – t15 [s]; 
– hip height on the block at the time of start signal – HH [m];
– horizontal distance of the hips from the front edge of the block at the time 

of the start signal – DH [m];
– the angle in the knee joint of the front lower limb at the moment of the start 

signal – AKF [deg.];
– the angle in the knee joint of the rear lower limb at the moment of the start 

signal – AKR [deg.];
– flight time – tF [s]; 
– flight length – DF [m]; 
– horizontal hip velocity during flight – vh [m/s];
– angle in the hip joints at the end of the push-off – AHT [deg.]; 
– angle in the hip joints at time of fingers immersion in water – AHE [deg.]; 
– the angle between the water surface and the upper limb at the time of finger 

immersion in water (angle of water attack) – AA [deg.]. 
Statistical analysis of data was done using the Statistica program (v. 11). After 

division of subjects into girls and boys, the mean, standard deviation and coeffi-
cients of variation (CV) were determined in both groups. Later, we searched for cor-
relation relationships (Pearson’s r) between t15 and anthropometric and kinematic 
variables of the start jump. The dependence strength between variables describing 
positioning on the starting block (HH and DH) and AKF, AKR, H, LA, LL, LT, LS, ILL 
and IIL were also determined. According to the Cohen guidelines (1988), the level 
of significance was set at p < 0.05. According to the assumed level of probability, cor-
relation coefficients of r  0.58 were assumed to be significant in the group of girls, 
while in boys, the r  0.61 level of significance was adopted. 

rESUltS

The descriptive characteristics of the kinematic variables of the swim start in 
girls (F) and boys (M) are given in Tab. 1. As it can be seen, the boys’ starts were 
almost 0.5 seconds shorter than the girls’. At the same time, despite similar flight 
time in both sexes (about 0.3 s), the distance (DF) covered in Group M was larger 
in this phase by about 10 cm on average than in Group F. The results from Tab. 1 
also prove that the position of the hips on the starting block (DH and HH) in both 
sexes was similar. Before the start of the push-off, in the female group, a higher 
value of the angle in the knee joints was noted, both in relation to the front and 
rear lower limbs; the differences were about 11° (for AKF) and about 6° (for AKR), 
respectively. 

Analysis of coefficient variability shown in Tab. 1 proves that most of the indica-
tors were characterized by low dispersion (CV less than 10%); only in the case of 
the tF value in the boys’ group was the considerable dispersion (CV equal to 30%).

The results of correlation analysis aimed at seeking a relationship between start 
time (t15) and biomechanical indicators of this start are given in Tab. 2. As it can 
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TABLE 1. Kinematic variables of swim start in the group of girls (F) and boys (M)

F M

 ± SD CV  ± SD CV

t15 [s] 7.91 ± 0.42 5% 7.46 ± 0.51 7%

HH [m] 0.75 ± 0.07 9% 0.74 ± 0.05 7%

DH [m] 0.31 ± 0.07 23% 0.33 ± 0.06 18%

AKF [deg.] 122.03 ± 17.93 15% 111.64 ± 6.54 6%

AKR [deg.] 103.17 ± 16.05 16% 97.54 ± 12.05 12%

tF [s] 0.28 ± 0.05 18% 0.30 ± 0.09 30%

DF [m] 2.85 ± 0.17 6% 2.94 ± 0.24 8%

vh [m/s] 3.87 ± 0.25 6% 3.83 ± 0.23 6%

AHT [deg.] 145.05 ± 11.01 8% 146.94 ± 9.28 6%

AHE [deg.] 171.65 ± 16.19 9% 168.28 ± 15.75 9%

AA [deg.] 44.72 ± 6.89 15% 45.43 ± 7.74 17%

TABLE 2. Pearson’s r correlation coefficient between start (t15) and variables 
characterizing start jump (F – girls, M – boys)

F M

HH –0.42 0.03

DH 0.24 –0.16

AKF –0.34 0.18

AKR –0.48 –0.11

tF 0.70* –0.01

DF –0.05 –0.57

vh –0.64* –0.71*

AHT –0.17 –0.19

AHE –0.22 –0.53

AA 0.22 0.53

                   * p < 0.05

be seen, most of such relationships were not statistically significant. Analysis of the 
discussed table shows that in both sexes, horizontal hip velocity during flight (vh) 
had significant impact on t15. The value of the correlation coefficient in the exam-
ined groups of both sexes exceeded 0.6.

The second indicator significantly correlating with t15 was flight time. It should 
be emphasized that such a positive correlation was only found in girls (r = 0.70).
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A morphological description of the subjects can be found in Tab. 3. As a conse-
quence of the higher values of body height of boys (H), they had an advantage in 
terms of the length of the upper limb, lower leg and thigh (LA, LL, LT, respectively). 
The boys had less fat and the average differences in the thickness of skinfolds ranged 
from 0.3 mm (FT) to approx. 2 mm (FA). As a consequence, the calculated total 
body fat (BF) in this study group was about 20% lower than in girls. Values of other 
variables were similar in both sexes.

Values of variation coefficients in Tab. 3 prove that the anthropological indicators 
recorded in the studied youth were in most cases, slightly dispersed (CV from 1% 
to 23%).

Values of correlation coefficients between start time (t15) and anthropometric 
indicators are given in Tab. 4. As it can be seen, only in the male group were signifi-
cant correlations found. In the case of body mass and height as well as BMI, sig-
nificant negative relationships were noted, and the strength of these relations is 
described by r-factors ranging from –0.63 to –0.79.

It is worth noting that in boys, there was a tendency to create more correla-
tional relationships with t15. However, the adopted level of significance does not 
allow any of these relationships to be considered significant.

Tab. 5 presents the effects of correlation analysis, aimed at seeking correlations 
between horizontal (DH) and vertical (HH) hip positions in relation to the edge of 

TABLE 3. Descriptive characteristics of anthropometric indicators in the studied youth

F M

 ± SD CV  ± SD CV

H [cm] 167.71 ± 5.58 3% 174.38 ± 5.83 3%

m [kg] 55.93 ± 5.83 10% 62.57 ± 8.82 14%

LA [cm] 73.43 ± 2.88 4% 77.36 ± 2.85 4%

LL [cm] 88.16 ± 3.48 4% 90.95 ± 2.85 3%

LT [cm] 44.44 ± 2.06 5% 47.01 ± 1.85 4%

LS [cm] 35.85 ± 1.65 5% 35.68 ± 2.74 8%

FA [mm] 9.83 ± 2.04 21% 7.86 ± 1.24 16%

FS [mm] 9.46 ± 2.16 23% 8.04 ± 0.99 12%

FT [mm] 9.83 ± 1.55 17% 9.50 ± 1.19 13%

FC [mm] 9.04 ± 1.65 18% 8.27 ± 1.59 19%

ILL [-] 52.55 ± 0.74 1% 52.16 ± 0.68 1%

IIL [-] 83.64 ± 2.00 2% 84.89 ± 1.54 2%

BMI [kg/m2] 20.54 ± 1.76 9% 20.05 ± 1.92 10%

BF [mm] 22.66 ± 5.09 22% 18.25 ± 2.51 14%
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TABLE 4. Pearson’s r correlation coefficient characterizing interdependence  
of anthropometric indicators and t15

F M

H –0.22 –0.63*

m –0.22 –0.79*

LA –0.04 –0.35

LL –0.25 –0.56

LT –0.09 –0.45

LS 0.15 –0.13

FA –0.51 –0.28

FB –0.21 –0.58

FT –0.08 –0.35

FS –0.22 –0.27

ILL –0.21 0.30

IIL 0.13 0.26

BMI –0.13 –0.63*

BF –0.38 –0.48

* p < 0.05

TABLE 5. Pearson’s r correlation coefficients between characteristics of hip positioning 
on the starting block (HH and DH) and selected kinematic as well as 
anthropometric variables 

F M

HH DH HH DH

AKF 0.88* 0.43 –0.08 0.00

AKR 0.91* 0.17 0.79* –0.22

H –0.10 –0.40 –0.50 –0.40

LA –0.12 –0.09 –0.50 –0.45

LL –0.20 –0.30 –0.49 –0.44

LT –0.28 –0.15 –0.10 –0.10

LS 0.00 0.18 –0.09 –0.03

ILL –0.33 0.39 0.09 –0.03

IIL 0.33 –0.64* 0.29 –0.06

*p < 0.05
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the starting block and the angle recorded in the knee joints in the starting position 
and selected anthropological indicators.

In both groups, the angular value in the knee joint of the rear lower limb (AKR) 
formed strong and positive relationships (r from 0.79 to 0.91) with the hip posi-
tion in the vertical direction (HH). The described dependence of variables in the 
boys’ group was the only statistically significant one. In turn, in girls, this type of 
correlation was also noted in the case of the angle in the knee joint of the front 
lower limb (AKF).

Analysis of data included in Tab. 5 also indicates that the only anthropometric 
index correlated with the horizontal hip position on the starting block (DH) was 
the intermembral index. However, this relationship was only found in relation to 
girls (r = –0.64).

diScUSSion

The aim of this study was to analyse the technique of swim start and to look 
for relationships between its effectiveness and somatic build parameters in fifteen-
year-old swimmers. A review of literature gives grounds for stating that the subject 
matter may be a source of valuable tips in the training process of young athletes 
(Silva et al. 2012). At the same time, the selection of research sample significantly 
limits discussion of the obtained results. This is due to the need to compare young 
competitors with fully-developed, adult swimmers. In the situation where somatic 
build is taken into account in people who have not yet completed the growth pro-
cess, this factor requires special weighting of the quoted arguments. Unfortunately, 
there is little research on swim start among swimmers of the same age, which is 
why a partial reference to the results of adult swimmers is a necessity. Interpreting 
the differences between those still developing and adult swimmers can be prob-
lematic. It is indispensable to decide whether some cause and effect relationships 
appear only in fully-developed athletes, or whether they also occur before the end 
of the ontogenetic growth period. The described dilemma must be solved at every 
stage of result analysis. 

Covering the first 15 m of the race by male and female world-class competitors 
takes 6.12 s and 7.07 s, respectively (Tor et al., 2014). In our research, the start time 
recorded for boys (7.46 s) and girls (7.91 s) was greater. The observed discrepancy 
between the t15 values   probably results from the differences in sports level of the 
compared swimmers. And this is associated with a controlled swimming tech-
nique, which in children is significantly different from adults due to anthropo-
metric differences and training experience (Silva et al. 2012). Another cause of the 
described disproportions during the start may also be poorer power of the lower 
limbs, which, according to some authors, has impact on the effectiveness of the 
swim start (Bishop et al., 2013; Cossor et al., 2011). It cannot be ruled out that 
differences in the level of mechanical power are one of the causes of a nearly half-
second difference in the start time between the studied groups of boys and girls. 
This thesis can be based, among others, on the research by Thanopoulos et al. 
(2012). They found that the differences in the physiology of girls and boys being 
the basis for intersexual disproportions in mechanical power of the lower limbs 
can affect the effectiveness of swim start. 
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According to many authors, horizontal flight velocity is an indicator particularly 
related to the effectiveness of the take-off (Takeda et al., 2008; Taladriz et al., 2017; 
Thanopoulos et al., 2012; Tor et al., 2015; Seifert et al., 2010). It is often equated 
with the measure of push-off effectiveness. Therefore, it is slightly surprising that 
the girls obtained a horizontal velocity component comparable to that of boys (the 
difference was 0.04 m/s) at much slower start time to 15 m. Nonetheless, apart 
from push-off and flight phase, angle of water attack and underwater movement 
also affect start time to 15 m. Perhaps the girls, by incorrectly positioning the body 
during immersion and the lack of optimal movement path under water, were not 
able to maintain high speed after the jump for as long as the boys. However, this 
requires further research on swim starts, also taking the underwater movement 
records into account. 

Flight length and flight time are, next to horizontal velocity, some of the most 
commonly used indicators describing the swim start. It is assumed that the greater 
the distance an athlete covers in flight, the smaller the distance must be travelled 
in an aquatic environment characterized by density many times higher than air 
(Tor et al., 2015). Thanks to this, the swimmer overcomes a greater distance in an 
environment which is much less resistant to him/her. However, as some authors 
point out, while extending flight it is important not to simultaneously increase the 
flight time (Taladriz et al., 2017; Tor et al. 2015). Similar conclusions can be drawn 
based on the results of the studied girls, because in this group, the flight time was 
negatively correlated with the start time up to 15 m. 

Considerations regarding flight length should also include the angle of water 
attack (called by some – angle of entry into water) and the angle in the joints hip 
when immersing into water. A flat entrance into the water (low values   of the water 
attack angle) can cause a large amount of liquid to move when the subsequent seg-
ments are submerged, which, in turn, results in a significant decrease in horizon-
tal velocity (Seifert et al. 2010). When analysing angular flight indicators obtained 
by boys and girls, it can be seen that these values   are similar, with one exception – at 
the time of immersion, the angle in the hip joints in girls reached higher values   than 
in boys (approximately 172o and 168o, respectively). Greater flexion in the hips al-
lowed boys to maintain a similar angle of water attack (the difference between the 
genders below 1o) while obtaining a slightly longer flight (9 cm difference). Howev-
er, extension in the hip joints during immersion is equally important. Submerging 
the hips while they are bent increases the risk of the lower limbs entering the water 
in a different place than the rest of the body, causing more liquid to move, and con-
sequently increasing resistance during immersion. The change of angular relations 
during entering the water may thus prove to be an effective strategy for maintaining 
high speed in the later phases of a swim start. 

When analysing the values   of the flight phase indicators, it should be taken 
into account that they are largely the result of actions taken on the starting block 
(Taladriz et al. 2017; Thanopoulos et al., 2012). Therefore, the relationship between 
start time and position on the block should also be traced. In the course of statis-
tical analysis, it was found that none of the indicators describing positioning on 
the starting block were significantly correlated with t15. Nonetheless, in the group 
of girls, it can be seen that some variables may show relationships with start time. 
These may include, among others, height of the hips on the block and the values   of 
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the angles in the front and rear lower limbs. None of described variables were signifi-
cantly correlated with start time, although each of them achieved a negative value 
of Pearson’s r coefficient. Perhaps the high position of the hips on the block in 
some athletes allowed for the push-off to be directed more horizontally, thanks to 
which their horizontal velocity was greater in flight. 

In terms of the distance between the hips and the front of the block, it is difficult 
to determine any significant relationship with t15. According to some authors, the 
transfer of center of mass (including the hips) towards the rear limb prolongs the 
time on the block, simultaneously translating into a longer possibility of the force 
acting on the starting block (Welcher et al. 2008). This, in turn, leads to a stronger 
push-off, and, at the same time, increases the distance covered in the air without 
an increase during flight (Taladriz et al., 2017). The longer push-off time is there-
fore compensated for in the next stages of take-off in the form of greater horizontal 
velocity. Thanks to this, the start time is shorter than in the case of a larger load on 
the front limb (Barlow et al., 2014). Therefore, in the conclusions of some studies, 
it is recommended that the hips should be a bit closer to the rear limb at the time 
of the start signal (Honda et al., 2012). As previously mentioned, the results pre-
sented in this work do not allow for the formulation of a similar conclusion. Most 
probably, the hips of the tested athletes were at an adequate distance from the 
front edge of the block at the moment of take-off. It does not change the fact that 
the position of the hips could affect the start time. Therefore, it was necessary to 
determine whether the somatic build of the subjects could have been a limiting fac-
tor in the position assumed on the block.

The results presented in this paper give grounds for concluding that position 
on the starting block depends more on the preferences of the swimmers than his/her 
body build. Apart from the intermembral index in girls, none of the anthropometric 
variables were significantly associated with the height or distance of the hips from 
the front part of the block. In boys, the relationship of some somatic variables (body 
height, length of upper and lower limbs) with the start time were described by r cor-
relation coefficients of approx. –0.5. At the same time, the angular values   in the 
knee joints were definitely more related to the height of the hips on the block. This 
means that the start position on the block is only slightly dependent on somatic 
build and much more related to swimmers’ preferences, expressed in the form of 
flexion in the knee joints. At this point it should also be noted that the effective jump 
depends on, among others, proper values   in the knee joints (Slawson et al. 2012). 
According to Taladriz et al. (2017), the optimal angle for the rear lower limb when 
positioned on the post is 75–85o, and for the front limb, 135–145o. The difference 
in angular values   between the front and rear lower limb is therefore about 60°. In 
the case of the studied groups, the values   of the mentioned angles differed by less 
than 20o. It is difficult to say whether the discrepancy affects the start time to 
some extent. Future studies on starting position should, however, also take into ac-
count the problem of angles in the knee joints. As indicated by Taladriz et al. (2017), 
high angles allow to reduce the time spent on the block, but they hinder the ap-
propriate impact of force on the starting block. 

Apart from characterizing the start using kinematic indicators, the main aim 
of the work was to investigate whether a swim start is dependent on body build. 
The relationship between body build and results in sport is a popular topic, often 
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appearing in scientific research. Many authors indicate that during sprinting dis-
tances (50–100 m), tall, high-weight athletes (Geladas et al., 2005; Figueiredo et al., 
2016; Vitor & Bohme,  2010) have an advantage. Due to the fact that the start plays 
a significant role in sprint race (Targovet, Bondoc 2014), in this work it was decided 
to examine the relationship between selected anthropometric indicators and start 
time up to achieving 15 m. For this reason, it was necessary to refer to two works in 
which there was at least some reference to the relationship between the swim start 
and the somatic build. In their research, Cornett et al. (2011) mainly focused on 
the underwater phase of the start. They showed that tall and massive athletes move 
deeper under the surface of the water. The reason for this may be the fact that, due 
to the greater gravity acting on the body, large-size athletes gain higher speed in 
flight. This allows for deeper descent into water, where the body is influenced by 
small value of wave drag (Vennell et al., 2006). In turn, lighter athletes, moving at 
a shallower depth, are more exposed to the wave drag effect, which quickly reduces 
the speed obtained during push-off (Cornett et al., 2011). Such reasoning is fully 
supported by the results of this study. Among the boys, there was a clear relation-
ship between start time and body height, body mass and even BMI. Interestingly, 
body fat in both groups did not negatively affect the outcome of the start (r = –0.38 
in girls and r = –0.48 for boys). Other conclusions were reached by Alpetkin (2014), 
who, in his research, used the division of somatotypes according to Heath-Carter. 
He proved that high values of body fat have a negative effect on flight length. On 
the other hand, he showed that high body fatness promotes greater vertical veloci-
ties at the time of contact with water. This would mean that athletes with larger 
volume of adipose tissue are able to compensate for the smaller flight length with 
deeper immersion, leading to the previously described longer maintenance of high 
speed after immersion. It is easy to show that such reasoning has its limitations. It 
should be remembered that the group of examined swimmers was homogeneous 
in terms of fatness and it is possible that with a larger dispersion of the value of this 
variable, an unfavourable influence of adipose tissue on the time of swim start would 
be revealed. 

In the deliberations on somatotypes, muscularity should also be considered. 
The effect of deeper immersion can also be obtained by increasing muscle mass of the 
lower limbs, beneficial from the point of view of rebound effectiveness (Bishop et 
al., 2013). Analysis of the compounds of body composition indices (including lean 
body mass) with horizontal speed in flight should, in the future, give a full answer 
to how body build affects start time. It should also be remembered that competi-
tors are able to modify the depth of the descent into the water (White et al. 2011). 
It should also be noted that the bodies of athletes with greater fat content have 
greater buoyant force, affecting movement under the surface of the water (Kjend-
lie, Stallman 2011). In light of the information provided, there is no doubt that the 
study of the underwater phase should include the somatic build of swimmers.

conclUSionS

1. The value of horizontal flight velocity is a valuable indicator of swim start ef-
fectiveness. Competitors should strive to achieve the highest possible horizontal 
speed during flight.
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2. Larger morphological body dimensions in boys (mass and height) are conducive 
to shortening the start time (t15).

3. The adverse effect of increased body fat on the effectiveness of the push-off 
may be compensated for during the next phases of the start (e.g. through more 
favourable, deeper immersion under water).

4. The height of the hips on the block depends mainly on the values of the angles 
in the knee joints and much less on the length of the limbs.

5. Analysis of the collected material indicates that in future studies on the relation-
ship between swim starts and body build should also include the underwater part 
of the start.
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