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ABSTRACT

ARTICLE HISTORY

The purpose was to assess the eﬀect of an 11-week resisted swim
training program using a water parachute on the inter-arm coordination in front crawl swimming. Fourteen female swimmers were divided
into a control and an experimental group, and followed the same
training program, except for the use of a water parachute by the
experimental group in speciﬁc sprint sets. Before and after the intervention, the underwater motion of the swimmers was recorded using
four camcorders and the digitisation process was undertaken manually. The two-way repeated measures analyses of variance revealed
a signiﬁcant increase of the swimming velocity, due to a signiﬁcant
increased stroke rate, because of the signiﬁcant reduction of the total
stroke duration, only in the experimental group. Moreover, their absolute and relative duration of the propulsive pull and push phases
increased signiﬁcantly, while the absolute and relative duration of
their non-propulsive entry & catch and recovery phases decreased
signiﬁcantly. These modiﬁcations caused a signiﬁcant increase in the
index of coordination. Thus, this 11-week sprint resisted intervention
program seems to improve the propulsion continuity and could be
considered as an eﬀective form of training, increasing the stroke rate
and consequently the swimming velocity.
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Introduction
In front crawl swimming, thrust is produced mainly by the arms’ actions (Deschodt et al.,
1999; Gourgoulis et al., 2014). The alternate arm backward motion propels the swimmer
forward and the ability to generate propulsive forces is highly correlated with the upper
body’s strength. Εspecially in short and middle distance events, muscle strength is
decisive for the swimming performance (Barbosa et al., 2015).
Resisted swimming is a speciﬁc form of in-water resistance training, during which the
swimmers use equipment to artiﬁcially increase the water drag and thus a larger amount of
force is required to overcome the overall resistance. Concerning its acute eﬀect, no
signiﬁcant modiﬁcations on the hand’s orientation (Gourgoulis et al., 2010) and the
magnitude of the resultant and eﬀective force (Gourgoulis et al., 2013a) were observed.
These ﬁndings indicate that, as far as its acute eﬀect is concerned, resisted swimming seems
to be a speciﬁc and eﬀective form of training.
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Regarding the inﬂuence of the resisted swimming for a longer period of time, Mavridis
et al. (2006) investigated the eﬀect of a 12-week resisted swim training program and
found a signiﬁcant improvement of 3.53%, 3.15% and 3.19% in 50 m, 100 m and 200 m
front crawl swimming performance, respectively. Moreover, Girold et al. (2007), after
12 weeks of resisted swim training, reported a signiﬁcant increase in the stroke rate and
the mean swimming velocity, underlining that this positive eﬀect was signiﬁcant only in
the last 6 weeks of the intervention program. Gourgoulis et al. (2019) investigated the
eﬀect of resisted swimming for a training period of 11 weeks using water parachute and
found also a signiﬁcant improvement in 50 m, 100 m and 200 m front crawl swimming
performance, along with a signiﬁcant increase in the mean swimming velocity during
50 m front crawl with maximal intensity. These improvements were attributed to the
increased, although non-signiﬁcant, stroke rate after the intervention program. The
swimming velocity is the product of stroke length and stroke rate (Craig & Pendergast,
1979), and according to the marginal gains concept and the nonlinear pedagogy (Lee
et al., 2014), small changes in these parameters may cause signiﬁcant improvements in
the swimming velocity (Gourgoulis et al., 2019).
The use of speciﬁc equipment, such as a water parachute, also aﬀects the coordination
between the two arms, acting as task constraint (Bideault et al., 2013). According to Chollet
et al. (2000), the inter-arm coordination could be expressed using the Index of
Coordination (IdC), which deﬁnes the lag time between the propulsive phases of the
right and left arm stroke. When the IdC is lower than zero, the inter-arm coordination
corresponds to a ‘catch up’ mode, which is characterised by a time gap between the
propulsive phases of the right and left arm stroke. When the IdC is equal to zero, the interarm coordination corresponds to an ‘opposition’ mode, where the propulsive action of the
one arm starts exactly when the propulsive action of the other arm ends. A third coordination mode is a ‘superposition’, where the IdC is greater than zero and is characterised by an
overlap of the propulsive phases of the right and left arm stroke.
The acute eﬀect of resisted swimming on the inter-arm coordination has been investigated in the past (Gourgoulis et al., 2013b; Schnitzler et al., 2011; Telles et al., 2011) and was
found a shift from a ‘catch up’ to an ‘opposition’ mode. This acute modiﬁcation, due to
a reduction of the time gap between the propulsive phases of the right and left arm stroke,
indicates an increase in the propulsion continuity and occurs as a consequence of the
artiﬁcially applied resistance, which as task constraint causes an increase in the drag that the
swimmers must overcome (Gourgoulis et al., 2013b; Seifert et al., 2007).
However, although resisted swim training seems to be an eﬀective training method, to
the best of our knowledge, there is a lack of research regarding its eﬀect on the inter-arm
coordination after a long period of time. Thus, the aim of the current study was to examine
the eﬀect of resisted swim training for a speciﬁc long period of time on the duration of the
arm-stroke phases and the inter-arm coordination. It was hypothesised that after a period
of resisted swim training, swimmers would change their coordination mode, improving the
propulsion continuity and increasing the IdC values.

Methods
A convenience sample of fourteen female swimmers (age: 12.93 ± 0.9 years, height:
1.57 ± 0.05 m, body mass: 47.1 ± 7.8 kg) participated voluntarily in the study. They had
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3.93 ± 0.8 years of training experience and they regularly participated in short and middle
distance front crawl events. Their performance level was moderate and they competed in
the ﬁrst two age group categories of the country’s Swimming Federation. The experimental protocol was approved by the Democritus University of Thrace Institutional
Review Board and the volunteers provided assent after they were informed about the
nature of the study. Because the participants were minors (between 12 and 14 years of
age) a signed parental consent was also obtained after they were informed about the
possible risks and beneﬁts of the current research.
Before the beginning of the 11-weeks resisted training program, swimmers performed
2 trials of 50 m front crawl with maximal intensity, after a typical warm-up of 1000 m.
Each trial started with a push oﬀ from the wall, without diving from the starting blocks,
and with full rest between them. The time of each trial was recorded by two experienced
timekeepers. The average value of the times recorded by the two timekeepers for the
fastest 50 m front crawl trial was used to match pairs of participants and randomly
assigned the swimmers to an experimental (36.36 ± 2.14 sec) and a control group
(36.43 ± 3.05 sec), without a signiﬁcant diﬀerence between them (t12 = 0.051; p = 0.960).
Both, the experimental (n = 7) and the control group (n = 7), followed the same swim
training program for 11 weeks. The only diﬀerence between the two groups was a speciﬁc
sprint swim training intervention program (Table 1), which was performed by the
experimental group pulling a water parachute, while the control group performed exactly
the same program without a parachute. All the swimmers of the experimental group
performed these speciﬁc sprint sets pulling the water parachute (STRECH CORDZ NZ,
Mfg Inc., USA), with a chute of 40.64 cm, which was tethered with a 2 m long tube on
a belt that was fastened around the swimmer’s waist.
Table 1. The speciﬁc sprint swim training intervention program. It was performed by the experimental
group pulling a water parachute, while the control group performed exactly the same program
without parachute.
Sets
Repetitions
Distance (m)
Intensity
Rest between repetitions (s)
Rest between sets (min)

Monday
3
6
15
maximal
60
5
Common
swim
training
program

Tuesday Wednesday
2
4
25
maximal
90
5
Common
Common
swim
swim
training
training
program
program

Thursday
3
6
15
maximal
60
5
Common
swim
training
program

Friday
2
4
25
maximal
90
5
Common
swim
training
program

Saturday

Sunday

Common
swim
training
program

Day oﬀ
from
training

To evaluate the eﬀect of this 11-week in-water resisted training program, the swimming performance of both groups was measured in 2 maximal 50 m front crawl bouts
before and immediately after the training period. The fastest front crawl 50 m trial was
selected for further analysis. To assess how the inter-arm coordination is aﬀected only by
the resisted swim training, eliminating any possible modiﬁcations due to breathing and
leg kicking, both bouts were executed by the swimmers holding a pull buoy between their
thighs and without breathing in the midsection of the 25 m swimming pool, where the
movement was recorded. These restrictions were imposed as Seifert et al. (2005) reported
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that breathing changed the arm coordination, causing a ‘catch up’ mode, and Millet et al.
(2002) mentioned that the leg kick may also aﬀect the inter-arm coordination.
Gourgoulis et al. (2014) found indeed that when the swimmers kick, they spend signiﬁcantly less relative time in the whole propulsive phase and increase the relative
duration of the non-propulsive phase, decreasing signiﬁcantly the index of coordination.
The underwater motion of each swimmer was recorded using four digital video
cameras (SONY DCR HC14E, Japan), with a sampling frequency of 50 Hz, which were
placed behind periscope systems (Gourgoulis et al., 2008a). The synchronisation of the
four camcorders was achieved through a LED system, which was visible in the ﬁeld of
view of each camera. The recorded space was calibrated using a parallelepiped frame
containing 24 control points, which was placed in the midsection of the swimming pool.
The dimensions of the calibration frame were: 1 m for the transverse (X), 1 m for the
vertical and 3 m for the longitudinal (Y) axis, which was aligned with the swimmer’s
direction. The root-mean-square (RMS) error of the three-dimensional reconstructed
coordinates of 8 validation points that were on the calibration frame and did not serve as
control points was 2.53 mm, 5.28 mm and 2.78 mm for the X, Y and Z axes, respectively.
Before the trials, 14 anatomical landmarks were marked with waterproof black pen on
each swimmer’s body. These landmarks corresponded to the great trochanter of the right
and left femur, the acromion of the scapula, the wrist, and the 2nd and the 5th metacarpophalangeal joints of the right and left hand. The digitisation of the selected points was
undertaken manually using the Ariel Performance Analysis System software (Ariel
Dynamics, San Diego, Cal., USA). The three-dimensional reconstruction was performed
using the Direct Linear Transformation (DLT) procedure and the raw position-time data
were smoothed using a low-pass digital ﬁlter with a cut-oﬀ frequency of 6 Hz, which was
determined after residual analysis for a wide range of cut-oﬀ frequencies (Winter, 1990).
For the evaluation of the inter-arm coordination, each stroke was divided according to
Chollet et al. (2000) into four phases:
●

The entry & catch, which corresponds to the time between the hand’s entry in the
water and its maximal forward displacement in the longitudinal direction.
● The pull, which lasted from the maximal displacement of the hand in the forward
direction to the time where the hand passes under the shoulder.
● The push, which corresponds to the time from the end of the pull phase until the
exit of the hand out of the water.
● The recovery, which lasted from the time that the hand leaves the water until its reentry in the water.
The pull and the push phases were considered as propulsive, while the recovery and the
entry & catch as non-propulsive phases of the arm-stroke. The above-mentioned phases
were calculated for two successive arm strokes through the digitising procedure. Moreover,
the mean duration of each phase was calculated as a percentage of the mean duration of the
total stroke cycle (T), which was calculated as the mean time of a complete right and left
arm stroke. The index of coordination (IdC) was calculated according to the methodology
introduced by Chollet et al. (2000), using the following equation:
IdC ¼½ðLT1 þ LT2Þ=2xð100=TÞ
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where LT1 corresponds to the time gap between the beginning of the pull phase of
the left (or right) arm stroke and the end of the push phase of the ﬁrst right (or left)
arm stroke and LT2 corresponds to the lag time between the beginning of the pull
phase of the second right (or left) arm stroke and the end of the push phase of the
left (or right) arm stroke. The IdC was expressed as a percentage of the total
duration (T) of an arm stroke.
Along with the temporal characteristics of the stroke, the stroke length (SL), the stroke
rate (SR) and the mean swimming velocity (v) were also calculated. SL was deﬁned as the
average value of the mean forward displacement of the left and right hip in the longitudinal axis, during a complete left and right arm stroke (Figueiredo et al., 2009;
Psycharakis & Sanders, 2009). SR was calculated as the inverse of the arm stroke total
duration (SR = 1/T) and v was calculated as the product of SL and SR (v = SL x SR) (Craig
& Pendergast, 1979).
Two-way repeated measures analysis of variance was used for the statistical treatment
of the data. The between factor was the ‘group’ (experimental group vs control group)
and the within factor was the ‘time of measurement’ (pre vs. post the 11-week intervention training program). The assumptions of normally distributed samples and the
Sphericity were veriﬁed using the Shapiro–Wilk test and the Mauchly test, respectively,
and both were satisﬁed. The level of signiﬁcance was set as p < 0.05. The Cohen’s f eﬀect
size was also calculated and was considered as trivial if its value was less than 0.20, small if
it was between 0.20 and 0.49, medium if it was between 0.50 and 0.79, and large if it was
greater than 0.80 (Cohen, 1992).

Results
The results revealed a signiﬁcant interaction between the ‘time of measurement’ and the
‘group’ factor in the mean swimming velocity (F1,12 = 44,240; p < 0.05; ƒ = 1.92), the SR
(F1,12 = 6,014; p < 0.05; ƒ = 0.71) and the IdC (F1,12 = 9.929; p < 0.05; ƒ = 0.91), while no
signiﬁcant interaction (F1,12 = 0.102; p = 0.755; ƒ = 0.09) was observed in the SL. The
simple main eﬀects revealed a signiﬁcant increase in v, SR and IdC only in the experimental group, while the corresponding values of the control group remained unchanged.
On the contrary, concerning the SL, no signiﬁcant main eﬀect of the ‘time of measurement’ factor was detected (Table 2).
Table 2. Mean swimming velocity (m/s), stroke rate (cycles/s), stroke length (m) and index of
coordination (%) of the control and the experimental group, pre and post the 11-weeks resisted
swim training program.

Mean swimming velocity
Stroke rate
Stroke length
Index of coordination

Group
Control
Experimental
Control
Experimental
Control
Experimental
Control
Experimental

pre
1.29 ± 0.09
1.27 ± 0.11
0.94 ± 0.12
0.97 ± 0.09
1.39 ± 0.16
1.32 ± 0.22
−7.13 ± 4.31
−14.69 ± 6.35

post
1.28 ± 0.10
1.32 ± 0.11
0.93 ± 0.13
1.00 ± 0.09
1.39 ± 0.16
1.33 ± 0.20
−7.54 ± 4.90
−8.60 ± 1.65

*statistically signiﬁcant (p < 0.05) diﬀerence between pre and post values

F-value
1,542
66,659 *
0,610
7,220*
0,823

Cohen’s f
(eﬀect size)
0.36
2.35
0.22
0.78
0.26

0.079
17.438*

0.08
1.20
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Regarding the absolute duration of the stroke phases, it was found a signiﬁcant
interaction between the two factors in the absolute duration of the entry & catch (F1,12
= 6.202; p = 0.028; ƒ = 0.72), the pull (F1,12 = 4.687; p < 0.05; ƒ = 0.63), the push (F1,12
= 7.778; p < 0.05; ƒ = 0.80), the recovery (F1,12 = 15.496; p < 0.05; ƒ = 1.14), the whole
propulsive phase (F1,12 = 9.167; p < 0.05; ƒ = 0.87) and the whole non-propulsive phase
(F1,12 = 16.174; p < 0.05; ƒ = 1.16), as well as the total duration of the stroke (F1,12 = 5.576;
p < 0.05; ƒ = 0.68). The analyses of the simple main eﬀects revealed a signiﬁcant decrease
of the entry & catch, the recovery, the whole non-propulsive phase and the total duration
of the stroke, and a signiﬁcant increase of the pull, the push, and the whole propulsive
phase only in the experimental group, while the corresponding phases remained
unchanged in the control group (Table 3).
Table 3. Absolute duration (s) of the stroke phases of the control and the experimental group, pre and
post the 11-weeks resisted swim training program.

Entry & Catch
Pull
Push
Recovery
Whole propulsive phase
Whole non-propulsive phase
Total
stroke

Group
Control
Experimental
Control
Experimental
Control
Experimental
Control
Experimental
Control
Experimental
Control
Experimental
Control
Experimental

pre
0.27 ± 0.07
0.22 ± 0.07
0.18 ± 0.03
0.21 ± 0.04
0.24 ± 0.04
0.17 ± 0.07
0.39 ± 0.06
0.43 ± 0.07
0.42 ± 0.07
0.38 ± 0.06
0.66 ± 0.09
0.66 ± 0.12
1.08 ± 0.14
1.04 ± 0.11

post
0.27 ± 0.07
0.17 ± 0.02
0.18 ± 0.03
0.23 ± 0.05
0.23 ± 0.05
0.23 ± 0.05
0.41 ± 0.09
0.39 ± 0.05
0.41 ± 0.08
0.45 ± 0.07
0.69 ± 0.10
0.55 ± 0.05
1.09 ± 0.14
1.00 ± 0.10

F-value
0.031
11.194*
0.375
6.000*
0.345
11.268*
3.174
14.331*
0.297
13.964*
1.410
20.250*
0.819
5.926*

Cohen’s f
(eﬀect size)
0.05
0.97
0.18
0.71
0.17
0.97
0.51
1.09
0.16
1.08
0.34
1.30
0.26
0.70

*statistically signiﬁcant (p < 0.05) diﬀerence between pre and post values

Concerning the relative duration of the separate phases of the arm stroke a signiﬁcant
interaction between the two factors was observed in the entry & catch (F1,12 = 5.605;
p = 0.036; ƒ = 0.68), the pull (F1,12 = 5.030; p < 0.05; ƒ = 0.65), the push (F1,12 = 14.148;
p < 0.05; ƒ = 1.09), the recovery (F1,12 = 16.904; p < 0.05; ƒ = 1.19), the whole propulsive
phase (F1,12 = 16.597; p < 0.05; ƒ = 1.18) and the whole non-propulsive phase (F1,12
= 16.597; p < 0.05; ƒ = 1.18). The analyses of the simple main eﬀects revealed a signiﬁcant
decrease of the relative duration of the entry & catch, the recovery and the whole nonpropulsive phase, and a signiﬁcant increase of the relative duration of the pull, the push,
and the whole propulsive phase only in the experimental group, while the relative
duration of all phases remained unaﬀected in the control group (Table 4).
Table 4. Relative duration (%) of the stroke phases of the control and the experimental group, pre and
post the 11-weeks resisted swim training program.

Entry & Catch
Pull

Group
Control
Experimental
Control
Experimental

pre
0.25 ± 0.04
0.21 ± 0.05
0.17 ± 0.02
0.21 ± 0.03

post
0.25 ± 0.05
0.17 ± 0.02
0.17 ± 0.03
0.22 ± 0.03

F-value
0.046
9.818*
0.044
8.771*

Cohen’s f
(eﬀect size)
0.06
0.90
0.06
0.85

(Continued)
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Table 4. (Continued).

Push
Recovery
Whole propulsive phase
Whole non-propulsive phase

Group

pre

post

F-value

Cohen’s f
(eﬀect size)

Control
Experimental
Control
Experimental
Control
Experimental
Control
Experimental

0.22 ± 0.02
0.17 ± 0.07
0.36 ± 0.06
0.42 ± 0.05
0.39 ± 0.03
0.37 ± 0.07
0.61 ± 0.04
0.63 ± 0.07

0.21 ± 0.02
0.23 ± 0.04
0.38 ± 0.07
0.38 ± 0.02
0.38 ± 0.04
0.45 ± 0.04
0.62 ± 0.04
0.55 ± 0.04

1.072
18.354*
2.866
16.986*
0.828
23.536*
0.828
23.536*

0.30
1.24
0.49
1.19
0.26
1.40
0.26
1.40

*statistically signiﬁcant (p < 0.05) diﬀerence between pre and post values

Discussion and implications
The ﬁndings of the current study revealed an improvement in the front crawl swimming
performance after an 11 week resisted swim training program using a water parachute.
The mean swimming velocity increased signiﬁcantly due to the signiﬁcant increase of the
stroke rate, which increased because of the reduction of the total stroke duration. The
decrease of the total duration of the stroke caused by the signiﬁcant reduction of the nonpropulsive entry & catch and recovery phases, despite the signiﬁcant time lengthening of
both the propulsive pull and push phases. These temporal modiﬁcations, due to the
resisted swim training, should be considered as a positive neural adaptation. The delay
between the propulsive actions of the two arms was decreased, improving the propulsion
continuity, and the swimming velocity was increased.
After the intervention program, a signiﬁcant increase of the mean swimming velocity
was observed only in the experimental group (4.38 ± 1.99%). On the contrary, the swimming velocity of the control group remained almost unaﬀected (−0.67 ± 0.65%), despite
their participation in the training program. This ﬁnding could be mainly attributed to the
superior eﬀect of the water parachute use by the experimental group during the sprint
training, while, a limited motivation and expectancy of the control group swimmers
(despite their trainers’ eﬀort and instructions), could be a reason for the absence of their
improvement. Indeed, according to Beedie and Foad (2009), diﬀerences in the participants’
motivation and expectancy could lead to signiﬁcant disparities in the performance between
an experimental and a control group. In addition, the limited experience with the resisted
swimming of the swimmers of the experimental group, due to their young age, could
provide a high potential for performance improvement and could also inﬂuence the
discrepancies between the two groups. In interpreting the current ﬁndings, one have to
bear in mind that the beginners are improved at a much greater rate than the advanced
(Marrow et al., 2016). Thus, the limited experience with the resisted swimming and the
potential diﬀerences in motivation and expectancy could be considered as limitations of the
current study and in future surveys should be taken into account.
The observed percentage improvement of the swimming velocity in the experimental
group coincides well with the ﬁndings of previous studies (Gourgoulis et al., 2019;
Mavridis et al., 2006) and is in accordance with Girold et al. (2006), who stated that
the most important parameter related to this performance improvement is the stroke
rate. As the swimming velocity is the product of stroke length and stroke rate (Craig &
Pendergast, 1979), and the magnitude of stroke length is considered as an indicator of the
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eﬀective application of the propulsive forces (Pendergast et al., 2006), the fact that in the
current study the stroke length remained unaﬀected in both groups probably means that
the intervention program did not caused any signiﬁcant modiﬁcation in the magnitude
and the direction of the propulsive forces generated by the arms. Although in studies,
where the acute eﬀect of the resisted swimming had been investigated, was speculated
that after a period of resisted swim training the force application could be positively
modiﬁed (Gourgoulis et al., 2013a), this seems not to be the main change after an
intervention program with such duration as in the current study (11-weeks). It is more
likely that mainly the temporal characteristics of the stroke are inﬂuenced, improving the
continuity of the propulsive actions of the two arms, rather than increasing the arms’
strength and the magnitude of the propulsive forces (and/or optimising their direction),
which are reﬂected into an increased stroke length. Thus, the crucial parameter seems to
be the stroke rate, which in the current study increased signiﬁcantly in the experimental
group by 3.11 ± 1.93%, due to a signiﬁcant decrease of the stroke duration by
3.15 ± 2.00%. According to Costa et al. (2013), the duration of an intervention program
is of decisive importance to cause modiﬁcations in the magnitude of the stroke rate and
stroke length. Increases in strength (and stroke length) require more time than neural
adaptations (temporal modiﬁcations and changes in stroke rate) (Enoka, 1988). Indeed,
Keskinen (1993) pointed out that an increased stroke rate represents the normal and
initial short-term strategy to increase swimming velocity, while the increase of the stroke
length takes several months. Thus, the duration of the applied intervention program is
a constraint of the current research design and longer training periods should be
investigated in future studies to draw more general conclusions.
Regarding the inter-arm coordination, the experimental group showed a coordination
enhancement, increasing the IdC value by 41.44 ± 0.24%. On the contrary, the coordination
mode of the control group remained almost unchanged, showing a non-signiﬁcant decrease
of the IdC by 5.73 ± 0.37%. According to Chollet et al. (2000), the IdC, which reﬂects the
degree of propulsion continuity, could be increased due to a reduction of the duration of
the non-propulsive phases and/or an increase of the duration of the propulsive phases.
Reducing the time delay between the propulsive actions of the two arms and increasing the
time of force application, a propulsion improvement is resulted (Sanders, 2002). In the
current study, both conditions were satisﬁed by the experimental group after the 11 weeks
intervention program. The reduction of the lag time between the propulsive actions of the
two arms caused by a decrease of both the absolute and relative duration of the nonpropulsive entry & catch and recovery phases and an increase of the absolute and relative
duration of both the propulsive pull and push phases. During the push phase, the highest
propulsive force values are produced and it is considered as the most propulsive phase of
the front crawl stroke (Gourgoulis et al., 2013b, 2008b).
However, it should be noted that initially, before the 11-weeks intervention training
program, the IdC values of the experimental group were lower (−14.39 ± 6.35%) than the
corresponding values of the control group (−7.13 ± 4.31%), despite the fact that the
swimmers of the two groups were equivalent regarding their 50 m front crawl swimming
performance. Similar swimming velocities could be the outcome of diﬀerent combinations of stroke length and stroke rate (Keskinen, 1993), showing an inter-individual
variability, as it is observed in the current study. Although the swimmers of the experimental group showed slightly higher stroke rate and shorter stoke length, in comparison
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with the control group, this shorter stoke length seems to be compensated by the higher
stroke rate, resulting, initially, to very similar mean swimming velocity with the control
group. However, even with the same swimming performance and despite the interindividual variability in SR and SL, previous studies pointed out that the inter-arm
coordination of young swimmers remains to a ‘catch up’ mode (Figueiredo et al., 2016;
Silva et al., 2019a). This adoption of a ‘catch up’ mode was observed in both groups in the
current study. However, the young female swimmers of the experimental group used an
exaggerated ‘catch up’ coordination mode before the intervention, in comparison with
the control group, and probably this inﬂuenced their greater change. This initial dissimilarity, regarding the IdC values of the two groups and the greater potential of the
experimental group to reduce the lag time between the propulsive actions of the two
arms, could be considered as another limitation of the current study. Nevertheless, it
should be pointed out that, the criterion to match the swimmers in pairs and randomly
assigned them to the experimental or the control group was their 50 m front crawl
swimming performance, where the swimmers of the two groups were initially equivalent.
Despite these modiﬁcations in the experimental group and the signiﬁcant decrease of the
lag time between the propulsive actions of the two arms, both groups maintained negative
IdC values, and their inter-arm coordination followed a ‘catch up’ mode. These results are
in agreement with previous ﬁndings concerning the inter-arm coordination in female front
crawl swimmers. It has been observed that young female swimmers adopt always a ‘catch
up’ coordination mode (Figueiredo et al., 2016; Gourgoulis et al., 2013b, 2009; Silva et al.,
2012, 2019a, 2019b; Zacca et al., 2019), while according to Seifert et al. (2004), only elite
swimmers could change their inter-arm coordination to an ‘opposition’ mode, showing
a high stroke rate, which is accompanied by a long stroke length. Thus, their swimming
velocity could be high, and because the active drag changed with speed squared, an
increased IdC value is required to overcome this environmental constraint (Bideault
et al., 2013; Seifert & Chollet, 2008). Moreover, at high stroke rate values the options
adopted regarding the coordination between the two arms are more restricted, while at slow
stroke rate, the swimmers’ inter-arm coordination shows great variability (Potdevin et al.,
2006; Seifert et al., 2010). However, if young swimmers, with restricted skill level, try to
increase their stroke rate, following verbal instructions, it is possible to slip their hands
through the water and, despite their high stroke rate and IdC values, to attain a short stroke
length, due to the limited application of their propulsive forces (Seifert & Chollet, 2008). On
the contrary, using a high lag time between the two arms actions (‘catch up’ mode), they
could probably adopt a better streamlined position of their body and a more eﬀective
hydrodynamic proﬁle, creating less resistance (Silva et al., 2014; Potdevin et al., 2006). Thus,
high IdC values (‘opposition’ or ‘superposition’ mode) did not guarantee high speed and
swimming eﬃciency, and low IdC values should not be considered as a mistake, since
swimming performance depends not only on the propulsive, but also on the resistive forces.
It is more likely that there is not one optimal inter-arm coordination mode (Bideault et al.,
2013) and that a speciﬁc coordination mode is not eﬀective for every swimmer (Seifert et al.,
2010). It is more reasonable and eﬀective, the swimmers to become able to adapt their
movements in order to overcome diﬀerent types of constraints (Bideault et al., 2013; Seifert
& Chollet, 2008). Resisted swim training, pulling a water parachute, is actually an appropriate tool to manipulate a task constraint and consequently the inter-arm coordination.
Instead of using verbal instructions in order to increase their stroke rate and to reduce the
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time delay between the propulsive actions of the two arms, the use of an artiﬁcially applied
resistance can serve to teach young swimmers another coordination pattern, extending
their motor repertoire (Silva et al., 2019b) and making them capable to adapt in various
conditions.
However, it should be pointed out that, in addition to the aforementioned limitations,
although the calculation of the IdC takes into account the duration of the propulsive
phases, indicating how the arms actions are organised temporally, it does not provide any
informations about the magnitude and the direction of the applied propulsive forces
(Schnitzler et al., 2012). Thus, it would be useful in future studies, to investigate the eﬀect
of resisted swim training in the generated forces and the intra-cyclic swimming velocity.
It would be very informative to evaluate the association between the temporal modiﬁcations in the movement organisation caused by resisted swim training and the changes in
the propulsion continuity with the behaviour of the intra-cyclic velocity variation, which
is considered to be an indicator of an eﬀective application of the propulsive forces
(Alberty et al., 2005). When the intra-cyclic velocity variation remains low, it is suggested
that less energy is required to overcome the inertial forces and consequently the swimming eﬃciency and the swimming performance increased (Barbosa et al., 2008).

Conclusion
Summarising from the ﬁndings of the current study, it could be concluded that the sprint
resisted swim training using water parachute could be used as a tool to alter the time
sequence of the propulsive actions of the two arms, decreasing the delay between them and
increasing the stroke rate, improving the front crawl swimming performance.
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