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Using qualitative technique 
analysis to evaluate and 
develop agility actions

OVERVIEW

An important element of developing agility with athletes is to evaluate technique 
in performing actions associated with match play. For practitioners it is important 
to understand what the key elements of ideal movement technique are to enhance 
performance. The aim of this article is to revisit an approach to creating a technical 
framework to help practitioners develop a biomechanical understanding of sports 
actions relevant to expressions of agility in sport.

By Paul A Jones, CSCS*D, BASES ACCRED, CSci, FBASES, University of Salford,  
Alistair McBurnie, BSc (Hons), Manchester United FC and  

Thomas Dos’Santos, PhD, CSCS*D, Manchester Metropolitan University

Introduction 

An essential part of speed, change of 
direction speed and subsequently agility 
development is to evaluate technique 
while performing a range of sports-
specific actions. Previous authors have 
suggested a five-stage process for technique 
evaluation: 1) preparation, 2) observation, 
3) fault diagnosis, 4) intervention and 5) re-
evaluation.23 Perhaps the most important 
stage is the preparation, which involves 
developing a ‘knowledge structure’ of what 
should be observed (eg, an ideal technique 
model), and then deciding how the 
evaluation can be conducted, thus allowing 
the analyst to focus on ‘critical features’ of 
the performance during the fault diagnosis 
phase and to develop a subsequent 
appropriate intervention. However, there 
are a plethora of actions that occur during 
match play (eg, side-step cutting, cross-
cutting, pivoting, linear and curvilinear 
sprinting, side-shuffling, backpedalling, 
etc) that require a biomechanical/technical 
understanding to coach. Some actions, such 
as sprint running, have been researched 

extensively and proper technique for these 
movements have been well documented. 
However, many other instantaneous and 
locomotive actions associated with agility 
are not so well researched. Understanding 
the important aspects of technique for 
these movements may help coaches better 
identify technique flaws that hinder athletic 
performance and may also help mitigate 
injury.

Current field-based tools for technique 
evaluation of change of direction in 
relation to injury risk

The majority of biomechanical research 
into change of direction (COD) has 
tended to focus on postural or technique 
factors associated with knee joint  
loads2,4,11,15,16,20,24,29,30,31

 during the plant step. 
This may be due to the associations 
between COD, horizontal deceleration, 
and non-contact anterior cruciate ligament 
injuries.10,12,26,27,33 Given the logistical issues 
of incorporating 3D motion analysis to 
screen athletes, field-based screening tools 
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have been developed to help practitioners 
evaluate COD performance among athletes. 
These tools may potentially provide a 
‘knowledge structure’ for practitioners to 
identify technical faults with athletes, in 
order to provide an avenue for intervention. 
For example, these tools can help to identify 
postures and movements that relate to high 
knee joint loads during side-step cutting, to 
observe during practice and try to remedy 
through coaching interventions.

The Cutting Movement Assessment Score 
[CMAS]6,13 is a nine-item evaluation tool 
that can be used to assess movement 
quality. To conduct this test, only two to 
three video cameras are required. The 
CMAS (total points score) has been 
associated with the magnitude of peak 
knee abduction moments as observed when 
using 3D motion analysis6,13 and found 
to discriminate between individuals that 
possess safer cutting mechanics compared 
to hazardous ones.6 This tool helps to direct a 
practitioner’s attention to pertinent aspects 
of technique related to knee injury risk when 
performing a side-step cutting manoeuvre.7 
For a guide on the rationale and use of this 
assessment tool, see Dos’Santos et al.9

Other field-based techniques have 
involved measurement of variables from 
a 2D evaluation. Weir et al34 developed 
an innovative 2D analysis tool of several  
postural and technical parameters in the 
frontal and sagittal plane to estimate 
knee joints loads during side-step cutting 
manoeuvres. Such a tool offers a field-
based method to evaluate technical faults 
when performing these actions. However, 
technique evaluation with this tool may 
be time-consuming to undertake and 
would require expertise in biomechanical 
assessment methods. The emergence of 
automating tracking systems (eg, OpenSim) 
may speed up the laborious digitisation 
process required during these types of 
analysis and reduce the time required to 
provide feedback to the athlete. However, 
markerless technology is still in its infancy 
regarding the quantification of cutting 
kinematics. Similar to 3D opto-electronic 
motion analysis, it is unlikely this technology 
will be readily available for the majority of 
athletes, especially at community-based or 
lower training levels.

More recently, Della Villa et al3 investigated 
the efficacy of a scoring system to identify 
athletes with high peak knee abduction 
moments during 90° side-step cutting, based 
on using 2D video analysis of frontal and 
sagittal plane joint kinematics combined 

with force plate analysis (video vector). 
The tool involved five item scoring criteria 
based on limb stability (frontal plane knee 
alignment), pelvis stability (frontal plane 
pelvis alignment), trunk stability (frontal 
plant trunk alignment), shock absorption 
(amount of knee flexion), and movement 
strategy (hip and knee flexion), taken at the 
point of maximum knee flexion. The authors 
found the tool was able to discriminate 
between athletes exhibiting high and low 
peak knee abduction moments from ‘gold 
standard’ 3D motion analysis. However, 
to apply this tool in the field requires the 
use of a force platform to superimpose the 
ground reaction force vector over the video 
images (video vector), in order to partially 
determine ‘limb stability’. This is unlikely 
to be readily available for the vast majority 
of practitioners working in the field (the 
abovementioned methods only require 
2-3 video cameras to carry out) and likely 
requires a level of biomechanics expertise 
not common amongst many practitioners.

Nevertheless, all of the tools mentioned 
above are limited to side-step cutting actions 
ranging from 45 to 90° and focus primarily 
on technique/movement evaluation in 
relation to injury risk potential. Although 
errors that could result in elevated knee 
joint loads can be identified, practitioners 
also need to understand how these loads 
impact performance. Furthermore, athletes 
– regardless of their sport – will perform a 
variety of instantaneous and locomotive 
actions and practitioners should therefore 
have an approach to developing a knowledge 
structure that caters for the variety of actions 
performed during match-play, rather than 
just side-step cutting. Furthermore, any tool 
utilised by the practitioner must consider 
optimal technique for both performance 
enhancement and injury risk reduction 
perspectives.

A framework approach to technique 
analysis

A potential approach to establish a 
‘knowledge structure’ of a sports action or 
event is to develop a technical framework.21,23 
Often deterministic models are adopted, 
but these tend to focus on generation 
of measurable variables, rather than 
aspects of movement.22 They are therefore 
inappropriate to develop a knowledge 
structure to guide observational practice in 
the form of qualitative analysis. A framework 
approach21,23 involves breaking down a 
skill into phases and sub-phases (often key 
instances within a phase), and then describe 



27P R O F E S S I O N A L  S T R E N G T H  &  C O N D I T I O N I N G  /  W W W . U K S C A . O R G . U K

ISSUE 63 / DECEMBER 2021 ANALYSIS TO EVALUATE AND DEVELOP TECHNIQUE 

	�
Ta

bl
e 

1.
 M

ov
em

en
t p

ri
nc

ip
le

s 
ta

ke
n 

fr
om

 L
ee

s21
,2

3

		
S

P
EE

D
 P

R
IN

C
IP

LE
S

	
S1

.	�
W

ho
le

-b
od

y 
ru

nn
in

g 
sp

ee
d.

 M
ax

im
um

 r
un

ni
ng

 s
pe

ed
 is

 a
tt

ai
ne

d 
af

te
r 

40
-5

0 
m

 o
f r

un
ni

ng
 a

nd
 is

 d
ep

en
de

nt
 o

n 
th

e 
in

te
ra

ct
io

n 
be

tw
ee

n 
st

ep
 le

ng
th

 (S
L)

 a
nd

 s
te

p 
fr

eq
ue

nc
y 

(S
F)

 
(S

pe
ed

 =
 S

L 
× 

SF
)

	
S2

. 	�
W

ho
le

-b
od

y 
ro

ta
ti

on
 s

pe
ed

. R
ot

at
io

na
l m

ov
em

en
ts

 o
f t

he
 w

ho
le

 b
od

y 
ar

e 
co

m
pl

et
ed

 m
or

e 
ra

pi
dl

y 
by

 b
ri

ng
in

g 
th

e 
lim

bs
 c

lo
se

r 
to

 th
e 

bo
dy

’s
 a

xi
s 

of
 r

ot
at

io
n.

 C
on

ve
rs

el
y,

 s
lo

w
ed

 
do

w
n 

by
 e

xt
en

di
ng

 th
e 

lim
bs

 (C
on

se
rv

at
io

n 
of

 a
ng

ul
ar

 m
om

en
tu

m
)

	
S3

. 	�
Li

m
b 

sp
ee

d.
 T

o 
ro

ta
te

 a
 li

m
b 

(e
g,

 a
rm

 o
r 

le
g)

 r
ap

id
ly

 r
eq

ui
re

s 
th

e 
lim

b 
to

 b
e 

fle
xe

d 
an

d 
he

ld
 c

lo
se

 to
 th

e 
bo

dy
. (

M
om

en
t o

r 
In

er
tia

 =
 m

as
s 

× 
ra

di
us

 o
f r

ot
at

io
n.

2  T
or

qu
e 

= 
m

om
en

t o
f 

in
er

tia
 ×

 a
ng

ul
ar

 a
cc

el
er

at
io

n,
 th

us
, l

ow
er

 m
om

en
t o

f i
ne

rt
ia

, g
re

at
er

 a
ng

ul
ar

 a
cc

el
er

at
io

n 
fo

r 
sa

m
e 

to
rq

ue
)

	
S4

. 	�
En

d 
po

in
t s

pe
ed

. A
 h

ig
h-

en
d 

po
in

t s
pe

ed
 (e

g,
 b

al
l r

el
ea

se
/ i

m
pa

ct
 in

 th
ro

w
in

g/
 s

tr
ik

in
g 

ac
tio

ns
) r

eq
ui

re
s 

a 
la

rg
e 

di
st

an
ce

 fr
om

 a
xi

s 
of

 r
ot

at
io

n 
to

 e
nd

 p
oi

nt
 (e

g,
 h

an
d/

 fo
ot

/s
po

rt
s 

im
pl

em
en

t)
. [

Li
ne

ar
 ta

ng
en

tia
l v

el
oc

ity
 =

 r
ad

iu
s 

of
 r

ot
at

io
n 

× 
an

gu
la

r 
ve

lo
ci

ty
)

		
F

O
R

C
E 

P
R

IN
C

IP
LE

S
	

F1
.	

Fo
rc

e 
pr

od
uc

ti
on

. T
o 

pr
od

uc
e 

m
ax

im
um

 e
ff

ec
tiv

e 
fo

rc
e,

 a
 fi

rm
 b

as
e 

is
 r

eq
ui

re
d 

fr
om

 w
hi

ch
 to

 p
us

h 
[N

ew
to

n’
s 

3r
d 

La
w

]

	
F2

. 	
R

an
ge

 o
f m

ot
io

n.
 M

us
cl

e 
fo

rc
e 

ca
n 

be
 a

pp
lie

d 
fo

r 
lo

ng
er

, w
ith

 th
e 

gr
ea

te
r 

a 
lim

b’
s 

ra
ng

e 
of

 m
ot

io
n 

 [I
m

pu
ls

e 
m

om
en

tu
m

 r
el

at
io

ns
hi

ps
/ w

or
k-

en
er

gy
 p

ri
nc

ip
le

]

	
F3

. 	�
C

ha
ng

e 
of

 d
ir

ec
ti

on
. T

o 
ch

an
ge

 d
ir

ec
tio

n 
w

he
n 

ru
nn

in
g 

th
e 

fo
ot

 is
 p

la
ce

d 
(p

la
nt

 s
te

p)
 s

o 
as

 to
 m

ax
im

is
e 

th
e 

ho
ri

zo
nt

al
 fr

ic
tio

n 
fo

rc
e 

ap
pl

ie
d 

to
 th

e 
su

rf
ac

e 
(e

g,
 d

ur
in

g 
 

a 
si

de
-s

te
p 

a 
la

te
ra

l l
eg

 p
la

nt
 d

ir
ec

ts
 fo

rc
e 

pe
rp

en
di

cu
la

r 
to

 th
e 

or
ig

in
al

 d
ir

ec
tio

n 
of

 m
ot

io
n)

 [I
m

pu
ls

e-
m

om
en

tu
m

 r
el

at
io

ns
hi

p]

	
F4

. 	�
Im

pa
ct

-s
ta

ti
on

ar
y 

ob
je

ct
. W

he
n 

hi
tt

in
g 

a 
st

at
io

na
ry

 b
al

l o
r 

ob
je

ct
, t

he
 p

er
fo

rm
er

 m
us

t e
ns

ur
e 

th
at

 th
e 

im
pl

em
en

t m
ak

in
g 

th
e 

im
pa

ct
 m

ov
es

 in
 th

e 
sa

m
e 

di
re

ct
io

n 
as

 th
e 

in
te

nd
ed

 
di

re
ct

io
n 

of
 th

e 
ba

ll 
or

 o
bj

ec
t b

ei
ng

 h
it 

(im
pu

ls
e-

m
om

en
tu

m
 r

el
at

io
ns

hi
p/

 c
on

se
rv

at
io

n 
of

 m
om

en
tu

m
)

	
F5

. 	�
Im

pa
ct

-m
ov

in
g 

ob
je

ct
. W

he
n 

hi
tt

in
g 

a 
m

ov
in

g 
ba

ll 
or

 o
bj

ec
t, 

th
e 

st
ri

ki
ng

 im
pl

em
en

t m
us

t m
ov

e 
in

 s
uc

h 
a 

di
re

ct
io

n 
th

at
 it

 ta
ke

s 
in

to
 a

cc
ou

nt
 th

e 
m

ot
io

n 
of

 th
e 

m
ov

in
g 

ob
je

ct
 

(im
pu

ls
e-

m
om

en
tu

m
 r

el
at

io
ns

hi
p/

 c
on

se
rv

at
io

n 
of

 m
om

en
tu

m
)

	
F6

. 	�
B

al
an

ce
. O

bj
ec

ts
 a

re
 m

or
e 

st
ab

le
 if

 th
ey

 h
av

e 
a 

w
id

e 
ba

se
 a

nd
 lo

w
 c

en
tr

e 
of

 m
as

s 
(w

or
k-

en
er

gy
 p

ri
nc

ip
le

). 
C

on
ve

rs
el

y 
in

 d
yn

am
ic

 s
itu

at
io

ns
 (e

ar
ly

 s
te

ps
 o

f a
 s

pr
in

t)
, a

n 
at

hl
et

e 
ca

n 
ta

ke
 a

dv
an

ta
ge

 o
f t

he
 a

ng
ul

ar
 m

om
en

tu
m

 g
en

er
at

ed
 b

y 
th

e 
ce

nt
re

 o
f m

as
s 

fa
lli

ng
 o

ut
si

de
 o

f t
he

 b
as

e 
of

 s
up

po
rt

	
F7

. 	�
R

es
is

ta
nc

e 
to

 m
ot

io
n 

in
 fl

ui
ds

. R
es

is
ta

nc
e 

to
 m

ot
io

n 
w

he
n 

m
ov

in
g 

th
ro

ug
h 

ai
r 

or
 w

at
er

 is
 le

ss
en

ed
 b

y 
re

du
ci

ng
 th

e 
ar

ea
 p

re
se

nt
ed

 to
 th

e 
on

co
m

in
g 

ai
r 

or
 w

at
er

  
(k

no
w

n 
as

 c
ro

ss
-s

ec
tio

na
l a

re
a)

 a
nd

 m
ak

in
g 

a 
m

or
e 

st
re

am
lin

ed
 s

ha
pe

 [F
lu

id
 d

ra
g 

fo
rc

e 
[ F

D
 =

0.
5 

C
D

× 
p 

×V
2 

× 
A

]. 
C

on
ve

rs
el

y 
ca

n 
be

 in
cr

ea
se

d 
by

 in
cr

ea
si

ng
 c

ro
ss

-s
ec

tio
na

l a
re

a 
an

d 
be

co
m

in
g 

le
ss

 s
tr

ea
m

lin
ed

	
F8

. 	�
P

ro
pu

ls
io

n 
in

 fl
ui

ds
. T

o 
pr

op
el

 th
e 

bo
dy

 o
r 

an
 o

bj
ec

t t
hr

ou
gh

 a
 fl

ui
d,

 a
dv

an
ta

ge
s 

ca
n 

be
 ta

ke
n 

of
 th

e 
lif

t f
or

ce
. T

he
 li

ft
 fo

rc
e 

is
 c

re
at

ed
 b

y 
us

in
g 

an
 a

ir
fo

il 
(a

ir
) o

r 
hy

dr
of

oi
l (

w
at

er
) 

sh
ap

e 
an

d 
en

su
ri

ng
 th

e 
flu

id
 fl

ow
s 

ov
er

 th
e 

su
rf

ac
e 

in
 a

 s
pe

ci
al

 w
ay

 fl
ui

d 
dy

na
m

ic
s)

		
C

O
-O

R
D

IN
AT

IO
N

 P
R

IN
C

IP
LE

S
 	

C
1.

 	A
ct

io
n-

re
ac

ti
on

. T
he

 m
ov

em
en

t o
f o

ne
 li

m
b 

or
 b

od
y 

pa
rt

 h
el

ps
 th

e 
m

ov
em

en
t o

f t
he

 o
pp

os
ite

 (o
r 

co
nt

ra
-l

at
er

al
) l

im
b 

or
 b

od
y 

pa
rt

 [N
ew

to
n’

s 
3r

d 
la

w
 in

 a
ng

ul
ar

 fo
rm

]

	
C

2.
 	�S

eq
ue

nc
in

g 
of

 m
ov

em
en

ts
. M

an
y 

sk
ill

s 
re

qu
ir

e 
a 

co
or

di
na

te
d 

se
qu

en
ce

 o
f r

ot
at

io
na

l m
ov

em
en

ts
 to

 a
ch

ie
ve

 a
 h

ig
h-

en
d 

po
in

t v
el

oc
ity

. T
hi

s 
is

 a
ch

ie
ve

d 
by

 r
ot

at
in

g 
th

e 
la

rg
e 

se
gm

en
ts

 c
lo

se
 to

 th
e 

bo
dy

 fi
rs

t (
pr

ox
im

al
) a

nd
 te

rm
in

at
in

g 
by

 r
ot

at
in

g 
th

e 
se

gm
en

t f
ur

th
es

t f
ro

m
 th

e 
bo

dy
 (d

is
ta

l) 
(ie

, p
ro

xi
m

al
 to

 d
is

ta
l s

eq
ue

nc
in

g)

	
C

3.
 	�S

im
ul

ta
ne

ou
s 

jo
in

t m
ov

em
en

ts
 fo

r 
fo

rc
e 

pr
od

uc
ti

on
. S

im
ul

ta
ne

ou
s 

jo
in

t m
ov

em
en

ts
 a

re
 u

se
d 

w
he

n 
pe

rf
or

m
in

g 
fo

rc
ef

ul
 o

r 
po

w
er

fu
l a

ct
io

ns
. T

he
se

 o
ft

en
 u

se
 a

 li
nk

ed
 b

od
y 

se
gm

en
t c

ha
in

 th
at

 in
cl

ud
es

 s
ev

er
al

 o
f t

he
 m

aj
or

 jo
in

ts
 o

f t
he

 b
od

y.
 T

o 
en

su
re

 th
at

 th
is

 li
nk

 s
ys

te
m

 p
ro

vi
de

s 
a 

fir
m

 b
as

e,
 it

 is
 im

po
rt

an
t t

ha
t t

he
 m

us
cl

e 
gr

ou
ps

 o
pe

ra
te

 
si

m
ul

ta
ne

ou
sl

y.
 T

he
re

fo
re

, f
or

ce
fu

l/
 p

ow
er

fu
l m

ov
em

en
ts

 r
eq

ui
re

 m
us

cl
es

 a
ro

un
d 

th
e 

jo
in

ts
 to

 a
ct

 s
im

ul
ta

ne
ou

sl
y

	
C

4.
 	�S

tr
et

ch
-s

ho
rt

en
 c

yc
le

. P
re

-s
tr

et
ch

in
g 

of
 th

e 
m

us
cl

e-
te

nd
on

 u
ni

t a
id

s 
pe

rf
or

m
an

ce
 b

y 
en

ab
lin

g 
hi

gh
er

 m
us

cl
e 

fo
rc

es
 to

 b
e 

at
ta

in
ed

 a
t t

he
 s

ta
rt

 o
f a

 p
ro

pu
ls

io
n 

ph
as

e 
of

 a
 s

po
rt

s 
ac

tio
n

		
S

P
EC

IF
IC

-P
ER

FO
R

M
A

N
C

E 
P

R
IN

C
IP

LE
S

 	S
P

1.
	�G

ai
ni

ng
 v

er
ti

ca
l v

el
oc

it
y/

 tr
an

sf
er

ri
ng

 li
ne

ar
 to

 a
ng

ul
ar

 m
om

en
tu

m
. W

he
n 

ju
m

pi
ng

 fo
r 

he
ig

ht
 fr

om
 a

 h
or

iz
on

ta
l a

pp
ro

ac
h 

(e
g,

 lo
ng

 a
nd

 h
ig

h 
ju

m
p)

, t
he

 ju
m

p 
he

ig
ht

 r
ea

ch
ed

 is
 

en
ha

nc
ed

 b
y 

th
e 

us
e 

of
 a

 p
iv

ot
 (e

g,
 le

g 
pl

ac
ed

 o
ut

 in
 fr

on
t o

f t
he

 b
od

y 
at

 to
uc

h 
do

w
n 

an
d 

lim
ite

d 
kn

ee
 fl

ex
io

n 
ce

nt
re

 o
f m

as
s 

‘p
iv

ot
s’

 o
ve

r 
th

e 
su

pp
or

tin
g 

fo
ot

) a
t t

he
 b

eg
in

ni
ng

 o
f  

th
e 

ac
tio

n.
 F

ur
th

er
m

or
e,

 a
ct

io
ns

 th
at

 in
vo

lv
e 

tr
an

sf
er

ri
ng

 m
om

en
tu

m
 fr

om
 a

n 
ap

pr
oa

ch
 to

 a
n 

im
pl

em
en

t i
nv

ol
ve

 p
la

nt
in

g 
on

e 
lo

w
er

 li
m

b 
in

 fr
on

t o
f t

he
 b

od
y 

fo
r 

th
e 

up
pe

r 
bo

dy
 

an
d 

im
pl

em
en

t t
o 

pi
vo

t o
ve

r

	S
P

2.
	�F

lig
ht

. A
n 

ob
je

ct
 th

at
 m

ov
es

 th
ro

ug
h 

th
e 

ai
r 

un
de

r 
th

e 
in

flu
en

ce
 o

f g
ra

vi
ty

 is
 c

al
le

d 
a 

pr
oj

ec
til

e.
 T

he
 p

er
fo

rm
an

ce
 m

ea
su

re
 o

f a
 p

ro
je

ct
ile

 is
 o

ft
en

 th
e 

ra
ng

e,
 b

ut
 s

om
et

im
es

 th
e 

he
ig

ht
 r

ea
ch

ed
 a

nd
 ti

m
e 

of
 fl

ig
ht

 a
re

 im
po

rt
an

t o
ut

co
m

es
. T

he
 m

ec
ha

ni
ca

l f
ac

to
rs

 d
et

er
m

in
in

g 
pr

oj
ec

til
e 

m
ot

io
n 

ar
e:

 h
ei

gh
t, 

an
gl

e 
of

 r
el

ea
se

 a
nd

 s
pe

ed
 o

f r
el

ea
se

/ t
ak

e-
of

f

	S
P

3.
	�S

pe
ed

-a
cc

ur
ac

y 
tr

ad
e-

of
f. 

In
 th

e 
pe

rf
or

m
an

ce
 o

f m
an

y 
sk

ill
s,

 th
e 

ou
tc

om
e 

is
 d

et
er

m
in

ed
 b

y 
bo

th
 s

pe
ed

 a
nd

 a
cc

ur
ac

y.
 It

 is
 g

en
er

al
ly

 fo
un

d 
th

at
 a

s 
th

e 
de

m
an

ds
 fo

r 
ac

cu
ra

cy
 

in
cr

ea
se

, t
he

 s
pe

ed
 o

f t
he

 m
ov

em
en

t d
ec

re
as

es



28 P R O F E S S I O N A L  S T R E N G T H  &  C O N D I T I O N I N G  /  W W W . U K S C A . O R G . U K

ISSUE 63 / DECEMBER 2021

the body position and movements in each 
sub-phase (see Table 2). Following this, the 
aim to each phase/sub-phase should be 
stated, before then applying biomechanical 
or principles of movement (Table 1). The 
model could be expanded to identify factors 
that influence the implementation of the 
movement principles or identifying common 
technique errors (Table 3). An essential 
part of this process is the application 
of movement principles (Table 1).21,23  
A movement principle is a description of 
how a movement should be performed based 
on biomechanical /mechanical principles 
(ie, Newton’s laws).23 Applying movement 
principles separates general movements 
that have no influence on performance (eg, 
whether your fingers should be separated 
or together when sprinting) with those that 
impact performance (eg, tightly flexed knee 
and dorsi-flexed ankle during the swing 
phase when sprinting to reduce moment 
of inertia and increase limb speed).21,23 The 
following sections provide a step-by-step 
process of how to develop a technique 
framework using an example for a 180° pivot.

Breakdown into phases/ sub-phases

Most sports actions/ events can be split 
into four phases: 1) initiation, 2) preparation, 
3) execution and 4) follow-through.23 In 
applying this to a 180° pivot, the action 
can be divided into initiation (approach), 
preparation (adjustment of steps prior to 
final foot contact), execution (plant step) 
and follow-through (re-acceleration) (Figure 
1). The actions involved during initiation 
and follow-through may differ (eg, side-
shuffling rather than sprinting on approach 
or re-acceleration phases). Thus, effective 
flexibility to the analysis can be added to 

help the practitioner adapt for the different 
ways in which common actions interact 
during examples of agility during match 
play.

For cyclical locomotion actions, such as 
sprinting, it would be more logical to divide 
the action into stance (ground contact) and 
flight phases, and subsequently sub-phases/ 
key instances within these phases (eg, 
touchdown, mid-stance, take-off, early flight, 
mid-flight and late flight). This should be 
adapted for different phases of sprinting (eg, 
acceleration (early, mid, late) and maximum 
velocity phases).

Once the action has been broken down into 
phases and sub-phases, a description of key 
postures, joint positions and/or movements 
is required. Table 2 shows an example in 
relation to a 180° pivot.

Applying movement principles

The next step is to add an aim to each 
phase from a biomechanical or sports-
specific perspective. Once this has been 
accomplished, the practitioner can consider 
which movement principles from Table 
1 apply in each phase of the skill/action. 
Figure 2 highlights the primary movement 
principles that apply in each phase of the 
180° pivot. 

The aim of the approach phase is to 
achieve the highest controllable velocity 
during visual scanning (eg, the opponents, 
teammates, sports object, etc.). The velocity 
attained during this phase is dependent on 
the interaction between step length (SL) 
and step frequency (SF) (Speed principle 
S1). SL is dependent on force production 

ANALYSIS TO EVALUATE AND DEVELOP TECHNIQUE 

INITIATION (‘APPROACH’)

GROUND CONTACT AND FLIGHT OF EACH STEP 
PREPARATION

PENULTIMATE FOOT CONTACT

EXECUTION REACCELERATION

FINAL FOOT CONTACT GROUND CONTACT AND FLIGHT OF EACH STEP 

Figure 1.  
A breakdown of a  

180° pivot into phases 
and sub-phases 

Breakdown action of interest into:

PHASES (INITIATION, PREPARATION, 

EXECUTION, REACCELERATION) 

AND 

SUB-PHASES (GROUND CONTACT AND 

FLIGHT/PENULTIMATE/FINAL FOOT/GROUND 

CONTACT AND FLIGHT)
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generated during ground contact (Force 
principle F1) and may be mediated by the 
stretch-shorten cycle and simultaneous joint 
movements (Co-ordination principles C3 & 
C4), whereas SF may depend on the speed of 
the leg recovery action (Speed principle S3). 
The contra-lateral limb-movement is also 
important to preserve angular momentum 
about the longitudinal axis of the body (Co-
ordination principle C1). 

The preparation phase requires a reduction 
in velocity and to properly position the body 
for the plant step (Specific performance 
principle SP1 – speed-accuracy trade-off); 
the penultimate foot contact (and possibly 
antepenultimate foot contact and steps 
prior) is required to generate a braking action 
(Force principle F1) through placement of 
the foot in front of the centre of mass, with 
marked flexion at the knee and hip to lower 
the centre of mass and thus apply a braking 
force for longer (Force principle F2). 

The aim of the execution phase is to perform 
the directional change safely and efficiently. 
Thus, the foot is placed in front of the body 
(Force principle F3) to facilitate braking 
and propulsion into the opposite direction. 
A firm base is requred from which to push 
(Force principle F1 – force production) 
and the lowering of the centre of mass at 
this stage with a period of double support 
(Force principles F6 – balance) enhances the 
athlete’s stability at this point, allowing for a 

safer execution phase (ie, lower risk of ankle 
and knee injury). The propulsion (maximum 
knee flexion to take-off) sub-phase of the 
execution phase maybe faciltated by use of 
the stretch-shorten cycle and simultaneous 
joint movements (Co-ordination principles 
C3 & C4), as the athlete triple extends the 
three lower limb joints into the first re-
acceleration step. Controlling the athlete’s 
dynamic stability (Force principle F6) during 
the first few steps is important – in order 
to take advantage of angular momentum 
generated through the centre of mass being 
ahead of the foot during ground contact. 

To maximise velocity during the re-
acceleration phase, the interaction of SL 
and SF (Speed principle S1) will determine 
the athlete’s velocity; once again, the force 
produced during each footfall during 
re-acceleration could be enhanced with 
greater extension range of motion at the 
three lower limb joints (Force principle F2) 
and simultaneous joint movements (Co-
ordination principle C3) faciliated by a 
vigorus arm drive (Co-ordination principle 
C1).

Identifying factors that influence 
performance

Once the movement principles have been 
applied, the next step it to recognise factors 
that may influence technical execution, 

	� Table 2: Phase description of a 180° pivot 

	 TASK			   180° PIVOT
	 PHASE	 INITIATION (‘APPROACH’)	 PREPARATION*	 EXECUTION (‘PLANT’ STEP)	 RE-ACCELERATION
							       (FIRST 2 STEPS POST)
	 SUB-	 GROUND 	 FLIGHT#	 TD PFC	 END OF PFC	 TD TO MKF	 MKF TO		  GROUND	 FLIGHT#
	 PHASES	 CONTACT#				    (MKF)			   TAKE-OFF		  CONTACT#
	 DESCRIPTION	 • Slight torso lean	 • Slight torso lean	 • Lean	 • Lower CM	 • Trunk upright	 •  Trunk lean and	 •  Trunk lean into	 •  Trunk lean 
	 (CRITICAL 	 • Contralateral 	 • Contralateral	   (torso) 	  position through	 • Foot ahead of CM	   pelvis rotates into	   direction of	   into intended 
	 FEATURES)	   limb movement	   limb movement	   back		  flexed hip	 • Period of dual-	   direction of travel	   travel	   direction of 
		  • Minimise TD 	 • ‘Pawing’ motion	 •  Foot in	  (~75°), knee 	  support - helps	 •  Extend hip, knee	 •  Shorter steps	   travel 
		    distance	   from hip in	   front of	  (~120°) and	  ↓‘Plant’ foot	   and ankle		  •  Foot contact	 •  Vigorous 
		  • Minimal knee and	   preparation for	   CM at TD	  ankle at end of	  load and	 •   Avoid double foot	   behind CM	     arm drive  
		    ankle flexion	   ground contact	   (heel	  contact	  facilitates	   contact (typically	 • Extend hip,  
		  • Extend hip, knee	   during late	   contact)	 •  Trunk now	  re-acceleration	   associated with	   knee and ankle 
		    and ankle at toe-off	   stage flight			     leaning forward	  out of turn	   ineffective PFC	   at take-off 
		  • �Opposite swing leg – 				   •  Possible pre-	 •  Hip, knee and	   braking)		    (Period of dual 

knee flexion/ ankle 				      rotation of	   ankle dorsi-			     -support allows 
dorsiflexion to high 				      pelvis (postural	   flexion			     effective 
knee lift position				      �adjustments) / 	   •  Avoid foot			     position for re- 

external	   rotation			     acceleration) 
rotation of PFC 	   and knee 
lower-limb to 	   valgus 
reduce the  
redirection  
requirements  
for the FFC

	� Note: # contact and flight phases repeated for desired number of steps of re-acceleration phase; *preparation may involve steps prior to penultimate foot contact with the same aim as 
the penultimate step depending on the available preparation time along the closed/ pre-planned to open/ unanticipated continuum. For instance, in a closed/ pre-planned situation, the 
antepenultimate step may initiate braking, followed by the penultimate foot contact that acts as a preparatory step for final foot contact, while continuing with further braking.  
PFC = penultimate foot contact; FFC = final foot contact; TD = Touchdown; CM = centre of mass; MKF = Max knee flexion
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which may largely be physical factors 
(Table 3). Some external factors may impact 
technical execution such as sports rules 
(eg, in basketball and netball), carrying 
or progressing with a sports implement 
and shoe-surface interface and impact 
of weather (eg, application of F1 – Force 
production). In terms of internal factors in 
a 180° pivot (Table 3), the approach phase 
may be influenced by fast reactive strength 
through use of the stretch-shorten cycle 
(C4) with each foot contact and linear sprint 
speed in this case, whereas the preparation 
and execution phases may be dependent on 
eccentric strength of the knee extensors and 
flexors.14,18,19 The ground contact time of the 
plant step during 180° turns/ pivots can be 
≥ 400 ms,5,17,19,29,32 suggesting slow reactive 
strength qualities are important here,8 
alongside concentric strength of the lower 
limb joints, as the athlete (Figure 2) extends 
the lower limb joints during the propulsion 
sub-phase of the execution phase. Similarly, 
concentric lower limb strength and linear 
sprint ability will be physical factors 
important for technical execution of the 
re-acceleration phase (Table 3). During the 
execution phase, controlling the largest 
segment of the body (the trunk) suggests 
isometric trunk strength may be essential 
for controlling dynamic stability during this 
phase as well as alleviating high knee joints 
loads of the plant leg.38,39

Application of the framework

The development of the framework and 
application of movement principles (Table 
3) has implications for the ‘critical features’ 
that should be the focus for qualitative 
technique evaluation and subsequent 
intervention. For instance, observing the 

running action of the approach should focus 
on the contralateral limb movement (C1), 
leg recovery action (tightly flexed knee and 
dorsi-flexed ankle during swing up until 
a high knee lift position, before sweeping 
motion from the hip with the foot landing 
almost under the centre of mass) (S3), short 
ground contacts through limited knee 
and ankle flexion (the foot strike should 
be towards the forefoot in a neutral ankle 
position) during ground contact (C4), and 
simultaneous triple extension of lower limb 
joints at take-off (C3). 

The preparation phase should observe the 
foot placement in front of the centre of mass, 
while leaning back (F2) to facilitate braking 
along with marked flexion of the lower limb 
joints to lower the centre of mass to prolong 
braking (F2) and arrive at the final foot plant 
in an optimal position (F6). 

During the execution phase, observe whether 
the athlete plants one leg out in front of the 
body (F3) to facilitate the direction change, 
with the athlete’s centre of mass low and a 
period of double support (F6). Pay attention 
to whether the athlete’s knee flexes to 
eccentrically load the knee extensors (C4) 
before extending with the ankle and knee 
towards (C3 & F2) take-off of the execution 
phase and whether the upper limbs are  
held close to the body (S2) to allow faster 
rotation out of the turn. As the athlete re-
accelerates, observations should focus on 
the first two ground contacts which should 
be behind the centre of mass to control 
the athlete’s angular momentum (F6), with 
shorter more frequent steps (S1) initially 
to maximise net horizontal impulse (drive 
index). Observe whether the athlete extends 
the lower limb joints to help generate 
horizontal force with each ground contact 

PRODUCE HIGHEST CONTROLLABLE VELOCITY WHILST VISUAL SCANNING

 REDUCE VELOCITY AND PREPARE FOR OPTIMAL FOR 
‘PLANT’ STEP

EXECUTE DIRECTIONAL CHANGE SAFELY AND 
EFFICIENTLY

Contralateral limb 
movement

Force production 
SSC

Simultaneous joint movement

Step length (SL) x step frequency (SF)

Limb speed

Speed accuracy trade-off

ROM
ROM

Force production
INCREASE VELOCITY INTO REVERSE DIRECTION

COD Stability (Dynamic) stability

Force production Simultaneous joint movementSSC Force production ROM

Contralateral limb movement

SL x SF

Add an

AIM (UPPER CASE: EG, PRODUCE 
HIGHEST CONTROLLABLE VELOCITY ETC) 

AND 

MOVEMENT PRINCIPLES  
(LOWER CASE WITH ARROWS: EG, FORCE 
PRODUCTION SSC)

to each phase

Figure 2.  
The aims and application 

of movement principles 
during the various phases 

of a 180° pivot
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(F2, C3), while using a vigorous arm drive 
(C1). 

Having identified faults with an athlete 
against the model created, the drills utilised 
as part of the intervention need to be 
grounded in the underpinning movement 
principle(s). For example, if an athlete does 
not sufficiently brake prior to the plant step 
leading to a double hop on the final ‘plant’ 
step: to improve this deficit, deceleration 
drills (start-stop over 5 metres finishing in 
a split stance) should be used, where the 
emphasis is on placing the leg in front of the 
centre of mass while leaning back during 
penultimate foot contact (F2); combine this 
with lowering the centre of mass through 
flexion of the hip and knee (F2 & F6) as the 
athlete then transitions into the final split 
stance position. Once mastered, intensity 
can be increased by increasing the length of 
the drill and the associated greater velocity 
of approach and observing whether these 
technical aspects are upheld. 

The development of technique within such 
a drill can be affected by the magnitude 
and quality of the instruction and feedback 
from the coach. Coaches should use cueing 
techniques to direct athlete’s attention to 
one or two aspects of technique during a 
demonstration or during feedback.35 Cues 
should be externally focused (where the 
focus of attention is on the environment), 
as this has been shown to improve timed 
COD performance,25,28 although, this may 
be influenced by training experience.37 
Nevertheless, once the critical features have 
been identified, cues can be developed as 
part of the framework to focus the athlete’s 
attention during coaching sessions. 
Winkelman35,36 points to the 3 Ds to develop 
appropriate cues: distance (proximal/ close 
or distal/ far), direction (toward or away) 
and description (action verb or an analogy). 
For instance, during the execution and re-
acceleration phases during which you want 
the athlete to extend the three lower limb 
joints pushing against the ground (C3), a cue 

	� Table 3: Final framework for a 180° pivot 

	 TASK			   180° PIVOT
	 PHASE	 INITIATION (‘APPROACH’)	 PREPARATION	 EXECUTION (‘PLANT’ STEP)	 RE-ACCELERATION
							       (FIRST 2 STEPS POST)
	 SUB-	 GROUND 	 FLIGHT	 TD PFC	 END OF PFC	 TD TO MKF	 MKF TO		  GROUND	 FLIGHT
	 PHASES	 CONTACT				    (MKF)			   TAKE-OFF		  CONTACT
	 DESCRIPTION	 • Slight torso lean	 • Slight torso lean	 • Lean	 • Lower CM	 • Trunk upright	 •  Trunk lean and	 •  Trunk lean into	 •  Trunk lean 
	 (CRITICAL	 • Contralateral 	 • Contralateral	   (torso) 	  position through	 • Foot ahead of CM	   pelvis rotates into	   direction of	   into intended 
	 FEATURES)	   limb movement	   limb movement	   back		  flexed hip	 • Period of dual-	   direction of travel	   travel	   direction of 
		  • Minimise TD 	 • ‘Pawing’ motion	 •  Foot in	  (~75°), knee 	  support - helps	 •  Extend hip, knee	 •  Shorter steps	   travel 
		    distance	   from hip in	   front of	  (~120°) and	  ↓‘Plant’ foot	   and ankle		  •  Foot contact	 •  Vigorous 
		  • Minimal knee and	   preparation for	   CM at TD	  ankle at end of	  load and	 •   Avoid double foot	   behind CM	    arm drive  
		    ankle flexion	   ground contact	   (heel	  contact	  facilitates	   contact (typically	 • Extend hip,  
		  • Extend hip, knee	   during late	   contact)	 •  Trunk now	  re-acceleration	   associated with	   knee and ankle 
		    and ankle at toe-off	   flight			     leaning forward	  out of turn	   ineffective PFC	   at take-off 
		  • �Opposite swing leg – 				   •  Possible pre-	 •  Hip, knee and	   braking)		    (Period of dual 

knee flexion/ ankle 				      rotation of	   ankle dorsi-	   		    -support allows 
dorsiflexion to high 				      pelvis (postural	   flexion			     effective 
knee lift position				      �adjustments) / 	   •  Avoid foot			     position for re- 

external	   rotation			     acceleration) 
rotation of PFC 	   and knee 
lower-limb to 	   valgus 
reduce the  
redirection  
requirements  
for the FFC

	 AIM	 Produce highest controllable velocity	 Reduce velocity and prepare for	 Execute directional change safely and	 Increase velocity into reverse 
		  while visual scanning 		  optimal position for ‘plant’ step	 efficiently	 direction

	 BIO-	 F2, S3 - swing leg, 	 C1	 F2: ↑ TD	 FP1, F2: ROM – 	 F3, C4, S2, F6 -	 FP1, F2,C3, S2,	 F6: ↓ TD distance	 C1, S1: SL × SF 
	 MECHANICAL/ 	 C4: SSC, S1: SL × SF	 S1: SL × SF	 distance to	 ↑lower limb	 Stability (↓CM/ 	 (↓CM/↔ (Base	 (dynamic 
	 MOVEMENT 			   ↑ braking	 flexion, braking	 ↔ Base), F1	 stability) 		  instability) F2, C3, 
	 PRINCIPLES	 		  SP3, F1	 force applied	  					    S1: SL × SF, F1 
						      for longer to  
						      ↓ momentum

	 UNDERPINNING	LSS	 LSS	 ECC STR	 ECC STR (knee	 ECC STR (knee	 Slow SSC ability	 CON STR (lower	 LSS 
		  Fast reactive STR	 ECC STR	 (knee		 extensors and	 extensors and  	 CON STR (lower	 limb extensors) 
			   (hamstrings late	 extensors	 flexors; hip 	 flexors; hip 	 limb extensors) 
			   swing)	 and flexors;	 extensors)	 extensors) Slow	 Isometric trunk 
				    hip				    SSC ability	 strength 
				    extensors)			�   Isometric trunk 

strength	

	� Note: PFC = penultimate foot contact; TD = Touchdown; COD = change of direction; CM = centre of mass; MKF = Max knee flexion; SL = step length; SF = step frequency; LSS = linear sprinting 
speed; ECC = eccentric; CON = concentric; STR = strength. The approach and re-acceleration phases in this framework have been described as sprinting/ running in a forward direction; 
frameworks can be extended to integrate other potential locomotion actions (eg, side-shuffling) to provide a more informative tool for practitioners
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might be: ‘Drive the ground (distance) back 
(direction) as explosively (description)) as 
you can’. 

Effectively, extending the framework to 
encompass possible coaching cues for 
some of these critical features may assist 
the practitioner to identify the important 
biomechanical characteristics of the 
action and how these could be effectively 
communicated to the athlete.

Summary

An essential part of developing agility 
with athletes is to evaluate their technique 
in performing actions associated with 
expressions of agility in their sport. This 
requires a technical/biomechanical 
understanding of these actions, which are 
often under-researched and interact in an 
often complex manner during match play. 
For practitioners responsible for agility 
development with athletes, who have a 

limited biomechanical background, it may 
be difficult to understand what the ideal 
technique should be. Without a technical 
understanding of these actions, the 
practitioner’s ability to identify and correct 
technique errors when coaching relevant 
agility movements is limited.  Currently, 
qualitative and quantitative field-based 
tools may not allow practitioners to fully 
evaluate technique for the range of actions 
associated with match-play as they only 
focus on injury risk potential during side-
step cutting actions. Moreover, some of  
these approaches may still be impractical 
in field settings. The technical framework 
approach outlined in this article is 
designed to help practitioners develop a 
biomechanical and technical understanding 
of agility actions that they are required to 
coach. This will help practitioners to focus 
on ‘critical features’ of technique in order  
to guide observational practice when 
coaching these actions; it will also help 
them to develop strategies to remedy any 
technical errors.
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