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INTRODUCTION
Recent technological advances such as electronic performance track-
ing systems (EPTS), including inertial measurement units (e.g. ac-
celerometers and gyroscopes) (IMU) [1, 2] and local positioning 
systems (LPS) [3] have allowed for basketball players to be monitored 
during training and games. There are several advantages to using 
this technology, including the capability to quantify the external loads 
of several players simultaneously to gather monitoring data efficient-
ly in real time [4]. In this regard, external load is regarded as the 
physical load performed (e.g., duration, distance), which is deter-
mined by the organization, intensity, and quantity of exercise [5].

It is essential to quantify the external loads experienced during 
games among various samples of basketball players to develop train-
ing and recovery plans that are specific to player sex, competition 
level, and age. Regarding player age, quantifying external game loads 
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among junior basketball players (< 18 years of age [U18]) is of par-
ticular interest given the importance of understanding the ratio of 
competition-to-training demands in optimizing the overall loading 
placed on young athletes across their development pathway [6]. In 
this way, external load data reported for U18, international, male 
basketball players (16.9 ± 1.1 years) show that basketball is an acy-
clic, high-intensity sport where playing time is mostly (93%) spent 
standing, walking (< 7 km · h−1), or jogging (7–14 km · h−1) [3]. 
These low-intensity movements are interspersed with high-intensity 
efforts [7, 8], during which players attain their peak demands 
(PD) [9–11]. Quantifying the external PD encountered by U18 bas-
ketball players during games is particularly important given the in-
tensities detected can guide optimal training prescription to best pre-
pare players to cope with most demanding scenarios experienced 
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across 1-min time windows than adult, male basketball players 
(19.6 ± 1.5 years) within a Euroleague academy setting [18].

Research ascertaining whether external PD differentiate team suc-
cess across games and individual quarters considering the score-line 
margin will provide evidence for basketball practitioners to formulate 
training strategies to optimize player readiness for games and likeli-
hood of team success. Therefore, the aim of this study was to quan-
tify and compare the PD encountered according to game result (win 
vs. loss), quarter result (win vs. tie vs. loss), and quarter point dif-
ference (± difference in scores) across different time windows and 
external load variables in U18, male basketball players. Based on 
existing data [13, 14], it was hypothesized that losing teams would 
experience greater external PD across games and in individual 
quarters.

MATERIALS AND METHODS 
Sample
Male basketball players from the same team competing in the high-
est regional division of an U18 Spanish basketball competition 
(n = 13, mean ± standard deviation [SD]: age 16.6 ± 1.0 years, 
height 197.6 ± 8.0 cm, body mass: 87.8 ± 7.7 kg) were monitored 
during nine official games played in the same stadium. For inclusion 
in the study, players had to complete at least 15 min of playing time 
in at least five of the nine games. Furthermore, to ensure adequate 
time windows for external PD variables could be calculated in each 
quarter, data from players who did not complete at least 5 min of 
playing time in a specific quarter were removed from individual quar-
ter analyses but not entire game analyses. Playing time was classified 
as the time (min) each player was on the court during games, includ-
ing stoppages (i.e., free-throws, fouls, out-of-bounds, rule infringe-
ments) but excluding warm-up, breaks between quarters, and time-
outs. Consequently, three players originally recruited for the study 
did not meet the inclusion criteria and were excluded from final 
analyses, resulting in 13 players being retained in the study. Consid-
ering entire game analyses, 117 game samples were included in 
final analyses. Considering individual quarter analyses, 198 quarter 
samples were excluded due to players not attaining at least 5 min 
of playing time, resulting in 270 quarters samples across the 13 play-
ers remaining in final analyses. This study was conducted in accor-
dance to the Declaration of Helsinki [19] and approved by the Insti-
tutional Review Board of the Polytechnic University of Madrid, Spain.

Procedures
This observational investigation was conducted across a 5-month 
period throughout the 2019–2020 season. Each player wore a device 
(Vector S7; Catapult Sports, Melbourne, Australia) in a bespoke pock-
et within a vest positioned on the upper thoracic spine between the 
scapulae. The devices contained an accelerometer (± 16 g, 100 Hz), 
magnetometer (± 4,900 µT, 100 Hz), gyroscope (up to 2,000 deg/
sec, 100 Hz), and LPS. The ClearSky LPS (ClearSky S7, 10 Hz, 
firmware version 5.6.; Catapult Sports, Melbourne, Australia) is an 

during games [12] and to assist these young players in transitioning 
to adult competitions. External PD are considered the most intense 
activity periods experienced by basketball players for a selected vari-
able across a specified timeframe of interest [11, 12].

Theoretically, the ability to achieve higher external PD during 
games could indicate players may be capable of attaining a superi-
or playing pace at key stages across games. In turn, superior play-
ing pace may indicate an ability to outplay opponents from a phys-
ical perspective and improve the likelihood of making successful 
plays, contributing to team success [13]. Alternatively, higher exter-
nal PD during games may be reflective of game contexts in which 
a team, that is losing at the time, might elevate playing intensity to 
improve the score-line. However, it is currently unknown whether 
the external PD reached during games differentiate team success. 
Nevertheless, recent evidence exploring the average external inten-
sities completed across entire games demonstrated that players in 
the bottom four teams completed significantly (p < 0.05) higher rel-
ative distances (m · min−1) than players in the top four teams during 
games in an U18, European male competition [14]. Similarly, sep-
arate research quantifying the average external intensities attained 
across entire games in adult, semi-professional, male basketball play-
ers showed players executed significantly (p < 0.001) more high-
intensity accelerations per minute during games that were lost com-
pared to won [15]. In turn, research examining external PD during 
games in adult, semi-professional, male basketball players showed 
consistent (p > 0.05, trivial-small effects) relative PlayerLoad 
(AU · min−1) across 15-s, 30-s, 1-min, 2-min, 3-min, 4-min, and 
5-min sampling durations (i.e., peak intensities averaged across dif-
ferent time windows) were achieved between quarters that were won 
and lost [13]. Consequently, the existing research suggests losing 
teams likely experience greater average external intensities across 
games [14, 15], but the intensity of the most demanding game pas-
sages are comparable across quarters that are won and lost [13].

However, it should be noted that only one study [13] has quan-
tified and compared external PD between quarters that were won 
and lost in basketball players. Furthermore, this previous study [13] 
used PlayerLoadTM as the only variable to quantify external PD, 
did not consider score-line margins, and examined adult basket-
ball players. Further insight is needed regarding the PD encoun-
tered during basketball games according to team success using 
a wider selection of external load variables and specifically ana-
lyzing score-line margins. In this sense, game score-line has been 
shown to impact coaching substitution strategies [16] and there-
fore the active playing time of players, as well as team performance 
evidenced through improved score-line margins across game quar-
ters when in a losing position at the start of the quarter [17]. Fur-
thermore, separate research on this topic is needed in U18 bas-
ketball players for the generation of age-specific evidence given 
U18, male basketball players (16.8 ± 0.6 years) have been shown 
to cover more total distance (p < 0.05, moderate effect) and high-
speed running distance > 18 km · h−1 (p < 0.05, small effect) 
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ultra-wide band, 4-GHz transmitting system equipped with 24 anchors 
positioned around the perimeter of basketball stadium that was used 
to collect LPS data. The technology used in this study has been sup-
ported as valid in measuring distance [20–23], speed, accelerations, 
decelerations [20, 21], and Player LoadTM [24], while similar LPS 
technology has been shown to be reliable (coefficient of variation 
(CV) < 5%) in measuring distance and speed variables [23]. All play-
ers were familiarized with the monitoring technology, having worn the 
devices during training and games in the previous season. Each device 
was turned on ~20–40 min before the warm-up preceding each game. 
Players wore the same device throughout the study period to avoid 
inter-device variation in external load data outputs [25, 26].

To determine the external PD, first, the raw data was extracted in 
1-s intervals for each player. Data were then exported to a custom-
built Microsoft Excel (version 16.0; Microsoft Corporation, Redmond, 
WA) spreadsheet for further analysis. Data were analyzed across dif-
ferent time windows (30 s, 1 min, and 5 min) using rolling averag-
es to find the peak value for each variable across each duration. This 
method is commonly applied when determining external PD [27] 
and has been previously used in several basketball stud-
ies [10, 11, 18, 28]. Data were analyzed from the beginning of each 
quarter to the end of the same quarter, with data across all quarters 
in the same game collated together for game analyses (i.e., the high-
est value for each variable across any quarter in a specific game was 
taken as the PD for that game).

Variables
PD were calculated for several distance variables including total 
distance (m) covered (TD) and distance (m) covered in different in-
tensity zones including: standing-walking (S-W) ≤ 7 km · h−1; jogging 
(JOG) = 7–14 km · h−1’; running (RUN) = 14.01–18 km · h−1; and 
high-speed running (HSR) > 18 km · h−1, as previously used in 
basketball research [3]. Furthermore, accelerations (ACC) (count) 
performed > 2 m · s−2 (dwell time: 0.3 seconds), decelerations (DEC) 
(count) performed > -2 m · s−2 (dwell time: 0.3 s), and PlayerLoad™ 
(PL) (arbitrary units [AU]) were also measured. These dwell times 
were chosen given values between 0.3 and 0.4 s have been identi-
fied as the most readily used in basketball settings [10, 11, 29].

PL was calculated as the square root of the sum of the instanta-
neous rate of change in acceleration in the three movement planes 
(x-, y, and z-axis) using the following formula [11, 12]:

where fwd indicates movement in the anterior-posterior direction, 
side indicates movement in the medial-lateral direction, up indicates 
vertical movement, and t represents time.

Comparisons according to game result were made between games 
that were won (8 games, 244 samples) and games that were lost 

(1 game, 26 samples). Comparisons according to quarter result were 
made between quarters that were won (24 quarters, 183 samples), 
quarters that were tied (2 quarters, 14 samples), and quarters that 
were lost (9 quarters, 73 samples). Additionally, using a two-step 
cluster analysis for quarter point difference (± difference in score), 
the sample was split into two groups (average silhouette = 0.7) as 
shown in Table 1.

Statistical analysis
The mean, standard deviation (SD), and coefficient of variation (CV) 
were determined for each PD variable across each time window and 
according to each factor (game result, quarter result, and quarter 
point difference). Linear mixed models (LMM) were used to compare 
each PD variable according to game result (i.e., win vs. loss), quar-
ter result (win vs tie vs loss), and quarter point difference (i.e., high 
vs. low) across each time window. In each model, game result, 
quarter results, or quarter point difference was entered as the fixed 
term, and participant number was entered as the random term. 
Levene’s equality of variances test was performed to assess for equal 
variances in the data. Cohen’s effect size (ES) and the mean differ-
ence with 95% confidence intervals (CI) were determined for all 
pairwise comparisons and interpreted as: trivial  ≤  0.20; 
small = 0.20–0.59; moderate = 0.60–1.19; large = 1.20–1.99; 
and very large ≥ 2.00 [30]. All analyses were conducted using IBM 
SPSS for Windows (version 23, IBM Corporation, Armonk, New York), 
except ES, which were calculated using a customized Microsoft Ex-
cel spreadsheet (version 16.0, Microsoft Corporation, Redmond, WA).

RESULTS 
Descriptive statistics for each variable across each time window ac-
cording to each factor are presented in Tables 2–4. The estimated 
effects (ES ± 95% CI) for differences in pairwise comparisons ac-
cording to each factor are presented in Figures 1–3.

TABLE 1. Cluster analysis identifying groups based on quarter 
point difference during games.

Measure Low difference High difference

Quarter point difference -2.47 ± 2.67 7.51 ± 3.75

Sample size (N) 94 176

Proportion of samples (%) 34.8% 65.2%

Bayesian information 
criterion

168.47

Note: Quarter point difference groups presented as mean ± standard 
deviation for each group; sample size indicates the number of 
individual quarter samples included across all players.
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TABLE 2. Descriptive statistics for external peak demand variables according to game result across different time windows.

30-s time window 1-min time window 5-min time window
Variable Result Mean ± SD %CV Variable Result Mean ± SD %CV Variable Result Mean ± SD %CV

TD
(m)

Win 80.2 ± 8.7 10.8 TD
(m)

Win 133.7 ± 14.6 10.9 TD
(m)

Win 449.7 ± 69.4 15.4
Loss 77.5 ± 7.6 9.8 Loss 129.3 ± 14.2 10.9 Loss 446.6 ± 66.2 14.8

PL
(AU)

Win 10.4 ± 1.5 14.6 PL
(AU)

Win 17.0 ± 2.6 15.7 PL
(AU)

Win 53.3 ± 10.5 19.7
Loss 10.1 ± 1.7 17.1 Loss 17.0 ± 3.0 18.1 Loss 51.1 ± 13.3 26.0

S-W
(m)

Win 33.2 ± 6.3 18.9 S-W
(m)

Win 57.5 ± 14.5 25.3 S-W
(m)

Win 217.3 ± 69.7 32.0
Loss 32.0 ± 4.5 14.1 Loss 53.5 ± 8.4 15.7 Loss 204.8 ± 52.6 25.7

JOG
(m)

Win 44.5 ± 9.8 22.1 JOG
(m)

Win 70.4 ± 20.6 29.2 JOG
(m)

Win 200.2 ± 106.5 53.2
Loss 41.7 ± 5.9 14.2 Loss 64.2 ± 9.6 14.9 Loss 180.0 ± 35.5 19.7

RUN
(m)

Win 26.2 ± 9.2 35.2 RUN
(m)

Win 35.4 ± 16.8 47.6 RUN
(m)

Win 79.1 ± 74.0 93.6
Loss 26.9 ± 5.3 19.8 Loss 35.0 ± 8.9 25.4 Loss 77.8 ± 19.3 24.9

HSR
(m)

Win 17.2 ± 8.5 49.2 HSR
(m)

Win 19.9 ± 10.3 51.9 HSR
(m)

Win 33.9 ± 19.8 58.5
Loss 16.1 ± 6.3 39.1 Loss 20.6 ± 10.1 49.2 Loss 34.0 ± 20.4 60.0

ACC 
(count)

Win 3.3 ± 1.2 38.2 ACC 
(count)

Win 4.0 ± 1.5 37.9 ACC 
(count)

Win 8.2 ± 3.4 41.6
Loss 3.6 ± 1.2 35.3 Loss 4.4 ± 1.7 39.2 Loss 8.7 ± 3.3 38.8

DEC 
(count)

Win 2.0 ± 0.8 44.0 DEC 
(count)

Win 2.4 ± 1.0 43.2 DEC 
(count)

Win 4.3 ± 2.1 48.5
Loss 2.0 ± 0.9 47.0 Loss 2.5 ± 1.3 53.5 Loss 4.3 ± 2.4 55.6

Abbreviations: TD = total distance, PL = PlayerLoad, AU = arbitrary units, S-W = standing-walking, JOG = jogging, RUN = running, 
HSR = high-speed running, ACC = accelerations, DEC = decelerations.

TABLE 3. Descriptive statistics for external peak demand variables according to quarter result across different time windows.

30-s time window 1-min time window 5-min time window
Variable Result Mean ± SD %CV Variable Result Mean ± SD %CV Variable Result Mean ± SD %CV

TD (m)
Win 80.4 ± 8.9 11.1

TD (m)
Win 134.0 ± 15.2 11.3

TD (m)
Win 454.9 ± 68.9 15.1

Tie 81.4 ± 7.3 8.9 Tie 138.1 ± 10.8 7.8 Tie 458.5 ± 87.5 19.0
Loss 78.3 ± 7.9 10.1 Loss 130.4 ± 13.3 10.2 Loss 433.9 ± 63.7 14.7

PL (AU)
Win 10.5 ± 1.5 14.9

PL (AU)
Win 17.1 ± 2.8 16.4

PL (AU)
Win 54.1 ± 10.9 20.1

Tie 10.7 ± 1.3 12.5 Tie 17.2 ± 1.9 11.4 Tie 53.7 ± 11.6 21.5
Loss 10.0 ± 1.5 14.9 Loss 16.5 ± 2.5 15.2 Loss 50.5 ± 10.2 20.2

S-W (m)
Win 33.0 ± 6.1 18.5

S-W (m)
Win 57.1 ± 13.8 24.3

S-W (m)
Win 216.7 ± 66.7 30.7

Tie 33.4 ± 5.7 17.2 Tie 56.7 ± 12.4 21.9 Tie 222.7 ± 76.3 34.2
Loss 33.1 ± 6.3 19.2 Loss 57.4 ± 15.1 26.4 Loss 213.4 ± 71.4 33.4

JOG (m)
Win 44.5 ± 10.0 22.6

JOG (m)
Win 70.4 ± 21.2 30.2

JOG (m)
Win 202.3 ± 107.6 53.1

Tie 47.6 ± 8.2 17.3 Tie 72.9 ± 12.1 16.6 Tie 193.7 ± 50.4 26.0
Loss 43.0 ± 8.4 19.6 Loss 67.7 ± 17.2 25.4 Loss 188.8 ± 95.1 50.3

RUN (m)
Win 26.6 ± 9.7 36.6

RUN (m)
Win 36.2 ± 18.5 51.2

RUN (m)
Win 82.8 ± 84.2 101.6

Tie 24.4 ± 7.8 32.0 Tie 33.3 ± 10.6 31.9 Tie 69.7 ± 20.5 29.4
Loss 25.8 ± 6.8 26.3 Loss 33.6 ± 9.5 28.4 Loss 71.1 ± 23.1 32.5

HSR (m)
Win 17.8 ± 8.7 48.9

HSR (m)
Win 20.9 ± 10.8 51.8

HSR (m)
Win 35.8 ± 20.8 58.3

Tie 17.9 ± 8.5 47.4 Tie 20.5 ± 10.1 49.4 Tie 29.6 ± 16.2 54.6
Loss 15.4 ± 7.0 45.8 Loss 17.4 ± 8.4 48.2 Loss 30.0 ± 17.3 57.7

ACC 
(count)

Win 3.3 ± 1.3 39.3
ACC 

(count)

Win 4.1 ± 1.6 34.6
ACC 

(count)

Win 8.3 ± 3.6 43.1
Tie 3.0 ± 0.9 32.0 Tie 4.0 ± 1.2 39.9 Tie 8.3 ± 2.5 30.6
Loss 3.4 ± 1.2 36.2 Loss 4.1 ± 1.4 34.6 Loss 8.0 ± 3.1 38.5

DEC 
(count)

Win 2.1 ± 0.9 42.8
DEC 

(count)

Win 2.5 ± 1.0 43.4
DEC 

(count)

Win 4.5 ± 2.1 47.1
Tie 1.8 ± 0.9 51.0 Tie 2.5 ± 0.8 34.0 Tie 4.5 ± 1.9 42.6
Loss 1.8 ± 0.8 46.2 Loss 2.2 ± 1.0 48.2 Loss 3.9 ± 2.1 55.6

Abbreviations: TD = total distance, PL = PlayerLoad, AU = arbitrary units, S-W = wtanding-walking, JOG = jogging, RUN = running, 
HSR = high-speed running, ACC = accelerations, DEC = decelerations.
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TABLE 4. Descriptive statistics for external peak demand variables according to quarter point difference across different time windows.

30-s time window 1-min time window 5-min time window

Variable Result Mean ± SD %CV Variable Result Mean ± SD %CV Variable Result Mean ± SD %CV

TD
(m)

Low 78.5 ± 7.7 9.81 TD
(m)

Low 131.6 ± 12.8 9.7 TD
(m)

Low 441.8 ± 70.1 15.8

High 80.6 ± 9.0 11.21 High 134.1 ± 15.4 11.5 High 453.4 ± 68.2 15.0

PL
Low 10.1 ± 1.5 14.95

PL
Low 16.6 ± 2.4 14.8

PL
Low 51.5 ± 11.1 21.5

High 10.6 ± 1.5 14.79 High 17.1 ± 2.8 16.4 High 53.9 ± 10.6 19.6

S-W
(m)

Low 33.2 ± 6.3 19.11 S-W
(m)

Low 57.9 ± 15.1 26.0 S-W
(m)

Low 218.1 ± 73.1 33.5

High 33.0 ± 6.0 18.35 High 56.7 ± 13.6 23.9 High 215.1 ± 65.7 30.5

JOG
(m)

Low 43.6 ± 8.2 18.76 JOG
(m)

Low 68.5 ± 16.1 23.5 JOG
(m)

Low 190.7 ± 86.8 45.5

High 44.6 ± 10.2 23.02 High 70.4 ± 21.6 30.6 High 202.2 ± 109.3 54.0

RUN
(m)

Low 25.5 ± 6.8 26.84 RUN
(m)

Low 33.8 ± 9.8 29.1 RUN
(m)

Low 71.8 ± 23.7 32.9

High 26.7 ± 9.8 36.98 High 36.2 ± 18.7 51.8 High 82.8 ± 85.6 103.4

HSR
(m)

Low 16.1 ± 7.3 45.26 HSR
(m)

Low 18.2 ± 8.6 47.4 HSR
(m)

Low 30.6 ± 17.3 56.6

High 17.7 ± 8.8 49.64 High 20.9 ± 11.0 52.6 High 35.7 ± 20.9 58.6

ACC
(count)

Low 3.3 ± 1.2 36.04 ACC
(count)

Low 4.1 ± 1.4 33.6 ACC
(count)

Low 8.1 ± 3.0 37.8

High 3.3 ± 1.3 39.38 High 4.1 ± 1.6 40.3 High 8.3 ± 3.5 43.0

DEC
(count)

Low 1.8 ± 0.8 44.28 DEC
(count)

Low 2.2 ± 1.0 44.8 DEC
(count)

Low 4.0 ± 2.0 52.1

High 2.1 ± 0.9 43.76 High 2.5 ± 1.1 43.9 High 4.5 ± 2.1 47.3

Abbreviations: TD = Total Distance, PL = Player Load, S-W = Standing-Walking, JOG = Jogging, RUN = running, HSR = High 
Speed Running, ACC = Accelerations, DEC = Decelerations.

window, HSR (p = 0.04; ES = small) across the 1-min time win-
dow, and HSR (p = 0.04; ES = small) and DEC (p = 0.03; ES = small) 
across the 5-min time window were evident in quarters with high 
point differences between teams than quarters with low point differ-
ences. Non-significant (p > 0.05) differences were apparent in the 
remaining variables across each time window with mostly trivial ef-
fects and reaching small effects in favor of quarters with high point 
differences in some variables (TD 30 s, PL 30 s, DEC 30 s, HSR 
1 min, DEC 1 min, PL 5 min, HSR 5 min, and DEC 5 min).

DISCUSSION 
The aim of this study was to quantify and compare the external PD 
encountered during games according to game result (win vs. loss), 
quarter result (win vs. tie vs. loss), and quarter point difference 
(± difference in score) in U18, male basketball players. The outcomes 
indicated that: (1) external PD does not clearly differentiate team 
success based on game result; (2) quarters that were won or tied 
showed higher external PD (small effects) compared to quarters that 
were lost; and (3) high point differences in quarter score-lines elic-
ited higher external PD (small effects) than quarters with low point 
differences.

Regarding game result, non-significant (p > 0.05) differences 
with predominantly trivial effects were apparent across variables in 

Regarding game result, non-significant (p > 0.05), trivial to small 
differences were apparent in all variables across each time window 
between games that were won and lost. Differences in variables be-
tween games won and lost were mostly trivial in magnitude, with 
some variables reaching small effects in favor of wins (TD 30 s, PL 
30 s, JOG 30 s, TD 1 min, S-W 1 min -0.28, JOG 1 min, and PL 
5 min) or losses (ACC 30 s and ACC 1 min).

Concerning quarter result, significantly higher HSR (p = 0.03; 
ES = small) across the 1-min time window and PL (p = 0.04; 
ES = small) across the 5-min time window were evident during quar-
ters that were won compared to lost. Non-significant (p > 0.05) dif-
ferences were apparent in the remaining external PD variables across 
each time window. Differences according to quarter result (win vs. 
loss, win vs. tie, and tie vs. loss) were mostly trivial in magnitude, 
reaching small effects in favor of wins (vs. losses: TD 30 s, PL 30 s, 
HSR 30 s, DEC 30 s, TD 1 min, PL 1 min, HSR 1 min, DEC 1 min, 
TD 5 min, PL 5 min, HSR 5 min, and DEC 5 min; vs. ties: JOG 30 s, 
RUN 30 s, ACC 30 s, DEC 30 s, TD 1 min, and HSR 5 min) or ties 
(vs. losses: TD 30 s, PL 30 s, JOG 30 s, RUN 30 s, HSR 30 s, ACC 
30 s, TD 1 min, PL min, JOG 1 min, HSR 1 min, DEC 1 min, TD 
5 min, PL 5 min, and DEC 5 min).

Regarding quarter score-line, significantly greater PL (p = 0.03; 
ES = small) and DEC (p = 0.02; ES = small) across the 30-s time 
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FIG. 1. Effect sizes with 95% confidence intervals for comparisons in external peak demand variables between games that were won 
and lost. Abbreviations: TD = total distance, PL = PlayerLoad, S-W = standing-walking, JOG = jogging, RUN = running, HSR = high-
speed running, ACC = accelerations, DEC = decelerations. Note: Dotted lines represent ES interpretation (trivial ≤ 0.20; small = 0.20–
0.59; moderate = 0.60–1.19; large = 1.20–1.99 and very large ≥ 2.00).
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FIG. 2. Effect sizes with 95% confidence intervals for comparisons in external peak demand variables between quarters that were 
won and lost. Abbreviations: TD =  total distance, PL = PlayerLoad, S-W = standing-walking, JOG =  jogging, RUN = running, 
HSR = high-speed running, ACC = accelerations, DEC = decelerations. Notes: Dotted lines represent ES interpretation (trivial ≤ 0.20; 
small = 0.20–0.59; moderate = 0.60–1.19 and large = 1.20–1.99). For each parameter the comparison followed is win vs loss; 
win vs tie; tie vs loss.
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FIG. 3. Effect sizes with 95% confidence intervals for comparisons in external peak demand variables between quarters with low 
(-2.47 ± 2.67 points) and high (7.51 ± 3.75 points) score-line margins. Abbreviations: TD =  total distance, PL = PlayerLoad, 
S-W = standing-walking, JOG = jogging, RUN = running, HSR = high-speed running, ACC = accelerations, DEC = decelerations. 
Note: Dotted lines represent ES interpretation (trivial ≤ 0.20; small = 0.20–0.59; moderate = 0.60–1.19; large = 1.20–1.99 
and very large ≥ 2.00).
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each time window between games that were won and lost. Our find-
ings contrast those made previously in basketball research exploring 
average external load intensities across entire games among nation-
al-level, U18, male basketball players [14]. Specifically, previous 
data show U18, male basketball players in lower-ranked teams 
(placed fifth to eighth) completed significantly (p < 0.05) higher rel-
ative distances (m · min−1) than players in top-ranked teams (placed 
first to fourth) [14]. In turn, data provided for adult, semi-profession-
al, male basketball players show they performed significantly 
(p < 0.001) more high-intensity accelerations per minute during 
games that were lost compared to won [15]. These previous data 
suggest that less successful teams may exert higher average inten-
sities across games, which may be due to tactical inefficiencies in 
movements (i.e., they do not move effectively across the court and 
thus perform more activity to execute a specific movement phase) 
or perform at greater intensities in an attempt to reduce the deficit 
in score-line when in a losing position rather than slowing play to 
protect a lead [13]. In contrast to previous findings [13, 14], our 
data suggest when external PD are quantified across shorter epochs 
(30-s, 1-min, and 5-min windows) rather than averaged across en-
tire games, similar intensities are reached regardless of game result 
among U18, male players. The consistent external PD across short-
er epochs in our study may be explained by the chaotic nature of 
basketball producing comparable intense periods of play for winning 
and losing teams, and knowing that determinants of success are 
multi-factorial [31]. In this regard, there are several offensive and 
defensive technical-tactical performance indicators that have been 
shown to influence game outcome among various basketball player 
samples including rebounds [31], passing skills (e.g. ball coordina-
tion between inside and outside playing positions that enhance three-
point shot opportunities) [32], perceptive and decision-making pro-
cesses  [33], and defensive preparation (e.g. personal fouls, 
steals) [34]. In turn, our data suggest identifying factors associated 
with team success in U18, male basketball players is not permissi-
ble using PD variables gathered from external load monitoring data 
in isolation [35], with a multidimensional approach considering oth-
er areas of performance likely needed.

Similar to what was found across entire games, quarter analyses 
showed non-significant differences in external PD across all variables 
and time windows except HSR across a 1-min window and PL across 
a 5-min window (higher values in quarters that were won). These 
findings contrast previous data provided for adult, semi-professional, 
male basketball players showing higher (p > 0.05, small effects) ex-
ternal PD for PL · min−1 (4-min and 5-min windows) during quarters 
that were lost compared to won [13]. Previously, Fox et al. [13] pos-
tulated that the higher peak PL · min−1 during quarters that were lost 
was potentially due to the team adopting an increased playing pace 
to maximize scoring opportunities and reduce the score-line mar-
gin [13]. In turn, the team analyzed in our study were not typically 
in a losing position (won 8 out of 9 games) and may have performed 
at high external intensities during game quarters that were won to 

establish the lead but reduced movement intensities in subsequent 
quarters (that were lost) to protect the lead or due to diminished mo-
tivation and concentration if the game result was clearly decided. In 
support of this notion, past research examining adult, professional, 
male basketball players indicates a greater difference in score-line at 
the beginning of each game quarter corresponds with a higher num-
ber of recovered points by the losing team in that quarter [17]. Fur-
ther, the authors [17] postulated that players in a losing position may 
increase their work rate to score more points and heighten their de-
fensive readiness, which may both exacerbate the external PD per-
formed. Although this previous research was provided in adult, male 
basketball players, our data indicate similar scenarios may occur in 
U18, male basketball players; however, further research is encour-
aged exploring the motivational factors in young basketball players 
during different game scenarios to confirm this supposition.

A unique aspect of this study was the deeper analysis of quarter 
results through considering the score-line margin when examining 
external PD. In this regard, although greater external PD were at-
tained (PL 30 s, HSR 30 s, 1 min and 5 min, and DEC 5 min) with 
high point differences than low point differences in score-line, the 
differences were small in magnitude. Nevertheless, these small dif-
ferences support the notion that the U18, male basketball players 
in the examined team may have performed at higher external inten-
sities across quarters to establish score-line leads involving high mar-
gins, but then reduced movement intensities given they were in 
a strong winning position yielding quarters with low score-line mar-
gins. Furthermore, the higher external PD for HSR across all time 
windows during quarters with high score-line differences may indi-
cate fast break scenarios or elevated pace in transitions (given 
speeds > 18 km · h−1 had to be reached for HSR to be detected) 
across the court can be key tactical strategies that promote pro-
nounced leads in the score-line.

The limitations encountered in carrying out this study should be 
considered when interpreting our results. First, only external load 
variables were monitored, therefore internal PD (e.g., heart rate, rat-
ing of perceived exertion) were not explored and may show different 
patterns to those observed in our study for external PD. Second, due 
to the real-world context our observational analyses were conduct-
ed in, the reported outcomes were bound by the results of the in-
cluded games and therefore games involving score-line margins out-
side of those seen in the present study may induce different trends 
in PD according to game and quarter results. Furthermore, the team 
won most games (8 out of 9 games) and therefore the data points 
were not distributed in a balanced manner for all factors investigat-
ed (game result, quarter result, and quarter point difference). Third, 
the sample size adopted in this study was small given a single bas-
ketball team was recruited, with the sample size for lost games only 
representative of a single game. Consequently, these findings may 
not translate to all basketball teams given the variations in success, 
tactical strategies, playing pace, and player fitness likely evident with-
in and between competitions.
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external PD attained during games may not be a key indicator of 
overall team success in games. Further analyses using a wider range 
of variables in other areas such as technical-tactical parameters, 
psychology, team strategies, competition level, and player experience 
are recommended to identify the determinants of team success in 
young basketball players.

CONCLUSIONS 
External PD appear to remain consistent regardless of game result 
in U18, male basketball players. In turn, although quarters that were 
won and involving high score-line margins elicited higher external 
PD than quarters that were lost or close in score-line, the observed 
effects were only trivial to small in magnitude. Accordingly, the 
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