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your practice metrics the remaining
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athlete’s data each athlete
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Physical
quality

Exercises

|dentifying what to test and train through a needs analysis

Cover lots of i i i i
" Be fast Boerle Mulfclple Win aerial Win tackles Be robust
istance sprints challenges (protect ball)
Aerobic Speed & Symmetry &
capacity acceleration Gl A RO ST ROM
Hams,
SPD and Power Strength adductors,
. Deccel and . ..
HIIT, SIT, SSG Accel drills, acilit HIIT, SIT, SSG training training glutes,
plyometrics gility (ballistics) (squats) eccentrics,
unilateral
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Biological Basis

« Is there a justifiable link between
the metric of interest and athletic
performance?

* Does a theoretical cause and
effect relationship exist?

Choosing a test

Feasibility

* Logistics surrounding its
implementation including: cost,
time and staffing.

« How long does it take to produce
a report for coaches?

« [s the right culture in place?

Sensitivity

+ To what accuracy can it detect
true changes?

« Realistically, can you actually
inform practice off the back of
this measure?
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Braking
Avg. Braking Force

Avg. Braking Power
Avg. Braking Velocity

Avg. Relative Braking Force
Avg. Relative Braking Power

Braking Impulse
Braking Net Impulse
Braking Phase
Braking Phase %
Braking RFD
Peak Braking Force

Propulsive

Avg. Propulsive Force
Avg. Propulsive Power
Avg. Propulsive Velocity
Average Relative Propulsive Power
Peak Propulsive Force
Peak Propulsive Power
Peak Relative Propulsive Force
Peak Relative Propulsive Power
Propulsive Impulse
Propulsive Net Impulse
Propulse Phase

Landing

Avg. Landing Force

Landing Stiffness

Peak Landing Force
Relative Peak Landing Force
Time to Stabilization

L/R Avg. Landing Force
L/R Landing Index
L/R Peak Landing Force

Peak Braking Power
Peak Relative Braking Force
Peak Relative Braking Power

Relative Braking Impulse
Relative Braking Net Impulse

Propulsive Phase %
Relative Propulsive Impulse
Relative Propulsive Net Impulse

L/R Avg. Propulsive Force
L/R Peak Propulsive Force
L/R Propulsive Impulse Index

A~ [\
VAR y\y&\« AN

L/R Avg. Braking Force
L/R Avg. Braking RFD
L/R Braking Impulse Index
L/R Peak Braking Force

Unweighting Phase Fﬁglt W I
A

Unweighting Phase %

DYNAMICS
7
Jason Avedesian, Data from ~1700 data points in WSOC.
Ph D Association Between Total Player Load and Total Distance (WSOC)
2 Director of Sports . .
Science - Olympic Sp... - %
8h - @ 0. ¥ Re=o0.9633
1400 © 3“: oo
It's likely you're looking at too many 3 -
GPS metrics to quantify external fom
demands. £
96% of the variance in Total Player Load a
is explained by total distance! =)
8
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| original Research Jomal o Seeng and Conditoning Resea

Intra- and Interday Reliability of Weightlifting
Variables and Correlation to Performance
During Cleans

Angela M. Sorensen,' Shyam Chavda,' Paul Comfort, Jason Lake,” and Anthony N. Turner’

London Sports institute, Midafesex University, Landon, United Kingdom; “Human Performance Laboratory, Liniversity of Salford,
Salford, Unitec Kingdom; andt*Depariment of Sport and Exercise Sciences, University of Chichester, Chichester, United Kingdom

Level one: Which variables are reliable?

Level 2: Which variables are highly correlated
(multicollinearity)?

Level 3. Of the correlated variables which one
statistically or logically best explains the
performance outcome

Results

Sixteen of the 70 variables analyzed were found to have good to
excellent intra- and interday ICC (0.779-0.994 and 0.969-0.996,
respectively) and CV (0.64-6.42 and 1.14-6.37, respectively)
values (30,36). Using the Pearson’s correlation coefficients (r =
0.5-1.0atp < 0.005), these 16 variables were also shown to have
strong correlations (r = 0.880-0.988) to cleans performed at
90% 1RM. From these 16 variables, bar work variables that were
used to calculate bar power variables were then excluded because
they are derived from the same force and displacement data and
represented duplicate data. The resulting variables were further
assessed for multicollinearity, which can be seen in Table 3. This
system of filtering resulted in a total of 11 variables exhibiting
“good to excellent” ICC with a CV of =10% for both intraday
and interday reliability measures and with correlations to clean
performance as reported in Table 2.

Building the 5-2-180 chiﬁge of direction speed

test

(8]

Figure 1: Traditional 5-0-5, To ensure the athlete reaches > 95% of their max 10 meter speed, place

timing gates at the start line.

Figure | Maximal horizontal deceleration test design

Force plates

Braking Line . . Time Gate

ISm

Start Line . . Time Gate

Rader Gun

10
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Just because you can,
doesn’t mean you should!

Complexity Bias.

The tendency to prefer more complex or sophisticated options over
simpler ones, often because they sound more important or impressive.

11

Rubbish in
@

R

If you start with the wrong metric, or a valid yet noisy one, there is no form of
analysis that can save you from rubbish data and meaningless inferences.

Rubbish out

12
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Step 3. Is the metric reliable

.How much shoul_d | trust it:

Explain this to your athlete

You bench press 3 times in a week
® |n session 1 you bench 70 kg
® |n session 2 you bench 72 kg

= |n session 3 you bench 69 kg

14
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What about this...

You weigh yourself everyday for 5 days
= On day 1 you weigh 70 kg

= On day 2 you weigh 70.5 kg

= On day 3 you weigh 69.9 kg

= On day 4 you weigh 70.1

= On day 5 you weigh 70.3

15
Which weighing scale would you buy?
Jm )
00 00 0 ©
() (©) @ @ @ o
69.5 kg 70 kg 71.5kg
16
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o Trial1=438s
o | Fyrade

N Trialz=43s [

17

[

good nights sleep

My average
Score on an
average day

Bad nights sleep
Bad diet

Then imagine changing the

testing instructions each time!

Kids won’t do their
homework

|
Test score vs. Stress score! Happywite
: : : ‘ Crowd got me hyped!
How high | can jump, after the following stressors °
[ /
/
| / \
Good diet Kids well behaved / \
R N
| /
/ / /
| / ®
/‘ Proper decent
warm-up

|

|

Scary, mean on-lookers

\

Unhappy and totally
irrational wife

|

|

18
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31s 322s 334s 3.46s 3.58s 37s 382s 3%4s 4.06 28s 2.89s 3.01s 3.1s 3.19s 3.31s 3.4s 349 51s 3.78 2 283s 29s 307s 3.19s 3.

® Right Left @ Combined

T T T
Height (cm) 51 43 49

CM depth (cm) 41 25 31

Ave Braking F (N) 1477 1669 1496

Braking phase (s) 0.15 0.11 0.13

Ave Propulsive F (N) 1512 1866 1697
Propulsive phase (s) 0.27 0.18 0.22

TTT 0.79 0.64 0.7

mRSI| 0.64 0.67 0.7

19

Coefficient of variability (CV) CV % = (SD/mean) *100

* CV of 10% suggests that the SD is 10% of the mean. The higher the
CV, the less consistent the data points

* CV best measure of reliability if comparing tests with different units

* E.g., which is more reliable, jump height system with an SD of 3 cm,
or peak force system with an SD of 100 N?

* Mean score =40 cm and 2000 N respectively. Therefore:

Jump height system Peak force system

3/40=0.075 *100=7.5% 100/2000 = 0.05 *100 =5 %

20
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c
CMI1 CMI2 CMI3
38.1 436 477
4.1 35.7 36
42.8 42.2 419
50.4 52.2 52.2 16
37 36.1 36.9 11
42.1 407 45.1 43
4.5 423 45.2 28
?
379 333 396 72 STEDV.P or STDEV.S =( 44 /100)*1.3 = 0.6
436 44.9 37.4 7.8 =STDEV.P
354 40.1 39.5 4
45.3 4.4 439
266 477 477
30.2 31 315
50.8 51.2 53.7 25
a1 467 364
43.7 40.4 43 3.4
36 4.1 48.9 5.2
Fr 5 5 T3 So how much do we actually Need to calculate
516 504 536 25 need to improve by? 1.3% of the AVERAGE
27.8 28.5 28.7 14
29 28.3 30.9 3.7
29 27.7 26.3 4.0
30.3 35.7 34.2 6.8
34.9 36.1 35.4 ET Issues using the average CV?
39.7 40.3 40.8 ( 37 )
21
Table 2. Reliability of countermovement jump concentric force-time and |
Trial 1 Mean £ SD  Trial 2 Mean - SD (L(‘I’AII.CI.‘I,CI)
CON Duration 167
) 2.80 + 050 286+ 058 384, 5.49)
. CON Impulse 162
Lacks detail < (st“ 158.46 + 45.23 15877 + 45.82 (103, 2.0)
'\/ SR e 1275 4 319 1265 + 321 .
Pick one * T CON Mean Power ” . 320
\ w) 1633 + 504 16307 + 553 (55,350)
CON P(‘I’:;‘ Force 1605 + 407 1612 4 418 @ ;‘931_37)
Are you calculating CON Peak Velocity 2se s 026 235t 038 Laa
jump momentum? (ms ) T S (089, 1.%5)
L —
% 720 + 1138 750 + 1244 ( (66‘;:";56_03))
Just because you can CONRPD ——rr=
doesn’t mean you should! Ws ™) S i {605 821)
Jump Height (Flight) 292
i 2730 + 641 2746 + 636 @8 35
: Jump Height 321
Same thing (GinpeDie) (o) 2601 + 640 2617 £7.09 209.438)
(‘I{\“;&f:\;ﬁ};;‘) 25.96 + 639 2613 + 7.09 221
10.21
i ) 4971 + 3081 6181 £ 10,643 ors
Peak Power 48 — » =
2979 + 972 2955 -+ 982
(W) (1'58' 3'08) ifying Reliable and Relatable Force—Time Metrics in
RSI-modified 581 AIhIEIEZACnnsidrnl'mns for the Isometric Mid-Thigh Pull
ms) T e @67 ST i

22
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Table 1. Countermovement jump eccentric force-time curve metrics an
. . %CV
Trial 1 Mean = SD Trial 2 Mean + SD (LCL, UCD
If this changes, so i
g 4 PR D‘P( DE)P&' —3057 4 8.48 —31.23 4 9.82 25
too must braking F cm
%“‘5 60.84 + 72.54 60.11 £ 67.76 ;
E RED i
% 4780 = 2060 4924 + 2446 Qus, 12.45)
Lacks detail «————— ECCDecelImpulse o000, 555 95.26 + 51.46 834
(Ns) (4.13,8.55
E 10.38
C%FD 5661 = 2890 5841 + 3256 s
ECC Duration 6.41
(ms) 4793 4 76.0 479.2 £ 937 (450, 831)
ECC Mean Braking w 3.38
Force (N) 843.8 £ 1932 846.6 + 199.2 (2.71,4.05)
ECC Mean Decel. 343
Force (N) 1222 + 309 1224 4329 @71.415)
ECC Mean Force Good case to
_
Same thing? N) 6893 1497 R0 (0.05,0.08) choose this one!
ECC Mean Power 6.83
W) 4380 4 142.1 4425+ 151.1 (474, 897)
ECC Peak Force < 334
pres 1573 + 406 1584 + 429 @70.397)
ECC Peak Power . 9.24 -‘P‘"‘“ MoP!
W) 1223 £ 525 1239 + 602 6741174) o
ECC Peak Velocity 626 e B ations o the Toboneuie M Thioh Bl
e. i ; ctcr—Considerations for the Isometric Mid-Thi
(m.5_1) —1.23 £ 0.30 —-1.234+033 (4.04, 8.47) :\j‘faungen’r.nv::inl;ump T

23
Fluffy
PO DS (Prof. Jason Lake) Theoretically sound but practically useless
Unweighting Phase Braking Phase Propulsion Phase
| | 1
2000 ; o
1800
Outcome 1600 T
JH Z 1400 £
o £
2 1200 8
. S K.
Driver 3 1000 )
Mean braking F £ 800 =
]
Mean propulsive F Z 600 £
Q
400 >
Strateg! 200
brake t + Prop t =TTT 0
CoM displacement 2.08 238 e 2% 2.98
McMahon et al., 2018. Understanding the key phases of the CMJ F-t curve. SCJ
24
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CMI1  CMI2 __ SD____ CMJ best 1L UL Performance

M1 cMi2 CMJ_best

A 437 428 06 || 437 || 431 || 443 | 456 446 07 | 456 | a4l  463|  better
B 34.8 36 08 36.0 352 36.8 392 412 14 312 39.8 426 better
c 4238 4022 138 4238 410 446 432 421 08 432 424 440 same
D 462 4538 03 462 459 465 47.4 483 0.6 483 477 489 better
£ 37 362 06 37.0 36.4 376 37.9 3838 0.6 388 382 394 better
F 45.1 44 038 45.1 443 459 462 456 04 362 458 466 same
G 36 412 3.7 412 375 449 40.4 424 14 424 410 438 same
H 385 3956 08 396 388 401 433 23 433 410 456 better
| 419 a9 [ 21 [ aa0 Il 428 [| 40 | 456 64 | 06 I 464 | s8] a70] some
J 375 40.1 138 40.1 383 419 423 4338 11 4338 427 449 better
K 427 453 18 453 435 471 45 459 0.6 459 453 465 same
L 477 4538 13 417 46.4 490 462 48.1 13 481 46.8 49.4 same
M 315 30.1 1.0 315 305 325 364 383 13 383 37.0 396 better
N 338 36.7 2.1 36.7 346 388 37.8 40.1 16 40.1 385 41.7 same
0 467 45.1 11 467 456 47.8 439 47 22 47.0 44.8 492 same
P 437 427 0.7 a7 430 44.4 426 442 11 442 431 453 same
Q 404 412 06 412 406 418 384 37.8 0.4 384 38.0 388 worse

26
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27
68% (1 SD) or 95% (2SD) CI
45.0 50.0
40.0 Gt
40.0
35.0
35.0
30.0
30.0
25.0
25.0
20.0 20.0
Jan June Jan June
Well, 1.96 x SD = 95% Cl to be exact!
28
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Type | or Type Il error? That is the question

* A Type |l error is a false-positive — you claim a difference when there is none
* Type Il error is a false-negative — you claim no difference when there was one

Type | Error Type Il Error

i : ‘ i /F’

€ 8
'7 ‘e i

You're not | r
) o ‘ ... bregnant!

29

COACHING WISOOM

But did my athlete improve?

Cl u b ph I |OSOphy: Assessing performance

changes when N =1

Risk vs. Reward .

* Do you prefer to play it safe or be
sensitive to smaller changes?
Perhaps a philosophical question.

* There is no right or wrong answer.
Sometimes you’ll be right,
sometimes you’ll be wrong.

* Therefore, need to focus on the
consequences of each scenario to
help you choose.

30
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[+ Expert
e Strict
e Coaching cues

Post CMJ — Pre CMJ
Variability

¢ Audience
* competition
* Music

Reducing the noise (SD)

* Motivation
* Biological variability

frequency

e Calibration
¢ Unobtrusive

31
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z scores and the TSA

.‘NSDA
A o

Total Score of
Athleticism: Holistic
Athlete Profiling to
Enhance Decision-
Making

nnnnnnnn

g

33

But is that
score any
good!?

So, are they
fit or not!?

16th Annual Strength and Conditioning
Student Conference

Are they
getting any
better!?

17
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Is that score any good and which test did they do best on?

* But maybe the team is fit

Back Squat: Shuttle Test:

and they all scored well on

140 k Level 15
8 the shuttle test...

* Level 15 may have been one

64% 88% of the lowest

* Conversely, there may only

Best Best be a few strong athletes, so

Back Squat: Shuttle Test: ]
220 kg Level 17 140kg is really good!

35
Turn test scores into a z-scores
* Z-scores tell you how many SD’s a score is from the mean
* If a z-score = 0, it is identical to the mean score
* If az-score =1, it is 1 SD above the mean
* If a z-score =-1, it is 1 SD below the mean
VLOOKUP 5 X + fx =(52-5526)/5527
1 ' ! o -
2|1 4171 16 5 4.5]s527 1 023 0.15 -1.49 0230 18
3 36" 163" 49" 446 -0.77 -0.16 0.38 125 0450Q 19
al|f 223" 172" 6.4 419 0.06 0.05 -3.06 0.41 064 @ 20
s 522 25! a4” 434 121 1.83 152 051 1.01@ 2
6 [ 7" 202" a6” 4.25 -0.65 073 1.06 0.04 0300 10
7il I as51” 1817 a8” 4.16 0.34 0.25 0.60 0.59 0.45 @ 7
26 42.29 170" 5.1 4.26)
27 8.16 0.44 0.44 0.16

36
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0.9 represents better
than 82% of squad

0.6 represents better
than 73% of squad

0.3 represents better
than 62% of squad

Zero represents squa
average, i.e., 50%

18% of squad

d

i

Z-score
o
: -|IIIII|II
aa,
5
<

-0.9 represents bottom -0.3

-1.2 represents bottom

NS

Above the line

1.2 represents a score
better than average
(strengths)

0.9

6

0.3

Speed

12% of squad /
-0.9
/ Below the line
1.2 represents a score
/ Test worse than average
Weakness to be targeted when designing (weaknesses)
next individualized training plan
37
1.50 mAthlete A W Athlete B
Athlete A missed speed testing
1.00
) I I
0.00 I
M) z_RSI z_ProA
-0.50
The TSA represents the average
z-score of all tests taken
-1.00
38
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[ Athletic Profile

Athlete CMJ (cm)
E 37

Agility (s} 30m (s)
4.6 4.25

TSA 53

Rank (of 24) @17 @s @4 D13 Q10

2.00
150
1.00
0.50
0.00

-0.50

-1.00

-1.50

-2.00

0.73

=

RSI_z

0.30

Pro_z TSA_z

-0.65

7.00
5.00
3.00
1.00
-1.00
-3.00
-5.00

-7.00

Athletic Profile |

Athlete €M (em) Agllity (s)
E 37 2.02 4.6

30m (s)
425

TSA

Rank (of 24) @17 @s @: )13

145
0.19

30m_t TSA_t

39

Total Score of Athleticism

Profiling Strength and Power Characteristics in Professional
Soccer Players After Anterior Cruciate Ligament
Reconstruction to Assess Readiness to Return to Sport
Luca Maestroni,"'! MSe, Anthony Tumner,! PhD, Konstantinos Papadopoulas,’ PhD,

Vasileios Sideris,' PhD, and Paul Read,****!! PhD
at Aspetar Or ic and Sports Medicine Hospital, Doha, Qatar

There the op g procedure 1o determine retur-to-sport (RTS) readiness after anterior T
s of tests, bt thi

a patient’s level of athleticism or benchmarks reiative 1o his or her noninjured counterparts. s
Purpose: To examin the utiity of the Total Score of Athisticism (TSA). a compasite scale including sirength, powe, and reactive
‘strength assessments, to aid RTS decision-making

Study Design: Gross-sectional stucy, Level of avidence, 1.

Methods: A total of 05 professional soccer players (60 who Undsrwant ACL reconstruction [mean age, 25.1 + 126 years] and 35
who were uninjured [mean age, 23.8 = 2.8 years]) completed a battery of tests including isokinetic knee extension and flaxion
torgue, biatera and unilateral countormovement jump height, relative peak power, and resctive strength index-modified. The
TSA score (derived from Z scores) was calcuated, and we (1) examined diferenices betwaen the ACL-reconstructed and unin-
of the the player's status (ACL reconstruction va
uninfured controf, and (3) inckided a case series to discuss the characteristics of players who sustained a subsequent injury
within 4 months after RTS.
Bvsikn A Mie dflrmicy Sunagn S ACL-vioralicted el i om0 TR s =00k, = 001 vl
‘additional Increase of 1 unitin the TSA score, the odds of belonging to the ACL-reconstructed group decreased
by .49qns»ecw 0.19-0.56). By visual inspection, the frequency of reinjured players was higher in the low (4/7) TSA tertle com-
With the medium (2/7) and high (1/7) TSA terties.
Gonclusion: Preliminary evidence indicates that the TSA miy be & usatul RTS readiness tool, as the composite score derhved
from strength and power measures. was diferent in soccer players at the time of RTS after ACL reconsiruction compared with
healthy matched controls. Thare was also a higher frequency of low TSA scares in players who sustained a second injury after
RTS, Therefore, it power, and
ities each season across the largest possible number af players (deally taammates).

o

00

&
8

g

]

1

T2 T3

sl |||||M|HMHHH"

ACLR
with re-

injury

|||| ||| 373941434547495153555759614365676971737577798183858789919395

= CTRL

Players

40
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T- tal Si it
Sk =l HAWKIN | TSA REPORT
Eﬂr:::;e Decision-

ATHLETE
RANKINGS

USE CASES

« (UNIVERSITY SET SCORE AND RANK TEAMS PRE-SEASON
+ (PRIVATE SETTING) OFF SITE TEAM TESTING (I.E. AAU TEAM)
ING) WHERE DOES A RECRUIT STACK UP IN RELATION TO
THE CURRENT TEAM?
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TOTAL SCORE OF ATHLETICISM

~ TSA VALUE

SCALED (0-100)
o8

UNSCALED (-3 TO +3)

ONE CLICK PDF

= YOU SELECT THE METRICS & TEST TYPES.

EXAMPLE:
1.CMJ: JUMP HEIGHT
2.CMJ ARM SWING: JUMP MOMENTUM
3.IMTP: FORCE AT 250 MS
4.DROP JUMP: MODIFIED RSI

21



