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Abstract

Purpose: The purpose of this study is to examine the specific memory representation in special skill of Basketball Free
Throw in distances (a“set shot”) except 4.5 m distance. It is aimed to examine the role of the Index of Difficulty
(ID) in creating the specific memory in other distances except the distance of penalty shoots.

Material: Fifteen skilled basketball players (M age = 21.6 years, SD = 2.45 years) were chosen from sixty players; they
performed 70 trials from 7 different distances on the first day (10 SHOTS from each distance toward the
basket). The next day, each player performed 10 SHOTS from each distance, but this time, it was different in
terms of the baskets'sizes and their quantities.

Results: The result of linear regression on trials score on the first day revealed the representation of special skill in
penalty point and on the second day, representation of special skill was seen in 3 different distances from
the ring (manipulated ring). These results indicate that Index of Difficulty protection can be a factor of private
memory representation in distances except 4.5 m distance.

Conclusions: ~ Results suggest that mass training stabilizes the ratio of target distance and width (Index of Difficulty) in mind
and this ratio is the main reason of specific memory representation in basketball free throw.

Keywords: Index of difficulty, memory representation, special skill, basketball, free throw.

Introduction shot representation was sufficiently general as to allow

One of the important challenges in motor learning
is the way of learning and conditions of motor memory
representations [1]. Some researchers emphasized on the
generality of learning and believe that the learned motors
have the capacity to be parameterized and be performed
in various environmental conditions and even with other
organs [2, 3]. In contrast with this theory, some scientists
believe on the specificity of motor skills learning. In
other words, movements will be specified according
to their learning conditions and followed by dedicated
memory representation [4]. Recent studies about darts,
baseball, and basketball skills support these kinds of
theories, in which the increase in distance will decrease
the performance and skillful persons have special
performance in a single distance [5-8]. An especial skill
is when the performance of a single action from within
a class of actions produces an advantage in performance.
This advantage is in a single action over others in the same
class of actions and is said to result from massive amounts
of practice in performing the specific action [9]. An
especial skill effect was first demonstrated by Keetch et al.
[9], where in highly skilled basketball players executing
the set shot from the FT (15 ft [4.57 m] from the basket)
were found to be more accurate than at closer distances as
predicted by a single linear regression equation. Keetch
et al. [9] attributed the uniqueness of an especial skill
to the accumulation of large amounts of practice at a
specific distance. Significantly, these experiments led
the authors to suggest two features about the memory
representation underlying the set-shot skill, that the set-
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set SHOTS to be taken from many different distances
on the court and that the representation had a specific
component such that an advantage in outcome accuracy
was obtained whenever a set shot was attempted from one
specific distance of 15 ft from the basket, the distance at
which massive amounts of practice had been performed.
Several explanations have been proposed describing the
contents of the memory representation underpinning the
especial skill effect [10], however, it remains unknown at
what point the development of the especial skill emerges
in a basketball player.

These results distinguish motor learning and memory
representation in that this distance from the other distances
is in contrast with the beliefs of theoreticians about the
generality of motor memory and general motor learning
[11]. Adams attempted to present a model with the name
closed-loop to show that the findings related to the
specificity of learning a movement consist of background
and environmental information. He said that perceptual
trace isresponsible for learningand memory representation
that is performed very specifically. A new view about
motor control and learning is proposed which is in contrast
with the basis of the motor program. This attitude which
is called dynamic system perspective looks at the motor
system of human from the perspective of being dynamic
and non-linear [12]. From the perspective of this view, the
state of steadiness in dynamic condition is called stability.
It will start running when a perturbation and disorder
occurs in the system and it will lead the system to a steady
state [12-15]. By adjusting the condition for establishing
special skill and performing it in various distances, it
points to the fact that throw in different distances creates
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a kind of disorder. This instability will be stable at the
standard distance of especial skill throw. In this regard,
experienced players throws toward targets follow a non-
linear pattern. The special skills will be closed from
unstable state to steady state. In the views of researchers,
establishing a particular skill requires frequent training in
that distance. Training a special skill such as free throw
follows Fitts’s Law as a one way targeting skill that the
time and accuracy of movement are dependent on the
distance and its change. At the time of learning, a motor
plan is created in mind that has the specific time and space
scale of that task. Hacker [16] said that the ratio between
the size and accuracy of movement can be examined. He
considered it as an important and main nature in motor
control and transition of learning. Nowadays, this issue is
studied with the concept of index of difficulty. It can be
said that the result of movement is dependent on the ratio
of size and distance from the target. This ratio will remain
fixed when the accuracy and size are changed together at
the time of performing a movement [15]. Although this
consistency does not directly refer to a common strategy,
Hacker’s results indicated that the ratio between size
and accuracy and also the form of movement must be
considered as an important feature of motor control and
transition [16]. He also reported that this law is true about
various targeting movements and the involved muscles
play no role in that [17]. According to Thelen et al. [14],
the form of movement which is defined by the ratio of
size and accuracy in 1-D space determines the time
of movement. Taheri et al. [15] examined the effect of
parameter change on the result and performed a jump shot
of basketball. Results showed that the accuracy of throw
decreased as a function of task limitations. The angle of
release of ball decreased due to the increase of distance.
The speed of release of ball is increased by the increase of
distance. Also, Kwon et al. [17] examined the role of the
ratio between the accuracy and size of movement (ID) in
transfer learning. Transfer of skilled movement is better
when both the size and accuracy of movement are changed
by the same factor (ID is constant) than when only size
or accuracy is changed. They infer that the size-accuracy
ratio captures the control strategies employed during
practice and thus promotes efficient transfer. Berslin et al.
[18] in a survey examined the representation of a special
skill and perceived that a special skill can be established
even in short term. The type of training can be one of the
effective factors of the formation of dedicated memory
and increase of special skill. Newell [19] and Stoeckel
[20] examined the visual context effect on performing and
learning free throw skill. The results revealed that one of
the conditions of establishing a special skill and showing
it in free throw performance is trained visual context. It
is possible that during training, a ratio distance-accuracy
(difficulty index) task takes form in the mind of the
learner. This task and visual context and parameter can
establish a special skill in learning which will validate the
dedicated memory hypothesis.

Hypothesis and Purpose: Now the question is whether
adjustment of index of difficulty is an effective factor in
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motor learning for dedicated memory representation?
And can we create the performance of a skillful person
in special skill in other distances by preserving task
difficulty?

Material and Methods

Participants: Fifteen male basketball players were
chosen from 60 Master League point guards (M age =
21.6 years, SD = 2.45 years) from Iran basketball national
team and they partook in the experiment. All of them
were Shooting guard and were selected purposefully, their
height and weight were important in their selection and
homogeneity of the group.

Research Design: All participants gave written
informed consent to participate in the experiment,
ethical approval was granted by the lead institution. For
conducting the test, number 7 standard ball of basketball
made by Molten Company, standard basket and backboard
of basketball and a basket size by 53 and 39 cm were
used. In this experiment, 15 people participate in one
group. They were requested to perform their SHOTS
with the standard ball (size 7 of Molten company) based
on the regulations of FIBA of a standard basket which is
located at the distance of 3.05 m from the ground. They
were instructed not to separate their foot from the ground
during the SHOTS (do not jump). The procedure was
in this form that the group performs the SHOTS from 7
different distances on a direct line exactly in the face of
the basket. According to the figure, 7 distances have been
determined by white adhesive tape (2x5 cm), 3 distances
were close to the basket and less than 4.5 m (free throw
standard distance) and 3 distances were more than 4.5 m.
In these distances, the difficulty index of each distance
was different because the size of the basket is stable and
the distance is changing. For determining the distances
domain of SHOTS, we referred to the studies of Taheri
et al. [15] in which non-change of a motor pattern of free
throw consists of not separating the subjects foot from the
ground and using one hand throw. The desired distance
was determined by that.

After warm up, all the participants performed 10
SHOTS from each distance toward the basket. The
participants rested for 5 minutes between each 10 SHOTS
of a block and after that they went to perform the next
block. After the performance of participants in this
mission, the next day, they performed 10 SHOTS from
each distance, but this time, it was different in terms of
the size and number of the baskets. This time, two baskets
were used, one of the baskets was more than the standard
size (53 cm diameter) and the other was smaller than the
standard basket (39 cm diameter) and the SHOTS were
performed in the distances of 2 and 6 toward the baskets.
In the distances of 2 and 6, with the change of the width of
the basket, the index of difficulty of throw was similar to
the FT. The participants just like the previous day rested
for 5 minutes after performing the 10 shot of a block,
they again went to the next block in the next distance.
Conduction of the experiment was in an individual form
and three examiners were used. The first examiner gives
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necessary instructions to the performers, the second
examiner records the scores and the third examiner delivers
the ball to the subject immediately after each shot (18).
Each participant performs 10 SHOTS for warming up and
then releases three SHOTS from each distance toward the
basket. The SHOTS number was totally 70 SHOTS per
day [9]. Task performance was assessed using a 2-point
scoring system in which each shot was registered as hit or
miss according to official basketball rules. For each trial,
mean score of SHOTS were calculated across the 10 trials
from each position.

Statistical Analysis: The statistical method of this study
is ANOVA, linear regression on the score of the group
in each distance and paired t-test. ANOVA was used to
determine the difference in scores of the group in different
distances and to determine the place of these differences.
Pearson’s correlational statistic was used to examine the
relation between distance and throwing performance.

To test specifically for the presence of the especial skill,
individual linear regressions were calculated on the basis
of the four positions other than the actual FT position at
4.5 m to generate predicted values for the FT distance
(see Keetch et al. [9], for this procedure). The predicted
values for the FT distance were then compared with the
actual percentage of SHOTS from that position. A t-test
was used to compare all throws of this two day. All the
statistical analyses were done by Excel and SPSS 20.

Results

Actual mean score of SHOTS at each of the seven
positions as well as the predicted values for the FT position
at 4.5 m are presented in Figure 2 for two days. The mean
score of SHOTS decreased with increasing distance
in all positions in the first day (except FT), which was
supported by negative linear correlations (all rs <—0.24,
ps < 0.001) and a significant distance effect, t(9,132) =
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Figure 1: SHOTS from various distances toward the standard basket by subjects
foul line

Figure 2: SHOTS from various distances during the manipulation of second and sixth distances by the subjects.
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-6.551, p<.001, nzp =.894 and the mean score of SHOTS
decreased with increasing distance in all positions in the
second day (except 3 distance), which was supported by
negative linear correlations (all rs < —0.24, ps < 0.001)
and a significant distance effect, t(9,132) = -6.551, p <
.001, n? 0= .894. An analysis of variance was run on the
performance scores for the six nonfuel line and fuel line
locations to standard ring. Normality and equality of
dependent variable variance were examined by Leven’s
test (f @, 5~ 0-281 and P= 0.944). The results of ANOVA
on the scores of free throw from different distances toward
the basket showed a significant difference between the
scores of the group in SHOTS from different distances (f
@, 6) =85.745 and P=00.0). According to the Tukey post
hoc test, the place of all these differences between all
states can be seen except 3.9 with 4.2 and also FT with
3.6 and 3.9. Also, an analysis of variance was run on
the performance scores for the six nonfuel line and fuel
line locations to ring with different size. Normality and
equality of dependent variable variance were examined
by Leven’s test (f .6 =0.66 and P=0.999). The results
of ANOVA on the free throw toward the basket with
different sizes showed that there is a significant difference
between all states except FT and 3.9 m distance- FT and
5.3m-3.9and 5.3 m. By examining the average scores
of groups, it was determined that no significant difference
among these distances showed the same performance of
subjects in these distances (3.9, 4.5, and 5.3), although
this lack of difference was not observed in the state of

throwing from different distances toward the standard
basket. Paired t-test was used to compare the performance
of the group in the state of throwing from a determined
distance toward standard and manipulated basket. The
performance of group from the distances of 3.9 and 5.3 m
toward standard and manipulated basket was compared.
The results showed that there is a significant difference in
subjects’ performance in 5.3 m.

The linear regression results and the R2 value in the
first test of a shot from different distances toward standard
basket showed that 89.4% of the variance of performance
is determined by the distance from the basket. Linear
regression coefficient from the basket on the performance
(= B -0.946) based on the value of t test (-6.551) is
significant (0.001). It showed that the distance from the
target can predict the performance negatively. Hence, the
increase in distance from target reduces the performance.
According to the calculated line equation for the first test
(Y=1.76-0.240x) and the value of the gradient of a line,
we can say that by increasing the distance from the basket
by 30 cm, their performance is decreased by about 0.072
scores on the average. The difference of real performance
of subjects in comparison with predicted score by
regression equation in a shot toward standard basket
showed the establishment of a special performance at the
distance of each throw. The results of a linear regression
on the scores of SHOTS toward manipulated baskets
on the second day revealed that 57.4% of performance
variance is determined by the distance from the basket.

Table of paired t-test comparison of the performance of group’s free throw in different conditions of distance and

width of target

Condition of Average Standard deviation T Degrees of freedom L'evefl .Of
throw significant
B-B’ -0.040 0.0966 -1.309 9 0.223

D-D’ 0.030 0.0949 1.00 9 0.343

F-F’ -0.300 0.0471 -20.125 9 0.00

Figure 3. Actual success rates (blue line) from each of the seven positions for the group and predicted values based on

regression analysis are displayed (red line) on the first day.
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Figure 4. Actual success rates (blue line) from each of the seven positions for the group and predicted values based on
regression analysis are displayed (red line) on the second day.

The regression coefficient of distance from the basket
on the performance of 3=-0.519 according to the value
of t-test (t=-2.601) is significant (0.048). It showed that
the distance from the target can predict the performance
negatively. Therefore, the increase in distance from target
causes decrease in the performance. According to the
numerical value of R2, there is a low correlation between
the two variables. The calculated line equation (Y=1.568-
0.189x) indicated that by increasing the distance from the
basket by 30 cm, their performance is decreased by about
0.058 scores on the average (according to the negative
sign of gradient). The real scores of the group in the
second test (shot toward baskets with different size) were
different from the predicted scores by regression equation
at the distance of 5.3 m. This difference indicates
better performance of the subjects than the predicted
performance in that distance.

Discussion

Results of the present study regarding free throw of
15 skillful players’ performance toward standard and
manipulated (width of the target is changed) basket
from 7 distances showed that just like many studies, the
performance of players follows the line equation except
at the FT in which it will be decreased by the distance
from the target. By considering the fact that the width of
the target was increased and the difficulty index was the
same as FT, the results revealed that the performance of
each person at a distance except free throw line violates
from the predictive line equation of performance and has
a significant difference with their shot performance from
that distance to the standard basket. In general, the results
showed the lack of significant difference between the
performance of group at the distances of 2, 4 and 6 (same
index of difficulty).

A sport skill performed by highly trained athletes
provides a clear demonstration of both the specific
and general capabilities of exceptional human motor
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performance. Researchhasdemonstrated thatthe basketball
shot is one of such sport skill. This shot is almost always
practiced from a line that is 15 feet from a point directly
beneath the basket (i.e., a free throw from the FT). The
set shot is rarely practiced from other locations because
of its limited usefulness in game play. The finding that a
highly specific exemplar (the free throw) could exist amid
the background of a very general performance capability
(set SHOTS), which we termed an especial skill, poses a
real and significant problem for theories of motor control,
including Schema theory [1]. The existence of an especial
skill (the foul shot) is problematic because according to
the theory, the foul shot should belong to a class of motor
skills (set SHOTS) that becomes increasingly generalized
with advanced skill. These findings suggest that years
of practice at the FT produce a skill that has a specific
motor control advantage at that particular distance that
provides little or no detectable advantage for any other
distance, irrespective of its proximity to the FT [9].
One interpretation in terms of Schema theory is that the
foul shot from the free throw line is represented by one
specific, exceptionally well-learned motor program. A
separate GMP is developed and represents the set SHOTS
from the non- FT locations [19]. The evidence for the
existence of especial skills would be weakened if it were
found only to exist for one class of motor skills (basketball
set SHOTS). In the study that we presented here, two
alternative explanations for the existence of especial
skills were examined. One possibility is that massive
amounts of practice at one specific instance within a class
of skills improve the parameter-specification process for
that unique instance. We call this the learned parameters
hypothesis. An alternative suggestion is that embedded
within the learned representation for the free throw and
is a unique visual context for the performance of that
particular set shot (which we term the visual-context
hypothesis). Breslin [10] showed that special skill can be
established by 300 SHOTS and it may not require mass



PHYSICAL
EDUCATION
OF STUDENTS

e

training. Studies showed that a motor program can create
some movements for a special movement in a category.
Formation of dedicated memory and representation of
that is dependent on the kind and conditions of training.

The findings suggest that visual context information
influences the presence of specificity effects in experienced
performers. The findings have theoretical implications
for explaining the memory representation underlying the
especial skill effect in basketball [20]. Of course, a key
issue here is the definition of what a “condition” is, and
how the effect of changing these conditions would affect
the performance of motor skill. One attempt has classified
these specificity effects as sensory-motor specificity,
context specificity, or processing specificity [1]. An
example of altered sensory-motor conditions is seen in
experiments in which sensory information (e.g., vision)
is systematically added or removed at the time of test [21,
22]. These experiments have shown that either removing
or adding sensory information, and thus changing the
information that had been available during the learning
trials, had a degrading effect on the performance of the
test trials. Additionally, data revealed that the degrading
effect was more pronounced as the number of practice
trials increased [23].

It can be said that training of a skill causes memory
consolidation of that movement and creates an image
of the size of the target and distance from the target
and environmental condition in our memory. Perhaps,
the index of difficulty of the task can be a sign for
representation of this image in the person’s mind. When
the index of difficulty is preserved, the performance will
be preserved too. This study assumed that one of the
reasons of creating especial skill at an especial distance
is the consolidation and effect of index of difficulty and
the ratio of distance to the width of the target. The human
brain uses it as a factor for creating motor adjustments
and motor command. However, in spite of the frequent
demonstration of specificity in motor control and
learning, there have been few attempts to model these
effects in theories. One exception was Adams [4] closed-
loop theory, in which he represented the accumulation
of skill as the learning of a specific representation in
memory. According to Adams’s theory, the learning of
a blindfolded positioning movement resulted from the
strengthening of memory of a specific underlying neural
representation, which he termed the perceptual trace.
We have shown that those with experience of basketball
free-throw shooting will demonstrate the especial skill
effect but instead, their performance will not follow a
linear pattern where in performance outcome decreases
as distance from the basket increases in the second
experiment. We have also shown that players developed
an especial skill demonstrated by a less linear type trend
in shooting performance across distance. We presented
two ways of analyzing and explaining the presence of
the especial skill effect. The first uses two straight lines
as regression functions. The second employs a non-
liner model in which an especial skill is represented by
a ratio between width and distance target at D=4.5, 5.1
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m. However, our results make us to suggest that once an
especial skill is developed, it can be generalized to other
distances. This conclusion is different from the results
of previous studies on especial skills (7,9,24) and the
parameter component of Schema theory [1].

The variability of force is one of the mentioned
principles by Schmidt et al. [1] which is about fast
movements. As the performer take distance from the
target, his targeting performance will be decreased. But
it is questioned by recent studies regarding especial skill.
Numerous studies show lack of performance coincidence
in FT with predicted score. In this study, this lack of
coincidence was seen in another distance in addition to
the FT (the far distance from the basket, 5.3) in which we
keep the index difficulty of FT by manipulating the width
of the basket and the performance in that distance has
no difference with the FT. These results are considered
as a kind of challenge for the principle of variability of
force in fast movements. We agree that some factors such
as the amount of training and type of training (fixed and
variable) can affect the formation of especial skill. In
this study, we mentioned another principle factor (index
0f difficulty) and preserved it. And also, transfer of skill
is better when both the size and distance of throw are
changed by the same factor (ID is constant) than when only
size or distance is changed. We suggest that the width—
distance ratio captures the control strategies employed
during practice and thus promotes efficient transfer. This
factor can cause presentation of dedicated memory and
increase of especial skill in other distances. One of the
possible reasons is the visual context which is created in
individuals at different distances. It is established at the
distance of 4 and 6 because of the similarity of this image.
Because of the size variation in target size and distance,
the index of difficulty is same as the FT. According to Tau
law, the emission of light from two corners of an object to
our eyes forms an angle named theta. This angle remains
fixed by keeping the ratio between the width of target and
distance fix. We keep this angle fix by manipulating the
width of the target. The results confirmed the hypothesis
of parameter learning for the special skill which is the
sign of the difference in predicated and real performance
in FT. But our question was about the difference of
players’ performance in the shot state toward the standard
and manipulated basket from 5.3 m distance in which the
index of difficulty of the basketball free throw was kept.
According to the view of dynamic systems, it can be said
that stability can be accomplished by the transition from
a chaotic situation to a stable state and frequent training
in FT. This state is created by stabilizing environmental
conditions such as distance from the target and visual
context. The ratio of the distance from the target to the
width of target creates a stable pattern in mind violation
that causes turbulence, thus keeping it in any condition
followed by a kind of stability [24, 25].

Conclusion
Envisaged that it is possible that training from a
specific distance and throw toward a basket with specific
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size over the years will lead to the formation of especial
skill and dedicated memory within which a ratio of
distance from target and width of target is stabilized in the
mind, in other words, the mind uses index of difficulty as
a factor for stabilizing the learning and essential sign for
creating dedicated memory.

Finally, it can be suggested that paying attention to
parameter learning hypothesis, the visual context in

the representation of the dedicated memory of index
of difficulty and also preserving it can lead to the
representation of dedicated memory. It can be used as a
new factor for representation of memory.
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