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INTRODUCTION
Although 3 × 3 basketball is a global team sport adapted from the 
traditional 5 × 5 version of basketball, its unique characteristics 
likely impose specific demands on players compared to 5 × 5 bas-
ketball. In this regard, 3 × 3 basketball games are played on small-
er courts (15 m × 11 m vs. 15 m × 28 m), with a reduced number 
of players competing at any one time (3 vs. 5), and following short-
er overall live playing times (10 min vs. 40–48 min) and shot clock 
durations per possession (12 s vs. 24 s) compared to 5 x 5 basket-
ball games. Accordingly, increased research is emerging exploring 
the demands of 3 × 3 basketball [1–8] so that team training plans 
and tactical strategies, as well as player technical skills and physical 
characteristics can be optimally developed to suit these demands.
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trivial-small differences in physical demands between games that were won and lost. Regarding competition 
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walking) during finals games than group games (P < 0.05, small), while female players performed more low-
intensity activity (jogging and low-intensity specific movements) during group games than finals games (P < 0.05, 
small). These findings indicate that the physical capabilities of male and female 3 × 3 basketball players may 
not be the determining factor for team success in games and players can mostly maintain activity outputs across 
phases of tournament play conducted at the highest international standard.
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Studies quantifying the demands of 3 × 3 basketball games 
have measured the technical-tactical demands [1–6], internal 
load [6–8], and external load [7, 8] of junior and adult players 
across both sexes competing at national and international levels. 
Existing data indicate 3 × 3 basketball games evoke high internal 
loads including heart rates of ~165 beats · min−1, blood lactate 
concentrations > 6.0 mmol · L−1, and ratings of perceived exer-
tion > 5 arbitrary units (AU) using a modified Borg CR10 scale in 
male and female junior (under 18 years) and adult international 
players [6–8]. Regarding external load data during 3 × 3 basket-
ball games, only two studies [7, 8] have quantified physical de-
mands using positioning system and inertial sensor technology. 
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of 3 × 3 basketball games between finals and group phases, with 
data only reported for individual games in male and female players 
across under-18 and senior international tournaments [7].

Due to the limited findings reported in the literature regarding the 
physical demands associated with 3 × 3 basketball games and con-
sidering no research has directly explored the impact of game out-
come and competition phase on these demands, research on this 
topic is essential. Such data will assist basketball coaches and high-
performance staff in identifying the most influential physical factors 
contributing to in-game success for the development of training plans 
that optimally prepare players for 3 × 3 basketball competition. There-
fore, the aim of this study was to quantify the physical demands of 
3 × 3 basketball games according to game outcome (win vs. loss) 
and competition phase (group games vs. finals games).

MATERIALS AND METHODS 
Subjects
Data were collected from 104 international 3 × 3 basketball players 
(n = 52 male and n = 52 female players) belonging to 26 national 
teams (n = 13 male and n = 13 female teams), with each team 
comprised of four players. The study was approved by the Independent 
Institutional Review Board of MAPEI Sport Research Centre in ac-
cordance with the Helsinki Declaration (2013).

Design
An observational study design was used to assess the physical 
demands experienced during games in male and female players 
competing at the 2019 FIBA 3 × 3 World Cup according to game 
outcome (win vs. loss) and competition phase (group phase vs. 
finals phase). This competition featured 20 male and 20 female 
teams, that were divided into 4 groups of 5 teams, with teams 
seeded automatically based on the 3 × 3 FIBA world rankings. 
Separately in the male and female competitions, the top two teams 
in each group following the group phase progressed to quarter-final 
games. The winner of each quarter-final game progressed to the 
semi-final games, with winners of semi-final games progressing to 
the final. The games were played in accordance with the FIBA 
3 × 3 basketball rules (https://fiba3x3.com/docs/fiba-3x3-basket-
ball-rules-full-version.pdf). Video footage for each game was pub-
licly accessible online via the tournament website (https://www.
fiba.basketball/3x3WC/2019) or Youtube (https://www.youtube.
com/c/FIBA3x3/playlists). A total of 27 official games out of the 
96 games disputed during the 2019 FIBA 3 × 3 World Cup were 
included in final analyses. Specifically, all the games involving two 
teams not qualifying for the finals phase were excluded 
(n = 24 games) to reflect a similar distribution of games between 
competition phases for analyses. Then, games with more than 3% 
of total playing time not available for technical reasons (e.g., video 
interruption, commercial break, action replays) were excluded 
(n = 45 games). Specifically, 16 games during the group phase 
(male games, n = 8; female games, n = 8) out of 80 total games 

These studies [7, 8] have shown male and female players compet-
ing in the 2016 International Basketball Federation 3 × 3 under-18 
World Championships, Senior European, and World Championships 
cover > 850 m and experience absolute PlayerLoadsTM ranging from 
116 ± 29 to 133 ± 28 AU and relative PlayerLoadsTM ranging from 
6.3 ± 1.4 to 6.8 ± 1.5 AU · min−1 during games. However, further 
data indicating the precise movement types and intensities complet-
ed by players during 3 × 3 basketball games is needed to provide 
practitioners with a more thorough understanding of the physical de-
mands faced by players for enhanced translation to practice. In this 
way, video-based time-motion analysis (TMA) represents a val-
id [9–12] and reliable [9, 10, 12–15] method to provide detailed in-
sight regarding the movements performed by players not captured 
with positioning system and inertial sensor technology such as stress-
ful stationary activity (e.g., screens, boxing out opponents during re-
bounds, holding position on the court) [16]. Consequently, further re-
search quantifying physical demands using approaches not adopted 
in the previous literature, such as video-based TMA, are needed to 
understand the complete requirements of players more comprehen-
sively during 3 × 3 basketball games.

When quantifying player physical demands during basketball 
games, contextual factors should be considered given they may af-
fect the activities performed by players [17]. Two key contextual fac-
tors that have received increased research attention when quantify-
ing game demands in basketball players include game outcome 
(win vs. loss) [1, 17–22] and competition phase (group phase vs. 
final phase) [6, 7]. Regarding game outcome, previous research has 
only explored technical-tactical demands during 3 × 3 basketball 
games reporting winning male and female teams competing in the 
2019 European Basketball Cup performed significantly better than 
losing teams in various metrics including scoring more efficiently 
(i.e., points per possession), securing more rebounds, committing 
fewer turnovers, and committing less fouls [3]. However, no data of 
this kind on physical demands according to game outcome are yet 
available for 3 × 3 basketball players. Regarding competition phase, 
research quantifying the technical-tactical demands of male and fe-
male players competing in 3 × 3 basketball games during the 2019 
European Basketball Cup showed significantly greater scoring effi-
ciency (i.e., points per possession) and less blocks were completed 
during group games compared to finals games [3]. In turn, research 
examining male and female players during the 2019 Australian Na-
tional Basketball League 3 × 3 Pro Hustle demonstrated significant-
ly less shots (semi-finals), more offensive rebounds (quarter-finals), 
and less steals (quarter-finals and semi-finals) were completed dur-
ing finals games compared to group games. Further to technical-tac-
tical demands, research exploring the internal responses of male and 
female players during 3 × 3 games found significantly higher ratings 
of perceived exertion (semi-finals and finals) and peak heart rates 
(semi-finals) during finals games compared to group games during 
the 2019 Australian National Basketball League 3 × 3 Pro Hustle. 
Nevertheless, no data exist directly comparing the physical demands 
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during the group phase and 11 games during the finals phase (male 
games, n = 5 [final for first and second place, n = 1; semi-final, 
n = 1 and quarter-finals, n = 3]; female games, n = 6 [final for 
first and second place, n = 1; final for third and fourth place, 
n = 1; semi-finals, n = 2 and quarter-finals, n = 2]) out of 16 to-
tal games during the finals phase were analysed, thus resulting in 
a total of 216 (male games, n = 104 [group phase, n = 40; finals 
phase, n = 64] and female games, n = 112 [group phase, n = 48; 
finals phase, n = 64]) individual game samples being analysed.

Time-motion analysis
A manual frame-by-frame approach was used to determine player 
physical demands during games using established software (SICS 
VideoMatch Basket, version 5.0.5). As previously described [9, 14, 15], 
physical demands were quantified by identifying movements into one 
of eight categories as follows: (i) stand/walk: movement of no greater 
intensity than walking without any distinction between standing still 
and walking or between different intensities of walking; (ii) jog: forwards 
or backwards movement at an intensity greater than walking but 
without urgency; (iii) run: forwards or backwards movement at an 
intensity greater than jogging and a moderate degree of urgency but 
which did not approach an intense level of movement; (iv) sprint: 
forwards or backwards movement at a high intensity, characterised 
by effort and purpose at or close to maximum; (v) low-: (vi) moderate-: 
(vii) high-specific movements (SM): movements differing from ordinary 
standing, walking or running performed respectively at low intensity 

without urgency, at medium intensity with a moderate degree of ur-
gency, and at high intensity with urgency; and (viii) jump: the time 
from the initiation of the jumping action to the completion of landing. 
SMs mainly included the stance position, shuffling, rolling, reversing, 
screening, and cross-over running activities [23]. Activities in each of 
these eight categories were then grouped more broadly according to 
their relative intensity as: (i) recovery (REC, i.e., standing/walking); 
(ii) low-intensity activities (LIA, i.e., jogging and low-SM); (iii) medium-
intensity activities (MIA, i.e., running and moderate-SM); and (iv) high-
intensity activities (HIA, i.e., sprinting, high-SM, and jump-
ing) [9, 14, 15]. The frequency of occurrence and the duration of each 
activity were determined during live playing time (i.e., when the game 
clock was running). Activity frequencies were calculated as the total 
number of events (n) performed and normalised according to playing 
time (n · min−1) for each player to account for the varying exposures 
and substitution times across players. Activity durations were deter-
mined as a percentage (%) of the playing time for each player to ac-
count for the varying exposures and substitution times across players. 
The analysis was carried out by a single experienced video analyst. 
Intra-tester reliability was determined by having the observer analyse 
the relative frequency (n · min−1) and duration (s) of activities during 
an entire 2019 FIBA 3 × 3 World Cup 3 × 3 game for all players 
(n = 8) on two occasions separated by 7 days to minimise mental 
recall of video footage. The reliability of this approach through calcu-
lation of the intraclass correlation coefficient (ICC) and coefficient of 
variation (CV) were deemed acceptable and are reported in Table 1.

TABLE 1. Intra-tester reliability of video-based time-motion analysis variables reported in this study.

Variable Movement category ICC (95%CI) CV% (95%CI)

Frequency of occurrence

REC 0.97 (0.87–0.99) 5.62 (3.68–11.78)

LIA 0.98 (0.90–1.00) 3.92 (2.57–8.14)

MIA 0.99 (0.94–1.00) 4.00 (2.63–8.31)

HIA 0.99 (0.96–1.00) 2.90 (1.91–6.00)

Sprint 0.99 (0.97–1.00) 5.14 (3.37–10.75)

High-SM 0.97 (0.84–0.99) 6.60 (4.31–13.88)

Jumps 1.00 (1.00–1.00) 0.00 (0.00–0.00)

Duration

REC 1.00 (0.98–1.00) 3.17 (2.09–6.56)

LIA 0.99 (0.94–1.00) 3.52 (2.31–7.30)

MIA 0.95 (0.76–0.99) 8.68 (5.66–18.46)

HIA 1.00 (0.92–1.00) 2.04 (1.34–4.20)

Sprint 0.98 (0.94–1.00) 8.41 (5.49–17.87)

High-SM 0.98 (0.91–1.00) 5.10 (3.35–10.66)

Jumps 0.99 (0.96–1.00) 5.09 (3.34–10.63)

Abbreviations: ICC, intraclass correlation coefficient; CI, confidence intervals; CV%, coefficient of variation as a percentage; REC, 
recovery; LIA, low-intensity activities; MIA, medium-intensity activities; HIA, high-intensity activities; SM, specific movements.
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DISCUSSION 
This study is the first to compare the physical demands encountered 
during 3 × 3 basketball games according to game outcome and com-
petition phase. Furthermore, this study explored player demands in 
both male and female competitions during the World Cup, the high-
est international competition standard in 3 × 3 basketball. In turn, 
findings demonstrated no significant differences in physical demands 
between games that were won and lost in both male and female 
competitions. Comparisons in demands between competition phas-
es revealed greater HIA bouts per minute, specifically high-SM, and 
a lower proportion of playing time spent in recovery and executing 
jumps were performed during group games compared to finals games 
in male players. In contrast, greater LIA were performed during group 
games compared to finals games in female players.

The similar demands between games that were won and lost dur-
ing the 2019 FIBA 3 × 3 World Cup suggest that the activity out-
puts of players were homogenous across opposing teams and did 
not exert a dominant effect on dictating game results. Reasons for 
these findings may be related to the configurations of 3 × 3 basket-
ball games limiting the extent to which differences in the physical 
capabilities of players manifest into the activity completed during 
games. Specifically, the short playing time (i.e., maximum 10 min) 
and small playing area (15 m × 11 m) likely restricts the activity out-
puts able to be generated (e.g., no transitions up and down a full 
court) and limits the effects of activity-induced fatigue during 
3 × 3 basketball games [7], keeping activity demands relatively sta-
ble across teams. Furthermore, separate studies demonstrated play-
ers competing at the 2016 FIBA 3 × 3 World Championships pos-
sessed greater physical capabilities via clear differences in various 
fitness tests (males: aerobic capacity measured via the Yo-Yo Inter-
mittent Recovery Test Level 1; females: change-of-direction speed 
via the Agility 505 Test) than players competing at the 2016 Under 
18 World Championships [25], yet produced similar activity outputs 
during games measured using PlayerLoad · min−1 [8].

Comparisons to past research are difficult given the lack of re-
search exploring physical demands according to game outcome in 
3 × 3 basketball; however, findings from 5 × 5 basketball show sim-
ilar trends. Specifically, previous data indicate semi-professional, 
male basketball players perform similar (unclear to small effects) 
external loads during games that were won and lost (PlayerLoad and 
PlayerLoad · min−1) [17] and during quarters that were won and lost 
(peak PlayerLoad · min−1 across 15-s to 5-min sample durations and 
average PlayerLoad · min−1) [17]. Nevertheless, while physical de-
mands have not been quantified according to game outcome in 
3 × 3 basketball, research has compared technical-tactical variables 
between winning and losing teams during 3 × 3 basketball games. 
Specifically, winning male and female teams competing in the 2019 
3 × 3 European Basketball Cup performed scoring more efficiently, 
secured more rebounds, committed fewer turnovers, and committed 
less fouls than losing teams [3]. Indeed, similar findings have been 
consistently reported in 5 × 5 basketball competitions, with various 

Statistical analysis
The TMA descriptive results are reported as means ± standard de-
viations (SD). Linear mixed models were constructed to examine 
differences in REC, LIA, MIA, HIA, total movements, sprint, high-SM, 
and jump data according to game outcome and competition phase, 
accounting for individual repeated measures. Linear mixed models 
were separately constructed for males and females where game 
outcome (2 levels: win and loss) and competition phase (2 levels: 
group phase and finals phase) were used as fixed effects and player 
as a random effect with a random intercept and fixed slope. All as-
sumptions were met including assessing the normality of the residu-
als using the Kolmogorov-Smirnov test. Moreover, the magnitude of 
differences was assessed using effect size (ES) analyses with 95% 
confidence intervals and interpreted as:  <  0.2  =  trivial; 
0.20–0.59 = small; 0.60–1.19 = moderate; 1.2–1.99 = large; 
and ≥ 2.0 = very large [24]. An alpha level of < 0.05 was set 
a priori for statistical significance. All data were analysed using 
Jamovi software (version 2.0.0.0, 2021).

RESULTS 
Descriptive data and statistical analyses for physical demand variables 
during male basketball games according to game outcome (i.e., win 
vs. loss) and competition phase (i.e., group games vs. finals games) 
are presented in Tables 2 and 3. Regarding comparisons according 
to game outcome, no significant differences were evident in any 
physical demand variables between games that were won and lost in 
male players. Regarding comparisons according to competition phase, 
male players completed more HIA per minute (P = 0.014; small ES) 
and spent a greater proportion of playing time performing HIA during 
group games than finals games (P = 0.018; small ES) but spent 
a greater proportion of playing time performing REC during finals 
games than group games (P = 0.012; small ES). When considering 
singular high-intensity activities, male players performed more high-SM 
per minute and spent a greater proportion of playing time performing 
high-SM during groups compared to finals games (P < 0.001; mod-
erate ES) but spent a higher proportion of playing time jumping dur-
ing finals games compared to group games (P = 0.009; small ES). 
No significant interactions between fixed effects were evident for 
physical demand variables in male players (P > 0.05).

Descriptive data and statistical analyses for physical demand vari-
ables during female basketball games according to game outcome 
(i.e., win vs. loss) and competition phase (i.e., group games vs. fi-
nals games) are presented in Tables 4 and 5. Regarding compari-
sons according to game outcome, no significant differences were ev-
ident in any physical demand variables between games that were 
won and lost in female players. Regarding comparisons according 
to competition phase, female players performed more LIA per min-
ute (P = 0.018; small ES) and spent a greater proportion of play-
ing time performing LIA (P = 0.010; small ES) in group games than 
finals games. No significant interactions between fixed effects were 
evident for physical demand variables in female players (P > 0.05).
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TABLE 2. Physical demands (mean ± standard deviation) according to game outcome (i.e., win vs. loss) and competition phase (i.e., 
group games vs. finals games [quarter-finals, semi-finals, and finals]) during the male 2019 FIBA 3 × 3 World Cup.

Dependent 
variables

Fixed effect CV% P value Estimate
95% CI for

estimate ES
95% CI for ES Interpre-

tation
Lower Upper Lower Upper

Frequency of occurrence (n/min)

REC

Game 
outcome

Win 5.29 ± 1.75 33.08 0.156 -0.37 -0.88 0.14 0.25 -0.14 0.64 Small

Loss 5.73 ± 1.83 31.94

Phase
Group 5.36 ± 1.91 35.63 0.213 -0.34 -0.86 0.19 0.20 -0.19 0.60 Small

Finals 5.74 ± 1.59 27.70

LIA

Game 
outcome

Win 14.71 ± 1.24 8.42 0.247 0.28 -0.19 0.76 -0.25 -0.64 0.14 Small

Loss 14.33 ± 1.76 12.28

Phase
Group 14.46 ± 1.58 10.93 0.722 -0.09 -0.57 0.40 0.10 -0.30 0.50 Trivial

Finals 14.61 ± 1.47 10.06

MIA

Game 
outcome

Win 8.00 ± 1.55 19.38 0.338 -0.27 -0.82 0.28 0.14 -0.25 0.52 Trivial

Loss 8.22 ± 1.70 20.68

Phase
Group 8.31 ± 1.57 18.89 0.282 0.31 -0.25 0.86 -0.32 -0.72 0.08 Small

Finals 7.79 ± 1.68 21.57

HIA

Game 
outcome

Win 11.47 ± 2.13 18.57 0.249 0.46 -0.31 1.22 -0.17 -0.55 0.22 Trivial

Loss 11.10 ± 2.20 19.81

Phase
Group 11.73 ± 1.97 16.79 0.014 0.99 0.22 1.76 -0.56 -0.97 -0.14 Small

Finals 10.56 ± 2.29 21.69

Total

Game 
outcome

Win 39.46 ± 2.59 6.56 0.743 0.17 -0.85 1.19 -0.03 -0.41 0.36 Trivial

Loss 39.38 ± 3.26 8.28

Phase
Group 39.87 ± 2.73 6.85 0.129 0.80 -0.22 1.83 -0.41 -0.80 0.00 Small

Finals 38.70 ± 3.12 8.06

Total time (%)

REC

Game 
outcome

Win 15.24 ± 7.13 46.78 0.115 -1.65 -3.68 0.38 0.21 -0.18 0.59 Small

Loss 16.73 ± 7.29 43.57

Phase
Group 14.59 ± 5.97 40.92 0.012 -2.73 -4.81 -0.66 0.51 0.10 0.92 Small

Finals 18.20 ± 8.46 46.48

LIA

Game 
outcome

Win 44.41 ± 4.77 10.74 0.182 1.19 -0.54 2.93 -0.34 -0.73 0.05 Small

Loss 42.66 ± 5.52 12.94

Phase
Group 43.57 ± 5.19 11.91 0.592 0.48 -1.28 2.24 -0.02 -0.41 0.38 Trivial

Finals 43.48 ± 5.30 12.19

MIA

Game 
outcome

Win 16.74 ± 3.40 20.31 0.572 -0.35 -1.54 0.85 0.15 -0.24 0.53 Trivial

Loss 17.28 ± 3.81 22.05

Phase
Group 17.41 ± 3.50 20.10 0.446 0.47 -0.74 1.68 -0.29 -0.69 0.11 Small

Finals 16.37 ± 3.72 22.72

HIA

Game 
outcome

Win 23.61 ± 4.53 19.19 0.496 0.59 -1.10 2.28 -0.06 -0.44 0.33 Trivial

Loss 23.34 ± 4.99 21.38

Phase
Group 24.43 ± 4.41 18.05 0.018 2.09 0.39 3.79 -0.54 -0.95 -0.12 Small

Finals 21.95 ± 4.92 22.41

Abbreviations: CV%, coefficient of variation as a percentage; CI, confidence intervals; ES, effect size; REC, recovery; LIA, low-intensity 
activities; MIA, medium-intensity activities; HIA, High-intensity activities; SM, specific movements. Notes: Bolded P value indicates 
statistically significant difference (P < 0.05).
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TABLE 3. High-intensity activities (mean ± standard deviation) according to game outcome (i.e., win vs. loss) and competition phase 
(i.e., group games vs. finals games [quarter-finals, semi-finals, and finals]) during the male 2019 FIBA 3 × 3 World Cup.

Dependent 
variables

Fixed effect CV% P value Estimate
95% CI for 

estimate ES
95% CI for ES Interpre-

tation
Lower Upper Lower Upper

Frequency of occurrence (n/min)

Sprint

Game 
outcome

Win 1.94 ± 0.79 40.72 0.581 0.08 -0.19 0.35 -0.15 -0.53 0.24 Trivial

Loss 1.83 ± 0.70 38.25

Phase
Group 1.93 ± 0.86 44.56 0.404 0.12 -0.16 0.39 -0.17 -0.57 0.22 Trivial

Finals 1.80 ± 0.72 40.00

High-SM

Game 
outcome

Win 6.34 ± 1.42 22.40 0.239 0.28 -0.18 0.75 -0.17 -0.56 0.21 Trivial

Loss 6.11 ± 1.29 21.11

Phase
Group 6.61 ± 1.19 18.00  < 0.001 0.87 0.41 1.34 -0.78 -1.21 -0.35 Moderate

Finals 5.62 ± 1.38 24.56

Jump

Game 
outcome

Win 3.18 ± 0.84 26.42 0.462 0.12 -0.20 0.45 -0.02 -0.41 0.36 Trivial

Loss 3.16 ± 0.99 31.33

Phase
Group 3.19 ± 0.92 28.84 0.905 -0.02 -0.35 0.31 -0.06 -0.45 0.34 Trivial

Finals 3.14 ± 0.91 28.98

Total time (%)

Sprint

Game 
outcome

Win 2.74 ± 1.18 43.07 0.504 0.14 -0.26 0.54 -0.16 -0.55 0.22 Trivial

Loss 2.56 ± 1.01 39.45

Phase
Group 2.68 ± 1.14 42.54 0.670 0.09 -0.31 0.49 -0.08 -0.47 0.32 Trivial

Finals 2.59 ± 1.04 40.15

High-SM

Game 
outcome

Win 17.03 ± 4.12 24.19 0.779 0.21 -1.25 1.67 0.02 -0.37 0.40 Trivial

Loss 17.10 ± 4.38 25.61

Phase
Group 18.17 ± 3.93 21.63  < 0.001 2.56 1.09 4.03 -0.72 -1.14 -0.29 Moderate

Finals 15.30 ± 4.14 27.06

Jump

Game 
outcome

Win 3.85 ± 1.05 27.27 0.270 0.22 -0.17 0.61 -0.15 -0.53 0.24 Trivial

Loss 3.68 ± 1.19 32.34

Phase
Group 3.58 ± 1.06 29.61 0.009 -0.53 -0.92 -0.14 0.44 0.03 0.84 Small

Finals 4.06 ± 1.17 28.82

Abbreviations: CV%, coefficient of variation as a percentage; CI, confidence intervals; ES, effect size; SM, specific movements. Notes: 
Bolded P value indicates statistically significant difference (P < 0.05).



Biology of Sport, Vol. 40 No2, 2023   383

Davide Ferioli et al. Contextual factors and physical demands of 3×3 basketball

TABLE 4. Physical demands (mean ± standard deviation) according to game outcome (i.e., win vs. loss) and competition phase (i.e., 
group games vs. finals games [quarter-finals, semi-finals, and finals]) during the female 2019 FIBA 3 × 3 World Cup.

Dependent 
variables

Fixed effect CV% P value Estimate
95% CI for 

estimate ES
95% CI for ES Interpre-

tation
Lower Upper Lower Upper

Frequency of occurrence (n/min)

REC

Game 
outcome

Win 4.96 ± 1.59 32.06 0.237 0.28 -0.18 0.73 -0.08 -0.45 0.29 Trivial

Loss 4.83 ± 1.67 34.58

Phase
Group 5.03 ± 1.61 32.01 0.310 -0.23 -0.68 0.22 -0.19 -0.56 0.19 Trivial

Finals 4.72 ± 1.65 34.96

LIA

Game 
outcome

Win 15.20 ± 1.74 11.45 0.407 0.24 -0.32 0.80 -0.02 -0.39 0.35 Trivial

Loss 15.17 ± 1.53 10.09

Phase
Group 15.50 ± 1.58 10.19 0.018 0.70 0.13 1.27 -0.47 -0.85 -0.08 Small

Finals 14.76 ± 1.61 10.91

MIA

Game 
outcome

Win 8.08 ± 1.58 19.55 0.609 -0.14 -0.65 0.38 0.18 -0.20 0.55 Trivial

Loss 8.35 ± 1.41 16.89

Phase
Group 8.04 ± 1.40 17.41 0.290 -0.28 -0.80 0.24 0.27 -0.11 0.65 Small

Finals 8.45 ± 1.59 18.82

HIA

Game 
outcome

Win 11.95 ± 2.57 21.51 0.464 -0.31 -1.13 0.51 0.05 -0.32 0.42 Trivial

Loss 12.08 ± 2.27 18.79

Phase
Group 11.75 ± 2.59 22.04 0.476 -0.30 -1.14 0.53 0.26 -0.12 0.64 Small

Finals 12.37 ± 2.12 17.14

Total

Game 
outcome

Win 40.20 ± 3.43 8.53 0.952 -0.04 -1.22 1.15 0.06 -0.31 0.43 Trivial

Loss 40.42 ± 3.41 8.44

Phase
Group 40.32 ± 3.50 8.68 0.827 0.13 -1.06 1.33 -0.01 -0.38 0.37 Trivial

Finals 40.30 ± 3.31 8.21

Total time (%)

REC

Game 
outcome

Win 14.11 ± 6.38 45.22 0.170 1.29 -0.54 3.11 -0.12 -0.49 0.25 Trivial

Loss 13.34 ± 6.51 48.80

Phase
Group 13.90 ± 6.30 45.32 0.108 -1.50 -3.31 0.31 -0.06 -0.44 0.31 Trivial

Finals 13.48 ± 6.66 49.41

LIA

Game 
outcome

Win 44.89 ± 5.87 13.08 0.707 0.36 -1.50 2.22 -0.08 -0.45 0.29 Trivial

Loss 44.41 ± 5.76 12.97

Phase
Group 45.40 ± 6.02 13.26 0.010 2.52 0.65 4.40 -0.30 -0.68 0.08 Small

Finals 43.66 ± 5.38 12.32

MIA

Game 
outcome

Win 16.70 ± 2.84 17.01 0.651 -0.23 -1.25 0.78 0.16 -0.21 0.53 Trivial

Loss 17.15 ± 2.90 16.91

Phase
Group 16.54 ± 2.86 17.29 0.192 -0.68 -1.71 0.34 0.31 -0.07 0.69 Small

Finals 17.43 ± 2.82 16.18

HIA

Game 
outcome

Win 24.30 ± 4.82 19.84 0.166 -1.11 -2.66 0.45 0.17 -0.20 0.54 Trivial

Loss 25.10 ± 4.65 18.53

Phase
Group 24.16 ± 4.79 19.83 0.214 -1.00 -2.57 0.57 0.27 -0.11 0.65 Small

Finals 25.43 ± 4.60 18.09

Abbreviations: CV%, coefficient of variation as a percentage; CI, confidence intervals; ES, effect size; REC, recovery; LIA, low-intensity 
activities; MIA, medium-intensity activities; HIA, High-intensity activities; SM, specific movements. Notes: Bolded P value indicates 
statistically significant difference (P < 0.05).



384

Davide Ferioli et al. Contextual factors and physical demands of 3×3 basketball

TABLE 5. High-intensity activities (mean ± standard deviation) according to game outcome (i.e., win vs. loss) and competition phase 
(i.e., group games vs. finals games [quarter-finals, semi-finals, and finals]) during the female 2019 FIBA 3 × 3 World Cup.

Dependent 
variables

Fixed effect CV% P value Estimate
95% CI for 

estimate ES
95% CI for ES Interpre-

tation
Lower Upper Lower Upper

Frequency of occurrence (n/min)

Sprint

Game 
outcome

Win 1.96 ± 0.97 49.49 0.098 -0.28 -0.62 0.05 0.23 -0.15 0.60 Small

Loss 2.20 ± 1.10 50.00

Phase
Group 1.94 ± 0.93 47.94 0.251 -0.20 -0.53 0.14 0.32 -0.06 0.70 Small

Finals 2.27 ± 1.15 50.66

High-SM

Game 
outcome

Win 6.57 ± 1.43 21.77 0.208 -0.30 -0.75 0.16 0.11 -0.26 0.48 Trivial

Loss 6.72 ± 1.31 19.49

Phase
Group 6.45 ± 1.45 22.48 0.230 -0.28 -0.75 0.18 0.33 -0.06 0.70 Small

Finals 6.89 ± 1.23 17.85

Jump

Game 
outcome

Win 3.43 ± 1.00 29.15 0.148 0.25 -0.09 0.59 -0.28 -0.66 0.09 Small

Loss 3.17 ± 0.85 26.81

Phase
Group 3.36 ± 1.00 29.76 0.291 0.19 -0.16 0.53 -0.16 -0.53 0.22 Trivial

Finals 3.21 ± 0.85 26.48

Total time (%)

Sprint

Game 
outcome

Win 2.88 ± 1.43 49.65 0.061 -0.53 -1.08 0.02 0.30 -0.07 0.68 Small

Loss 3.39 ± 1.84 54.28

Phase
Group 2.94 ± 1.53 52.04 0.368 -0.26 -0.81 0.30 0.27 -0.11 0.65 Small

Finals 3.39 ± 1.80 53.10

High-SM

Game 
outcome

Win 17.97 ± 3.86 21.48 0.165 -0.91 -2.19 0.37 0.17 -0.20 0.54 Trivial

Loss 18.63 ± 3.81 20.45

Phase
Group 17.87 ± 3.89 21.77 0.123 -1.03 -2.32 0.27 0.26 -0.12 0.64 Small

Finals 18.87 ± 3.72 19.71

Jump

Game 
outcome

Win 3.45 ± 1.07 31.01 0.063 0.34 -0.01 0.69 -0.37 -0.74 0.01 Small

Loss 3.09 ± 0.85 27.51

Phase
Group 3.35 ± 1.02 30.45 0.213 0.23 -0.13 0.58 -0.18 -0.56 0.19 Trivial

Finals 3.17 ± 0.91 28.71

Abbreviations: CV%, coefficient of variation as a percentage; CI, confidence intervals; ES, effect size; SM, specific movements. Notes: 
Bolded P value indicates statistically significant difference (P < 0.05).
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technical-tactical variables significantly favouring winning compared 
to losing teams in the Euroleague (i.e., assists, blocked shots, fouls, 
turnovers, shots made, and shooting percentage) [26], Australian 
National Basketball League (i.e., shots made, defensive rebounds, 
blocked shots, assists, steals, fouls, and turnovers) [27], and FIBA 
Asian and European Women’s Championships (i.e., shots made, re-
bounds, blocked shots, assists, steals, and turnovers) [28]. Conse-
quently, past findings combined with those in this study indicate that 
tactical and/or skill differences might differentiate team success more 
than physical outputs in high-level basketball games following 
3 × 3 and 5 × 5 formats. In turn, technical-tactical elements may be 
particularly important to consider when developing and/or selecting 
players for 3 × 3 basketball competitions. However, given that exist-
ing technical-tactical data for 3 × 3 basketball games were indica-
tive of the 2019 European Basketball Cup [3] and the physical data 
provided in this study were indicative of the 2019 World Cup, fur-
ther research exploring technical-tactical and physical demands col-
lectively in the same 3 × 3 basketball competition are encouraged 
to confirm this notion.

Unlike game outcome, significant differences emerged in the phys-
ical demands encountered during group games compared to finals 
games. More precisely, in the male competition at the 2019 World 
Cup, the lower HIA and high-SM bouts per minute and greater pro-
portion of playing time spent in recovery and jumping in finals games 
compared to the group phase might be attributed to an increased 
defensive pressure being applied in finals games. In this regard, teams 
may have adopted tighter defensive structures during finals games 
compared to group games, limiting the freedom of opponents to move 
at high intensities as well as contested shots more effectively result-
ing in more jumping activity (i.e., attempting to block shots, shoot-
ing over defender’s hands, and securing rebounds). In contrast to 
male players, female players at the 2019 3 × 3 World Cup performed 
significantly less LIA during finals games compared to group games, 
suggesting increased activity was dispersed among moderate and 
high intensities to a greater extent in finals games. This trend in ac-
tivity for female players may be expected given the increased oppo-
nent quality faced in finals games may evoke higher activity demands 
and/or players may place increased importance on finals games giv-
en the proximity to deciding the competition outcome [29] and con-
sequently work at greater activities intensities than during group 
games. Nevertheless, it should be noted that the significant differ-
ences in physical demands in male and female players between group 
and final games were small in magnitude, with many variables not 
reaching significance. In this regard, past research examining a large 
sample of male (n = 250) and female (n = 201) basketball players 
competing in the 2016 FIBA 3 × 3 under-18 World Championships, 
Senior European and World Championships, and selected FIBA World 
Tour events showed no clear change in external load (i.e., Player-
Load · min1) or internal load (i.e., blood lactate concentration and av-
erage heart rate) variables from the first group game to the champi-
onship game [7]. Likewise, few technical-tactical demand variables 

were shown to differ between group and finals games (i.e., higher 
points per possession and less blocked shots during finals) in male 
and female teams competing in the 2019 3 × 3 European Basket-
ball Cup [3]. Consequently, the collective 3 × 3 basketball research 
suggests the physiological, physical, and technical-tactical demands 
are rather consistent across competitions phases. Thus, the present 
findings should not be overstated as it appears that competition phase 
may only partially impact (i.e., have small effects) the physical de-
mands experienced by players in the context of the 2019 3 × 3 World 
Cup.

The novel findings presented in this study should be interpreted 
while considering the associated limitations. First, male and female 
competitions in the 2019 3 × 3 World Cup were examined in this 
study, so the reported data may not be indicative of other 3 × 3 com-
petitions. Second, physical demand variables were determined us-
ing video-based TMA with subjective tester interpretation of video 
footage, so further research complementing these analyses with ob-
jective approaches to quantify the physical demands (e.g., local po-
sitioning system or inertial sensor technologies) and internal stress 
imposed on players according to each contextual factor are encour-
aged to provide a more holistic indication of the demands encoun-
tered during 3 × 3 basketball games. Third, key contextual factors in 
the form of game outcome and competition phase were selected for 
analyses in this study given they have been examined in previous 
basketball research [17, 18, 30] to provide useful insight for end-
users. However, other contextual factors shown to impact the phys-
ical demands placed on basketball players during games such as op-
ponent quality [31], game location [17], and score-line [17] warrant 
consideration in future research. Fourth, the video sourced online 
had a small portion of footage missing (< 3%) for some games; how-
ever, it is anticipated that due to the brief footage missed for a se-
lection of games, the overall physical demands reported were not 
adversely impacted. Finally, games were removed from analyses 
where lower-ranked teams (i.e., teams that did not make the finals 
phase) played one another to permit more even comparisons be-
tween group and finals phases in the present study. Consequently, 
the comparative analyses presented in this study are indicative of 
better-ranked teams who reached the finals phase at the 2019 
3 × 3 World Cup.

Practical applications
The present findings hold useful practical applications in various 
ways. The similar physical demands experienced in games that were 
won and lost suggest team success may not be predicated on phys-
ical capabilities in international 3 × 3 basketball competition. In turn, 
players competing at the highest standard of play (i.e., World Cup) 
may possess rather homogenous physical capacities given the elite 
level of competition. Nevertheless, it is essential that the physical 
preparation of players is given adequate consideration alongside 
technical-tactical skills through appropriate training and recovery 
plans to ensure players reach the requisite level of fitness needed to 
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light of the short game durations and tournament setting during the 
2019 3 × 3 World Cup.

CONCLUSIONS 
The present findings add to the limited knowledge surrounding the 
physical demands encountered during 3 × 3 basketball game-play, 
providing foundation data specifically during the 3 × 3 World Cup. 
In turn, physical player demands were consistent irrespective of 
whether teams won or lost in both male and female competitions. 
Furthermore, although physical player demands differed for some 
variables during finals games compared to group games in male 
players (HIA and high-SM decreased while jumping duration de-
creased in finals) and female players (LIA decreased in finals), these 
effects were mostly small in magnitude with many variables remain-
ing consistent between competition phases.
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compete in 3 × 3 international basketball competition. In this regard, 
it appears that the reduced playing area associated with 3 × 3 com-
pared to 5 × 5 basketball limits the ability of players to perform 
sprints on a repeated basis, with most high-intensity activity captured 
in the present study consisting of basketball-specific movements (i.e., 
stance position, shuffling, rolling, reversing, screening, and cross-over 
running). Consequently, our data support previous recommendations 
advocating the need to develop acceleration, deceleration, and 
change-of-direction attributes through appropriate strength and con-
ditioning approaches in 3 × 3 basketball given the reduced running 
demands compared to traditional 5 × 5 basketball [8]. Furthermore, 
our data emphasise 3 × 3 basketball players require well-developed 
vertical power expression with > 3 jumps performed per minute on 
average during games, including significantly greater playing time 
spent jumping in finals games compared to group games in male 
players. Despite some variations in physical demands between group 
and finals games, most variables were consistent between competi-
tion phases similar to external and internal load data reported in 
other international 3 × 3 basketball competitions [7]. These data 
suggest players may have adequate fitness capacities and/or adopt 
effective recovery strategies between games to offset an accumulative 
fatigue and maintain activity outputs across competition phases in 

1. Conte D, Straigis E, Clemente FM, 
Gómez MÁ, Tessitore A. Performance 
profile and game-related statistics of FIBA 
3 × 3 Basketball World Cup 2017.  
Biol Sport. 2019;36(2):149–54.  
doi: 10.5114/biolsport.2019.83007.

2. Erčulj F, Vidic M, Leskošek B. Shooting 
efficiency and structure of shooting in 3 × 3 
basketball compared to 5v5 basketball. Int 
J Sports Sci Coach. 2020;15(1):91–8. 
doi: 10.1177/1747954119887722.

3. Ferioli D, Conte D, Scanlan AT, 
Vaquera A. The technical-tactical 
demands of 3 × 3 international basketball 
games according to game outcome, 
player sex, and competition phase. 
J Strength Cond Res. 2022.

4. Koh Koon Teck, Wang CKJ, Mallett CJ. 
Discriminating factors between successful 
and unsuccessful elite youth olympic 
female basketball teams. Int J Perform 
Anal Sport. 2012;12(1):119–31. doi: 
10.1080/24748668.2012.11868588.

5. Koh KT, John W, Mallett C. Discriminating 
factors between successful and 
unsuccessful teams: A case study in elite 
youth Olympic basketball games. J Quant 
Anal Sports. 2011;7(3).

6. McGown RB, Ball NB, Legg JS, Mara JK. 
The perceptual, heart rate and 
technical-tactical characteristics of 3 × 3 
basketball. Int J Sports Sci Coach. 2020; 
15(5–6):772–82. doi: 10.1177/ 
1747954120930916.

7. Montgomery PG, Maloney BD. 
3 × 3 Basketball: performance 

characteristics and changes during elite 
tournament competition. Int J Sports 
Physiol Perform. 2018;13(10):1349–56. 
doi: 10.1123/ijspp.2018-0011.

8. Montgomery PG, Maloney BD. 
Three-by-three basketball: inertial 
movement and physiological demands 
during elite games. Int J Sports Physiol 
Perform. 2018;13(9):1169–74. doi: 
10.1123/ijspp.2018-0031.

9. Ferioli D, Schelling X, Bosio A, La Torre A, 
Rucco D, Rampinini E. Match activities  
in basketball games: comparison 
between different competitive levels. 
J Strength Cond Res. 2020; 
34(1):172–82. doi: 10.1519/
JSC.0000000000003039.

10. McInnes SE, Carlson JS, Jones CJ, 
McKenna MJ. The physiological load 
imposed on basketball players during 
competition. J Sports Sci. 1995; 
13(5):387–97.

11. Scanlan A, Dascombe B, Reaburn P. 
A comparison of the activity demands of 
elite and sub-elite Australian men’s 
basketball competition. J Sports Sci. 
2011; 29(11):1153–60. PubMed PMID: 
21777151.

12. Scanlan AT, Tucker PS, Dascombe BJ, 
Berkelmans DM, Hiskens MI, Dalbo VJ. 
Fluctuations in activity demands across 
game quarters in professional and 
semiprofessional male basketball. 
J Strength Cond Res. 2015; 
29(11):3006–15. doi: 10.1519/
JSC.0000000000000967.

13. Ben Abdelkrim N, El Fazaa S, El Ati J. 
Time-motion analysis and physiological 
data of elite under-19-year-old basketball 
players during competition. Br J Sports 
Med. 2007;41(2):69–75; discussion 
doi: 10.1136/bjsm.2006.032318.

14. Ferioli D, Rampinini E, Martin M, 
Rucco D, La Torre A, Petway A, et al. 
Influence of ball possession and playing 
position on the physical demands 
encountered during professional 
basketball games. Biol Sport. 2020; 
37(3):269–76. doi: 10.5114/
biolsport.2020.95638.

15. Ferioli D, Rucco D, Rampinini E, 
La Torre A, Manfredi MM, Conte D. 
Combined effect of number of players and 
dribbling on game-based drill demands in 
basketball. Int J Sports Physiol Perform. 
2020;15(6):825–32. doi: 10.1123/
ijspp.2019-0645.

16. Schelling X, Torres L. Accelerometer load 
profiles for basketball-specific drills in 
elite players. J Sports Sci Med. 
2016;15(4):585–91.

17. Fox JL, Stanton R, Sargent C, O’Grady CJ, 
Scanlan AT. The impact of contextual 
factors on game demands in starting, 
semiprofessional, male basketball 
players. Int J Sports Physiol Perform. 
2019;15(4):450–6. doi: 10.1123/
ijspp.2019-0203.

18. Fox JL, Green J, Scanlan AT. Not all about 
the effort? A comparison of playing 
intensities during winning and losing 
game quarters in basketball. Int J Sports 

REFERENCES 



Biology of Sport, Vol. 40 No2, 2023   387

Davide Ferioli et al. Contextual factors and physical demands of 3×3 basketball

Physiol Perform. 2021;16(9):1378–81. 
doi: 10.1123/ijspp.2020-0448.

19. Conte D, Tessitore A, Gjullin A, 
Mackinnon D, Lupo C, Favero T. 
Investigating the game-related statistics 
and tactical profile in NCAA division 
I men’s basketball games. Biol Sport. 
2018; 35(2):137–43. doi: 10.5114/
biolsport.2018.71602.

20. Gómez MA, Lorenzo A, Barakat R, 
Ortega E, Palao JM. Differences in 
game-related statistics of basketball 
performance by game location for men’s 
winning and losing teams. Percept Mot 
Skills. 2008;106(1):43–50. doi: 
10.2466/pms.106.1.43-50.

21. Leicht AS, Gómez MA, Woods CT. 
Explaining match outcome during the 
men’s basketball tournament at the 
olympic games. J Sports Sci Med. 
2017;16(4):468–73.

22. Ibáñez SJ, García J, Feu S, Lorenzo A, 
Sampaio J. Effects of consecutive 
basketball games on the game-related 
statistics that discriminate winner and 
losing teams. J Sports Sci Med. 2009; 
8(3):458–62.

23. Conte D, Favero TG, Lupo C, 
Francioni FM, Capranica L, Tessitore A. 

Time-motion analysis of Italian elite 
women’s basketball games: individual 
and team analyses. J Strength Cond Res. 
2015;29(1):144–50. doi: 10.1519/
JSC.0000000000000633.

24. Hopkins WG, Marshall SW, 
Batterham AM, Hanin J. Progressive 
statistics for studies in sports medicine 
and exercise science. Med Sci Sports 
Exerc. 2009;41(1):3–13. doi: 10.1249/
MSS.0b013e31818cb278.

25. Montgomery PG. 3 × 3 basketball 
competition: physical and physiological 
characteristics of elite players. J Phy Fit 
Treatment Sports. 2018; 5(3):555664. 
doi: 10.19080/
JPFMTS.2018.05.555664.

26. Çene E. What is the difference between 
a winning and a losing team: insights 
from Euroleague basketball. Int J Perform 
Anal Sport. 2018;18(1):55–68. doi: 
10.1080/24748668.2018. 
1446234.

27. Scanlan AT, Teramoto M, Delforce M, 
Dalbo VJ. Do better things come in 
smaller packages? Reducing game 
duration slows game pace and alters 
statistics associated with winning in 
basketball. Int J Perform Anal Sport. 

2016;16(1):157–70. doi: 
10.1080/24748668.2016.11868878.

28. Madarame H. Defensive rebounds 
discriminate winners from losers in 
european but not in asian women’s 
basketball championships. Asian J Sports 
Med. 2018;9(1):e67428. doi: 10.5812/
asjsm.67428.

29. Scarf PA, Shi X. The importance of 
a match in a tournament. Comput Oper 
Res. 2008;35(7):2406–18.  
doi: 10.1016/j.cor.2006.11.005.

30. Ferioli D, Scanlan A, Conte D, Tibiletti E, 
Rampinini E. The business end of the 
season: a comparison between playoff 
and regular-season workloads in 
professional basketball players.  
Int J Sports Physiol Perform. 
2021;16(5):655–62.  
doi: 10.1123/ijspp.2020-0405.

31. Pino-Ortega J, Rojas-Valverde D, 
Gómez-Carmona CD, Bastida-Castillo A, 
Hernández-Belmonte A, García-Rubio J, 
et al. Impact of contextual factors on 
external load during a congested-fixture 
tournament in elite U’18 basketball 
players. Front Psychol. 2019;10:1100. 
doi: 10.3389/fpsyg.2019.01100.


