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Abstract
Pacing is a skill of distributing energy optimally during a race or training. Pacing
is considered an important tool in athletic performance. Athletes with intellectual
impairment (II) have shown to have decreased abilities at pacing in time-based
sports. The purpose of this study is to observe how swimmers with II differ from
swimmers without II. In this study the 6x50m pacing test was used to acquire the
data needed to understand how the swimmers invest energy while pacing.
Swimmers (n=48) form different nations took roll in the study, of which 34 are
swimmers with II, and 14 swimmers without II. The results show that the group
with II were significantly inferior at hitting target time in all the six 50m sprints,
when both externally and internally paced. The swimmers with II show to have
more difficulties matching the pre-planned pace given before the test. The group
with II were on average 2,55 seconds away from their target times, and the
biggest difference between the two groups was 2,65 seconds (p<0,0001) in the
4th 50m sprint. The difference in stroke length (SL) was significant (p=0,05) in all
six 50m sprints. Swimmers with II show to have shorter SL than swimmers
without-t II. The difference between the two groups in stroke-rate (SR) was
significant (p=0,05) in all but the 3rd and 6th 50m sprints. This study shows that
individuals with II have difficulties holding a consistent pace and show difficulties
with a sudden change of a targeted pace. The conclusion is that individuals with
II show to have a harder time at holding a certain pace and have difficulties of a
sudden change of pace. Coaches should invest more time in pace work with
individuals with II.
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Theoretical background
Pacing in sports
In time-based sports, whether the goal is to finish in the fastest possible time or a
time limit is set, pacing themselves optimally during that period has been shown to
be a key factor in achieving success (Smits et al., 2014). In swimming the only
successful tactic has been shown to pace oneself evenly throughout the entire race
(Lipińska, 2012). Though other sport do differ as can be seen in team sports, where
teams pace themselves differently according to the dynamic of the team or whom
they might be facing (Ferraz et al., 2018). Elite athletes in time-based sports have
shown to have most success in competition when repeatedly practicing hitting their
goal pace in training (Elferink-Gemser & Hettinga, 2017) thus making the goal pace
more natural to perform in a race (Foster et al., 2003).

Pacing
The skill of distributing energy optimally during a race or training is known as pacing.
Pacing is considered an important tool in athletic performance (The Importance of
Pacing, n.d.) Pacing is composed of many factors, of which are both physical and
mental (The Importance of Pacing, n.d.). The physical factors are mainly the aerobic
and anaerobic capacities and the physical strength of the athletes (Andrews et al.,
2012). The mental aspects are experience and tactics (Abbiss & Laursen, 2008;
Smits et al., 2014). Through repetitive training and practice of pacing athletes gain
experience of how to optimally withhold certain speed or intensity, during a race,
competition or training (Foster et al., 2003). Also pacing in training has been shown
to be a substantial way of developing aerobic and anaerobic capacity (Andrews et
al., 2012). Thus pacing is a component which is vital in obtaining succusses in ones
event or sport (Smits et al., 2014). Especially in time-dependent sports, such as
running cycling and swimming (The Importance of Pacing, n.d.). To be successful in
each distance, energy must be utilized effectively during the whole race, to avoid
premature fatigue (Foster et al., 2003). Athletes often naturally show a drop in speed
in, and after the midpoint of a race, thus pacing has a crucial role in avoiding
deacceleration of speed (Smits et al., 2014). There have been shown differences in
pacing when athletes are self-paced and evenly-paced, where the evenly-paced
athletes showed lower rating of perceived exertion (RPE) (Thomas et al., 2012).
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Pacing varies by the distance of the race. In the 50m freestyle, an all-out effort could
be most beneficial, but for longer distances such as the 400m freestyle, which takes
approximately 4 minutes to complete, pacing strategy is critical for success (Abbiss
& Laursen, 2008). Pacing is also used in other events, such as team-sports where
the whole team must pace themselves throughout the match to have a higher
probability of success, though pacing is more infamous in time-based sports
(Waldron & Highton, 2014). It has been shown that runners that trained with a lot of
pacing work had performed better than runners with a weaker pacing profile (Swain
et al., 2020). It has been shown that the more experience the athletes have at pacing
at the recommended speed the more likely they will be able to hold the optimal pace
for success, while athletes with less experience are more likely to deaccelerate midrace (Swain et al., 2020). Pacing is a skill athletes develop from childhood, and is
vital, not specifically for competitions but also for longer periods of time, therefore,
coaches are advised to monitor the development of pacing in their athletes (Menting
et al., 2019).

Swimming
In the sport of competitive swimming, the objective is to finish the race in the fastest
time possible or to win all other competitors (McGibbon et al., 2018).
There are 18 individual disciplines for both male and female athletes at the Olympic
games, which are divided into four different strokes, butterfly, backstroke,
breaststroke, and freestyle. Freestyle is the most used stroke for it is the fastest and
most efficient (Pelayo et al., 1996). Out of the 18 Olympic individual disciplines,
freestyle is swum in eight of them. Each of the other strokes has three disciplines
and three are individual medley (IM) where each stroke is swum by the decided
length of the races (Swimming History and Presentation, n.d.).
Many components in competitive swimming contribute to a good performance.
In competitive swimming the most important element to be considered is the athletes’
endurance capacity.(Vasile, 2014). It has been shown that individuals that underwent
a six week endurance program, showed significant improvements in maximal power
output, maximal minute ventilation and a decrees in maximal respiratory exchange
ratio (RER) (Vollaard et al., 2009). Aerobic endurance in swimming is the energy
system that is under the most strain (Vasile, 2014). Through aerobic adaptation, the
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body is more efficient at using oxygen while both exercising and at rest (Vasile,
2014). It has been shown that the higher aerobic capacity an individual has the
quicker the individual is at removing lactic acid from the body while exercising and/or
resting which is highly beneficial in competitive swimming (Denadai et al., 2004).
Strength and power are factors that are immensely important in the sport of
competitive swimming (Morouço et al., 2012). Swimmers that have higher muscle
strength showed to have more propulsive power and longer SL compared to
swimmers with less muscle strength (Gola et al., 2018). In sprint swimming, a
counter movement jump (CMJ) has been shown to have direct corelation with the
50m sprint events, where the higher the individuals score in the CMJ they usually
showed faster times in the 50m events, though it can be due to the contribution of
the swimming start and turn. (Pérez-Olea et al., 2018). The swimming start is
performed off of a starting block and can contribute between 0.8-26.1% of total race
time depending on the distance, the higher the percentage the shorter the distance
of the event (Tor et al., 2014). The turn phase in swimming is when a swimmer need
to perform more than one length of the pool and thus need to turn and swim back
(Chakravorti et al., 2012). The flip-turn is a technique used while swimming freestyle
and backstroke and is the most efficient technique used to turn on a wall while
swimming distances longer than one length of the pool (Araujo et al., 2010). It has
been shown to achieve the best possible performance with proper tactics, an
individual has to pace himself and distribute maximum velocity throughout the whole
race (Lipińska, 2012).
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Swim speed and drag.
The goal in competitive swimming is to achieve maximum velocity (v) throughout the
whole race. Velocity in swimming is governed by stroke length (SL) and stroke rate
(SR) (Franken et al., 2013). Stroke rate has been shown to have a strong correlation
with maximum effort swimming time in elite-level swimmers (Funai et al., 2019). It
has also been shown that a decrease in SR mid-race directly negatively influences
swimming speed (Fritzdorf et al., 2009).
Stroke-length is the most accurate statistic to show an individual's efficiency in
competitive swimming (Funai et al., 2019) although SL is affected by the individual's
body structure, swimmers with longer SL have shown to have more probability of
success (Barbosa et al., 2011). When looked into international competitions has
shown that to obtain maximum velocity in each race is highly individual to each
athlete (Pelayo et al., 1996). Other than SL and SR, the individual’s body influences
stroke mechanics, such as the size of the individual's arms, legs, surface area,
floating ability, and area of propulsion (Toussaint et al., 1991). „Drag in swimming is
influenced by velocity, shape, size, and the frontal surface area.“(Kjendlie &
Stallman, 2008). For a swimmer to swim faster, they must either increase the
propulsive force, reduce the drag force, or do both (Alcock & Mason, 2007). The
technique shows a direct correlation with drag. Thus it is important for coaches to
enforce correct techniques for improved performance (Alcock & Mason, 2007).

Intellectual Impairment
Intellectual disability (II) is a term used to refer to individuals who have difficulty in
learning and understanding new and complex information and skills (The American
Association on Intellectual and Developmental Disabilities (AAIDD) Diagnostic
Criteria for Intellectual Disability, n.d.). The individuals show limitations in intellectual
functioning and adaptive behaviour (Burns et al., 2020). Over the past few decades,
the definition of II has been altered due to people's understanding of the disability.
American Association on Intellectual and Developmental Disabilities (AAIDD) applied
the definition of intellectual disability and is the most widely accepted definition of the
criteria (Shree & Shukla, 2016). The primary eligibility criteria based from AAIDD to
be able to compete in Para sports are significant intellectual impairment, significant
limitations in adaptive behaviour, and age of onset before the age of 18 (Tassé et al.,
8

2016). The diagnostic component of intellectual impairment is that the individual has
a below-average IQ score (IQ ≤74) (Burns et al., 2020). A study has shown that
swimmers with II have less physical capacity than swimmers without II and have
shown to have more variance between competitions than swimmers without II (Vliet
et al., 2006). The instability in results is mainly caused by clean swimming speed
which was mostly caused by sr. The biggest difference between swimmers was
found in sr, which shows us the inconsistency in efficiency between competitions
(Einarsson, n.d.). Individuals with II have shown to have poorer cardiorespiratory
endurance capacity than individuals without II (Vliet et al., 2006).

II pacing
Studies have shown that athletes with II have trouble holding certain paces without
continued auditory feedback while running (Van Biesen et al., 2017). The main
difficulty that the II athletes had was maintaining velocity. The problem was not a
decrease in velocity but a premature acceleration (Burns et al., 2020). While
researching pacing abilities in children without II and individuals with II, there has
been an assumption that intellectual functioning is involved in pacing (Van Biesen et
al., 2017). The assumption rose as studies have shown that elite athletes with II
have difficulties maintaining a pre-planned race strategy and exercise intensity
compared to athletes without II (Burns et al., 2020). An individual with II has a strong
pattern in where deceleration accrues earlier during distances involving pacing (Van
Biesen et al., 2016).
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Down syndrome
Down syndrome (DS) is the most common genomic disorder of intellectual disability.
One in every 600 individuals born in the United States of America is born with
DS(Sanyer, 2006). DS is a disability that affects multiple systems in the body such
as cardiovascular, neurological, and musculoskeletal systems, which affect overall
health and performance in sport (Antonarakis et al., 2020) and various other health
issues (Kumar et al., 2015). Due to imbalances of hormones, the motor functions in
individuals with DS are often diagnosed with hypotonia and hyper-flexibility, resulting
in dislocations of joint and abnormal motor skills (Hawli et al., 2009).
Due to the complexity of the medical issues DS can have, specifically with
orthopedic and cardiovascular disorders, a physician must be able to evaluate the
individual so that he can direct the individual's activities in a safe and reasonable
manner (Sanyer, 2006). It has been shown that individuals diagnosed with DS,
whom participate in physical activity weekly have shown better overall wellbeing over
individuals that do not participate in any physical activities (Fiorilli et al., 2016).
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Overall aims of the study and hypotheses.
What is the difference between swimmers with and without intellectual disabilities in
the 6x50m pacing test?
•

What is the difference between the groups when externally paced and
internally paced?
o

The hypothesis is that swimmers with intellectual disabilities should
show a less consistent pattern of pacing in the 6x50m test.

•

What is the difference in stroke length between the two groups in the 6x50m
test?
o The hypothesis is that swimmers with intellectual disabilities will have
shorter SL than swimmers without intellectual disabilities.

•

Is there a difference in stroke rate between the groups?
o The hypothesis is that the swimmers with intellectual disabilities will
show less consistency in stroke rate throughout the 6x50m test.
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Methods
In this study, data was gathered both by testing and received from a previous testing.

Participants
The subjects of this study were a total of 48 swimmers, of which 34 are diagnosed
with II (28 males and 6 females; age = 21,9 ± 5) and a comparison group of 14
swimmers without impairment (7 males and 7 females; age = 18,3 ± 0,6).
11 of the 34 swimmers with II were diagnosed with DS.
In the study, two swimmers diagnosed with autism took part, due to the goal of the
study the two swimmers were not included.

The 6x50m test
The purpose of the 6x50m test was to evaluate the pacing abilities of elite swimmers,
mainly in 200m pace.
The test was set up as 2x(3x50m) descending 1-3rd and 4-6th 50m. The 1st and 4th
5m were 6 seconds slower than the individuals 200m pace, 2nd and 5th were 3
seconds from their 200m pace and the 3rd and 6th 50m were at 200m pace.
•

Swimmers did a light 12min swimming warmup.

•

The test was explained to the swimmers before the start of the test.

•

The intervals were on 2min.

•

The test was conducted in a long course (50m) swimming pool.

•

1st – 3rd 50m were externally paced.

•

4th – 6th 50m were internally paced.

Testing environment and equipment
The swimming pool was a standard 27,5 degrees Celsius. The individuals were
tested in a lane of their own without outer interference. The 1st, 2nd, and 3rd 50m were
externally paced with indico virtual swim trainer, and the 4th, 5th, and 6th 50m were
internally paced.
The timed results were taken with a SEIKO water-resistant stopwatch.
The tester started the clock the moment the swimmers’ feet left the wall and stopped
the clock the moment the swimmer touched the opposite wall with their hand.
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Data analysis
The testing was recorded with a Casio Exilim Ex F1. The distance of the camera was
set to overlook at least 25m of the swimming pool. The video data was transferred to
a computer where it was analysed with Kinovea, a sports analysis application.

Swim-speed (SS)
Swim-speed measurements were conducted by taking a 10m split time. The time
was taken when the top of the swimmers’ head passed the 15m mark and stopped
when the top of the swimmers’ head passed the 25m mark. The units used to
measure the ss of the swimmers were meters per second (m/s).

Stroke-rate (SR)
The stroke rate was measured by taking the time of three full freestyle cycles. The
time was taken when the swimmer fully extended his hand forward and stopped and
stopped after three full cycles. The units used to measure the SR of the swimmers
were strokes per minute (SR/min).
Formula: 60/((start of first stroke – end of the third stroke)/3)

Stroke-length (SL)
The Stroke-length is measured by dividing swim speed/stroke rate. The units used to
measure the SL of the swimmers were meters per stroke (m).
Formula: swim-speed /(stroke-rate/60)

Statistics Analysis
Once all the data was collected, the data was analysed with the use of IBM SPSS
statistics data editor and Windows Excel 2020. Results were analysed with T.test
done with excel t.test function with two-tailed and unequal variances. IBM SPSS
statistics data editor was used to find the Mean and Std.
The results are depicted as mean, standard deviation, and sample t.test (p=0,05).
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Results
Table one depicts the absolute time difference between the actual time and the
planned time in the 6x50m pacing test. The biggest difference between the group
was 2,65 (p<0,0001) seconds in the 4th sprint.
Table 1. The difference in every 50m and 1-3rd and 4-6th in the absolute average difference between swimmers
with and without II.

Sprint

Without II (14)

With II (34)

Diff.1(s)

0,20(+/-0,13)

1,61(+/-1,67) *

Diff.2(s)

0,22(+/-0,17)

1,38(+/-1,38) *

Diff.3(s)

0,18(+/-0,17)

1,45(+/-2,29) *

Ave-Diff.1-3(s)

0,11(+/-0,06)

1.30(+/-1,60) *

Diff.4(s)

0,90(+/-0,50)

3,55(+/-2,39) *

Diff.5(s)

0,47(+/-0,20)

3,06(+/-2,02) *

Diff.6(s)

0,46(+/-0,33)

2,02(+/-1,50) *

Ave-Diff.4-6(s)

0,37(+/-0,23)

2,51(+/-1,87) *

Results marked with * = p<0.05

The group with II has a minimum of 1,38 second average from target time, while the
group without II has a maximum of 0,90 seconds from their target time. Both groups
were furthest from their target times in the 4th 50m sprint.
Table 2. Difference in stroke-length between swimmers with and without II, in all six 50m.
SL= stroke-length m= meters

Sprint

Without II (14)

With II (34)

SL.1(m)

2,03(+/-0,2)

1,74(+/-0,56) *

SL.2(m)

1,85(+/-0,2)

1,63(+/-0,28) *

SL.3(m)

1,87(+/-0,21)

1,63(+/-0,26) *

SL.4(m)

1,95(+/-0,22)

1,69(+/-0,32) *

SL.5(m)

1,91(+/-0,24)

1,65(+/-0,30) *

SL.6(m)

1,83(+/-0,19)

1,61(+/-0,29) *

Results marked with * p<0,05

The results in table 2. show us that the group without II have significantly longer
strokes than the group with II.

14

Table 3. Difference in stroke-rate (SR) between swimmers with and without II, in all six 50m.
SR= stroke-rate min=minutes

Sprint

Without II (14)

With II (34)

SR.1(str/min)

34,98(+/-3,79)

41,86(+/-8,28) *

SR.2(str/min)

41,72(+/-3,37)

44,91(+/-5,09) *

SR.3(str/min)

45,66(+/-4,16)

48,79(+/-6,43)

SR.4(str/min)

37,00(+/-5,08)

43,39(+/-5,78) *

SR.5(str/min)

40,97(+/-4,31)

47,94(+/-6,76) *

SR.6(str/min)

46,54(+/-4,21)

49,76(+/-8,05)

Results marked with * P<0,05

Table 3. shows us that the group with II has a higher overall SR than the group
without II.
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Discussion
The aim of this study was to see the difference between swimmers diagnosed with II
and swimmers without II in the 6x50m pacing test. The first aim was to see the
difference between the two groups when externally and internally paced. The results
show that the swimmers with II show to have difficulties hitting the set paces than
swimmers without II, and even more difficulties when internally paced. As shown,
athletes with II have trouble holding certain paces without continued auditory
feedback (Van Biesen et al., 2017), which confirms the hypothesis that the group
with II show a less consistent pattern in pacing when internally paced. Both groups
showed to have the most difficulties hitting their target times in the 4th 50m sprint in
the 6x50m pacing test. The 4th 50m sprint is the first externally paced sprint. Though
the group with II had substantially more difficulties, swimming an average of 3,55(+/2,39) seconds (P<0,0001) from their target time, while the group without II a mere
0,90(+/-0,50) seconds from their targeted time.
The next aim of the study was to see the difference in stroke length between the two
groups. The results showed that the group with II have significantly(P=0,05) shorter
strokes in comparison to the group without II. Swimmers with II may have difficulties
with technique and overall efficiency. Stroke length is an accurate component when
observing the efficiency of swimmers (Funai et al., 2019). The reason for the lack of
efficiency could be that swimmers with II are less self-conscious of how they move in
water (Burns et al., 2020). Thus, it might be that swimmers with II should emphasize
more on technique than swimmers without II. The last aim of this study was to see
the difference in stroke rate between the two groups. It appeared that swimmers with
II have a higher overall stroke rate than swimmers without II. As was shown earlier,
the group with II has shorter SL and less efficiency than the group without II
(p<0,05). The group with II has a higher stroke rate because of the lack of efficiency.
Interestingly, the 3rd and 6th 50m sprints have no significant difference between the
groups. Which could either be that elite swimmers with II swim technically better at
higher or swim better at a swim speed where more emphasis on technique is set on,
the other option is that the group without II may lose efficiency at higher speed in
comparison to the group with II.
The 6x50m pacing test was a test of pacing for elite athletes, though during the
analysis of the results, it was found that the 4th sprint was usually the sprint where
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the swimmers had the most difficulties. The hypothesis is that the swimmers get
used to the 200m pace and speed in the 3rd sprint and find it challenging to slow
down their pace internally. That could have had a minor effect on the results of the
test by swimmers getting used to a higher speed in the 3 rd 50m sprint. Having 11
individuals with DS out of the 34 with II could have influenced the outcome of the
test. As has been shown that individuals with DS have issues with multiple systems
in the body such as cardiovascular, neurological, and musculoskeletal, which could
have had an influence on the II group performance in test. Individuals with DS are
still categorized as II even though they show to have more disabilities than
individuals diagnosed only with intellectual impairment. (Antonarakis et al., 2020).
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Conclusion
By the results of this study, coaches should know that the intellectual impaired show
differences to individuals without II, not only in pacing but in stroke length and stroke
rate, which ultimately tells us there is a lack of efficiency and technique.
Coaches who work with intellectually impaired individuals should know that the
athletes have difficulties, not only in holding a certain pace but also show difficulties
in a change of pace. That is why coaches should emphasize on pacing when
coaching intellectually impaired athletes in time-based sports.
Athletes diagnosed with DS have been shown to be different than individuals
diagnosed only with II. Thus a sports category specifically made for individuals with
DS could be a reasonable idea for the future.
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