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Objective: This study aimed to examine the occurrence of submaximal intensity 
periods (SubMIPs) across several game-based drills according to area per player 
(ApP) and drill objective, and to compare them with values recorded in 
competitive matches.
Methods: Fourteen professional football players participated. Data from 1,558 
game-based drills events and 247 competitive match records were analyzed 
using GPS technology. SubMIP events defined as efforts exceeding 85% of 
each player’s 1 min maximal intensity period (MIP) per variable, were 
calculated for distance, acceleration density (AccDens), high-speed running 
(HSR), sprints, high metabolic load distance (HMLD), and mean metabolic 
power (MetPow). Game-based drills were categorized by ApP (<75 m2, 75– 
150 m2, >150 m2) and objective (possession, four small goals, regular goals).
Results: SubMIP AccDens events were more frequent in game-based drills than 
in matches, especially in possession drills with smaller ApP. Distance and 
MetPow events increased with ApP, but none of the game-based drills fully 
replicated match-level frequencies. HSR, HMLD, and sprint events occurred 
significantly more often in matches than in any drill.
Conclusions: ApP and drill objective strongly influence physical demands. 
Although game-based drills do not replicate all match demands, they can be 
tailored to target specific SubMIP variables. The SubMIP approach provides 
valuable insights into near-maximal efforts and supports the design of 
training sessions that optimise player conditioning through repeated high- 
intensity exposures.
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Introduction

Game-based drills (hereafter “drills”) are widely used in football training since they 

combine the development of intermittent physical capacities with technical and tactical 

work and improve player motivation (1–3). In this manuscript, “drills” always denotes 

game-based drills and does not include isolated exercises (technical, physical, or of any 

other nature). Studies of these drills can address various aspects, from external and 

internal loads to the technical and tactical analyses of variables such as the number of 

completed passes and players’ spatial distribution (4–9).

Analyses of drills tend to focus on two key factors: area per player and drill objective 

(3, 4, 6, 7, 10, 11). According to previous studies, a larger ApP increases players’ lactate 
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concentration, heart rate, rating of perceived exertion (RPE), total 

distance covered, frequency of sprints, high-intensity accelerations, 

high-intensity decelerations, and maximum speed (5, 6, 10, 12–14). 

By contrast, a smaller ApP increases the frequency of moderate 

accelerations and decelerations (2–3 m·s−2) (12, 13).

A change in ApP can also in7uence the frequency of technical 

actions such as interceptions, ball controls, dribbles and shots 

(8–10). The width and length of the drills seem to affect players’ 

tactical approaches: wider pitches encourage greater use of the 

wings and more team play, whereas narrower pitches encourage 

runs in behind the defenders and a more direct style of play (2). 

In terms of physical demands, wider pitches result in more 

accelerations and decelerations, whereas narrower pitches require 

more direct runs and longer distances at high speed (15–17).

Drill objectives also affect players’ physical, technical and 

tactical responses. Drills with scoring targets at each end of the 

pitch encourage players to run further at high speed; drills 

without such targets encourage players to move at a slow or 

moderate pace (3, 7). An increase in some physical variables has 

also been noted when smaller goals are used (7). Drills with no 

scoring target or with a scoring zone led to a higher RPE 

and higher mean and maximum heart rates (3). The scoring 

target of a drill can in7uence a team’s tactics. Small goals placed 

along the end line, midway between the middle of the end line 

and each corner, increase the number of sideways passes and 

make the block less compact, whereas if there is only one scoring 

zone at each end of the pitch, players will be more direct in 

their play (8).

Studies comparing the physical demands of drills and 

competitive matches (18–21) show that drills allow players to 

reach values that are similar to or higher than mean levels in 

matches for variables such as distance covered and changes of 

pace (accelerations and decelerations), but not for distance 

covered at high speed (19, 21).

Most previous studies have compared mean demand in drills 

and competitive matches. Some studies have focused instead on 

maximal intensity periods (MIPs)—the periods, during matches or 

training drills, in which players exert the greatest physical effort. It 

has been observed that intensity levels are higher when the time 

windows are shorter (22–24). Comparisons between MIPs in drills 

and in competitive matches show that, when drills use small 

spaces, acceleration and deceleration values can be at least as high 

as during matches, but the values for distance covered, high-speed 

running (HSR) and sprints are lower (10, 12, 21, 25), except in 

10v10 drills with two goalkeepers, in which MIP sprint values 

exceeded those recorded in matches (25). This shows that, 

although drills are effective for certain MIP metrics, they are 

inadequate for others, regardless of the time window used (12, 21, 

26). A study on drills without goalkeepers found that the ApP 

required to replicate the demands of competitive matches over a 

period of 4 min was 77 m2 for accelerations and decelerations, 

90 m2 for total distance, 187 m2 for HSR, and 366 m2 for sprints. 

ApP values in drills with goalkeepers were higher (27).

Recent analyses of MIP’s using 1–10 min rolling windows 

show that true peaks occur in <1% of windows, whereas ≈95% 

of HSR/sprint and ≈85% of acceleration/deceleration/total- 

distance windows fall below the peak and vary by position. 

Thus, while MIPs capture maxima, they under-represent typical 

exposure for training prescription (28). Consequently, the use of 

MIPs as the main indicator for designing training drills for team 

sports has been questioned (18), since, although MIPs identify 

peak demands, they tend to underestimate the training intensity 

required to produce specific physiological adaptations, because 

of their focus on a single maximal intensity event (18, 29) and 

they ignore other passages of play in which intensity levels, 

though not at their peak, are still high (30, 31). Alternative 

indicators have been proposed to address this limitation. 

Submaximal intensity periods (SubMIPs), for example, allow 

near-peak demand to be analysed and are therefore better 

adapted to the intermittent nature of physical output in team 

sports (31–35). Consequently, threshold-based approaches that 

quantify exposures exceeding >85% of each player’s 1 min peak 

reveal clear positional and temporal differences. This frequency- 

based perspective captures repeated near-peak exposures that 

drive adaptation and justifies using SubMIPs (>85% of the 

1 min MIP) as a complement to MIPs (34).

The purpose of this study is: (i) to analyse players’ behaviour 

in drills using SubMIPs, with results broken down according to 

the ApP and drill objective; and (ii) to compare the results with 

those obtained in competitive matches.

Methods

Subjects

Fourteen male professional association football players 

from an Azerbaijan Premier League team took part in this 

study (weight: 73.74 ± 5.92 kg; height: 1.79 ± 0.05 metres; age: 

23.86 ± 3.58 years). Informed consent was obtained in 

accordance with the Declaration of Helsinki (36) and approval 

was granted by the Ethics Committee of the Sports Council of 

Catalonia (number 035/CEICGC/2021).

Materials

GPS devices were used at all the training sessions and 

matches analysed in the study (STATSports Apex ProSeries; 

STATSports, Newry, Northern Ireland). All players used the 

same device at all times to ensure inter-device reliability (37). 

The devices had a maximum GPS sampling rate of 18 Hz and 

included a 600 Hz accelerometer, 10 Hz magnetometer and 

400 Hz gyroscope. They weighed 45 g and measured 

33 × 80 × 15 mm. Players wore a specially designed vest that held 

the device in place in the upper back area. The vests and devices 

had been tested and no significant differences were found 

between them and other devices that had already produced 

valid, reliable data for such variables as distance covered and 

peak speed over distances of 400 m, 128.5 m and 20 m (38). The 

devices and data were processed by the same duly trained and 

experienced person.
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Data acquisition and processing

The devices were switched on 15 min before each data- 

collection session and the app STATSports Apex Live was 

used to check that they were connected. The data were then 

segmented according to whether they were collected during 

drills or competitive matches, then raw data were 

exported using STATSports software (v3.0.03112) and 

processed in R (RStudio, Boston, MA, USA). Filtering was 

applied to the horizontal speed trace to minimise high- 

frequency noise before numerical differentiation, as 

recommended to minimise noise without phase distortion and 

to improve agreement with criterion systems in team-sport 

GNSS data (39).

Speed signals were low-pass filtered with a 4th-order zero- 

phase Butterworth (forward–backward, filtfilt; fc = 0.75 Hz at 

10 Hz sampling; W = 0.15), and instantaneous acceleration 

(first derivative of filtered speed) was further low-pass filtered 

with a 1st-order Butterworth (fc = 3.25 Hz; W = 0.65). Zero- 

phase filtering removes phase distortion; the effective 

magnitude response equals the square of the single-pass 

Butterworth (39).

We analysed the following variables: HSR (>19.8 km·h−1), 

sprints (>25.2 km·h−1), acceleration density (AccDens), mean 

metabolic power (MetPow), distance covered (measured in 

metres per minute), and high metabolic load distance 

(HMLD, >25.5 W·kg−1) (24, 25, 31). An individual reference 

value (100%) was defined as the mean of the three highest 

1 min competition MIPs for each variable (per player) (31, 

33, 35). SubMIPs were detected on 60 s rolling windows with 

a 0.1 s step (10 Hz), Above-threshold windows were merged 

only when they overlapped (the next window started before 

the previous one ended). Non-overlapping windows were 

counted as separate events. Data processing was performed in 

R (RStudio, Boston, MA, USA), applying a threshold of 85% 

of each player’s individual reference for every variable to get 

the SubMIP threshold (31, 33). For each training drill, we 

extracted the number and duration of SubMIP events and 

stored all outputs in a database for subsequent statistical 

analyses. To ensure that drills and competitive-match values 

were comparable, the data were normalised by active duration 

and reported as event counts (events·min−1) and exposure 

time per drill and per match. Files not meeting GNSS quality 

criteria (≥8 satellites or no excessive dropouts) were excluded 

(24, 25, 31).

Competitive matches and drills: 
characteristics and inclusion criteria

Data were recorded in 15 matches played during the 2019/ 

20 season, in which the team adopted a 5-3-2 formation: five 

defenders, three midfielders (two defensive, one attacking) 

and two forwards. Players were included only if they played 

for at least 45 min per half in at least three halves (31, 33, 

40). Based on these criteria, 337 sets of data were obtained on 

individual player performance, of which 247 were useful for 

the analysis.

For the drills, a digital odometer was used to measure the 

length and width of the playing area to calculate the ApP 
Width � Length

Number of players

� �

. Only data for regular players, and not 

internal and external 7oaters, were used in the analysis, and 

only if the drills were conducted during a competition 

microcycle, rather than during pre-season training or weeks 

without a competitive match. In total, 1,612 individual 

records were obtained from the drills, of which 1,558 were 

included in the analysis. All training sessions were conducted 

under the same coaching staff, following a consistent 

methodology throughout the study period.

Drills were classified according to their ApP (< 75 m2, 75– 

150 m2 or >150 m2) and the type of objective (possession, four 

small goals per team along each end line (four small goals), or 

regular goals (5, 7, 11, 41) (Figure 1).

Six different drill formats were used: 

• Possession drills with an ApP below 75 m2

• Possession drills with an ApP of 75–150 m2

• Regular goal drills with an ApP below 75 m2

• Regular goal drills with an ApP of 75–150 m2

• Regular goal drills with an ApP greater than 150 m2

• Four small goal drills with ApP 75–150 m2

Statistical analysis

Analyses were conducted in R (RStudio). For each indicator 

we reported descriptive statistics of central tendency and 

dispersion by ApP (m2) and drill objective. Outcome 

distributions were inspected Q–Q plots, and Shapiro–Wilk tests 

were reported descriptively.

To test differences, we fitted generalised linear models 

(GLMs; Gaussian family, identity link; stats::glm) for each 

outcome (events·min−1). We created a single factor 

condition = ApP × objective (e.g., “<75 m2 × possession”, “75– 

150 m2 × four small goals”). The reference level was the 

competitive match play. Thus, each model coefficient (β) 

represents the mean difference vs. competition on the original 

outcome scale (events·min−1 or min·min−1). For 

interpretability we also reported an effect size ES_d = β/σ 
(σ = residual SD from the model), with 95% CIs obtained by 

dividing the β CIs by σ. Pairwise comparisons among all 

conditions were obtained from estimated marginal means 

using Tukey’s adjustment (emmeans; two-sided α = 0.05; 95% 

CIs). Model fit indices (AIC, BIC, log-likelihood, deviance, 

residual degrees of freedom, and residual SD) were recorded 

(42). Alongside p-values, we report standardized effect sizes 

for model coefficients and pairwise contrasts, computed as 

d = estimate/σ (σ = residual SD), with 95% CIs obtained by 

dividing the corresponding CIs by σ.
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Results

Descriptive results

Distance events did not occur in regular goal drills with 

ApP < 75 m2 and were rare in possession drills with the same 

ApP. They occurred in all drills with ApP 75–150 m2 (highest in 

four small goals drills), occurred infrequently in regular-goal 

drills with ApP > 150 m2, and occurred more often in 

competitive matches than in any drill format (Table 1).

AccDens events occurred in all drill formats. In drills with an ApP 

of less than 75 m2 or 75–150 m2, they occurred most frequently in 

possession drills. In all six drill formats, AccDens events occurred 

more frequently than in competitive matches (Table 1).

HSR, HMLD and sprint events were practically non-existent in 

the drills (Table 1).

The drill type in which MetPow events occurred most 

frequently was in ApP 75–150 m2 with four small goals, 

followed by ApP > 150 m2 with regular goals drills, but in 

both cases they occurred less frequently than in 

competitive matches.

Generalized linear models

Generalized linear models revealed significant differences 

between conditions (ApP category × drill objective) across all 

performance metrics (Table 2).

Distance events were more frequent in drills with larger 

ApP and in competitive matches, and less frequent in 

possession drills. AccDens events were higher in possession 

drills and lower in match play. HMLD, HSR and sprint events 

FIGURE 1 

Six game-based drill formats grouped by area per player (ApP) category: <75 m2, 75–150 m2, >150 m2. Panels show mean ± SD for pitch length/ 
width, number of players, ApP, bouts (N), and work-interval duration; dimensions were measured on-field with a digital odometer and 
ApP = (length × width) ÷ players. Objectives: POS, possession; RG, regular goals; 4SG, four small goals (two per team on each end line).

TABLE 1 Values are SubMIP events·min−1 (mean ± SD). N, number of individual player records per condition. Distance, events >85% of the 1 min MIP for 
total distance (m·min−1). AccDens, acceleration density (60 s rolling mean of |a|). HSR, high-speed running (>19.8 km·h−1). Sprint, sprint running 
(>25.2 km·h−1). HMLD, distance at metabolic power >25.5 W·kg−1. MetPow, mean metabolic power. ApP, area per player.

Condition (ApP × Objective) N Distance AccDens HSR HMLD Sprint MetPow
<75 m2 × Regular goals 109 0.000 ± 0.000 0.075 ± 0.097 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000

<75 m2 × Possession 411 0.000 ± 0.010 0.177 ± 0.163 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.010

75–150 m2 × Regular goals 319 0.001 ± 0.014 0.094 ± 0.108 0.000 ± 0.004 0.000 ± 0.004 0.001 ± 0.007 0.002 ± 0.016

75–150 m2 ×  Possession 26 0.007 ± 0.034 0.143 ± 0.159 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000

75–150 m2 × Four small goals 176 0.020 ± 0.066 0.075 ± 0.117 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000 0.007 ± 0.033

>150 m2 × Regular goals 517 0.010 ± 0.032 0.072 ± 0.084 0.000 ± 0.003 0.000 ± 0.006 0.001 ± 0.007 0.006 ± 0.023

Matches (ApP ≈ 250–350 m2) 238 0.042 ± 0.038 0.046 ± 0.034 0.004 ± 0.010 0.006 ± 0.011 0.003 ± 0.008 0.035 ± 0.033
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occurred more frequently during competitive matches than in any 

drills format.

MetPow events were higher in large-area drills (75–150 m2 

four small goals; >150 m2 regular goals) but remained lower 

than in competitive matches. Model fit was adequate across 

outcomes (AIC −14,422 to −2,754; BIC −14,378 to −2,710; log- 

likelihood 1,385–7,219; deviance 0.034–22.487; residual SD σ 
0.004–0.112), with AccDens exhibiting the largest residual 

dispersion (σ ≈ 0.112; deviance ≈ 22.49).

See Table 2 for full GLM outputs.

Effect sizes (d with 95% CIs) are reported alongside p-values; 

magnitudes were generally small–to–moderate between drill 

formats and larger for competition- vs. -drill contrasts (positive for 

AccDens, negative for distance, HMLD, HSR, sprint, and MetPow).

Post hoc comparisons using estimated marginal means 

revealed significant differences between ApP categories and 

drill objectives (Figure 2).

For distance events, ApP 75–150 m2 with four small goals 

drills showed higher values than ApP < 75 m2 possession, 

ApP < 75 m2, ApP 75–150 m2 and ApP > 150 m2 with regular 

goals drills (Δ ≈ 0.019–0.020, p < 0.001), and lower values than 

competitive matches (Δ ≈ 0.021, p < 0.001). This suggests that 

four small goals drills with moderate ApP require greater 

physical exertion than other drill formats, though still below 

match demands.

AccDens events were significantly more frequent in 

ApP < 75 m2 possession drills compared to all with regular goals 

and four small goals formats (Δ ≈ 0.08–0.10, p < 0.001), and also 

more frequent than in competitive matches (Δ ≈ 0.131, p < 0.001). 

Conversely, ApP >150 m2 with regular goals drills had lower 

AccDens than ApP 75–150 m2 possession (Δ ≈ 0.07, p = 0.027), 

highlighting the in7uence of both ApP and objective type.

For HSR, HMLD and sprint events, all values were 

significantly higher in competitive matches than in any drills 

TABLE 2 Generalized linear models, indicator (units: events·min−1). Independent variable was the condition = ApP (m2) × drill objective, with 
Competition as the reference. Each β represents the mean difference vs. that reference (on the indicator’s scale). ES_d = β/σ from the model 
(approximate 95% CIs obtained by dividing the β CIs by σ). Only terms with p < 0.05 are shown (two-sided, no multiplicity adjustment). Effect size 
reported as Cohen’s d (σ = residual SD). Magnitude is classified by |d| thresholds: trivial <0.20; small 0.20–0.49; moderate 0.50–0.79; large ≥0.80; 
the sign of β (and d) indicates direction relative to Competition.

Indicador Condición β (IC95%) SE t p Effect Size, d (95% CI) Magnitude (|d|)
AccDens <75 m2 × RG 0.029 (0.004, 0.055) 0.013 2.260 0.024 0.261 (0.035, 0.488) Small ↑ vs. Competition

AccDens <75 m2 × POS 0.131 (0.113, 0.149) 0.009 14.329 <0.001 1.167 (1.008, 1.327) Large ↑ vs. Competition

AccDens 75–150 m2 × 4sg 0.029 (0.007, 0.050) 0.011 2.569 0.010 0.255 (0.061, 0.450) Small ↑ vs. Competition

AccDens 75–150 m2 × RG 0.048 (0.029, 0.067) 0.010 4.981 <0.001 0.427 (0.259, 0.594) Small ↑ vs. Competition

AccDens 75–150 m2 × POS 0.097 (0.052, 0.143) 0.023 4.207 <0.001 0.869 (0.464, 1.274) Large ↑ vs. Competition

AccDens >150 m2 × RG 0.026 (0.009, 0.044) 0.009 2.995 0.003 0.235 (0.081, 0.388) Small ↑ vs. Competition

Distance <75 m2 × RG −0.042 (−0.049, −0.035) 0.004 −11.459 <0.001 −1.325 (−1.552, −1.099) Large ↓ vs. Competition

Distance <75 m2 × POS −0.041 (−0.046, −0.036) 0.003 −16.081 <0.001 −1.310 (−1.470, −1.150) Large ↓ vs. Competition

Distance 75–150 m2 × 4sg −0.021 (−0.028, −0.015) 0.003 −6.814 <0.001 −0.677 (−0.872, −0.483) Moderate ↓ vs. Competition

Distance 75–150 m2 × RG −0.041 (−0.046, −0.035) 0.003 −14.990 <0.001 −1.284 (−1.452, −1.116) Large ↓ vs. Competition

Distance 75–150 m2 × POS −0.035 (−0.048, −0.022) 0.007 −5.392 <0.001 −1.114 (−1.519, −0.709) Large ↓ vs. Competition

Distance >150 m2 × RG −0.032 (−0.037, −0.027) 0.002 −13.028 <0.001 −1.020 (−1.174, −0.867) Large ↓ vs. Competition

HMLD <75 m2 × RG −0.006 (−0.007, −0.005) 0.001 −9.378 <0.001 −1.085 (−1.311, −0.858) Large ↓ vs. Competition

HMLD <75 m2 × POS −0.006 (−0.0069, −0.0051) 0.000 −13.316 <0.001 −1.085 (−1.244, −0.925) Large ↓ vs. Competition

HMLD 75–150 m2 × 4sg −0.006 (−0.0071, −0.0049) 0.001 −10.910 <0.001 −1.085 (−1.279, −0.890) Large ↓ vs. Competition

HMLD 75–150 m2 × RG −0.006 (−0.0067, −0.0048) 0.000 −12.134 <0.001 −1.039 (−1.207, −0.871) Large ↓ vs. Competition

HMLD 75–150 m2 × POS −0.006 (−0.0083, −0.0038) 0.001 −5.251 <0.001 −1.085 (−1.489, −0.680) Large ↓ vs. Competition

HMLD >150 m2 × RG −0.006 (−0.0065, −0.0048) 0.000 −12.972 <0.001 −1.016 (−1.170, −0.863) Large ↓ vs. Competition

HSR <75 m2 × RG −0.004 (−0.0054, −0.0034) 0.001 −8.698 <0.001 −1.006 (−1.233, −0.779) Large ↓ vs. Competition

HSR <75 m2 × POS −0.004 (−0.0051, −0.0037) 0.000 −12.351 <0.001 −1.006 (−1.166, −0.846) Large ↓ vs. Competition

HSR 75–150 m2 × 4sg −0.004 (−0.0052, −0.0035) 0.000 −10.119 <0.001 −1.006 (−1.201, −0.811) Large ↓ vs. Competition

HSR 75–150 m2 × RG −0.004 (−0.0049, −0.0034) 0.000 −11.070 <0.001 −0.948 (−1.116, −0.780) Large ↓ vs. Competition

HSR 75–150 m2 × POS −0.004 (−0.0061, −0.0026) 0.001 −4.871 <0.001 −1.006 (−1.411, −0.601) Large ↓ vs Competition

HSR >150 m2 × RG −0.004 (−0.0049, −0.0036) 0.000 −12.408 <0.001 −0.972 (−1.125, −0.818) Large ↓ vs. Competition

MetPow <75 m2 × RG −0.035 (−0.040, −0.030) 0.003 −13.833 <0.001 −1.600 (−1.826, −1.373) Large ↓ vs. Competition

MetPow <75 m2 × POS −0.034 (−0.038, −0.031) 0.002 −19.367 <0.001 −1.578 (−1.737, −1.418) Large ↓ vs. Competition

MetPow 75–150 m2 × 4sg −0.028 (−0.0324, −0.0239) 0.002 −12.988 <0.001 −1.291 (−1.486, −1.096) Large ↓ vs. Competition

MetPow 75–150 m2 × RG −0.033 (−0.037, −0.0297) 0.002 −17.845 <0.001 −1.528 (−1.696, −1.361) Large ↓ vs. Competition

MetPow 75–150 m2 × POS −0.035 (−0.0437, −0.0261) 0.005 −7.745 <0.001 −1.600 (−2.005, −1.195) Large ↓ vs. Competition

MetPow >150 m2 × RG −0.029 (−0.0326, −0.0259) 0.002 −17.123 <0.001 −1.341 (−1.495, −1.188) Large ↓ vs. Competition

Sprint <75 m2 × RG −0.003 (−0.0047, −0.0021) 0.001 −5.074 <0.001 −0.587 (−0.813, −0.360) Moderate ↓ vs. Competition

Sprint <75 m2 × POS −0.003 (−0.0043, −0.0025) 0.000 −7.204 <0.001 −0.587 (−0.746, −0.427) Moderate ↓ vs. Competition

Sprint 75–150 m2 × 4sg −0.003 (−0.0045, −0.0023) 0.001 −5.902 <0.001 −0.587 (−0.782, −0.392) Moderate ↓ vs. Competition

Sprint 75–150 m2 × RG −0.003 (−0.0038, −0.0019) 0.000 −5.738 <0.001 −0.492 (−0.659, −0.324) Small ↓ vs. Competition

Sprint 75–150 m2 × POS −0.003 (−0.0057, −0.0011) 0.001 −2.841 0.005 −0.587 (−0.992, −0.182) Moderate ↓ vs. Competition

Sprint >150 m2 × RG −0.003 (−0.0037, −0.0019) 0.000 −6.243 <0.001 −0.489 (−0.643, −0.336) Small ↓ vs. Competition

ApP, area per player (m2); RG, regular goals; POS, possession; 4 sg, four small goals; HSR, high-speed running; HMLD, high metabolic load distance; MetPow, metabolic power.
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format (Δ ≈ 0.0028–0.0060, p < 0.001), reinforcing the idea that 

matches induce more intense locomotor demands than 

training drills.

Finally, MetPow events occurred more frequently in matches 

(Δ ≈ 0.029–0.035, p < 0.001) and were also significantly higher in 

ApP 75–150 m2 with four small goals and >150 m2 with regular 

goals drills than in ApP < 75 m2 possession (Δ ≈ 0.005–0.006, 

p < 0.05), suggesting that larger spaces and goal-oriented tasks 

contribute to greater metabolic loads (Figure 3).

Discussion

The objectives of this research were to identify differences in 

the occurrence of SubMIP events in drills by ApP level and drill 

objective, and to compare the results with the occurrence of 

such events in competitive matches. Differences in the frequency 

of SubMIP events suggest that the ApP and the drill objective 

significantly in7uence the physical demands on players. These 

differences are consistent with comparisons between drills and 

competitive matches, which reveal that some drill formats fail to 

replicate the demands of competitive matches for some 

variables, but generate higher values for others, such as 

AccDens. The results suggest that drills should be refined to 

better simulate the demands of competitive matches to ensure 

that players are properly stimulated across all key 

performance metrics.

The SubMIP approach takes the analysis beyond peak exertion 

levels. By also covering repeated and accumulated near-peak 

exertion periods, this approach offers a more accurate picture of 

sustained performance in the various drill formats. To the best 

of the authors’ knowledge, no previous study has included in- 

depth analysis of SubMIP events in several drill formats.

In formats with an ApP below 75 m2, HSR, HMLD, sprint and 

MetPow events were noticeably absent, probably because a small 

playing area prevents players from reaching high speeds as 

frequently. In the same formats, SubMIP distance events 

occurred less frequently than in drills with a higher ApP and in 

competitive matches, which is consistent with previous studies 

that analysed mean demand (5, 6, 10, 13, 20) or MIP (21, 25). 

This finding provides further evidence of the benefits of 

analysing SubMIP events, since it shows that some near- 

FIGURE 2 

Estimated marginal means (±95% CI) of SubMIP event rates (events·min−1) for game-based drills by area per player (ApP: <75, 75–150, >150 m2) and 
drill objective. Lines/markers 4 sg (red), four small goals; POS (green), possession; RG (blue), regular goals. Semi-transparent dots show raw drill 
observations (jittered). Variables: Distance (m·min−1 AccDens, acceleration density; HSR, high-speed running (>19.8 km·h−1, Sprint (>25.2 km·h−1); 
HMLD, high metabolic-load distance (>25.5 W·kg−1); MetPow, mean metabolic power. Estimates are from GLMs (Gaussian, identity) with 
condition = ApP × objective; contrasts and CIs obtained via estimated marginal means (emmeans). Competitive match (Comp MD) is not 
displayed in this figure.
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maximal exertion periods are limited by the space available to 

players, thus highlighting specific conditions that affect player 

performance in these variables.

AccDens events, by contrast, occurred most frequently in 

formats with an ApP below 75 m2, especially in possession 

drills, with frequencies exceeding those observed in competitive 

matches and all other drill formats except ApP 75–150 m2 

possession. The higher number of AccDens events in possession 

drills is consistent with the results of previous studies that 

compared drills with and without goalkeepers (27, 43).

The higher frequency of SubMIP AccDens events in drills with 

a smaller ApP could be because the smaller team sizes in such 

formats encourage players to increase their movement (more 

off-the-ball movements for the team in possession and more 

defensive duels) and because players accelerate from a stationary 

position. In competitive matches, by contrast, such actions are 

more intense but less frequent. In other words, a smaller ApP 

increases the frequency of such actions, whereas a larger ApP 

increases their intensity (13).

Formats with an ApP of 75–150 m2 had a greater impact on 

distance events than formats with a smaller ApP (Figure 3). 

Although drills with a larger playing area allow greater 

movement, the space is still too restricted to replicate the 

demands of competitive matches, as indicated in previous 

studies (10, 20, 21, 25). In the ApP 75–150 m2 with four small 

goals format in particular, AccDens values were significantly 

higher than in all other drill formats except in possession with 

ApP 75–150 m2 drills, probably because players had to move 

constantly to cover their goals and to create space with lateral 

passes, which encouraged greater width and forced players to 

cover greater distances (7, 8). These results highlight the 

advantage of using SubMIP analysis to measure the 

FIGURE 3 

Percentage of SubMIP events (events·min−1) in each drill format, expressed relative to competitive match values (MD = 100%). ApP bands: <75 m2 (75), 
75–150 m2 (75–150), >150 m2 (150). Drill objectives: POS, possession; 4 sg, four small goals; RG, regular goals (with goalkeepers). Variables: Distance 
(m·min−1), AccDens, acceleration density; HSR, high-speed running (>19.8 km·h−1); Sprint (>25.2 km·h−1); HMLD, high metabolic-load distance 
(>25.5 W·kg−1); MetPow, mean metabolic power. Bar-top annotations: MD, significantly different from competitive matches (p < .05); the 
additional labels under “MD” list other drill conditions that differ significantly from the current bar (Tukey-adjusted post-hoc from GLM with 
Gaussian identity via emmeans).
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accumulation of efforts that involve significant sustained exertion 

despite not representing maximum match-level intensity.

AccDens events were more frequent in ApP 75–150 m2 

with regular goals and possession drills than in competitive 

matches, which suggests that drills with an ApP of 75–150 m2 

frequently force players to change pace. This finding—which 

held true irrespective of whether the comparison was with 

competition averages or various MIP time windows—supports 

the idea that almost any drills format can stimulate players 

to equal or surpass the changes of pace they make in 

matches (20, 23, 25).

The results of this study confirm that, for possession drills to 

stimulate SubMIP AccDens events more than competitive 

matches, the ApP can be smaller than the level suggested 

previously based on an analysis of the mean levels of the 

variables (27). It is important to bear in mind, however, that the 

two studies were not identical, though they did address similar 

aspects, including how the ApP affects the changes of pace 

required of players.

For higher-intensity events, such as HSR, HMLD and sprints, 

an ApP of 75–150 m2 did not replicate the demands of SubMIP 

periods in competitive matches, which indicates that during 

matches, players engage in high-speed actions more frequently 

than during drills (21, 27, 44). The ApP required to replicate 

those demands is estimated at 166 m2 for HSR and 295 m2 for 

sprints when using conventional metrics. These estimates 

increase to 187 m2 for HSR and 366 m2 for sprints in the MIP 

analysis (27, 44) regular goals drills were the only ones in which 

SubMIP events were recorded for these variables and, though 

the results were not statistically significant, they add weight to 

the hypothesis that the type of objective modifies players’ 

tactical behaviour and the physical demands placed on 

them (13, 27).

For the MetPow variable, although an ApP of 75–150 m2 

generated some SubMIP events, they were significantly less 

frequent than in competitive matches, which suggests that 

metabolic demands are higher during matches and cannot be 

fully replicated with an ApP of 75–150 m2. The estimated 

minimum ApP required to replicate match-level per-minute 

stimuli is 177 m2 (27). The only significant difference was found 

in the ApP 75–150 m2 four small goals format drills, in which 

the values were higher than in ApP < 75 m2 possession drills, 

probably due to players’ unique tactical behaviour in this 

format, as discussed previously.

Analysis of the results in the drills with an ApP that was 

greater than 150 m2 shows that distance events occurred less 

frequently than in competitive matches and App 75–150 m2 four 

small goals drills, but more frequently than in regular goals 

drills with the same ApP (which use the same type of scoring 

target). This suggests that, when players have more space, they 

have more freedom to move around and therefore to engage in 

more SubMIP events, albeit without replicating the values 

attained during matches (5, 6). This result differs from the 

results observed in studies based on per-minute averages (44) or 

in MIP analysis (25), in which match-level values were reached. 

One possible explanation is that the ApP of these >150 m2 with 

regular goals drills was often below the 187 m2 threshold that, 

according to Ribioli et al. (2020), is necessary for match-level 

values to be attained. Furthermore, given that the threshold 

needs to be exceeded for 1 min to generate SubMIP events, 

the duration of a drill is an important variable, since the 

analysis is not limited to isolated exertion periods, unlike in 

previous studies.

The frequency of SubMIP AccDens events in ApP > 150 m2 

with regular goals drills was significantly lower than in ApP 75– 

150 m2 and < 75 m2 possession drills, probably because larger 

spaces reduce the need for changes of pace and because players’ 

tactical behaviour changes when the drill objective is different. 

The effect of the ApP on SubMIP AccDens events is consistent 

with the inverse relationship between the ApP and moderate 

accelerations identified in previous studies (12, 13, 21). The 

values attained in this format exceeded the mean SubMIP 

AccDens values recorded in competitive matches, which is also 

consistent with previous analysis of MIP values for changes of 

pace (12, 23).

High-intensity events such as HSR, HMLD, sprints and 

MetPow occurred in ApP > 150 m2 with regular goals drills 

less frequently than in competitive matches, but slightly more 

frequently than in other drills. The additional space allowed 

players to reach higher speeds (13, 21), but not enough to 

replicate the SubMIP values of competitive matches. This was 

consistent with the findings of previous MIP analyses (12, 

21). In studies that analysed mean values for these metrics, by 

contrast, it was shown that drills with a larger ApP could 

replicate the demands of competitive matches (25).

Finally, the only drills in which SubMIP HSR, HMLD and 

sprint events occurred—albeit without significant differences 

—were the two regular goals drill formats with an ApP 

greater than 75 m2. This finding adds weight to the idea that, 

in regular goals drills, players adopt tactics that encourage 

HSR (13).

This study has several limitations. First, its analysis of only six 

drill formats limits the broader applicability of the results. Second, 

the use of different scoring targets with different pitch sizes may 

have in7uenced players’ physical responses. Third, the specifc 

and small sample size may limit statistical power and 

generalizability. Finally, the results depend on MIP values that 

vary from one player to another.

Conclusions

The frequency of SubMIP events differed significantly among 

different types of drills and between drills and competitive 

matches. The ApP and drill objective strongly in7uence the 

physical demands on players. Although some drill formats did 

not fully replicate the demands of competitive matches, 

AccDens values were similar—and sometimes higher—than the 

values attained in matches. Furthermore, the SubMIP approach 

allows detailed monitoring of the repetition and accumulation of 

near-peak exertion periods, allowing coaches to better optimise 

training loads.
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Practical applications

The results suggest that drills can be adapted to better address 

the demands of competitive matches. To stimulate high-intensity 

events such as HSR and sprints, drills should have an ApP 

greater than 150 m2 and should be supported by specific high- 

speed exercises. The intensity of certain variables in regular 

goals drills could be increased to levels near those of 

competitive matches. Small spaces (ApP < 75 m2 per player) lead 

to more demanding SubMIP AccDens events and require 

players to engage in changes of pace more frequently, especially 

in possession drills. Since no single drills format replicates all 

the demands of competitive matches, coaches should combine 

different ApP levels and drill objectives to ensure that players 

are fully stimulated during training sessions. Where feasible, 

coaches should ensure that players attain near-match SubMIP 

levels during the training week.

While our study did not track injuries, frequent SubMIP 

exposures re7ect repeated near-maximal demands. When poorly 

periodized (e.g., abrupt increases across key external-load 

parameters), such exposures may contribute to maladaptation, 

potentially affecting readiness and injury risk. Conversely, 

progressive, individualized dosing of drill formats with higher 

SubMIP occurrence can better align training with match 

demands while managing risk.

This methodological proposal allows loads to be adapted to 

the individual needs of each athlete. SubMIP-based analysis 

provides an additional tool for the detailed monitoring of 

physical demands in sports with intermittent loads.

Perspectives

Researchers should explore a wider range of drill formats, 

examine alternative temporal windows for SubMIP detection (in 

addition to the 60 s window) and develop a standardized 

methodology for analysing SubMIP events. They should also 

continue to investigate training loads, since the frequency and 

intensity of effort needed to optimise the adaptation of 

individual athletes remains unknown.
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