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We compared the efficacy of three physical conditioning programmes provided over a 12 week period (24 h in

total) on selected anthropometric and physical fitness parameters in female soccer players. Two of the groups

received physical conditioning training in accordance with speed, agility and quickness (SAQ); one group used

specialized resistance and speed development SAQ equipment (equipment group; n=12), while the other group

used traditional soccer coaching equipment (non-equipment group; n=12). A third group received their regular

fitness sessions (active control group; n=12). All three interventions decreased (P50.001) the participants’

body mass index (73.7%) and fat percentage (71.7%), and increased their flexibility (+14.7%) and maximal

aerobic capacity (V̇O2max) (+18.4%). The participants in the equipment and non-equipment conditioning

groups showed significantly (P50.005) greater benefits from their training programme than those in the active

control group by performing significantly better on the sprint to fatigue (711.6% for both the equipment and

non-equipment groups versus 76.2% for the active control group), 25 m sprint (74.4% vs 70.7%), left

(74.5% vs 71.0%) and right (74.0% vs 71.4%) side agility, and vertical (+18.5% vs +4.8%) and horizontal

(+7.7% vs +1.6%) power tests. Some of these differences in improvements in physical fitness between the

equipment and non-equipment conditioning groups on the one hand and the active control group on the other

hand were probably due to the specificity of the training programmes. It was concluded that SAQ training

principles appear to be effective in the physical conditioning of female soccer players. Moreover, these principles

can be implemented during whole team training sessions without the need for specialized SAQ equipment.

Finally, more research is required to establish the relationship between physical fitness and soccer performance

as well as the principles underlying the improvements seen through the implementation of SAQ training

programmes.
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Introduction

To succeed in elite soccer, players require a high level of

physical fitness to cope with the demands of the game

and to allow for their technical and tactical skills to be

used to their full throughout a match. In terms of

physiological demands, soccer is a hybrid sport

characterized by intermittent exercise with bouts of

short intense activity alternated by longer periods of

low-level, moderate-intensity exercise (Reilly, 1997).

The requirements of women’s soccer, in this respect,

appear to be very similar to those of the men’s game,

with high levels of aerobic capacity (Mohr et al., 2003),

muscular strength and endurance (Wisløff et al., 1997),

speed, speed endurance, agility (Little and Williams,

2003) and flexibility (Bloomfield and Wilson, 1998)

being fundamental for success at the highest level by

both male and female players. It has been shown that

female soccer players have similar physical character-

istics to those of other female games players, as well as

demonstrating a level of fitness that is well above

average for untrained females of a similar age (Cook,

1997). Nevertheless, more needs to be known about the

conditioning of female soccer players in their own right,

rather than using extensions of current male training

programmes.

Unlike elite male players, most female soccer players

in the modern English game mainly train and play on a

part-time basis, often combining their sport with

employment or study. It is essential that the small

amount of time available for training is used effectively.

Ideally, the work done in such training sessions should
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focus on the quality of training specific to the needs of

the individual (Brewer and Davis, 1994). However,

demands on time and the limited resources in female

soccer often mean that physical conditioning is carried

out in whole team sessions. An important issue for

coaches and players is to optimize group conditioning

in the limited time available.

Recently, the ‘speed, agility, quickness’ (SAQ)

training method has been proposed as an effective way

of conditioning in sport in general and field games like

soccer in particular (see, for example, Pearson, 2001).

Speed, agility, quickness originated in the USA and was

developed in the 1980s and made popular by various

coaches working in American football. Since then, the

programme has been refined for use in other sports

(Brown et al., 2000). The SAQ method of training is a

system of progressive exercises with instruction aimed

at developing fundamental motor abilities to enhance

the capabilities of athletes to be more skilful at faster

speeds and with greater precision (SAQ Ireland, 2001).

The components of SAQ are said to be very trainable

with the right coaching techniques, and if the methods

used are planned and progressive, improvements in

motor coordination, acceleration, balance, agility and

reaction are possible (Brown et al., 2000). To this end,

special accreditation courses have been developed to

educate coaches in the principles of SAQ conditioning

(SAQ International, 2003). Furthermore, the use of

specialized equipment is being encouraged (Pearson,

2001). Speed, agility, quickness training can be

delivered at low to high training intensities depending

on the competence of the athletes involved. Ultimately,

soccer-specific SAQ exercises are said to result in the

development of multi-directional, explosive speed

essential for the improvement of soccer players’ physical

performance (Pearson, 2001). Speed, agility, quickness

training would appear to be an effective way of

improving physical conditioning in an intermittent

sport like soccer (Reilly, 1997). It could provide a

more systematic approach to build a solid foundation

upon which match fitness can ultimately be developed.

However, little research evidence exists to date about its

effectiveness in soccer in general and female soccer in

particular. Most of the literature available appears to be

based on practical experience by practitioners. The

main aim of the present study, therefore, was to

compare whether the SAQ training method would be

more effective than a traditional training method in the

physical conditioning of elite female football players. In

addition, we wished to examine the efficacy of

specialized SAQ equipment used in the SAQ system

of training, because the SAQ method recommends the

use of its own specialized equipment – such as mini and

macro hurdles, fast foot ladders and flexicords – for

effective conditioning. No research currently exists on

the usefulness of this equipment in the improvement of

physical performance in general and speed, agility and

quickness in particular.

Methods

Participants

The participants were 36 elite female soccer players

aged 21.2+3.1 years (mean+s) representing all posi-

tions in the game of soccer (goalkeeper, defence,

midfield, attack). All had played either for the first or

reserve side of a club participating in the Football

Association Women’s Northern Premier Division in

England. The study was approved by the university’s

ethics committee and, before the start of the study, each

participant signed an informed consent statement.

Experimental design and procedures

The aim of this study was to examine the effects of three

different physical conditioning programmes, delivered

over a 12 week period, on selected physiological

variables. Before the start of the study, the participants

were randomly assigned to one of three physical

conditioning programmes. The first conditioning pro-

gramme utilized the SAQ method and made use of the

various items of specialized resistance and speed

development equipment (equipment conditioning

group). The second conditioning programme replicated

the volumes, intensities, duration and movement

patterns of the SAQ programme but without the use

of any specialized equipment (non-equipment condi-

tioning group). Both the equipment and non-equip-

ment physical conditioning programmes were delivered

by a SAQ accredited practitioner. Finally, there was an

active control group. The participants in this group

continued participating in their regular physical con-

ditioning sessions as previously delivered by the soccer

coach.

Each participant received approximately 24 h of

directed physical conditioning involving two sessions

of 1 h per week for 12 weeks. All participants had at

least one rest day in between sessions. The sessions

started 2 weeks before the start of the soccer season and

were structured to gradually increase intensity (see

Tables 1, 2 and 3). A meeting was held at the beginning

of the soccer season between the soccer coach and the

second author of this paper (who was also one of the

coaches of one of the SAQ conditions) to establish the

nature of the conditioning programme used by the

coach. The composition of the equipment and the non-

equipment conditioning programmes was subsequently

developed to match closely the intensity and work : rest

ratios of the regular training sessions of the active
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control group. The differences between the SAQ

conditioning programmes and the active control pro-

gramme were mainly found in the elements trained and

the nature of the drills used. For example, the active

control condition trained speed, speed endurance and

power but was little concerned with sprint mechanics or

agility. Furthermore, the drills used in the active control

condition were significantly different. For example,

most speed drills were executed while running in a

straight line and this condition used the soccer ball in a

number of drills. It should be noted that none of the

participants had undergone previous SAQ or specia-

lized sprint-training treatments. In an attempt to

document the activity that the players performed

outside of the directed coaching sessions, the average

game time of the group during the intervention period

was recorded (10 matches).

Before the start of the study, the participants

completed a battery of physical fitness tests. These tests

were repeated midway (after 6 weeks) and at the end of

(after 12 weeks) the intervention programme except for

the body composition measurements. The testing took

place over two sessions, allowing for a rest day in

between. This was due to time constraints, together

Table 1. Exercises performed by the equipment training group during the two training sessions in weeks 1 and 10

Sprint mechanics Speed Agility Power Speed endurance

Week 1

Intensity 70% for technique

improvement

2–10 s, 10–50 s

recovery, intensity

70%, 2–10

repetitions

Read and react (using

crazy ball)

3 sets of 6 repetitions 10–30 s, 60 s

recovery, 70%

intensity, 2–3

repetitions

. Concentrate on posture,

arms, legs

. Let go’s . Fast ladder

footwork (using

quick-foot ladder)

. 1808 jump . Basic repetition

sprints

. Stagger stance . W-sprints . Balancing acts

(using k-board)

. Double leg jumps

(using cones)

. Hollow sprints

. Walking start, running start

using resistance cords

. Ins and outs . 505 Agility (using

resistance cords)

. Forward hops

(using cones)

. Cruise and sprint

. With, without reaction using

resistance cords

. Resistance sprints

(moderate)

. 15 s lateral cone

jumps

. Penalty spot run

. Side-step and go with use of

sidesteppers to start side-step

Week 10

Intensity 85–95%, distance

10–15 yards

10–30 s, 50–150 s

rest, intensity

85–95%, 2–10

repetitions

Greater effort and

increased complexity

of task

6 sets of 8 repetitions 30–90 s, 60–90 s

recovery, 85–95%

intensity, 2–3

repetitions

. Crossover step and go . Let go’s (using

resistance cords)

. Read and react . 1808 jump . Advanced sprint

repetition

. Jump and go with use of

resistance cords

. Advanced shuttle

runs (using

resistance cords)

. Fast ladder

footwork

. Double leg jumps

(using hurdles)

. Hollow sprints

. Scramble out with use of

resistance cord

. Ins and outs . 505 left/right foot

(using resistance

cords)

. Forward hops

(using hurdles)

. Penalty spot run

. 1808 jump and go . Resisted sprints . Balancing act

(with k-board and

sidesteppers)

. 30 s lateral cone

jumps (using 2

resistance cords

held from each

side)

. Pitch killer

. Line step-over with use of

sidestepper

. Breakaway games

. Cone step-over with use of

resistance cord
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with the physiological and psychological demands the

tests would place on the participants, therefore avoiding

the limiting factors of fatigue or loss of motivation.

Before the administration of the fitness tests, a warm-up

and flexibility stretching session was conducted. The

testing was always followed by a ‘cooling down’ session

using the same procedure as during the warm-up but at

a lower intensity.

Some authors have investigated the relationship

between fitness characteristics and playing standards

in soccer. For example, the fitness profile of elite players

shows higher maximal oxygen uptake (V̇O2max) and

functional strength, and lower percentage body fat, than

that of players playing at lower standards (Wisløff et al.,

1997; Todd et al., 2002). Nevertheless, such findings

are based on cross-sectional comparisons and there

appear to be no studies that have established causal

relationships between physical training programmes

and actual soccer performance. The tests selected for

the current research were based on their use in previous

studies on physical fitness and conditioning in soccer

and some were selected to measure the agility of the

players. These tests were chosen because it has been

shown that maximum speed, agility and acceleration are

relatively independent qualities (Little and Williams,

2003). The following variables were measured:

Anthropometric measures

The participants’ body mass (Seca, a 770 digital low

form scale, Birmingham) and height (Seca, 220 free-

standing stadiometer, Birmingham) were measured at

the beginning and end of the intervention programme.

Based on height and body mass, each participant’s body

mass index was calculated (body mass divided by height

squared). Percentage body fat was also measured at the

Table 2. Exercises performed by the non-equipment group during the two training sessions in weeks 1 and 10

Sprint mechanics Speed Agility Power Speed endurance

Week 1

Intensity 70% for

technique improvement

2–10 s, 10–50 s rest,

intensity 70%, 2–10

repetitions

. Line task 3 sets of 6 repetitions 10–30 s, 60 s recovery,

70% intensity, 2–3

repetitions

. Concentrate on

posture, arms, legs

. Peripheral vision

reaction race

. Footmarkers . 1808 jump . Basic repetition

sprints

. Stagger stance . Ball carry, push and

catch

. Fast feet, left and

right 505

. Double leg jumps

(using cones)

. Hollow sprints

. Walking start,

running start

. Shuttle runs

(4 cones)

. Zig-zag course . Forward hops (using

cones)

. Cruise and sprint

. With, without

reaction

. Progressive interval

lap (3/4 pace)

. 15 s lateral cone

jumps

. Penalty spot run

. Side-step and go

Week 10

Intensity 85–95%,

distance 10–15 yards

10–30 s, 50–150 s rest,

intensity 85–95%, 2–10

repetitions

Greater effort and

increased complexity of

task

6 sets of 8 repetitions 30–90 s, 60–90 s

recovery, 85–95%

intensity, 2–3

repetitions

. Crossover step and

go

. Advanced push and

follow

. Corner game . 1808 jump . Advanced sprint

repetition

. Jump and go . Advanced shuttle

runs (6 cones)

. Fast feet, left and

right 505

. Double leg jumps

(using cones with

and without ball on

it)

. Hollow sprints

. Scramble out . Diagonal pitch

running

. Spider . Forward hops (using

cones with and

without ball on it)

. Penalty spot run

. 1808 jump and go . Triangle . 30 s lateral cone

jumps

. Pitch killer

. Line step-over

. Cone step-over
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beginning and end of the intervention programme.

Skinfold measurements were taken from the right side

of the body from the biceps, triceps, subscapular and

supra-iliac using Harpenden skinfold calipers (British

Indicators, CE0120, Burgess Hill). Two measurements

were taken from each site and the mean established,

providing that there was a difference of no greater than

3 mm between measurements; if this was the case, a

third measurement was taken and the median value was

used. For consistency, all skinfold measurements were

taken at approximately the same time of day by the

same investigator. An estimation of participants’ body

fat was calculated according to the equation used by

Durnin and Womersley (1974).

Flexibility

The sit-and-reach test (Cranlea, sit-and-reach, Bir-

mingham) was used to measure flexibility of the lower

back and the hamstring muscle group. This test was

included because an optimal level of flexibility in both

areas is important for the improvement of speed

(Bloomfield and Wilson, 1998). After a warm-up, the

participants were allowed three attempts, holding the

stretched position for a minimum of 3 s. The best of the

three trials was taken as the correct value.

Aerobic capacity

The 20-m multi-stage shuttle run (Leger et al., 1988)

was administered to measure aerobic capacity (National

Coaching Foundation, 1988). This field test has been

regarded to be suitable for testing soccer players, as it

incorporates movements similar to those made during a

match (Reilly, 1996). The test took place on a synthetic

turf soccer pitch. The participants ran in groups of no

more than six to stimulate competition and ensure

maximal effort. To ensure that the participants per-

Table 3. Exercises performed by the active control group during the two training sessions in weeks 1 and 10

Sprint

mechanics Speed Agility Power Speed endurance

Week 1

Not applicable 2–10 s, 10–50 s rest,

intensity 70%, 2–10

repetitions

. Dribbling between cones 3 sets of 6 repetitions 10–30 s, 60 s recovery,

70% intensity, 2–3

repetitions

. Dribble/pass exercises

(straight line)

. Dribbling in marked area . Forward hops . Basic repetition

sprints on half a pitch

. Progressive interval

lap (3/4 pace)

. Wheelbarrow . Hollow sprints

. Straight line sprinting

from different starting

positions

. Push-ups . Paired passing with

shooting and running

back

. Spot running . Pulling and pushing in

cross-stride stand

. Special games

. Heading using double

and single leg jumps

Week 10

Not applicable 10–30 s, 50–150 s rest,

intensity 85–95%, 2–10

repetitions

Greater effort and increased

complexity of task

6 sets of 8 repetitions 30–90 s, 60–90 s

recovery, 85–95%

intensity, 2–3 repetitions

. Dribble/pass exercises

(straight line)

. Dribbling between cones . Forward hops . Basic repetition

sprints on half a pitch

. Progressive interval

lap (3/4 pace)

. Dribbling in marked area . Double wheelbarrow . Hollow sprints

. Straight line sprinting

from different starting

positions

. Push-ups . 1 : 1 games

. Frog jumping

. Heading using double

and single leg jumps
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formed maximally, they were required to wear heart

rate belts and monitors (Polar Pacer, Kempele, Fin-

land). On completion of the test, it was established if

the participants’ heart rate was at least 90% of their

maximal heart rate (2207 age/(90/100)). The finishing

levels of the participants were then recorded and

converted into V̇O2max scores.

Anaerobic capacity

Two tests were used to measure anaerobic capacity.

First, the players performed a sprint to fatigue test

(Bangsbo, 1994). They performed seven all-out

sprints from a standing start over a course of

34.2 m on a synthetic turf soccer pitch with 25 s rest

between sprints (total sprint distance = 239.4 m). The

duration of each sprint was recorded using a digital

gate system (Brower, Timing System, Draper, USA).

The mean time was calculated as the average of the

seven sprint times. The mean time is an indication of

a player’s ability to perform several sprints within a

short period of time during match-play. The partici-

pants also performed three 25 m sprints from a

standing start. A sprinting timing digital gate system

was used to measure their performance (Brower,

Timing System, Draper, USA). Each participant’s

best 25 m time was used as an indication of their

maximal running velocity. This distance was chosen

because it represents the demands in soccer (Reilly et

al., 1997a).

Agility

In soccer, players have to make rapid changes in

direction in response to a moving ball or opponent.

These change-of-direction movements are often re-

ferred to as ‘agility’ (Young et al., 2002). To date,

there has been no specific reliable and valid agility

test for soccer players. Therefore, to ascertain the

players’ agility, a turning agility drill was used which

was executed with either demanding turns to the left

or to the right (Reilly et al., 1997b). The exercise

consisted of running an L-shaped trajectory going

either left or right around the corners. First, the

participants sprinted 4.5 m forward followed by a 908
turn to the left to cover an additional 4.5 m. This

was followed by a 1808 turn to the left. The

participants sprinted another 4.5 m before making a

second 908 left turn and then sprinted another 4.5 m

to cross the start/finishing line. The total distance of

each run was approximately 18 m and the time was

measured using digital timing gates (Brower, Timing

System, Draper, USA). The route for the right turn

was the mirror image of that of the left turn. The test

was conducted with a right and left turn because it

has been shown that reactive strength dominance in a

leg might be responsible for faster turning times in

the opposite direction of the dominant leg (Young et

al., 2002). Each test was executed three times for

each direction.

Power

First, the participants performed three vertical jumps

using a digital vertical jump meter (Takei, 5105-Jump

MD, Tokyo). They were instructed to stand on the

centre of a rubber plate with a special belt tightly fitted

around their waist. The belt was connected to the

rubber plate by a cord. Before jumping, the slack was

taken from the cord by means of a pulley fitted to the

belt. Then, the participants were instructed to jump

straight up using a counter-movement incorporating

arm swing. The vertical jump distance (in centimetres)

could than be read from the display on the belt. Next,

the participants completed three horizontal standing

jumps using a standing board (Metro Sports, Standing

long jump mat intermediate, La Crosse, USA). They

were instructed to stand on a designated position with

their toes positioned against a marker. They were

instructed to keep both feet on the surface before

jumping and to perform a maximal effort, incorporating

arm swing and counter-movement jump, landing on

both legs. The distance between the marker to the first

point of contact of the toes was recorded in centimetres

using the scale on the landing board. In both instances,

the participants’ best effort was recorded and used for

statistical analysis. These tests were thought to illustrate

the eccentric, isometric and concentric movements

required in soccer.

Turning

A 1808 turning exercise was used to measure the

participants’ ability to change direction (acceleration/

deceleration). The turning exercise starts from a two-

point stance straddling a starting line. The player turns

to the right, sprints and touches a line 4.5 m away with

the right hand, followed by a turn and a return sprint to

the starting position (Brown et al., 2000). A digital gate

system (Brower, Timing System, Draper, USA) was

used to record the players’ times.

Data analysis

One-way analysis of variance was used to determine

if there were any differences in playing time between

the members of each experimental group. With

regard to the anthropometric measurements, a 3

(condition: equipment, non-equipment, active con-

trol) 6 2 (time: pre-test, post-test) analysis of
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variance with repeated measures on the last factor

was carried out to ascertain if the different pro-

grammes had different effects on the participants’

body composition. A 3 (condition: equipment, non-

equipment, active control) 6 3 (time: pre-test,

midway-test, post-test) analysis of variance with

repeated measures on the last factor was carried

out for the scores of the remaining dependent

variables to establish whether the different condition-

ing programmes had different effects on the partici-

pants. Due to the inclusion of multiple (11)

dependent variables in this study, a Bonferroni

adjustment was made to the significance level

(P50.005) for the analysis of variance. In the case

of significant differences, Newman-Keuls tests for a

posteriori comparisons were used to determine the

exact location of these differences (P50.05) (Winer

et al., 1962). The data were analysed using the SPSS

computer software programme (SPSS Inc., Chicago,

IL, USA).

Results

The mean and standard deviation for the dependent

variables are presented in Tables 4 and 5 and the

repeated measures analysis of variance results are

presented in Table 6. The one-way analysis of variance

for playing time did not indicate any statistically

significant differences in playing time between the three

conditions (F2,27 = 0.31, P=0.74).

Anthropometric and flexibility measures

A significant time main effect was found for body mass

index (BMI), fat percentage and flexibility, as well as a

significant condition by time interaction for BMI. Post-

hoc comparisons revealed that the pre-test group scores

did not differ from each other (P40.005) (see Table 4)

on any of these variables. Moreover, all three groups

showed a significant decrease in BMI, body fat

percentage and flexibility from pre- to post-test

(P50.01). However, the non-equipment and active

control groups showed a significantly larger decrease in

their BMI compared with the equipment group

(P50.05).

Physiological measurements

Aerobic capacity

Only a significant time main effect was found for the

dependent variable aerobic capacity. Follow-up post-hoc

comparisons revealed a significant improvement in each

condition from pre-test to the midway and from

midway to post-test (P50.01). Moreover, all partici-

pants attained heart rates that were above 90% of their

maximal heart rate after termination of their testing

session.

Anaerobic capacity

Post-hoc comparisons of the sprint to fatigue and 25 m

sprint test revealed that the equipment and non-

equipment groups showed significant improvements

(P50.01) from pre-test to midway and from midway

to post-test for both variables. The active control

group, on the other hand, only showed a significant

improvement from pre-test to midway for the sprint

to fatigue test. No significant differences were

detected between the equipment and non-equipment

groups at any point of testing, yet both groups were

Table 4. Scores for the anthropometric, flexibility and playing time variables in the pre-test, at the midway point and at the post-test

for the equipment, non-equipment and active control groups (mean+s)

Dependent variable Time Equipment Non-equipment Active control

Height (m) Pre-test 1.63+0.05 1.64+0.06 1.65+0.05

Post-test 1.63+0.04 1.64+0.06 1.65+0.05

Body mass (kg) Pre-test 64.5+6.2 65.4+10.4 65.7+7.5

Post-test 63.1+ 6.6 62.7+10.3 62.4+7.9

Playing time (min) 80.5+2.78 80.4+2.35 79.6+3.65

Body mass index Pre-test 24.3+3.25 24.1+3.37 24.2+2.85

Post-test 23.7+3.32 23.1+3.34 23.1+2.93

Fat percentage Pre-test 26.5+2.87 26.8+3.59 28.2+2.98

Post-test 26.2+3.06 26.2+ 3.40 27.7+3.07

Flexibility (cm) Pre-test 7.8+3.02 9.9+4.03 7.3+3.31

Midway 8.3+3.05 10.4+4.21 7.8+2.92

Post-test 8.9+2.39 11.5+4.38 8.3+2.77
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Table 5. Scores for the physical fitness variables in the pre-test, at the midway point and at the post-test for the equipment, non-

equipment and active control groups (mean+s)

Dependent variable Time Equipment Non-equipment Active control

Aerobic capacity (V̇O2max) Pre-test 39.4+3.72 38.3+3.90 38.1+3.33

Midway 42.9+3.51 42.5+3.26 42.0+3.18

Post-test 45.6+3.15 46.0+2.89 45.5+3.06

Sprint to fatigue (s) Pre-test 9.9+0.81 10.0+1.01 9.7+0.68

Midway 9.3+0.72 9.3+0.83 9.4+0.59

Post-test 8.8+0.65 8.8+0.71 9.1+0.60

25 m sprint (s) Pre-test 4.33+0.12 4.31+0.09 4.33+0.12

Midway 4.19+0.12 4.23+0.07 4.33+0.15

Post-test 4.12+0.13 4.14+0.07 4.30+0.21

Agility, left foot (s) Pre-test 6.37+0.09 6.35+0.09 6.36+0.13

Midway 6.17+0.09 6.21+0.09 6.32+0.12

Post-test 6.05+0.10 6.10+0.11 6.30+0.13

Agility, right foot (s) Pre-test 6.47+0.17 6.41+0.19 6.48+0.15

Midway 6.36+0.15 6.27+0.10 6.43+0.17

Post-test 6.2+0.13 6.17+0.10 6.39+0.16

Vertical power (cm) Pre-test 38.8+4.11 39.9+3.32 39.3+5.67

Midway 43.8+4.39 43.6+3.65 40.2+5.31

Post-test 46.6+4.81 46.6+3.23 41.2+4.39

Horizontal power (cm) Pre-test 181+10 183+14 184+19

Midway 187+10 190+14 186+15

Post-test 194+8 198+16 187+14

Turning (s) Pre-test 2.74+0.09 2.76+0.18 2.75+0.19

Midway 2.65+0.14 2.68+0.16 2.73+0.18

Post-test 2.62+0.13 2.63+0.14 2.70+0.18

Table 6. Results of the 3 (conditions) 6 3 (time) analysis of variance

Dependent variable Condition main effect Time main effect Interaction (condition 6 time)

Body mass index F2,33 = 0.06 F1,33 = 138.11 F1,33 = 6.72

P=0.94 P 5 0.001* P=0.003*
Fat percentage F2,33 = 0.99 F1,33 = 31.42 F2,33 = 0.99

P=0.38 P 5 0.001* P=0.38

Flexibility F2,33 = 2.44 F2,33 = 14.71 F4,66 = 0.49

P=0.10 P 5 0.001* P=0.74

Aerobic capacity F2,33 = 0.16 F2,33 = 401.7 F4,66 = 1.91

P=0.86 P 5 0.001* P=0.12

Sprint to fatigue F2,33 = 0.03 F2,33 = 118.77 F4,66 = 4.36

P= 0.97 P 5 0.001* P=0.003*

25 m sprint F2,33 = 2.87 F2,33 = 76.85 F4,66 = 12.66

P=0.07 P 5 0.001* P 5 0.001*
Agility, left foot F2,33 = 5.49 F2,33 = 143.72 F4,66 = 21.49

P=0.009 P 5 0.001* P 5 0.001*

Agility, right foot F2,33 = 3.36 F2,33 = 3.36 F4,66 = 74.89

P=0.05 P=0.04 P 5 0.001*
Vertical power F2,33 = 2.16 F2,33 = 81.87 F4,66 = 9.21

P=0.13 P 5 0.001* P 5 0.001*
Horizontal power F2,33 = 0.46 F2,33 = 105.4 F4,66 = 12.14

P=0.64 P 5 0.001* P 5 0.001*

Turning F2,33 = 0.49 F2,33 = 31.70 F4,66 = 2.90

P=0.62 P 5 0.001* P=0.028
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significantly different from the active control group at

the midway test for the 25 m sprint time and for both

the sprint to fatigue time and 25 m sprint time at the

post-test.

Agility

Post-hoc comparisons showed that the two experimental

groups improved significantly (P50.01) from pre-test

to midway and from midway to post-test on both the left

and right side. For the active control group, however,

only a significant difference was found between the pre-

test and the post-test for the right side. Slightly different

patterns were detected between the left- and the right-

sided agility tests. For the left side, there was no initial

difference between the groups at the pre-test. At the

midway point, both the equipment and non-equipment

groups were significantly faster than the active control

group (P50.01). At the post-test, both the equipment

and non-equipment conditioning groups were still

significantly faster than the active control group

(P50.01); however, the equipment group was also

significantly faster than the non-equipment group

(P50.05). Agility results for the right side showed a

different pattern. There was no difference between the

groups at the pre-test; however, at the midway point the

non-equipment conditioning group was significantly

faster than the equipment and active control groups

(P50.01). At the post-test, the equipment group was

significantly faster than the active control group and the

non-equipment group was significantly faster than the

equipment and active control groups (P50.01).

Power

The two experimental conditioning groups improved

significantly (P50.01) from pre-test to midway and

frommidway to post-test on both vertical and horizontal

power. The active control group, on the other hand,

only showed a significant improvement from pre-test to

post-test on horizontal power. Slightly different patterns

were observed for the development of vertical and

horizontal power. There were no differences between

the groups at the pre-test in vertical power; however, at

midway and post-test, the experimental groups per-

formed significantly better than the active control group

(P50.01) but not from each other. For horizontal

power, no difference was observed between the groups

in the pre-test. At the midway point, however, the

equipment conditioning group outperformed the non-

equipment and active control groups. Moreover, at the

post-test the non-equipment group performed signifi-

cantly better than the equipment and active control

groups, whereas the equipment conditioning group

outperformed the active control group (P50.01).

Turning

Post-hoc comparisons for the time main effect for

turning indicated that all three groups improved

significantly from pre-test to the midway point and

from the midway point to the post-test (P50.01).

Discussion

This study compared the efficacy of three physical

conditioning programmes on selected anthropometric

and physical fitness parameters. Two of the groups

received physical conditioning training in accordance

with SAQ principles, of which one used specialized

SAQ equipment (equipment conditioning group) while

the other used traditional soccer coaching equipment

(non-equipment conditioning group). Both these

groups received instruction from an accredited SAQ

practitioner. A third group continued their regular

fitness sessions as previously delivered by the coach.

The equipment and non-equipment training pro-

grammes appeared to be more effective than the

traditional training programme in improving perfor-

mance on several physical fitness tests. That is, the

equipment and the non-equipment conditioning groups

decreased their sprint to fatigue time, 25 m sprint time,

left and right agility times, and increased their vertical

and horizontal power, when compared with the active

control group.

Anthropometric and flexibility measures

All three groups decreased their BMI and fat percen-

tage from pre- to post-test. However, the non-equip-

ment and active control groups decreased their BMI

significantly more than the SAQ equipment group. The

BMI scores obtained in this study were higher than

those observed for members of the women’s English

national soccer team (22.06; Davis and Brewer, 1992),

but can be considered to be relatively favourable when

compared with those for the population at large.

According to the US Department of Health and

Human Services (1988, p. 24), scores of between 23

and 26 are indicative of a normal BMI. In the post-test,

the non-equipment and active control groups had BMI

scores close to 23 (23.18 and 23.05, respectively),

whereas the equipment conditioning group scored

23.78. The participants’ fat percentage, on the other

hand, was substantially higher than that reported for

American university female soccer players (19.7%;

Rhodes and Mosher, 1992), the English (21.3%; Davis

and Brewer, 1992) and Danish national women’s

soccer teams (21.2%; Jensen and Larsson, 1992), and

elite Turkish female soccer players (18.3%; Tamer et
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al., 1997). Also, the fat percentage for the female soccer

players in this study was above average according to

body fat standards for females (Lohman, 1992). These

results indicate that although the participants’ mass to

height ratio was appropriate, much of this mass was fat

mass rather than muscle mass. Consequently, there

appears to be sufficient room to improve the players’

body composition through conditioning, nutritional

practices or an appropriate combination of both.

Finally, all three groups showed an improvement in

their flexibility as measured by the sit-and-reach test.

This finding was expected, as all three groups

performed the same warm-up and cooling down

protocol, including the same stretching exercises. These

sessions were performed together and led by the same

researcher ensuring that duration, frequency and

intensity were similar for each group. There are two

possible reasons for the improvement in flexibility seen

in this study. First, a common problem in a repeated-

measures design, and especially evident in the sit-and-

reach test (Reilly et al., 1997a), is the learning effect.

Secondly, the quality of the warm-up and cooling down

sessions, combined with the improved fitness, might

have improved the players’ flexibility. However, the

observed improvement is important. It has been shown

that optimal levels of flexibility in the lower back and

hamstring muscles are associated with improvements in

speed (Bloomfield and Wilson, 1998).

Although few flexibility scores have been reported for

female soccer players, the mean flexibility scores for the

three groups in this study at the post-test

(9.55+3.5 cm) were substantially lower than those

reported for the Australian (12.8+4.1 cm; Tumilty and

Darby, 1992) and English national women’s soccer

teams (12.3–15.4 cm; Davis and Brewer, 1992).

Aerobic capacity

All three conditioning groups showed a significant

improvement in their aerobic capacity from pre- to

post-test. Their estimated mean V̇O2max at the post-test

(45.68+2.96 ml �min71 � kg71) was higher than that

reported by Miles et al. (1993) for English university

players (42.4 ml �min71 � kg71), slightly below that

reported in the literature for the Australian national

women’s soccer team (48.5 ml �min71 � kg71; Tumilty

and Darby, 1992) and elite American university female

soccer players (47.1 ml �min71 � kg71; Rhodes and

Mosher, 1992), and well below that found for the

English (57.6 ml �min71 � kg71; Davis and Brewer,

1992) and Danish national women’s soccer squads

(57.6 ml �min71 � kg71; Jensen and Larsson, 1992).

The fact that all three groups improved their aerobic

capacity was not surprising. Initial fitness levels for all

three groups were well below what could be expected

from soccer players playing at this level

(39 ml �min71 � kg71). Any type of consistent training

programme would have improved the relatively low

base levels for this dependent variable. That all three

groups showed similar improvements could be attrib-

uted to the fact that the participants often played two

matches a week and all three groups had an additional

soccer-generic 1 h training session at the end of each

individual intervention programme (2 h a week). The

main point here is that the experimental conditioning

groups achieved similar improvements in V̇O2max as the

active control group. The equipment and non-equip-

ment training regime did not compromise aerobic

capacity or its development. This is important because

endurance capacity of soccer players appears to be

related to improvements in the level of play. For

example, it has been shown that players with a higher

V̇O2max are able to be involved in more situations

during a game (Wisløff et al., 1997; Helgerud et al.,

2001).

Anaerobic capacity

Both experimental training programmes appeared to be

more effective in improving sprint performance than the

active control programme. The participants in the

experimental conditions not only improved significantly

on their 25 m sprint time, but also improved their sprint

to fatigue time. The latter is an indication of a player’s

ability to perform several sprints within a short period of

time during competition (Bangsbo, 1994). In the

intermittent game of soccer, this ability would appear

to be an important factor for successful performance.

The reported mean times for the sprint to fatigue test in

this study were substantially higher than those reported

for elite Danish female soccer players. Bangsbo (1994)

reported mean times between 6.8 and 7.3 s, whereas

the mean times for the equipment, non-equipment and

active control groups in this study were 8.84, 8.79 and

9.13 s, respectively. This difference probably reflects

differences in the standards of fitness and play between

England and Denmark. Whereas women’s soccer in

Denmark has been highly competitive for a relative long

time, this has not been the case in England.

Although we did not investigate the underlying

mechanisms that potentially could have resulted in the

improvement in the players’ sprint and sprint to fatigue

times, some suggestions can be made. First, both

experimental groups received more specific sprint

training during their conditioning sessions. The speci-

ficity of practice would ensure faster sprint times

(Reilly, 1997). Also, improved sprint performance

could have been due to improvements in sprint

technique. The equipment and non-equipment con-

ditioning groups received sprint drills that were
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executed at a lower tempo to ensure that the correct

mechanics were used by the players. This might have

resulted in the development of more functional and

relevant motor programmes that control the complex

intramuscular coordination while sprinting, leading to

faster sprint times and becoming fatigued less quickly.

Finally, sprinting is also related to the strength and

power of an athlete. Increased strength and power can

result in the reduction of contact time with the surface

and the production of higher forces at faster rates. Both

experimental groups improved their vertical and hor-

izontal power more than the active control group. This

increase in power could provide a partial explanation

for the observed increase in speed. Hence, it has been

shown that muscular strength is related to sprinting

performance (Young et al., 1995).

In general, speed performance can be optimized by

effective training programmes that enhance both neural

and muscular characteristics (Delecluse, 1997). The

underlying mechanisms require further investigation,

but SAQ training appears to be an effective way of

improving speed and speed fatigue in female soccer

players and would therefore be a good method for

coaches to incorporate into their physical conditioning

programmes.

Agility

The experimental conditioning groups improved sig-

nificantly more than the active control group on this

variable. One of the main reasons for this difference in

improvement between the groups was that the equip-

ment and non-equipment training programme incor-

porated specific exercises for the development of agility.

Of course, participation in the chaotic game of soccer

could potentially result in an improvement in players’

agility. There are many situations in a game of soccer

that require players to react quickly to unpredictable

stimuli in their environment. This might, for example,

explain the improvement in agility for the right side for

the active control group in this study. However,

specificity of training appears to be essential for further

improvement in agility.

Interestingly, different patterns were observed for the

left- and the right-side agility tests. Whereas the

equipment group showed larger improvements for the

left side, the non-equipment conditioning group

showed larger improvements for the right side. These

differences could be explained by the fact that the

equipment group contained more left-footed players

(four players) than the other two groups (two players

each). However, Young et al. (2002) recently reported

that a reactive strength imbalance resulted in partici-

pants having faster turning times opposite the dominant

leg (the leg responsible for the push-off action).

Whatever the causal relationship, this finding is

undesirable for female soccer players. Hence, perfor-

mance on the pitch might be enhanced by being equally

proficient in turning to both sides (Young et al., 2002).

Power

The two experimental groups showed larger improve-

ments in horizontal and vertical power than the active

control group. The non-equipment group had a

significantly higher horizontal power output than the

equipment group. This advantage in horizontal power

for the non-equipment group was apparent after 6

weeks of training.

The vertical jump performance of the experimental

conditioning groups in the post-test was comparable to

that of American (46.2 cm) and Australian (48.0 cm)

netball players, but was substantially higher than that of

Australian, Danish and Turkish female soccer players

(40.5, 37.8 and 35.3 cm, respectively) and Australian

female field hockey players (41.0 cm) (Jensen and

Larsson, 1992; Tumilty and Darby, 1992; Tamer et

al., 1997). With regard to horizontal power, no

comparison with other studies was possible. The ability

to generate high power has been found to be important

for successful soccer performance (Wisløff et al., 1997).

During a soccer game, players are required to perform

many activities, such as jumping, tackling, kicking and

turning, and sprinting, which are dependent on players’

maximal strength as well as rate of force development

for their successful execution. The SAQ programmes,

in this respect, appeared to be beneficial for the

development of horizontal and vertical power.

It is difficult to distinguish between vertical and

horizontal power because of the cross-component effect

(Ritzdorf, 1998). What is evident from the present

study is that specific power training such as plyometrics

and resistance work, as used in the equipment and non-

equipment training programmes, facilitates the im-

provement of vertical and horizontal power. The reason

why the non-equipment group in this study improved

their horizontal power more than the equipment group

might be the greater amount of plyometric work in their

training programme compared with the core resistance

work performed by the equipment group.

Conclusion

The results of this study indicate that the SAQ training

method (equipment and non-equipment conditioning

groups) was more effective in the physical conditioning

of female soccer players than a more traditional

conditioning programme (active control group). The

implementation of SAQ training principles resulted in
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greater improvements in the speed, speed to fatigue,

agility and power of female soccer players. Although

research is scarce, Wisløff et al. (1997) have shown that

successful and unsuccessful teams can be distinguished

by their aerobic capacity and functional strength.

Speed, agility and quickness training, when implemen-

ted appropriately, can increase strength without com-

promising aerobic capacity. Improvements in strength

(horizontal vertical power) in this study were probably

related to improvements in speed, agility and turning

ability and might result in improvements in more

soccer-specific actions like jumping, tackling and

shooting. Additional research is required to establish

whether improvements seen by SAQ training on the

selected physical fitness tests would also result in

improved soccer performance. However, one problem

in a team sport like soccer is establishing accurate

individual performance measures. One can, for exam-

ple, identify aspects such as work rate, number of

sprints made or completed passes. However, such

quantitative data do not provide any information

regarding their quality or the necessity of these actions.

Moreover, further research is required on the principles

underlying the improvements seen through SAQ train-

ing. Claims are made by organizations propagating

SAQ training principles (see, for example, Pearson,

2001). However, it is unclear whether improvements in

physical performance are due to central or peripheral

neuromuscular enhancement, hypertrophic responses

or both.

Another reason why both SAQ groups improved their

performance more than the active control group could

be of a psychological nature. The participants in the

experimental conditioning groups might have improved

significantly more because of a placebo effect. Motiva-

tion in these groups might have been enhanced by

receiving a novel, structured training programme

delivered by a new coach using ‘high-tech’ equipment

(equipment conditioning group). Coaches need to

ensure that they, despite the demands of large groups,

continue to search for and integrate approaches that

help players to focus on and take more responsibility for

their own development, progress and learning. New

research, taking a multidisciplinary approach, would be

needed to identify the possible psychological benefits of

programmes like SAQ.

This study has also shown that the use of specialized

SAQ equipment is not necessary. The practical

implication of this is that SAQ principles can be

implemented by soccer coaches without incurring

additional cost. The coach can introduce SAQ training

principles in the physical conditioning programme

during whole team training sessions as long as he or

she understands the underlying principles of SAQ.

Coaches in this respect have to acknowledge that skills

have to be executed safely and that programmes have to

be devised for females and their individual movement

capabilities (Yap and Brown, 2000).
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