The Open Sports Sciences Journal, 2010, 3, 13-15 13

Effects of Different Practice Task Constraints on Fluctuations of Player
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Abstract: This paper analyzes effects of different practice task constraints on heart rate (HR) variability during 4v4 small-
sided football games. Participants were sixteen football players divided into two age groups (U13, Mean age: 12.4+0.5
yrs; U15: 14.6+0.5). The task consisted of a 4v4 sub-phase without goalkeepers, on a 25x15 m field, of 15 minutes dura-
tion with an active recovery period of 6 minutes between each condition. We recorded players’ heart rates using heart rate
monitors (Polar Team System, Polar Electro, Kempele, Finland) as scoring mode was manipulated (line goal: scoring by
dribbling past an extended line; double goal: scoring in either of two lateral goals; and central goal: scoring only in one
goal). Subsequently, %HR reserve was calculated with the Karvonen formula. We performed a time-series analysis of
HR for each individual in each condition. Mean data for intra-participant variability showed that autocorrelation function
was associated with more short-range dependence processes in the “line goal” condition, compared to other conditions,
demonstrating that the “line goal” constraint induced more randomness in HR response. Relative to inter-individual
variability, line goal constraints demonstrated lower %CV and %RMSD (U13: 9% and 19%; U15: 10% and 19%)
compared with double goal (U13: 12% and 21%; U15: 12% and 21%) and central goal (U13: 14% and 24%; U15: 13%
and 24%) task constraints, respectively. Results suggested that line goal constraints imposed more randomness on cardio-
vascular stimulation of each individual and lower inter-individual variability than double goal and central goal constraints.
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INTRODUCTION

Association football is a team sport that incorporates fre-
quent fluctuations between high and low exercise intensities
[1]. Heart rate (HR) responses have been used to grade the
exercise intensity in a range of sports, and also for evaluating
training activities in football [2]. More recently, heart rate
has been used to discriminate differences between training
regimes. For example, it has been used to evaluate the effec-
tiveness of generic (interval running) versus specific (small-
sided games) training modes in physiological and perform-
ance indicators [3], or to compare the physiological response
to several types of small-sided games constrained by differ-
ences in coach encouragement, number of players involved
and/or field dimensions [4].

These comparisons may, however, be criticized on meth-
odological grounds because of the inherent variability of
physiological responses to match-play and small-sided
games [1,5]. Obtaining approximate mean and standard de-
viations of physiological measures in small-sided games for
comparative purposes may not constitute evidence that the
physiological demands of two exercise stressors are similar
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[1, 6]. Cardiovascular demands on the players contain highly
variable and unpredictable fluctuations that can be measured
as a result of non-linear interactions between a performer and
environmental constraints [7]. From an ecological dynamics
perspective, task constraints are a particular set of imposed
environment conditions that can be used to manipulate the
relationship between performer-environment interactions
towards an intended outcome [7]. Based on this approach,
the aim of this paper was to analyze the effects of different
practice task constraints on player heart rate variability dur-
ing 4v4 small-sided football games.

METHODS

Sixteen football players divided into two age groups
(U13, Mean age: 12.4+0.5 yrs; U15: 14.6+0.5 yrs) performed
in a small-sided game under three different practice task con-
straints. Each group completed the protocol during regular
training sessions, 96 hours after their last game. The task
consisted of a 4v4 sub-phase without goalkeepers, on a
25x15m field, of 15 minutes duration with an active recovery
period of 6 minutes between each condition (see Fig. 1). The
4v4 version of football was chosen because of evidence on
its efficacy as a practice game mode for fitness conditioning
[8]. This protocol was preceded by a patterned warm-up of
10 minutes. We recorded players’ heart rates using heart rate
monitors at 0.2 Hz (Polar Team System, Polar Electro, Kem-
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pele, Finland). The task constraint of scoring mode was
manipulated in three conditions: i) line goal, scoring by
dribbling past an extended line; ii) double goal, scoring in
either of two lateral goals; and iii), central goal, scoring only
in one goal. To ensure that there were minimal stoppages in
play during all drill conditions, 10 footballs were maintained
around the playing area to encourage quick restarts by the
players. Subsequently, %HR reserve was calculated with the
Karvonen formula. Preliminary analysis showed that HR
during the break after the initial warm-up was similar to the
other two rest periods (P>0.05). After confirmation of mean
differences between active breaks and exercise bouts
(P<0.05), rest periods were excluded from analysis. We next
performed a time-series analysis of HR for each individual
in each condition. To analyze intra-participant variability
we used an autocorrelation technique [9]. To examine inter-
participant variability we used percentage of coefficient of
variation (%CV) and percentage of root mean square differ-
ence (%RMSD) [10].
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RESULTS

Mean data of intra-participant variability showed that
autocorrelation function was associated with more short-
range dependence processes in the “line goal” condition,
compared to other conditions. Fig. (2) demonstrates for both
groups that the increase in the lag resulted in a major slope
associated with the line goal task constraint, followed by
double goal and the central goal task constraint.

Relative to inter-individual variability, %CV and %RMSD
exhibited lower values in the line goal task constraint, followed
by double goal and central goal as showed in Table 1.

DISCUSSION

The findings of the present study suggest that coaches
can change cardiovascular stimulation of youth soccer
players by modifying the key task constraint of goal scoring
mode in training. Results suggested that line goal constraints
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Fig. (1). Experimental task schematic representation. From the left to the right, figure shows line goal, double goal and central goal

conditions, respectively.
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Fig. (2). Mean data from autocorrelation technique for Under 13 (left) and for Under 15 (right).

Table 1. Inter-Participant Variability in the Three Practice Task Constraints
Line Goal Double Goal Central Goal
u13 CV: 9% CV:12% CV: 14%
RMSD: 19% RMSD: 21% RMSD: 24%
u15 CV:10% CV:12% CV: 13%
RMSD: 19% RMSD: 21% RMSD: 24%
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imposed more randomness in cardiovascular stimulation of
all individuals. This type of stimulation reproduces more
accurately the fluctuations and the intermittent profile of top
players’ activity in football [5]. Thus, this constraint can
stimulate the development of individual skills in 1-on-1 and
1-on-many sub-phases with a high level of unpredictability
in the cardiovascular system stimulation. By introducing the
double goal constraint in small-sided football games,
coaches can also increase the variability in physiological
stimulation of the players relative to more traditional central
goal drills. This strategy can assemble the beneficial effects
of developing support and game vision with a remarkable
variability in physiological stimulation.

Results also suggested that inter-individual variability
associated with the line goal task constraint is lower than that
associated with both double goal and central goal con-
straints. These effects represent more standardized cardio-
vascular stimulation of the players involved in the line goal
task. By using the line goal task constraint, youth coaches
can also guarantee more similar physiological stimulation of
all players involved in training. The equivalent cardiovascu-
lar response of U13 and U15 suggests that the practice drills
imposed similar variability in physiological stimulation,
independent of the chronological age of the players.

Quantifying neurobiological variability in human move-
ment can lead us to understand how different practice task
constraints affect the dynamics of performer-environment
interactions in sport [11]. The results of the present study
suggest that the manipulation of the key task constraint
of scoring mode in small-sided football games can be a
useful strategy for youth soccer coaches to set the required
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variability in exercise intensity, while providing tools for
enhancing tactical aspects of the game in team games
players.
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