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ABSTRACT: This study aimed to analyze within- and between-player variations of peak speed and sprinting
actions occurring in small-sided games (SSGs: 1v1 and 5v5). The study followed a cohort study design. Twenty
male youth soccer players (age: 17 years old) from the same team were observed over four consecutive weeks.
Each week, the players participated in two sessions (day one and day two) during which SSGs were applied. The
1 vs. 1 format was employed with four repetitions of thirty seconds interspaced with two-minute rest intervals,
while the 5 vs. 5 format with four repetitions of four minutes and two-minute rest intervals between them. The
players were monitored during all training sessions with the Polar Team Pro. The peak speed attained in each
game, and the number of sprints were extracted as the primary outcomes. The between-player variability revealed
a lower coefficient of variations for peak speed in the 1 vs. 1 (13.9%) and 5 vs. 5 (10.9%) formats than for sprints
(1v1: 64.7%; 5v5: 65.5%). Considering the within-player variability, it was observed that sprints were more
variable (1 vs. 1: 62.1%; 5v5: 65.7%) than peak speed (1 vs. 1: 16.4%; 5v5: 14.0%). The between-session
analysis revealed that during week 1 (day 1), peak speed was significantly higher than during week 3 (day 1) in
the 1 vs. 1 format (+3.0 km/h; p = 0.031; d = 1.296). Moreover, peak speed during week 3 (day 2) was
considerably lower than during week 1 (5.9 km/h; p < 0.001; d = 1.686) and week 2 (5.0 km/h; p = 0.001;
d = 1.639). The between-session analysis showed no significant differences in the sprint between the sessions
on day 1 (p > 0.05). However, on day two, the sprint was substantially higher during week one than during
week four in the 5 vs. 5 format (+5.40 n; p = 0.002; d = 2.571). In conclusion, this study revealed that peak
speed presents lower within- and between-player variability than the number of sprints. Considering these two
measures, there are no considerable variations between the weeks. Coaches should consider identifying strategies
to stabilize the stimulus regarding the number of sprints if this represents one of the targets for employing SSGs.
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Small-sided games (SSGs) are widely used in soccer training [1].
Among the main reasons they are such a common training tool is
the possibility to integrate technical, tactical, and physical stimuli [2]
and the constraints manipulation that allows directing adaptation
towards training goals [3, 4]. However, as in all game-based training
scenarios, small-sided games are subject to intrinsic variability from
session to session (between-session variability) and from bout to

bout (within-session variability), which might be seen as a threat to
this training tool [5]. Although variations in match-related variables,
due to the unpredictable nature of match-actions, are extensively
reported in the literature [6], enormous variations in players’ re-
sponses during training sessions with small-sided games might bias
training planning. For example, a coach’s ability to choose a spe-
cific format [7] to nurture a particular physical attribute (e.g.,
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accelerations) might be impaired if the same SSG allows players to
experience five accelerations per minute in one training session but
only one action per minute in the following session. For this reason,
it is worth investigating locomotor responses’ within- and be-
tween-variability when adopting SSGs in soccer training.

Previous studies showed contradictory results on this topic. On
the one hand, a recent systematic review indicated that high-inten-
sity locomotor demands presented high between- and within-ses-
sion variability [8]. However, total distance and distances at low
speeds showed small-to-moderate within-session variability. On the
other hand, another study revealed that both GPS and accelerome-
ter-based variables showed excellent reliability (low variability) in the
between-session analysis [9]. The differences in the study designs
and the control of intervening variables might explain the dissimilar-
ities in the results. Further research is required due to the need for
more agreement in the literature on this topic.

Although SSGs might present inherent variability, the possibility
of manipulating task constraints might affect the variability of re-
sponses across multiple trials [10]. For example, it has been shown
that physiological responses were less variable in 4 vs. 3 than in the
3-a-side SSG [11]. On the other hand, another study concluded that
increasing a format (from 2-a-side to 6-a-side) did not affect the vari-
ability of physical responses [12]. However, continuous SSGs showed
lower variability when compared to interval formats. Similarly, there
were no differences in reliability levels between games with and with-
out the offside rule [9], although the non-offside condition is likely

Piotr Makar et al.

to increase spatial exploration [13]. These variations are not restrict-
ed to locomotor responses, as they are also evident in technical [14]
and tactical [11] responses. Besides the inconclusive evidence of
the influence of the SSG format on the variability of locomotor re-
sponses, different SSGs can elicit different responses from players.
For example, larger formats are usually associated with larger areas,
allowing players to cover distances at higher speeds than smaller for-
mats [15, 16]. This indicates that manipulating the SSG format
makes it possible to induce different adaptations from players. Con-
sequently, by investigating the variability of responses of different
SSGs —such as 1 vs. 1 and 5 vs. 5 — coaches can be provided with
valuable information on which configurations might present more
stable responses over time.

While variability might play an important role in youth soccer re-
garding tactical development [17], it might negatively affect the qual-
ity of the training prescription regarding locomotor responses. Previ-
ous studies showed that within the same session, players positively
change their tactical responses [18]. Consequently, it is expected
that within-session variability can be present due to players’ adapt-
ability to the task. Additionally, previous studies reported that SSGs
could provide adequate stimuli to develop aerobic skills [19, 20].
Therefore, owing to physical improvements over time, between-ses-
sion variability can also be expected, irrespective of the training for-
mat. Finally, as players tend to have more options to act and explore
larger areas in larger formats, the format may affect variability and
lower locomotor variations in smaller formats. Based on this
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FIG. 1. Timeline of the study.
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Variability of peak speed and sprinting actions during SSGs

rationale, the aims of the study are twofold. Firstly, to investigate the
within- and between variability in peak speed and sprinting actions
during small-sided soccer games, and secondly, to compare variabil-
ity between 1 vs. 1 and 5 vs.5. The formats were selected because
the 1 vs. 1 represents the minimum format occurring in SSG (a duel)
in which individual participation is exacerbated. The 5 vs. 5 was se-
lected considering that it is one of the most typical formats employed
in SSGs representing medium sided-game typically used for impos-
ing a high metabolic effort while having the opportunities to explore
the main tactical and collective principles of play and in which the
individual participation is regulated for the collective dynamics.

MATERIALS AND METHODS
Study design

The current research followed a repeated measures design in which
the same participants took part in each condition of the independent
variable (format of SSGs). Half of the participants were enrolled in
performing the 1 vs. 1 format two days (day one and day two) a week
over four consecutive weeks, while the other half completed the 5 vs.
5 format two days (day one and day two) a week over four consecu-
tive days.

Setting and context

Figure 1 presents the timeline of the study. The observation period
started on May 11, 2022, and ended on June 3, 2022. The sessions
began at the same time (5 pm) and were preceded by 24-h rest. The
sessions always occurred at the same pitch (synthetic turf). The
environmental conditions were as follows: May 11, temperature 23°
and relative humidity 65%; May 13, temperature 21° and relative
humidity 57%; May 17, temperature 26° and relative humidity 63%;
May 19, temperature 19° and relative humidity 67%; May 25, tem-
perature 17° and relative humidity 65%; May 27, temperature 16°
and relative humidity 62%; June 01, temperature 28° and relative

TABLE 1. Characteristics of the small-sided games.

humidity 43%; and June 03, temperature 14° and relative humid-
ity 68%.

Participants
A convenience sampling method was employed. The sample size was
calculated a priori in G*power (version 3.1.9.6.). For power = 0.80,
effect size = 0.5 (medium), the recommended total sample was 21.
The participant recruitment was performed among 23 players of the
same team. The inclusion criteria for the study were as follows: (i)
outfield players; (ii) players who participated in all training sessions
on the days of data collection (8 training sessions over four consecu-
tive weeks); (iii) players who did not take any drugs or energy drinks,
or who did not change any of the daily dietary routines. From an
initial group of twenty-three players, twenty male youth soccer players
were selected (age: 17 years old; 7.5+ 1.5 years of experience;
176 = 5.3 centimeters of stature; 67.4 + 4.9 kilograms of body mass;
final velocity at 30-15 Intermittent fitness test: 19.6 + 2.1 km/h).
All of them volunteered to participate in the study. Simple random-
ization was performed to allocate the participants into two groups:
a group of the 1v1 format (n = 10; enrolled in 8 sessions of the
1v1 format) and a group of the 5v5 format (n = 10; enrolled in
8 sessions of the 5v5 format). The participants and their legal guard-
ians were introduced to the study design and informed about the risks
and benefits of participating. They were also reminded of their right
to withdraw from the research without penalty. Once the participants
agreed to participate in the study, the guardians signed a consent
form. The study followed the ethical standards for medical research
involving human subjects described in the Declaration of Helsinki.

Small-sided games

The SSGs were preceded by the FIFA11+ warm-up programme [21].
The 1 vs. 1 and 5 vs. 5 formats was employed over eight sessions
(two days a week over four consecutive weeks). One group of players

lvl 5v5
Scoring method A small goal (2 x 2 m) without goalkeeper A small goal (2 x2 m) without goalkeeper
Pitch size 15x10 m 40x30 m
Length: width ratio 1.5 1.3
Area per player 75 m? 120 m?
Repetitions per session 4 4
Time per repetition 30 seconds 4 minutes
Rest between repetitions 2 minutes 2 minutes
Mode of rest Passive Passive
Verbal encouragement No No

Specific rules

No offside rule; Ball reposition with the foot

No offside rule; Ball reposition with the foot
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(n = 10) performed only the 1 vs. 1 format, while the other group
(n = 10) only used the 5 vs. 5 format. The characteristics of the 1 vs.
1 and 5 vs. b formats are presented in Table 1. The players were
divided into teams based on the perception level of quality defined by
the coach. The same players always had the same opponents and
teammates (in the case of 5v5). [21]No verbal encouragement was
given. The players were not provided with a strategic definition.

Monitoring peak speed and number of sprints

The players were monitored with the Polar Team Pro Global Position-
ing System (10 Hz, Polar, Finland). The devices had been previ-
ously tested and were found to have a good validity and reliability
level to measure distances covered at different thresholds [22], par-
ticularly in determining peak speed [23]. The Polar Team Pro sensors
were positioned in the center of each player’s chest and fixed with
a band. The players always had the same sensor and band to avoid
inter-unit variability. For each repetition, the peak speed detected
and the number of sprints performed (running action performed at
or above 25 km/h) was collected. For each session (day), the high-
est peak speed of all repetitions and the average number of sprints
across repetitions were registered. These were the main outcomes
used for further data treatment.

Statistical procedures

The descriptive statistics is presented in a form of mean and standard
deviation. The coefficient of variation (expressed as percentage) was
also used to determine the between-session variability (heterogene-
ity of responses between the players) and the within-player vari-
ability (heterogeneity of responses of the same player across re-
peated measures). Normality of the data was checked using the
Shapiro-wilk and was confirmed for different days and formats, tak-
ing into consideration both main outcomes (p > 0.05). Similarly,
the Levene's test also confirmed homogeneity of the sample
(p > 0.05). Based on these assumptions, a mixed ANOVA
(time*format of SSGs) was executed to analyze the variations of the
main outcomes between the observation days. Partial eta squared
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() was used as the effect size for the mixed ANOVA. The Bonferroni
test was used as post-hoc test. Additionally, the standardized effect
size of Cohen (pooled standard deviation method) was executed to
estimate the effect size of pairwise comparisons. The statistical pro-
cedures were executed in the SPSS software (version 28.0.0.0, IBM,
Chicago, USA) for a p < 0.05.

RES U LTS 150
Table 2 presents the between- and within-player variability (expressed
as coefficient of variation) for the 1 vs. 1 and 5 vs. 5 formats per-
formed over a 4-week observation. The between-player variability
(i.e., variability within the format and session) revealed a lower coef-
ficient of variations for peak speed in the 1 vs. 1 (13.9%) and 5 vs.
5 (10.9%) formats than for sprints (1 vs. 1: 64.7%; 5v5: 65.5%).
Considering the within-player variability (i.e., variability of the same
player across different weeks), it was observed that sprints were
more variable (1 vs. 1: 62.1%; bvb: 65.7%) than peak speed
(Ivs.1:16.4%; 5v5: 14.0%).

Figure 2 presents the within-player variability of the peak speed
over the observation period. The Mixed ANOVA (time*format) re-
vealed no significant influence on the peak speed of day one
(F=1.463; p = 0.246; = 0.075). However, there was a consid-
erable impact on the peak speed of day two (F = 3.276;
p = 0.028; = 0.154). There were no significant differences in the
peak speed of day one between the 1 vs. 1 and 5 vs. 5 formats
(p = 0.385) and day two (p = 0.450). The between-session anal-
ysis revealed that week 1 (day 1) had a noticeably higher peak speed
than week 3 (day 1) in the 1v1 format (+3.0 km/h; p = 0.031;
d = 1.296). Moreover, week 3 (day 2) had a significantly smaller
peak speed than weeks one (5.9 km/h; p < 0.001; d = 1.686)
and two (5.0 km/h; p = 0.001; d = 1.639).

Figure 3 presents the within-player variability of the peak speed
over the observation period. The Mixed ANOVA (time*format) re-
vealed no significant influence on the number of sprints of day one
(F =0.272; p = 0.774; = 0.015) and day 2 (F = 1.497;
p = 0.226; = 0.077). No substantial differences were found in the

TABLE 2. Between- and within-player variability for peak speed and sprinting count in the 1v1 and 5v5 formats.

Overall Overall Day 1 Day 1 Day 2 Day 2

Outcome  Format (Mg;’:':gm BPV WPV (MeZ":lyilSD) BIZV w:;v (Mezflyfsm B;V w:;v
(CV%)  (CV%) (CV%)  (CV%) (CV%)  (CV%)

Peak Speed (km/h) 1vl 21.1+35 139 164 206=3.1 132 151 217+38 146 159
Peak Speed (km/h) 5v5 21.2+3.1 109 140 202+25 118 108 222+33 100 150
Sprint (n) vl 54+37 647 621 52+28 529 477 57=45 765  73.2
Sprint (n) 5v5 53+38 655 657 46+38 765 665 61+37 542 578

BPV: between-player variability (represents the average of coefficient of variation within the format and session); WPV: within-player
variability (represents the average of coefficient of variation of each player across the different days analyzed); SD: standard deviation
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number of sprints of day one between the 1 vs. 1 and 5 vs. 5 for-
mats (p = 0.556) and day two (p = 0.576). The between-session
analysis revealed no considerable differences in the number of sprints
between the sessions on day one (p > 0.05). However, on day two,
the number of sprints was significantly higher during week one than
during week 4 in the 5v5 format (+5.40 n; p = 0.002;d = 2.571).

DISCUS'S 1O /N 5
The current research revealed that the number of sprints presents
higher between- and within-player variability. At the same time, the
peak speed seems less variable in both play formats and across the
repeated measures considered. Moreover, although considerable
punctual differences were observed in the peak speed and the num-
ber of sprints between the weeks, most variations were insignificant.
Finally, no substantial differences between the formats regarding the
peak speed and the number of sprints were found.

Peak speed is one of the measures commonly inspected by sports
scientists and coaches to identify a mechanical intensity level to which
a player is exposed from a neuromuscular perspective [24, 25]. Peak
speed is also a way to promote a mechanical stimulus to promote
positive physical adaptation in soccer players [25, 26]. Since SSGs
are common tasks coaches use to introduce a physical stimulus, it is
important to understand how the between- and within-player variabil-
ity can occur. The current research revealed that the peak speed pres-
ents the between-player variability around 11 and 14% (for the
5v5and 1v1 formats, respectively) and the within-player variability
around 14 and 16% (for the 5v5 and 1v 1 formats, respectively). Al-
though no comparative study has been reported, the variability of
peak speed in small-sided games, the values registered are good since
variability for high-speed running (as an example) usually varies be-
tween 45 and 146% [27]. Although the values attained were rela-
tively low (~21 km/h), the variability within- and between players is
not high, which is an exciting perspective for coaches. It is well-known
that SSGs (notably smaller formats) do not allow a great velocity stim-
ulus since fields are small and do not allow them to achieve high val-
ues of speed [28]. However, with the low between-player and with-
in-player variability, it is more expectable for coaches to recognize the
dose of stimulus that will be introduced. The fact that the 1 vs. 1 and
5 vs. b formats were used also weakened the hypothesis of high het-
erogeneity since a play is less structured than a bigger format, and
players may play more similarly in a field.

The second main outcome analyzed in this research was the num-
ber of sprints. In this case, the variability was higher than the peak
speed. The between-player variability fluctuated between 55 and
56% of the coefficient of variation, while within-player variability var-
ied between 62 and 66%. Previous studies reported that sprints
could vary between 50 and 140% [29]. Although GPS devices may
be less accurate and generate greater errors in high-intensity de-
mands, it is also important to mention that 10 Hz GPS is adequate
to ensure the quality of the retrieved data [22]. One of the explana-
tions for higher variability in the number of sprints can be the game
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dynamics which depends on contextual factors such as tactical be-
havior, match status, and opponent’s skills [30]. Therefore, higher
variability is expected since the game dynamics may influence expo-
sure to high-demanding running activities. This is also observed in
regular official matches [31]. One of the indications that should be
disclosed is that coaches must monitor locomotor demands in SSGs
to avoid situations of under or over-stimulus. When using SSGs, it is
important to monitor and compensate players with less stimulus with
additional sprint exposure [24].

The current research also tested repeated measure variations for
each of the formats of a play. Although some significant differences
were observed, most pairwise comparisons did not reveal consider-
able changes. This may suggest that the pooled data may have hid-
den within-player variability, which should be considered an alert for
coaches. Looking into the mean may not reveal how the load is float-
ing for each player. Thus it is vital to apply strategies of locomotor de-
mands and monitor to identify the impact of the on each player.

This study presents some limitations. Because a crossover design
was not used in the study, it is impossible to identify the effects of
testing the same players with other formats. Moreover, the data have
been collected from the same team, which does not allow a profound
generalization of the findings. Future research should consider the ex-
tension of the number of teams included and the identification of how
other SSG constraints may play a role in variability. It is also recom-
mended that future research may combine information from situation-
al factors and tactical-technical variables while combining them with
variations in locomotor responses. That will open the view for the char-
acterization of the processes that may justify the variability.

However, despite the limitations, the study is one of the few cen-
tering research on the peak speed and the number of sprints vari-
ability in SSGs, which may help coaches to identify how the expo-
sure of soccer players to this type of event can vary. It is recommended
to monitor players during SSGs and to apply compensating strate-
gies to stabilize the stimulus in players that require such attention.

CONCLU SO N S 50—
This study revealed that peak speed presents lower between- and
within-player variability than the number of sprints in the 1v1 and
5vb formats. Moreover, despite some differences in repeated mea-
sures over four weeks, most pairwise comparisons did not reveal
significant changes in the exposure to the peak speed and the num-
ber of sprints. It is recommended that coaches should consider an
individual monitoring process during SSGs and stay attentive to the
variability of high-intensity demands, such as the number of sprints,
to avoid under or over-stimulus for this important indicator.
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