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Figure 3. 2: Filming set-up of the GoPro and starting system.

3.7.4Dartfish Analysis

All raw data needed for statistical analysis was collected by analysing all
starting techniques for each participant. The captured video footage was analysed
using Dartfish 10 (pro suite, Switzerland). Dartfish is a software system that enables
users to view, edit and analyse videos. This software has been shown to be a valid
and reliable tool for 2D analysis (Norris & Olson, 2011) and has been used in
previous studies (Seifert et al, 2010; Barlow et al, 2014; Tarvoget & lonescu-

Bondoc, 2014).
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The following variables were chosen for analysis based on previous literature
and the deterministic model (Targovet, 2014; Ruschel, 2007; Blansky, Nicholson,
Elliot 2002). The analysis protocol used for collecting raw data in this study was as

follows:

Table 3. 2: Angular variables for analysis

Shoulder angle

Measurement was taken as the angle between the

hip, shoulder and elbow

Hip Angle

Measurement was taken as the angle between the

shoulder, hip and knee
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Knee Angle

Measurement was taken as the angle between the

hip, Knee and ankle

Table 3. 3: Performance variables analysed during block phase

Reaction Time

A frame by frame analysis was

performed to find the time interval

between the starting signal and the

first distinguishable movement
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Movement Time

Using frame by frame analysis the
time interval between the first
distinguished movement and when
the participant was no longer in

contact with the block

Block Time

The total sum of the reaction time and movement time

http://etd.uwc.ac.za/
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Table 3. 4: Performance variables analysed during the Flight phase

Flight Distance

Horizontal distance was calculated
by the distance between the wall

and the participant’s first point of

contact with the water.

Entry Angle

The angle measurement at the first

point of contact with the water

Flight Time

The total amount of time spent in

the air before the participant makes

contacts the water.
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Table 3. 5: Performance variables analysed during the Underwater Phase

Underwater Distance

Using frame by frame analysis, the
distance between the point when the
participants head entered the water

and when their head emerges

Underwater time

The total amount of time spent underwater from the point when the participants

head entered the water until the head emerges for the free swim

The images in Tables 3.2 — 3.5 are screengrabs from the participants of the study

and video analysed on Dartfish

3.8 STATISTICAL ANALYSIS

All raw data was compiled in and analysed in Microsoft Excel 2010. Descriptive
statistics (means & Standard deviations) were determined. The researcher then
performed a one-way ANOVA to determine statistical significance, for each
performance variable between the three starting techniques. Since the One-way
ANOVA is used to determine whether there are any statistically significant
differences between three or more groups, this was the most appropriate test to use

to compare differences between the three starting techniques. A post hoc Test is an
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integral part of an ANOVA because it does not indicate which groups are different, if
a statistically significant difference is found Therefore, the Tukey Kramer Post Hoc
test was performed on those variables which showed a statistical significance, to
determine exactly where the difference lies. Level of significance was set at (p <

0.05).

3.9 RELIABILITY AND VALIDITY

Reliability is defined as the extent to which results are consistent over time and
an accurate representation of the total population under the study and if the
results of a study can be reproduced under a similar methodology. Also, Validity
is defined as whether the research measures that in which it was intended to.
This study instrument can be considered reliable as it has been adopted from a
previous study done by Barlow et al (2014). This should yield similar results in

the current study.

3.10 ETHICS CONSIDERATION

Ethics clearance and permission to conduct the study was obtained from the
Biomedical Research Ethics Committee University of the Western Cape, Ethics
reference number BM 18/1/7. Permission was also sought from the Vineyard
swimming club to make use of their swimmers as well as the University of

Stellenbosch, to make use of their facilities. Once identified, all the participants were
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informed about the study verbally and via the information sheet (Appendix A:

Information Sheet).

The information sheet clearly explained the aim of the study and the
procedures followed during testing. Participants who consented to participate in the
study were screened against the sampling criteria. Eligible participants received a
consent form (Appendix B: Consent Form) to sign concerning their involvement in
the study. Participants under the ages of 18 were required to provide signed consent
from their parents/guardians. Participation in the study was voluntary, and
participants were made aware that they could withdraw from the study at any stage
with exemption. Each participant was assigned a number to ensure confidentiality.
All trails were filmed and analysed to collect raw data. Videos and all personal
information obtained from the study were kept confidential, and only the researcher

and the supervisors had access to this information.

All data containing information about the participants was stored securely in a
locked filing cabinet in the Sport Recreation and Exercise Science (SRES)
department office, until the study report was completed. All the data collected will be
kept for a minimum period of five years in the Sport Recreation and Exercise Science
(SRES) department and thereafter, it will be destroyed. The information collected
was used for research purposes only. The outcome of the study was made available
to all research participants. The researcher acted ethically, responsibly and
professionally always ensuring the safety of participants. Participants were not

harmed in any way.
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3.11 CHAPTER SUMMARY

This chapter outlined how a quantitative approach was most appropriate for this
study, in capturing and analysing the variables that define the performance of the
swim start. The procedure for analysing quantitative data and data verification was

also outlined.

In this chapter, the research setting, and research design was described in
detail. The sampling and population procedure as well as the method of data

collection was explained. The next chapter presents the research findings
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CHAPTER FOUR

RESULTS

4.1 INTRODUCTION

This chapter provides an overview of the findings in the context of research
objectives and hypotheses of the study. Data is organised, analysed and reported to
determine if either one of the analysed starting techniques are found to be superior
to the others. The results for the starting position biomechanics are presented first,

followed by the results of the block phase, flight phase and underwater phase.

4.2 SAMPLE DEMOGRAPHICS

Vineyard swimming club swimmers were chosen to participate in this study. As
this study had a cross over design, each participant acted as their own control and
were required to perform each of the three starting technique, once. All swimmers
were from the same swimming club, received the same coaching and met the
qualifying times for Junior Nationals in their specific age group (Appendix C: Age
Group SA Jnr QT). Therefore, all participants were considered as equals. Ten
swimmers volunteered to participate in this study. Each swimmer aged of 19 and
over provided a signed a consent form and those aged of 18 and under where
required to provide parental consent prior to any testing being conducted. To ensure
anonymity, each participant was randomly assigned to a letter. This letter was used

in all future analysis of the swimmer and not their name.
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4.3 ANALYSIS OF DATA

The results of the analysed data are presented five parts, namely; body
position characteristics, block phase, followed by the flight and underwater phases

and lastly the total start time.

4.4 BODY POSITION CHARACTERISTICS

This segment will focus on three different angular parameters, namely;
shoulder, hip and knee angle. These were analysed to determine the differences
between starting techniques concerning the body position. Knee angle was only
measured at starting position on the block, while shoulder and hip angle were
measured at three different points in time. These points include the starting position

on the block, take-off and water entry.

As presented in Chapter 3, the shoulder angle was measured as the angle
between the hip, shoulder and elbow. The hip angle was measured as the angle
between the hip, shoulder and knee. The knee angle was measured as the angle
between the hip, knee and ankle. For those starting techniques, such as the Track
start (TS) and Kick Start (KS) with a more asymmetrical stance, hip and knee

measurements were taken on the rear leg.

These angles, as previously mentioned Chapter 3, were measured at three
different points in the swimming start. The first point, the starting position, was when
the participant was mounted on the block, before any movements were made. The

second point, the take-off, was when the participants was no longer in contact with
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the starting block and lastly, the third point was the first point of contact with the

water (Figure 4.1).

Figure 4. 1: Angular measurement points in swimming start (1-3).
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Table 4. 1: Comparison of angular variables between starting techniques

The table below displays the means, standard deviations, and significant level for

each of the analysed angular variables at three points in the start

Position Variable Grab start Track Start Kick Start P-value
Shoulder
107.1947.70 102.70+5.09 101.97+6.18 0.28
angle
Starting
Position (°) Hip angle 23, Ol Tl ARl L5000 31.20+5.65 0.03*
Knee angle  119.03+5.32 88.04+13.36 67.07+6.87 0.00*
Shoulder
158.64+6.69 143.36+12.34 144.31+7.19 0.00*
Angle
Take-off (°)
Hip angle 150.00+7.11 157.49+11.44 170.47+6.94 0.00*
Shoulder
163.99+43 167.44+9.20 157.33+11.95 0.18
angle
Entry (°)
Hip angle 162.245.71 169.04+12.34 170.44+5.43 0.18

http://etd.uwc.ac.za/

*Significance set at p<0.05
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Table 4.1 represents the results for the angular variables analysed at three
points in the start for each for each of the starting techniques. A one-way ANOVA

was conducted to compare the difference in variables and each of the three points.

No significant difference was found between techniques for shoulder angle at
the starting position (p = 0.28) or entry (p = 0.18). Nor was there any difference
between hip angle at entry (p = 0.18). As expected, due to difference in the position
of the feet on the starting block, there was a significant difference in hip and Knee
angle at starting position at p = 0.03 and p = 0.001. A statistically significant
difference was also found for shoulder and hip angle at take-off at p<0.01 (p = 0.001)

for both.

The Tukey Post Hoc test results reveal that there was a statistically significant
difference in the average scores for hip and knee angle at the starting position
between the GS, TS and KS. On the other hand, the average hip angle at take-off for

the KS was found to be significantly greater than that of TS, and GS respectively.

4.5 BLOCK PHASE

This section will focus on the first phase of the swimming start; the block phase.
This phase includes movements made by the swimmer on the starting block, after
the starting signal. Results for Reaction Time (RT), Movement Time (MT) and Block

Time (BT) are presented.
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Table 4. 2. Comparison of performance variables of the block phase between

starting techniques

Variable Grab Start Track start Kick Start P-value

Reaction time (s) 0.24+0.17 0.09+0.11 0.06+0.01 0.03*

Movement time (s) 0.57+0.06 0.56+0.06 0.51+0.31 0.83

Block time (s) 0.80+0.19 0.6610.11 0.58+0.31 0.16

*Significance set at p<0.05

Table 4.2 depicts the results of the performance variables in the block phase of
each of the three starting techniques. A one-way ANOVA was conducted to compare
the difference in time between techniques for each performance variable on the
block phase. There was no significant difference in MT and BT. However, there was
a significant difference in RT at p= 0.03. Post Hoc comparison using the Tukey HSD
test indicated that the mean score for RT for the GS (0.24s) was significantly
different from that of the KS (0.06s). However, the BT for the KS did not significantly
differ from the GS or the TS technique of the OSB11 starting block. Taken together,
even though the results suggest that the RT for the Kick start was a lot faster than
that of the Grab start, there was no significant difference in the total Block Time

between starting techniques.
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4.6 FLIGHT PHASE

This section will discuss the findings of the second phase of the swimming
start. Results for Flight Time (FT), Flight Distance (FD) and Angle of Entry (AE) are

presented.

Table 4. 3: Comparison of performance variables during the flight phase between

starting techniques

Variable Grab Start Track Start Kick Start P-Value
Flight time (s) 0.20+0.05 = 0.22+0.05 0.20+0.05 0.527
Flight Distance (m) 2.64+0.10 2.74+0.20 3.06+0.20 0.001*
Angle of entry (°) 9h:0/:1:11 " 2-36: 3041392 33:931+1 .83 0.025*

*Significance set at p<0.05

Table 4.3 illustrates the results for the performance variables in the flight phase for
each of the three techniques. As proved by the ANOVA, there was no statistically
significant difference in FT between techniques. On the other hand, FD and AE was
significantly different between techniques at p<0.05 respectively (p = 0.02) and (p =
0.00). The Tukey Post Hoc performed on both FD and AE revealed the following;
mean Scores for FD for the KS (3.06) were significantly greater than the TS (2.74)

and GS (2.64). The results for AE for the TS (36.30°) was significantly greater than
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that of the KS (33.96°). This displays that the kick start has the longest FD and

smallest AE compared to that of the GS and TS, with no significant difference in FT.

With the average result of FT and FD, we were able to calculate the average
velocity for each of the three starting technique off the OSB11 starting block. Velocity
is calculated as distance/time. Table 4.4 represents the average velocity achieved for

each starting technique.

Table 4. 4: Difference in average velocity between starting techniques during the

flight phase
Start technique Average Distance Average Time Average Velocity
Grab start 2.64m 0.20s 13.2m/s
Track Start 2.74m 0.22s 12.5m/s
Kick Start 3.06m 0.20s 15.3m/s

The table above illustrates the results for the calculation of average velocity for
each start technique based on the results achieved for FT and FD during the flight

phase of the swim start.
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4.7 UNDERWATER PHASE

This section will discuss the findings of the third and final phase of the
Swimming start. Results for Underwater Distance (UD), Underwater Time (UT) are
presented. The underwater phase is described as the time elapsed between first
contact with the water and when the swimmers head resurfacing to start the free

swim (Yang, 2018).

Table 4. 5: Comparison of performance variables during the underwater phase

between starting techniques

Variable Grab Start Track Start Kick start P-Value

Underwater Time (s) S e e R 2.69+011 0.28

Underwater Distance (m) 2.93+0.27 3.00+0.12 3.09+0.11 0.30

*Significance set at p<0.05

Table 4.5 shows the results for the variables analysed for the underwater phase
for each of the three techniques. The one-way ANOVA proved that there was no
statistical difference between UT and UD between starting techniques. Although
insignificant, the KS was found to be have a faster UT and a greater UD than the TS

and GS.
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4.8 TOTAL START TIME

This section will describe the findings of the total Start Time (ST) between the
three starting techniques. The start time is typically defined as the time from the
when the start is initiated by the starting signal to when the centre of the swimmer’s

head reaches the 15m (Cossor & Mason, 2001).

Table 4. 6: Comparison of Start time to 15m between starting techniques. Meanx

standard deviation.

Performance Variable Grab Start Track Start Kick Start P-value

Time to 15 M (s) 7.19+0.38 6.96:+0.32 6.67+0.34 0.03*

*Significance set at p<0.05

The table above displays the mean scores for total start time (time to 15-
meters) for the three starting techniques. The Tukey Post Hoc test proved that the

KS was significantly different to that of the GS only.
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4.9 CHAPTER SUMMARY

This chapter has reported on the findings of several angular, kinematic and
temporal performance variables in three different phases of the swimming start,

between the Grab start, Track start and Kick start technique.

Through the analysis of angular variables, the kick start and Track start proved
to have shoulder and hip angles more favourable to increasing swim start
performance. Therefore, it can be said, with relation to important angular variables,
that the kick and Track could most likely produce greater angular momentum OSB11

starting block.

Results from the block phase proved that there were ultimately no differences
between starting techniques in total block time. However, The Kick start had a
significantly faster reaction time, which has been proved to be a very important factor

contributing to start performance.

Analysis on the flight phase, proved that although the Grab start had the more
favourable angle of entry. The kick started presented a combination of variables that

contributed to superior flight performance, including horizontal velocity.

The underwater phase proved that both UT and UD were not different between
starting techniques. Lastly, the total start time proved that the Kick start is the more
superior start of the three techniques when performed off the OSB11, as a quick time

to 15-meters is the main objective of a good swimming start.
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Chapter 5 will discuss the above findings in relation to current and previous
research along with concluding factors of the study. The limitations of the current

study and recommendations for future studies will be provided.
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CHAPTER FIVE

DISCUSSION, CONLCUSION AND RECOMMENDATIONS

5.1 INTRODUCTION

In this chapter, the results are critically assessed and discussed, according to
the hypothesis of the study as it is in Chapter 1. Thereafter the conclusions,
recommendations and study limitations. The focus of this study was to determine
which of the three starting techniques was most efficient off the Omega OSB11

starting block.

5.2 DISCUSSION

The findings of the study were used to evaluate the following hypotheses:

Hypotheses 1: Staring position biomechanics

In order to understand the advantage one start may have over the other, it is
important to understand the difference in the biomechanics of each starting
technique. The GS has a symmetrical stance with both feet placed towards the front
of the starting block with the toes curled over the front edge and the TS technique
has one foot placed at the front edge of the block with the other towards the rear
(Murrell, 2012). With the approval of the OSB11 starting block, which is equipped
with a back plate, the KS was developed. This technique is very similar to that of the
TS except the rear foot is positioned on the back plate (Honda, 2010). The

64
http://etd.uwc.ac.za/



swimming start is influenced by the way the swimmers is positioned on the block,

therefore, it is essential to understand its influence on performance (Milanese, 2014).

although the time spent on the block needs to be as brief as possible, it also
needs to last long enough to generate sufficient force. From a biomechanical point of
view, the hip and knee play an essential part in force development through muscle
contraction. When swimmers push off the block, hip and knee extention activates
both the quadraceps and glutes, allowing the swimmers to dive forward off the block.
In this regard, angular momentum is achieved through and explained by Newston 1%t
law and 3™ law of motion. First of all, the swimmer would need to push on the block
with their legs in order to move as newtons 15t law states that an object at rest stays
at rest and Secondly, the more force excerted onto the block, the greater the reactive
force. Swimmers therefore need to react to the starting by pushing onto the block
and have a hip and knee angle that assists in optimal muscle contraction in order to

excert force. This, in turn, assists in the development of angular momentum.

The current study found the average hip and knee angle between starting
techniques to be significantly different at the starting position, although the results of
the current study are not in line with current literature. Slawson (2012 & 2013) found
that a rear knee angle of approximately 75° - 85° to be the most effective angles for
shorter block times and take-off velocity. He also stated that angles above 85° or
below 75° would most likely affect force production and consequently angular
momentum. Similar findings were reported by Blanco (2015) who found that a
decrease in knee angle, resulted in lower angular momentum. The GS had greatest
average knee angle and the KS had the smallest knee angle. In this regards, the TS
presented an angle closest to that of the optimal range. This means that swimmers
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need to find a position on the block in which they can achieve an optimal rear knee
angle (75 ° - 85° in order to increase force production and ultimately angular
momentum. This can be achieved by shifting their centre of gravity forward or
backward depending on the start technique used. Swimmers performing the track
start would need to shift their centre of gravity more forward, raising the hips or,
alternatively, shifting their centre of gravity backward and dropping the hips when
performing the TS may assist in achieving a knee angle between the suggested

range. Based on knee angle, the GS seems to be inferior to that of the TS and KS.

Hypotheses 2: Block Time

“The Kick start technique off the OSB11 starting platform will produce the fastest

block time”

The block phase is the first of the three phases of the swimming start and
affects the performance in succeeding phases, therefore, it is beneficial for
swimmers to master their take-off parameters on the starting block (Mason, Alcock,
& Fowlie, 2007). The block phase requires a compromise between time and force
(Yang, 2018). In other words, there needs to be balance between spending too much
time on the block, with the intention of creating more force, and spending too little
time on the block to minimize the time deficit (Lyttle, 1999). So, for swimmers to take
advantage of the decreased resistance compared to that of the water, the start
performed off the block needs to be effective enough to propel swimmers into the

water as quick and as far as possible (Yang, 2018).
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In order to determine the difference in block time, the results of the angular and
temporal variables that influence block time were analysed. As presented in Chapter
4, the study findings partially support the first hypothesis. Although the KS was not
found to be significantly faster than that of the GS and TS, it was found to be the

faster of the three.

Angular variables

Studies indicate that an essential component of the starting technique is the
geometry of the body at the starting position in terms of block position and, in
particular, “optimal” joint angles. (Bradshaw, 2007). The angular variables analysed
in the current study were shoulder, hip and knee angle. These measuremets were
taken at three positions namely; the starting position, at take-off and at water entry
(Fischer, 2017; Seifert, 2010; Vantorre, 2010). Knee angle was only measured at

starting position on the block.

The difference in shoulder angle between starting positions and take off
indicate the forward arm displacement of the swimmer during the start (Blanco,
2015). This refers to the movement of the arm in a forward direction away from the
midline of the body, through the coronal plane. With this being said, a higher
shoulder angle, an angle closer to 180 °, was related to the arm position as a
continuation of the body and smaller values were associated with forward
displacement (Vantorre, 2014). On the current study, the difference in shoudler angle
between starting position and take off was an angle a lot smaller than 180 °© and was

considered as forward arm displacement.

67
http://etd.uwc.ac.za/



Knee and Hip angles were measured as research suggests that they are
important variable in determining block performance as it is directly associated with
the ability to develop force (Slawson 2013; Beretic, 2012; Nomura, 2010; Slowinski,
2012), which ulltimately assists in the development of angular momentum. Angular
momentum can be defined as a mechanical factor that makes an athlete rotate in a
particular direction (Dapena, 2000). Angular momentum is important during the
swimming start because the swimmer needs to rotate their body into a
biomechanicaly effecient position to enter the water. Since the main objective of the
swimming start is to leave the block as quick as possible, developing greater angular

momentum is essential.

Although the current study did not measure angular momentum, the variables
measured could assist in determining the potential angular momentum that could
have been developed when performing each of the three techniques. As previously
mentioned, shoulder angle from the starting position to take off demonstrates forward
arm displacement. It was found that the GS had the greatest change in shoulder
angle between starting position and take-off when compared to that of the TS and
KS. This means that the GS presented greater forward arm displacement that that of
the TS & KS. Blanco (2015) found there to be an association between lower forward
dispalcement and angular momentum values at take off. These results are consistant
with the findings of Vantorre et al. (2010) who proved that smaller shoulder angles
facilitated rotation and subsequently increased angular momentum. Angular
momentum is achieved when an object rotates and is maintined when all body
segments are closer to the axis of rotation rather than further away. With this being

said, larger forward arm movements during take off would negatively affect angular
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momentum. Therefore, the GS could have poetntially produced the least amount of
angular momentum during the block phase between the three starting techniques.
This means that swimmers should avoid extending their shoulders too much during
take-off. The angular momentum achieved during the block phase determines the
performance of the flight and underwater pahse therefore it is essential that
swimmers manage the change in degree of shoulder angle between the starting
position and take-off for optimal performance. This suggests that the TS and GS

could be superior to that of the GS.

Temporal variables

The temporal variables analysed for the block phase of the swimming start
were RT & MT. In order to obtain the best start performance, it is suggested that
swimmers need to react quickly to the starting signal, i.e. leaving the block speedily
(Guimaraes & Hay, 1985). The BT, defined as the sum of the RT and MT, is one of

the most influential variables to obtain the best start performance (Blanco, 2018).

Block time is an important variable in swim start performance as it directly
influences the generation of horizontal velocity. Velocity at take-off is dependent on
impulse and impulse is produced by greater force and generally longer blocks times.
However, since the main objectives of the swimming start is to leave the block as
quick as possible, swimmers need to find a balance between force production and
time spent on the block. According to the results in chapter 3, there was a detectable
difference in RT between techniques. The KS was found to be, on average, 0.12s

faster than that of the GS and 0.08s faster than that of the TS. The foot placement

69
http://etd.uwc.ac.za/



during the KS allows swimmers to lift their rear foot onto the back plate of the startng
block. This stance puts the swimmer in a more horizontal position, moving CoM
forward, allowing the swimmer to exert force in the direction in which they are
required to move, allowing swimmers to move forward quicker. Honda et al. (2015)
explained that because of the asymmetrical stance of the KS, swimmers can
generate more force on the OSB11 starting block without increasing the block time.
These results are in accordance with previous studies which state as a consequence
of the asymmetrical position of the KS, it is possible that swimmers are able to
reduce response time to the starting signal compared to that of the TS (Biel & Ozeki,
2012) and GS (Taladriz, Blanca, & Arellano 2017). Sakurai, Taguchi and Takise
(2012) also suggested that the back plate used in the KS may contribute to a faster
RT and MT and ultimately BT by allowing swimmers to lean forward more quickly.
These results prove that the KS is more superioir than that of the TS and GS when

performed off the OSB11.

In conclusion, based on the results of the angular and temporal variables when
analysisng block time.The TS & KS prove to be superior to that of the GS when
perfromed off the OSB11 block, therefore only partially supporting the first
hypothesis as the KS was not significantly faster during the block phase than that of

the TS and GS.

Hypotheses 3: Flight Time

“The Kick start technique off the OSB11 starting block will produce the fastest flight

time”
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The flight phase is the period between when the swimmer’s feet leave the
starting block and when the hands make contact with the water, during which
swimmers need jump as far as possible and travel the maximum distance with the
velocity developed in the block phase (Hubert, 2006). Researchers have found the
the longer the time invested in the air supposes a shorter time to 15m (Seifert et al. &
Vantorre, 2010). As the air poses a lot less resistaince than the water, longer time in
the air allows swimmers to maintain the velocity achieved during the block phase,
consequanently performing a more efficient start technique (Vantorre, 2010). In
addition to this, Cossor and Mason (2001) observed a significant correlation between
FD and time to 15m. The same trend was observed in a study done by Ruchel,
Araujo, Pereira and Roesler (2007), who stated that higher values of FD was

assiciated with shorter start times.

Along with the flight time and distance, the entry angle is an important factor in
start performance. At water entry, the body progressively begings to touch the
surface of the water, untimately increasing the drag force. The entry angle will either
negatively or positively influence the drag force and average velocity in the
underwater phase (Elipot, Hellerd, Taiar, Boissiere, Rey, Lecat & Houel, 2009). Drag
or Hydrodynamic drag if the force that swimmers need to overcome to maintain
movement through the water (Kjendlie & Stallman, 2008). Mclean, Holthe, Vint,
Beckett and Hinrichs (2000) and Vantorre (2010) proved that swimmers must
generate enough angular momentum to make a smooth entry into the water. This
means they would need sufficient time in the air to rotate in order to enter the water

through a small hole as entry angle has a direct impact on the performance of the
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swimmer underwater and the depth of the gliding during the underwater phase

(Elipot, 2009)

Although the Hypothesis is directly related to time, there are a number of other
variables in the flight phase that are beneficial to overall start performance and time
to 15m. Angular, kinematic and temporal variables in the flight phase which could
affect overall start time are discussed. As presented in chapter 4, the findings of the

current study do not support the hypothesis.

Angular variables

The angular variables analysed for the flight phase were shoulder, hip and
angle of attack. Although angular variables are not directly related to time of the
swim start, they influence flight phase of the swimming start. The take-off angle,
although not measured in the current study, and entry angle are the most used
angular variables to describe the difference in start techniques (Blanco, 2015). These

angles determine the body position relative to the water surface.

Since smaller entry angles are associated with a higher CoM, it would result in
a higher entry angle and ultimately a smaller entry hole. According to our findings,
the average entry angle for the GS was found to be the highest (35.07°) while the KS
was the lowest (33.93°%). When the swimmer enters the water through a small entry
hole, it means the swimmer is in a more vertical position to the water surface than
those starts with a smaller entry angle. This means that when performing the GS,
swimmers would enter the water with more velocity due to gravity. We can then
assume that the entry hole for that of the GS was significantly smaller than that of the
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KS. Since this is determined by the entry angle. Therefore, those who enter at a
smaller hole would need to rotate into a more horizontal position for the streamline
position and then back into vertical position until they break of out the water. This
type of rotation during the underwater phase would cause a higher resistance and
ultimately decrease momentum (Vantorre, 2014), making the GS a less beneficial
starting technique. It could then be suggested that the KS would be more beneficial
because the swimmer would be entering the water at a smaller angle, with a larger
entry hole. This would mean that the swimmer would already be in a horizontal
position and would require less underwater rotation, resulting in less resistance. This
is in line with the suggestion of Seifert & Vantorre (2010) on managing angular
momentum achieved in the block phase, as previously mentioned. This implies that a
flatter starts, such as that achieved by the KS, would be beneficial for shorter swim

start times.

The Hip angle has proved to be relevant to the entry into the water (Fischer
2014 & Ozeki 2008). Like entry angle, the hip angle represents the body posture at
first contact with the water. In the current study, it was found that the KS (170.47°)
and TS (169. 04°) had larger average hip angles than that of the GS (162.2°),
although not significantly different. This means that along with a larger entry hole
and a flatter trajectory, the KS also proved to have a greater hip angle. These results
are in line with the findings of Kibele and Fischer (2011) who indicated that the hip
angle at entry is important to start performance as it will affect the underwater phase.
They proved that larger hip angles and bigger entry holes at water entry appeared to
minimize loss in horizontal velocity (2014). With this, it was found that larger hip

angles allow the swimmer to prepare for a powerful dolphin kick after the feet enter
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the water, which assists in managing velocity loss. Although participants in the
current study were prohibited from kicking during the underwater phase, during
competition conditions it is essential. Previous studies suggested a similar entry
angle effect between the KS, TS (Beretic, Durovis &Okicic; Ozeki, 2012). All
together, it can be concluded that a smaller entry angle, larger hip angle and bigger
entry hole may allow swimmer to manage the loss in velocity achieved during the
block an flight and perfom better during the underwater phase. This making the KS ,

a more superior start when analysing aerial variables of the flight phase.

Kinematic and Temporal Variables

The kinematic variable analysed for the flight phase of the swimming start were
FT and FD. In the current study, no significant difference was found between
average FT between start technques. The KS (0.20s+0.05) & GS (0.20s+0.05) mean
scores were the same, and slightly shorter than that of the TS (0.22s+0.05). On the
other hand, there was a significant difference in the average FD between the three
starts. It was found that the mean scores for FD in the KS (3.06mz%0.20) was
significantly greater than both the TS (2.74mz%0.20) and GS (2.64mz=0.10). This
means that the FD when using the KS off the OSB11 was on average 0.37-meters
and 0.42-meters further than the TS and GS resepectively. This means that when
the participants used the KS they travelled further in the same amount of time or
less. As mentioned earlier in this chapter, the KS was could have potentially
developed more angular momentum when leaving the block and had a flatter

trajectory. With greater angular momentum and jumping forward rather than
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upwards, as presented by that of the GS, swimmers can travel further before

contacting the water.

With the average FT and FD for all three starting techniques, we were able to
calculate the average velocity during the flight phase for each technique. The ability
to generate velocity when performing an activity, in this case jumping, or direction
change is a determinate of performance in any sport activity (Giroux, Rabita, Chollet
& Gulhem, 2015). The current study found that the KS (15.3m/s) had the greates

velocity when compared to that of the TS (12.5m/s) and GS (13.2m/s).

In conclusion, the KS was found to have the smallest entry angle, larger entry
holes, furthest FD and greatest velocity making this the more superior start when
analysing aerial, kinematic and temproal variables of the flight phase of the
swimming start. Although superior, it does not support the hypotheisis of having the

fastest FT.

Hypotheses 4: Underwater Time

“The Kick start technique off the OSB11 starting platform will produce the fastest

underwater time”

The current study partially supports the hypothesis that the KS would have the
fastest UT. The results, although not significant, showed that the KS had a slightly

faster UT than that of the TS and GS start technique.

As previously mentioned in chapter 3, the underwater phase is defined at the

time elapsed between the first point of contact with the water and when the
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swimmers head re-surfaces to start the free swim. The performance of this phase
relies heavily on the previous phases (Vantorre, 2010). Although, all underwater
phases differ between swimming styles, for those perfomed from outside the water,
the 15-meter mark is the maxmimum distance swimmers are allowed to travel
underwater before break-out (Cossor, 2001). The performance of this phase is
determined by variables such as water entry as well as hip, knee and shoulder
actions (Tor, 2015; Elipot, 2009; Cossor J. S., 2011). Unfortunately, the current study
prohibited any underwater kicking and undulation, this could be the reason that’s
there were no differences between starting techniques for UT or UD. As mentioned
earlier in this chapter, a higher hip angle compared to that of the trunk during entry
prepares the swimmer for a powerful dolphine kick when the feet submerge. In
competition conditions, this powerful dolphin kick would be essential to maintain the
velocity achieved during the flight phase. Since the TS and KS producded a flatter
start when entering the water, it could be suggested that with a powerful dolphin kick
and less velocity loss, these starts could potentially produce fast UT and travel
further than that of the GS. Essentially, the swimmer needs to mimize water
resistaince and maximize propulsion by performing a longer distance in a shorter
time (Cossor, 2001). Additionally, a low resistance postion when gliding underwater
would mimize the loss of horizontal velocity and increase propulsion during this stage

and can assits in a superior start (Honda, 2010; Breed, 2003).
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Hypotheses 5: Total Start Time

“The kick start technique will produce the fastest 15-meter start time”

The swimming start has been defined as the time between the starting signal
and when the swimmers head reaches 15-meters (Thanopoulos, 2012; Issurin, 2002;
Cossor, 2002). The current study supports the hypothesis that the KS would produce

the fastest 15-meter start time.

The KS produced a significantly faster 15-meter start time than the GS
technique off the OSB11 starting block. Since each phase relies on the performance
of the suceeding phases, it is evident why the KS has the fastes 15-meter time.
Quick movements on the block, greater flight distance, greater horizontal velocity
and smaller entry angle all contributed to the final perfomance of time to 15-meters.
Since the UT and UD were not significantly different , it is difficult to determine the

underwater phase’s contribution to time to 15-meters.

5.3 CONCLUSION

A comparison between the Grab start, Track start and Kick start were made
with the aim of understanding which of the three provide the best start performance
and is better suited off the OSB11 starting block. Based on the results of this study
the findings suggest that the Kick Start is more superior, when comparing variables,
compared to that of the Track Start and Grab Start. In addition, the results of this
study suggest that it is essential to execute each phase of the start with precision, as

the performance of the succeeding phase effects the subsequent phases. The block
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time, flight distance and entry angle are all important factors to be observed by
swimmers and coaches. During training, swimmers and coaches should focus on

these variables in order to improve the proper execution of the swimming start.

5.4 STUDY LIMITATION

The study consisted of numerous limiting factors; however key limiting factors are

discussed below:

The sample size used was too small due to the limitation of skill level and
inclusion criteria. All swimmers who were of the correct age and able to participate in

the study, may not have qualified for Junior Nationals.

The study considered start performance as the time between the starting signal
and the 15-meter mark. Several important variables that contribute to the

performance of the start performance, other than time could were not included.

Familiarity of one start over the next could have contributed to the results
obtained for the track or kick start as these swimmers were not taught nor were, they
allowed to practice the Grab start technique. Since performance is based on best
times, the familiarity of being able to execute one start better than another, could
have skewed the results in favour of the starting techniques they were more familiar

with and could perform with me accuracy.

A Gopro was used to film the starts. A high-speed camera synced with an
underwater camera would have recorded the starts at a higher quality and could

have assisted in the accuracy of smaller movements when analysed on Dartfish.
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Lastly, the participants could have performed more than one trial of each technique.

This would have allowed the researcher to use the best results of each starting

technique and disregard those starts that were not excused correctly.

5.5 RECOMMEDATIONS FOR FUTURE RESEARCH

Based on the findings of the study, the following recommendations are offered:

The use of a larger sample size. This will allow for a greater representation of
the population being samples, more accurate and reliable statistics and smaller
margin of error. This would mean that the accuracy of the data received would

truly reflect that of the population.

The use of the best results. As performance is considered as best results and,
in this case, best time to 15-meters. Each swimmer should perform each
starting technique multiples times, with enough rest in between, and the best of
each should be used for statistical analysis to g block. ensure that the best
starts are analysed because the aim of the study is to evaluate which is the

best starting technique when performed of the new starting block.

The back plate on the starting block was held constant for all trials. The back
plate should have been adjusted to suit the swimmer. As the swimming start
performance is defined at time to 15-meters, swimmer should be allowed to
adjust the ciliation of the block to ensure they are able to perform each start

optimally
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Skill acquisition was not considered; however, as participant acted as their own
control, single subject analysis permitted us to evaluate performance of
everyone. The study used participants who qualified for Junior Nationals which
imply that’s the results are only suitable for those who are more experienced.
Future research should include several levels of skill in order to evaluate the

advantages of one start over the next in other populations.

Total start performance is measured on time between the starting signal and
the 15-meter mark. Due to the influence of force production, angular
momentum, water entry and water resistance has on time to 15-meters, these
should be analysed to provide a more in-depth understanding of what factors

influence performance outcome of various start techniques.

More attention should be given to the underwater phase, further analysis of the
different body positions, hands entry, and underwater undulation would be
required to determine the advantage of each on underwater performance. This

is essential as it would then simulate the start performed during competition.

Participants should be taught and give an opportunity to practice all three
starting techniques prior to testing to minimize the familiarity contribution
towards results. Many of the swimmers were not familiar with the Grab start as
it is not popular any longer, this could have led to poor performance when using
this technique. If swimmers were able to execute each starting technique with

precision it would have given a true reflection on which is more superior.
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Appendix A: Information Sheet

UNIVERSITY OF THE WESTERN CAPE

Private Bag X 17, Bellville 7535, South Africa

Tel: +27 21-959-3688, Fax: 27 21-959-3137

\ & E-mail: bandrews@uwc.ac.za

s

Dﬁh uqf?,ﬁ
PICE prOSE

T—

INFORMATION SHEET

Project Title: Performance of three start techniques off the OSB11 starting platform

over 15m

What is this study about?

This is a research project being conducted by Lynne Veronique Reagon at the
Maties gymnasium swimming pool, Coetzenberg Sport complex, Stellenbosch
University. We are inviting you to participate in this research project because this will
be a good opportunity to gain an understanding of your own swim start performance

related to various kinematics and possibly improve it using the given results.

The purpose of this research project is to determine which of the three starting
techniques (grab, track & kick) is the most efficient off the OSB11 starting block.

.What will | be asked to do if | agree to participate?

1. You will be asked to, in conjunction with your coach, practice all three starts
four weeks prior to testing. On the day of testing, you will be required to

perform all three starts twice.
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2. A standard warmup protocol will be administered by the coach before the
testing commences.

3. A standardized starting procedure will be used.

4. Participants must mount the blocks and assumed the required position. When
ready, a tester will give the command “take your mark”, a whistle will be blown
to signal the start of the trial.

5. False starts will be disregarded, and the trial will be repeated.

Testing will take place at the Maties Gymnasium swimming pool, Coezenberg

Sports Complex, Stellenbosch University.

Would my participation in this study be kept confidential?

The researcher undertakes to protect your identity and the nature of your
contribution. To ensure your anonymity, your name will not be included on the
surveys and other collected data; a code will be placed on the survey and other
collected data; use identification key, the researcher will be able to link your survey
to your identity; and only the researcher will have access to the identification key.

To ensure your confidentiality, we will store the collected data in safe place. Only the
researchers will have access to this. Your identification will be given a code and no

names will be used.

If we write a report or article about this research project, your identity will be

protected.

What are the risks of this research?
There may be some risks from participating in this research study.

All human interactions and talking about self or others carry some amount of risks.
We will nevertheless minimise such risks and act promptly to assist you if you

experience any discomfort, psychological or otherwise during the process of your

97
http://etd.uwc.ac.za/



participation in this study. Where necessary, an appropriate referral will be made to a

suitable professional for further assistance or intervention.

What are the benefits of this research?
The benefits to you include the following:

1. Results, discussion and recommendations on all kinematic analysis will be
shared with the coach and swimmer
2. Practice and become familiar with all three starting techniques. Provides you

with an opportunity to identify which suits you best and yields the best results

Do | have to be in this research and may | stop participating at any time?

1. Your participation in this research is completely voluntary.

2. You may choose not to take part at all. If you decide to participate in this
research, you may stop participating at any time.

3. If you decide not to participate in this study or if you stop participating at any
time, you will not be penalized or lose any benefits to which you otherwise
qualify.

4. Should you pick up an injury of any sort that will prevent you from taking part
in the study you will be excluded from the study. This is to prevent you from

injuring yourself further.

What if | have questions?

This research is being conducted by Lynne Veronique Reagon, a student in the
Department of Sport and Exercise Science at the University of the Western Cape.

If you have any questions about the research study itself, please contact Lynne
Veronigue Reagon (Tel.: 072 852 3817, email: 3043830@myuwc.ac.za).
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Should you have any questions regarding this study and your rights as a research
participant or if you wish to report any problems you have experienced related to the

study, please contact:

Head of Department:

Dr. Marie Young

University of the Western Cape
Private Bag X17, Bellville 7535
Tel: 021 959 3688

myoung@uwc.ac.za

Prof Athea Rhoda

Dean of the Faculty of Community and Health Sciences
University of the Western Cape

Private Bag X17, Bellville 7535

chs-deansoffice@uwec.ac.za

BIOMEDICAL RESEARCH ETHICS ADMINISTRATION

Research Office
New Arts Building,
C-Block, Top Floor, Room 28

This research has been approved by the University of the Western Cape’s Research
Ethics Committee (REFERENCE NUMBER: BM18/1/7)
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APPENDIX B: CONSENT FORM

UNIVERSITY OF THE WESTERN CAPE

Private Bag X 17, Bellville 7535, South Africa

Tel: +27 21-959-3688, Fax: 27 21-959-3137

E-mail: bandrews@uwc.ac.za
.1
ICE PROSE>

P
T—

Title of Research Project:

Performance of three start techniques off the OSB11 starting platform over 15m

The study has been described to me in language that | understand. My
guestions about the study have been answered. | understand what my
participation will involve, and | agree to participate of my own choice and free
will. I understand that my identity will not be disclosed to anyone. |
understand that | may withdraw from the study at any time without giving a

reason and without fear of negative consequences or loss of benefits.

| hereby give consent for my performances to be video recorded: Yes D
© O
Participants name

Participant’s signature Date

BIOMEDICAL RESEARCH
ETHICS ADMINISTRATION
Research Office

New Arts Building,
C-Block, Top Floor, Room 28
Consent Form Version Date: April 2015
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APPENDIX C: 2018 AGE GROUP — SA JNR QUALIFYING TIMES

SAAG18A STANDARDS Sa Jnr Ag Group Long Course Meters

200 Free 2:21.40 2:36.20 2:55.13
400 Free 4:55.96 5:29.14
800 Free 10:06.97
50 Back 41.74
100 Back 1:13.72 1:22.11 1:31.84
200 Back 2:37.36 2:56.63 3:17.57
50 Breast 44.37
100 Breast 1:21.62 1:32.46 1:43.42
200 Breast 2:56.45 3:18.30 3:41.80
50 Fly 39.53
100 Fly 1:10.37 1:19.25 1:28.64
200 Fly 2:38.95
200 IM 2:39.97 2:58.70 3:21.37
400 1M 5:3786
Women 14-14 |
SAN] LEV3 LEV2
50 Free 33.74
100 Free 1:03.93 1:09.30 1:17.49
200 Free 2:18.74 2:30.28 2:48.03
400 Free 4:50.37 5:16.67
800 Free 10:06.97
50 Back 41.12
100 Back 1:13.22 1:19.07 1:28.19
200 Back 2:36.30 2:50.09 3:09.72
50 Breast 44.00
100 Breast 1:21.07 1:29.04 1:39.31
200 Breast 2:55.26 3:10.96 3:32.99
50 Fly 37.96
100 Fly 1:09.90 1:16.31 JRAGE] -
200 Fly 2:38.95
200 IM 2:38.90 2:52.03 3:13.37
400 1M 5:37.86
Women 15-15 I
SAN] LEV3 LEV2
50 Free 32.58
100 Free 1:03.54 1:07.12 1:14.76
200 Free 2:17.89 2:25.55 2:42.11
400 Free 4:48.60 5:06.70
800 Free 9:44.69
50 Back 39.70
100 Back 1:12.74 1:16.63 1:25.15
200 Back 2:35.27 2:44.86 3:03.18
50 Breast 43.89
100 Breast 1:20.54 1:26.30 1:35.89
200 Breast 2:54.11 3:05.08 3:25.65
50 Fly 36.65
100 Fly 1:09.44 1:13.96 1:22.18
200 Fly 2:30.51
200 IM 2:37.85 2:46.70 3:06.70
400 1M 5:2913
Women 16-16 I
SAN] LEV3 LEV2
50 Free 32.58
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SAAG18A STANDARDS Sa Jnr Ag Group Long Course Meters

100 Free 1:02.78 1:07.12 1:14.76
200 Free 2:16.26 2:25.55 2:42.11
400 Free 4:45.18 5:06.70

800 Free 9:44.69

50 Back 39.70
100 Back 1:11.81 1:16.63 1:25.15
200 Back 2:33.29 2:44.86 3:03.18
50 Breast 43.89
100 Breast 1:19.51 1:26.30 1:35.89
200 Breast 2:51.89 3:05.08 3:25.65
50 Fly 36.65
100 Fly 1:08.55 1:13.96 1:22.18
200 Fly 2:30.51

200 IM 2:35.84 2:46.70 3:06.70
400 1M 5:2913

Women 17-17 I
SANJ] LEV3 LEV2

50 Free

100 Free 1:02.78 1:07.12

200 Free 2:16.26 2:25.55

400 Free 4:45.18 5:06.70

800 Free 9:44.69

50 Back

100 Back 1:11.81 1:16.63

200 Back 2:33.29 2:44.86

50 Breast

100 Breast i)y 1:26.30

200 Breast 2:51.89 3:05.08

50 Fly

100 Fly 1:08.55 1:13.96

200 Fly 2:30.51

200 IM 2:35.84 2:46.70
400 1M 5:2913

Women 18-18 I
SAN] LEV3 LEV2

50 Free

100 Free 1:02.78 1:07.12

200 Free 2:16.26 2:25.55
400 Free 4:45.18 5:06.70

800 Free 9:44.69

50 Back

100 Back 1:11.81 1:16.63

200 Back 2:33.29 2:44.86

50 Breast

100 Breast 1:19.51 1:26.30

200 Breast 2:51.89 3:05.08

50 Fly

100 Fly 1:08.55 1:13.96

200 Fly 2:30.51

200 IM 2:35.84 2:46.70
400 IM 5:29.13
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SAAG18A STANDARDS Sa Jnr Ag Group Long Course Meters

400 Free 4:58.68 5:22.77
1500 Free 19:32.46
50 Back 38.72
100 Back 1:12.22 1:18.33 1:23.78
200 Back 2:35.89 2:50.40 3:02.46
50 Breast 41.27
100 Breast 1:19.57 1:27.53 1:33.62
200 Breast 2:56.91 3:09.70 3:22.88
50 Fly 36.24
100 Fly 1:09.39 1:15.39 1:20.63
200 Fly 2:35.32
200 IM 2:38.79 2:51.84 3:05.06
400 IM 5:33.74
Men 14-14 1
SANJ LEV3 LEV2
50 Free 30.71
100 Free 1:00.33 1:04.93 1:09.32
200 Free 2:11.19 2:23.40 2:33.10
400 Free 4:43.04 5:04.46
1500 Free 19:32.46
50 Back 36.45
100 Back 1:08.69 1:13.98 1:18.88
200 Back 2:28.28 2:41.13 2:51.80
50 Breast 39.92
100 Breast 1:15.69 1:22.67 1:28.15
200 Breast 2:48.27 2:59.16 3:11.02
50 Fly 34.12
100 Fly 1:06.00 1:11.20 1:15.92
200 Fly 2:35.32
200 IM 2:31.03 2:42.22 2:54.25
400 IM 5:33.74
Men 15-15 I
SAN] LEV3 LEV2
50 Free 28.78
100 Free 57.60 1:02.00 1:06.88
200 Free 2:05.25 2:16.93 2:29.87
400 Free 4:30.24 4:50.72
1500 Free 17:24.44
50 Back 34.69
100 Back 1:05.32 1:10.72 1:16.16
200 Back 2:21.01 2:34.02 2:45.87
50 Breast 37.99
100 Breast 1:11.97 1:19.02 1:25.11
200 Breast 2:40.02 2:51.80 3:04.44
50 Fly 32.47
100 Fly 1:02.76 1:08.06 1:13.30
200 Fly 2:20.49
200 IM 2:23.63 2:35.01 2:48.24
400 IM 5:07.21
Men 16-16 I
SAN] LEV3 LEV2
50 Free 28.78
100 Free 56.25 1:02.00 1:06.88
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SAAG18A STANDARDS Sa Jnr Ag Group Long Course Meters

200 Free 2:02.30 2:16.93 2:29.87
400 Free 4:23.88 4:50.72
1500 Free 17:24.44
50 Back 34.69
100 Back 1:04.47 1:10.72 1:16.16
200 Back 2:19.17 2:34.02 2:45.87
50 Breast 37.99
100 Breast 1:11.04 1:19.02 1:25.11
200 Breast 2:37.94 2:51.80 3:04.44
50 Fly 3247
100 Fly 1:01.95 1:08.06 1:13.30
200 Fly 2:18.66
200 IM 2:21.76 2:35.01 2:48.24
400 IM 5:03.22
Men 17-17 1
SAN]J LEV3 LEV2
50 Free
100 Free 55.93 1:02.00
200 Free 2:01.61 2:16.93
400 Free 4:22.38 4:50.72
1500 Free 17:24.44
50 Back
100 Back 1:03.28 1:10.72
200 Back 2:16.60 2:34.02
50 Breast
100 Breast 1:09.72 1:19.02
200 Breast 2:35.01 2:51.80
50 Fly
100 Fly 1:00.80 1:08.06
200 Fly 2:16.10
200 IM 2:19.13 2:35.01
400 IM 4:57.61
Men 18-18 I
SAN] LEV3 LEV2
50 Free
100 Free 55.93 1:02.00
200 Free 2:01.61 2:16.93
400 Free 4:22.38 4:50.72
1500 Free 17:24.44
50 Back
100 Back 1:03.28 1:10.72
200 Back 2:16.60 2:34.02
50 Breast
100 Breast 1:09.72 1:19.02
200 Breast 2:35.01 2:51.80
50 Fly
100 Fly 1:00.80 1:08.06
200 Fly 2:16.10
200 IM 2:19.13 2:35.01
400 IM 4:57.61
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