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Basketball Strength and Conditioning: A Look at Current Trends

The Influence of Contextual Variables on Training Load
Prescription in Basketball: An Example of a Professional
Australian Men’s Basketball Team

by
Jack Patterson !, Russell Rayner 2, David L. Carey 1, Mathew O’Grady 3,
Scott W. Talpey V*

This study aimed to investigate the influence of contextual variables related to team performance, individual
performance and scheduling on the external training load placed upon professional basketball players following a won
compared to a lost game. Fifteen male professional basketball players from a single club competing in the Australia’s top
tier National Basketball League (NBL) during the 2023/2024 season participated in this study. Total player load, peak
player load, player load per minute and the work to rest ratio derived from accelerometry were measures of external player
load used in the analysis. Linear mixed models with the match outcome (win/loss), expected margin vs. outcome, days
between games, and player efficiency as fixed effects, and player ID as a random intercept were employed. A statistically
significant (p = 0.001) 62.46 au difference in total player load was observed following a win compared to a loss. However,
when considering the random effects of an individual, individual performance, team performance and scheduling as fixed
effects, a non-significant (p = 0.086) difference was observed with the individual player being the most influential variable.
There were no statistically significant differences in peak player load (p = 0.734), player load per minute (p = 0.281), and
the work to rest ratio (p = 0.782) following a win compared to a loss. The external training load prescribed to professional
basketball players is highly individualized. Practitioners monitoring the training demands of players should consider the
influence of individual factors when designing training.
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Introduction internal training load represents players’

Basketball is a physically demanding physiological and psychological response to
team-based invasion sport characterised by short training, both of which provide valuable insight for
bursts of high intensity activity such as sprinting, practitioners when planning and monitoring
jumping, and changing directions followed by training demands (Espasa-Labradoor et al., 2023;
periods of recovery (Garcia et al., 2020; Pérez-Chao Scanlan etal., 2014; Svilar et al., 2018). For example,
et al.,, 2023). Owing to the physically demanding recent research by Coyne et al. (2021) highlighted
nature of the sport, the prescription of an that both internal and external training load
appropriate training load in basketball has a variables collected on 13 International women'’s
profound impact on the player’s performance, basketball players in the leadup to the 2016
team performance, and injury risk (Arede et al., Olympic Games significantly correlated with coach
2022; Weiss et al., 2017). Training load can be ratings of individual performance during
characterised as internal or external in nature. competition. Additionally, Weiss et al. (2017)
External training load represents the physical reported that acute:chronic workload ratios
demands encountered by the player, whereas between 1.00 and 1.49 were optimal for physical
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preparation and reduced injury risk in professional
men’s basketball. For a thorough review on the
relationship between training load and basketball
performance the reader is directed to the
systematic reviews by Petway et al. (2020) and
Espasa-Labradoor et al. (2023). Nevertheless, a
clear finding within the literature is that the dose
of training placed upon a player has distinct
implications for their performance.

However, a training load prescription can
be influenced by a range of factors both individual
and contextual. Individual factors are specific to
the player (e.g. injury history, training age etc.),
while contextual factors are those that are not part
of the physical training process (e.g. team
performance, scheduling etc.) (Nijland et al., 2024).
Within the research, several studies have
investigated the influence of contextual factors on
the training load prescription. Contextual factors
investigated within the literature range from the
playing position (Dalton-Barron et al., 2021), the
location of competition (Guerro-Calderon et al.,
2021), to scheduling (Rago et al., 2023). Curtis et al.
(2021) investigated the influence of the player’s
status (starter vs. non-starter) on the accumulated
training load in a large cohort of 107 National
Collegiate Athletic Association (NCAA) male
soccer players and found that starting players had
a significantly greater training load placed upon
them than non-starting players. In a similar study
Curtis et al. (2020) reported that the outcome of a
previous match and the day between matches
significantly  influenced the training load
prescribed for the same population of collegiate
soccer players. Specifically in basketball,
competition demands have been shown to be
significantly impacted by contextual factors such
as the game outcome. Fox et al. (2019) reported that
the number of jumps, high intensity accelerations,
decelerations and changes of direction were
significantly greater in the lost compared to the
won game.

Research that has investigated the effects
of contextual factors on training demands in
basketball is scarce. However, a study conducted
over the course of a season in a semi-professional
Spanish men’s basketball team reported that
players’ experience, the player’s position, the
phase of the season and the upcoming opponent
were contextual factors that significantly
influenced the subjective internal training load
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using ratings of perceived exertion (Sansone et al.,
2021). Similar results which also used a subjective
rating of perceived exertion to determine internal
training load have been reported in semi-
professional female basketball players (Pinar et al.,
2022). To date, no study in basketball has
investigated the influence of contextual factors on
external training load in professional players using
wearable technology such as accelerometers and
local positioning systems (LPSs). Local Positioning
Systems provide information on a player’s
movement using radio-frequency signals that
measure the distance between a wearable device
with an embedded accelerometer placed upon the
athlete and anchor nodes distributed around the
environment in which training or competition
occurs (Luteberget et al., 2018). The use of LPS and
accelerometry technology specifically for indoor
sports such as basketball allows for robust valid
and reliable external training load data that can be
used to inform the safe and effective prescription
of training. The purpose of this investigation was
to determine whether external training load
determined by accelerometery would be different
following a won compared to a lost game when
considering contextual variables related to the
expected vs. actual margin of victory, individual
player’'s performance, and scheduling in
Australian professional men’s basketball players.
These contextual variables were selected for
analysis due to their relationship with team and
individual performance.

Methods

Participants

A convenience sample of fifteen male
professional basketball players from a single club
competing in the Australia's top tier National
Basketball League (NBL) during the 2023/2024
season participated in this study. The mean age,
body height and body mass for players were 26.7 +
41 yrs, 198 £ 0.08 m and 978 + 11.1 kg,
respectively. A player's data were excluded if they
were determined by the club's sports medicine
team to be on a reduced training load for the
session due to injury or illness.

Design and Procedures

A retrospective study design was used to
determine whether the external load in the training
session immediately following competition in a
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professional men’s basketball team was
significantly different following a won compared
to alost game. Player load data were collected from
fifteen players competing in the Australia’s top tier
professional basketball league for 19 training
sessions (that immediately followed a competition)
across the competition phase of the 2023/2024
season. The regular season in the Australia’s
National Basketball League (NBL) consists of 28
games played from October to March. Within the
regular season a team will typically play two
games per week. The training session immediately
following the game was chosen for analysis due to
its proximity to the previous competition that can
influence the training prescription. Even though
training sessions following a competition are
generally less fatiguing, they still include elements
of technical skill refinement, tactical development
and physical preparation contributing to an overall
training load for the player. Figure 1 visually
displays the design of the study, contextual
variables and external training load variables for
this investigation. This investigation received
approval from the Human Research Ethics
Committee of the La Trobe University, Melbourne,
Victoria Australia (protocol code: HEC24314;
approval date: 20 August 2024).

Measures

Contextual variables related to team
performance were the outcome of the previous
game (win/loss), the expected vs. actual margin.
The team performance variable of ‘expected vs.
actual margin’ was determined by the difference in
the projected outcome of the game based upon the
market betting line at close of odds from the Bet365
website (www.bet365.com.au) and the actual
outcome. For example, if the team was projected to
win by a margin of 10 points (+10) and the team lost
by a margin of five points (-5) the difference score
would be -15 points. This contextual variable was
chosen for inclusion in the analysis because of the
nuanced nature of victory and defeat, highlighting
the concept of a “bad win” or a “good loss”.
Decisions regarding the prescription of subsequent
training may be influenced by how well the team
performed with respect to the anticipated outcome.
Individual performance was determined by the
player efficiency rating provided by the league
website (www.nbl.com) as calculated by
subtracting the negative contributions of the player

during the game (missed field goals, missed free
throws, and turnovers) from their positive
contributions (points, field goals made, free throws
made, assists, rebounds, blocks and steals)
normalised per minute played during the game.
‘Days until the next game’ was a contextual
variable related to scheduling and determined by
calculating the number of days from the previous
until the next game.

External training load variables were
collected via a local positioning system (LPS)
Catapult ClearsSky (Catapult, Melbourne,
Australia) within the team's training facility. The
LPS uses ground-based sensors to track the
movement of players paired with a wearable
Catapult Vector T7 unit with an embedded
accelerometer (Catapult, Melbourne, Australia)
worn by players in a custom-built harness firmly
positioned between their shoulder blades at
approximately the C7-T1 level. The wearable units
have an inbuilt accelerometer, a gyroscope, and a
magnetometer each sampling at 100 Hz. The
variable of player load as the key external load
metric for this investigation was determined by
instantaneous data collected by the accelerometer,
located within the unit worn by the player. The
accelerations and decelerations across all axes
(forward-backward, up-down, and side to side)
over the time of training were summed to provide
a robust indication of the individual “load” over
the session using the following equation:

[ Wdociss = s + (e = sider)F + | [Wpecsss = Wpeer)’)

100
Derivatives of player load used for

analysis in this investigation were peak player
load, player load per minute and the work to rest
ratio. Peak player load was determined as the
rolling average of the player load over the duration
of the training session with the most intense one-
minute phase recorded. Player load per minute
was determined as the absolute training load value

PlayerLoad =

for the session divided by the total number of
minutes in the session. The work to rest ratio was
determined by the time in the work phase divided
by the time in the rest phase, where the work phase
included periods of high intensity movement such
sprinting, jumping and changing directions, while
the rest phase included standing, walking and low-
intensity jogging. Player load data using this
system has been previously shown to demonstrate
strong reliability and validity (Luteberget et al.,
2018).
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Statistical Analysis

Linear mixed models with the match
outcome (win/loss), the expected margin vs.
outcome, days between games, and player’s
efficiency as fixed effects, and the player’s ID as a
random intercept were employed.

All analyses were conducted within the
statistical computing and data visualisation
program R Studio (Version 4.4.11; R Core Team,
2024) within the RStudio environment using the
‘readxl’, ‘dplyr’ and ‘ggplot2’, ‘Ime4’ and ‘sjplot’
packages. Additionally, Cohen’s d effects sizes
were calculated to determine the magnitude of
differences in player load variables following a

Results

The mean (+ standard deviation) for
external training load variables collected for the 19
training sessions and following a win or a loss is
presented in Table 1.

Without consideration for the influence of the
individual player, the margin vs. expected
outcome, and time to the next game, there was a
statistically significant (p = 0.001) 62.46 au
difference in total player load following a win
compared to following a loss. However, when
contextual variables were included as a random
effect, there was a non-significant (p = 0.086)
difference in total player load following a win

won compared to a lost game (Cohen, 2013). compared to a loss. The contextual variable with

the greatest influence on total player load was
individual player. Additionally, there were no
significant differences in peak player load (p =
0.734), player load per minute (p = 0.289), and the
work to rest ratio (p = 0.782). These changes in
player load variables following a win vs. following
a loss are visually represented in Figures 2-5.

Table 1. Mean + standard deviation and Cohen’s d effect size for all external training load variables.

Variable All training Following a win Following a Cohen’s d
sessions loss

Player load (au) 412.7 £140.2 450.0 £ 133.3* 388.2+£139.7 0.4 (small)

Peak player load (au) 49+17 51+1.6 48+1.8 0.1 (small)

Player load / min (au) 6.7+1.5 65+1.5 69+15 0.2 (small)

W:R ratio (au) 0.3+0.1 0.3+0.1 0.3+0.1 0.0 (small)

W:R = work to rest ratio. * = significantly different from a loss (p < 0.05)

NEXT TRAINING
SESSION

Team performance variables: Training load variables:
Win [ Loss Total player load
Expected vs. Actual Margin Peak player load
Player load per minute
Individual performance variables: Work:Rest Ratio

Player Efficiency

Scheduling variables
Days until next game

Figure 1. Schematic representation of the study design.
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Figure 2. Total player load following a win compared to a loss for individual players.
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Figure 3. Peak player load following a win compared to a loss.
L =loss; W= Win
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Figure 4. Player load per minute following a win compared to a loss.
L =loss; W= Win
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Figure 5. Work to rest ratio following a win compared to a loss.

L ="Loss; W= Win
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Discussion

The purpose of this investigation was to
quantify the differences in the external load placed
upon professional basketball players in training
following a won compared to a lost game. There is
limited previous research on the effect of
contextual factors on the training load prescription
in basketball, and the few studies that have been
conducted in this area focused on semi-
professional athletes. A key finding from this
investigation is that although there was a
statistically significant difference in the total player
load in the subsequent training session following a
won compared to a lost game, this difference was
negated when contextual factors were included as
random effects into the analysis. Therefore, it can
be stated that in this case, the load placed upon
players on this team was not affected by contextual
variables influencing the training prescription.
Interestingly, the most influential factor on the
external load prescribed in the training session was
the individual player themselves.

The finding that the external training load
prescription was highly individualised is in
alignment with fundamental principles of training.
The principle of individualisation refers to
planning and implementation of training that
aligns with the specific needs of the individual
(Pickering and Kiely, 2019). Previous research
quantifying training and game demands of
National Basketball Association (NBA) players
across the season also supports the individualised
nature of the training prescription in elite
basketball (Russell et al, 2021). Russell and
colleagues (2021) reported that the external
training load prescribed to professional basketball
players was strongly influenced by the players’
status as starters or non-starters, with starting
players having significantly greater weekly load.
Additionally, players having 3-5 years of
experience were prescribed significantly greater
weekly loads than those with 6-9 and 10+ years of
experience. However, the study by Russell et al.
(2021) evaluated the training load placed upon
players across different types of sessions such as
those focused on the development of technical and
tactical components as well as recovery and fitness
training. Additionally, it is important to note that
three games per week are common practice in
congested scheduling within the NBA, while in the

NBL teams typically play two games per week. The
training sessions analysed within the current
investigation were a blend of recovery, technical
and tactical development.

The individual player’s performance as
determined by the league’s player efficiency
statistic was not an influential factor in the external
load in training following a won compared to a lost
game. This finding is somewhat surprising, but can
be rationalised through the measure of individual
performance employed in the study. Since the
current study utilised a retrospective analysis of
data, the player efficiency statistic was the sole
measure of individual performance used. Previous
research by Coyne et al. (2021) used coaches’
ratings as a holistic approach to evaluate basketball
player’s performance because it considered the
players’ role within the tactical game model of the
team and reported that the internal and external
loads in training strongly correlated with the
coaches subjective rating of the players’
performance. Additionally, previous research that
evaluated individual player performance in team
sport using subjective coaches’ ratings reported
that coach perceptions of players’ performance
were significantly influenced by the external load
metrics of game time and the percentage of game
time spent running at a high speed (Bauer et al.,
2015). This finding that players’ efficiency in
competition was not an influential contextual
factor in the external load of players in training
following a competition provides impetus for
future research to explore the use of coaches’
ratings as a more holistic approach to evaluating
basketball player performance.

The lack of statistically significant
differences in players’ load metrics following a win
compared to a loss may also be linked to the phase
of training in which the data were collected from.
The phase of a periodised training program is an
influential factor in the load placed upon a player.
Previous research has shown that training loads
are greatest during general preparation phases of a
program as coaches attempt to elicit an increase in
players’ fitness (Aoki et al, 2017). The data
analysed for the current investigation were from
the competition phase of the team’s periodised
training program. A previous study in professional
basketball has shown that the external load placed
upon players during the competition phase is
significantly lower than in the preparation phase,
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and that there is less fluctuation in load between
particular training sessions (Aoki et al., 2017). The
consistency in the training load prescription
during the competition phase may be linked to an
increased emphasis on technical and tactical
components of performance and maintenance of
physical fitness resulting in greater cognitive than
physical demands (Champion et al., 2023).

There were some limitations to the current
investigation that need to be discussed alongside
the results. Firstly, accelerometer-based player
load metrics were the only external load measures
used for analysis in this investigation. Due to
varying training environments for the team,
consistent availability of LPS derived measures of
additional external load metrics such as the
amount and intensities of accelerations,
decelerations, changes of directions and jumps was
not possible. Previous research in elite soccer has
indicated that player load is strongly correlated
with the total distance covered by a player in
training and competition (Oliva-Lozano et al.,
2022) and therefore, the incorporation of additional
external load metrics may provide the sport
scientist with further insight into how team,
individual and scheduling factors influence
external training load. Secondly, robust
monitoring of the load placed upon an athlete
should consider all types of loads to ascertain the
stress placed upon an athlete (Gabbett, 2016). Due
to the retrospective nature of the current
investigation, there were no measures of internal
or cognitive load for the training sessions that
immediately followed a competition. Since the
training sessions analysed in this investigation
were a blend of recovery, technical and tactical
development, it is possible that following the

competition the coach of the team may have
designed training sessions that aimed to improve
team performance through activities that
possessed high cognitive fidelity focusing on
decision making demands similar to competition
resulting in high cognitive demands rather than
physical demands (Champion et al., 2023). Future
research should aim to include the cognitive load
demands of basketball training sessions alongside
internal and external measures of physical load
when evaluating training demands. Lastly, this
investigation was conducted on a single team of
male professional Australian basketball players
and these findings are specific to this team.
However, these results provide insight into the
training demands of elite basketball players, which
is lacking within the peer-reviewed literature.

Conclusions

The purpose of this investigation was to
explore the influence of contextual factors related
to team performance, individual performance and
scheduling on the external load prescribed in
training following competition. The results
highlight that the most influential factor on the
prescription of external load is the individual
themselves. From a practical application
standpoint, when prescribing external training
loads practitioners should be cognizant of the
individual player considerations and aim to plan
activities that align with the individual needs from
a physical, technical and tactical perspective. Sport
scientists should work collaboratively with the
head coach in these instances to ensure physical
training demands integrate with the coach’s
objectives for the training session.
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