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ABSTRACT

Purpose. The general goal of the study was to investigate the relationship between agility t-test (change of direction speed
ability, CODS), 20-m sprint test (§20m) (linear speed ability), and countermovement jump (CMJ) test (lower limb explosive
power ability).

Methods. The sample involved 18 elite female football athletes (age: 18.56 * 2.24 years, height: 169.47 = 6.48 cm, weight:
63.52 + 6.85 kg). Pearson correlation coefficients were applied. Multiple linear regression served to explain the relationship
between the dependent variable (CODS) and 2 independent variables (S20m and CMJ).

Results. Pearson correlation analysis indicated a moderate relationship between CMJ and CODS performance (r = -0.59,
p = 0.01) and a very strong significant relationship between S20m and CODS performance (r = 0.80, p = 0.00). The results
of multiple linear regression proved that both independent variables (§20m and CMJ) explained about 60.0% (adjusted R?)
of the total model variance in relation to the dependent variable (CODS), whereas only S20m significantly (p < 0.05) explained
CODS ability.

Conclusions. The study highlighted the impact of explosive power of lower limbs (CMJ) and linear speed capability (S20m)
on agility performance (CODS) in our sample. It suggests that the results of agility, linear sprint, and jumping performance
seem to have similar determining factors. It is worthwhile to consider these findings in the training process of female elite
football players in order to focus on essential training elements of physical fitness.
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Introduction ship between relative strength and measures of speed

and change of direction ability in female softball ath-
letes. Moreover, Comfort et al. [8] underline the impor-
tance of developing high levels of lower limb strength
to improve sprint and jump performance in soccer
players.

But it appears that different motor skills are need-
ed to perform linear sprinting or sprinting with rapid
changes of directions, often specified as agility [9].
Agility in football is thought to be closely linked to ex-
plosive power, which represents the above-mentioned
ability of a muscle or muscle group to develop maxi-
mum force in the shortest possible time [10]. In this

Modern football is rapidly evolving in all compo-
nents of the game, but especially in terms of physical
qualities [1]. The amount of high-speed running during
the football match increases constantly at high per-
formance levels [2]. In literature, it is generally con-
sidered that sprinting skills in all forms are becom-
ing more and more important in modern football [3].

However, the ability to produce maximal strength
levels in lower limbs in the shortest time period is re-
garded as fundamental to achieve top-level perfor-
mance in football [4, 5]. In a soccer game, muscles have

to generate and absorb high forces during acceleration
and deceleration [6] in linear sprinting actions as well
as in agility actions with change of direction. In this
context, Nimphius et al. [7] reported a strong relation-

context, McFarland et al. [4] found a moderate to strong
correlation between sprint speed and explosive power
of lower limbs (countermovement jump, CMJ) in fe-
male and male football players. Other studies have
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demonstrated a moderate to strong relationship be-
tween explosive power of lower limbs, linear sprint,
and agility performance in young soccer players [11].
But also, in other sports, it seems that explosive power
of lower limbs has an impact on agility. Barnes et al.
[12] argue that the CMJ test (explosive power of lower
limbs) is a useful predictor of good agility outcomes in
female volleyball players. Ferreira et al. [13] observed
that lower limb explosive power appeared a strong pre-
dictor of skating linear speed and agility in a sample
of young roller hockey elite players.

Despite that, Vescovi and McGuigan [14] found that
linear sprinting, agility, and vertical jumping were in-
dependent locomotor skills in female athletes, espe-
cially with regard to the moderate relationship between
CMJ and linear sprinting results in female high school
football players. Little and Williams [15] observed low
coefficients of determination (R?) between agility, ac-
celeration, and maximal speed in a sample of 106
English professional football players. These authors
concluded that agility and acceleration as well as maxi-
mum speed abilities had different and independent
determinants and suggested specific testing and train-
ing procedures for each speed-related parameter. It
seems that change-of-direction actions are to some
extent independent of linear speed actions [16]. Ad-
ditionally, Sheppard and Young [17] argue that speed
and agility express independent physical abilities. They
also provide a categorical definition of agility for team
sports, describing it as a physical skill that permits ath-
letes to rapidly and efficiently perform a whole-body
movement in the form of acceleration or deceleration
with a change of direction in response to a stimulus.
Therefore, agility in team sports includes not only
change of direction abilities but also cognitive elements
as anticipation, perception, and decision-making pro-
cesses [17], and this also in the form of reactive agil-
ity [18, 19]. In more specific terms, first, the athlete
needs to receive relevant environmental information in
order to process it in relation to previous knowledge
and practical values. It is about anticipation and per-
ception of playing situations in the context of cognitive
skills [17, 20]. Thereupon, the athlete has to decide about
the implementation of the appropriate movement [21]
to solve the playing situation. In this regard, Gabbett
and Abernethy [22] found that high-level athletes had
more specific experience of playing situations than
low-level athletes; high-level athletes better recognize
and anticipate playing situations and exhibit a greater
number of correct movement decisions. However, this
proves the significance of developing specific playing
experiences (knowledge of playing situations, pattern

recognition etc.) [17] in order to improve specific infor-
mation processing [22]. From the practical and theo-
retical point of view, this proposed modus operandi is
similar to the ‘principle of specificity’ with regard to
conditioning issues reported by Reilly et al. [23]. This
principle explains that training of physiological deter-
minants has to strain the specific system that the ath-
lete wants to improve for the demands of the sport con-
cerned.

According to Pruna and Bahdur [20], the football
field is an unpredictable area with a huge amount of
influencing factors, which requires the football player
to have different cognitive skills, such as game intel-
ligence, spatial perception, anticipation, reaction time,
attention shifting, and pattern recognition. In addition,
football is a multidimensional construct, including
more than only one stimulus in specific playing situ-
ations. It comprises the presence of more stimuli at
the same time in terms of movement of team mates,
opponents, and the ball. In summary, playing foot-
ball combines cognitive, physical, and physiological
abilities with ball skills.

Here, the dilemma of scientific research in mod-
ern football on this specific agility topic begins. What
kinds of valid and reliable diagnostic instruments
are available in order to maintain useful data for the
evaluation of the multidimensional construct of agility
in football? There is still not enough scientific evidence
for reliable and valid diagnostic measures for change
of direction abilities with perception and decision-mak-
ing processes also with reference to reactive agility
[18, 19, 24].

Therefore, it could be useful, from the diagnostic
point of view, to downscale the multidimensional con-
struct of agility to possible determining elements of
agility performance respective to basic important cate-
gories of locomotor skills (running and jumping) which
seem to be measurable, reliable, and valid. In fact, re-
search on agility in team sports, especially in football,
offers different points of view. Obviously, there is still
not enough evidence that the basic categories of loco-
motor skills as linear speed performance and explo-
sive power of lower limbs are directly associated with
agility abilities [14-16]. There are many studies on the
relationship between linear sprinting, change of di-
rection, and explosive power abilities, but the results
are discordant. Several results of this research dem-
onstrated strong correlations between these param-
eters, others pointed at poorer relationships [25]. Dif-
ferences in test results can have particular causes;
perhaps they are based on different diagnostic ap-
proaches and research procedures, different sports
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disciplines, and different age categories of selected in-
vestigated samples.

However, female and male football players need to
have the ability for high speed linear sprinting and for
fast change of direction on the pitch. This gives them
an advantage over opponents and puts them in a po-
sition which could be match-deciding. Especially re-
search on women’s football in Slovenia is still lacking
a systematic approach; it is generally known that there
are differences between women and men regarding
locomotor and agility abilities [19]. Until now, limited
performance data is available for Slovenian female
football players. The development of women’s football
in Slovenia needs in-depth scientific research that would
allow a systematic overview of different abilities of fe-
male players and provide coaches with certain feed-
back on the effects of the training process.

Thus, the general purpose of the study was to inves-
tigate the ‘downscaled multidimensional construct of
agility’ among elite women football players. In more
specific terms, the main goal was to explore the rela-
tionship between the change of direction speed abil-
ity (CODS), the linear speed ability (20-m sprint test,
S20m), and lower limb explosive power ability (CMJ).
We presumed that there was a relationship between
the results of linear speed ability, lower limb explosive
power ability (vertical jumping), and the t-test describ-
ing CODS in elite female football athletes. Further-
more, it was of great interest to explore the effects of
linear speed and jumping ability on agility performance
measures.

Material and methods
Subjects

A total of 18 elite female football players (age: 18.56
+ 2.24 years, height: 169.47 + 6.48 cm, weight: 63.52
*+ 6.85 kg) participated in this study in December
2017, at the end of the first part of Slovenian first
women league championship 2017/2018. All female
football players were fully informed about the require-
ments of the research.

Assessment methods

All assessments took place indoor at the Faculty of
Sport, University of Ljubljana, on the same day and
under the same conditions. Standardized progressive
warm-up program was applied before the evaluation.
It included 10 minutes of activation and mobilization
exercises, such as light jogging, stretching, skipping
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drills, and bounding drills, as well as a few acceleration
sprints. There was an approximately 10-15-minute
rest between the assessments. The trials were imple-
mented by experienced researchers of the faculty.

Lower limb explosive power testing: CMJ

The lower limb power ability was evaluated with
the use of a bilateral force plate (S2P, Ljubljana, Slo-
venia) by measuring the jump height, which was cal-
culated from the take-off velocity of CMJ with both
hands on the waist. The size of each plate was 300 x
600 mm. The signals were acquired at 1000 Hz and
transferred to a personal computer via a USB inter-
face. The ARS software (Analysis and Reporting Soft-
ware; S2P Ltd., Ljubljana, Slovenia) was used for ac-
quisitionand treatmentofthe selected jump parameters.
Best results out of 3 trials were used for further sta-
tistical analysis.

Change of direction speed ability: t-test

The assessment of the CODS test was performed
by using the Brower Photocell Timing System (Brower,
Draper, USA). The athletes were instructed to sprint
forward from a standing position to a middle cone 6 m
away and then to perform a side shuffle to the left to
a cone 3 m away from the middle cone. This was fol-
lowed by a side shuffle to the right with crossing the
middle cone to the cone on the right, also placed 3 m
away from the middle cone. After returning by left side
shuffles to the middle cone, the test was concluded
by running backwards to the starting position. The
time was recorded from passing the photocells at the
starting position for the first time until the partici-
pant crossed the starting position for the second time
by running backwards to the starting position as the
finish line. All subjects performed 2 trials to the left
and right side, with a 5-minute rest for recovery between
the trials. The test result was recorded as the best
time of the 2 trials to each side. The average time of the
best trials to the left and right side was used for fur-
ther statistical analysis.

Linear speed testing: S20m

The assessment of the linear sprinting test was also
performed with the Brower Photocell Timing System
(Brower, Draper, USA). Two photocells were posi-
tioned at the start location and at the 20-m distance.
The start of the sprint was executed from a standing
start position. Once ready, the participants started in
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their own time. The time was recorded from passing
the first photocells until the sprinters crossed the
20-m finish line. All subjects performed 2 trials, with
a 5-minute rest for recovery between the trials. The
fastest time of the S20m test was used for further
statistical analysis.

Statistical analysis

The data were processed by using the IBM SPSS
Statistics software for Windows 25.0 (SPSS Inc., Chi-
cago, USA). The analysis included descriptive statistics
with means * standard deviations, and 95% confi-
dence intervals. The distribution of each variable was
examined for the assumption of normality with the
Shapiro-Wilk’s normality distribution test. Pearson’s
product moment-correlation coefficient (1) served to
determine correlations. Statistical significance of the
results was accepted at p < 0.05. Multiple linear re-
gression was conducted to explain the relationship
between the dependent variable (CODS) and 2 indepen-
dent variables (S20m and CMJ). The Durbin-Watson
(DW) test was applied to examine autocorrelations in
the residuals of regression analysis. Furthermore,
the analysis of variance (ANOVA) test allowed to deter-
mine if the linear regression results were significant.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, and has followed the tenets of the Dec-

laration of Helsinki and the ethical guidelines and
rules for research with human subjects of the Faculty
of Sport, University of Ljubljana.

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study.

Results

The results of demographic and anthropometric
descriptive statistics of the participants (elite female
football players) are shown in Table 1.

The results of elite female football players’ perfor-
mance tests are presented in Table 2.

The results of the Pearson product moment-corre-
lation analysis indicated moderate correlation (r =
-0.59, p = 0.01) (Table 3) between the explosive pow-
er performance of lower limbs (CMJ) and agility per-
formance (CODS). There was a very strong correla-
tion (r = 0.81, p < 0.01) (Table 3) between S20m and
explosive power performance of lower limbs (CMJ).
Similarly, the relation between S20m and agility per-
formance (CODS) showed a very strong relationship
(r=0.80, p < 0.01) (Table 3).

The value of R* explained 65% of the total variance
(Table 4). The adjusted R? coefficient demonstrated that
the regression model with 2 predictors still explained
60% of the total variance. The ANOVA test showed
that the independent variables (CMJ and S20m) sig-
nificantly predicted the dependent variable (CODS)

Table 1. Demographic and anthropometric descriptive statistics of the sample

95% CI
Characteristics n Min Max Mean + SD
LB UB
Age (years) 18 16.30 25.00 18.56 = 2.24 17.44 19.67
Weight (kg) 18 49.30 76.70 63.52 + 6.85 61.11 66.93
Height (cm) 18 155.70 181.00 169.47 + 6.48 166.25 172.69

SD - standard deviation, CI - confidence interval, LB - lower bound, UB - upper bound

Table 2. Descriptive statistics of explosive power, speed, and agility

95% CI o Wi *
Physical ability Test n Min Max Mean + SD Shapiro-Wilk test
LB UB p value
Explosive power CMJ (m) 18 0.19 0.33 0.27 £ 0.04 0.26 0.30 0.31
Speed S20m (s) 18 3.12 3.83 3.37+0.19 3.28 3.46 0.05
Agility CODS (s) 18 8.15 9.86 8.92 + 0.42 8.70 9.13 0.73

SD - standard deviation, CI - confidence interval, LB - lower bound, UB - upper bound, CMJ - countermovement jump
with arm swing, S20m - 20-m linear sprint, CODS - change of direction speed ability (agility ¢-test to the left and right)
* Shapiro-Wilk’s normality distribution test with the significance at p > 0.05 for normal distribution
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Table 3. Results of Pearson’s correlation analysis (r) in
the Slovenian elite women football players

Variables CODS S20m CMJ
o 1 am A
aw g
oL e 0w -

CODS - change of direction speed ability (agility ¢-test
to the left and right), S20m - 20-m linear sprint,

CMJ - countermovement jump with arm swing

* significant at the level of p < 0.05,

** significant at the level of p < 0.01

Table 4. Model summary of multiple regression analysis

R R Adjusted gz Sndard g
error
0.80  0.65 0.60 0.27 2.12

R - multiple correlation coefficient, R? - coefficient of
determination with adjusted R?, DW - Durbin-Watson
test; independent variables: height of the countermove-
ment jump (CMJ), 20-m linear sprint speed time (S20m);
dependent variable: average speed time agility t-test to
the left and right (CODS)

Table 5. Effects of independent variables on the
dependent variable in the linear regression model

DV Y% B SE B t p
cops S20m 213 059 094 358 0003
CMJ 179 264 0.18 068 0.508

DV - dependent variable, IV - independent variables,
B - unstandardized coefficient, SE — standard error,
B - standardized regression coefficient, ¢ - statistic,

p - significance level

(F =13.76, p < 0.001). The DW statistic demonstrat-
ed a value nearby 2.0 (DW = 2.12), which means that
there was no autocorrelation detected in the sample.

In the linear regression model (Table 5), only S20m
significantly explained the CODS speed ability, while
the other parameter, defined as lower limb explosive
power ability (CMJ), did not reach the significance level
(p > 0.05).

Discussion

The main purpose of the study was to investigate
the relationship between the results of the agility ¢-test
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(CODS), S20m, and the CMJ test. A very strong corre-
lation was found between the variables of CODS and
the S20m test (r = 0.80, p < 0.01) (Table 3) and be-
tween those of CMJ and the S20m test (r = 0.81, p <
0.01) (Table 3). A moderate correlation was observed
between the test results of CMJ and CODS tests (r =
-0.59, p = 0.01) (Table 3). It became apparent in our
analysis that the aforementioned performance abili-
ties seemed to have similar determining factors in
elite Slovenian female football players. The results of
this study support those obtained by McFarland et al.
[4], who found a moderate to strong correlation be-
tween sprint speed and explosive power of lower limbs
(CMJ) both in female and in male football players.
Moreover, our observations are in line with the research
performed by Koklii et al. [11], who proved a similar
strong correlation between sprint performance and
agility performance (r = 0.74, p = 0.01) in young male
football players. Additionally, the results of this study
corroborate other studies [8, 13] which underline the
importance of developing high levels of lower limb
strength to improve sprint and jump performance in
soccer players. The initial presumption that there are
relationships between the results of linear speed ability,
lower limb explosive power ability (vertical jumping),
and agility ability (t-test) in elite Slovenian female foot-
ball athletes can be confirmed. It seems that these
variables have similar locomotor determinants. In ad-
dition, it was possible to constitute an explanatory mul-
tiple regression model (Table 4) which explained 60%
of the model variance (adjusted R?) in relation to the
interaction between the 2 predictors and the dependent
variable, which denotes that 40% of the model vari-
ance remained unexplained. Furthermore, we analysed
the performance contribution degree of each analysed
independent variable of the regression model. In ac-
cordance with these statistic results of multiple re-
gression analysis (Table 5), only S20m showed explan-
atory power for CODS. It was also interesting to note
that the lower limb explosive power ability (CMJ) did
not help explain the model with regard to the depend-
ent variable (CODS).

However, the evaluated fundamental motor skills
specified as explosive power (jumping) and linear sprint
ability (running) are in our case related to agility per-
formance in young adult female athletes. Both elements
(explosive power and linear sprint ability) could be
more or less considered as important factors for suc-
cessfully playing football. Furthermore, the results of
the correlation between CMJ and the S20m test (r =
0.81, p < 0.01) (Table 3) illustrate the importance of
developing adequate levels of lower limb strength in
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elite female players in order to improve top-level per-
formance in football [4, 5].

It could be worthwhile to consider these findings
for the training process of female elite football players
in order to focus on the fundamental and essential
physical training elements, which seems to be impor-
tant for improving the overall playing capabilities to
a higher level of performance. For example, the use of
small-sided games in football as a popular training
exercise measure should improve different physio-
logical/physical as well as technical/tactical perfor-
mance components of a football player. But it seems
that this popular exercise unit has no significant im-
pact on the lower limb power [26]. On the other hand,
Pruna and Bahdur [20] claim that cognitive skills
(anticipation, perception, and decision-making pro-
cesses) of specific football agility cannot be developed
through exercise which train just the physical com-
ponents. The exercises have to address also neural
pathways. We completely agree with that statement,
but from the practical point of view, it is important to
reduce the evaluation contents in modern football to
a level which allows coaches to get a diagnostic over-
view about measurable (reliable and valid) locomotor
skills in order to define specific and effective train-
ing units, also with regard to injury prevention in the
sense of isokinetic knee strength diagnostics [27].

Therefore, we recommend training the abovemen-
tioned elementary physical components in terms of ex-
plosive power of lower limbs and linear sprint ability
as well as change of direction sprints, also separately
and stepwise in order to achieve a higher level of per-
formance in these elements.

Thereafter, a process should take place of transmis-
sion of these enhanced physical components into com-
plex playing situations with change of direction, per-
ception, and decision-making processes [17] through
specific football exercises with the ball. It is about
‘learning by playing the game’ in all its possible forms
with incremental levels of difficulty, for example in
small-sided games with changing playing conditions
[26]. This simple method includes all cognitive elements
[20, 22] of successful match performance, such as an-
ticipating and recognizing the playing situation as
well as all decision-making processes with the subse-
quent implementation of adequate movement patterns,
including acceleration and deceleration, on higher per-
formance levels with change of direction movements.
Such an approach seems to be the most effective train-
ing solution for the holistic development of agility in
terms of gaining specific playing experiences [17] with
the ball, which fit the demands of the sport concerned.

This research work had some limitations that should
be considered when interpreting the results of the in-
vestigation. The first limitation was the small number
of participants, which could have an impact on the test
results. Another limitation could occur because the
assessments were conducted indoors, on a hard floor,
and not in typical environmental conditions for foot-
ball on natural grass surface. Last but not least, we de-
termined strong correlations between the variables,
which showed a relationship but did not confirm the
causation. Only the S20m test results seem to have
a significant effect on CODS test results.

Conclusions

In summary, the findings of the present study indi-
cate a significant correlation between explosive power
oflower limbs (CMJ), linear speed capability (S20m),
and agility performance (CODS) in our specific sample
of elite Slovenian female football players. The outcome
of this study suggests that the results of agility, linear
sprint, and jumping performance seem to have simi-
lar determining factors. Furthermore, it appears that
these components play a critical role in increasing the
playing capabilities of these athletes to a higher level
of performance. Coaches should ensure that adult elite
female players develop the mentioned physical abilities
to a high level of performance as part of a well-planned
training program, which, in this case, does not request
high equipment costs. The implementation of effective
exercises aiming to improve explosive power of lower
limbs, speed, and agility appeared to be very useful
for reaching a high performance level in female foot-
ball players.
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