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Abstract

A COMPARISON OF RACE PARAMETERS IN ICELANDIC SWIMMERS
WITH AND WITHOUT INTELLECTUAL DISABILITIES

A systematic relationship between intellectual disability (ID) and reduced motor
skill has not been shown. Athletes with ID are therefore no longer allowed to participate in
the Paralympics Competition. To examine the swimming movement of ID athletes, video
race analysis data has been collected. In short course races, swimmers with ID, although
experienced, were more likely to use a deviating race speed pattern than other non-ID
populations. This together with anecdotal evidence suggests that ID swimmers are not
only poorer performers but also demonstrate more unstable performance. The purpose of
this study was, therefore, to examine various aspects of race performance in ID athletes in
a long course 200 m freestyle race and see how these changed within and between several
races. This study included eight swimmers with ID and eight swimmers without
Intellectual Disability (WID). All swimmers were videotaped from above water during 3
competitive races spread over 3 months. End result, clean swimming speed (CSS) (8x),
turning and finishing speed, and stroke rate and length (8x) were measured and compared
within and between races and between groups. Both groups had similar training
backgrounds and competitive experiences, but the WID group performed relatively better
as compared to population world records. ID swimmers showed a greater (p<0.05)
between race variability in end result (3.11% +/- 0.89 vs. 1.75% +/-0.63) and in mid-pool
swimming speed. There was however no significant difference between groups in the
variation within the race in stroke length (p = 0.17) and no relationship between within
race variation in stroke length and absolute swimming speed. Swimmers with ID,
however, did exhibit a significantly greater within race fluctuation in stroke rate. This
decreases slightly but unsystematically with decreased swimming speed in both groups. ID
swimmers had relativity slower turns and showed more extreme values. On average ID
swimmers did not start or finish slower in relation to overall race speed but extremely poor

values were noted. In general ID swimmers showed less stable race patterns.



Utdrattur

Erfitt hefur verid ad syna fram 4 tengsl & milli skerts vitsmunaproska og
minnkadrar hreyfiferni. [préttamenn med vaega proskahomlun hafa pvi ekki eins og mal
standa i dag leyfi til ad taka patt i Olympiumoti fatladra (Paralympics). Pessi rannsokn
midar ad pvi ad rannsaka hreyfiferni proskahamladra (PH) sundmanna. Nakvaem
keppnisgreining (race analysis) gerd med samstilltum videoupptokuvélum.

i 25 m brautarlengd voru PH sundmenn liklegir til ad nota frabrugdid mynstur &
keppnishrada midad vid ofatlada sundmenn asamt pvi ad sveiflur & lokatima voru meiri.
betta, asamt 60rum ostadfestum visbendingum, bendir til ad PH sundmenn séu ekki adeins
haegari heldur lika 6stodugri i keppnisframmistddu sinni.

Tilgangur pessarar rannsoknar var ad rannsaka ymsar hlidar keppnisframmistodu
PH sundmann 1 200 m skridsundi sem fram fer i 50 m brautarlengd, og skoda hvernig paer
breytast innan hverrar keppni svo og a milli peirra. Sextdn sundmenn toku Dpatt i
rannsOkninni, 8 PH sundmenn og 8 sundmenn i samanburdarhop. Allir sundmennirnir
voru skodadir med videogreiningu 4 a.m.k premur sundmétum a priggja manada timabili.
Breytingar a lokatima, sundhrada, takatidni, takalengd, snuningstima, byrjunartima og
lokahrada voru skodadar innan hverrar keppni og 4 milli mota og bornar saman 4 milli
hépanna.

Badir  hoparnir  hofdu  svipadan  @finga- og  keppnisbakgrunn, en
samanburdarhopurinn var samt sem 4dur betri bedi i beinum samanburdi og einnig i
samanburdi vid heimsmetin i vidkomandi flokki. PH sundmennirnir h6fdu meiri mun &
milli hradasta og hagasta lokatima (3.11% +/- 0.89 vs. 1.75% +/-0.63) og einnig i
sundhrada og i pessum breytum var samspil (interaction) 4 milli mota og hops. bad var
hins vegar ekki marktekur munur & milli hopanna innan hvers mots i breytileika &
takalengd (p = 0.17) og engin tengsl & milli breytileika i takalengd og sundhrada. PH
sundmenn héfou samt marktaekt meiri sveiflur i takatidni innan hvers moéts. PH sundmenn
voru hlutfallslega lengur ad snua vid, en syndu ekki marktekt meiri sveiflur i
snuningunum. Ad medaltali voru PH sundmenn hlutfallslega ekki lengur ad byrja eda med
verri lokahrada en samanburdarhdpurinn en utlagar voru algengari i PH hopnum. Almennt
s¢0 voru PH sundmennirnir 6stédugri en samanburdarhépurinn 1 keppnisframmistodu

sinni.



Formali

Leidbeindur ad pessu 30 eininga meistaraverkefni voru tveir. Professor Erlingur
Johannsson vid KHI var adalleidbeinandi minn og vil ég pakka honum fyrir polinmaedi og
ad visa mér leidina i gegnum frumskog visindalegra vinnubragda. An hans hefdi ekki
mikid gerst i framvindu rannsoknarinnar og laerdi ég mikid af leidbeiningum hans. Annar
leidbeinandi var professor Daniel Daly vid KUL (Katholic University of Leuven) i Belgiu.
Rannsoknin var ad storum hluta byggd a fyrri rannsoknum professors Daly og sa hann ad
miklu leiti um faglegar leidbeiningar i framvindu rannsoknarinnar og var opreytandi vid
ad leidbeina mér i ymsum teknilegum utferslum & verkefninu. Einnig yfirfér hann alla
tolfreedivinnu i verkefninu.

Til ad kanna areidanleika melinganna skodadi Tina Vanneste meistaranemi vid
KUL nokkrar af malingunum og pakka ég henni kerlega. Sigurbjorn Arni Arngrimsson
désent, kom mér svo i gegnum erfidustu hjallana i tolfredi og kann ég honum bestu pakkir
fyrir. iprottasamband fatladra studdi mig mikid fjarhagslega og med fyrirgreidslu &
margan hatt i gagnaséfnuninni. Petta hefdi verio erfitt &n peirra adstodar.

A0 lokum pakka ég fjolskyldu minni sem alltaf studdi mig og syndi mér polinmadi allan

timann.

Heimildar kerfid sem notad er i ritgerdina er American Journal of Physiology.
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Introduction

General

Many studies have been done on the importance of physical activity and active
lifestyle both for the general public as well as people with some kind of disability (6; 10;
26). Further many more studies have been done on elite athletes and their performance,
but relatively little work has taken place on elite athletes with disability. The present study
deals with athletes with intellectual disability (ID) who work hard to achieve good results
in their sport, just as any ambitious athlete does.

The ability to participate in sport in a comfortable and confident manner is
important for most people, including persons with ID (6; 37). Many persons with ID take
part in sporting activities on a recreational basis for social contact as well as to maintain
and improve general health. In Iceland where this study took place there are over 20 sport
clubs that offer specialized sport programs for persons with disabilities and there are over
500 registered participants in these clubs (4). It is likely that there are many more disabled
athletes taking part in organized sport without being registered as disabled in a population
specific club. Approximately half of the population who takes part in sport for disabled
athletes in Iceland is individuals with ID (4).

Individuals with ID are characterized by cognitive limitations as well as functional
limitations in such areas as daily living skills, social skills and communications (28). Often
IQ tests (like Wechsler) are used in the beginning to determine if an individual can be
classified as ID. If a person is two or more standard divisions from the mean (IQ<70) then
he/she is considered legally ID (29). In today’s complex society, however, these
individuals are looked at much more closely and a multidimensional profile of their
strengths and weaknesses is usually determined. These dimensions are usually divided into
five categories (28).

Intellectual ability

Adaptive behaviour

Participation in everyday life

Health (mental and physical)



Context (involves the interrelated conditions within which people live their

everyday life)

Each dimension is scored and it is then determined if the individual can be
considered to be intellectually disabled within the society (28).

Some studies, like that done in northern England in 2004, have shown that a
sedentary lifestyle is more likely to be found with people with ID than otherwise healthy
persons (20). This is mainly due to the complexity and speed of present-day society and
persons with ID have difficulties coping with this (19). The available evidence base
strongly supports a high need for the establishment of community based, easily accessible
physical activity programs for all children and adolescents in today’s modern society (26)
but even more so for individuals with ID (23; 28).

However, most children with mild and moderate ID differ very little from
otherwise healthy children in their outward physical characteristics. Although most
children with ID display developmental motor delays, they are often more limited when it

comes to attention and comprehension (10; 28).

Competitive sport for ID

Some individuals with ID like many other athletes choose to take part in a
competitive sport program. Although physical activity might be considered to have a
recreational character for some individuals, the purpose for many is clearly to win races
and not only to participate. A variety of factors will then come into play when a person
with ID strives to optimize his or her sport performance. (Like all other athletes) Physical
fitness (training), use of correct techniques (knowledge), adapting optimal race strategies
(experience), suitable nutrition and rest as well as an environment conducive to proper
training are needed to achieve a maximal level of performance (30). When an athlete
strives to maximize his or her potential, much work is needed, both mentally and
physically (34). Effectively including persons with ID in sports competitions not only
requires in-depth knowledge of their physical skill acquisition, physical fitness, social skill
development and overall functioning, but also of their mutual relationships and the

interaction of the cognitive and neuropsychological potential of these sportsmen (29). A



complex and unsafe environment has been shown to be less productive than an
environment in which people can fully comprehend and feel safe and comfortable (1).

For some years individuals with ID have taken part in internationally organized
sport events (2). These events, like the Paralympics games organized by IPC and Global
Games organized by International Sport Federation for Persons with Intellectual Disability
INAS-FID as well as many regional and national championships, all have the same rules
as those organized for able-bodied persons (2). These events, which can be very complex
and stressful are set up and run to find out who is the best among this population of
individuals and should not to be confused with the large sporting event called Special

Olympics, where the greatest achievement is, without doubt, to take part.

Eligibility

An additional problem that presents itself when competition is involved is that of
eligibility or minimal disability. What should those athletes who compete as ID have as a
minimum in common? Who can and who cannot take part? And more importantly, what
kind of testing is needed to determine this? Presently eligibility for participation in

competition organized by the INAS-FID is evaluated on the following standards (2):

e Minimum age requirement for international competition as set by international
sport governing body (2).
o This simply means that the same age restrictions are set for ID athletes as in

all other international sports and this can vary from sport to sport.

e Intellectual disability formally diagnosed in accordance with accepted standards
endorsed by international authorities in this area.

o The second criterion further incorporates three requirements. a) There must
be significant impairment in intellectual functioning as indicated by a full
scale score of 74 or lower on an internationally recognized and
professionally administered IQ test. b) There should be significant
limitations in adaptive behavior as expressed in conceptual, social and

practical adaptive skills established through the use of standardized



measures that have been norm-referenced on the general population
including people with disabilities. The Sport Information and
Consequences Questionnaire, SIC-Q is the main source of information for
showing how and in what way an athlete’s intellectual disability affects
sport. ¢) Finally ID must be evident during the developmental period,

which is from conception to 18 years of age (2).

e Evidence of the effects of an athlete’s intellectual disability in sport needs to be
presented.

o In two Paralympics Games, Atlanta 1996 and Sydney 2000, athletes with

ID competed beside athletes with loco-motor disabilities and visual
impairment (in the swimming classification S14). After the Sydney Games,
however, the International Paralympics Committee (IPC) asked for a
review of this point (4). The IPC classification code states that to be
eligible for Paralympics sport, an athlete must have a diagnosed physical,
sensorial or intellectual condition that causes a permanent, objective and
measurable impairment that has a verifiable effect on sport performance

(24). At present the IPC does not accept athletes into Paralympics because

of lack of evidence for this statement, but they recognize that progress has

been made in the right direction (3).

In practice, this means that INAS-FID is not a full member of IPC and athletes
with ID can therefore not take part in the biggest events held for disabled athletes such as
the Paralympics Games, and will most likely not do so until more studies have shown

clearly that ID affects the ability to perform at elite level.

For over seven years the National Paralympics Committees (NPC) from all over
the world has argued about the way in which this situation should be approached. In many
ways this situation is not only affecting the athletes with ID, but also the physically
disabled athletes and visually impaired athletes who wish to take part in the Paralympics

and/or world championship competitions in many disability sports. These big sports
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venues can only host fixed number of athletes which means that [IPC must allocate certain
number slots to each disability group beforehand. It is clear that the group including
athletes with ID is one of the largest disability groups, and would therefore take up many
slots in these sporting venues, which in turn means that there can be fewer athletes from
the other disability groups taking part in these big venues. Some delegates from certain
NPCs have said that athletes with ID should not be in IPC regardless of all research and
statistics; while most NPCs point out that IPC is for all athletes who can’t take part in
mainstream sport competitions, and agrees that ID athletes should be in the IPC as soon as
it has been clearly established that their disability affects their ability to perform in their
sport. Further, most NPCs agrees that a better classification protocol needs to be
established. It is therefore of great importance for these athletes that a study, like this and

many more will be conducted as soon as possible.

Studies on high performance ID athletes

The work here is a continuation of the first steps taken in swimming with respect to
dealing with the question “Is there a relationship between intellectual disability and
physical peak performance” that is not linked to lack of training or intrinsic talent for
sport. Previously a large scale project was set up at the Global Games, a multi sport world
championship for persons with ID held at the same venue (basketball, football, swimming,
table tennis and track and field) (40). Here a first round of general as well as sport specific
testing was done. Results showed that in comparison to population without intellectual
disability (WID) data, both male and female Global Games participants scored better for
flexibility and upper body muscle endurance, but had similar or lower values for running
speed, speed of limb movement and strength measures compared to age-matched physical
education students. Male athletes with ID scored better for running speed and flexibility
and poorer for strength. Female athletes with ID were not different from able-bodied
individuals for flexibility, running speed and upper body muscle endurance, but scored
less well for strength measures (40). Athletes with ID also had poorer cardio-respiratory
endurance capacity compared to sportive peers without ID (40). Within this group of
athletes, swimmers were younger, more flexible, had better cardiovascular fitness in a

running test but scored lowest in explosive leg strength.
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To study swimming movement in more details, video race analysis data was
collected on 89 elite male and 81 elite female swimmers with (ID) at the Global Games
2004 (13; 40; 43). Similar study was done at the Paralympics Games in Sydney 2000 (16)
and more recently at the world championship in swimming for ID in Belgium 2007
(Article in review). These studies have mainly shown that the ID swimmers have similar
race pattern as WID elite swimmers competing both at local sport meets as well as in
major swimming meets like the Olympics, in 100 m freestyle race. Their swimming speed,
stroke rate and stroke length changes in similar ways for both groups (13). On the other
hand, all variables were of less amplitude, swimming speed was slower, stroke length was
shorter and stroke rate was slower for ID swimmers despite similar physical characteristic
of both groups (13; 40). The likelihood of something going totally wrong, (outliers) like
totally missing a turn or being disqualified were also much higher in the ID group and the
coefficient variant in between race performance (CV) is much higher in the ID groups
(13).

A small study to examine the training behavior of top ID swimmers was done on
30 swimmers with ID from four different countries competing at BSE British Open
swimming championship for disabled in the year 2006 (unpublished data.) The result from
this study showed two main points, first that swimmers with ID who trained most (about
45 km/week) performed best at the meet, and indeed one male swimmer set a new world
record in 400 m freestyle, and secondly that all ID swimmers from all the countries that
took part in the investigation did relatively little land training, or on average about three

hours a week in total including activities in their free time as well as school sport.

Presently, however, studies have been limited to in-depth investigations on ID
swimmers at one single meet, and few follow-up studies have been done on ID swimmers.
Recently, however, a follow-up study was done on swimmers with ID during repeated
races of 200 m freestyle in a 25 m pool (short course). This study indicated that ID
swimmers showed a greater between race variability than the control group in end result
and mid-pool swimming speed. They also showed a greater variation in the relationship
between change in stroke rate and change in swimming speed. ID swimmers had not only

a shorter stroke length but also a lower stroke rate. ID swimmers turned slower and were
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generally poorer and more unstable in the turns. They had more problems with the tumble
turn than with pushing off from the wall. On the average, however, ID swimmers did not
start or finish slower compared to the end result but extremely poor values were noted in

this group, which were not seen in WID swimmers (42).

Elite performance

By looking at competition histories of both ID and WID athletes, anecdotal
evidence suggests that ID swimmers are not only poorer performers but also show a much
more unstable performance within and between races. They have less sense of race pace as
suggested by previous findings, have slower reaction time (starting) and are more likely to
perform complex tasks, like turning, incorrectly. They are not able to perform optimally at
the critical moment. None of this, however, has been substantiated.

One study was done on young cyclists (15 year old) with ID and a control group of
similar background. The result showed that the ID group scored significantly lower than
their able body peers in post exercise blood-lactate and maximal power on a Wingate
Anaerobic test. Their performance was also significantly more variable in repeated tests.
That is, the ID group had much higher coefficient variance (CV) (9). The author suggested
that the ID boys had fewer fast twitch muscle fibers but he also pointed out that there are
no available data (in the year 2002) on muscle fiber profile of persons with ID.

People with mild ID (IQ=55-76) have also been found to be significantly more
effected by interference during performance of a dual task (32). This could indicate that
swimmers as well as other athletes with ID have poorer motor control when their stress
level and other interfering factors might come into play. This again can lead to less stable
performance, for example in starting, turning and swimming speed.

Many other authors have concluded that expertise in sport can be evaluated based
on the stability of performance among other factors (7; 25; 36). The more stability in the
performance the more advanced is the athlete (25). Stability in end result defines elite
performance, but not necessarily when human motions are looked upon in close detail.
Expert athletes seem to have the ability to compensate for small variations in their
movement to maximize their end result with great stability (7). By looking at results from

over 200 swimmers at national level without intellectual disability (WID) who did
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repeated races with three weeks interval, it was shown that the mean difference between
the end-result in the two races was 1.4% and on average faster swimmers had significantly
less difference than the slower swimmers (38).

Similar results can be found in data available on www.swim.ee from Rein Haljand
(22). He has carried out race analysis at numerous European championships in swimming
both for senior and junior. All swimmers at this level show great stability in repeated
measures, not only at end result, but also at how the race was performed. Stroke rate,
stroke length and turning time variables are all stable for elite swimmers on international

level.

Relationship between stroke variables

Several studies on elite WID freestyle swimmers have been done on the
relationship between clean swimming speed, stroke length, and stroke rate. Most studies
agree that differences in stroke length have a greater influence on swimming speed than
differences in stroke rate between two swimmers (5; 8; 11; 12; 27). However swimmers
will try to manipulate their stroke rate to cause short term changes in swimming speed.
Similar results have been reported in elite freestyle swimmers with a locomotors disability
(16; 35).

However, swimmers with disabilities have usually demonstrated more diverse
combinations of stroke length and rate at a given swimming speed than did their WID
colleagues (13). The relationship between intermediate swimming speed at various points
in the race and overall race performance has also been examined. In addition, within race
speed changes related to stroke length and stroke rate changes have been studied. In 200 m
freestyle races speed in the second half of the race has the best correlation to overall
performance (31), but in general, both swimming speed and stroke length decreased as the
race progressed while the stroke rate was more fluctuating and often picked up at the end

of race (5).

Turning in swimming
Turns are one of the more complex skills in swimming. Even though tumble turns

are done repeatedly in practice and in races, every turn needs to be judged and performed a
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little differently each time. The fact that a good swimmer travels over two meters in each
stroke means, and that the swimming turns need to be performed at a distance from the
wall that depends on the swimmer’s size and swimming speed makes it very complex task.
This requires the swimmer to make many decisions based on many variables every time he
or she performs a tumble turn (39). In swimming literature, turning begins 5 m before the
swimmers reach the wall. It is at this point that the swimmers start to line themselves up to
make the actual tumble turn, and this can in fact reduce the swimming speed if not
performed correctly. After that the push off phase takes over, where many good swimmers
easily travel between 10 and 15 meters under water before they start to swim again.
Usually the first 10 m are used as a reference point to determine the end of the turn (22).
This means that in a 200 m race in a 50 m pool (3 turns) 45 m (or 22.5%) of the total race
distance is turning. The fact that elite European swimmers spend on average 21.65% of
their time in turning in 200 m freestyle in 50 m pool (22) shows that turning is relativity
faster than other section of the race. This is mainly for the high speed the swimmers can
get when pushing of the wall. ID swimmers have been shown to spend relatively more
time doing their turns than WID swimmers at least in 100 m races (13; 17; 18). Turning
and specially pushing off is considered very important factor to perform well in
competitive races (29). Further, elite WID swimmers have shown great stability in their

turning performance, where between races changes are about 1.5% (22).

Summary of previous studies

In general we know that ID swimmers can reach similar or better fitness levels as
that of university students of the same age and gender (40). The main difference in their
fitness level is that they seem to have less maximal power and strength (9; 40). They seem
to respond to training the same way as WID athletes (the best swimmers trained the best),
but train a little bit less and are less fit in general than elite WID swimmers (13; 40).

All race patterns in the 100 m freestyle swimming race look the same for ID as
WID swimmers. The speed is highest in the beginning and the stroke length is longest
early in the race, and both these variables decline steadily through the race. Stroke rate is
highest in the beginning and declines towards the end of the race; although many

swimmers try to increase it again to compensate for a shortening stroke length, and thus
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maintain swimming speed. However all variables are smaller with the ID swimmers. They
swim slower, they take shorter strokes and have slower stroke rates (13; 14; 15; 16).
Outliers happens more frequently with ID swimmers, extreme values are regularly
reported in turn time, stroke rate and stroke length (13; 17).
There is also evidence that ID swimmers are less stable in their performance and
more likely to deviate from their normal race pattern if they are interrupted or something

unexpected happens (9; 32).
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The aim of this study

Several studies have indicated that athletes with ID demonstrate instability in
performance in several components of a competitive race. Until now only one preliminary
study has attempted to quantify this instability over and within several complete
swimming races. The purpose of this study was therefore to examine various aspects of
race performance in ID athletes in an intermediate distance freestyle race (200 m = 150 s —
180 s) and see how these changed within and between several races. In addition, a control
group of athletes without ID was also included who swam the same distances at the same
competitions. For logistical reasons all swimmers were from the same small country. This
eliminates some educational and social background questions which might otherwise arise.
This also provided easier access to training background information as well as informed

consent.

The following research questions will be investigated:
1. Is there a difference in physical capacity between experienced and trained ID and
WID swimmers?
2. Do swimmers with ID show greater variance between meets in end race results than

swimmers without ID in 200 m freestyle race?

If question two proves to be true:

3. Are greater end race result variations in ID swimmers due to greater variation in
Clean Swimming Speed and is this due to variation in stroke rate and/or stroke
length?

4. Or are end race result variations more due to variations in more complex tasks such

as turning than to other parts of the race?
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Method

Study population

Participants were five male and three female competitive swimmers with
intellectual disability (ID) and four male and four female competitive swimmers without
intellectual disability (WID). All volunteered to take part in this study. All swimmers or
their guardians signed informed consent and the study was approved by The National
Bioethics Committee. The swimmers with ID were all members of the Iceland national
team for this population but not all freestyle specialists. Further all swimmers in the WID
group were national team swimmers, either junior or senior, at the time. All ID swimmers
had been classified as being eligible for participation in this category by the INAS-FID.
The complete details of this procedure can be found at INAS-FID webpage
http://www.inas-fid.org/pdf/INASIPCapplication.pdf (2).

Protocol

In this study all participants were asked to swim 3 or 4 * 200 m freestyle races in
local or nationally organized competitions in 50 m pools (long course). The race was thus
4 pool lengths with a start, three turns and a finish. All the races took place in the same
pool in a three month period from January to March 2007. In general all participants swam
in the same pool on the same dates. All the race analysis was done during organized
competition, either meets held especially for disabled or meets open for all swimmers. All
swimming meets were official meets held under FINA and/or IPC rules and approved by
the National Olympic Sports Association of Iceland (ISI). After each race, swimmers were
asked to judge their effort on the Borge scale from 1 to 20 (33). Races scoring lower than

17 where discarded as being too slow and not used in the study.

The Borge scale has been used and validated over many years as a good tool for
athletes to judge their own effort, both during practices as well as in races. The scale
ranges from 1 — 20. Level 6 is total relaxation when awake; level 10 is light exercise, level

13 is hard, level 17 is very hard and level 20 maximal exertions.
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In those cases that swimmers had four good swims the three fastest where chosen

to be analyzed.

The swimmers were aware of the videotaping but did not receive any feedback on
results until all three races were over. None of the participants who took part in the study
received any guidelines prior to any race from the researcher, neither to swim the events at

a certain race pace nor tactical information beforehand about each race.

Analysis of the 200m freestyle race
In general the same method was used as Daly ef al/ (2005) in their study at the
Global games 2004 and at the Paralympics games at 2000 in Sydney (13; 16).

Four 25 Hz digital video cameras (Sony Handy Cam 160) were placed perpendicular
to the swimming direction, approximately 4-6 m away from and 3-m above the edge of the
pool. Two cameras were placed 7.5 m from the turn ends (to cover the 5 m, 10 m, 40 m
and 45 m), one camera 15 m from the start and one at the 25 meter mark (mid pool)
(Figure 1). These reference lines have long been used by scientists to perform race
analysis in swimming (14). At least 3 stroke cycles should be visible for all swimmers on
cameras 1, 3 and 4. This is a new pool and has recently been approved by the Icelandic
Swimming Association (SSI) and FINA as a legal pool, which in turn means that all

(reference) markings on the pool deck needed for this study were accurate.
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Figure 1: Overview of the setup in 50 m pool with camera placement.
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It was essential for camera synchronization that the start signal itself be recorded on
the sound track of all cameras. It was also helpful if the starting light was visible in the
cameras. The delay of the sound traveling to the cameras was calculated and taken into
account when processing of data began (max 35 m from start end to camera 4). This sound
track also included the race announcer’s voice so that there was a double check of which
race was in view. An electronic copy of all competition results was available from the
server of the timing equipment after each swimming meet.

A commercial software program (Adobe Premiere 1.5) was used to help analyze the
video pictures. First the video footage, including sound track, was captured directly into
the computer for the entire race duration. Using the captured pictures the following frame

codes were registered (manually) for every lap of the race:

e The moment the middle of the swimmers head reached the 15 m mark following

the start or 10 m after each push off.

e The beginning and end of 3 arm strokes approaching the mid-pool line.
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e The moment the middle of the swimmers head passed the 25 m mark in the middle

of the pool.
e The beginning and end of 3-4 arm strokes approaching the turn.

e The moment the middle of the swimmers head reached the mark 5 m before a turn

or finish.

In addition the first video frame with start signal was registered from the captured tapes

from all cameras.

An arm stroke cycle in freestyle is the time from one hand entry in the water until
the following entry of the same hand. Two distance reference lines were visible in each
camera view. Lines were visualized using markers on the plastic floating lines separating
each competition pool lane and by drawing a line over the screen of the computer, with
Adobe Premiere software.

Frame count recording was carried out by experienced persons. Double analysis of
a race showed maximum errors of one frame count, 0.04 s, for any race section time or
stroke count between and within analysis personnel. Minimum number of whole strokes
recorded was 3 (minimum 80 frames) and section distance lasted at least 4 s (minimum
100 frames). All frame counts were entered into the Excel program and the race was

divided in to & sections free of turns and starts.

Sectionl | Section2 | Section3 | Sectiond4 | Section5 | Section6 | Section7 | Section&

10-25m 25-45m 60-75 m 75-95 m 110-125m | 125-145m | 160-175m | 175-195m

Clean Swimming Speed (CSS), Stroke Rate (SR) and Stroke Length (SL) were
calculated in all 8 sections of the race. Three 15 m Turn Times were also calculated from
the point of 5 m before turn to 10 m after turn. In addition using the split or interval wall
contact times, a turn time could be split into turn-in (5 m) and turn-out (10 m).

CSS is calculated by using the distance traveled and divide it by the time it to took to
swim it. The Stroke Rate (SR) or frequency is the number of arm movement
cycles/minute. Three whole arm cycles were timed (t= time in seconds) and then the SR

was calculated by
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SR = (60:3) (Formula 1)

When stroke rate and swimming speed are known one can determine the distance

covered per stroke cycle (Stroke Length=SL).

sL =52 (Formula 2)
SR

The Finish Time is the time of the final 5 m of the race. Several additional
accuracy checks were built into the digitizing system. Total race times were estimated
from the sum of all calculated race-segment times (including starting, turning and
finishing) and compared to the actual race times obtained from the official timing system.

This means that the measurement error maximal is around 0.5%.
(1 frame) + 2) = 100 (minimum frames in each interval) (Formula 3)

All videotaping where saved directly onto a computer but a back up was saved on a
tape. This method saved 33% time. Without direct capture to computer, the analysis of one

race with 8 swimmers took up to three hours.

Quantifying Race Speed and Stroking Patterns

Race patterns were described as the percentage changes in speed between adjacent
race segments within a single race. This was also done for stroke rate and stroke length.
Several other indexes were also calculated with the data to allow comparison between
groups. Turn index was calculated as percentage of total race time, both as total turn time
as well as single turn time. A Turn-in index and Turn-out index is the turn-in or turn-out
speed/entire turn speed. Turn in-out index is turn-in/turn-out. Start index and Finish index

are start and finish speed divided by the total race time.

Level of Competitiveness

To define level of competitiveness or performance, swimming times were given a
score, using the method often used in swimming meets to compare results in different
events and different gender. This method has also been used by Daly ef al in several

research papers on Paralympics swimmers (15). The method uses the following formula:
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World record (s)*10
time (s)

points = (. "3 (Formula 4)

World record in our case is based on gender and class.

This same formula is used in the software that was available from KUL (Catholic
University of Leuven) except instead of the world record they use average performance of
550 European swimmers, and correlate for different physical characteristics of each
swimmer. This method is not as widely used because physical characteristics of swimmers

are not always available.

General physical fitness measurements

All participants took part in swim-specific dry land physical fitness testing.
Seventeen body structure measurements (appendix A) were taken, ten flexibility
measurements were done and nine static strength measurements were carried out. Age,
gender, and swimming stroke were related to norm scales based on 550 European level
competitors to evaluate the general fitness level. Software was available from KUL
(Catholic University of Leuven) to convert the individual raw data to percentile index
scores corrected for age and body and limb size and length. These indexes have been
shown to be related to swimming speed (41). These scores were again used to calculate the
swimming performance level of the swimmers. That is, each swimmer was compared to a
population of swimmers with similar body characteristic. All fitness measurements were
done prior to the first race in January. The Researcher visited the training venue of the
participants and conducted the measurements in the land training rooms of the respective
clubs or at a local gym for two of the ID swimmers. All the measurements were finished
the location, except for the flexibility measurements, in which case the swimmers were
videotaped and flexibility measures were made afterwards using commercial software
KINE view 2.1.

The use of this method allows the researcher to compare the performance of two
swimmers in more detail than otherwise is possible. The software correlates for different

body characteristic, strength and flexibility, before it gives individuals performance score.
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Flexibility measurements

All flexibility measurements were done with KINE view software. Participants
were videotaped doing the excersises and later analysed in the computer.

In the ankle flexion measurement, swimmer sits upright on the table with the legs
fully extended, feet together and ankles maximally (dorsi) flexed. Reference points are
drawn on both legs in the middle of the bony projection: of the outside of the ankle
(medial malleolus) and of the lower outside of the knee (head of fibula) (table 1a).

In the ankle extension measurements swimmers sits in the same position as ankle
flexion, the swimmer extends the ankles (plantar flexion) maximally. (Reference points on
the medial malleolus must be adjusted for movement of the skin) (table 1b).

In the Ankle supination measurements the swimmer is sitting upright on a table,
legs extended and heels on the table. The ankles are flexed in a position allowing
maximum supination (foot soles pushed toward each other) (table 1c).

In the Ankle outward rotation measurements the swimmer is sitting, feet together,
knees and ankles at 90°. With the knees held together by an assistant, the swimmer rotates
the feet outward on the heels as far as possible and sets the feet flat (in one movement). No
further adjustment is allowed (table 1d).

In the Hip outward rotation measurements the swimmer is standing, feet together,

leaning against the wall with his outstretched arms. In one motion, he sets his weight on
his heels and rotates his feet outward as far as possible, setting his weight back on his feet.
The knees remain extended at all times. No further adjustment is allowed (table Ie).
In the Hip inward rotation measurements the swimmer is standing in the same manner as
in hip outward rotation. In one motion, he sets his weight on the balls of the feet and
rotates his heels outward as far as possible, setting his weight back on his feet. The knees
remain extended at all times. No further adjustment is allowed (table 1f)

In the Shoulder abduction measurements the swimmer lies on his chest on a table.
The throat is just touching the edge of the table. The arms are extended out to the side
(precisely 90° to the trunk) and lifted as high as possible with the palms facing downward
(table 1g)
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Table 1. Measurement method in flexibility measurements.

Measurement

Description

[llustration

Ankle flexion

The angle between the foot sole and the lower leg

is measured for both legs.

Ankle extension

A line is taken along the edge of the foot sole from
the small toe to a point just before the heel begins

for both legs.

Ankle supination

The goniometer is placed flat against the soles of
the feet at the deepest point, while being held in a
90° angle to the foot.

Ankle-outward

rotation

The goniometer is placed flat against the

inside edge of the feet.

Hip-outward

rotation

The goniometer is placed flat against the inside

edge of the feet.

Hip-inward

rotation

The goniometer is placed flat against the inside

edge of the feet.

Shoulder

adduction.

The goniometer is placed flat against the inside

edge of the feet.

K@@ﬁ%%@
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Strength measurements

The strength measurements were all done on location using: Calibrated spring
scale with large readout and a hand that remains in place after the measurement (max 100
kg - 0.2 kg accurate), hand dynamometer, calibrated bathroom scale.

In the pull-push measurements swimmer sits on a chair with the pelvis stabilized
by an assistant. One arm is held horizontal to the shoulder with the elbow at 90°. The
forearm is set with the strap placed against the elbow bent. The free arm is completely
extended to the side at shoulder level and a support is grasped (table 2a).

In the push (triceps) measurements the swimmer stands upright with the back
against the wall. He grasps the hand grip, so that the angle between the upper and lower
arms is 90°. The shoulder and elbow are stabilized and controlled by an assistant, who also
checks the horizontal position of the forearm and the extended position of the wrist (table
2b).

In the upward lift (latissimus - triceps) measurements the swimmer lies on his back
on the table. In one hand he takes the handgrip with the thumb against the thigh. He
stabilizes himself sufficiently with his other arm (table 2c).

In the Squeezing (pectoralis) measurements the swimmer is standing erect holding
the scale vertically at chest level (table 2d).

In the hand grip (hand and fore-arm flexors) the swimmer is standing with a
dynamometer in his hand hanging at his side. The dynamometer is adjusted so that it rests
in the palm between the base of the thumb and the fold between the second and third row

of phalanxes (table 2¢).
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Table 2. Measurement methods in strength measurements.

Measurement Description [lustration

Pull-push Push as hard down as possible, with shoulders level

(latissimus- at all time. Repeated for both arms. --?

pectoralis) —\ l%

Push (Triceps) Push as hard down as possible with elbows '_I
remaining at the side all time. Repeated for both ]
arms. (\E

Upward-lift Push as hard down as possible with hips level at all

(latissimus time. Repeated for both arms. A 4

triceps)

Squeezing Keep the elbow level all the time.

(pectoralis)

Hand grip Keep the arm straight all the time. Repeat for both

(hand and fore- arms J

arm flexors)
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Questionnaire

All participants filled in a training background questionnaire with the aid of their
coach. The questions concerned years of training, quantity of training last year, dry land
training, facility access, and financial assistance (Appendix B). Participants were asked to
evaluate all their dry-land training aspects, not only what they do with their swimming
group, but also if they were doing something else, like in school or in other sport,
organized or not. This is the same questionnaire that has been used in several occasions

(13; 40).

IQ values

ID swimmers who wish to participate on international swimming meets must
submit their 1Q-test papers to the governing bodies of INAS-FID and IPC. Those 1Q
values were also collected in this investigation for later comparisons. These values were
however only available for ID swimmers so they were not used much in the comparison of

the two groups.

Statistical procedure

Several statistical steps were taken to fully examine the data collected. To describe
the participants, means, standard deviations, and minimum and maximum values were
determined as well as the coefficient of variation (CV = SD/M). Differences between the
groups were examined for race segments speed, stroking variables as well as body

characteristics and physical test results using student t-tests.

For the further analysis the results were ordered from best (day 1) to slowest (day 3)
end race result. Cluster analysis was conducted (Centroid) to determine if there were any
general groupings of swimmers with similar race patterns or to isolate swimmers with
unusual patterns. Input was the percentage changes within the race in adjacent race
segment speeds. Within-race changes in race-section swimming speed, stroke length, and
stroke rate were evaluated using repeated measures ANOVA (p < 0.05) for race segment
with interaction for class (group). When sphericity was not assumed, Greenhouse- Geisser

correction was used to determine the statistical significance.
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Three levels of correlation analysis were potentially applied. In an across-race
analysis the total race time was correlated with a race segment time. In a within-race
analysis, a total race time was correlated to a change in speed within the race, (e.g. a
percentage speed change between adjacent race sections). In a between-race analysis a
percentage change between two races (heats to finals) e.g. in total race time, was
correlated to the percentage change in a segment time or stroke length. Within race
changes in stroke rate or length were also related to within-race changes in speed.
Correlations were calculated using the entire group of swimmers available and in grouping
swimmers in a category (able bodied, visual, intellectual, loco-motor, able bodied youth).
To the extent that these changes are related to race success, they can also be related to the
body characteristics of the swimmer.

For correlation analysis, swimming times were converted to speed
(distance/swimming time) or to a point score based on the event world record (41). In this
way, a better performance was always reflected by a higher value. In addition, the point
score for competitiveness provided a more normal distribution of swimming times.

To analyse the correlation within each race, changes in speed, stroke rate, and stroke
length, were calculated between each segment. Spearman’s correlations were then used to
estimate correlation between speed and stroke rate and speed and stroke length, for each

race.
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Results

Participants

Sixteen individuals voluntarily took part in this study, eight swimmers with ID
(three women and five men) and eight swimmers WID (four women and four men). The
swimmers with ID had all passed the INAS-FID protocol (IQ-testing and completed the
questionnaire) for eligibility for international participations in ID sport. They were also all
members of the Icelandic national team for this population and with one exception were
all freestyle specialists. Six WID swimmers were also part of the Icelandic national team
and again with one exception all were freestyle specialists. As can be seen in Table 3,

swimmers in both groups were of similar age, height and weight.

Table 3. Means, standard deviations and p-values for the main descriptive characteristics

of the study population, for swimmers with- and without Intellectual Disability.

ID (8) WID (8) statistical-value
Age (years) 18.9 (+/-3.7) 17.6 (+/-1.7) Ns
Height (cm) 173.6 (+/-9.2) 174.3 (+/-15.6) Ns
Weight (kg) 66.5 (+/-10.7) 71.1 (+/-10.4) Ns
Body fat (%) 14.7 (+/-7.3) 13.7 (+/-6.5) Ns
BMI 22.0 (+/-2.7) 23.4 (+/-1.3) Ns
Training years 8.1 (+/-1.9) 8.8 (+/-3.2) Ns
Hours in pool/week 13.1 (+/-1.9) 16.9 (+/-1.1) *
Km/week 32 (+/-8.3) 49 (+/-2.5) *
Best times (2006) 2:48.59 (+/-16.3)  2:07.38 (+/-4.9) *
Best score (2006) 482 (+/-88) 638 (+/-38.1) *
Total Races last year 85 (+/-8.1) 80 (+/-5.5) Ns

*p<0.05 Best score is here calculated by using formula 4 (pages 23). World records are

selected for each group and gender.
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There was no statistical difference in body fat, BMI or in how many years the
swimmers had trained or in their competitive experience.

WID swimmers were as expected faster than their colleagues with ID. When
performance level is represented in a point score based in the group world record, WID
swimmers also come out better (p<0.05). In short WID swimmers were both better in
absolute, and relative terms. WID swimmers swim both more hours and more kilometres
each week. Only ID swimmers who take full part in a WID program practiced twice a day.
The results in table 1 show that WID swimmers swims about 2.9 km/h while ID swimmers
do 2.4 km/h in the same period (p<0.05). This relates directly to the higher swimming
velocity of the WID swimmers.

Most ID swimmers were in the same program as the WID swimmers and trained
almost exclusively with the WID swimmers who also took part in this study. Only two
swimmers with ID did not swim at all with WID clubs. All other ID swimmers took part in
the same swimming sessions as their WID swimming peers, had the same coaches and the
same facility. All swimmers, both ID and WID, had a short and long term training plan in
progress and regularly had race simulations as part of their water sessions.

WID swimmers take part in approximately 14 swimming meets a year, some of
which were spread over several days. They therefore swam between 80 and 100 actual
competitive races each year (Table 3). The ID swimmers in WID clubs had, in some cases
done more racing than the WID swimmers, as they took part in all club competitions for
able bodied swimmers but also competed in 2 to 4 meets with the population national
team.

When it came to accessibility to training facility, there was no difference in the
groups. Both ID and WID group have are using the same facility in the water and on land
when it came to strength and flexibility exercises.

None of the swimmers received any official financial support, but all swimmers had
some support for training equipment and some travel costs were covered , either by SSI

(Icelandic Swimming Association) or by IF (Icelandic Handicapped Sport Association).

When the participants land training habits were examined large differences did

appear (Table 4). Dry land endurance included all activity on land that could be

31



categorized as endurance training for this population (running, biking, field games etc.).
All swimming clubs in Iceland do some kind of endurance training on dry land each week,
except the clubs exclusively for ID swimmers. Furthermore few of the ID swimmers in the

WID swimming programs took part in the land endurance training.

Table 4. Land training habits and physical characteristics for swimmers with and without

Intellectual Disability.

ID (8) WID (8) statistical-value

Endurance (h/week) 0.5 (+/-1.1) 2.1 (+/-0.6) *
Flexibility (h/week) 1.7 (+/-0.5) 1.8 (+/-0.3) Ns
Strength (h/week) 1.3 (+/-1.1) 3.9 (+/-0.4) *
Flexibility score (%)
Ankle flexion 57.1 (+/-24.5)" 71.0 (+/-23.2) NS
Ankle ext. 55.1 (+/-21.6)" 47.9 (+/-18.1) NS
Ankle sup. 71.2 (+/-18.3) 55.4 (+/-17.1) NS
Ankle outward rot.  38.3 (+/-13.1) 40.5 (+/-14.2) NS
Hip-outward rot 37.5 (+/-11.6) 45.4 (+/-13.8) NS
Hip-inward rot 42.5 (+/-13.7) 45.4 (+/-19.0) NS
Shoulder ad. 47.5 (+/-11.4) 40.4 (+/-12.5) NS
Strength score (%)
Latiss, pect. Push 41.1 (+/-11.9) 21.9 (+/-18.6) *
Triceps push 65.1 (+/-20.1) 28.9 (+/-15.4) *

*

Latismus push
Pectoralis squeeze

Forearm

61.4 (+/-17.3)"
62.5 (+/-11.1)
71.1 (+/-19.6)*

40.3 (+/-21.5)
49.9 (+/-10.1)
33.9 (+/-23.7)

*p<0.05 a=average for left and right limb.

All score results in the table for flexibility and strength are score based on the body

characteristic, age and gender from 550 WID swimmers in Europe (41).

There is a large and a statistical difference in the amount of strength and endurance

exercises the groups do on land but very little difference on flexibility training (Table 4).
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There is no statistical difference in any flexibility score between the groups, and they
are in fact almost identical. Only three of these flexibility measurements (ankle extension,
ankle supination, and shoulder abduction) have been shown to be important to
performance in freestyle (41) and in all of these measurements the ID swimmers are
actually slightly better although it is not statistically significant (Table 4). On the other
hand there is a great difference between the strength measurements, and there is always a
statistical difference between the groups. All of these strength measurements have been

shown to be important to performance in freestyle swimming.

In a pilot study done on the same ID population plus 22 other top level ID swimmers
from all over Europe, competing at BSE international disable swimming meet in Sheffield
England 2006, similar results were found regarding land training habits of ID swimmers as

can be seen on figure 2.

Average weekly landtraining
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Figure 2. Land-training hours a week in total, (including school activity) of 30 ID

swimmers competing on BSE 2006.

It is clear from table 2 and figure 2 that top ID swimmers train less than top WID

swimmers, especially when it comes to strength training and endurance training on land.
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ID swimmers in this study are also weaker than the WID swimmers, but their flexibility is
the same.

Figure 3 shows average score for all flexibility and strength measurements for both
groups based on population of swimmers with similar body characteristics. It also shows
actual swimming performance score for both groups based on the same population as
before. So here both groups are compared to the same population of WID swimmers from

Europe.
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Figure 3. Average flexibility, strength and performance score based on the body
characteristics, age and gender from 550 WID swimmers in Europe (41).

*p<0.05 between the groups.

On this European scale which uses 550 swimmers as control and 100% is what the
best elite swimmers score, both the WID group and the ID group, are average or around
49.5% 1in flexibility. In strength the WID swimmers jumps up to 60% but the ID swimmers
sink down to 35%. In actual swimming performance the WID swimmers rise even more to
62.5% and ID swimmers are only 27.7%. The difference on the two groups in strength is

71% but in actual swimming performance it is 125%.
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End race results and Borge scale

Over the period of this investigation seven swimmers with ID improved their best
performance in 200 m freestyle and one swimmer was less than 1,5 s away from his best
time. The average improvement in relation to the personal record was 4.35 s (+/- 4.5 s) In
the WID group five swimmers improved their best times and the other three all came
within 1 second of their best times. The average improvement was 0.7 s (+/- 1.1 s)

ID swimmers are always slower than the WID swimmers and that the ID group is more
homogeneous (higher SDs) (Table 5)

The Borge scale was used originally to determine if all swimmers were sufficiently
motivated in each race. It was clear that the ID group had little or no feeling for this scale
and/or that they always gave their 100% best. On the other hand the Borge scale seems to
reflect very well the effort the WID put into the race and their actual performance. The
Trend-line through the data for the ID was y=-1.216x+150.6 (R2= 0.96)

One of the criteria for accepting a swim into this study was that a score of 17 or
above had to be reported on the Borge scale. This is very high, but 200 m swimming
events are often considered as one of the hardest, mainly because, swimmers needs to use
their aerobic and anaerobic capacity to maximum level (34). On eight occasions swimmers
in WID group scored lower than that. In all cases their time was much slower than their
most recent personal bests. Some admitted to not trying and in two cases they had been
instructed by the coach to use a “tactical” race plan, to swim the first part of the race
“slow” and then really push hard in the second part. All these swims were discarded. The
ID swimmers always said they tried their absolute best and in very few cases did they
admit to have had “something left in the tank.”

The mean maximal change over the three races in ID swimmers was 3.11s +/-0.89
and 1.75s +/-0.63 in the WID group. Both of these changes were significant. There was
also a statistically significant interaction between class and meet. That implies that the ID
swimmers were less stable and less predictable on end race results over time. The
difference between the groups lies in that the changes within ID group between races 1-2,
2-3 and 1-3 are all statistically significant but only changes from 1-3 in the WID group is

significant.
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Table 5. Mean end race results (final time) and Borge scale for three 200 m freestyle races
in swimmers with and without Intellectual Disability. Table also includes the mean

difference in % between race 1-2; 1-3; and 2-3.

ID (8) WID (8) Significance

Race 1 (min) 2:44.23 (+/-15.9) 2:06.76 (+/-8.10) *

Race 2 (min) 2:46.55 (+/-16.14) 2:07.46 (+/-8.84) *

Race 3 (min) 2:49.23 (+/-16.14) 2:09.01 (+/-9.33) *

Borge scalel 19.9 (+/-0.3) 19.2 (+/-0.5) *

Borge scale2 19.9 (+/-0.3) 18.3 (+/-0.6) *

Borge scale3 19.9 (+/-0.3) 17,7 (+/-0.8) *

A 1-2 (%) 1.42 (+/-0.86) 0.55 (+/-0.34) *H

A 1-3 (%) 3.11 (+/-0.89) 1.75 (+/-0.63) *H#

A 2-3 (%) 1.67 (+/-0.75) 1.19 (+/-0.62) Ns #

* p<0.05 absolute difference between the groups.

# p<0.05 interaction between class and meet.

Clean swimming speed, stroke rate and stroke length

Mid-pool velocity is the swimming speed without influence of starts or turns. Again
there is a statistically significant difference between the groups if we look at clean
swimming speed (Table 6). WID swimmers were always faster. There was also a
significant difference in clean swimming speed (CSS) between races in both groups but
with interaction. Swimming speed is more stable between races in WID than in ID
swimmers. CSS was actually measured 8 times within each race. The p-value for
interaction of within race changes approaches significance p=0.078. The interaction is
mainly towards the end of the race, where ID swimmers tend to be more unstable in their
speed. This means that ID swimmers show higher variations between races (Table 6) as

well as within each race itself.
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Table 6. Mean clean swimming speed (CSS), stroke rate and stroke length for three 200 m

freestyle races in swimmers with and without Intellectual Disability.

ID (8) WID (8) Significance

CSS 1 (m/s) 1.21 (+/-0.12) 1.55 (+/-0.11) *#

CSS 2 (m/s) 1.19 (+/-0.11) 1.54 (+/-0.10) *H

CSS 3 (m/s) 1.17 (+/-0.11) 1.53 (+/-0.11) *H

Stroke rate 1 (Hz) 40.0 (+/-3.21) 43.70 (+/-3.03)

Stroke rate 2 (Hz) 40.15 (+/-3.50) 43.52 (+/-2.33)

Stroke rate 3 (Hz) 38.15 (+/-2.51) 42.92 (+/-2.23)

Stroke length 1 (m)  1.83 (+/-0.33) 2.14 (+/-0.21) *

Stroke length 2 (m)  1.79 (+/-0.17) 2.14 (+/-0.20) *

Stroke length 3 (m)  1.83 (+/-0.13) 2.15 (+/-0.22) *

* p<0.05 absolute difference between the groups. # p<0.05 interaction between meet and

class

Stroke rate was lower for ID swimmers, without reaching statistical significance
but stroke length was significantly shorter for ID swimmers (Table 6). There was however
no significant interaction for between race changes and group (stroke rate p=0.537; stroke
length p=0.775) or for within race changes and group (stroke rate p=0.761 stroke length
p=0.099). However, if we look at the mean individual coefficients of variation (CV) for
stroke rate over all races they are twice as high in the ID group (5.09% +/-2.9 vs. 1.80%
+/-0.87). Although we do not find statistically significant differences it nevertheless
appears that stroke rate is much less stable within the race of ID swimmers if we look at
CV for each group.

Again there is clear difference between the two groups when it comes to compare
actual stroke length, but there is not a significant difference across the meets. Again the
CV for stroke length for ID group is much higher than for the WID group (3.19% +/-1.09
vs. 0.99% +/-0.17).

If we only look at changes within each race between race segments we can further

see that there is a difference in between the two groups (Figures 4a, 4b and 4c).
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Figure 4a shows steady decline in stroke length for WID swimmers, with very little

unexplained changes between the segments in their fastest race. ID swimmers also have a

decline in their stroke length but it’s not a smooth descent.
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Figure 4a

. Shows the average stroke length (SL) in each race segment in the

fastest race for ID swimmers and WID swimmers.

Figure 4b shows how both group slow their stroke rate (SR) in the beginning, maintain it

in the middle of race and then most swimmers will try to increase their stroke rate towards

the end of the race to maintain swimming speed, when the stroke length becomes shorter

because of fatigue

38




55

SR in fastest race
50

45

HZ l\ B ———WID SR

40 1— l l J l ——IDSR
35
30 T T T T T T T 1

1 2 3 4 5 6 7 8

Figure 4b. Shows the average stroke rate (SR) in each race segment in the fastest

race for ID swimmers and WID swimmers.

Figure 4c shows how the WID swimmers mainly decline in their clean swimming
speed (CSS) as the race progress. They have a little rice in segment 7 which is directly
after the last turn, when they start to swim the last lap. The pattern for the ID swimmers is

much more unstable, like their stroke length pattern.
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Figure 4¢. Shows the average clean swimming speed (CSS) in each race segment

in the fastest race for ID swimmers and WID swimmers.
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Turning
As expected ID swimmers turned slower than WID swimmers (p<0.05) in absolute term

and they also spent relatively more race time turning (Table 7).

Table 7. Mean turn time for all turns in all the races both in absolute and relative terms

(percentages of total race time spend doing the turns) in swimmers with and without

Intellectual Disability.

ID (8)

WID (8)

significance

Turn time racel(s)
Turn time race 2 (s)

Turn time race 3 (s)

36.56 (+/-3.31)
36.93 (+/-3.28)
37.59 (+/-3.04)

27.78 (+/-1.09)
28.03 (+/-1.41)
28.35 (+/-1.30)

*

*

*

Relative turn time 1 (%)
Relative turn time 2 (%)

Relative turn time 3 (%)

22.23 (+/-0.10)
22.24 (+/-0.09)
22.23 (+/-0.10)

21.92 (+/-0.05)
21.97 (+/-0.05)
21.97 (+/-0.04)

*p<0.05

There is, however, no interaction between meet and group in turn time nor was
there an interaction for within race turn changes and group. The ID swimmer did not
fluctuate more than WID swimmers in their turning speed. If we however look at the
average CV for each swimmer for all the meets we find that the ID swimmer have 4.93%
+/-1.72 while CV for WID swimmers is 3.61% +/-1.12. It is clear that ID swimmer both
turn slower in absolute terms and spend more race time turning (Table 7).

First turn in each race was statistically fastest for both group (p<0.05) but turn 2
and 3 had no statistical difference. Outliers appeared more frequently for WID swimmers

towards the end of each race where ID swimmers showed outliers in the races
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Starting and reaction time

As expected the ID swimmers were much slower in the first 15 m (start time) of

the race and they had a longer reaction time as can be seen in Table 8.

Table 8. Mean starting time (time from 0 — 15 m line), mean start index (percentage of

total race time spent in the first 15 m) and mean reaction time (time until feet’s leaves the

starting block) for swimmers with and without Intellectual Disability.

ID (8) WID (8) significance
Start time race 1 (s)  9.43 (+/-0.74) 7.45 (+/-0.70) *
Start time race 2 (s)  9.17 (+/-1.05) 7.45 (+/-0.68) *
Start time race 3 (s)  9.45 (+/-1.10) 7.61 (+/-0.74) *
Start index 1 (%) 5.74 (+/-0.31) 5.87 (+/-0.11) Ns
Start index 2 (%) 5.51 (+/-0.32) 5.85 (+/-0,15) Ns
Start index 3 (%) 5.58 (+/-0.36) 5.89 (+/-0.15) Ns

Reaction time 1 (s)
Reaction time 2 (s)

Reaction time 3 (s)

0.95 (+/-0.06)
0.91 (+/-0.13)
0.95 (+/-0.06)

0.81 (+/-0.03)
0.82 (+/-0.03)
0.82 (+/-0.03)

*

*

*

*p<0.05

Although there seems to be more fluctuation in the ID group there is no statistical
difference in the variance between the meets (p=0.39) When the start time is taken as a
percentage of total time we see that both groups spend similar percentage of their total
race time in the first 15m of the race ID 5.91% +/-0.33 vs. 5.89%+/-0.15. There is no
statistical difference between the groups but CV is twice as high for the ID group 5.53%
+/- 1.10 vs. 2.72% +/-1.03. ID swimmers are slower off the block (reaction time) but
statistically there is no difference in variance between the groups between the meets.

Again the CV is higher in the ID group 4.1% +/- 0.9 vs. 1.2% +/-0.2.
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Relative changes from fastest race to slowest race

If we only look at changes between the fastest race and the slowest it is clear that
the two groups show a statistical difference in 4 out 6 variables as can be seen in figure 5.
Average stroke rate, swim speed, turn time and start time are slower for all participants in
both groups, but the average stroke length increases for some individuals in the slower

race, which can explain this very little change in stroke length.
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Figure 5. Shows the average difference in percentage between the fastest and slowest race
for both ID and WID swimmers.
* p<0.05 absolute difference between the groups

# p<0.05 interaction between meet and class
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Discussion

Participants

The participants in the ID group all meet the minimum requirements to take part in
INAS-FID international swimming meets. This does however not mean that they have all
the same or have similar IQ scores. Actually there is about a 20 points range in the 1Q of
the participants, although most swimmers in this group are close to the cut off limit INAS-
FID sets for eligibility of athletes who can take part in international meets.

It can be seen from table 3 that participants in both groups are very similar in all
body characteristics. They have the same cultural background, and practically same
opportunities to participate in the sport of swimming. They are coached by the same coach
most of the time or at least swim alongside each other and are following the same training
program. The fact that ID swimmers swim fever hours a week than swimmers in the WID
group can mainly be explained by the fact that they seldom do morning practices. This is
the same result as was found in research done in Belgium on ID swimmers from Global
Games 2006 (43). There is no single explanation for this, but no swimmers in the ID group
in this study had a driving license and they are very dependent on their parents or

guardians for transportations early in the morning when buses are not in service.

Another finding is that ID swimmers take much less part in land-training programs,
both for strength and endurance but they spend similar time on flexibility. The results for
dry land flexibility training indicate that all Icelandic swimming clubs do some stretching
before entering the pool on the pool deck. This goes both for ID and WID clubs (table 4).
ID clubs in Iceland do on the other hand not have special strength programs or land
endurance program and ID swimmers in WID programs often do not take part in the
strength training sessions.

This result is very similar to what was found in a study done on 30 swimmers with
ID from 4 different countries competing at the BSE British Open Swimming
Championship for Disabled in the year 2006 (unpublished data) (figure 2) and shows that

this is not only a problem in Iceland, but it seems to normal for this population. Similar
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findings were reported from Versichel & Vos in their study from 2006 on ID swimmers

who swam at Global Games 2004 (43).

This can explain the large difference in the strength scores in the two groups. If
this is true for most ID athletes then this can also explain the lower maximal power that
was found on athletes doing a repeated maximal power test (9) and the lower strength
found in athletes competing on Global Games 2004 (40). It is clear that isometric muscle
strength is related to swimming performance (29) although it is not clear what kind of
slope the line of identity has but this weaker strength is clearly one of the reasons why ID
swimmers swim as slow as they do. More strength can also relate to better and more
efficient skill for swimmers in the water (34).

When the ID swimmers were asked why they did not take much part in the strength
and endurance program on land, they all agreed that they did not feel well or secure in this
environment that has been created with the needs of the WID swimmers in mind. It was
noisy, chaotic and strange rules which they did not always understand where in place.
When the coaches of the WID swimmers who had ID swimmers in their program where
asked the same question, they all said, the ID swimmers did not like the weight room to

much.

The greatest difference between the two groups was however found in actual
swimming performance. In Figure 3 the swimming score for the ID swimmers has been
converted to score based on world records for able body swimmers. (Direct comparison)
In this case 100% was the mean performance of European swimmers corrected for age,
gender and body characteristic. ID swimmers swim a lot and they have done so for many
years. They have similar or better racing experience than the WID swimmers, but they are

much slower. The only thing they score very low in is in strength measurements.

What this means for the ID population in that they are flexible enough to swim
much faster, but they are either too weak and/or have too poor technique to use that skill to
their advantage. Increased strength usually means a better chance to swim with better

technique (29) but exactly how much is hard to tell. The trend in swimming coaching

44



today is much more emphasis is on strength training than earlier, when flexible joints were

considered very important (34).

So the answer to the first research question is, yes, there is a difference in the
physical capacity between ID and WID swimmers. The ID swimmers are almost always
weaker than WID swimmers. It is however not absolutely clear if this is because of the

intellectual disability or if it is because of less training for ID swimmer.

End race results and Borge scale

It is clear from table 5 that ID swimmers are less stable in their end race results.
The fluctuations within the groups in 200 m freestyle done in 50 m pool in this study are
very similar to the fluctuations in the same race in 25 m pool where the changes between

race 1-3 were 3.59% +/-1.48 for ID and 2.26% +/-1.55 for WID (42).

The WID group behaved very much as predicted from previous studies done with
WID swimmers. Previous studies on stability in end race results for WID have shown that
good swimmers can be expected to have about 1.4% difference in end race result between
two meets (38). And further that the better the swimmers the less the variation. Finalists in
that study showed less than 0.9% variance over two meets (38).

In many ways this is not what could be expected from hydrodynamic terms at least.
The fact that water resistance increases with the square of the speed and therefore also the
power output needed to achieve that speed might indicate different result (21). Only a
slight difference in power output from the swimmer might cause a big change in the end
result. Within the WID group this might not be a big issue, because they all swim in very
similar speed. But there is however a great difference in the speed between ID and WID
and we might speculate that ID swimmers should have easier task to be stable in their

performance, at least from hydrodynamic perspective.
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The fact that Borge scale hardly worked for the ID swimmers makes the result a
little bit weaker. It is hard to determine the effort the ID swimmers put into their races but

one thing is clear, their intentions were clear; they always meant to try their absolute best.

However we need to keep in mind that swims were ordered from fastest to slowest,
but not in the time order they swam. It is interesting to look at what happens if we arrange
the swims in time order. Both groups had the last meet as their national championship,
where selection for the national team for each population was made. Six swimmers in the
WID group did their best time at nationals but only 4 ID swimmers were able to do so at
their meet. Usually the tension and stress is higher at these big meets. Some authors have
pointed out that people with ID have problems coping with stress (28).Which can lead to
poorer results at swimming meets where tension is high and much at stake. The line of
identity through the average time in race 1 — 3 has the slope of 0.39 and R*=0.653 for the
ID and slope of 0.88 and R*=0.99 for the WID. On average the ID swimmers in this study
improved their time more than the WID swimmers at the same interval, but WID
swimmers show much more linear trend towards their improvements. This is very similar
results to that found in the study done in 25 m pool. Also there the national championship
in short course was one of the meets analyzed. In that meet seven of eight WID swimmers
did their best of the season but only three ID swimmers managed to do so. We cannot
conclude that this is only because of the disability. Swimmers in both groups have swum
similar number of competitive races; only most ID swimmers have done more
international races so they could be expected to have more experience coping with these
kinds of situations.

This all means simply that ID swimmers show greater variance between meets in
end race results than WID swimmers despite having the same or better competition
experience. The research question two is answered positively. Yes, swimmers with ID
show greater variance between meets in end race results than swimmers without ID in 200

m freestyle race
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Clean swimming speed, stroke rate and stroke length

The changes in average CSS between races were almost identical to the changes in
end race results for both groups (Table 6). The changes in mid-pool speed were further
statistically different between the two groups. CSS for ID swimmers simply changes more
from meet to meet. The mean CSS for WID group in this study changed in a similar way
between races as was seen in other studies on WID swimmers (22). The line of identity
through the race means CSS between races in ID swimmers in this study has double the
slope of that of the WID group.

The results from the 25 m pool study with the similar setup shows slightly different
results. Changes in CSS are higher than the changes in end result (42) which can be
explained by the 2 extra turns in 25 m pool.

These changes in mean CSS in the 50 m pool study were almost entirely related to
changes in stroke rate for WID swimmers, but this relationship is not as clear in the ID
group (Table 6). This is in agreement with previous findings in race patterns for ID
swimmers (13). There was no statistical difference in stroke rate between the groups.

Although stroke length is much lower for ID swimmers, both groups showed
stability in this variable between races. This means that the stroke mechanics of both
groups are well established and to change the speed WID swimmers tend to change their

stroke rate but ID swimmers have problem converting higher rate into higher speed.

The changes of race variables for WID swimmers within each race in this study
were also very similar for WID swimmers as was found in previous studies (5; 16; 22).
Clean swimming speed and stroke length decrease as the race progresses and swimmers
try to maintain their speed by manipulating their stroke rate (Figures 4a, 4b, and 4c). The
patterns for ID are also somewhat similar although there is more fluctuation in the stroke
rate, again causing fluctuation in the clean swimming speed. The relationships between
SL, SR and CSS are also not completely clear throughout the race (Figures 4a, 4b, and 4c)

in agreement with other studies (13; 18).

We can conclude that changes in stroke rate are most relevant for within race

changes in CSS at least for WID swimmers, but the relation is not so clear for ID

47



swimmers (Figures 4a, 4b, and 4c). Both groups try to maintain or even increase their
stroke rate to maintain the swimming speed, but the pattern for ID swimmers is not so
clear.

The correlation of race mean stroke length with mean CSS is -0.643 (r<0.05) for
the WID but only -0.429 (r=0.14) in ID swimmers. This means that on average the fastest
swimmers in the WID group take longer strokes but the relationship is not seen as clearly

in the ID group.

Turning and starting

Turning proved to be very stable in both groups in this study as can be seen in
Table 7 and even though WID are much faster in turning there was no interaction between
the two groups and meets in this study as was found in previous studies on the same
population racing the same event in 25 m pool (42). This can simply be explained by much
fewer turns in 50 m pool that in the 25 m pool. There was much less variation in turning
time than in clean swimming speed, stroke rate and even in stroke length both for ID and
WID swimmers. It means that both groups are well trained and have well established
turning patterns and perform them very similar every time. However, we see that the
coefficient variance (CV) is higher for ID which relates to the fact that extreme values
appear more frequently in that group. There are too few turns in 200m race in 50m pool to
find correlation between extreme values and sequence of the turns, but it was clear that
they appeared most frequently in the last turn when fatigue is usually highest. No extreme
values were reported in the WID group.

Elite European swimmers use on average 21.88% +/-0.06 of their total race time
doing the turns in 200m freestyle race (22). The WID swimmers in this study had almost
the same percentages in their fastest race, 21.92% +/-0.06 but the ID swimmers are

statistically slower in doing their turns 22.23% +/-0.10 (Table 7).

Several turn indexes were calculated. The results suggest that ID swimmers have
trouble in the turning action (somersault) itself and much less so in the push-off. The turn
is actually not only a complete somersault but also requires the swimmer to make a partial

rotation about the long axis of the body to be able to push off the wall again and swim in
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the opposite direction on the front of the body. The turn does not require the swimmer to
touch the wall with the hand. He or she has to judge the wall distance and carry out the
turn at the best moment so that the feet and legs hit the wall in an optimal position to push
off. Furthermore, most swimmers prefer one hand over the other when it comes to turning.
A swimmer of course does not always get to the wall with the best hand forward. So the
skill is complicated by itself and requires judgment only to be gained by experience. So
when a skill requires some immediate adaptation to the situation or to do a multiple task,
ID athletes have been shown to be slower (28).

Starting also proved to be more stable than the other race variables (SR, SL and
CSS). A task such as starting, which is always performed the same way and without
fatigue, does not seem to provoke any unstable pattern for ID swimmers. Further, no
swimmer in this study was disqualified for false start in any race. This means again that
they are well trained and have great experience in what they are doing. Extreme values
where noted in the ID group, but these did not seem to be related to end race result or
importance of the race. These findings support what was found in the study done on 200m
freestyle race in 25 m pool (42).

All this means that it is mainly the greater variance in clean swimming speed for
ID swimmers that contributes to the greater variance in the end result in this group, and
further that it is mainly the poor relationship between stroke rate and CSS that is the cause

of this variance, rather than instability in turns. This answers research question 3 and 4.

Relative changes from fastest race to slowest race

Most stability studies done on swimmers have only taken two swims into account,
either changes between heats and finals or two races on different days. If the data from
present study is analyzed only with the fastest and slowest race, we see that from Figure 5
that the ID swimmers are statistically more fluctuating in their performance in four out of
six variables. This means that they are much less predictable in their performance than the
WID population of swimmers. The WID swimmers in this study always performed within

margins expected from other studies (22; 38).
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When elite performance is evaluated, training, goal setting, quality of coaching and
other points are evaluated. This usually means that stability follows (36). In the two
populations studied here, stability only seems to be found in the WID group. Only stroke
length and starting time show similar stability in ID and WID swimmers. Again stable
stroke length indicates that the group has well established stroke mechanics. Stable start
means that ID swimmers have no problem executing a well practiced task without fatigue.

The greatest changes appear in stroke rate which seems to be the main thing that
ID swimmers have problem in controlling when they are trying to maintain race speed.
This is the same as the study from the 25 m pool revealed (42). End race result and clean
swimming speed are the only variables that show interaction between class and race, and
they show almost the same difference in between fastest and slowest race (Figure 5).
Turning is also statistically more unstable for the ID group than for the WID when we
compare the fastest race with the slowest one.

Again it is not so clear why this difference is between the groups. Some part of the
reason is less training, both in the water but mainly on land. It can only be speculated from
these result that part of the reason for this difference comes from difference in intellectual

skill, between the two groups.

Strong points and weaknesses in this study

The strong points of this study are that both groups had the same accessibility to
training on land and in water and the same quality of coaching (same coaches). They also
come from a community where disability sport is accepted as a competitive sport and with
expectations for disabled athletes. There was no dropout in the study, and there was no
interaction between the protocol of the study and the training or racing habits of
participants. All swimmers kept their normal training and competition schedules through
the entire period of the study. Both groups where examined and analyzed by the same
person, which in a way at least means that if there are any systematic errors in the results,

they should go across both groups.

The weak points on the other hand are mainly that we cannot say that both groups

are identical in every way with the exception of one group having ID. The WID swimmers
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are trained more and are faster, both in absolute and relative terms. This makes it hard to
say exactly why the differences appear in the two groups. The relative few swimmers in
each group also provided low statistical power. Using the 1Q score as any correlation or
reference point could not be done. This was not known for the WID athletes. However it is
clear that within the ID group IQ score correlates rather well with performance level.

This group of ID swimmers has that in common that they have been accepted in to
INAS-FID competitions. That means that they have 1Q of 74 or lower, and that according
to the questionnaire their disability is tampering their performance in sport. On the other
hand there are many reasons for low IQ in people, and only some reasons have been
shown to lead to reduced motor skill (32).

It was speculated that the control group should have included swimmers training
less and swimming slower. It was not possible to find a group of WID swimmers who
were the same age, trained 13 hours a week and did little land training. The absolute best
performance of ID swimmer in this study only matches 11 year old children who have
been training for 3 years. So this was never an easy task. In fact this is an important thing
to keep in mind; WID swimmers are obviously much quicker to learn the skills in

swimming.

Future research

What INAS-FID and IPC wants mainly to know are two things. First, does
intellectual disability affect performance in sport and secondly, what kind of testing can be
done to classify ID athletes so they can be accepted into the Paralympics Games? In this
study we have answered the first question, at least partly, that ID swimmers behave in
many ways differently from WID swimmers. They are much slower and less stable in their
performance and from that perspective should be allowed to race in their own special class
and compete with their peers just as other disabled athletes. On the other hand, this race
analysis process cannot easily be used as a tool to classify swimmers into classes. A
novice swimmer will swim slower and most likely be much less stable than a swimmer
who has great experience in training and racing. Even though it would be clear that all
participants were expert swimmers this method only indicates who do not belong in the

class. If a swimmer gets really stable in all his race parameters and his overall
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performance is similar to WID swimmer, then he does not belong in the competition class
for ID swimmers (S14).

It is not clear what it is that makes ID swimmers have shorter stroke length,
unstable stroke rate and generally worse at more complex actions in swimming. Studies on
the fine skills in swimming, needs to be done with this group of swimmers. Swimming
skills are very complex and it should be investigated where in the stroke cycle ID
swimmers are weaker in comparison with WID swimmers. Anecdotal evidence indicates
that it is more in the gliding phase and body posture than in other aspects of the stroke
cycle. A simple study that examines the learning curve of ID and WID swimmers in
mastering a task in water could be useful. Drag tests have been done on some Paralympics
swimmers with a physical disability, which can easily be done both on ID and WID
swimmers.

Today there is available an EMG (Electromyography) technique to evaluate the
motor control of swimmers. A difference has been found between elite swimmers and
novice swimmers with this technique which is related to better motor control with the elite
swimmers. This can possibly show some difference between ID and WID swimmers as

well, because motor control should in some way be linked with intellectual disability.

There is no simple solution to solve the requirement of having a test that can
determine who can be in the S14 class. The test should be done on location at the big
meets, or at least there should be some protest protocol that can be carried out at the major
meets like the Paralympics. Today the Wechsler IQ test and a questioner are used for
eligibility for INAS-FID. The Wechsler test is widely used and an internationally accepted
test. It is comprised of verbal, performance and overall sections and an 1Q score is given
for each section. The number that is used is always the overall score, which is some
average of the other sections. This test does not, therefore, really reflect the ability of
individuals to perform a complex task. Further, every test needs to be adapted to each
society and translated in to language of each subject. It is, therefore, not a feasible option
as on-site test. The questionnaire INAS-FID uses can also be a really good tool, but it does

not take a very intelligent person to figure out how to answer the questionnaire so his
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swimmers will be eligible for the class. In other words it is rather easy to cheat when
answering the questionnaire.
Some kind of motor control test needs to be developed that can be carried out on

the side, to support the IQ test and questioner, which will always have to done at home.

Conclusion and recommendation

Four research hypotheses were initially presented to guide this study. The results
showed that three of them are at least partially true. First, ID swimmers show less physical
capacity than WID swimmers; secondly, ID swimmers have more variance between meets
in end race result than the control group. Thirdly, this greater variance in end race result is
mostly caused by variance in clean swimming speed which in turn in mainly caused by
variance in stroke rate. The complex task of turning did not prove to be a major factor in
variance in the end result for ID swimmers. The difference in speed, however, between
two swimmers was more related to stroke length (SL) than stroke rate (SR), illustrating
that all participants in both groups have well established stroke patterns.

Only a few authors have described the 200 m freestyle race in a manner presented
in this study (5; 42). Swimming speed and stroke length, for all participants in all these
studies, decreased as the race progressed. Stroke rate decreased very much in the
beginning of the race, then stabilized in the middle and sometimes rose toward the end of
the race. This is true regardless of disability or performance level.

The result from this study does not solve the problems INAS-FID and IPC are
facing concerning ID athletes. People who really don’t want ID swimmers in IPC can
always argue that the population of ID swimmers in this study simply does not train
enough. It can also be stated that the coaches of ID swimmers lack knowledge to
maximize their performance.

What ID swimmers and their coaches must do is to match the WID population in
every aspect of training, specially the land training. It is a vital point that people working
with ID swimmers find a way to make them feel better in the weights room so that they
can work on their maximum strength and muscle endurance which seems to be the main
thing that sets them physically apart from WID swimmers. It is clear from this study and

others on ID swimmers that this point is holding them back in swimming performance. It
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is also the experience of many coaches working with ID swimmers that these swimmers
have very little perception of the effort they are putting into both training and racing. They
had no or very little feeling for the Borge scale for example. Use of heart rate monitors
could be very helpful for this population of swimmers, both so that they can maintain
correct work load in practice, but also to help them find the right race pattern.

Competition swimming is a complex sport that swimmers need to work hard to
master the skill, and achieve the highest level of physical fitness. It is therefore very
important that the coaches realize that ID swimmers are different from WID swimmers in
many ways. They need a longer time to master certain skills, not only in practice but also
in racing. The more complicated the skill the more time ID swimmers need to reach elite
level and become stable in their performance. They can therefore not copy directly a
swimming program for WID swimmers an implement it on ID swimmers, they need to be
treated differently in many ways, even though their physical capacity is similar to most

other swimmers.
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Appendix A

BODY STRUCTURE CHARACTERISTICS
a. Material
- 3 tape measures,
- Table,
- Bench,
- Chair,
- Calibrated bathroom scale (always use the same scale)

- Caliper
b. Personnel: 1 test leader, 1 assistant, 1 secretary.

¢. General instructions
- Body structure measurements are made on the right side.
- All are repeated 3 times and the mean is taken.
- All are made accurate to 0.1 cm (except nr 9, Body Weight, accurate to 0.5 kg).
- Check if the antropometer is held vertically.

1. HEIGHT -
a. Material: Antropometer, wall.
b. Position of swimmer
The swimmer stands barefoot, back against the wall, heels together. Hands are held
at the side with head erect, looking straightforward.
¢. Measurement method
The antropometer is pressed gently downward on the highest point of the head

(vertex).
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2. ACROMION HEIGHT
a. Material: See 1.
b. Position of swimmer
The swimmer stands in the same position as in 1 and well balanced (shoulders
horizontal).
¢. Measurement method
The antropometer is pressed gently downward against the acromion (not the

projection on top of the shoulder).

3. DACTYLION HEIGHT
a. Material: See 1.
b. Position of swimmer
The swimmer is in the same position as in 2, well balanced (shoulders horizontal)
and the fingers are held together and extended.
¢. Measurement method

The antropometer is pressed up against the longest fingertip.
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4. SITTING HEIGHT

a. Material: See 1 + bench or flat chair.

b. Position of swimmer

The swimmer sits on a bench, back against the wall, head erect, looking
straightforward.

¢. Measurement method

The antropometer is placed behind the swimmer and the distance from the bench to

the head is measured.

Wi
\ |

5-6. HAND LENGTH / WIDTH
a. Material: Table and chair, caliper
b. Position of swimmer
The swimmer sits, with the hand on the table, palm upward.
¢. Measurement method
- Length: the distance between the middle point on the first full crease in the skin
on the wrist and the top of the middle finger is measured.
- Width: the distance between the most extreme bony projections on the sides of

the palm is measured
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a. Material: Flat chair or bench, caliper

7-8. FOOT LENGTH /WIDTH

b. Position of swimmer

The swimmer is standing with the foot resting on a bench.

¢. Measurement method

- Length: the distance from the longest toe to the heel is measured.

- Width: the width at the widest part of the ball of the foot is measured.

9. BODY WEIGHT
a. Material: Bathroom scale.
b. Position of swimmer
The swimmer stands completely still with both feet on the scale.
¢. Measurement method

The body weight is read from the scale.
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10. SHOULDER WIDTH (bideltoid)
a. Material: Caliper
b. Position of swimmer
The swimmer stands back against the wall, hands at the side.
¢. Measurement method
The distance between the most lateral points of the deltoid muscle ( = widest part
of the shoulders!) is measured, without
compression. The end of the level is held against the tape measure and set against

the deltoid muscle.

11. HIP WIDTH (biiliocrista) M
a. Material: See 10.
b. Position of swimmer
The swimmer stands, back against the wall.
¢. Measurement method

The distance between the widest points on the upper edge of the hip bone (the most

lateral point on the crista iliaca) is measured.
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12. CHEST DEPTH (arms upward)
a. Material: See 10.
b. Position of swimmer
The swimmer is standing arms stretched above the head, breath held (relaxed
between inspiration and expiration).
¢. Measurement method
The distance is measured between a point on the bottom third of the sternum and a

point on the vertebrae at the same level.

13. ELBOW WIDTH (humerus)
a. Material: See 10.
b. Position of swimmer
The swimmer stands with the elbow flexed to 90°.
¢. Measurement method
The distance between the widest bony points on the elbow (the most lateral points

of the epicondyles of the humerus) is measured.
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14. SKIN FOLD TRICEPS
b. Position
Standing.
¢. Measurement method
The skin fold is taken vertically on the back of the arm, midway between the

shoulder and the elbow.

A
15. SKIN FOLD SCAPULA ‘

b. Position

Standing.

¢. Measurement method

The skin fold is taken near the lower corner of the scapula, so that it runs outward

and downward.

16. SKIN FOLD ABDOMEN
b. Position
Standing.
¢. Measurement method
The skin fold is taken at a position about 3 cm above the spina iliaca anterior
superior (hipbone running inward and downward toward the inside of the leg) in

the direction of the navel. The skin fold runs parallel with this hipbone.
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17. SKIN FOLD CALF
b. Position
Sitting.
¢. Measurement method
The skin fold is taken on the inner side of the calf just above the maximal diameter

and parallel to the length of the lower leg.
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Appendix B

@

K

KENNARAHASKOL
ISLAND

Radnumer

Fotlunarflokkur

Il _ (Besti timi & sidustu 12 manudum)

100 m

bringusund

200 m

skridsund
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Hvert er adalsundid pitt (ma merkja vid meira en eitt)

Skrid
Bringa
Bak
Flug

Fjor

1 Hvad hefur pu aeft sund i moérg ar?

(Ad minnsta kosti 3 tima a viku, 6 manudi a ari)

2 Hvad hefur pu aeft mikid i lauginni sidustu 12 manudi?
Fjoldi manada

Medaltal kist. a viku?

Medaltal km. a viku?
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v Regoqu bakgrnnuraandt

1 Hvad hefur pu aeft mikid a landi sidustu 12 manudi?

Pol (hlaup, hjol, leikir

..... ) Manudir ?
Klst & viku ?

Styrkur Manudir ?
Klst & viku ?

Lidleiki Manudir ?
Klst a viku ?

v

1 Hvernig er eefingahdpur pinn samansettur?

AEfi adeins med 60rum fotludum

AEfi mest med fotludum en sma med o6fdtludum

Zfi j6fnum héndum med fotludum og 6fétludum

AEfir mest med 6f6tludum en sma med fotludum
AEfir alfarid med

ofotludum
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2 Hlytur pu einhvern fjarhagslegan styrk til ad stunda aefingarnar?

Ja, é get einbeitt sér alfarid ad sefingum

Eg feer nokkud, en parf ad greida eitthvad sjalfur

Eg fa helstu kostnadarlidi greidda

Eg fae nanast ekkert

Nei, ég ekki
neitt

3 Hefur pu gott adgengi ad aefingalauginni?

Ja, mjog gott, allt sem ég parf

Ja petta er nokkud gott
Ageett

Nei, ég pyrfti mun betra

Nei, ég kemst nanast ekkert i laug

4 Hefur pu gott adgengi ad annarri sefingaadstodu?

Ja, mjog gott, allt sem ég parf

Ja petta er nokkud gott
Ageett

Nei, ég pyrfti mun betra

Nei, ég kemst nanast ekkert i landpjalfun
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