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Abstract

While the limited number of diving coaches who have a solid background in
sport science look forward to receiving information of a technical nature on
various aspects of their sport, the majority of coaches who do not have the
benefit of this formal training, have questioned the value of such material as
either something they would not understand or as information which would not
have direct or immediate bearing upon improving the performance of their
athletes. In the summer of 1988, we undertook a Sport Canada-sponsored project
related to this issue.

The basic question addressed in the research was whether a feedback system
could be designed which would provide timely and meaningful biomechanics
information and which would be used by the coaches of Canada's elite divers to
assist them in evaluating the performances of their athletes. It was
hypothesized that, given the type of feedback on biomechanicai aspects of
performance which can be provided with modern computerized video digitizing
systems, coaches would be more predisposed to use this information in the
training of their divers and, as a result, performances would improve more
rapidly than without such feedback.

The project, which focused on 3-m springboard take-offs, was designed to
gain the interest and hold the attention of the coaches of Canada's elite divers
by providing them with rapid and relevant biomechanics feedback on their own
athletes. Beginning with the Canadian Olympic Trials in 1988, the 3-m takeoffs
of all divers at six national and two international meets were videotaped. The
performances of the top 10 male and top 10 female divers in the finals were
reduced using a Peak Performance computerized video digitizing system and
further processed with custom software. Output conveyed to the coaches included
stick figure 'event' sequences of the hurdle and take-off, individual diver
cunulative performance summaries, a descriptive statistical analysis of selected
biomechanical variable values for each competition, interrelationships between
height and rotation in flight and frame-by-frame analysis of selected takeoffs
to produce position and linear/angular velocity-time profiles. The output was
provided on 3-hole punched pages to permit coaches to reorganize the data as
they saw fit, set up individual progress notebooks for their divers and/or allow
them to make comparisons across dives by placing sheets side by side or by
superimposing them. In accordance with the unanimous request of coaches at the

outset of the project, one report containing data from all divers was prepared



following each meet. The report, along with a composite videotape of the
competition, was completed and distributed by courier to the coaches
approximately three weeks after the particular meet at which the data had been
collected.

Over the course of the project, the reports, averaging some 200 pages in
length, were distributed to a total of 24 Canadian coaches (5 women and 19 men)
with an average of 15 reports going out after each meet. The performances 40
Canadian divers (21 women and 19 men) were analyzed. Data were also obtained on
some 22 international competitors for comparative purposes.

Coaches involved in this rapid feedback project were enthusiastic in their
reception of the content and format of the reports they received. To formally
assess their perceptions of the effectiveness of the project, evaluative
questionnaires were administered at the 1989 Summer Nationals and the 1991
Winter Nationals. Response rates of 13 and 15 out of 16 were obtained. Coaches
indicated that the components of the report were presented in a clear manner.
In both evaluations, the importance of the stick figure sequences was evident.
The value of having comparative data on top international divers was also highly
rated. The majority of coaches rated the various report components as either
good or excellent. All but one or two of the respondents indicated that the
reports provided them with new information or new insights and also confirmed
some things they already knew or suspected. Approximately half the coaches
completing the first questionnaire found the reports useful in providing
feedback to their divers and in increasing their understanding of some aspects
of biomechanics. This number increased to 13 of the 15 respondents on the final
evaluation.

It was concluded that the feedback system developed in the study and
designed to convey meaningful and timely biomechanical information to coaches
was effective in gaining their interest and in increasing their understanding of
the application of biomechanics to diving performance. With perhaps one
exception, the feedback was employed and supported by all the coaches of
Canada's top divers. While the effect of the rapid biomechanical feedback
project on the divers could not be isolated because of the complex interaction
of factors influencing dive execution, input from their coaches inferred that it
was positive. A comparison of the performance histories of these divers at the
end of the -current Olympic training cycle (1988-92), with those their

counterparts in the preceding cycle (1984-88) may shed additional light on this
question.



BIOMECHANICAL FEEDBACK SYSTEM FOR CANADA'S HIGH PERFORMANCE DIVERS

INTRODUCTION
Background '

In 1982, we began what was to be an extended series of studies based upon
data collected in national and international diving meets (see References). In
the 1982 Canadian Championships in Vancouver, Silvie Bernier was one of the
competitors analyzed (her performances in practice had also been the subject of
an earlier study). In United States Sports Festival V held in 1983, particular
emphasis was placed on Greg Louganis' medal-winning techniques. These studies
focused upon the approach and take-off characteristics of American and Canadian
3-m divers. The results of this type of research, however, were more useful in
increasing the general level of understanding of this aspect of the performance
and in developing a frame of reference with respect to specific variables
characterizing the execution of dives by elite competitors than in improving the
technique of specific divers. Consequently, it is unlikely that these reports
had a widespread impact on diving coaches in general.

At least two major factors for this lack of impact can be postulated. The
first may be attributed to technological limitations. It simply took too long
to complete biomechanical analysis of the 16-mm films for that analysis to be of
use to most of the coaches. The labor intensive nature of biomechanical
analysis also placed severe limitations upon the number of dives which could be
studied in detail. Consequently, information often focused on single
performances of a few elite divers. The second factor may have been related to
the perception of many coaches that such information was not particularly
relevant to improving the performances of their own athletes. In some cases, it
assumed a level of expertise which most coaches did not possess. And in other
instances, the publications were not accessible to them.

The potential for such information's being useful to coaches and having a
positive effect upon performance, however, was indicated by Donald Dion's
acknowledgment of his use of our analysis of Sylvie Bernier at the 1982 Winter
Nationals and contained in our report to the CADA in June of 1982. It is
significant to note that Dion had earned a master's degree in biomechanics,
routinely applied scientific information in his coaching and was dealing with
data directly related to one of his divers who would eventually win the gold
medal in the 3-m competition at the 1988 Olympics in Los Angeles.



It was from this background that the proposal for the current project
developed.

Statement of the Problem

The basic question addressed in the research was whether a feedback system
could be designed which would provide timely and meaningful biomechanics
information and which would be used by the coaches of Canada's elite divers to
assist them in evaluating the performances of their athletes.

Hypotheses

It was hypothesized that, given the type of meaningful and timely feedback
on biomechanical aspects of performance which can be provided with modern
computerized video digitizing systems, coaches would be more predisposed to use
this information in the training of their divers and, as a result, performances
would improve more rapidly than they would without such feedback. It was also
hypothesized that coaches who were exposed to this information on a regular
basis would become more knowledgable in the application of biomechanical
principles to their sport.

Approach

In the summer of 1988, when funding was received from Sport Canada with
sSome matching financial support from the University of Western Ontario, we began
a three-year project aimed at providing feedback to Canadian diving coaches on
selected biomechanical aspects of the performances of their divers. The
strategy adopted basically centred around combating the two previously
identified factors which seemed to prevent or hinder such communication namely
technological limitations and coach resistance.

Technological Factors. The initiation of the project coincided not only
with advances in video cameras, video recorders and microcomputers which made
them suitable tools for biomechanical research but also with the reduction in
the price of this technology bringing it within reach of tight university
research budgets. First, the modern video camera with its electronic shutter
produces sharp images and makes it possible to collect data unobtrusively at
major competitions. It is also considerably less expensive to operate and more



convenient to use than its predecessor, 16 mm film. Further, videotapes, unlike
film, are immediately available for qualitative viewing and quantitative
analysis. Secondly, the microcomputer with its increased speed and memory
capability can now be employed to digitize video images right in the lab again
providing convenience and the potential for a rapid turn-around between data
collection and completion of the analysis.

Given the technology capable of furnishing rapid feedback on biomechanical
aspects of the diving performance, it was necessary to gain and retain the
interest of a large number of coaches in using ‘this information. This was
accomplished by providing coaches with data on their own divers which was
readily understandable and meaningful to coaches of varying backgrounds.
Because we felt that it was crucial to provide reasonable turn-around between
data collection and the dissemination of these results, we sent out the reports
containing the biomechancal feedback by courier within three weeks of the
competition at which the data were obtained.
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METHODOLOGY

During the period of the grant, the preliminaries and finals of at least
two 3-m national or international competitions were videotaped each year. They
were as follows:

1988 Canadian Olympic Trials, Nepean, August 4-6

1989 Canadian Winter Nationals, Quebec City, February 17-19

1989 FINA Cup (World Diving Cup VI), Indianapolis, May 3-7

1989 Canadian Summer Nationals, Calgary, June 15-18

1989 Commonwealth Games Trials, Edmonton, December 15-1T7

1990 Dive Canada Meet, Nepean, May 2-6

1990 Canadian World Diving Trials, Winnipeg, November 23-25

1991 Canadian Winter National Championships, Etobicoke, March 21-24

A Panasonic PV-330 VHS camera recorded these performances. It was
positioned (usually in the balcony) level and stationary and even with the ends
of the 3-m boards. Two pieces of contrasting (usually black) tape attached 3
and 6 feet from the board tip served as a linear scale for subsequent data
reduction and analysis. The electronic shutter was set at either 1/250 or 1/500
second depending on the level of illumination provided by the CBC lighting. The
time-date function was superimposed on the image for ease of later
identification of dives performed by specific competitors. Records of each
diver's height, weight, date of birth, fulcrum setting, club and dive scores
were also obtained.

The video records of the top ten women and the top ten men in the finals
were analyzed using a Peak Performance 2D computerized video digitizing system.
Statistical information on individual divers and on specific competitions was
processed using LOTUS 123 software.

The feedback package furnished the coaches included a composite videotape
of the competition, stick figure sequences of the hurdle and take-off,
quantitative analysis of temporal, distance and velocity aspects of the
take-off, group statistics on these variables, height-rotation information
related to the flight and linear and angular velocity data from selected dive

take-offs. Details of the analysis and resulting output are furnished
subsequent sections in this report.



Because at the beginning of the project the coaches were unanimous in
their desire to have access to the data on all the divers, a composite report
was prepared at the end of each competition. The output was provided on
three-hole punched paper so that coaches could rearrange the content as desired.
This format allowed coaches to set up individual notebooks for their own divers
adding more information each successive competition. It also made it possible
for coaches to do almost unlimited comparisons both within and between divers.

Two evaluative questionnaires were administered to coaches involved in the
project, one midway through and the other at the end of the three year period.

VIDEOTAPES AND INDIVIDUAL COMMENTS

Composite videotapes of the dives recorded in the competition were
prepared and copied for distribution to the coaches. Although the view was
limited to that required for the quantitative analysis, it was hoped that this
video might provide a different perspective than the coaches might have taped at
the meet. When the project began in 1988, only a few coaches were making use of
video in their practices or to record competitive performances. At that time,
however, the electronic shutter was just being introduced into the commercial
market making it possible for the first time to obtain clear images on
frame-by-frame playback. Frame-by-frame video players were also just being
introduced.

In addition to the 'quantitative' videos, qualitative videos of different
views or of platform dives were taken whenever possible depending upon the
competition schedule and camera position. For example, in one competition, the
women's 1-m finals were videotaped from the front. This view revealed that
several of the divers were either off balance or not positioned in the centre of
the board during their take-offs. At another competition, entries of the men's

10-m finals were recorded indicating both rips and non-rips in rapid succession.



Comments of a qualitative nature related to a particular diver based on
observations made during the digitizing process were passed along to the coach
of that individual. These comments were not extensive or meant to be exhaustive
and may or may not have provided new information to the coach. In some cases
they may have provided additional evidence to convince a diver of a particular
technique fault. It was evident, for example, that many of our divers needed to
focus more attention on the finer points of the feet (no pun intended). A
number were not completely plantarflexing their ankles at the end of inward
somersaulting take-offs. It was also common for some divers to slide their feet
back off the board with their ankles dorsiflexed thereby missing the final push
down and back into the board. Further, there seemed to be a near epidemic of
'claw foot', a condition in which the diver curls the toes in flight but does
not extend (i.e., plantarflex) the ankles. The 'half claw', involving only one

foot, was also rather popular among our divers at all levels.



FEEDBACK RELATED TO 'EVENT' FRAMES

The reference points and joint coordinates digitized from the hurdle,
take-off 'event' frames and approximately every fifth flight frame (1/6 s) were
processed to determine position, time and velocity characteristics of the
individual dives. These results were expressed in terms of stick figure
sequences, selected numerical values characterizing individual dives, group
statistiecs for the top ten male and female divers at each competition and
selected height-rotation comparisons.

Stick Figure Sequences

The stick figure sequences for dives with a running approach included
springboard and body positions at hurdle initial and final contact; take-off
initial contact, maximum springboard depression and last contact; and two
positions at the beginning of the flight which were commonly (but not always)
the 5th and 10th video frames after final contact. 1In the case of dives with a
standing approach, the highest board position before final springboard
depression was shown. These sequences, which were highly rated by the coaches,
allowed ready comparisons to be made among divers and among dives of a given
diver. Because both sides of the body were digitized, asymmetries in body
segment positions were evident in the graphic output.

As an example of this type of feedback, the stick figure sequences of
dives performed in the 1991 Canadian Winter Nationals by Mary DePiero and David
Bedard are provided on the pages immediately following. Similar data for Annie

Pelletier, Paige Gordon, Mark Rourke and Chris LePoole can be found in Appendix
A.
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Cumulative Individual Statistiecs

The values reported for selected aspects of the approach, hurdle and
take-off of each dive were as follows:

Dive - number Preliminary and Final

Score

average judges' score out of 10 (disregarding DD)

Hurdle - L 1length in metres (m) measured from the toe at last
contact in the hurdle to toe on landing for the take-off

T time in the air in seconds (s) - the greater the time
in the air, the higher the hurdle

- HV horizontal velocity of the centre of gravity in
metres per second (m/s)

Take-off defined as including springboard depression and recoil

DIS distance of the toes from the end of the board in m
measured the first contact frame of the take-off in
running dives and the frame at the beginning of final
depression in standing dives. Negative numbers indicate
that the toes were over the end of the board

MD maximum depression of the tip of the springboard in m

T total time for the take-off (depression + recoil) in s
- DT depression time expressed as a percent of total time

Last Contact - joint angles in degrees can be verified by examining
stick figures or looking directly at the video (Figure 1)

- H hip angle measured from knee to hip to C-T7 - values of
approximately 90 deg indicated a strong pike, around
180 deg a straight body position and over 180 deg
hyperextension of the hip (i.e., back arch)

- S shoulder angle measured from hip to shoulder to elbow -
values of around 90 deg indicated the arms were nearly
at right angles to the trunk, approximately 180 deg in
direct line with the trunk over the head, and angles
over 180 deg designated the arms were behind the line
of the trunk with the shoulders in hyperextension

- LC last contact angle defined as the angle measured from
right horizontal to a line joining the metatarsal with
the centre of gravity at the last instant of contact.
Values less than 90 deg indicated the CG was in front
of the metatarsals (balls of the feet)
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Hip - joint angle

Shoulder - joint angle

Trunk - segment angle

Figure 1. Designation of body segment and joint angles.



17

- VELOCITY of the centre of gravity in metres per second at
the last instant of contact with the board and thus
the beginning of the flight. The higher the vertical
velocity (VV), the greater the height of the dive and
the longer' the time in the air. The greater the
horizontal velocity (HV), the greater the board
clearance and distance from the board at entry. The
resultant velocity (RV) gives the magnitude of the
last contact velocity along the line of projection.

Competition (COMP) - individual results were listed in reverse
chronological order with the most recent competition first:

0 - Canadian Olympic Trials - Nepean - 1988 C0T88
1 - Canadian Winter Nationals - Quebec City - 1989 QWN89
2 - FINA Cup - Indianapolis - 1989 FINA89
3 - Canadian Summer Nationals - Calgary - 1989 CSN89
4 - Commonwealth Games Trials - Edmonton - 1989 ECT89
5 - Dive Canada - Nepean - 1990 DVC90
6 - World Diving Trials - Winnipeg - 1990 WDT90
7 - Canadian Winter Nationals - Etobicoke - 1991 TWN91
8 - World Diving Cup VII - Winnipeg - 1991 WDC91

Personal information - year of birth, height, weight and fulcrum
settings were self-reported values obtained at each
competition

Exemplary individual cumulative summaries for Mary DePiero and David
Bedard follow. Comparable data on Paige Gordon, Annie Pelletier, Mark Rourke
and Chris LePoole are provided in Appendix B.

Comparison of a diver's performances over time and against those of top
international competitors provided interesting and useful insights into the
diver's strengths, weaknesses and relative consistency in competition. Midway
through the study, approximately half the coaches (7/13) rated these individual
data tables as excellent while two-thirds (10/15) gave them an excellent rating
at the end of the study. This was slightly below their assessment of the value
of the stick figure 'event' sequences which were ranked excellent by 9/13 and
13/15 at the midpoint and end of the study, respectively.
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4.6 GWNGI

4,7 TWN9L
4.9 WOT90
4.9 DVC30
4.5 DVCI0
4.9 ECT8Y
4.9 CSNBY
4,3 FINABY
4.9 FINABY
4.7 QN8I
4.5 QWNGY

3.0 TWN9L
4.6 WDT90
4.9 ECT89
4,8 CSNE9
4.7 FINABY
4.5 QWNG3

4.6 CSNB9
4.7 FINASY
4.8 FINABY
4.6 QWNBI
4.6 QWNBY
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3" SPRINGBOARD DIVING MARY DEPIERD

HURDLE TAKE-OFF LAST CONTACT conp
DIVE SCORE L T H DIS M T DT ANGLES (deg)  VELOCITY  (a/3)
(m () (a/s) ) () () (0 H § L W HY RV

201B F 8.3 0.09 0.50 0.48 3B 169 167 81 4.1 0.7 4.2 TWN9L
2018 F 7.8 0.11 0.30 0.48 36 166 171 80 4.0 0.9 4.1 WOT90
2018 F 7.1 0.09 0.40 0.48 36 168 171 73 3.6 1.1 3.8 ECTBY
2018 F 7.3 0.06 0.48 0.47 37 176 181 79 3.8 0.3 3.9 CSNe3
2018 P 6.7 0.09 0.47 0.43 63 175 175 718 3.8 1.1 3.9 FINAGY
2018 F 7.7 0.09 0.39 0.350 36 177 1716 19 3.6 0.8 3.7 Quna9
2058 F 6.0 0.13 0.34 0.48 358 215 140 69 4.0 0.8 4.0 TENSt
2058 F 7.0 0.07 0.50 0.45 60 206 147 66 3.7 1.2 3.9 W0TH0
2058 @ 5.8 0.06 0.46 0.43 63 210 142 68 3.7 1.t 3.9 DVC90
2038 § 7.0 0.09 0.43 0.47 60 208 155 66 3.8 L1 3.9 V0%
2038 F 7.3 0.09 0.44 0.47 b4 207 166 69 3.7 1.0 3.9 ECT83
2058 F 5.8 0.07 0.46 0.40 62 206 184 70 3.3 1.3 4.0 CSNE9
205B P 6.1 0.11 0.41 0.43 38 200 217 63 3.9 1.2 3.7 FINABS
2058 @ 6.0 0.09 0.46 0.43 38 205 133 635 3.6 1.2 3.3 FINABY
2058 P 6.0 0.10 0.44 0.40 38 208 189 72 3.7 1.0 3.8 QWNB3
2038 F 3.9 0.11 0.41 0.47 &0 212 207 67 3.3 1.2 3.7 uNG3d
4038 F 7.6 0.08 0.53 0.47 97 114 157 &7 3.8 0.9 3.9 TWNoi
4038 F 8.5 0.11 0.30 0.48 56 122 175 9 3.3 0.8 4.0 WD
4038 F 8.0 0.07 0.44 0.48 63 124 171 B84 3.7 0.3 3.8 ECTBY
4038 £ 8.0 0.05 0.48 0.43 58 121 141 88 3.7 0.9 3.8 CSNEI
4038 P 7.4 0.06 0.48 0.42 33 116 139 89 3.3 0.8 3.6 FINABY
4038 F 7.4 0.06 0.41 0.43 Sl 113 126 84 3.2 L1 3.4 Qunas
4058 F 7.0 0.08 0.49 0.42 35 g3 84 89 3.2 1.0 3.4 THN9L
4038 F 7.4 0.08 0.44 0.43 53 2?75 N 3.1 1.0 3.3 ECTEY
405C F 5.4 0.08 0.43 0.47 37 85 93 88 3.2 0.3 3.3 40790
405C @ 6.7 0.06 0.44 0.43 33 123 6 87 3.9 1.0 3.6 DVC30
405C § 5.9 0.04 0.43 0.47 57 114 100 87 3.2 1.0 3.3 DVCI0
403C F 4.6 0.06 0.41 0.40 58 135 112 % 3.4 0.3 3.5 CGNE9
405C P 3.6 0.05 0.30 0.42 35 118 104 82 3.3 1.2 3.3 FINABY
403C 8 7.0 0.09 0.47 0.42 48 107 97 %0 3.3 0.9 3.4 FINABY
405C P 6.3 0.07 0.44 0.42 32 11 90 835 3.0 1.1 3.2 OWNB9
403 F 7.0 0.10 0.46 0.42 3§95 2 M 3.1 1.0 3.3 2uNGs
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3N SPRINGBOARD DIVING MARY DEPIERO
HURDLE TAKE-OFF LAST CONTACT CoMP

DIVE SCORE L T W pIs M T D7 ANGLES (deg)  VELOCITY (a/s)
m () (a/s) () (m) (8) (%) H § LC W W RV

523D F 7.3 0.13 0.33 0.45 36 220 168 70 4.1 0.9 4.2 TNt
32350 F 7.0 0.08 0.30 0.47 57 224 2713 63 3.6 1.4 3.9 WDT90
52350 @ 6.8 0.07 0.44 0.43 33 208 291 60 3.6 1.3 3.9 DVC90
52330 § 6.2 0.08 0.44 0.45 60 225 184 61 3.7 1.3 3.9 DVC30
52330 F 6.4 0.10 0.44 0.47 b4 208 279 63 3.6 1.4 3.9 ECTBY
COMPETITION  HEIGHT MASS  CLUB PLACING & SCORE FULCRUA
(m)  (kg) PRELINS BUARTERS SEMIS FINALS SETTINGS
R 5
TUNIL 1.61  37.7 T.B.D.C. 6TH 261.60 18T 327.64 6.0 6.0
WDT20 1.6t  59.1 T.B.D.C. 15T 492.18 16T 483.21 6.0 6.0
DIVC30 1.61  39.0 CANADA 12TH -403.39  2ND 263.43 4TH 270.735 7.0 5.0
ECT89 1.61  38.2 T.B.D.C. 4TH 450.48 18T 499.50 6.0 4.0
£5Ng9 1.60  39.1 T.B.D.C. 18T 469.15 1ST 472.68 6.23 4.25
FINABY 1.60  57.3 CANADA TTH 447.33  3RD 261.73 6.0 4.9
QHNg3 1.60  36.8 T.B.D.C. 2ND 438.26 1ST 471,00 7.3 3.5

YEAR OF BIRTH
1968
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3N SPRINGBOARD DIVING DAVID BEDARD

HURDLE TAKE-OFF LAST CONTACT COMP
DIVE SCORE L T W DIS MD T DT  ANGLES (deg)  VELOCITY (w/s)
W () /s) @ (& M H § W W W Ry

101A F 8.2 0.59 0.77 0.6  0.08 0.78 0.45 91 172 180 83 3.7 0.5 5.7 TWNS!
101A £ 7.3 0.36 0.73 0.6  0.06 0.73 0.47 49 170 160 78 3.3 0.9 5.4 WOT90
101A P 7.6 0.41 0.77 0.4  0.02 0.79 0.48 356 167 149 81 3.6 0.8 5.7 eCTA9
101A F 8.2 0.49 0.77 0.3 -0.02 0.85 0.48 32 163 169 85 3.7 0.3 5.7 CSN&9
1014 F 7.6 0.49 0.78 0.3 0.03 0.81 0.45 49 174 164 B4 3.3 0.5 5.5 OWnes
101A P 7.6 0.43 0.75 0.3  0.11 0.85 0.48 32 173 153 80 5.7 0.9 5.7 cCOT88
1014 F 7.3 0.38 0.78 0.4  0.13 0.79 0.47 49 165 138 82 5.6 0.7 5.6 COTEB
1078 F 7.4 0.00 0.00 0.0 0.07 0.81 0.42 &0 g8 108 6l 4,6 1.3 4.8 TWNIL
1078 F 6.1 0.39 0.77 0.6  0.03 0.73 0.42 32 83 101 63 4,6 1.3 4.7 HDT90
1078 P 5.7 0.48 0.77 0.3 -0.01 0.30 0.45 36 7 9 62 4.3 1.0 4.4 ECT8Y
1078 F 7.9 0.46 0.80 0.3 -0.02 0.84 0.45 5t 87 91 72 3.0 0.8 5.0 C5N89
1078 @ 6.3 0.41 0.78 0.3 0.04 0.78 0.43 33 87 93 67 4.7 0.3 4.9 FINAGY
1078 § 4.7 0.40 0.78 0.5  0.07 0.82 0.43 33 95 B84 b4 4.7 1.0 4.8 FINABY
1o78 P 7.0 0.47 0.78 0.6  0.08 0.80 0.43 33 73 95 68 4.6 0.9 4.7 QuNE9
1078 F 6.0 0.49 0.78 0.5  0.01 0.86 0.43 33 75 102 64 4.6 1.1 4.7 QuNBY
1078 P 6.4 0.46 0.78 0.6  0.00 0.8¢4 0.43 S 83 104 62 4.6 1.4 4.3 COTa8
1078 F 6.t 0.32 0.78 0.6  0.04 0.86 0.43 353 9 12 N 4.8 1.1 4.3 00788
J01A F 8.6 0.36 0.73 0.6 0.07 0.80 0.45 36 197 188 @8 3.6 0.7 5.6 TWN9L
014 F 7.3 0.37 0.72 0.3 0.03 0.72 0.30 34 192 195 83 3.3 L1 5.4 WDT90
01A P 7.6 0.44 0.73 0.4  0.07 0.79 0.47 33 192 193 86 3.4 1.0 5.4 ECTEY
3014 F 8.2 0.34 0.73 0.3 -0.04 0.86 0.30 36 199 197 488 3.7 0.8 5.7 CSNB9
301A F 7.9 0,30 0.77 0.5 0.07 0.73 0.45 36 191 193 @7 3.3 0.8 5.3 OWNG9
3014 P B.1 0.47 0.75 0.3 0.08 0.81 0.48 48 194 181 83 3.3 1.1 5.4 coTes
1A F 8.6 0.43 0.78 0.4  0.04 0.80 0.48 48 193 187 o8 5.4 1.0 §.5c0738
3058 F 8.3 0.3 0.77 0.3 0.00 0.77 0.43 33 192 187 9 3.2 1.1 5.3 THN9t
058 F 7.1 0.63 0.72 0.6 -0.03 0.81 0.45 60 199 1% 90 3.0 1.2 5.1 WDT90
J03B P 7.6 0.48 0.75 0.4 -0.03 0.80 0.43 38 196 188 91 5.3 1.0 5.4 ECTBY
3058 F 8.1 0.4 0.73 0.3 -0.01 0.34 0.45 36 208 200 89 5.2 1.0 5.3 CSNe3d
3038 8 7.6 0.42 0.77 0.4  0.02 0.78 0.45 &0 207 197 90 3.2 1.3 5.3 FINABY
3038 S5 6.4 0.45 0.78 0.4  0.00 0.87 0.42 33 205 192 9 3.4 1.1 5.5 FINABY
3058 P 6.7 0.51 0.78 0.5 0.00 0.86 0.42 355 205 182 89 3.3 1.2 5.4 OWNB9
3058 F 7.2 0.30 0.77 0.3 -0.04 0.87 0.42 &0 208 130 93 3.4 1.0 5.9 QWNG9
3058 P 7.1 0.30 0.77 0.3 -0.03 0.83 0.43 353 213 180 89 3.2 1.2 4.3 coTas
3038 F 6.6 0.37 0.78 0.3 -0.03 0.88 0.42 &0 218 1839 89 3.3 1.2 5.3 C0738
307C F 7.1 0.45 0.77 0.4 -0,02 0.33 0.47 60 194 200 93 3.6 0.7 5.7 C5NB9
JIAF 8.0 0.66 0.73 0.6  0.02 0.85 0.45 S 170 174 84 3.6 0.6 5.7 THN3
SHIAF 7.7 0.67 0.73 0.7 0.03 0,75 0.48 352 179 160 78 3.4 0.9 5.5 WDT90
tiap 7.7 0.40 9,77 2.4 0,05 0.75 0.47 49 172 164 82 3.4 0.6 9.4 ECTEY
JIAF 8.3 0.47 0.78 0.3  0.04 0,85 0.48 48 169 170 81 3.4 0.8 5.3 CSNBY
SUIAF 8.0 0.47 0.77 0.3 0.02 0.78 0.45 951 170 152 84 3.3 0.6 5.3 QWN83
SHAP 7.9 0.49 0.73 0.3 0.01 0.83 0.50 354 139 136 83 3.3 0.7 5.4 COTEB
SIMAF 7.7 0.34 0.73 0.6 0.01 0.83 0.30 54 165 163 82 3.5 0.8 3.5 C0T88

08-May-91
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3M SPRINGBOARD DIVING DAVID BEDARD

HURDLE TAKE-OFF LAST CONTACT comMe
DIVE SCORE L T W DIS MDD T DT ANGLES (deg)  VELOCITY (w/s)
(@) () (w/s) () () (s (W) H § L W HRY

31360 F 8.0 0.57 0.80 0.6 0.07 0.81 0.42 55 128 127 81 3.4 0.6 5.4 THN9L
91360 P 7.4 0.46 0.77 0.3  0.01 0.30 0.47 33 124 107 81 3.3 0.6 5.4 ECTY
31360 @ 6.3 0.46 0.78 0.3 -0.02 0.83 0.47 49 117 120 74 9.3 0.7 5.3 FINABY
51360 § 5.9 0.44 0.75 0.3 0.03 0.34 0.4 32 121 118 75 3.3 0.7 5.4 FINABY
51360 P 7.8 0.45 0.77 0.5 0.04 0.84 0.43 53 125 132 82 3.4 0.6 T.4 QUNBI
31360 F 7.2 0.49 0.78 0.3  0.37 0.06 63 109 107 81 3.1 0.7 5.2 QWN89
51360 P 7.7 0.49 0.78 0.3 0.03 0.83 121 102 76 3.4 0.8 5.5 COTe8
31360 F 8.4 0.32 0.78 0.6 0,00 0.87 0.47 33 109 121 735 3.1 1.0 §,2 00788
31520 P 6.8 0.41 0.78 0.3 0.06 0.84 0.45 49 90 109 66 4.7 1.1 4.8 COTE8
31520 F 7.6 0.33 0.78 0.3 -0.01 0.82 0.43 33 83 107 73 4.8 0.9 4.9 0788
33370 F 6.7 0.33 0.77 0.5 0.01 0.78 0.43 31 208 181 94 3.1 0.8 5.2 THN9L
33370 F 6.7 0.66 0.75 0.6  0.01 0.77 0.43 356 194 204 84 3.0 L1 5.1 WOT30
33370 P 6.4 0.44 0.73 0.4  0.04 0.78 0.43 38 201 182 83 3.1 1.3 5.2 ECT8Y
337D F 6.9 0.43 0.75 0.4 0.00 0.81 0.43 S8 212 181 &7 3.6 1.1 5.7 C5N83
53370 8 7.0 0.43 0.78 0.4  0.02 0.83 0.42 35 207 174 86 5.3 1.4 5.5 FINABY
33370 § 6.1 0.47 0.78 0.4 -0.06 0.78 0.43 &3 207 178 89 3.3 1.3 5.6 FINABY
333D F 7.2 0.51 0.78 0.3 0.02 0.81 0.42 32 210 190 89 3.4 1.2 5.5 QWN8
201A F 7.7 0.08 0.55 0.30 36 193 190 79 4.4 1.1 4.5 THN9L
201A F 7.9 0.06 0.57 0.30 354 192 190 79 4.3 0.8 4.3 WDT90
2014 P 8.0 0.09 0.3 0.33 37 187 197 81 4.4 1.0 4.5 ECT8Y
201A F 8.0 0.05 0.38 0.30 354 198 200 82 4.6 0.8 4.6 C5NBI
201A F 7.7 0,09 0,57 0.50 34 198 195 8t 4.4 0.3 4.4 QUNEI
201A P 8.1 0.06 0.39 0.37 36 201 181 79 4.1 0.8 4.2 cOTe8
2014 F 7.8 0.06 0.63 0.30 34 195 198 481 4.4 0.8 4.4 00738
2058 F 7.0 0.09 0.60 0.47 37 202 194 72 4.2 1.0 4.4 THNSL
2058 F 7.9 0.13 0.56 0.30 &0 210 200 73 4.3 1.0 4.4 UDTY0
205B P 7.3 0.12 0.39 0.45 &0 203 194 70 4.2 0.3 4.3 ECT8Y
2058 F 7.1 0.05 0.60 0.47 97 218 199 74 4.2 1.0 4.3 CSN8Y
2058 @ 5.9 0.08 0.62 0.30 60 213 200 66 4.2 1.1 4.3 FINABY
205 § 7.3 0.08 0.53 0.47 37 210 203 72 4,3 1.1 4.4 FINABY
2058 P 6.7 0.17 0.65 0.47 37 210 200 63 4.2 1.2 4.3 DUNBY
2058 f 6.8 0.13 0.61 0.47 37 218 187 70 4.3 1.2 4.5 0uNad
205B P 6.4 0.04 0.62 0.30 36 218 193 69 4.0 1.0 4.1 COT8B
2058 F 7.9 0.07 0.61 0.30 60 222 186 69 4.2 1.1 4.3 0788
403 F 7.3 0.08 0.32 0.48 58 133 139 88 4.4 1.0 4.3 TUN9L
403C F 7.3 0.10 0.33 0.32 34 145 133 89 4.2 0.3 4.3 HOTH0
403C P 7.3 0.08 0.58 0.48 32 150 132 88 4.4 0.7 4.4 ECTBY
403C F 7.8 0.04 0.35 0.30 54 137 133 9% 4.3 0.7 4.3 CEN83
403C F 7.9 0.06 0.61 0.32 54 129 135 88 4.2 0.9 4.3 QWNB9
403 P 7.1 0.07 0.82 0.52 58 137 128 84 4.2 1.0 4.3 c0788
403C F 7.3 0.07 0.61 0.48 63 149 132 83 4.3 1.2 4.6 COTBS

08-May-91



3M SPRINGBOARD DIVING

DIVE SCORE

4038
4038
403B
4038
4058
4038
4038
4038
403B
4038
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32370 F 4.1

COMPETITION

THNS

WDT90

ecTes

SN

FINAB9

ANNG9

coTes

YEAR OF BIRTH

0B-Mav-91

L
(w)

(n}

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1963

HURDLE

T
(s)

HEIGHT MASS

(kg)
70.3
71.4
71.8
72.7

72.7

.4

70.35

HV
(n/s)

pP.C.D.LC.

p.C.0.C.

P.C.D.C.

CANADA

DIS
()

0.08
0.09
0.06
0.05
0.07
0.07
0.05
0.06
0.06
0.04

0.09

23

DAVID BEDARD

TAKE-OFF

HD
(m)

0.54
0.63
0.36
0.57
0.38
0.60
0.39
0.59
0.54
0.39

0.36

T
(s)

0.47
0.42
0.43
0.47
0.47
0.43
0.48
0.47
0.43
0.48

0.52

PRELINS

157

8TH

187

187

6TH

2ND

18T

399.34

493.84

398.74

628.70

374.83

575.30

387.37

]
99

37
32
60
371
37
36
36
37
33
36

a8

LAST CONTACT

ANGLES (deg)

H

104
107
101
108
103
103

%4
102
129
106

221

PLACING & SCORE

s L

102 94
85 84
93 %
104 91
9 N2
85 95
70 86
LI
104 88
88 83

188 69

FINALS

18T

8TH

2ND

187

*2ND
1X4TH

2ND

187

632.61

338.06

627.06

£43.03

371.64
345.36

398.62

603.13

3 INDICATES QUARTER-FINAL SCORE
xt INDICATES SEMI-FINAL SCORE

VELOCITY

W

-

O O LA I~ N O W~

4.1

HV

— e e a CD e b e e
- « =
[N R % B - V- Il i S -

0.7

8.0

7.2

7.5

7.0

1.0

1.3

B.o

caomp
(n/s)
RV

3.9 THNSIL
3.9 WOT90
3.7 ECTBY
4,0 C3NE9
3.8 FINABY
3.8 FINABY
3.6 OwNB3
3.7 TWNGY
4.0 COTa8
3.4 coTa8

4.2 WDT90

FULCRUM SETTINGS
RUNNING STANDING

7.0

6.2

6.3
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The following comments, which focus on a comparison between Canadian
divers and international divers participating in the 1989 FINA Cup competition,
illustrate the kind of information which was drawn to the attention of the
coaches in conjunction with this type of feedback. Coaches were encouraged to
be aware of the limitations in precision of the measurements and to explore

questions of relevance to their particular divers.

Temporal Information
Unforunately, the video camera does not provide the desired precision in

differentiating contact and flight time differences among dives and performers.
The conventional rate is 30 frames per second. The system used in analyzing the
videos for the current project, however, effectively doubled this to 60 frames
per second by separating the odd and even scans. Nevertheless, one can
anticipate an error in the neighbourhood of 0.03 s in the estimation of the time
of hurdle flight and of take-off time. In addition, it was sometimes difficult
to locate the exact final frame before the board began its final downward motion
in standing take-offs. Therefore, a discrepancy of 0.03 s in times between one
dive and another for a given competitor may not represent a real difference.
Having acknowledged this, however, we must also recognize that if the trend is
consistent (e.g., always a shorter board contact time of 0.03 s for dives
without limit as compared to their with limit counterpart), the difference may
indeed be real. Likewise when examining group averages (presented in the next
section of this report), an observed difference of 0.03 s most likely is a true
difference rather than simply due to imprecision in measurement.

Hurdle Flight. The longer the hurdle flight time, the greater the height
and the larger the diver's downward velocity on contacting the board for the
take-off. While it is evident that the women's 3-m semifinalists in the 1989
FINA Cup averaged longer hurdle flight times than the Canadian women finalists,
it should be realized that there was considerable variability among the FINA Cup
competitors. It is therefore of interest to note that their individual values
were as follows:

Zhang Yuping 0.82 - 0.83 s
Gao Min 0.77 - 0.80 s
Irina Lashko 0.77 - 0.82 s
Svetlana Alexeeva 0.68 - 0.71 s

Daphne Jongejans 0.70 s
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Wendy Lucero 0.68 - 0.70 s

Maria Jose Alcala 0.67 - 0.68 s

Kelly MeCormick 0.65 - 0.68 s
Three of the Canadian women finalists in the 1989 FINA Cup competition achieved
hurdle flight times of 0.70 s or longer.

For the male semifinalists in the FINA Cup, the variability was not as
great:

Jose Luis Rocha 0.83 - 0.85 s

Kent Ferguson 0.80 - 0.83 s
Tan Liangde 0.80 - 0.82 s
Mark Bradshaw 0.80 - 0.82 s
Jesus Mena 0.80 - 0.82 s
Li Deliang 0.80 s

Albin Killat 0.78 - 0.82 s

Four Canadian male finalists equalled or exceeded these hurdle flight times.

While there is a positive relationship between hurdle height (and thus
hurdle flight time) and board depression (since the greater the height the
greater the kinetic energy transferred from the diver to the board), the diver's
active push downward against the board during it depression is also important
factor in determining how far the board will be depressed.

Take-off Time. Despite the shorter hurdle flights of the Canadian women
and the smaller maximum springboard depression magnitudes, their time in contact
with the board during the take-off was not measurably different from that of the
FINA Cup women (i.e., within the measurement capabilities of the video
technology utilized in making the assessment). There was a trend for the
contact time to be shorter for the dives without limit for a given dive group
than the dives with limit in the same group. This trend can be observed in the
individual statistics sheets of both the male and female Canadian divers. If
the take-off time for the higher DD dive in a specific group is less, the
discrepancy should not be more than 0.03 s (one video frame). Losses in excess
of 0.03 s suggest that the diver is rushing the take-off of the more difficult
dive and losing last contact vertical velocity as a result.
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Last Contact Velocity

But what are realistic expectations for individual divers in terms of
vertical velocity at the end of the take-off? If it is assumed that the diver
is proficient in performing his or her dives with limit, then the vertical
velocity achieved in these basic dives serves as a measuring stick for gaining
some insight into the diver's potential in the dives without limit. THERE
SHOULD NOT BE A LARGE DISCREPANCY IN THE VALUES OF THE LAST CONTACT VERTICAL
VELOCITIES FOR DIVES WITH AND WITHOUT LIMIT FOR A GIVEN DIVE GROUP.

Table 1 may be useful in getting a feeling for the magnitude of velocity
loss which may be expected when changing the number of somersaults and the
position of the dive. If both dives are done in the same position, a greater
loss will be expected than if the diver does the dive with limit in pike and the
one without limit in tuck. In the latter case, the loss should be no more than
perhaps 0.1 to 0.2 m/s. It was interesting to note in the Canadian Summer
Nationals that Bedard had a higher vertical veloeity for his 307C (5.6 m/s) than
his 305B (5.2 m/s).

Relationship to Flight Distances and Times

On the basis of data collected at the 1989 FINA Cup and at the 1986 World
Diving Championships in Madrid, Table 2 was constructed. It was intended to
assist coaches, divers and officials appreciate the interrelationships among
take-off height, vertical velocity and horizontal velocity at last contact,
board/platform clearance, total time in the air and entry velocity.
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Table 1. Comparison of averages for selected variables of dive performances
from the FINA Cup women's (FW) semifinalists (1989) with those of the finalists

from the women's (CW) and men's (CM) 3-m competition at the Canadian Summer
Nationals (1989)1. ‘

Last Contact

Dive Divers N Ave Hurdle Bd Max Take-off Hip Shldr Vert Horiz
Score Flight Depr Time Angles Velocities
(s) (m) (s) (deg) (m/s)
1038 FW* 4 6.5 0.80 0.68  0.42 158 142 5.0 1.0
CW 3 T.4 0.67 0.64 0.42 144 161 4.7 1.1
CM 4 6.9 0.69 0.81 0.45 158 148 5.7 1.0
105B FW® 6 T.3 0.71 0.62 0.39 126 11 4.4 0.9
CW 10 6.9 0.67 0.61 0.38 124 111 4.2 0.9
301B FW® 5 T.4 0.75 0.65 0.43 182 175 4.9 1.0
CW 6 T 0.66 0.62 0.43 191 167 4.7 1.0
M T T.1 0.79 0.84 0.46 188 179 5.7 1.0
305C FWw® 5 6.8 0.70 0.65 0.40 185 176 4.7 1.1
CW 10 6.0 0.67 0.61 0.38 186 157 4.4 1.1
201B FW®* 5 T.2 0.49 0.44 176 184 3.9 0.8
CW T 6.8 0.40 0.45 178 178 3.9 0.8
™M T T.0 0.57 0.51 177 176 4.6 0.8
205C FW® 5 T.1 0.48 0.42 186 179 3.8 0.8
cCW 8 5.7 0.40 0.39 186 171 3.6 0.9
205B FW® 3 6.0 0.49 0.41 212 214 3.7 1.0
CW 2 5.6 0.43 0.40 217 173 3.6 1.0
cM 9 5.9 0.60 0.47 192 184 4.2 1.0
cw 10 T.2 _ 0.38 0.41 123 116 3.2 1.0
405C FW® T 6.9 0.47 0.41 125 101 3.4 1.1
CW 10 6.0 0.38 0.40 121 102 3.1 0.9
cM 5 6.9 0.52 0.46 123 106 3.9 0.9

1Because of differenees in the number and calibre of divers included in
the various categories, this table provides a general rather than an exact

comparison of performance. Nevertheless, certain important trends are
evident.
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Table 2. Interrelationships among flight characteristics of dives from
springboard and tower. Total flight times (s) are indicated in square brackets
in line with the corresponding vertical velocity1.

Velocity Ht Horiz CG Resultant Veloecity at Entry From
Vert Horiz Above C(Clearance 1 m 3m 5m T.5m 10 m
m/s m/s m m m/s m/s m/s m/s m/s
1.0 0.05 ~[1.121 [1.331  [1.53]
0.7 0.28 10.0 12.2 14.1
1.0 0.41 10.0 12.2 14.1
1.3 0.53 10.0 12.2 14.1
1.5 0.11 [1.171 [1.80] [1.59]
0.7 0.33 10.0 12.2 14.1
1.0 0.48 10.1 12.3 14.1
1.3 0.62 10.1 12.3 14.1
2.0 0.20 ‘[1.23]1 [1.46]1 [1.651]
0.7 0.39 10.1 12.3 14.2
1.0 0.55 10.2 12.3 14.2
1.3 0.72 10.2 12.4 14.2
2.5 0.31 [1.30] [1.52] [1.71]
0.7 0.45 10.2 12.4 14.2
1.0 0.64 10.3 12.4 14.3
1.3 0.83 10.3 12.5 14.3
3.0 0.46 [0.85] [1.141 [1.36]1 [1.581 [1.771]
0.7 0.51 5.4 8.3 10.4 12.5 14.3
1.0 0.72 5.4 8.3 10.4 12.5 14.4
1.3 0.94 5.5 8.3 10.4 12.6 14.4
3.5 0.62 [0.931 [1.22] [1.43] [1.64] [1.83]
0.7 0.57 5.7 8.5 10.5 12.6 14.5
1.0 0.81 5.7 8.5 10.6 12.7 14.5
1.3 1.06 5.8 8.5 10.6 12.7 14.5
4.0 0.82 [1.02] [1.29] [1.501 [1.711 [1.89]
0.7 0.63 6.0 8.7 10.7 12.8 14.6
1.0 0.91 6.1 8.7 10.7 12.8 14.6
1.3 1.18 6.1 8.7 10.8 12.8 14.6
4.5 1.03 [1.10] [1.37]
0.7 0.70 6.4 8.9
1.0 1.00 6.4 9.0
1.3 1.30 6.4 9.0



29

Table 2 (con't)

Velocity Ht Horiz CG Resultant Velocity at Entry From
Vert Horiz Above Clearance 1 m 3m 5m T.5 m 10 m
m/s m/s m m m/s m/s m/s m/s m/s
5.0 1.27 [(1.19] [1.44]

0.7 0.77 6.7 9.2
1.0 1.09 6.8 9.2
1.3 1.42 6.8 9.2
5.5 1.54 [1.28] [1.52]
0.7 0.83 T.1 9.5
1.0 1.19 T.1 9.5
1.3 1.55 T.2 9.5
6.0 1.83 [(1.371 [1.60]
0.7 0.90 T.5 9.8
1.0 1.29 T.5 9.8
1.3 1.67 7.6 9.8
6.5 2.15 [1.46] [1.69]
0.7 0.97 7.9 10.1
1.0 1.38 T.9 10.1
1.3 1.80 8.0 10.1

It is assumed that the diver's centre of gravity (CG) is 0.8 m above the
diving surface at the last instant of contact and that air resistance is
negligible. The velocity components in the first two columns indicate the
diver's velocity at last contact with the diving surface. 'Ht Above! refers to
the maximum height the diver's CG reaches above its starting position. 'Horiz
CG Clearance' represents the horizontal distance the CG has moved out away from
its starting position as it passes board or tower level. Clearance of the CG
(located in the region of the pelvis) does not guarantee clearance of the
various parts of the diver's body. Men performing dive 405B at the 1989 FINA
wawewmwmtomjnnmemﬁumwuhwarmghwumulthy
passed the board thereby requiring a clearance distance approximately equivalent
to leg length.
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Competition Statistical Summaries

Group descriptive statistical summaries (mean, standard deviation, maximum
and minimum) for each competition were provided in the same format in which the
individual values were reported. For the purpose of illustration, the summaries
of the women's and men's 3-m competitions from the 1991 Canadian Winter
Nationals held in Etobicoke are included here. Summaries from the other
competitions analyzed can be found in Appendix C.



WOMEN'S COMPETITION

DIVE N

1014 1

1018 2

101 3

1038 4

105B 10

J01A 4

J01B 6

3058 1

305C 9

31320 7

AQ_Ma._af

STATISTIC SCORE

NEAN
5.0,
HAX
NIN

MEAN
5.0.
HAX
NIN

MEAN
8.0,
HAX
NIN

MEAN
5.D.
HAX
NIN

NEAN
5.0,
NAX
NIN

MEAN
5.0,
HAX
NIN

HEAN
S.0.
NAX
NIN

MEAN
5.0,
NAX
NIN

NEAN
§.D.
HAX
NIN

HEAN
§.0.
NAX
NIN

6.3

7.4

U'IP—"U‘
S N W
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P
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oo
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w N OV

L
(m)

0.60

0.56
0.07
0.63
0,47

0.33
0.16
0.73
0.30

0.51
0.09
0.70
0.44

0.33
0.03
0.39
0.48

0.32

0.48

0.58
0.14
0.80
0.35

0.60
0.11
0.83
0.47

HURDLE

T
(s)

0.67

0.64
0.04
0.68
0.38

0.67
0.03
0.70
0.62

0.59
0.03
0.70
0.60

0.68
0.02
0.70
0.67

0.65
0.04

7 0.70

0.38

0.68

0.66
0.03
0.70
0.50

0.65
0.03
0.68
0.60

HV
(n/s)

0.7

DIS
(m)

0.02

0.03

0.04
0.02
0.06
0.02

0.07
0.02
0.10
0.04

0.03
0.04
0.11
0.00

0.03
0.03
0.09
=0.04

0.03
0.04
0.13
0.01

0.06

0.03
0.03
0.10
-0.01

0.03
0.04
0.13
0.00
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TAKE-OFF

ND
(m)

0.66

0.67

0.38
0.02
0.60
0.36

0.62
0.93
0.66
0.99

0.61
0.04
0.63
0.36

0.61
0.07
0.70
0.593

0.63
0.03
0.66
0.58

0.36

[
- - . =
o N oo
C=JN— I )

0.61
0.04
0.63
0.35

T
(s)

0.43

0.46

0.43
0.01
0.45
0.42

0.43
0.01
0.45
0.42

0.42
0.03
0.47
0.38

0.44
0.01
0.43
0.43

0.44
0.03
0.50
0.42

0.37

0.42
0.02
0.45
0.40

0.43
0.02
0.47
0.40

T
()

a3

34

34

36
32

34

36
1

32

36

47

34

38
31

34

60
31

34

38

63

33

32

33
49

WINTER NATIONALS (ETOBICOKE) 1991

ANGLES

H

178

170

167

167
166

144

151
138

119

10
132
106
202

204
199

181

194
170

225

186

197

169

130

139
123

S

162

172

148

150
144

152

14
173
138

104
13
124
a0

187

11
198
168

175

183
166

176

168

19
197
138

117
KX}
160
60
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73

78

78

79
77

74

n
72

70

73

66

83

86
80

82

84
81

91

86

89

82

n

74
3
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i
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WOMEN’S COMPETITION

DIVE N

33310 2

53330 3

201A 3

201B 7

2058 2

205C 8

4014 1

4038 9

4058 2

405C 7

NA-Mav-Q1

MEAN
§5.0.
HAX
HIN

HEAN
§.D.
HAX
NIN

HEAN
S.0.
HAX
HIN

MEAN
8.0,
NAX
NIN

MEAN
§.D.
HAX
NIN

MEAN
§5.0.
HAX
NIN

MEAN
§.D.
NAX
NIN

HEAN
§.D.
HAX
HIN

HEAN
§.0.
HAX
HIN

HEAN
§5.D.
HAX
NIN

STATISTIC SCORE

7.3

L3 O3 e A
o
3 — ro @O

6'6

S~ -
I
O

HURDLE

L T
() (s)

0.37 0.70

0.54 0.69
0.01 0.01
0.36 0.70
0.53 0.68

OQ0.0
ooy o o0

DIS
(n)

0.02

=0.01

0.00
0.00

-0.01

0.08
0.00
0.08
0.08

0.08
0.01
0.09
0.06

0.15

0.09

0.07
0.02
0.11
0.03

0.08

0.08
0.02
0.12
0.05

32

TAKE-OFF

HD
(m)

0.67

0.62
0.06
0.69
0.53

0.38
0.03
0.41
0.34

0.44
0.04
0.50
0.39

0.48

0.40
0.03
0.48

6 0.32

0.42

0.40
0.07
0.33
0.30

0.44

0.38
0.06
0.44
0.27

T
(s)

0.44

0.40
0.02
0.43
0.38

0.43
0.02
0.43
0.40

0.43
0.03
0.50
0.42

0.46

0.42
0.02
0.43
0.40

0.43

0.42
0.04
0.47
0.37

0.39

0.41
0.02
0.43
0.37

1}

99

32

37

61

33

32

33
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37

64
52

a8

39
63
1

a

33

67
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a3

33

b1
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HINTER NATIONALS (ETOBICOKE) 1991

ANGLES

H

210

213

12
232
203
188

192
186

177

191
168

217

184

197
172

153

129

140

114

9%

113

129
106

§

185

189

g8
i3
125

191

201
184

172

182
167

161

170

16
185
141

146

113
23
157
67
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9
13
119
60

(deg)
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80
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88
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86

LAST CONTACT
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w
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HOMEN'S COMPETITION WINTER NATIONALS (ETOBICOKE) 1991

HURDLE TAKE-OFF LAST CONTACT
DIVE N STATISTIC SCORE L T W pIS M T DT ANGLES (deg)  VELOCITY (a/s)
m (5) (w/s) (@ (m (s) (%) H § LC W B RV

52330 3 MEAN

6.3 0.12 0.41 0.46 62 212 148 70 3.6 0.9 3.7

§.0. 0.2 0.03 0.00 0,02 1 8§ 9 2 0.2 0.1 0.2

HAX 6.8 0.14 0.42 0.48 63 221 236 T2 3.9 0.9 3.9

MIN 6.2 0.07 0.41 0.43 60 202 235 68 .4 0.3 3.3

32350 4 HEAN 6.6 0.12 0.44 0.41 57 212 189 70 37 0.9 3.9
§.0. 1.0 05 0.068 0.03 2 7 42 1 0.3 0.1 0.2

HAX 1.5 0.19 0.33 0.45 38 220 261 70 4.1 1.1 4.2

NIN 3.0 0.07 0.38 0.37 34 200 157 68 3.4 0.8 3.3



MEN'S COMPETITION

DIVE N

1014 3

1038 4

103¢ 3

1058 1

1078 3

107C 3

3014 6

301B 4

3058 8

305C 1

08-May-91

STATISTIC SCORE

NEAN
5.0,
HAX
NIN

NEAN
§.D.
HAX
NIN

MEAN
S.0.
NAX
NIN

MEAN
S.D.
HAX
NIN

MEAN
§.0.
HAX
HIN

MEAN
5.0,
NAX
RIN

MEAN
5.D.
NAX
NIN

NEAN
§5.0.
HAX
NIN

HEAN
5.0,
NAX
NIN

HEAN
§.D.
NAX
HIN

7.20

6.9
0.3
1.4
6.3

6.7
0.3
8.1
3.8

L
(m)

0.42
0.12
0.39
0.31

0.43
0.14
0.67
0.32

0.54
0.12
0.68
0.34

0.52
0.03
0.57
0.48

0.37
0.01
0.38
0.35

0.53
0.09
0.66
0.38

0.32

HURDLE

T
(s)

0.78
0.04
0.83
0.73

0.81
0.02
0.83
0.80

0.77
0.05
0.80
0.70

0.73

0.80
0.03
0.83
0.77

0.81
0.03
0.87
0.77

0.75
0.03
0.78
0.68

0.77
0.01
0.78
0.79

0.79
0.04
0.85
0.73

0.77

HV
(n/s)

0.10
0.04
0.17
0.06

0.07
0.09
0.22
=0.03

0.09
0.02
0.12
0.03

0.05
0.04
0.09
-0.01

0.04
0.03
0.13
0.00

0.03

34

TAKE-OFF

MD
(a)

0.78 0

0.04

T
(s)

0.83 0.47

0.73

0.79
0.08
0.91
0.68

0.81
0.09
0.95
0.67

0.80
0.07
0.93
0.70

0.80
0.02
0.82
0.77

0.82
0.05
0.88
0.73

0.74

0.42
0.03
0.47
0.38

0.43
0.03
0.47
0.40

0.47
0.02
0.50
0.43

0.48
0.03
0.52
0.43

0.43
0.02
0.43
0.40

0.37
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37
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31

37
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37
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33

34

37
49

a3

36
30

36

63
33

49

WINTER NATIONALS (ETOBICOKE) 1991

ANGLES

H
174
3
181
170
151
3
160
146
154
10
168
146

123

101

115
a8

129

139

116

201

211
19t

183

194
180

136

208
186

190

§

1

8
180
161

141

7
153
135

151

4
157
147

124

97
10
108
81

13

129
104

169
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188
150
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193
167
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153
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MEN'S COMPETITION

HURDLE
DIVE N STATISTIC SCORE L T W

(m)  (5) (a/s)

307C 1 MEAN 4,10 0.32 0.78 0.3
§.0.
HAX
NIN

Jl11A 2 MEAN 7.3 0.61 0.7 0.6
5.0,
NAX
NIN

31320 3 HEAN 7.3 0.49 0.77 0.3
S.0. 0.4 0.09 0.04 0,1
HAX 8.0 0.64 0.83 0.6
NIN 6.8  0.40 0.73 0.4

S136D ¢4 MEAN 6.5  0.37 0.80 0.
0. 1.5 0.09 0.03 0.1
HAX 8.0  0.63 0.83 0.7
NIN 4.2 0.50 0.77 0.5

31520 4 MEAN 7.1 0.33 0.79 0.6
§.0. 0.8 0.08 0.04 0.1
HAX 7.8 0.62 0.85 0.6
NIN 37 0.3%9 0.73 0.5

33310 2 HEAN 7.2 0.48 0.79 0.3

§.D.
NAX
NIN
53330 1 MEAN 6.60  0.3¢4 0.73 0.3
5.D.
HAX
NIN
33330 3 HEAN 7.1  0.49 0.76 0.5
§.0. 0.1 0.11 0.01 0.1
NAX 7.2 0,59 0.77 0.6
NIN 7.0 0.34 0.73 0.4
33370 4 MEAN 6.6  0.44 0.80 0.4
S.0. 0.1 0.09 0.02 0.t
HAX 6.7 0.33 0.83 0.5
NIN 6.4 0,30 0.77 0.3

08-May-91

DIS
(m)

0.07

0.06

0.10
0.06
0.18
0.03

0.03
0.03
0.09
0.00

0.07
0.04
0.11
0.01

0.08

0.07

0.07
0.01
0.09
0.06

0.03
0.05
0.13
0.00

35

TAKE-OFF

MD
()

0.79

0.84

0.79
0.08
0.87
0.63

0.83
0.02
0.86
0.81

0.83
0.06
0.91
0.77

0.87

0.78

0.83
0.07
0.91
0.75

0.78
0.03
0.81
0.74

T
(s)

0.43

0.46

0.44
0.03
0.47
0.38

0.46
0.02
0.47
0.42

0.44
0.01
0.45
0.43

0.48

0.43

0.43
0.02
0.47
0.43

0.43

ERR
0.43
0.43

07
03]

63

30

33

38
3l

33

37
33

33
36
b1

33

60

58

60
37

52

33
31

WINTER NATIONALS (ETOBICOKE) 1991

LAST CONTACT
ANGLES (deg)  VELOCITY (a/s)
H § LC wooH RV

189 137 90 3.5 L0 3.6

167 179 81 3.3 0.7 5.3

145 138 78 3.4 1.0 5.3

g 11 2 0.4 0.1 0.4
154 131 80 5.8 1.1 459
131 122 75 4.7 0.8 4.3
127 17 7 5.4 0.8 3.4

10 32 4 0.3 0.1 0.3
135 161 8t 3.6 0.9 5.7
1o 72 70 4.9 0.6 5.0
112 99 73 .l 1.0 5.2

3 8 2 0.3 0.1 0.3
118 10§ 74 3.3 L1 5.4
we 8 N 4.6 0.9 4.7

213 160 90 3.6 0.3 5.6

211 183 93 3.4 0.9 5.3

211 179 94 3.3 0.9 5.4

315 2 0.1 0.0 0.1
218 19% 9% 3.4 1.0 5.3
206 139 92 3.2 0.9 4.3
208 175 92 3.2 0.9 5.3

8 5 3 0.1 0.2 0.1
21 181 97 34 1.2 5.3
201 168 98 .0 0.8 4.2
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HEN'S COMPETITION WINTER NATIONALS (ETOBICOKE) 1991
HURDLE TAKE-OFF LAST CONTACT
DIVE N STATISTIC SCORE L T W pIS M T DT ANGLES (deg)  VELOCITY
w (5 /s) ) ) () (N H § L W
2014 5 NEAN 7.1 0.10 0.59 0.30 37 189 177 80 4.6 1.0
S.0. 0.4 0.03 0.03 0.03 2 I 142 0.2 0.2
NAX 1.7 0.13 0.68 0.35 60 193 194 83 4.9 1.2
HIN 6.6 0.06 0.53 0.47 53 184 156 7 44 0.8
201B § NEAN 7.1 0.09 0.56 0.49 3B 178 172 82 4.3 0.9
§.0. 0.3 0.02 0.07 0.03 1 T 11 2 0.2 0.1
HAX 1.7 ' 0.13 0.66 0.33 60 191 189 84 4.8 1.1
HIN 6.7 0.06 0.49 0.45 57 18 156 79 4.2 0.7
2058 10 MEAN 5.6 0.09 0.39 0.46 39 199 175 73 4.3 1.1
S.0. 1.1 0.03 0.06 0.03 3 9 4 2 0.3 0.1
NAX 1.7 0.13 0.70 0.30 63 A1 45 77 4.7 1.4
HIN 4.1 0.05 0.47 0.42 33 185 129 N 3.7 0.9
401B 1 MEAN 6.8 0.08 0.54 0.42 33 159 165 B84 4.6 1.0
5.0.
NAX
HIN
4038 3 MEAN 7.1 0.09 0.56 0.46 37 139 132 88 4.3 0.9
S.0. 0.3 0.02 0.10 0.02 3 8 3 2 0.3 0.2
HAX 7.3 0.12 0.69 0.48 63 150 147 91 4.5 1.2
HIN 6.2 0.08 0.46 0.43 33 127 121 84 37 0.8
403C 4 NEAN 7.3 0.09 0.59 0.49 58 156 140 89 4.6 0.9
§.0. 0.1 0.04 0.06 0,03 3 3 2 0.2 0.2
NAX 7.5 0.14 0.68 0.35 38 164 143 92 49 1.1
NIN 7.1 0.04 0.52 0.47 37 150 136 86 4.4 0.6
4058 9 NEAN 7.2 0.10 0.39 0.46 58 t1r 105 91 3.9 L1
§.0. 0.7 0.03 0.06 0.03 2 9 3 0.2 0.1
HAX 8.3 0.16 0.70 0.50 63 130 119 95 4.3 1.3
NIN 3.8 0.07 0.50 0.40 36 98 89 a8 33 0.9
403C 1 NEAN 6.5 0.10 0.44 0.43 53 136 103 86 33 L
5.0,
NAX
NIN
52330 2 MEAN 7.0 0.11 0.64 0.30 39 210 151 75 4.6 1.0
S.Dl
HAX
HIN
32370 1 HEAN 5.6 0.13 0.68 0.47 57 206 311 73 4.4 0.9
SOD.
HAX
AIN
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Height-Rotation Graphs

Data obtained by digitizing approximately every fifth frame (1/6 s) during
the flight provided the basis for constructing a graph of centre of gravity (ca)
height as a function of trunk rotation in the flight. This height-rotation
relationship served as a diagnostic tool and a useful way of comparing across
dives and divers.

Centre of Gravity

The CG height which was used to represent the height of the diver is
influenced by the relative positions of the segments in direct proportion to
their relative masses as follows: lower extremities 2 x 16 = 32%; upper
extremities 2 x 5 = 10%; and head and torso 1 x 58 = 58%. When free in the
air during the flight (of the hurdle as well as the dive), the CG follows a
parabolic flight path which cannot be changed by anything the diver does in the
air (assuming air resistance is not a significant factor). Thus, if the diver's
velocity at the end of the take-off is known, the path of the CG can be
predicted throughout the flight.

Height (vertical axis)

The height of a diver's CG above the board (in metres) was computed from
the vertical velocity of the diver's CG at the end of the take-off. The latter,
in turn, had been back-calculated from CG position and time information
determined during the flight. All but the first two velocity estimates were
averaged to get the best estimate of last contact vertical velocity for use in
predicting CG height as a function of time in the flight. Zero on the vertical
axis represented board level.

Rotation (horizontal axis)

A 4th degree polynomial was fitted to the five to nine trunk angle (hip to
C7) measurements during the flight to obtain a representation of total body
rotation as a function of time. Zero on the vertical axis represented an
upright or vertical trunk position. To facilitate inter-dive comparisons, all
rotations were shown as increasing to the right on the graph, rotation was
expressed in somersaults and vertical reference lines were inserted to indicate
the completion of one and two somersaults. The horizontal axis then indicated
the amount of rotation in somersaults as indicated by the angle of the trunk.
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Time

Elapsed time was designated by diver identification symbols or solid
circles being indicated every 0.25 second. The former were plotted at 0.25 and
0.75 s and the latter at 0.50 and 1.00 seconds, respectively. In addition,
although not as evident, each plotted line segment represented 0.10 second.

Identification
An eight letter identification code is located in the upper right corner
of each graph. It included the diver (3), dive (3) and competition (2).
Diver: Divers were identified by a three letter code (the first letter of
the first name and the first two letters of the surname eliminating 'de', 'di’,
'le' or 'la' if these occur at the beginning of the surname). For example, the

graphs which follow contain data from dives of:

MPI - Mary DePiero APE - Annie Pelletier LPA - Laura Payne
DBE - David Bedard CPO - Chris LePoole MRO - Mark Rourke
PGO - Paige Gordon ILA - Irina Lashko

Dive Number and Position: The FINA dive number and position designations

were employed for nontwisting dives with the middle zero in the dive number
being omitted. Thus, 17B is a forward 3 1/2 somersault pike (107B); 35C
represents a reverse 2 1/2 somersault tuck (305C); 25B is the designation for a
back 2 1/2 somersault pike (205B); and 45B is an inward 2 1/2 pike (405B).

Competition Identification: The seventh digit signified the particular

level of a given competition. They are different for men and women:

Women Men
Preliminaries P E
Quarter finals Q U
Semifinals S D
Finals F M

The final digit in the code was used to designate the specific competition which
were as follows:

0 - Canadian Olympic Trials - Nepean - 1988 COT88
1 - Canadian Winter Nationals - Quebec City - 1989 QWN89
2 = FINA Cup - Indianapolis - 1989 FINA89
3 - Canadian Summer Nationals - Calgary - 1989 CSN89
4 -~ Commonwealth Games Trials - Edmonton - 1989 ECT89
5 = Dive Canada - Nepean - 1990 DVC90
6 - World Diving Trials - Winnipeg - 1990 WDT90
7 - Canadian Winter Nationals - Etobicoke - 1991 TWN91
8

- World Diving Cup VII - Winnipeg - 1991 WDC91
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Score: As in the individual and competition statistical tables, score
indicated the average score out of 10 awarded by the judges. Degree of
difficulty was not taken into consideration.

Rotation Rate

In addition to the graphs of the diver's CG height as a function of
rotation (trunk angle indicated in somersaults), a listing of angular velocities
(in somersaults per second) at 0.10 second intervals during the first second of
flight were provided. Participants in the 1990 Annual Canadian Diving Coaches
Symposium felt that this information would be a useful addition to the report
since it would give a rough indication of how a diver's angular momentum might
be changing from dive to dive or competition to competition. Also for a given
angular momentum of a specific diver, the tighter the tuck or pike, the greater
the angular velocity or spinning rate. To facilitate comparisons, tables
containing somersaulting rate information were organized according to the order

in which the height-rotation graphs were included in the report.

Coaches were encouraged to take note of the following in examining these
height-rotation relationships:
(1) trunk position at the beginning of the flight - how far is it rotated
from the vertical?
(2) maximum height achieved in the flight as it is directly related to the
vertical velocity at the end of the take-off
(3) the number of somersaults completed by the peak of the dive and when
passing board level
(4) the number of somersaults completed in 1 second. This could be estimated
by dropping a vertical line down from the second solid dot and reading the value
off the horizontal axis
(5) height and rotation in comparison to top international performances. To
compare dives from different graphs, coaches were ihstructed to put one page
behind the other, hold them up to the light and align the axes.
It is important to note that these height-rotation graphs do not
represent the parabolic flight path of the diver as the diver's horizontal
velocity is not taken into account.
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