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Abstract

Background and Study Aim. Analysis must be conducted so that dive comprehension and learning become
more effective and efficient. Speed testing and bi-finswimming movement approach in diving, on the other hand,
necessitate specialised equipment. Furthermore, studies on hydrodynamic analysis in diving are still scarce in In-
donesia. Thus, the objective of this research was to examine the hydrodynamics of bi-finswimming 4x100 metre
bi-finswimming relay athletes.

Material and methods. The descriptive quantitative research method was employed, along with a survey and
a correlational methodology.Document analysis approaches, interviews as problem rationalisation and field tests
were used to collect data. Four diving athletes from the National Sports Week competition participated in the
study. A dynamometer and a Qualisys underwater camera were among the research tools. Path analysis as a data
analysis technique with SPSS application version 23.

Results. According to the survey results, bi-fin swimmers have varied techniques that fall into three categories:
effective, less effective, and ineffective. The correlational results revealed that the athlete’s body position to the
left is not significant to speed, the athlete’s body position to the right is significant to speed, the athlete’s sliding
position with both hands forward is not significant to speed, the athlete’s recovery position with the left hand is
significant for speed, and the position of the recovery athlete with the right hand is significant for speed.

Conclusions. Understanding and mastering the bi-finswimming style can reduce drag, resulting in faster speeds.
The authors expect that this study will be valuable as a resource for diving coaches and athletes. Future research-
ers are likely to employ a bigger sample size so that the data acquired can be more broadly generalised.

Key words: hydrodynamic analysis of diving athletes, bi-finswimming technique, resistance test, best time relay.

AHoTauin

FiapoaMHamiuHuii aHani3 cnopTcMeHiB, Aki 6epyTb yuyacTb B ectacheTHOMY NsaBaHHi y ABOX JslacTax y
nposBiHuii LleHTpanbHa fiBa

CyHrkoBo, TaHaio Paxat, bBam6aHr Big>xaHapko, Taydik Apidp CeraHTo, [leBaHra KOaxicripa

MepeaymoBu Ta MeTa AOCAIAKEHHSA. AHANI3 NOBMHEH MPOBOANTUCA TakUM YMHOM, W06 PO3YMiIHHSA Ta HaB4YaHHSA
AanBiHry ctanu 6inblw edekTMBHUMM Ta AiEBUMUM. 3 iHWOro 60Ky, TeCTyBaHHA WBMAKOCTI Ta Niaxig A0 pyxy y ABOX
nacraxy gamsiHry notpebytoTb cnevianizoBaHoro obiagHaHHa. Kpim Toro, 4OCnig)XeHHs 3 rigpogMHaMivyHOro aHasnisy
B AaMBiHry goci pigkicHi B IHaoHe3ii. TakmMm YMHOM, METOK AAHOro AOCNiAKeHHS 6yn0o BUMBYEHHS TigpoAMHAMIKK
cnopTcMeHiB ectadeTn 4x100 meTpiB y ABOX Nnacrax.

MaTepian i MeToamn. BukopncToBYBaBCS METOZ KiflbKiICHOrO OMMCOBOro AOCNIAXEHHS, @ TakoX OMUTYBaHHSA Ta
KopensiuinHa metomonorisa. Ans 36opy AaHUX BUKOPUCTOBYBAJMCSA MNiAXOAW aHanisy [AOKYMEHTIB, iHTEpB'0 §K
pauioHanizauis npobnemM Ta nNosboBi BUNPobyBaHHSA. Y AOCNIAXEHHI B3S/IM ydacTb YOTUPU CMOPTCMEHU-AANBEPU
3i 3MaraHb HauioHanbHOro cnoOpTUBHOIO TUXHSA. Cepes iIHCTPYMEHTIB AOCNIAXEHHS 6y AMHAMOMeTp Ta NiagBoAHA
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kamepa Qualisys. AHani3 TpaekTopii K MeToa aHanisy AaHux i3 gogatkom SPSS Bepcii 23.

Pe3synbTaTtn. 3rigHO 3 pe3ynbTataMun OMUTYBaHHA, Miasui y ABOX NlacTaX BUKOPUCTOBYIOTb Pi3HI TEXHIKKU, SAKi
NoAINATLCA Ha TpU KaTeropii: epekTUBHI, MeHW edeKTUBHI Ta HeedeKTMBHI. KopensuinHuin aHanis nokasas, Lo
NMOMOXEHHS Tifla CNOPTCMEHA 3/iBa HE MA€E 3HAaYHUM BNAIMB ANSA WBUAKOCTI, MOSIOXEHHS Tifla CNopTCMeHa crnpasa
Ma€E 3HAYHWI BNAMB AN LWBUMAKOCTI, KOB3al4ye MOJIOXEHHS Tifna cnopTcMeHa 3 oboma pykamu Brepen He Mae€
3HAYHOro BMAMBY ANS LWBUAKOCTI, NOSIOXEHHS CNOPTCMEHa MNpu BiAMNOYMHKY 3 NiBOI CTOPOHM MAE 3HAYHUI BNINB
ONS WBUAKOCTI | NONOXEHHS COPTCMEHa Npu BiANOYMHKY NpaBoi CTOPOHW MA€E 3HAYHWUI BNAUB AN1S WBUAKOCTI.

BuUcHOBKMW. PO3yMiHHS Ta OCBOEHHSA CTUMO MJaBaHHS Yy ABOX JslacTax MOXe 3MEeHLWWUTW onip, Wo npussene A0
BULLOI LWUBMAKOCTI. ABTOPW OYiKYylOTb, WO LEe AOC/iAXEHHS 6yae UiHHUM pecypcoM Anst TPEHEPIB Ta CMNOPTCMEHIB
3 pamBiHry. ManbyTHi gocnigHMKu, MMoBipHO, 6yayTb BUKOPUCTOBYBATU Ginblwimnii po3Mip BMOiIpkM, W06 OTpUMaHI
AaHi MOXHa 6yno wuplie y3araiabHUTK.

KnrouoBi cnoBa: rigpoanHaMiyHUIM aHani3, CnopTCMeHU-NipHanbHUKK, TEXHIKa NiaBaHHSA y ABOX facTax, TecT Ha

onip, ectadeTa Ha HalKpawiMn 4ac.

Introduction

Diving is inextricably linked to technical and
physical factors [1]. According to the literature re-
search, sports associated with achievement have
many factors that must be addressed to reach
high achievement [2]. Furthermore, the standard
for becoming a professional athlete is based on
several factors [3]. According to another study,
psychological, physiological, physical, and techni-
cal factors all influence an athlete’s performance
[4]. Dive techniques and physics must be mas-
tered and developed to become perfect [5]. The
finswimming technique is one of the most signifi-
cant in diving [6]. According to research, diving
competitors who grasp the finishing technique
will be able to minimise drag, reduce fatigue, and
provide effective propulsion [7]. Surface finswim-
ming, apnea finswimming, immersion finswim-
ming, and bi-finswimming are the four types of
finswimming techniques [8].

Based on observations at the National Sports
Week (PON) competition, the Central Java team
won sixth place in the women’s 4 x 100-metre bi-
finswimming relay [9]. Each person in this relay
number uses a different technique. Due to the op-
ponent’s water waves and the athlete’s different
techniques, their performance falls significantly
short of that of competitors from other provinces.
These data lead us to the conclusion that finswim-
ming divers use a variety of technique styles,
some of which are effective and others which are
not. However, only analysis based on empirical
data can serve as proof. An essential study for a
more thorough analysis is the finswimming tech-
nique. This is because athletes will be able to mi-
nimise resistance and produce efficient propulsion
by mastering these techniques. This fundamental
technique needs to be explained, where the train-
er must be able to identify the error’s position and
choose the most appropriate technique.

Technical analyses on diving must be per-
formed, and as time passes, these analyses must

© 2024 Sungkowo et al.

incorporate modern aspects and not just follow
the lead of one scientific field. The authors will
conduct a hydrodynamics-based analysis. Incom-
pressible liquids are particularly said to be im-
pacted by both internal and exterior forces by the
scientific discipline of hydrodynamics, which stud-
ies fluid motion [10]. Studies that are pertinent
to this issue involving MEMS Sensors Applied in
Finswimming Movement Analysis have been lo-
cated [11]. The measuring device is intended to
assess leg acceleration, the differential in angular
velocity between elite and sub-elite athletes, and
finswimming at a distance of 50 metres. The find-
ings showed that the elite and sub-elite athlete
groups had substantial differences and that elite
athletes were 20% better at movement methods
[12].

Research by Mejia-Gallon in 2024 exam-
ined the effectiveness of swimming techniques
involving variations in speed, stroke index, and
thermodynamic estimates. The study revealed
an improvement in swimming efficiency [13]. Al-
though the aforementioned research is used as
a reference because it is pertinent, there are dif-
ferences in the techniques, testing apparatus,
samples, and research locations. As a result, the
author’s research treats these variations as origi-
nal. Additionally, there hasn’t been much research
done on this chapter in Indonesia. Therefore, it is
expected that the research will be useful for aca-
demics and athletes, particularly divers. Through
the Hydrodynamics Technology Research Centre
(PRTH), the National Research and Innovation
Agency (BRIN) and Semarang State University
have collaborated on this study.

The objectives of this study are to (1) con-
duct a survey analysis of the hydrodynamics of
finswimming motion on athletes diving in the 4 x
100-metre bi-finswimming relay using hydrody-
namic analysis consisting of a resistance dyna-
mometer and a quality tracking sensor and (2)
perform a hydrodynamic correlational analysis of
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bi-finswimming relay speed based on field obser-
vations and analysis of documents in the form of
pertinent articles.

Material and methods
Participant

The quantitative descriptive research method
was utilised, together with a survey and a corre-
lational approach [14]. The variables of this study
are bi-finswimming motion techniques (X1), re-
sistance tests (X2), and best-time bi-finswim-
ming relay (Y1). This study included four female
bi-finswimming relay diving participants from the
National Sports Week (PON). A survey was used
to obtain information. The tests were carried out
at the Agency for the Assessment and Application
of Technology’s (BPPT) hydrodynamics laboratory
or the BRIN hydrodynamics technology centre in
Surabaya, Indonesia. The following figure shows
the pattern of interrelationships between research

variables.
Procedure

The research instruments consist of a resis-
tance dynamometer and a Qualisys underwater
camera [15]. Path analysis was the data analy-
sis method used. The purpose of this study is to
examine the relationship between the bi-finswim-
ming technique, which is impacted by waves,
and the athletes’ resistance to the speed of the
4x 100-metre bi-finswimming relay. The Qualisys
under water camera instrument has a calibration
which can be seen in tables 1-2 as follows.

The instrumentation analyses drag (including
passive and active drag), as well as a variety of Bi-
finswimming techniques relating to anthropome-
try, swimming kinematics, and motion efficiency.
In addition, the diving athletes were subjected
to three hydrodynamic analysis experiments: (1)
water conditions with no waves, (2) water condi-
tions with regular waves and a wave height of 5

Hydrodynamic Analysis

waves

Left marker no

cIm wave

Left marker 5

Bi-finswimming

Motion Technigque
cm wave

Left marker 10

No waves

Right marker

Right marker
Wave 5 cm

AN

Resistance
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Right marker 10

=

Speed

1 m/hour, 1.25 m/hour, 1.5

Besttime
4 x 100 m Estafet Bi-finswimming

m/hour, 1.75 m/hour, 2
Position Both P uurmﬂmm- o
hands straight
Speed
Leeft Rcllxr"'el'}'  » 1 m/hour, 1.25 m/hour, 1.5
position m'hour, 1.75 m/hour, 2
m/hour
Speed
Right Recovery 1 m/hour, 1.25 m/hour, 1.5
Position m/hour, 1.75 m/hour, 2
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Figure 1. The pattern of interrelationships between variables. Source: Personal documentation

Table 1. Calibration results of the camera

Camera X(mm) Y(mm) Z(mm) Points Avgirl;‘e;i)clual Ca;;bsr::ilon
01 -2859.27 4766.74  -13.89 1370 0.72087 Valid
02 368.40 5032.20 -93.18 1376 0.48534 Valid
03 2439.49 4818.11  -61.11 1456 0.60806 valid

© 2024 Sungkowo et al.
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Table 2. Resistance Dynamometer Calibration
Push Validation
Input mass (kg) Input (N) Output (N) Out after zero (N) Delta (N)

0 0 -6,7 0,0 0,0

5 49 -55,5 -48,8 -0,2

7 68,6 -75,1 -68,4 -0,2

17 166,6 -173,0 -166,2 -0,4

12 117,6 -124,0 -117,3 -0,3

5 49 -55,5 -48,8 -0,2

0 0 -6,7 0,0 0,0

Pull Validation

0 0 22,6 0,0 0,0

5 49 71,6 49,1 0,1

10 98 120,7 98,2 0,2

15 147 169,8 147,2 0,2

20 196 218,8 196,3 0,3

15 147 169,8 147,3 0,3

10 98 120,8 98,2 0,2

5 49 71,8 49,2 0,2

0 0 22,6 0,1 0,1
cm, and (3) water conditions with regular waves In arm movements, the bi-finswimming num-
and a wave height of 10 cm. To be clearer can be ber is the same as the crawl-style swimming move-
seen in figure 2 as follows: ments. Arm movement is divided into several

movements, namely entry and alignment (entering
the arm), stroke (down and catch sweep, insweep,
and upsweep), and recovery [16]. Researchers in-
terpret the downward sweep and insweep as move-
ments with a strong impulse for onward movement
[17,18]. The angle of the bottom stroke is 90° -
120° (right and left arm) [18]. whereas the angle
of the inside stroke is 40° - 60° (right and left arm).
The limb movement in the bi-finswimming number
is the same as the crawl-type swimming action; the
difference is that the bi-finswimming number uses
fins. In this situation, the athlete alternately moves
both legs up (upbeats) and down (downbeats), with
the lower leg bending at the knee and rising at an
angle of 30-400 (right and left leg) [19]. The crite-
ria for bi-finswimming technique are presented in
table 3 and resistance testing can be seen in figure
2 as follows [19] :

c % .'-.\- .J*T

:-‘--'-". - i

Figure 2. Testing the bi-finswimming motion
technique with the Qualisys underwater camera.
Source: Cohen 2018 (19)

Ay
g
™

=Y i .
Figure 3. Testing of Dynamometer Resistance
Instruments. Source: Personal documentation

© 2024 Sungkowo et al.
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Table 3. Criteria for the bi-finswimming tech-

nique
No Leg Angle During Criteria
Upward
Movement

1 Under 19° Ineffective
2 200 - 29¢° Less effective
3 300 - 40° Effective

4 410 - 5Q° Less effective
5 51° - and above Ineffective
No Downsweep Criteria

Angle

1 Under 69° Ineffective
2 700 - 89° Less effective
3 90° - 120° Effective

4 1210 - 14Q° Less effective
5 141° - and above Ineffective
No Insweep Angle Criteria

1 Under 19° Ineffective
No Insweep Angle Criteria

2 200 - 39° Less effective
3 40° - 60° Effective

4 61° - 80° Less effective
5 81° - and above Ineffective

In finswimming athletes, the resistance
dynamometer must be capable of minimising
resistance or water resistance that can impede
the body’s pace [20, 21]. The presence of
impediments is caused by the shape of the water
flow and the body shape of fin-swimmers. There
are three test positions: (1) forward slide, (2)
right arm recovery, and (3) left arm recovery.

Statistical Analysis

The data analysis technique using Path
analysis is a form of multiple regression analysis.
This analysis is guided by a path diagram
to conceptualize problems or test complex
hypotheses. In this way, the direct relationship
between the independent variable and the
dependent variable can be calculated. This
analysis is used as a method to identify how
the direct and indirect effects of one or more
variables on other variables. Path analysis is used
when researchers want to identify relationships
between more complex variables that cannot be
done with multiple regression analysis. The good
thing about path analysis is its ability to estimate
parameters so that it can be used to identify all
possible causal relationships in the variables used
in the model, and can analyze the total effect of

exogenous variables and break it down into direct
effects and indirect effects. statistical analysis is
assisted with the SPSS 23 application.

Result

Results of hydrodynamic testing on bi-
finswimming relay athletes

The results of the hydrodynamic analysis of
bi-finswimming numbers for water conditions
without waves, 5 cm waves, 10 cm waves, and
resistance tests on athletes numbers 1 to 4,
Presented in Table 4 as follows:

Based on the table above, overall athletes
number 1 to 4 from the right and left marker
positions get the results of the bottom sweep
angle, the inner sweep angle and the leg angle
get less effective, effective and ineffective results.
This shows that individuals have different abilities,
then specifically also seen from different angles
also have different abilities, so it is necessary to
observe specifically and individually on aspects of
technique and physical conditions. More clearly
presented in the discussion section.

Results of resistance testing on bi-finswimming
relay athletes

The results of resistance testing analysis in
bi-finswimming relay number diving athletes are
presented in table 5 as follows:

Interpretation of results Athlete number 1

According to the table above, the results of
the dynamometer resistance test in position “A”
or position with both hands straight found that
a speed of 1 m/hour produces a resistance force
of 2.916 kg, a speed of 1.25 m/hour produces a
resistance force of 4.752 kg, a speed of 1.50 m/
hour produces a resistance force of 6.863 kg, a
speed of 1.75 m/hour produces a resistance force
of 9.350 kg, and a speed of 2 m/hour produces a
resistance force of 13.203 kg.

In the “B” position or left-hand recovery, it
was found that a speed of 1 m/hour resulted in a
resistance force of 5.009 kg, a speed of 1.25 m/
hour resulted in a resistance force of 6.159 kg, a
speed of 1.50 m/hour resulted in a resistance force
of 7.934 kg, a speed of 1.75 m/hour produces a
resistance force of 11.367 kg, a speed of 2 m/
hour produces a resistance force of 16.298 kg.

In the “C” position or the right-hand recovery,
it is found that a speed of 1 m/hour produces a
resistance force of 5.068 kg, a speed of 1.25 m/
hour produces a resistance force of 5.928 kg, a
speed of 1.50 m/hour produces a resistance force
of 8.228 kg, a speed of 1.75 m/hour produces a
resistance force of 10.067 kg, a speed of 2 m/
hour produces a resistance force of 15.265 kg.

Interpretation of results athlete number 2

Based on the table above which presents
the results of the dynamometer resistance
test, it is known that in the “A” position or both

© 2024 Sungkowo et al.
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Table 4. Results of analysis of bi-finswimming motion techniques on athletes number 1-4

No. Co:’l\c’:la;:i?)ns I::)?sli‘t':(ii:l Downsw(%;ap Angle Insweep Angle (°) Leg Angle (°)
1 No Waves 129 (Less effective) 127 (Ineffective) 40 (Effective)
Number 1 2 5cm wave Left 134 (Less effective) 140 (Ineffective) 39 (Effective)
athlete 3 10cm wave 145 (Ineffective) 154 (Ineffective) 18 (Ineffective)
4 No Waves 159 (Ineffective) 158 (Ineffective) 53 (Ineffective)
5 5cm wave Right 147 (Ineffective) 154 (Ineffective) 46 (Less Effective)
6 10cm wave 146 (Ineffective) 152 (Ineffective) 44 (Less Effective)
1 No Waves 147 (Ineffective) 144 (Ineffective) 29 (Less Effective)
2 5cm wave Left 148 (Ineffective) 146 (Ineffective) 29 (Less Effective)
Number 2 3 10cm wave 144 (Ineffective) 142 (Ineffective) 34 (Effective)
athlete 4 No Waves 119 (Effective) 133 (Ineffective) 40 (Effective)
5 5cm wave Right 120 (Effective) 132 (Ineffective) 43 (Less Effective)
6 10cm wave 144 (Effective) 128 (Ineffective) 26 (Less Effective)
1 No Waves 154 (Ineffective) 151 (Ineffective) 31 (Effective)
2 5cm wave Left 150 (Ineffective) 146 (Ineffective) 28 (Less Effective)
Number 3 3 10cm wave 150 (Ineffective) 147 (Ineffective) 33 (Effective)
athlete 4 No Waves 159 (Ineffective) 159 (Ineffective) 35 (Effective)
5 5cm wave Right 155 (Ineffective) 158 (Ineffective) 17 (Ineffective)
6 10cm wave 152 (Ineffective) 155 (Ineffective) 31 (Effective)
1 No Waves 105 (Effective) 105 (Ineffective) 8,1 (Ineffective)
2 5cm wave Right 100 (Effective) 95 (Ineffective) 9,3 (Ineffective)
Number 4 3 10cm wave 103 (Effective) 94 (Ineffective) 7,3 (Ineffective)
athlete 4 No Waves 107 (Effective) 112 (Ineffective) | 26 (Less effective)
5 5cm wave Left 112 (Effective) 117 (Ineffective) 24 (Less effective)
6 10cm wave 109 (Effective) 119 (Ineffective) 18 (Ineffective)

hands straight, a speed of 1 m/hour produces a
resistance force of 3.101 kg, a speed of 1.25 m/
hour produces a resistance force of 4.441 kg, a
speed of 1 .50 m/hour produces a resistance force
of 5.213 kg, a speed of 1.75 m/hour produces a
resistance force of 6.166 kg, a speed of 2 m/hour
produces a resistance force of 9.463 kg.

In the “B” position or the left-hand recovery,
the following results are found: a speed of 1 m/
hour produces a resistance force of 3.679 kg, a
speed of 1.25 m/hour produces a resistance of
4.854 kg, a speed of 1.50 m/hour produces a
resistance force of 5.619 kg, a speed of 1.75 m/
hour produces a resistance force of 7.188 kg, a
speed of 2 m/hour produces a resistance force of
10.747 kg.

A speed of 1 m/hour produces a resistance
force of 3.691 kg in the “C” position or Recovery
right hand, a speed of 1.25 m/hour produces a
resistance force of 5.260 kg, a speed of 1.50 m/
hour produces a resistance force of 6.888 kg, a
speed of 1.75 m/hour produces a resistance force
of 9.083 kg, and a speed of 2 m/hour produces a

© 2024 Sungkowo et al.

resistance force of 11.753 kg.

Interpretation of results athlete number 3

Based on the table above, testing the
dynamometer resistance in position “A” or both
hands straight found that a speed of 1 m/hour
produces a resistance force of 2.637 kg, a speed
of 1.25 m/hour produces a resistance force of
3.501 kg, a speed of 1.50 m/ hour produces a
resistance force of 4.927 kg, a speed of 1.75 m/
hour produces a resistance force of 7.193 kg, a
speed of 2 m/hour produces a resistance force of
9.135 kg.

In the “B” position or Recovery of the left
hand, found that a speed of 1 m/hour produces a
resistance force of 3.960 kg, a speed of 1.25 m/
hour produces a resistance force of 5.287 kg, a
speed of 1.50 m/hour produces a resistance force
of 6.498 kg, a speed of 1.75 m/hour produces a
resistance force of 8.531 kg, a speed of 2 m/hour
produces a resistance force of 11.542 kg.

In the “C” position or right-hand recovery,
it is found that a speed of 1 m/hour produces a
resistance force of 3.649 kg, a speed of 1.25 m/
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Table 5. Results of resistance testing in relay number diving athletes

Position “A"” Position “"B"” Position “C”
No Speed both hands Left-hand Right-hand
P straight recovery (Final recovery
(Final Force) Force) (Final Force)
Number 1 1 1,00 2,916 5,009 5,068
athlete 2 1,25 4,752 6,159 5,928
3 1,50 6,863 7,934 8,228
4 1,75 9,350 11,367 10,067
5 2,00 13,203 16,298 15,265
1 1,00 3,101 3,679 3,691
2 1,25 4,441 4,854 5,260
Number 2
athlete 3 1,50 5,213 5,619 6,888
4 1,75 6,166 7,188 9,083
5 2,00 9,463 10,747 11,753
1 1,00 2,637 3,960 3,649
2 1,25 3,501 5,287 4,717
Number 3
athlete 3 1,50 4,927 6,498 6,262
4 1,75 7,193 8,531 8,427
5 2,00 9,135 11,452 11,274
1 1,00 2,615 3,795 3,498
2 1,25 3,470 4,925 4,495
Number 4
athlete 3 1,50 4,370 5,476 5,353
4 1,75 5,671 7,114 7,376
5 2,00 8,139 10,291 10,846
Table 6. Results of hydrodynamic analysis of biffins relay speed
Left Right A position B position C Position
Hydrodynamics r sig R sig r sig R sig r sig
with Speed : . : : :
0,400 0,600 1.000*" | 0,010 | 0,800 | 0,200 | 1.000™ | 0,010| 0,800 | 0,200

hour produces a resistance force of 4.717 kg, a
speed of 1.50 m/hour produces a resistance force
of 6.262 kg, a speed of 1.75 m/hour produces a
resistance force of 8.427 kg, a speed of 2 m/hour
produces a resistance force of 11.274 kg.

Interpretation of results athlete number 4

Based on the aforementioned table, it
was discovered that testing the dynamometer
resistance in position “A” or with both hands
straight results in a resistance force of 2.615 kg
for a speed of 1 m/hour, 3.470 kg for a speed of
1.25 m/hour, 4.370 kg for a speed of 1.50 m/
hour, 5.671 kg for a speed of 1.75 m/hour, and
8.139 kg for a speed of 2 m/hour.

In the “"B” position or recovery of the left hand
it is found that a speed of 1 m/hour produces a
resistance force of 3.795 kg, a speed of 1.25 m/
hour produces a resistance force of 4.925 kg, a
speed of 1.50 m/hour produces a resistance force

of 5.476 kg, a speed of 1.75 m/hour produces a
resistance force of 7.114 kg, a speed of 2 m/hour
produces a resistance force of 10.291 kg.

In the “C” position or Recovery of the right
hand it is found that a speed of 1 m/hour produces
a resistance force of 3.498 kg, a speed of 1.25 m/
hour produces a resistance force of 4.495 kg, a
speed of 1.50 m/hour produces a resistance force
of 5.353 kg, speed of 1.75 m/hour produces a
resistance force of 7.376 kg, speed of 2 m/hour
produces a resistance force of 10.846 kg.

Correlation results of hydrodynamic analysis
on bi-finswimming relay speed

The results of the correlation of hydrodynamic
analysis to the speed of the bi-finswimming relay
are presented in table 6 as follows.

Based on the table above, hydrodynamic
analysis with a bi-finswimming relay speed 4x 100
meters has an R-value of 0.400 and a significance
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value of 0.600 > 0.05 means that from the
hydrodynamic analysis, it is concluded that the
left side of the athlete’s body position does not
significantly affect speed. Hydrodynamic analysis
with a 4x100 meter bi-finswimming relay speed,
the R-value of 1,000 and a significance value of
0.010 <0.05 indicate that the right side of the
athlete’s body position has a significant effect on
speed.

Based on the above table, it can be concluded
that the hydrodynamic analysis of position A of
the athlete sliding with both hands forward has
no significant impact on speed because the speed
of the 4x100 metre bi-fin swimming relay had an
R-value of 0.880 and a significance value of 0.200
> 0.05. The hydrodynamic study of position B in
left-hand recovery athletes has significant effects
on speed, as shown by the hydrodynamic analysis
with a bi-finswimming relay speed of 4x100 metres
with an R-value of 1.00 and a significance value of
0.010<0.05. Furthermore, hydrodynamic analysis
with a 4x100 meter bi-finswimming relay speed
with an R-value of 0.800 and a significance value
of 0.200 > 0.05 means that the hydrodynamic
analysis of the athlete’s C position or right-hand
recovery has no significant effect on speed.

Discussion

The results of the survey analysis on four
athletes found that in the bi-finswimming motion,
the angle of the down sweep, insweep and legs
differs according to the criteria of “effective”, “less
effective” and ineffective. Resistance test results on
four athletes in position "A” (both arms straight),

position “B” (left-hand recovery), position “C”
(right-hand recovery using a speed of 1m/hour,
1.25 m/hour, 1/50 m/hour, 1.75 m/hour, 2 m/
hour) shows that the four athletes have different
resistance strength.

The results of the hydrodynamic analysis with a
bi-finswimming relay speed of 4x100 meters found
a significance value of 0.600 > 0.05. As a result,
it is possible to conclude that the hydrodynamic
analysis of the athlete’s body posture to the left
has no bearing on speed. This is because athletes
adopt ineffective techniques. The influence of
waves determines changes in motion technique,
and the average athlete’s strength when pulling the
arms and legs is underpowered, so if there is wave
influence from the left, the athlete will not be able
to maintain the technique properly. In keeping with
the study conducted by Barbosa et al regarding
young swimmers’ sprint performance, disparities
were discovered, particularly in shoulder flexibility,
anthropometry, stroke frequency, and speed.
According to the findings of various experts, the
capacity to generate a propulsive force and minimise
hydrodynamic resistance while swimming is greatly
impacted by speed and strength. Fernandes et

© 2024 Sungkowo et al.

al. discovered that swimming athletes with high
variability in hydrodynamics improved in the initial
and final tests, but not considerably [22]. Given
that the number of samples used is small, the
impact of the data obtained is minimal [23].

The hydrodynamic study of the athlete’s
right-hand body position is significant for speed,
according to the results of the hydrodynamic
analysis with bi-fin swimming relay speed 4x100
metres, which obtained a significance value of
0.010 < 0.05. This is because athletes have
techniques that are considered to be efficient. To
withstand the influence of the waves, every athlete
uses sound techniques. Athletes also have stronger
arms and legs when they are in the proper position.
Reducing resistance and boosting speed are related
to technology that creates efficient ways. According
to another study, at a given speed, amplitude and
frequency can be inversely proportional to one
another, resulting in a well-correlated relationship
with average speed [24].

The hydrodynamic study of position “A” of
the athlete sliding with both hands forward is not
important to speed, according to the results of the
hydrodynamic analysis with the 4x100 metre bi-
fin swimming relay speed, which got a significance
value of 0.200 > 0.05. There is more resistance
when the two hands are sliding in the straight-
ahead posture. Additionally, it creates obstacles
that slow down the athlete’s pace when the right
and left shoulders are parallel to the water’s surface.
Each athlete has a varied level of strength, which
naturally causes the two shoulders to be wider
than their corresponding levels of strength. This
has an impact on the speed rate. Additionally, the
research sample was modest, which also affected
the outcomes of the data collected [24].

Concerning the 4x100 metre bi-fin relay speed,
position “B” for the left-hand recovery athlete,
the hydrodynamic analysis results received a
significance value of 0.010<0.05, indicating that it
significantly affects speed. The recovery of the left
hand demonstrates that the average athlete has
sound technique since his arm is flexible enough
to allow for the largest movement and the least
amount of resistance. Relevant research supports
this study’s finding that the crawl-type stroke arm-
stroke cycle trial showed no significant change and
that the recovery phase did not significantly slow
down the speed [25]. Another study also stated
that there was no significant impact of fluid flow
on the coordination of inter-circle variability of
swimmers both up and down during the cycle and
stroke phase [26].

The results of the hydrodynamic analysis with
the 4x100 meter bi-finswimming relay speed,
position “C” of the right-hand recovery athlete
obtained a significance value of 0.200>0.05,
meaning that it has no significant effect on speed.
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This is because the right arm’s recovery technique is
weak and its level of flexibility cannot be deemed to
be effective, which presents a significant challenge.
A higher number of samples are required to enable
generalisation because a small sample yields less
ideal data[9].

Conslusion

Based on the results and discussion described, it
is concluded that the correlation (1) hydrodynamic
analysis of the athlete’s body position on the left is
insignificant to speed, (2) hydrodynamic analysis of
the athlete’s body position on the right is significant
to speed, (3) hydrodynamic analysis of position “A”
athletes glide with both hands forward isinsignificant
to speed, (4) hydrodynamic analysis of position "B”
athletes left-hand recovery is significant to speed,
(5) hydrodynamic analysis of position “"C” athletes
right-hand recovery is significant to speed. That
the survey of bi-finswimming athletes has different
technical styles in the effective, less effective, and
ineffective categories. Therefore this can be an
evaluation of the coaches for their athletes in terms
of the effectiveness of the use of techniques and
physical aspects of speed. In addition, this related
research is still minimal in Indonesia so it becomes
a novelty in this study. However, understanding
the limitations of this study is very important, the
limitations of this study are in terms of methods
that are less complex, only conducting survey
analysis, and relatively small research samples so
that the results cannot be generalized properly.
Therefore, it is hoped that further research will
improve the limitations in this study so that the
research will be better.
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