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Designing representative learning tasks requires a theoretically informed sampling of key performer-environment
interactions. This study sampled the constraints from basketball to create a representative environment by
examining the effect of a defender on the shooting performance of skilled female basketballers. Participants
performed a one-on-one defended shooting task and an undefended shooting task. Temporal variables were
recorded during each shooting task, and a sample of the cohort completed a focus group to gain qualitative
insights into each testing condition. Results found that the defended condition caused a decrease in shooting
accuracy and shot execution time, with an increase in ball flight time and jump time compared to the undefended
condition. Within-subject variability increased in the defended condition for jump time and shot execution time,
suggesting that the presence of the defender prompted players to change their movements. Shooting accuracy in
the defended condition showed a high correlation to the shooting accuracy exhibited in competition statistics.
Qualitative data revealed three themes; affective-cognitive response, sampling to design representative practice
tasks, and shooting as an adaptive skill. Introducing a defender into a shooting practice task created a more
representative activity that influenced the players’ shooting technique and accuracy. The players adapted to the
presence of a defender by executing their shot faster, increasing jump time, and increasing the flight time of the
ball. Sampling key performance constraints to create defended situations may encourage a more adaptable
technique, resulting in greater skill transfer from training to in-game performance.

1. Introduction performer, and environmental constraints (Gibson, 1977; Richardson

et al., 2008).

Basketball is a dynamic and complex sport that requires players to
modify their shooting technique to adapt to their performance envi-
ronment (Bartlett et al., 2007; Davids, Glazier, et al., 2003; Gorman &
Maloney, 2016). Understanding how different information sources in-
fluence performance is an important subject of empirical investigation
in the sports domain (Greenwood et al., 2012). Ecological dynamics is a
theoretical framework that emphasises the relationship between the
environment and the performer, providing a theoretical explanation that
outlines how different sources of information in the environment in-
fluence the emergence of patterns of behaviour under varying task,

Within ecological dynamics, learning can be described as a process of
adapting to the environment (Fajen & Warren, 2003). To strengthen the
relationship between the performer and their environment, it is impor-
tant that practice tasks sample key performer-environment interactions
from the competition setting (Pinder et al., 2011). The framework of
representative learning design outlined by Pinder et al. (2011) encom-
passes principles from Brunswik’s (1955) representative design and
Gibson’s (1979) direct perception to guide the design of practice tasks in
sport. This framework suggests that a training task should represent the
same perception and action demands and include the same
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performer-environment interactions as the performance environment so
that couplings formed in training generalise to competition (Pinder
et al., 2011). For example, soccer defenders have been shown to influ-
ence an attacker’s running velocity and ball speed, indicating the
perception-action couplings would not be the same in an undefended
context (Orth et al., 2014; Pinder et al., 2009).

However, there have been several misunderstandings about the
application of representative learning design (Aratijo & Davids, 2015;
Gray, 2022). Representative design has been interpreted literally to
mean that the entire competition task (for example, five-on-five
basketball) must be simulated, or that representativeness is deter-
mined by the conditions (e.g., lab versus field) in which testing or
training occurs (Aratijo & Davids, 2015; Aratjo et al., 2007; Gray, 2022).
Representative tasks need not necessarily occur in the field or as full
competition simulations (Aratijo & Davids, 2015), but can instead be
determined by a  theoretically informed sampling of
performer-environment interactions that include the key perception and
action processes that exist in the typical competition environment
(Aratijo et al., 2007; Pinder et al., 2011). Sampling key interactions is a
means to ensure the correspondence of behaviour between practice task
constraints and competition settings (for a further discussion, see Aratijo
etal., 2007). For example, a representative sample from basketball could
include an attacker and a defender competing in the half-court area (see
Gorman & Maloney, 2016).

Representativeness can be determined by studying functionality (i.e.,
the extent to which a practice task replicates the perception-action
relationship), action fidelity (i.e., the extent to which the practice task
replicates the movement behaviours of competition), and task
achievement (Pinder et al., 2011; Stoffregen et al., 2007). Task
achievement can be defined as “the degree of success obtained when
performing a task for a specific goal” (p276 Aratijo & Davids, 2015), and
can be assessed by output task measurements such as time to completion
or accuracy. However, designing modified testing and practice tasks that
satisfy principles of representative design is not easy, particularly in
complex team sports where learning designers must decide which of the
many performer-environment interactions to sample. Additionally, few
empirical studies provide examples of sampling, with the literature on
representative learning design focusing primarily on demonstrating the
lack of action fidelity in non-representative training activities (Maloney
et al., 2018; Pinder et al., 2009).

It is evident within a multitude of team sports that the interaction
between an attacker and a defender requires players to adapt their
movements (Gorman & Maloney, 2016; Orth et al., 2014; Rivilla-Garcia
et al., 2011). This can be seen in rugby union where the proximity of a
defender affects the ball carrier’s velocity and decision-making (Passos
et al., 2008); in soccer where a defender has been shown to influence the
attacker’s run-up velocity and ball speed when crossing (Orth et al.,
2014); and in beach volleyball where a defender influences positioning,
technique, and execution of a serve or shot over the net (Medeiros et al.,
2014). A feature that can be observed during the attacker-defender
interaction is movement variability (Newell & James, 2008). This
variability can be quite random (in the case of a novice) or functional (in
the case of an expert) (Davids et al., 2006). Functional movement
variability allows performers to adapt to fluctuations in the environ-
ment, enabling the task goal to be successfully achieved (Newell &
James, 2008). It is desirable to create practice tasks that promote
movement variability and exploratory activity to encourage the learner
to discover individualised and functional solutions to specific task goals
(Seifert et al., 2015). Introducing a defender in practice tasks can create
a representative environment that provides attackers with relevant in-
formation to practice adapting their technique (Davids, Glazier, et al.,
2003; Gorman & Maloney, 2016; Renshaw et al., 2009).

The effects of a defender on basketball shooting performance has
been a focus of recent research, with participants including skilled junior
males (Gorman & Maloney, 2016), skilled youth females (van Maar-
seveen & Oudejans, 2018), male paralympic wheelchair basketballers
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(Francis et al., 2021), and elite players from the National Basketball
Association (NBA) (Felsen & Lucey, 2017). These studies have shown
that in the presence of a defender, the shooter exhibits decreases in
shooting accuracy and shot execution time, and increases in jump time
and ball flight time (Gorman & Maloney, 2016; van Maarseveen &
Oudejans, 2018). Shooting against a defender also affects gaze behav-
iour by encouraging shooters to fixation for longer on the defender and
to display a later fixation on the basket (van Maarseveen & Oudejans,
2018). However, these studies had several limitations. For example,
Gorman and Maloney (2016) used low frame rates to analyse the tem-
poral variables, they did not include qualitative data from the players to
examine their experiences of the test conditions, and they had no
comparison between the test condition and actual competition statistics.
Van Maarseveen and Oudejans (2018) had an additional limitation by
using only one shot type and two shot locations. In addition, few studies
have investigated how a defender influences basketball shooting tech-
nique and accuracy in a female population (for an exception, see van
Maarseveen & Oudejans, 2018). It is necessary to conduct research using
female performers due to the differences in physical constraints
(Gomez-Carmona et al., 2021; Landry et al., 2007), relative ball size
(FIBA, 2022; Gorman et al., 2021; Husak et al., 1986), and develop-
mental histories (Gomez-Carmona et al., 2021; Tekavc et al., 2015)
between males and females.

Therefore, this project aimed to replicate and expand Gorman and
Maloney (2016) by determining the effects of the presence of a single
defender on the shooting accuracy and technique of skilled female
basketballers when compared to undefended situations. A secondary
aim was to determine the extent to which a one-on-one scenario pro-
vided a representative sample of competition demands. This was ach-
ieved by comparing the shooting accuracy of the defended and
undefended conditions to competition statistics. We predicted that the
presence of a defender would encourage players to adapt their shooting
technique by decreasing shot execution time, increasing jump time, and
increasing ball flight time, and that the increased demands of the
defended condition would result in a decrease in shooting accuracy. It
was also hypothesised that the competition shooting statistics of the
participants would be more closely associated with the results of the
defended condition compared to the results from the undefended con-
dition. To extend the results of previous investigations (e.g., Gorman &
Maloney, 2016; van Maarseveen & Oudejans, 2018), we used cameras
with a higher frame rate to analyse the data, we compared competition
shooting statistics to the results of the defended and undefended con-
ditions, we used several different shot types and shot locations, and we
added a qualitative aspect by asking a sample of participants to reflect
upon the test conditions to determine the similarity to competition.

2. Methods
2.1. Participants

Ten skilled junior female basketballers (M age = 17 + 0.7 years)
were recruited from a development program featuring the best 16- to 19-
year-old female players in Australia. The entire cohort participated in
the quantitative portion of the present study, with a subset of these
participants (n = 4) invited to complete a focus group involving semi-
structured interview questions. This cohort of basketballers included
players from all playing positions (guards, forwards, and centres). Given
that most of the cohort had represented Australia at junior international
competition, and the remaining players had competed at a national
level, the players were classified as being highly trained/national level
(tier 3) using the McKay et al. (2022) participant classification frame-
work for sport. A power analysis was not necessary as we purposefully
sampled the best female basketballers for their age group in Australia
(Lakens, 2022). Therefore, increasing the population size would result in
a lesser-skilled cohort. Additionally, the cohort in this study was the
female equivalent of the male cohort recruited by Gorman and Maloney
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(2016), providing an accurate replication and extension of that original
work. The study received institutional ethics approval and participants
and their parents provided informed consent.

2.2. Study design

This study used a mixed method, counterbalanced, within-subject
repeated measures design whereby all participants performed a shoot-
ing test (colloquially termed, the “Boss Test”) in both a defended and
undefended condition (Gorman & Maloney, 2016). The test was iden-
tical to that employed by Gorman and Maloney (2016) which involved a
total of 30 shots in both the defended and undefended conditions. The
test comprised five different shot types (i.e., three-point, free throw, post
move, pull-up jump shot, and screen and curl cut), with each shot being
performed six times from multiple positions around the court (see Fig. 1
for the shot locations). Each shot was performed in the same order
within a given round with the position of the shots being randomised to
replicate game situations. Before the experimental session, a familiar-
isation session was provided for the participants to demonstrate each
shot, explain the requirements of the different shots and conditions, and
allow players to ask questions. Semi-structured interviews were con-
ducted using a focus group immediately after the shooting test was
completed.

2.3. Quantitative procedure

Following the methods of Gorman and Maloney (2016), the ten
participants were matched into pairs by their coaches based on the
coaches’ knowledge of the players. To match the pairs as closely as
possible, the coaches used their knowledge of the players’ physical
characteristics (height and weight), skill level, and playing position.
Before completing the shooting tests, participants completed their reg-
ular pre-training warm-up along with a brief familiarisation where they
could practice the shots in the test and ask questions about the conduct
of the test. Two high-speed cameras (Panasonic HC-VX1 4K Ultra HD;
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capturing at 1080p, 100fps) were placed on the side of the court during
testing to record every shot, and to enable post-hoc analysis of three
temporal variables that included shot execution time, ball flight time,
and jump time (Fig. 1). Participants completed both a defended and an
undefended shooting test with these two conditions being counter-
balanced across the pairs of participants. Shots were repeated in the case
of a block, foul, poor pass, or if the athletes did not follow the in-
structions on the shot and took ‘shortcuts’ such as moving before the
pass or positioning themselves in an advantaged position before the start
of a shot. The five different shot types (i.e., three-point, free throw, post
move, pull-up jump shot, and screen and curl cut) were performed in the
same order for each participant in each test condition (defended and
undefended). However, to replicate game demands, no two shot types or
shot positions were repeated twice in a row. For example, one sequence
of 5 shots consisted of a three-point shot from the right corner of the
court, a free throw, a post move from the left side of the charge circle, a
pull-up jump shot from the right-wing, and then a screen and curl cut
from the left side of the key. Defenders were encouraged to defend at
game intensity and to attempt to block the shot where possible. Addi-
tionally, each shot type (excluding the free throw) was designed so the
defender could get close enough to block the shot, but not so close that
the shot became virtually impossible to execute. Pairs of participants
also switched roles from shooter to defender (defended condition) or
passer (undefended condition) after every shot to replicate the constant
switching between attack and defence in a game.

2.4. Three-point shot

In the defended three-point condition, the defender stood inside the
charge circle under the basket and passed the ball to the shooter outside
the three-point line (Fig. 1b). When the ball left the defender’s hands,
the defender moved towards the shooter and attempted to defend the
shot. Once the pass was received by the shooter, the shooter immedi-
ately executed their shot without dribbling. The undefended condition
was completed in the same manner, but without the defender running
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Fig. 1. (a) Camera set-up, (b) three-point shooting locations, (c) post move shooting locations, (d) free throw shooting location, (e) pull-up jump shot locations, and

(f) screen and curl cut shooting locations.
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out of the charge circle after passing. This shot type was conducted in
five different locations, one shot from each corner, one shot from both
wings (45° from the basket), and two shots from in front of the basket.

2.5. Post move

The post move shot was designed to replicate a shot directly under
the basket. This shot was conducted with the shooter having one foot
inside and one foot outside the charge circle under the basket and with
the shooter facing outward (Fig. 1c). The shooter then spun the ball off
the ground back to themselves to initiate the shot. To standardise shot
execution times across conditions, the shooter was not allowed to fake,
dribble, or take more than one step. In the defended condition, the
shooters had a defender directly behind them in the charge circle. The
defender was instructed to start defending once the shooter had caught
the ball from the bounce. The undefended condition was the same but
without the presence of a defender.

2.6. Free throw

The free throw was performed as a self-paced shot in both conditions,
allowing the shooter to perform their regular routine. The shooter per-
formed all shots on the free throw line, as per international basketball
regulations FIBA (2022) see Fig. 1d). The defended condition replicated
a game by allowing the defender to stand on the edge of the key and
compete to get a rebound after the ball was released (known as ‘boxing
out’). The undefended condition was completed without a defender
present. While the influence of a defender is relatively limited for the
free throw, this shot type was included due to its frequency in compe-
tition and to also accurately replicate the original work of Gorman and
Maloney (2016). There was also a non-significant reduction in shooting
accuracy for the defended free throw in Gorman and Maloney (2016),
and so it was important to include this condition in the present study to
determine whether a different cohort of participants would produce
different results.

2.7. Pull-up jump shot

The pull-up jump shot was executed on both the left and right wings
(45° from the basket) with the shooter starting on the three-point line.
The shooter received a pass from a defender, who was positioned at the
intersection of the key and the baseline on the opposite side of the court
(Fig. 1e). For example, a left-side pull-up jump shot involved the shooter
standing on the three-point line on the left wing. The defender then
passed the ball from where the right side of the key intersected the
baseline. The defender in this shot was under the same instructions as for
the three-point shot where she was not allowed to move to defend until
the ball had left her hands after the pass. Shooters were required to take
one bounce with a stride going straight, left, or right before executing
their shot. The undefended condition involved a pass from the same
position, but without a defender running out to the shooter after
executing the pass.

2.8. Screen and curl cut

The screen and curl cut occurred along each side of the key, with the
shooter cutting behind the free-throw line around a chair (which acted
as a screener) positioned at the intersection of the key and free-throw
line. The shooter started at the intersection of the key and baseline
and then initiated their shot by running along the key (Fig. 1f). In the
defended condition, there was a defender who followed directly behind
the shooter. As the shooter ran around the chair (i.e., curl cut), she
received a pass from another member of the team. After receiving the
pass, she immediately took a jump shot from the free-throw line. The
defender was instructed to chase the shooter by running around the
chair and attempting to block the shot within the rules of the game (i.e.,
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not fouling the shooter). The undefended shot was completed in the
same manner, but without the defender chasing the shooter.

2.9. Shooting accuracy

Each shot was recorded as either successful or unsuccessful. The
overall shooting accuracy for each participant was then calculated as a
percentage using the number of successful shots divided by the total
number of shots and multiplying this value by 100.

2.10. Shooting technique

Shooting technique was assessed using three temporal variables
including shot execution time, ball flight time, and jump time (see also,
Gorman & Maloney, 2016). The data for these variables was extracted
from video captured during testing which was analysed using Kinovea
(Version 0.9.5, Charmant J, & contributors, Boston, MA, USA). Shot
execution time was defined as the moment the shooter made first contact
with the ball to the point the ball left the shooter’s hand. Jump time was
defined as the moment from the shooter’s last point of contact with the
ground to the point when the shooter made their first point of contact on
the ground. These two temporal variables were not recorded for the free
throw because it is a self-paced shot where the shooter rarely jumps. Ball
flight time was defined as the moment the ball left the shooter’s hand to
the moment when the ball touched the basket, or when the bottom of the
ball was in line with the basket in the case of a swish (when the ball goes
through the hoop but does not touch the basket) or a miss. In the case of
a complete miss where the ball did not make the height of the rim or the
ball missed the basket, ball flight time was not recorded.

2.11. Competition shooting accuracy

The shooting accuracy in the defended and undefended testing
conditions was also compared to the players’ competition shooting
statistics for their most recent competitive season. The aim was to
determine whether the defended condition provided a more represen-
tative sample of actual competition performance compared to the un-
defended condition. Competition shooting statistics were retrieved from
the Basketball 1 statistics page (NBL1, 2022). The data was extracted
from an average of 14 (+1.4) games with an average of 272.9 (+92.0)
minutes played across the season. Each participant shot an average of 22
(£11.3) free throws, 71 (+39.78) two-point shots, and 34 (+17.64)
three-point shots for the season.

2.12. Qualitative procedure

Four participants (from the original sample of 10) were asked to
participate in a focus group that involved semi-structured interview
questions to explore the participants’ experiences of shooting with and
without a defender. The focus group was conducted after the partici-
pants completed all the experimental conditions. An interview guide
was constructed featuring the following questions: What did it feel like
shooting with a defender?; What effect did the defender have on your
shooting technique?; How did each condition compare to a game? The
interviewer used prompts to gain more detailed information from par-
ticipants when required. Interviews were recorded and transcribed
verbatim by the primary author for reflexive thematic analysis.

2.13. Quantitative analysis (statistical analyses)

To determine the effect of the defender on shooting accuracy and
technique, linear mixed models were fitted with shooting accuracy, shot
execution time, ball flight time, and jump time as the dependent vari-
ables. The data for shooting accuracy were entered into the models as
means, whereas the data for shot execution time, ball flight time, and
jump time were entered into the models as individual observations. The
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within-subject standard deviations for shot execution time, ball flight
time, and jump time were entered into separate linear mixed models to
determine the influence of a defender on within-subject variability
(Gorman & Maloney, 2016; McDonald et al., 1989). For all models, shot
type (three-point, free throw, pull-up jump shot, post move, and screen
and curl cut) and shot condition (defended and undefended) were fitted
as fixed effects. The free throw shot was not included in the analyses for
shot execution time and jump time because this shot is self-timed (FIBA,
2023) and does not usually involve a jump. A random intercept for
participants was included to account for intraindividual differences and
interindividual heterogeneity. The main effects for shot type are not
reported because this analysis was not relevant to the aims of the
research. Where a significant interaction or main effect was established,
pairwise analyses with a Bonferroni correction for multiple comparisons
were used. To determine the magnitude of any differences, standardised
effect sizes were estimated using Cohens d and interpreted as small (0.2),
medium (0.5), or large (0.8) effects (Cohen, 2016). Pearson’s correlation
coefficients were used to determine the relationships between compe-
tition shooting accuracy and performance in the defended and unde-
fended shooting conditions. All statistical analyses were completed
using SPSS software (Version 28.0.1, IBM Corporation, Armonk, NY,
USA) and values of p < 0.05 were considered statistically significant.
Values presented for the post hoc analyses for the interactions are pre-
sented as means with their 95% confidence interval (95% CI) expressed
as mean [lower bound, upper bound] unless otherwise specified.

2.14. Qualitative analysis

Qualitative analysis was informed by Braun and Clarke’s (2006)
reflexive thematic analysis using their 15-point checklist (Braun &
Clarke, 2006; Braun et al., 2016). Reflexive thematic analysis allows the
author conducting the analysis to use their own biases, experience, and
knowledge of the dataset to produce informed codes and themes, rather
than trying to remove biases and cross-check with other authors as seen
in the coding reliability approach or codebook approach (Braun &
Clarke, 2019; Braun et al., 2016; Byrne, 2022). An important assumption
of reflexive thematic analysis is to avoid multiple authors conducting the
review as everyone brings their own biases (Braun & Clarke, 2006,
2019). Therefore, crosschecking with other researchers is not productive
and would likely generate different themes (Braun & Clarke, 2019). The
progression through data analysis with this approach is not a direct
linear path, but rather, the author is encouraged to move backward and
forward along the process of coding, theme development, revision,
naming, and write-up (Braun & Clarke, 2006, 2019; Braun et al., 2016).
Therefore, rigour is achieved by one author dedicating enough time to
allow sections of the process to be repeated (Braun & Clarke, 2006,
2019).

The 15-point checklist of Braun and Clarke (2006, 2017) involves
five parts including transcription, coding, analysis, overall, and written
report. The first step involves the researcher becoming familiar with the
data, transcribing the interview in appropriate detail (verbatim in the
present study), and double-checking the transcription for accuracy. The
second step involves coding the data and giving equal attention to all the
data during the coding process so that coding is thorough, inclusive, and
comprehensive. Following this step, themes should become initially
coherent, consistent, and distinctive and are then checked against each
other with the original dataset. The third process involves the analysed
data being interpreted, rather than simply being paraphrased, or
described. There should be a well-organised and convincing story from
the data, with a balanced amount of narrative and illustrative extracts.
The next “overall” phase involves allowing sufficient time to complete
all phases of the analysis without rushing. The entire process requires
multiple iterations to clearly distinguish themes and codes. The final
phase is the written report which involves a clear and solid under-
standing of the process and assumptions that relate to a reflexive the-
matic analysis. Any statements in the report should be supported by the
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data, and the language and concepts must be consistent with the
analysis.

3. Quantitative results
3.1. Shooting accuracy

There was a significant interaction of shot condition and shot type for
shooting accuracy, F(4, 90) = 3.18, p = 0.017 (Fig. 2). There was also a
significant main effect for condition, F(1, 90) = 39.99, showing that the
accuracy in the defended condition (46.0 + 26.2%) was significantly
lower than that observed for the undefended condition (68.0 + 24.0%, p
< 0.001). Post-hoc comparisons revealed that shooting accuracy
significantly decreased in the defended condition for the three-point
(-16.7% [—32.1, —1.2], p = 0.035, d = —0.87), post move (—36.7%
[-52.1, -21.2],p < 0.001, d = —2.09), and screen and curl cut (—36.7%
[-52.1, —21.2], p < 0.001, d = —1.45). There was no significant dif-
ference between the defended and undefended conditions for the free
throw (—6.7% [—22.1, 8.8], p = 0.394, d = —0.38), and pull-up jump
shot (—13.3% [-28.8, 2.1], p = 0.090, d = —0.65).

3.2. Shot execution time

There was a significant interaction between shot condition and shot
type for shot execution time, F(3, 462.48) = 25.69, p < 0.001 (Fig. 3).
There was also a significant main effect of condition, F(1, 462.51) =
185.98, p < 0.001, where players performed the shots in the defended
condition (0.85 + 0.22 s) significantly faster than those in the unde-
fended condition (1.03 + 0.28 s). Post-hoc comparisons revealed shot
execution time significantly decreased for the defended condition in the
three-point (—0.18 s [—0.23, —0.13], p < 0.001, d = —1.68), pull-up
jump shot (—0.36 s [-0.41, —0.31], p < 0.001, d = —2.45), and
screen and curl cut (—0.14 s [-0.19, —0.09], p < 0.001, d = —1.00).
There was no significant difference between the defended and unde-
fended conditions for the post move (—0.04 s [—0.09, 0.02], p = 0.165,
d = —-0.18).

The analyses of within-subject variability for shot execution time
revealed a significant interaction between shot condition and shot type,
F(3, 69.10) = 6.38, p = 0.001, but no significant main effect for con-
dition, F(1, 69.12) = 2.27, p = 0.137. Post-hoc comparisons revealed
that compared to the undefended condition, the variability for shot
execution time was significantly higher for the defended post move
(0.093 5 [0.048, 0.138], p < 0.001, d = 1.11), but the variability for the
three-point shot showed the opposite effect with significantly lower
variability in the defended condition (—0.044 s [—0.088, 0.000], p =
0.049, d = —0.88). There was no difference in the variability for shot
execution time between the defended and undefended conditions for the
pull-up jump shot (0.011 s [—0.033, 0.055], p = 0.618, d = 0.24), and
screen and curl cut (0.007 s [-0.037, 0.051], p = 0.751, d = 0.15).

3.3. Jump time

The results for jump time revealed a significant interaction for shot
condition and shot type, F(3, 469.00) = 26.98, p = < 0.001 (Fig. 4).
There was also a significant main effect for condition, F(1, 469.00) =
372.35, p < 0.001, showing that players jumped significantly higher in
the defended condition (0.34 + 0.06 s) compared to in the undefended
condition (0.28 + 0.06 s). Post-hoc comparisons revealed jump time
increased in the defended condition for the three-point (0.02 s [0.01,
0.03], p =0.007, d = 0.48), post move (0.07 s [0.05, 0.08], p < 0.001, d
=1.12), pull-up jump shot (0.08 s [0.06, 0.09], p < 0.001, d = 1.42), and
the screen and curl cut (0.10 s [0.09, 0.12], p < 0.001, d = 1.81).

The analyses of within-subject variability for jump time revealed no
significant interaction between shot condition and shot type, F(3, 70) =
0.43, p = 0.730. However, there was a significant main effect for con-
dition, F(1, 70) = 5.41, showing that jump time for the defended
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Fig. 2. Mean shooting accuracy for each shot type across the defended and undefended conditions. Individual grey dots represent a participant’s average shooting
accuracy; black bars represent the group mean (middle line) and confidence intervals (top and bottom lines).
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Fig. 3. Mean shot execution time for each shot type (excluding free throws) across defended and undefended conditions. Grey bars are individual participant
changes, black bars are average cohort change with error bars representing confidence intervals.
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Fig. 4. Mean jump time for each shot type (excluding free throws) across defended and undefended conditions. Grey bars are individual participant changes, black
bars are average cohort change with error bars representing confidence intervals.

condition (0.026 + 0.013 s) was significantly more variable than that 3.4. Ball flight time
observed for the undefended condition (0.021 + 0.012 s) p = 0.023.
There was a significant interaction for shot condition and shot type
for ball flight time, F(4, 585.02) = 11.71, p < 0.001 (Fig. 5). There was
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Fig. 5. Average ball flight time for each shot type across defended and undefended conditions. Grey bars are individual participant changes, black bars are average
cohort change with error bars representing confidence intervals.
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also a significant main effect for condition for ball flight time, F(1,
585.03) = 43.05, p < 0.001, showing that the ball was in the air for
longer in the defended condition (1.02 + 0.22 s) compared to the un-
defended condition (0.97 + 0.23 s). Post-hoc comparisons revealed that
there was a significant increase in ball flight time in the defended con-
dition for the post move (0.07 s [0.04, 0.10], p < 0.001, d = 0.64), and
pull-up jump shot (0.11 s [0.08, 0.14], p < 0.001, d = 1.47). There were
no significant differences for the three-point (0.01 s [-0.02, 0.04], p =
0.389, d = 0.16), free throw (—0.004 s [-0.03, 0.02], p = 0.792, d =
—0.05), and screen and curl cut (0.02 s [-0.01, 0.04], p = 0.247,d =
0.16).

The analyses of within-subject variability for ball flight time revealed
a significant interaction between shot condition and shot type, F(4, 90)
= 3.00, p = 0.023, and no significant main effect for shot condition, F(1,
90) = 2.53, p = 0.116. Post-hoc comparisons revealed that the vari-
ability for ball flight time was significantly greater in the defended
condition for the screen and curl cut (0.036 s [0.011, 0.061], p = 0.005,
d = 1.29). While the increase in variability for the defended condition
was not significant for the pull-up jump shot (0.024 s [-0.001, 0.0491, p
=0.056, d = 1.07), there was a large effect size. There was no difference
in the variability of ball flight time between the defended and unde-
fended conditions for the three-point (—0.007 s [—0.032, 0.018], p =
0.573, d = —0.06), free throw (—0.016 s [-0.041, 0.009], p = 0.200, d
= —0.38), and post move (0.007 s [-0.018, 0.032], p = 0.573,d = 0.22).

3.5. Competition comparison

There was an insufficient number of players who performed free
throws and three-point shots in competition to enable a comparison of
the results from the two test conditions for these shot types. Therefore,
the shooting accuracy scores for the test results from the post move, pull-
up jump shot, and screen and curl cut were combined into an overall
two-point shot accuracy score which was compared to the players’
competition two-point shooting statistics. There was a significant large
correlation between two-point shooting accuracy in the defended con-
dition and two-point shooting accuracy in competition (r = 0.93 [0.65,
0.99], p = 0.0008) (Fig. 6). There was a moderate, non-significant cor-
relation between two-point shooting accuracy in the undefended con-
dition and two-point shooting accuracy in competition (r = 0.33 [—0.46,
0.84], p = 0.42).
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4. Qualitative results

Results from the thematic analysis revealed one overarching theme
the presence (or absence) of a defender shapes the individual behaviour of a
shooter. There were also three lower-order themes including affective-
cognitive response (the perceived emotional response of the participants),
sampling to design representative practice tasks, and shooting as an adaptive
skill (see Fig. 7).

4.1. Affective-cognitive response

Affective-cognitive response was a theme that encompassed the
participants’ emotional and cognitive responses to the constraints of the
test conditions. The presence of a defender led to feelings of pressure
which were often linked to the decrease in time that participants had to
execute their shot: “It put me under a bit more pressure than I normally
would just shooting without one (a defender), like bit more rushed than
usual” (Athlete 3). Additionally, the defender’s presence also led to
feelings of frustration and annoyance: “It kind of feels annoying cause I
knew I was going to be rushed and I couldn’t take time to, like, not perfect my
shot, but have it right ... it was kind of annoying” (Athlete 4). These frus-
trations seemed to be influenced by players feeling as though they could
not execute their shots in their preferred manner. Cognitively, partici-
pants were less challenged in the absence of a defender, with the
reduced time pressure allowing them to be more conscious of how they
executed their shots.

“When there’s no defender, I can think about it and slow it down and get a
better shot. You obviously had time and space to shoot it and are able to think
a lot about the shot. It’s like less stressful like you knew when to shoot it and
didn’t have to rush to make the shot” (Athlete 2).

4.2. Sampling to design representative practice tasks

The theme sampling to design representative practice tasks encom-
passed how a training environment can be manipulated to adequately
sample the demands of shooting in a game. The shooter-defender
interaction was a key sampling item used to develop a representative
task by creating a coupling between the performer and their environ-
ment. This relationship could be seen with participants’ awareness of
and need to anticipate the defender. “You have to anticipate and look
where they're [the defender] going, so it’s harder to get the shot up ... Having

b) Undefended
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Fig. 6. Correlation between (a) defended shooting accuracy and competition shooting accuracy, and (b) undefended shooting accuracy and competition shooting
accuracy. The solid black line represents the line of best fit between shooting accuracy in the two test conditions (defended and undefended) and competition
shooting accuracy. The dotted black line represents a 95% confidence interval for the line of best fit.
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4. Shooting as
an adaptive skill

1. Presence (or
absence) of a
defender shapes
the individual
behaviour of a
shooter

3. Sampling to design
representative
practice tasks
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2. Affective-
cognitive response

Fig. 7. Thematic map detailing (1) the main theme of presence (or absence) of a defender shapes the individual behaviour of a shooter, and the secondary themes of (2)
affective-cognitive response, (3) sampling to design representative practice tasks, and (4) shooting as an adaptive skill.

the defender makes it a lot more game like; you have to make better de-
cisions” (Athlete 2). Successfully sampling the demands of competition
to create a representative training task was highlighted through par-
ticipants identifying the task as being realistic and game-like. “They [the
defended shooting tasks] were pretty realistic, like the box out, the three-
point close out, in the paint, and like coming off screens, so that was all
pretty realistic” (Athlete 4). Although the defended condition was more
representative of the competition environment, the participants
described how additional features could be included to further increase
the level of representativeness. “The second one [defended condition]
was pretty similar [to a game], but there would probably be a bit more
pressure in a game with multiple defenders rather than just one defender
coming at you” (Athlete 3). Alternatively, the undefended condition did
not provide a representative sample of the relationship between the
shooter and the defender that reflected the typical demands of a
competition setting. “It’s a lot different to, like, contested which is more
game-like. You don’t really get uncontested in a game very much” (Athlete
1). “The first test [undefended conditionl], it wasn’t that similar to in-game
shooting ‘cause [sic] normally you wouldn’t shoot without a defender on
you” (Athlete 3).

4.3. Shooting as an adaptive skill

The third theme was shooting as an adaptive skill, referring to how
the shooter created interpersonal coordination between themselves and
the defender, and also how they consequently adjusted their technique
to produce a successful outcome. When performing in the undefended
condition, participants were able to self-time and slow down their shot
execution. Athlete 3 noted a higher consistency in shot execution time
while undefended: “Normally, I'd have like a pretty similar shot every time
without a defender”. In contrast, the presence of a defender encouraged
adaptive behaviours at two levels. Firstly, athletes appeared to establish
interpersonal coordination between their shooting technique and the
defender. “You kind of had to readjust to where the defender was, so like
having an offhand like not near the ball, or your feet go different” (Athlete
3). Secondly, athletes recognised the need to adjust their shooting
technique in the presence of a defender. “Whether to shoot over the hands,
and when to shoot it, and how fast she [the defender] was running at me,
and how much time I had to shoot the ball up and my arc and stuff like that”
(Athlete 1).

5. Discussion

This study aimed to replicate and expand the work of Gorman and
Maloney (2016) by examining how the behaviour of skilled female
basketball shooters was influenced by the presence and absence of a
defender. A secondary aim was to determine whether the principled
sampling used by Gorman and Maloney (2016) to create a basketball
one-on-one defended shooting condition could adequately sample the
demands of a full competition, compared to an undefended shooting
condition. We extended previous research in this area by including fe-
male participants (but for an exception, see van Maarseveen & Oude-
jans, 2018), collecting qualitative data to explore the first-hand
experiences of the participants, conducting a competition comparison,
and using a higher frame rate to improve the sensitivity of the quanti-
tative measurements (i.e., 100 fps, rather than 25 fps as used by Gorman
& Maloney, 2016). The results showed a significant difference across
conditions and shot types for shooting accuracy and technique variables,
while the competition comparison revealed performance in the defen-
ded situations to be highly correlated to performance in competition.
These results provide an example of how competition demands can be
sampled to create a representative training environment, without the
need to sample the entire game.

Introducing a defender increased the task demands for the shooter, as
evidenced by a decrease in shooting accuracy from 68% in the unde-
fended condition to 46% in the defended condition. Additionally,
qualitative interviews highlighted the greater demands of the defended
condition with participants reporting less time and space, more frus-
tration, greater concerns about their shot being blocked, and the
perception of being rushed. These findings are consistent with previous
research that has investigated male and female basketballers of a similar
skill level (Gorman & Maloney, 2016; van Maarseveen & Oudejans,
2018), as well as research conducted with male paralympic wheelchair
basketballers (Francis et al., 2021), and NBA players (Ciampolini et al.,
2018). No statistical differences in shooting accuracy were observed for
the free throw and pull-up jump shots, although there was a moderate
effect size for the pull-up jump shot (d = —0.65) which suggested that
the defender also had an influence on shooting accuracy with this shot.
Due to the nature of the free throw shot, where a defender does not apply
defensive pressure to the shot itself, this shot would not be expected to
change. These results suggest that varying task constraints by
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introducing a defender changed the task demands in unique ways across
the different scenarios (see also Gorman & Maloney, 2016).

The technique adaptations exhibited by the players during the
defended condition included faster execution times, longer jump times,
and longer ball flight times. These changes are likely to help reduce the
chances of the defender blocking the shot because they involve catching
and releasing the ball quickly before the defender can perturb the shot,
jumping higher into the air (Struzik et al., 2014), and shooting the ball
with a higher arc to help diminish the chances of the defender making
contact with the ball during the shot. As observed by Gorman and
Maloney (2016), whilst these technique adaptations may help to reduce
the likelihood of the defender blocking the shot, the decline in shooting
accuracy exhibited by the participants in the present study suggests that
these adaptations may need further practice before they translate to
improved shooting performance. Given that the largest share of shots in
the NBA 2013-2014 season (74%) were attempted against a single de-
fender (Csapo & Raab, 2014), the results of the present study, and those
of previous research (e.g., Gorman & Maloney, 2016; van Maarseveen &
Oudejans, 2018), highlight the need to practice shooting using repre-
sentative tasks that feature a defender (see also Pinder et al., 2011).

The technique adaptations observed in this study resulted in
increased within-subject variability for shot execution time and ball
flight time in the defended condition, which is consistent with the results
of the male population of the same skill level investigated by Gorman
and Maloney (2016). Additionally, the results are also consistent with
findings from studies of NBA players, with top shooters such as Steph
Curry shown to display increased movement variability in competition
(Felsen & Lucey, 2017). Variability of this nature is considered to play a
functional role by allowing the performer to adjust their movements to
match the demands of the specific task (Coves et al., 2020). This type of
variability is referred to as functional movement variability where
skilled performers exploit their inherent variations in motor perfor-
mance to produce a successful outcome, satisfying the constraints of the
task (i.e., adapting the shot to avoid the defender) (Bernstein, 1967;
Davids, Aratjo, et al., 2003; Newell, 1986). However, given the decline
in shooting accuracy in the defended shooting condition of the present
study, these adaptations may not yet be fully functional, and players
may require further practice in representative conditions (see also
Gorman & Maloney, 2016; van Maarseveen & Oudejans, 2018).

Contrary to expectations, within-subject variability for the three-
point shot execution time was significantly less in the defended condi-
tion compared to the undefended condition. This could be due to the
defensive pressure in the defended condition reducing the time window
available for the attacker to execute their shot, creating a time constraint
where the attacker had to shoot as quickly as possible on every attempt,
thereby leading to a consistent shot execution time. In contrast, without
the defender, the attacker’s shooting was self-paced which likely varied
between repetitions and between individuals, creating a higher level of
within-subject variability.

The use of practice and assessment tasks that fail to sample theo-
retically informed interactions can lead to perception-action processes
and task achievement that do not represent in-competition performance
(Davids et al., 2001; Mann et al., 2010; Serpiello et al., 2017). The results
of the present study demonstrate how adopting principles of represen-
tative design can inform the creation of practice tasks to enable skill
performance to generalise to competition. Indeed, one of the main aims
of representative design is “measurable correspondence between
experimental and behavioural contexts, enabling defensible general-
isation” (Aratjo et al, 2007, pp. 1-2). An informed sampling of
one-on-one basketball shooter-defender interactions across a variety of
situations led to task achievement (shooting skill performance) that was
strongly associated with in-competition shooting performance (r =
0.93), suggesting a high degree of generalisation. The effectiveness of
the defended condition in sampling competition is strongly supported
through the qualitative results with participants reporting the unde-
fended condition to be unrealistic of a game, and the defended condition
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to better replicate game demands. Moreover, while the shot types in the
uncontested shooting condition were randomised, and therefore created
a degree of variability similar to a game, the moderate correlation (r =
0.33) between 2-point shooting accuracy in the uncontested condition
and 2-point shooting accuracy in competition showed that this ran-
domisation of shot types alone did not replicate the demands of an actual
game. This further highlights that randomised shooting practice without
a defender is unlikely to provide the same level of representativeness as
one-on-one shooting tasks that require the attacker to adapt to the
presence of a defender.

We have expanded upon previous basketball shooting tests that have
only compared an undefended shooting test to competition (Daub et al.,
2023), or that did not assess the association between testing conditions
and competition (Boddington et al., 2020; Pojskic et al., 2011). This
highlights the importance of using testing and/or training tasks that are
based upon a representative sample of the competition environment,
ensuring greater correspondence between the task and the setting to
which that task is intended to generalise (Aratijo et al., 2007; Brunswik,
1955; Pinder et al., 2011). The implications for learning and skill test
designers in team sports is that defenders need to be sampled to ensure
generalisation (Gorman & Maloney, 2016; Pinder et al., 2011), although
the results reported in the present study suggest that representative
samples may not require a complete replication of the competition task.

Finally, there is a need for more female-specific research in sport and
exercise science (Elliott-Sale et al., 2021). Previous research conducted
with males may not generalise to females due to their different physical
capacities (Gomez-Carmona et al., 2021; Landry et al., 2007), the use of
different sized equipment (Gorman et al., 2021), and different devel-
opmental histories (Tekavc et al., 2015). However, despite these dif-
ferences, the females in this study exhibited similar changes in their
shooting accuracy and technique to those reported previously for male
and female basketball players (Gorman & Maloney, 2016; van Maar-
seveen & Oudejans, 2018), with players varying their shots to create
functional technique adaptations to overcome a defender. However, in
their original study, Gorman and Maloney (2016) reported significant
changes in shooting technique across more shot types, possibly due to a
difference in defensive pressure and/or developmental history. The
differences in the present findings demonstrate the importance of con-
ducting research with specific populations.

6. Conclusion

This study has shown that a one-on-one basketball shooting task can
provide a representative sample of the demands of in-game shooting
conditions. Additionally, defenders were shown to affect multiple as-
pects of shooting technique that were often specific to the shot types and
positions. The results of this study demonstrated that defended shooting
tasks may promote greater shooting skill development by using a
representative sample that could help enhance transfer to in-game
shooting performance. A framework such as the challenge point hy-
pothesis (Guadagnoli & Lee, 2004) may be a useful method for imple-
menting representative tasks to suit athletes’ individual needs. For
example, increasing the challenge point could be achieved by adding
variability (e.g., changing shot types or positions), increasing the num-
ber of players involved in the contest, or by including more
decision-making options (e.g., passing or dribbling). To extend the
present findings, researchers should consider adding a passing or drib-
bling option to examine how the increased complexity of the environ-
ment influences the representativeness of the task.
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