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pate in any additional exercise throughout the study.
However, it is unlikely that the subjects exercised out-
side our sessions based on self-reports and our results.
[t is possible that these sedentary subjects did increase
caloric intake or change eating habits in some way,
since body composition did not change even with ini-
tiation of an exercise program.

Regardless, it appears that SS strength training is
no better at enhancing strength development than TR
strength training. In fact, we found that TR strength
training is more effective at improving strength in
many of the exercises in the absence of changes in per-
centage of body fat, BMI, lean body mass, and body
weight. In addition, strength training alone has no sig-
nificant effect on aerobic capacity, but our study sug-
gests that it is capable of improving short-term en-
durance.

Practical Applications

The results of the present investigation have practical
applications when recommending resistance training
to sedentary individuals to improve strength and en-
durance. Our current study implies that the TR pro-
tocol of one set to fatigue will significantly improve
strength during a 10-week period. Although SS
strength training does improve strength, the TR pro-
tocol produces greater improvements, is less time con-
suming, and will most likely lead to better exercise
adherence. However, further research is required. Until
such time, we recommend the TR protocol to produce
greater improvements in strength and endurance. Ad-
ditionally, since strength training alone does not ap-
pear to improve aerobic capacity, some form of aerobic
activity would be beneficial.
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ABSTRACT

The purpose of this study was to determine if straight sprint
training transferred to agility performance tests that in-
volved various change-of-direction complexities and if agility
training transferred to straight sprinting speed. Thirty-six
males were tested on a 30-m straight sprint and 6 agility
tests with 2-5 changes of direction at various angles. The
subjects participated in 2 training sessions per week for 6
weeks using 20-40-m straight sprints (speed) or 20-40-m
change-of-direction sprints (3-5 changes of 100°) (agility).
After the training period, the subjects were retested, and the
speed fraining resulted in significant improvements (r <
0.05) in straight sprinting speed but limited gains in the agil-
ity tests. Generally, the more complex the agility task, the
less the transfer from the speed training to the agility task.
Conversely, the agility training resulted in significant im-
provements in the change-of-direction tests (p < 0.05) but no
significant improvement (p > 0.05) in straight sprint perfor-
mance. We concluded that straight speed and agility training
methods are specific and produce limited transfer to the oth-
er. These findings have implications for the design of speed
and agility training and testing protocols.
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Introduction

Straight sprinting speed and agility are considered
important qualities in many sports. Sprinting in a
straight line is a relatively closed skill involving pre-
dictable and planned movements and is used in sports
such as track and field and gymnastics. Agility is dif-
ficult to define, but is often described as a quality pos-
sessing the ability to change direction and start and
stop quickly (1, 9, 13, 14). In a sporting situation,
changes of direction may be initiated to either pursue
or evade an opponent or react to a moving ball. There-
fore, it has been recognized that a component of a gility
performance is the response to a stimulus (3). It has
been shown that up-and-back sprint time of 2.4-m in-

creased as a light stimulus became less predictable in
terms of timing and location, presumably because of
increased information processing (5). Further, Chellad-
urai and Yuhasz (4) demonstrated that a change-of-
direction task with a simple stimulus shared only 31%
common variance with a more complex task in which
the timing and location of the stimulus were not
known. This suggests that having to react to a stimu-
lus such as an opponent’s movement on the field may
significantly influence the nature of the change-of-di-
rection movement task.

Several studies have reported correlations between
straight sprint tests and various agility tests. When a
correlation coefficient (r) is less than 0.71, the shared
or common variance between the 2 variables is less
than 50%, indicating that they are specific or some-
what independent in nature (15). For example, Horto-
bagyi et al. (11) used this statistical approach to dem-
onstrate that various modes of strength testing indi-
cated more generality (r > 0.71) of strength than spec-
ificity (r < 0.71). Common variances of 11% and 22%
have been reported, respectively, for straight sprints
and a soccer agility test (2) and the Illinois agility test
(7). Mayhew et al. (12) reported a common variance of
21% for 40-yd time and an agility test containing 5
changes of direction and forward, sideways, and back-
ward running. Further, these investigators conducted
a factor analysis on several fitness test results and
found the speed and agility tests to be represented by
different factors. This meant that speed and agility had
little in common statistically, leading the authors to
conclude that they were relatively independent quali-
ties.

A common variance of only 7% was reported for a
straight 20-m sprint and a 20-m sprint involving 3
changes of direction of 90° in Australian footballers
(16). When the players were required to bounce a foot-
ball twice while performing these changes of direction,
the correlation with the straight sprint dropped to
nearly 0. Corvo (6) suggested that speed training has
limited benefit for improving agility in rugby league
players, and Gambetta (8) suggested that because of
the need to change direction in American football, the
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importance of straight sprinting speed is diminished.
Collectively, these findings and views indicate that
straight sprinting and relatively complex agility ma-
neuvers have little in common and are independent or
specific qualities.

It would therefore follow that the training of
straight sprinting speed would have little transfer to
agility performance and vice versa. In 1969, a study
was conducted (10) that compared the effects of speed
and agility training on various fitness parameters. The
study reported that agility training was superior to
speed training for performance in the Illinois agility
run and a “zig-zag run,” but the speed training was
not significantly better for improving 50-yd sprint
time. Unfortunately, the authors failed to describe the
training that was implemented, making it difficult to
evaluate the effects. Since the potential specificity of
speed and agility training has not yet been clearly es-
tablished, the purpose of the present study was to de-
termine if straight sprint training transferred to
change-of-direction tests of varying complexities. An-
other objective was to determine if agility training
could enhance straight sprinting speed.

Meth(")ds

Subjects

Thirty-six men volunteered to participate in the study
and provided informed consent. The project was ap-
proved by the Human Research Ethics Committee of
the University of Ballarat. The subjects had a mean =
SD age, height, and body mass of 24.0 £ 5.7 years,
180.1 + 4.4-cm, and 81.1 =+ 8.4-kg, respectively. To be
eligible for participation, the subjects were required to
have prior experience of at least one season partici-
pating in activities involving sprinting and/or change-
of-direction maneuvers, such as the activities per-
formed in many team sports. During the study some
of the subjects wanted to continue participating in var-
ious physical activities of a noncompetitive recreation-
al nature. These individuals were allowed to partici-
pate in one such session per week because this repre-
sented their baseline level of activity. However, people
who wanted to perform more than one additional
training session per week were not selected as subjects
because of the potential to mask the effects of the im-
posed training.

Testing

All subjects were assessed on 7 different 30-m tests.
Test 1 was a straight sprint, and tests 2-7 involved
multiple changes of direction (Figure 1). Tests 2-7
were designed to involve progressively greater
change-of-direction complexity by increasing either
the angle of directional change and/or the number of
changes of direction. Therefore, test 2 was considered
the simplest and test 7 the most complex change-of-
direction task. Poles about 1-m high were placed on

Test 1 2 3 4 5 6 7
Angle 160° 130° 100° 100° 100° 100°
# changes 2 2 2 3 4 5

3

Figure 1. Description of the seven 30-m tests.

the floor to indicate the change of direction. The sub-
jects were not permitted to touch these as they sprint-
ed around them. When this did occur (fewer than 5
occasions), the trial was repeated after a complete re-
covery of at least 3 minutes.

Performance in the 7 tests was assessed by the time
to cover the 30-m distance as measured by a dual-
beam infrared timing system (Swift Performance
Equipment, Lismore, Australia). The system requires
both beams to be broken simultaneously to trigger the
start or finish of timing and is designed to capture the
trunk movement rather than a false trigger from a
limb. All times were recorded to a resolution of 0.01
second.

The participants were tested in small groups (3-4),
with half the subjects performing the 7 tests in as-
cending order and half in descending order. A ran-
domized order was not used because of the time re-
quired to precisely set the 7 tests. Two trials were al-
lowed for each test, with the best one being retained.
A rest of at least 3 minutes between trials and tests
was administered to minimize the effects of fatigue.
Before testing, each subject performed a warm-up con-
sisting of 3 minutes of jogging, stretching of the mus-
cles of the lower extremity, and 3—4 submaximum ef-
forts of the test about to be conducted.

The sprints were performed from a standing start
with the toe of the preferred foot 0.3-m behind the
starting gate. This was intended to allow some for-
ward lean and cause triggering of the timing system
as soon as the subject moved. The subjects were not
permitted to use a “rolling” start and were instructed
to sprint with maximum effort when they were ready.
The sprint tests were performed in an indoor stadium
on a wooden floor, and the subjects wore running
shoes, which they were instructed to wear for both
pretesting and posttesting occasions.
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Table 1. Summary of the training programs for the speed and agility groups.

Angle of
Repetition number Rest between Intensity directional change  No. of changes
Week X distance (m) repetitions (% of maximum) er of direction*
1 6 X 40 Complete 95 100 3
2 8 % 30 Complete 98 100 3
3 8x20 Complete 100 100 4
4 5 X 40 Complete 100 100 4
5 6 X 30 Complete 100 100 5
6 5 X 30 Complete 100 100 5

* Applies to agility group only.

Training

Following the testing, the subjects were randomly di-
vided into 1 of 3 groups: a speed training group (1 =
13), an agility training group (n = 13), and a control
group (1 = 10). The control group was instructed to
continue with daily activities but not to undertake any
new training. Both training groups were required to
participate in 2 training sessions per week, 3—4 days
apart, for a 6-week period. All training sessions were
supervised by one of the investigators, and all sprint
efforts were timed with a stopwatch with feedback
given to enhance motivation. A minimum of 10 ses-
sions needed to be completed during the training pe-
riod for the data to be retained. The speed and agility
training programs were designed to be equivalent
with respect to the distances run, the total training
volume, and the intensity of the efforts. The only dif-
ference between the programs was that the speed
group performed only straight sprints, whereas the
agility group performed only change-of-direction
sprints (Table 1). The agility training consisted of 3-5
changes of direction of 100° (similar to tests 5-7) and
was intended to be relatively complex to differentiate
it from the speed training,.

The subjects were instructed to use a “complete”
recovery between sprints (typically 24 minutes) and
to avoid any worsening of times as the session pro-
gressed. The length of each interval varied from 2040
m to provide variety and allow a slightly different
training emphasis. For example, 20-m efforts empha-
sized acceleration, whereas 40-m efforts allowed great-
er speeds to be attained. The intensity was slightly be-
low maximum speed for the first 2 weeks to allow
progression and to reduce the risk of injury (Table 1).
The intensity of the submaximum efforts was moni-
tored by providing feedback to each subject on how
his interval time (recorded by stopwatch) compared
with the times achieved during the pretesting. Within
2-3 days of completion of the training program, the
subjects were again assessed on the 7 tests, using the
same order as the pretests.

Statistical Analyses

An analysis of variance (ANOVA) with repeated mea-
sures was conducted to determine if the training re-
sponses for the experimental groups differed signifi-
cantly from each other and the control group for each
test. Pearson correlation coefficients were also com-
puted to determine the interrelationships among the
tests. The level of significance for both statistical tests
was set at p = 0.05.

Results

Nine subjects did not complete the study because of
illness, injury, or failure to complete all the tests or the
minimum number of training sessions. One subject
was required to withdraw because of a slight ham-
string muscle strain during an agility training session.
The number of subjects in each group who completed
the entire study were 11 (speed), 9 (agility), and 7
(control).

Descriptive data are shown in Table 2, and the
mean times for each test for all subjects are illustrated
in Figure 2. The ANOVAs revealed significant (p <
0.05) group-by-time interactions for tests 1, 3, 5, 6, and
7. These results indicate that the changes over time
(before to after training) were significantly different
between the groups for these tests. To clarify the with-
in-group changes, paired i-tests were conducted for
each group on each test. The mean changes for all
groups and tests are indicated in Figure 3.

There were no significant improvements in any of
the tests for the control group. The speed group im-
proved significantly in test 1 (straight sprint) and test
2 only. The agility group improved significantly in
tests 2-7 (change-of-direction tasks) but not test 1.
Generally, the speed group improved most in the
straight sprint, and the gains in performance decayed
from test 2-7 as the change-in-direction task became
more complex. The reverse trend was apparent for the
agility group; that is, the gains were greatest for the
tests that were similar to the training (5-7) and dimin-
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Table 2. Mean £ 5D times (in seconds) for all groups before and after training.

Speed Agility Control
Week Before After Before After Before After
1 447 = 0,18 434 * 0.18 474 + 0,30 472 + 0.24 452 + (.21 453 * 0.16
2 476 + 0.19 465 = 0.23 5.04 = 0.23 493 + 0.24 482 +0.24 477 = 0.18
3 579 = 0.26 571 = 0.25 6.00 = 0.28 578 = 0.24 574 + 0.26 5.82 = 0.20
4 6.67 £ 0.32 6.59 + 0.29 691 + 0.27 6.73 £ 0.23 6.71 = 0.27 6.70 £ 0.27
5 7.65 + 0.40 7.65 = 0.42 7.93 = 0.37 7.68 = 0.29 7.83 = 042 7.83 = 0.40
6 8.60 = 0.41 8.63 = 0.43 8.83 + 0.35 8.55 = 0.37 8.83 + 0.53 8.78 + 0.52
7 951 £ 0.52 951 + 052 9.78 + 0.31 9.52 + 0.30 9.68 = 0.67 9.78 = 0.66
12, e | pre
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Figure 2. Mean times for each test from pretraining data
(n = 36).

ished as the sprint task became less complex (Figure
3).

Discussion

The progressively increasing sprint times from tests 1-
7 (Figure 2) support the notion that systematically in-
creasing the angle of directional change and the num-
ber of changes of direction increased the complexity
of the agility tasks. The longer times are likely to be
due to the need to apply greater lateral forces and to
produce more decelerations and accelerations.

An important finding from this research was that
straight sprint training enhanced speed in a straight
line (test 1) with limited transfer to the agility tasks.
Although there was a significant improvement in test
2, this test only involved 2 changes of direction with
a relatively small directional change (20° deviation).
The correlation between tests 1 and 2 was relatively
high before the training (r = 0.92, p < 0.01), indicating
the tests had much in common. However, the speed
training resulted in no improvement in the most com-

ean changes (post-pre) (sec)

S

5 8
o

[

| , it &
= M &

03 ‘ 2
Figure 3. Mean changes for all groups in each test. Aster-
isk denotes significant change (p < 0.05) before and after
training,

plex agility task (test 7) and only minor, nonsignificant
gains in tests 3-6. The correlation between tests 1 and
7 was 0.64 (pretraining data) and 0.47 (posttraining
data), which indicate respective common variances of
41% and 22%. This relatively small common variance
indicates that the speed and agility tests assessed spe-
cific qualities, a finding that is consistent with previous
research (2, 7, 12, 16). The 5 relatively sharp changes
of direction in test 7 required the subjects to adopt a
sideways leaning posture in an effort to apply enough
lateral force to the ground to successfully change di-
rection at high speed. They also required significant
adjustments to the stride pattern to decelerate and
then accelerate around each marker. The complexity of
this task made the running motion dissimilar to the
mechanics of straight running. Therefore, the lack of
transfer from the speed training to the more complex
agility maneuvers was expected.

The agility training induced significant gains in all
agility tests but produced little change (nonsignificant)
in straight sprinting speed. In general, both training
groups experienced the biggest gains in the tests re-
lated to their training, and the training-induced im-
provements diminished as the tests became more dif-
ferent to the training. Therefore, the results of this re-
search strongly support the specificity of training. In
summary, sprinting in a straight line and spririting
with changes of direction are specific tasks that do not
readily transfer to the other

Practical Applications

The findings of this research indicate that straight
sprint training has limited ability to transfer to agility
performance involving fast changes of direction.
Therefore, the interval training and supplementary ex-
ercises that are typically performed to enhance
straight sprinting speed (for example, in track and
field) can be expected to be of limited value for the
agility component of many sports. Coaches are ad-
vised to implement specific agility drills to develop
this component. Since running mechanics are likely to
vary according to the sporting situation, analysis of
movement patterns typically used at high speed
should be conducted. These patterns can then be in-
corporated into any training or testing protocols to en-
hance specificity.

The present research also suggests that agility
training may not improve straight sprinting speed,
and therefore speed and agility methods should be in-
cluded in a training program according to the needs
of each sport. Although this study focused on the run-
ning component of agility performance, the role of
perceptual skills, such as reacting to surrounding play-
ers and decision making, should also be considered in
the design and testing of agility.

Specificity of Sprint and Agility 319

References

1.

BLOOMFIELD, ], T.R. ACKLAND, AND B.C. ELLIOTT. Applied Anat-
ony and Biomechanics in Sport. Melbourne: Blackwell Scientific
Publications, 1994.

2. BUTTIFANT, D, K. GraraM, AND K. Cross. Agility and speed
measurement in soccer players are two different performance
parameters. In: Fourth World Congress of Science and Football,
Sydney: University of Technology, 1999. p. 57.

3. CHELLADURAI, P. Manifestations of agility. Can. Assoc. Heaith
Phys. Educ. and Recreation ] 42(3):36-41. 1976.

4. CHELLADURAL P, AND M.S. YUHASZ. Agility performance and

consistency. Carn. | Appl. Sport Sci. 2:37-41. 1977.

5. CELLADURAL B, M.S. YUHASZ, AND R. SiFURA. The reactive
agility test. Percep. Mot. Skills 44:1319-1324. 1977,

6. Corvo, A. AcILiTy. Rugby League Coaching Magazine. 1:1-2.
1997.

7. DRAPER, J.A., AND M.G. LANCASTER. The 505 Test: A test for
agility in the horizontal plane. Aust. | Sci. Med. Sport. 17:15-18.
1985.

8. GAMBETTA, V. Speed development for football. NSCA | 12(1):
45-46. 1990.

9. GaMBETTA, V. How to develop sport-specific speed. Sporis
Coaclr, 19(3):22-24. 1996.

10. HILSENDAGER, D.R., M.H. STrROW, AND K.J. ACKERMAN, Com-
parison of speed, strength, and agility exercises in the devel-
opment of agility. Res. Q. 40:71-75. 1969.

11. Horrosacyl, T, EL FatcH, aND P.E La Chance. Interrelation-
ships among various measures of upper body strength as-
sessed by different contraction modes. Eur. | Appl. Physiol. 58:
749-755. 1989,

12. Maynew, JL., EC. PipER, TM. SCHWEGLER, aND T.E. BALL.
Contributions of speed, agility and body composition to an-
aerabic power measurement in college football players. | Appl.
Sport Sci. Res. 3:101-106. 1989.

13, PARsoNs, L.S., aND M.T. JoNEs. Development of speed, agility
and quickness for tennis athletes. Strengtlt Cond. 20:14-19. 1998.

14. QuINN, A. Fitness—the road to better tennis. In: Science of
Coaching Tennis. ].L. Groppel, J.E. Loehr, D.S. Melville, and A.M.
Quinn, eds. Champaign, IL: Leisure Press, 1989. pp. 131-146.

15. THOMAS, L.R., AND J.K. NELSON. Research Methods in Physical
Activity. Champaign, IL: Human Kinetics, 1990.

16. Young, W, M. HAWKEN, AND L. McDONALD. Relationship be-
tween speed, agility and strength qualities in Australian rules
football. Strength Cond. Coach 4(4):3-6. 1996.



