MODULE 2: Speed and Agility
Assessments

UNIT 2.1 Generalities about
the Evaluation of Change of
Direction Speed and Agility

2.1.1 Introduction to Speed and Agility Assessments

The complexity of agility in athletes’ distinct motor skills means the process of
assessing agility is also complex. Therefore, taking into account everything
presented in the previous courses, it is necessary to distinguish between
agility testing and change of direction speed testing.

The initial definitions of agility considered it to be the ability to change
direction quickly (Bloomfield et al, 1994, Clarke, 1959, Mathews, 1973)
but also as the ability to change direction quickly and appropriately
(Barrow et al, 1971, Johnson et al, 1969). When it comes to defining
agility, other authors have included the whole body in the change of
direction, including the upper limbs (Baechle, 1994, Draper and
Lancaster, 1985). (Gonzalez De Los Reyes, 2012).

Using the term quickness which was defined as the multiplanar or
multidirectional ability that combines acceleration, explosiveness and
reactivity (Baker, 1999, Moreno, 1995) as a synonym for agility did not provide
clarity on the topic. It must be noted that this concept does not involve the
ability to decelerate or change direction at speed. Nonetheless, in literature it
has been used synonymously with agility and exercises and tests have
emerged from this (Baker, 1999, Moreno, 1995).

In addition to the above, the term cutting has been used as a reference to the
change of direction during a movement of acceleration (Bernier, 2003, Besier
et al, 2001, Colby, 2000) This term only takes into consideration the moment of
change of direction in which the athlete's foot makes contact with the ground,
applies force and generates the change of direction. Consequently, this term is
included as part of the general concept of agility.

Young, James and Montgomery (2002) proposed a concept of agility that
included perceptual and decision-making factors and, on the other hand,
change of direction speed (which takes into account movement technique,
linear acceleration speed and muscular qualities).




The above concept allowed Young et al. (2002) to distinguish between the
term change of direction speed (COD), wherein no reaction to a stimulus is
required, and agility, as a quick movement in reaction to a stimulus.

Keeping the previous statement in mind, change of direction speed would only
specifically be assessed in the event of implementing a test where everything
is known beforehand and which only includes one stimulus that indicates a
reaction to it (known) and the subsequent movements' sequence.

A test with a known stimulus and a predetermined motor sequence would
obtain data related to the time it took to complete a determined distance
(moving speed), variable according to the test, which could include one or
more changes of direction. On the other hand, the athlete's movement could
also be analyzed. If gross technical errors are detected, corrective exercises
could be provided.

Beyond this, we consider it important to present some tests that have been
standardized and that make it possible to assess agility (although the correct
term would be change of direction speed) of the lower limbs, without tactical
movements to solve (no decision-making), without movable objects (ball) and
without opponents.

This is how constitutive elements of change of direction speed (referred to as
agility by its authors) could be analyzed:

e Acceleration ability.

e Deceleration ability.

e Dynamic stability and balance.

e Movement techniques (mainly change of direction).
e Braking, braking action.

e Change of direction speed.

Sheppard and Young (2006) have defined agility as a rapid whole-body
movement with change of speed or direction in response to a stimulus. This
definition takes into account cognitive components of visual scanning and
decision-making, which contribute to an improvement in agility performance
in sports (Abernathy et al., 2999, Chelladurai, 1976, Young et al. 2002), as well
as physical performance involved in acceleration, deceleration and change of
direction when avoiding an opponent, accelerations with change of direction
in order to make contact with the ball or another player, or the start of a
whole-body movement in response to a stimulus.

For these authors (Sheppard and Young, 2006), to be considered an agility
task, the movement will not only involve change in speed or direction, but
must also be an open skill, such as a reaction to a stimulus, in which there may
be more than one movement.

Agility should be considered as the motor response to a stimulus, therefore
tests to evaluate it should include stimulus, and from these, individuals should
react and demonstrate their best change of direction speed (COD), as well as
acceleration/deceleration included in the test. Thus, an agility test should
include:




e Stimulus.

e Situation reading.

e Decision-making

e Specific motor action (related to acceleration, deceleration and change
of direction speed).

It must be clear from the start exactly what is being tested and, from this,
obtain important information in terms of results.

Nonetheless, in order to measure and evaluate perceptive factors, it may not
be necessary to formalize a test, but record training data that allows us to
quantify, in a qualitative manner, the player's participation. Even so,
performance is collective, and these tests only attempt to obtain individual
data, therefore we are still a long way away from being able to record
competitive performance data.

2.1.2 Evaluation of Change of Direction Speed

Basic movement patterns for many sports require athletes to make sudden
changes in body movement direction while simultaneously and rapidly
moving their arms. An athlete's ability to successfully use these maneuvers in
sports depends on other factors: visual processing, coordination, reaction time,
perception and anticipation. Although all of these factors are reflected within
the agility of an athlete, the purpose of agility tests has been, for a long time, to
simply measure the ability to quickly change body position and direction in a
horizontal plane.

The common theme in agility testing used by the majority of authors working
in this area, citing Baker (1999); Draper and Lancaster (1985); Webb and Lander
(1983); Young, Hawken and McDonald (1996 and Young et al. (2002), is that
there is no stimulus present and none of these tests require a cognitive or
reactive component.

Stimuli classification is very important. These can be classified into stimuli that
require:

e Simple decision-making: Conditioned stimulus and conditioned
response

e Complex decision-making: unconditioned stimulus and unconditioned
response

Additionally, a large variability has been registered in the tests used, even
though none of these studies were related to tests requiring a reaction to a
stimulus (which would pertain to a conditioned stimulus or simple decision-
making), with a change of direction or a movement.

In light of the above, it is clear that in most cases, literature has reported tests
to assess performance in terms of change of direction speed, but not in terms




of agility. This is proven by the fact that none of the tests, which have been
commonly used or which are currently used to measure agility, are performed
considering perceptive factors and decision-making, understanding agility
within situational sport as the ability that includes interpreting and solving
situations based on determined stimuli.

This material distinguishes the difference between change of direction speed
tests and agility tests as planned and unplanned agility tests, respectively.

2.1.3 Characteristics and Classifications of Different Change
of Direction Tests

Several tests have been used to evaluate COD speed performance and many
are continuously developed by researchers in order to evaluate the specific
demands of the sport in which they are used. As we can see from an important
review by Brughelli, Cronin, Levin, and Chaouachi (2008) there is a large
variety of tests that have been used to determine the ability to change
direction. The author has tried to classify every test within three areas (energy
requirement, force application type and number of changes of direction) for a
better understanding of the relationships between the tests and interest
variables.

The length and intensity of change of direction speed tests (which must adapt
to competition needs) will determine the relative contribution of the
predominant energy system that supplies adequate fuel for performance.
Gastin (2001) explains that the anaerobic energy system depends on
phosphocreatine during the first five seconds of exercise. After that, it uses
glycolytic energy, followed by energy produced by the aerobic system.
Thereby, tests lasting different amounts of time could be subjected to energy
influences other than COD ability testing. In addition to energy needs,
cognitive and perceptive needs need to be taken into account when a test is
chosen or designed.

The complexity of each test can be categorized by the number of COD required
or by the type of movements and forces that are mainly used throughout the
test.

Some commonly used tests (up and back test or L-test) can have one, two or
three CODs while others (Illinois test) can include 12 changes of direction. So
each COD requires a braking force, followed by a propulsion force with a turn
and, as the number of turns goes up, the need for eccentric-concentric
muscular force and resistance increases, as well.

The application of force during the actual COD is much harder to determine
because it is closely related to individual technique, since each player has his
own mechanisms according to his physiological and mechanical
characteristics. Nonetheless, it has been accepted that lateral forces are
involved in safe COD movements such as those in the T-test when the COD is
preceded by pulling movements.




Brughelli, Croning, Levin and Chaouachi (2008), present a classification of tests
according to previously developed parameters, such as: test duration, number
of direction changes, force application direction at the time of the COD (Table
1).

Table 1: Test Classification Based on Different Parameters: Time to Complete the Test,
Number of Direction Changes and Primary Force Applied During the Test (Brughelli,
Cronin, Levin and Chaouachi, 2008)

Table Ill. Characteristics of the different agility tests commonly

used

Time to complete test

0-5sec t-test,"" 10-yd (9-m) shuttle,” 7 20-yd (18-m)
shuffle, 24! 5-0-51311

5-Osec ttest, 1315251 48 ft (14.6-m) sideways shuffie, B!

4% 5.8-m shuttle, = L-run, 82619 tarnis-specific
shuttle, ! zigzag test;'* up and back®"

=10gec 10 5m shuttle, P71 t-teet 3102228 g+ 5_m shuttle,[2Y
linois,B1-28 Box test,'? 30 m with 5 CODs,[2"]
slalom run,™ hurdle test™

Mo. of CODs

2-3 48-ft (14.6-m) sideways shuffle,1*2 4 x 5 8-m
shuttle, 221 L-run,["826.78] {0-yd (9-m) shuttle ['7]
tennis-specific shuttle,[*4 20-yd (18-m) shuffie,[24]
zigzag test 1 5-0-5%1 up and back!*1]

4-5 t-test, [3.00.91,13,15,22,28.25] § . B shuttle,[2% 30 m with
5 CODsP]
»7 10 5m shuttle,’=7 lllinois, 228 box test,['2 slalom

run, =¥ hurdle testP3
Primary application of force throughout the entire test

Horizontal 102 5m shuttle ™ ttest, 251 4 5. 8-m shuttle, 29
L-run "826.181 10.yd (9-m) shuttle:""! tennis-specific
shuttle; "1 6 x 5-m shuttle '* 20-yd (18-m) shuffle,[**!
Ninois, B2 box test, 12 30-m with 5 CODs, 14
zigzag test,'! slalom run,*® hurdle test,'** 5-0-5,137

up and backi®1
Lateral 48-ft (14.6-m) sideways shuffla=!
Both ‘_1&5-':'“3.1 1,13,1522 28]

COD =change of direction.

Source: Brughelli, Cronin, Levin and Chaouachi, 2008.

Some significant correlations were found among these tests in terms of
interrelations. For example, between the Illinois test and the Up and back test
(r=0.63), and between the Up and back test and 5-0-5 (0.51); but not between
the Illinois test and the 5-0-5 test (0.25). Researchers suggested that results of
many COD tests were independent of each other and they understood this was
due to the duration and complexity of each test. Brughelli, Cronin, Levin and




Chaouachi (2008) also believed that in some cases, this independence was
due to differences in direction and application of force and/or energy
requirements.

Reliability of the Different Tests

Not many authors have clearly reported reliability coefficients of the COD tests
they have used as reliable information. The reliability and variation of results
are especially important for studies on training when it is essential to know if
exercises performed cause or yield changes in the measured variable.

In the review done by Brughelli, Cronin, Levin and Chaouchi (2008) only nine
studies reported the reliability of their measurements. This shows one of the
limitations to research within this area, as indicated in the methodological
ratings.

However, despite the length of the test, the number of CODs or the direction in
which many of the forces were applied, all of the tests used to measure COD
ability showed similar reliability (0.8-0.96 intraclass correlation, 1-5%
variation coefficient)

As shown in Table 2, a large variety of COD tests were used in the research
report. These tests needed different energy requirements (approximately
between 1.65-135 seconds), COD (2-10) and primary force production as
previously described. According to this variation, it would be difficult to arrive
at a consensus such as correlation or performance prediction in COD.

In order to describe the magnitude of the correlations, Brughelli, Cronin, Levin
and Chaouachi (2008) use Cohen's work, who has worked extensively in this
area and has described the correlation magnitude as: >0.5 being large, 0.5 to
0.3 being moderate, 0.3 to 0.1 being small and less than 0.1 being insubstantial
or trivial.




Table 2: Reliability of the Different Tests (Brughelli, Cronin, Levin and Chaouachi,
2008)

Table V. Measurements of reliability for specific change of direction (COD) tests

Study COD test Reliability Time to Application of force Mo. of
complete (sec) throughout the entire test CODs

Christou et al.B” 10x 5m shuttle ICC=0.94 20 Horizontal ]
CV=1.01%

Cronin etal 11 Modified t-test ICC=0.88 4 Horizontal and lateral 4
CV=2.1%

Gabbett et al'™ L-run ICC=0.90 6 Horizontal 3
TEM=2.8%

Gabbetti! t-test ICC=0.85 11 Horizontal 4
CV =2.9%

Gabbetf 9 L-run ICC=0.90 6 Horizontal 3
TEM=28%

Markovic et al 1241 20-yd (18-m) shuffle  ICC>09 5 Horizantal 2
CV <41%

McBride et al = t-test ICC=0.94% 11 Horizontal and lateral 4
TEM=2,09

Tricoli et al.li2] Box test ICC=0.80 16 Horizontal 11

Alricsson et alBd Slalom run ICC=0.96 =10 Horizontal 10
CV =2.3%

Hurdle test ICC=0.90 =10 Haorizontal 7

Cv =4.%

CV =coefficient of variation: ICC =intra-class correlation: TEM = typical error of measurement.

Source: Brughelli, Cronin, Levin and Chaouachi, 2008.

2.1.4 Cognitive Considerations for the Assessment of Agility

Some authors (Chelladurai, Yuhaz and Sipura, 1977) examined subject's
reactions using light stimuli. This was the first experience done on fast
movement reactions to an external stimuli that approaches the current
concept we have of this ability.

This attempt, similar to others (whole-body response with a change of velocity
or direction to different light signals), while respecting the concept of variable
external stimulus response, it does not respond to stimulus specificity with
regards to sports. That is to say, it should consider elements that are
characteristically and specifically related to sports, such as: situational
reading, presence of opponents, using or not using an object (element or ball),
implementation on the sport-specific field of play, sport-specific tactical
action.

Maybe we should ask ourselves if using preferential simulated situations we
are able to asses, in a qualitative way, exercise quality (performed by athletes).
So this type of test (like the one developed by Chelladurai et al., 1977) would
only be valid to distinguish between elite and non-elite athletes.

Other researchers (Hertel, Denegar, Johnson, Hale, and Buckely, 1999)
evaluated the reliability of a device designed to measure universal agility
performance (Cybex Reactor). The device consists of 14 target sensors on the
floor to facilitate training. These sensors were interfaced with a video monitor
and computer. It contained large number of scenarios which required athletes
to react to visual stimuli by moving their feet on the floor sensors. Like any




other electronic stimuli developed, the athlete was exposed to general and
two dimensional stimuli. The required movement patterns were not specific to
any sport and the images presented did not correspond to any particular sport
situation. For all of that, this type of equipment to assess agility, although it
includes visual scanning and decision-making, is not completely effective
because it is not sport-specific.

That is why the elements specific to athletes and sports should be respected
when assessing agility. This is referring to the movement patterns being
tested, the perception of specific stimuli and decisions related to the sports
dynamics. One aspect that distinguishes high performance athletes is directly
related to their ability to anticipate their opponents' movements. In fact,
significant differences between high performance athletes and non-elite
athletes have been noticed (Abernethy and Russel, 1987).

Therefore, it is important to know the demands specific to different sports in
order to design and apply valid, reliable and reproducible agility tests. In some
cases, tests have been developed where the athletes watched films on sport
situations and needed to quickly solve them using change of direction speed
(Farrow, Young, & Bruce, 2005; Sheppard and Young 2006). Other tests had
athletes react to an opponent's defensive movement, this way making it more
sport-specific (Wheeler and Sayers, 2010). Thus, it would be necessary to
create a specific test for every sport model. In this sense, it may be more
efficient to create different preferential simulated situations (tasks), where this
type of parameter can be controlled.

In summary, the trend in the application of agility tests is for them to provide
the greatest specificity in:

e Replication of sport situations (offense and defense).

e Perception of specific situations.

e Decision-making

e Anticipation.

e Sport-specific motor skills (with or without elements, adapted to
positions and/or functions, with or without tactical actions.).




UNIT 2.2 Evaluation of Change
of Direction Speed (Closed
Agility) and Agility (Open
Agility)

2.2.1 Programmed or Closed Agility Assessment
T-Test (Semenick, 1990)

Test Characteristics

Type: planned or pre-planned.

Number of COD: low number of COD (4).

COD complexity: high (COD of 90° and 180°).

Force application: Predominantly horizontal

Test duration: between 8.5 to 12 seconds (predominance of glycolytic
anaerobic system).

Equipment

e Cones (4) from 80 cm (31.3 inches) to 100 cm (39.4 inches) tall.

e Photocells (2). Alternatively, chronometer.

e Suitable field. It is suggested to use the type of surface on which the
subject trains and competes.

Organization

The total course distance is 40 meters (43.7 yards). Cone A (start and finish of
the test) is located 9 meters (9.8 yards) from cone B. Perpendicular to cone B,
cones C and D are placed 4.5 meters (4.9 yards) to the right and 4.5 meters (4.9
yards) to the left (Figure 1).

Execution

This test was designed by Semenick (1990) and adapted by Harman,
Garhammer and Pandor (2000, cited in Baechle and Earle, 2007).

The test process consists of running 9.14 m (10 yards) in a straight line from
cone A to cone B. When the athlete gets to cone B, he must touch the base of
the cone with his right hand. Then, the subject turns left, running laterally 4.5
meters (4.9 vards) and touches the base of cone C with his left hand. The




subject immediately turns right, running laterally 9.14 meters (10 yards) to
cone D and touches the base with his right hand. Next, the athlete turns left
and runs laterally to touch the base of cone B with his left hand. Lastly, the
athlete runs backwards towards cone A. When he reaches it, the chronometer
is stopped (Figure 1).

The author suggests having an assistant and a mat placed a few meters
behind cone A for safety reasons, in case the subject falls while running
backwards.

Semenick suggests taking the best time out of two attempts. If time is
recorded with a manual chronometer, then a tenth of a second error should be
taken into account for the final result.

There are several reasons to invalidate the test:

e Nottouching the base of the cones.

e Crossing one foot over the other when turning.

e Not running facing forward throughout the course (except for the last
section from cone B to cone A, where movement is backwards).

It is suggested to use an athlete's data from his first test as reference to
compare subsequent measurements. The time is registered in seconds and
hundredths of a second.

Figure 1: T-Test by Semenick (1990), Adapted by Harman, Garhammer and Pandorf
2000, in Baechle and Earle, 2007.

T-TEST
c 45m B 45m D
a A
9m
/\ A

Source: Baechle and Earle, 2007.

T Test (Pauole, Madole, Garhammer, Lacourse and Rozenek, 2000)
Test Characteristics

e Type:planned or pre-planned.
e Number of COD: low number of COD (4).




e COD complexity: high (COD of 90° and 180°).
e Force application: predominantly horizontal
e Testduration: between 7to 9 seconds.

Equipment

e Cones (4).

e Photocells (2).

e Suitable field. It is suggested to use the type of surface on which the
subject trains and competes.

Organization

The total course distance is 30 meters (32.8 yards). Cone A (start and finish of
the test) is located 5 meters (5.4 yards) from cone B. Perpendicular to cone B,
cones C and D are placed 5 meters (5.4 yards) to the right and 5 meters (5.4
yards) to the left (Figure 2).

Execution

The cones are placed into a T shape, each 5 meters (5.4 yards) apart. (Figure 2).
The start is the cone at the base of the T.

When the subject breaks the photocell beam, he begins running
forward to touch the cone placed 5 meters (5.4 yards) directly in front
of the starting cone. Then, he runs 5 meters (5.4 yards) laterally to
touch the cone on the left. Next, he runs 10 meters (10.9 yards) laterally
to touch the cone on the right side of the T, to return running 5 meters
(5.4 yards) laterally to the cone placed at the top of the T. Lastly, the
subject runs 5 meters (5.4 yards) backwards until he has run passed
the cone at the base of the T and cut the beam of the second photocell.
(Sainz de Baranda Andujar and Ayala, 2009).

Two attempts are made with a rest period of approximately 2 minutes in-
between. The better of the two results is chosen to analyze the results.




Figure 2: T test, a 30 meters (32.8 yards) Course in the Shape of a T
(Pauole et al.,, 2000)
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Source: Pauole, Madole, Garhammer, Lacourse and Rozenek, 2000.

Illinois Agility Test
Test Characteristics

e Type:planned or pre-planned.

e Number of COD: high number of COD (12).

e COD complexity: high (COD of 45° and 180°).

e Force application: Predominantly horizontal

e Test duration: between 15 and 20 seconds for men and 17 to 22 seconds

for women.
Equipment
e Cones (8).

e Photocells (2).
e Suitable field. It is suggested to use the type of surface on which the
subject trains and competes. Preferably, it should not be slippery.

Organization

Total course distance is approximately 65 meters (71 yards). The cones are
arranged as shown in Figure 3.




Figure 3: Organization of the Illinois Agility Test

10 metres
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Source: [Image titled above test Illinois agility]. (s. f.). Source http://g00.gl/GPBsQj

Execution

The starting position is laying prone on the ground with the subjects' heads on
the starting line and hands at shoulder height. On the start signal, the subjects
must press up from the ground and sprint full-speed following the circuit
shown in Figure 4. It must be done without knocking the cones over and the
time it takes to finish the whole course is recorded. The time is registered in
seconds and hundredths of seconds.

Figure 4: Representation of the Illinois Agility Test Circuit
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Source: [Image titled about Illinois Agility Test, 2]. (s.f.). Source http://goo.gl/xDbku
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The central cones must be 3.3 meters (3.6 yards) apart and should be placed in
the center (2.5 meters (2.7 yards) from the lateral cones).

Reported Data

In this test, Reilly, Williams and Nevill (2000) reported an average time of 14.60
seconds for professional soccer players from the English Premier League.

Filming the test is suggested in order to be able to qualitatively assess each
agility component evaluated. This refers to the possibility of analyzing each
change of direction, accelerations, decelerations, etc. Other measurements can
be assessed within these different elements, in general lines: feet placement,
body posture, step length while accelerating and decelerating, among others.
Figures 5, 6 and 7 show a sequence of photos taken of an Illinois test done by a
soccer player. The time is registered in seconds and hundredths of seconds. A
table is also presented in which the athlete's qualification can be assessed
according to his timing on the Illinois Test (Table 3).

Figure 5:180° Change of Direction in the Illinois Test




Figure 6: Acceleration in Illinois Test

Table 3: Athlete Qualification According to Time Ranges
into Male and Female)

in Illinois test (Separated

Gender Excellent Above Average Below Poor
average average

<15.2 152 to 16.1]16.2 to 18.1] 18.2 t0 19.3 | >19.3
Male

seconds seconds seconds seconds seconds

<17.0 17.0t0 1791 18.0 to 21.7 | 21.8 t0 23.0 | >23.0
Female

seconds seconds seconds seconds seconds

Source: Prepared by the authors




5-0-5 Agility test (5-0-5 test)
Test Characteristics

e Type:planned or pre-planned.

e Number of COD: low number of COD (1).

e COD complexity: high (180° COD).

e Force application: Predominantly horizontal

e Testduration: less than 10 seconds
Equipment

e Cones (4) from 80 cm (31.3 inches) to 100 cm (39.4 inches) tall.

e Photocell (1).

e Suitable field. It is suggested to use the type of surface on which the
subject trains and competes.

Organization

The test consists of a 20 meters (21.8 yards) course, of which only the final 10
meters (10.9 yards) that include one 180° COD are timed.

A mark is placed at the start line. A photocell is placed at 10 meters (10.9 yards)
which will record the start and end of the test. 5 meters (5.4 yards) after the
photocell, another line will be placed that marks the turning point or COD
(Figure 8).

Execution

The test only consists of frontal movements. The subject begins the test with a
10 meters (10.9 yards) run, accelerating to his top speed. When he reaches the
10 meters (10.9 yards) mark the photocell will start the time measurement. The
athlete runs 5 meters (5.4 yards), changes direction 180°, re-accelerates and
runs the same 5 meters (5.4 yards) in the opposite direction. When the athlete
cuts the photocell's beam for the second time he has reached the end of the
test and the time is recorded.

Thus, the test consists of a total of 20 meters (21.8 yards), of which only the
final 10 meters (10.9 yards) are timed (Figure 8). The time is registered in
seconds and hundredths of seconds.




Figure 8: Execution of 5-0-5 test
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Source: Buttifant, Graham & Cross, 1999.

Up and Back Test (4 x 9 M Shuttle run test)
Test Characteristics

e Type:planned or pre-planned.

e Number of COD: low number of COD (4).

e COD complexity: high (180° COD).

e Force application: Predominantly horizontal
e Testduration: about 10 seconds

Equipment

e Cones (4).

e Photocell (1).

e Spongesorl0Ox5x5cm (3.9 x1.9x1.9inches) wood blocks (2)

e Suitable field. It is suggested to use the type of surface on which the
subject trains and competes.

Organization

The total course distance is 36 meters (39.3 yards), running 9 meters (9.8
yards) four times, back and forth. The photocell is located at the start and finish
line.

The test is organized by placing 2 cones as reference on the starting line and
on another parallel line, 9 meters (9.8 yards) from it 2 more cones are placed.
Approximately 10 cm (3.9 inches) behind this line, 2 sponges are placed (Figure
9).

Execution

The aim of this test is to measure a subject's moving speed and agility.




On the court or field, 2 parallel lines are drawn 9 meters (9.8 yards) from each
other. The subject stands behind the first line in a standing ready position
facing the second line, where two pieces of wood are placed on the ground
(Figure 9).

Figure 9: Up and back test, or the 4x9 Shuttle run

Source: [Image titled above test up and back]. (s. f.). Source http://goo.gl/nKeuAv

On the signal from the tester, the subject sprints at full speed towards the
second line, where he will pick up one piece of wood and sprint back towards
the first line where he will place the piece of wood on the ground. The
sequence is then repeated with the second block.

The time needed to complete the test, from the "go" signal, the 2 up and backs
until the second block of wood is placed on the starting line is recorded (in
seconds and hundredths of seconds).

The better of two attempts will be recorded. (Martinez Lépez, 2003).

It is suggested to use an athlete's data from his first test as reference to
compare subsequent measurements.

L-Test
Test Characteristics

e Type:planned or pre-planned.

e Number of COD: average number of COD (5).
e COD complexity: high (COD of 90° and 180°).
e Force application: predominantly horizontal.
e Testduration: about 10 seconds

Equipment

e Cones (3).

e Photocell (1).

e Suitable field. It is suggested to use the type of surface on which the
subject trains and competes.




Organization

The L-Test requires three cones to be placed in a 90° angle, which forms an L
shape, 5 yards (4.5 meters) from each other. The test consists of a total of 30
yards (27.4 meters), 10 yards (9.1 meters) up and back and then 20 yards (18.2
meters) in an L shape (Figure 10).

Execution

The aim of this test is to measure a subject's change of direction speed.

The athlete must run up and back 10 yards (9.1 meters) and then run 20 yards
(18.2 meters) in the shape of an L, as shown in Figure 11. The time is registered
in seconds and hundredths of seconds.

Figure 10: Execution of the L-Test
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Source: [Image title above execution of the L-Test]. (s. f.). Source http://goo.gl/J2Atdl

Zig-Zag Test
Test Characteristics

e Type:planned or pre-planned.

e Number of COD: average number of COD (5).
e COD complexity: high (45° COD).

e Force application: predominantly horizontal.

Equipment

e Cones (5).

e Photocell (1).

e Suitable field. It is suggested to use the type of surface on which the
subject trains and competes.




Organization

The zig-zag test requires four cones each placed at a 90° angle from each
other, forming a rectangle which is 16 feet (4.8 meters) long and 10 feet (3
meters) wide. Another cone will be placed in the center of the rectangle. The
test consists of a total of 50 feet (15.2 meters) (Figure 11).

Execution

The objective of this test is to measure subject's the change of direction speed
in a zigzag course making approximately 45° changes of direction.

The athlete must run around 50 feet (15.2 meters) as fast as possible, as
indicated in Figure 11. The time is registered in seconds and hundredths of
seconds.

Figure 11: Zig-Zag Test Execution

Source: [Image title above execution of the zig-zag Test]. (s. f.). Source http://goo.gl/qTWGrB

Slalom-run

This test measures the running agility and movement of the subject.

To begin the test the subject will be placed behind the start line in a standing
position. The subject will run 2 meters (6.5 feet) and then around seven posts
placed vertically and aligned with 1 meter (3.2 feet) of separation in-between
(Figure 12). (Martinez Lépez, 2003)




Figure 12: Slalom Test

Source: [Image titled above slalom test]. (s. f.). Source http://goo.gl/9gQFhZ

On a signal from the tester, the subject must run as fast as possible
through the constructed slalom, running in a zig-zag around the
outside of the seven posts.

The time it takes for the subject to run up and back to the start line is
the time recorded. A subject is disqualified if he knocks over any of the
seven posts.

The better of two attempts is recorded.

According to Albl, Baldauf et al, this test has, in 18-year-old male
subjects, a reliability coefficient of 0.92 (Fetz and Kornexl, 1976).

The material necessary for this test is a smooth, flat, non-slip field, 7
posts and a chronometer. (Martinez Lopez, 2003)

It is suggested to use an athlete's data from his first test as reference to
compare subsequent measurements.

Slalom Test

This test measures an athlete's change of direction speed in a slalom style
course.

To begin the test, the subject must stand behind the start line in a standing,
ready position. The subject will run 1 meter (3.2 feet) and then, he will run
around 6 cones placed in a line, 2 meters (6.5 feet) apart from each other
(Figure 13).

On the signal from the tester, the subject must run as fast as possible through
the slalom course, up and back, running in a zig-zag around the six cones.

The best of three attempts, recorded by a photocell, will be assessed (knocking
over cones is not allowed).

The material necessary for this test consists of a smooth, flat, non-slip field, 6
cones and a photocell.




Figure 13: Slalom Test
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Wildcat Agility Test
Test Characteristics

e Type:planned or pre-planned.

e Number of COD: low number of COD (3).

e COD complexity: high (180° COD).

e Force application: predominantly horizontal

Equipment

e (Cones (2.

e Photocells (2).

e Suitable field. It is suggested to use the type of surface on which the
subject trains and competes.

Organization

This test requires two parallel lines, 5 yards (4.5 meters) apart. One cone is
placed on each line. One photocell is placed at the beginning of the test (start
line) and another at the end of the test (finish line) (Figure 14).

Execution

This test assesses an athlete's change of direction speed ability, as well as their
foot speed. In this test the subject starts when the tester gives the signal,
running forward to the cone located 5 yards (4.5 meters) in front of the start
line. The subject goes behind the cone and, running forward, returns to the
start line. He then must go behind the cone on the start line and run towards
the other cone again. When he arrives to this cone for a second time, he must
stop and run backwards towards the start/finish line, where the test is
concluded (Figure 14). The time is recorded in seconds and hundredths of
seconds.




Figure 14: Wildcat test execution
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4 x 5 meter (4.3 x 5.4 yards) Sprint Test
Test Characteristics

e Type:unplanned or non-pre-planned.

e Number of COD: low number of COD (3).

e COD complexity: high (COD of approximately 180° and 90°).
e Force application: predominantly horizontal and lateral

Equipment

e (Cones (4). The cones are placed 5 meters (5.4 yards) apart, as shown in
Figure 15.

e Photocells (2).

e Suitable field. It is suggested to use the type of surface on which the
subject trains and competes.

Execution

The participant starts with both feet behind the start line (Point A). On the
signal from the tester, the subject accelerates to point B, completing a COD of
90° going behind the cone and moving laterally (without crossing his feet) to
point C. From there, he runs forward passing behind point D and running
forward to arrive at the finish line (point E) (Figure 15).




Figure 15:4 x 5 Meter (4.3 x 5.4 Yards) Sprint Test
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90° Turn and Sprint Test (S90)

Test Characteristics

COD complexity: high (90° COD).

Equipment

Photocells (2).

subject trains and competes.

Execution

Type: unplanned or non-pre-planned.
Number of COD: intermediate number of COD (6).

Force application: predominantly horizontal and lateral

Cones (8). The cones are placed as shown in Figure 16.

Suitable field. It is suggested to use the type of surface on which the

The participant starts with both feet behind the starting line (Point A). On the
signal from the tester, the subject accelerates to point B, completes a 90° COD
going behind the cone and running forward to point C. There, he must
complete another 90° COD and sprint to cone D, where he must go behind it
and go to point E. He completes another 90° COD to point F, where he changes
direction and runs to point G, completing a 90° COD for the last time, and
running one last sprint to point H where the test is concluded. (Figure 16).




Figure 16:90° Turn and Sprint Test (S90)
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In the case of FC Barcelona, it is necessary to study which test will be done and
why. It can include simple or complex decision-making but this could result in

multiple variations becoming a task that is too open.

FC Barcelona uses the T-test to measure aspects of conditioning and to have
player evolution data. They do not, at the moment, give tests that include

decision-making.




2.2.2 Non-Programmed or Open Agility Assessment

The Reactive Agility Test for Netball

At the Australian Institute of Sport in Canberra, Australia, Young and Farrow
(2006) developed the reactive agility test that makes players complete sport
specific movement patterns. This protocol used prerecorded videos of various
netball movements as stimuli for the subjects.

Test Characteristics

e Type:unplanned or non-pre-planned.

e Number of COD: low number of COD (3).

e COD complexity: high (COD of approximately 180°,90° and 45°).
e Force application: predominantly horizontal and lateral

Equipment

e (Cones (2.

e Photocells (4).

e Suitable field. It is suggested to use the type of surface on which the
subject trains and competes.

Execution

The test begins when the subject, reacting to a visual stimulus, breaks the
photocell beam that is located at the start of the test. From there, he must run
in a straight line, complete a COD of 180°, and return in the opposite direction.
Then, as he approaches the second photocell, he must watch the on-screen
video and react, either to the left or right, depending on the video prompt.

Initially, this test was done as a planned version and subsequently, it was
done as unplanned. The first consisted of the total time of the test. The second,
as stated above, included the ability to analyze a visual stimulus and to react
rapidly and effectively to it.

The results showed there was a difference between athletes that are able to
read stimulus better compared to those who have not yet developed this skill.
Significant differences were seen between those subjects who possess better
reaction skills to stimulus than those who do not, while there was no
significant difference between them in the first attempt (planned situation).

While these differences prove insightful with respect to the effectiveness of
agility assessment, this test does have some drawbacks, such as: filming the
sport specific situations, equipment costs (photocells, video screen, projector,
etc.), and time to learn the test.




Figure 17: Execution of the Reactive Agility Test (Young and Farrow, 2006)
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Planned or Reactive Agility Test with Light Stimulus (Oliver & Mayers,
2009)

Test Characteristics

e Type:planned, unplanned and non-pre-planned variations.

e Number of COD: Low number of COD (1), or none, in the case of only
running linearly.

e COD complexity: medium (COD of approximately 45°).

e Force application: predominantly horizontal and lateral

Equipment

e Cones (6).

e Photocells (5).

e Suitable field. It is suggested to use the type of surface on which the
subject trains and competes.

Organization

The test requires a marked starting line, cones and photocells, as indicated in
Figure 18.

Execution

As stated above, this test can be either planned or unplanned. In the case of a
planned test, the subject must perform lineal accelerations or accelerations
with change of direction while running, which must be previously determined
before the test begins. In the case of an unplanned test, the test requires the
athlete to accelerate in a straight 5-meter (5.4 yards) line and to be ready for a




light signal to indicate in which direction he must perform the change of
direction (to the right or the left), or to continue linearly (Figure 18).

Ten attempts are done. All of the attempts are recorded and then an average is
found for each subject.

Figure 18: Planned or Reactive Agility Test with Light Stimulus (Oliver & Mayers,
2009)
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The Reactive Agility Test for Rugby (Wheeler & Sayers, 2010)
Test Characteristics

e Type:unplanned or non-pre-planned.

e Number of COD: low number of COD (2).

e COD complexity: high (COD of approximately 45° and 90°).
e Force application: predominantly horizontal and lateral




Equipment

e Cones (6).

e Photocells (2).

e Suitable field. It is suggested to use the type of surface on which the
subject trains and competes.

Organization
The test requires a marked start line, cones and photocells.
Execution

The athlete begins the test from the start line while carrying a movable
element (ball). Upon passing the first point, marked by cones (3.72 meters (4
yards) from the start) the pre-change of direction phase begins and the
defender begins to move forward. Upon passing the second mark (3.72 meters
(4 vyards) from the first), the change of direction phase begins, where,
depending on the location of the defender, the attacker must pass by him with
a change of direction. The defender must try to touch the attacker before he
reaches a determined finish line or goal marked by cones. Six attempts are
allowed and the time of each attempt is recorded. The average of the six
attempts is then found for each subject.

Figure 19: Execution of the Reactive Agility Test (Wheeler & Sayers, 2010)
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Figure 20: Execution of the Reactive Agility Test (Wheeler & Sayers, 2010)
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2.2.3 Repeated Sprint Acceleration Tests (RSA)

Evaluation of Repeated Sprint Ability

In team sports, athletes must be able to recover very quickly from short, high
intensity exercise. Players do not have sufficient time to completely recover
between repeated series of sprints (meaning for complete resynthesis of
phosphocreatine). That is why it is necessary to measure a player's ability to
recover from repeated series of sprints or accelerations (Vargas, 2008).

Bangsbo Sprint Test

The test consists of a series of 7 (seven) repeated accelerations at maximum
intensity, with recovery times of 25 seconds between repetitions, running a
distance of 30 meters (32.8 yards). The test begins with an initial acceleration
of 10 meters (10.9 yards), from the start line, followed by three COD (zigzag
pattern) and a final acceleration of 10 meters (10.9 yards). Then, the subject
returns to the starting position by jogging at a very low intensity. The time of
each attempt must be recorded by a photocell or, alternatively, a chronometer.




Figure 21: Graphic Representation of the Sprint Test Proposed by Jens Bangsbo

SPRINT TEST

C A
Om— If"‘ @ @ Start of Sprint
]
I t . .
| Time in between
| each sprint:
| 25 seconds
|
10m | . g
I
|
I -
|
| Sm
*
|
|
| ]
|
|
30m— : B e|®  EndofSprint
| |
|
|
| | ﬁ"::;
| |
| |
| .l.
40m ~—

Source: Bangsbho, 2005.

Variables Obtained from the Sprint Test

e Besttimein seconds: shows peak performance during the test

e Average time (seconds): shows the subject's ability to recover intra and
post-exertion.

e Fatigue index: percentage difference between the slowest and fastest
times. This indicates how alactic and lactic anaerobic performance are
affected.

e Final lactate mmol/Lt: indicates the metabolic cost produced during the
test. Generally, values between 9-14mmol/Lt are obtained.

Comments

The Bangsbo Sprint Test combines acceleration speed with changes of
direction followed by incomplete (intermittent) recovery time. It provides a




very informative assessment due to its close relationship to many determined
actions in team sports such as soccer, rugby and hockey. On the other hand,
the energy pathways used during this test are the same ones required during
critical moments in team sports.

Intermittent Anaerobic Running Test

This test consists of 10 sprints of 20 meters (21.8 yards) each with a recovery
time of 20 seconds between sprints. The running direction of each sprint must
change, meaning that at the end position of each sprint must become the
starting position of the next. Rudolf et. al. (2006), analyzed the reliability and
validity of this test in a study of 29 young soccer players from the elite level of
Czech club, who completed the test twice, under the same conditions, within
the same week. For both tests, blood was drawn at 2, 4, and 6 minutes after
the test was completed to assess lactate concentration. They reported through
the variance analysis of two pathways, that average times of the 10 sprints
was not significantly different between the two evaluations.
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