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Abstract  

We examined the especial skills of thirty-five skilled or semi-skilled basketball players. In addition to long 
training experienced, we used another inclusion criterion, i.e. 80% free throw efficiency (group E) and 50% free 
throw efficiency (group HS). In group E, free throw efficiency was higher than predicted on the basis of scores 
obtained from adjacent locations. In turn, the especial skill effect was not noted in group HS. The findings of our 
study support the learned parameters hypothesis as an explanation of the especial skill effect. Better scores 
obtained by group E may have resulted from the fact that they performed more shots and devoted more time to 
mastering this skill, which led to better parameterization and to the occurrence of the especial skill effect. Our 
results lead us to suggest that once developed, the especial skill can generalize to other nearby distances. 
Performance of the class members is governed by the schema rule, but there is an additional component of 
accuracy that is a function of proximity of the desired distance to the highly practiced 5.8 m distance – a kind of 
generalization gradient. This view predicts that the effects of high-level practice at 5.8 m should transfer most to 
its nearest adjacent distances. 
Key words: Motor learning, schema theory, practice specificity, especial skills, generalization, basketball 
 
Introduction 

The concepts of specificity and generality of motor skill learning have long been discussed by experts in 
motor control and learning. Many researchers have considered two basic ideas for motor learning (Adams, 1971, 
Schmidt, 1975). Some believe that people learn a broad range of activities in a non-specific manner. Schmidt 
formulated these findings via the schema theory and proposed generality in motor skill learning (Schmidt, 1975). 
The General Motor Program (GMP) is conceptualized as a store of invariant information for a class of specific 
motor skills. Each action in the class has similar form characteristics and they share certain invariant features 
such as timing or sequencing. 

The schema theory – even with a massive amount of practice – predicted no specific effects for any 
locations. In contrast, others believe in the specificity of motor skill learning. Generality of practice refers to the 
efficiency of motor skills acquired under some restricted sets of conditions generalizing to similar conditions, 
while specificity concerns the absence of generality. The findings of some researchers were inconsistent with the 
principles of the schema theory. Keetch et al. defined (2005) ‘especial skill’ as one that, as a result of a lot of 
practice, has a special status within a generalizable class of motor skills and that is distinguished by its enhanced 
performance capability relative to the other members of the same class. An especial skill occurs when 
performance of a single action from within a class of actions produces an advantage in performance. This 
advantage of a single action over others in the same class of action is said to result from large amounts of 
practice of performing a specific action. (Keetch et al. 2005). 

Three hypotheses have been proposed to explain the especial skill effect: visual context hypothesis (e.g., 
Keetch, Lee and Schmidt, 2008), the learned parameters hypothesis (e.g., Breslin, Hodges, Kennedy, Hanlon and 
Williams, 2010) and existence of separate GMP (Keetch et al., 2005). The visual context hypothesis suggests 
that unique visual information at the free throw line is part of the memory representation and, if removed, leads 
to the detriment in performance. Visual characteristics of the task, such as visual information pertaining to the 
ball, distance and height of the basket sign of the court remain constant relative to the player. The explanation for 
the development of an especial skill is that the free throw shot is always performed at the same distance and 
perpendicular to the basket. In Keetch et al’s. (2008) experiment, the horizontal visual angle at which expert 
basketball players viewed the basket was manipulated by having players perform directly straight to the basket 
and at three locations to the left (45o, 60o, 75o) and right of the normal foul shot position (105o, 120o, 135o). 
Performance at the free throw line was significantly more accurate than shots taken from the left or right of the 
foul line. The decrement in performance at the non foul line locations was attributed to a change in the visual 
angle between the player and the basket. These findings support the prediction that the visual-context practice 
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conditions contribute to the development of the especial skill, and perhaps, are included in the memory 
representation underlying the especial skill (Keetch et al., 2008). The learned parameters hypothesis proposes an 
improved force parameter specification at the free throw line resulting from a lot of practice of that skill (e.g., 
calibrating their force, output to the specific 15ft distance required). Years of practice have resulted in highly 
over-learned specifications for the parameterizations of a practiced distance (velocity, angle, spin, etc.), and this 
unique learned capability has produced especial skills such as the free throw within the general class of set shots. 
The learned parameters hypothesis suggests that what is learned as the especial skill distance (15ft) is the ability 
of an individual to select a specific set of optimal parameters for the generalized set shot program. Breslin et al. 
(Breslin, Hodges, Steenson and Williams, 2012) studied this hypothesis by manipulating force parameter in 
experienced players' free throws (by artificially changing the weight of the ball). Their result supports the 
learned parameters hypothesis and the especial skill was present when players used a regular ball, but no effect 
was shown for the same players when shooting with a heavy ball. In contrast, in the same study, novices did not 
show the especial skill effect using regular and weighted basketball, which suggests that long periods of practice 
are required for the development of the especial skill. Another view proposed by Keetch et al. (2005) was the 
existence of separate GMP. When faced with practice at a particular member of a class, an individual develops a 
separate and new GMP to optimize the action. Extensive practice with feedback at this member could develop a 
separate GMP used for only this application. Keetch, Schmidt, Lee and Young (2005) showed that experienced 
basketball players were more successful when performing shots from the free throw line than predicted by their 
shot performance from adjacent distances of 9, 11, 13, 15, 17, 19 and 21 feet. They expected systematic and 
significant performance decrements as the distances increased, which they did find. However, they also found 
that performance was significantly more accurate at the 15ft distance than predicted based on the accuracy of 
shots performed from the other distances. Note that the 15ft (5.8 m from the baseline) position was at the foul 
line where players certainly had large amounts of practice relative to any of the other positions. Nabavinik, 
Taheri, and Moghadam (2011) also referred to the hypothesis of separate GMP. They highlighted the fact that 
the name ‘separate GMP’ violates the fundamentals of the GMP hypothesis, which does not take into account 
one highly specialized skill within one movement class. Nabavinik et al. (2011) put forward the name ‘special 
motor program’ and implied the existence of new memory structures which differ from GMP as a cause of 
effect-related development of the especial skill. 

The especial skill has since then replicated in basketball (Keetch et al., 2005, Keetch et al., 2008, 
Breslin et al., 2010,Breslin et al.,  2012, Nabavinik, Taheri, and Moghadam, 2011, Nabavinik, Taheri, Radfar 
and Moghadam, 2014, Stöckel and Breslin, 2013, Czyż, Breslin, Kwon, Mazur, Kobiałka and Pizlo, 2013, Czyż, 
Kwon, Marzec, Styrkowiec and Breslin, 2015, Cañal-Bruland, Balch and Niesert, 2014, Talebi 2018), 
wheelchair basketball (Fay, Breslin, Czyż and Pizlo, 2013), baseball (Simons, Wilson, Wilson and Theall, 2009), 
archery (Czyż and Moss 2016, Nabavinik, Abaszadeh, Mehranmanesh and Rosenbaum, 2018), airgun shooting 
(Kashani, Nikravan and Azari, 2016) and dart (Nabavinik, Taheri, Kakhki and Kobravi, 2017).  
Simons et al. (2009) also studied the existence of special memory representations in college baseball players. 
Throws performed from the same 60.5ft distance (typical pitching distance in baseball) were more accurate than 
throws performed from two slightly different distances (1ft to the front and 1ft behind the 60.5ft distance). These 
results and similar findings in basketball show the existence of especial skills. 
 In contrast to previous studies that successfully showed and replicated especial skill effects in basketball 
(Breslin et al., 2010, 2012, Czyż et al., 2013; Keetch et al. 2008, 2005, Stockel& Breslin, 2013), the study by 
Canal-Bruland& Balch (2015) revealed that highly skilled basketball players did not manifest the especial skill 
effect in shooting performance and they did not shoot significantly better at the free throw distance than 
predicted by the performance of shots from adjacent distances. Next to the lack of an especial skill effect, overall 
shooting percentage scores (i.e. numbers of successful shots) were surprisingly low. It is unlikely that relatively 
low shooting performance and the non-occurrence of the especial skill effect were due to the lack of shooting 
skills or expertise. By contrast, all participants were highly experienced (more than 9 years on average), trained 
for an average of 10 h a week and played in the highest national competition.  

To our knowledge, the skilfulness of athletes in previous studies was determined by the length of their 
training experience. In our opinion, it is not the best measure of expertise as not all competitors playing in 
different positions demonstrate similar free throw efficiency. It may indicate that even an experienced player 
may not manifest the especial skill effect. It has been shown that efficiency of free throws in men and women 
has an upward trend. In his study, Zuzik (2011) rejected the hypothesis that free throw shooting efficiency 
increases in female and male players together with their age. He also stated that free throw shooting efficiency in 
a basketball match is not conditioned by years of training experience only but it may also stem from the role of a 
player on the court. In turn, Cao et al. (2011) and Gómez et al. (2018) noted that free throw performance declines 
in tall players compared to guards or forwards.  

To avoid limitations we encountered in previous studies, we decided to replicate the study conducted by 
Keetch et al. (2005) taking into consideration an actual level of free throw shooting efficiency. Contrary to 
previous research, we selected those experienced female players who achieved minimum efficiency of 80% and 
we also included less experienced players who demonstrated 50% free throw efficiency in pre-test. We examined 
the possibility that a general memory representation existed for the control of the entire class of shots (here, 
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examined at distances that ranged from 4.3 m to 7.3 m from the base line) but the performance at the foul line 
(5.8 m) would be distinguished among the others in the class, which underpinned the learned parameters 
hypothesis as an explanation of the especial skill effect. The aim of the study was to determine whether there 
would be an especial skill effect in basketball players with different free throw shot efficiency. 
 

Materials and Methods 

Participants 

Thirty-five individuals were selected for this study. They were divided into highly skilled players 
(n=18) and less skilled players (n=17). All the participants were female. The participants from the elite group 
(group E) were experienced basketball players between 18 and 33 years of age who volunteered to take part in 
the study (mean age = 23.42 years; SD = 4.29). All the players from group E were members of two teams that 
competed in the 2nd highest-ranking basketball league in Poland. The participants had at least 8 years of 
experience (mean = 13 years, SD = 3.28). The players from the less experienced group (group HS) were high 
school students (mean age = 17.29, SD= 0.48) with at least 1.5 years of experience (mean = 4.79 years, SD = 
2.58). They were the champions of Lublin province in the high school league. The players represented all 
positions in the team (i.e. guards, forwards and the center). Thirty-four participants were right-handed, while one 
was left-side dominant, as determined by the Edinburgh Handedness Inventory (Oldfield 1971). All the players 
had normal or corrected-to-normal vision. None of them were informed about the purpose of the experiment. 
Informed consent was provided before participation and the experiment was conducted with the ethical approval 
of the lead institution. 
Statistical analysis 

Basic descriptive statistics were applied to describe the collected data. The analysis of correlations was 
performed using Spearman’s rank correlation coefficient, while the correlations themselves were modeled with 
linear and multiple regression. To check the differences between the results of groups HS and E, the Kruskal-
Wallis test was employed. The differences in shot accuracy at particular distances were analyzed using the 
Friedman post hoc test (Demsar, J. (2006), Pohlert, T. (2014), R Core Team (2019)).  
Procedure  

Procedures during the experiment were based on methods reported by Keetch et al. (2005). Basketball 
set shots were performed by all participants with their preferred limb. Each participant was asked to throw an 
official basketball (size 6, Molten), based on the rules of the International Basketball Association (FIBA), into a 
regular-sized basketball rim at 3.05 m above the floor. The players were told to perform each shot at their own 
pace and were instructed to execute each shot in the same manner (feet could not leave the floor during the shot). 
Outcome scores were assessed on each trial using a 2-point scoring system similar to Keetch et al. (2005), i.e. 1 
point for a successful shot and 0 for missing a basket. Shots were taken from seven different locations positioned 
on a direct line from the backboard, toward the center of the court. Three locations were close to the basket and 
less than 5.8 m from the baseline (free throw line), and 3 locations were more than 5.8 m from the baseline. 
Adhesive tape (5 x 20 cm) was used to mark each position. Each participant performed a total of 80 shots, i.e. 10 
set shots from each distance and 20 set shots from the free throw line (twice). After a 10-min warm-up, all the 
participants performed 10 shots from each distance toward the basket starting from the foul line. The action was 
performed across 8 performance blocks each at a different distance (5.8 m, 5.3 m, 4.8 m, 4.3 m, 5.8 m, 6.3 m, 6.8 
m, 7.3 m from the baseline). Each participant was given a chance to rest for up to 5 min between each set of 
shots per location and then go to the next location. Outcome scores were assessed for each trial using a two-point 
scoring system in which each shot was registered as hit or miss according to official basketball rules. A score of 
one point was awarded if the shot was successful and no points were given if a player missed. We calculated a 
percentage accuracy score across each block of 10 trials at each distance (with a maximum potential total score 
of 10 points). The inclusion criterion for participants from group E was free throw shooting efficiency no less 
than 80% (80% on average, SD= 1.66). In the case of group HS, it was 50% (52.14% on average, SD = 1.89). 
The tests were carried out during training sessions (6-8 p.m.) at similar time intervals. 
 
Results 

Fig. 1 Means, standard deviations, standard error and median of skill performance scores for shooting from free 
throw line and adjacent distances. 
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At first, differences between both groups (HS and E) in the efficiency of shots performed from various 
distances were analysed (Fig. 1). The greatest differences were noted in shots performed from 6.8 m and 5.8 m 
(free throw line) (Fig. 2-4). As far as the remaining distances are concerned (with the exception of 4.3 m), the 
differences were significant (mainly from 5.8 to 7.3 m). The differences grew smaller as the distance to the 
backboard decreased (Fig.2-4). Differences within the groups in shot efficiency from particular locations point to 
greater homogeneity in group E because out of the five significant differences, all of them concern distance 
contrasts at 6.3 m and above. In turn, in group HS there are more differences (9) and they regard almost every 
distance combination. Fig. 5 
Fig.2 Scores from free throw line for groups HS and E in two trials (A first trial, B second trial) 

 
Fig. 3 Scores from the distance of -0.5m (A), -1m (B) and -1.5m (C) from free throw line for groups HS and E 

 
 
Fig.4 Scores from the distance of +0.5m (A), +1m (B) and +1.5m (C) from free throw line for groups HS and E 

 
Fig. 5 Shot efficiency from various distances for both groups 
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Mean efficiency of shots performed from various distances by each group separately was used for 
developing a model of correlations between shot efficiency and distance (2nd-degree linear and multiple 
regression). 5.8 m shot efficiency (free throws) was not included in the regression model due to the fact that it 
was interpolated using data related to the efficiency of shots performed from the remaining distances. The 
analysis revealed that models correspond to the data, and interpolation efficiency was the highest in group HS. 
The actual scores for free throws differed from the predicted ones by 2.14% for the linear model (R2>0.87). For 
the multiple model, the difference was even smaller and came to 0.14% (R2=0.88). For group E, these values 
were 5.91% (R2=0.87) and 1.42% (R2=0.98), respectively. Therefore, it can be noted that in the case of group 
HS, the correlation between efficiency and distance may be described with the same accuracy using both the 
linear and multiple correlation. As for group E, the correlation is non-linear, as indicated by the difference in the 
quality of the linear and multiple model. Fig. 6 

A single straight line does not appear to be a good model for the results of group E.  Instead of a single 
data point corresponding to 5.8 m being substantially above the regression line, the two data points representing 
nearby distances (4.8 and 6.3 m) are also above the regression line, while the points representing the shortest and 
the longest distances are below the regression line. This means that the test used by Keetch et al. (2005) to detect 
the presence of the especial skill is not likely to be adequate here and may not detect the especial skill even if 
this skill is present. The shapes of the relations in group E suggest that the especial skill may have generalized to 
other closer distances around 5.8 m.  
 
Fig. 6 Linear regression models for the elite group (E) and high school group (HS). Comparison of the players’ 
actual performance with the predicted performance of shots from the free throw line and nearer and farther 
locations (the square shows the actual performance from the free throw line, the triangle represents the predicted 
shot performance from the free throw line and filled diamonds show the actual performance of shots from 
locations nearer and farther to the free throw line). Linear regressions were computed based on shot performance 
at all distances except 5.8 m. 

 
Fig. 7 Quadratic function fitted to the mean obtained scores at 4.3, 4.8, 5.3, 6.3, 6.8 and 7.3 m (blue points) but 
not at the most practiced distance of 5.8 m (black square). The orange triangle shows predicted outcome. 
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Fig. 8 Spearman’s correlations in group E. 

 
Moreover, a matrix of correlations between all the analyzed variables was presented in order to confirm 

certain efficiency-related correlations of shots performed from various distances (Fig. 8) 
 
Discussion 

The aim of the study was to determine whether there would be an especial skill effect in basketball 
players with different free throw efficiency. The learned parameters hypothesis was tested. The procedure 
applied by Keetch et al. (2005) was used in the present study. Efficiency of shots performed from seven 
locations by the players from both groups decreases together with an increase in the distance from the 
backboard. However, in group E, free throw efficiency was higher than predicted on the basis of scores obtained 
from adjacent locations. In turn, the especial skill effect was not noted in group HS. As a result, it was 
established that the correlation between efficiency decrease and distance was linear.   

In group E, in addition to long training experience, another inclusion criterion was used, i.e. 80% free 
throw efficiency achieved in the course of the research. To date, no researchers have applied an equally strict 
criterion determining the level of study participants. We agree with the statement that the number of repetitions 
and their performance quality (not necessarily the length of training experience) are better factors determining 
the existence of the especial skill. Even experienced players from professional leagues, who are considered to be 
experts, are not efficient when it comes to free throws. Therefore, they may not possess the especial skill. Cañal-
Bruland et al. (2015) did not note the especial skill effect despite wide experience declared by their study 
participants. In experimental settings, players achieved surprisingly low free throw efficiency (actual score – 
39.4%, predicted score – 40.7%). The authors did not point to a direct cause of such poor performance; however, 
they did indicate several indirect factors that could affect the players’ performance.  

Similar to the observations of Breslin et al. (2010), the findings of our study support the learned 
parameters hypothesis as an explanation of the especial skill effect. Better scores obtained by group E may have 
resulted from the fact that they performed more shots and devoted more time to mastering this skill, which led to 
better parameterization and to the occurrence of the especial skill effect. A huge amount of practice facilitates 
the assignment of parameters for this class. Extensive practice with feedback and constant perceptual cues could 
develop a specialized, perhaps automatic, mechanism for parameter selection. The performer’s view of a highly 
recognizable set of sensory characteristics, unique to the 5.8 m distance and in a very stable environment, could 
recruit a highly consistent and accurate set of parameters.  

However, what is still unknown is at what stage of training the especial skill effect occurs, if it appears 
as a result of a large number of repetitions, as suggested by Keetch (2005), or if it develops following a 
particular type of training. In his study, Breslin (2010) put forward several suggestions regarding the 
mechanisms underlying the especial skill. He implies that that both hypotheses (visual context and learned 
parameters) contribute to the development of memory representation that controls actions. To date, studies have 
mainly involved female players from the highest leagues. There is a scarcity of research on the especial skill 
effect in less skilled players. The data gathered for group HS support the assumptions of Schmidt’s schema 
theory (1975), where the level of generality of all movements is higher. Memory representation is more general 
at lower skill levels. Skill acquisition and improvement bring about greater specialization of memory 
representation. Based on the research carried out so far (Keetch et al., 2005, Keetch et al., 2008, Simons et al., 
2009, Nabavinik et al., 2011), it may be stated that there probably exists a correlation between memory 
representation and stages of skill learning and improvement (individual sports level). At early stages of skill 
learning, memory representation is general. Training leads to the fact that general memory representation is 
substituted with specific one. The performance of a greater number of free throws always from the same place 
and in the same conditions results in more accurate parameterization.  

Breslin et al. (2012) changed basketball practice conditions (constant and variable) in novice 
performers. A constant practice group (set shots performed from the free throw line only) manifested results 
which indicate that the especial skill effect could emerge as a result of performing 300 trials of the set shot. The 
post-test was conducted directly after the practice stage and its results can constitute short-term immediate 
effects. It would have been useful to check if long-term effects were produced. Probably, the findings of Breslin 
et al. (2012) refer to immediate effects only. In the case of group HS, no such effects were noted even though 
they were not experienced players. It is likely that a large number of repetitions or years of training do not 
constitute an absolute criterion conditioning the occurrence of the especial skill effect. The level of mastering a 
given skill characterized by efficiency of the especial skill effect is more important. 
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The findings of our study are in line with the results obtained by Czyż et al. (2013), who examined four 
groups of basketball players. Two groups of senior players (more experienced competitors) performed free 
throws better than expected. In turn, as far as less experienced groups are concerned (juniors and cadets), the 
especial skill effect was not observed and, similar to group HS in our study, free throw efficiency decreased in a 
linear manner. In the present study, in group E, efficiency of shots performed from adjacent distances (4.8 and 
6.3 m) as well as free throw efficiency were also better than predicted from the linear regression. Our results lead 
us to suggest that once developed, the especial skill can generalize to other nearby distances. This conclusion is 
similar to Czyż et al. (2013) but inconsistent with previous studies (Breslin et al., 2010, Breslin et al., 2012, 
Keetch et al., 2005, Keetch et al., 2008, Stöckel& Breslin 2013).  The findings are consistent with David A. 
Rosenbaum’s weighting type model (see reference to Rosenbuam in Keetch et al. 2005). Performance of the 
class members is governed by the schema rule, but there is an additional component of accuracy that is a 
function of proximity of the desired distance to the highly practiced 5.8 m distance – a kind of generalization 
gradient. This view predicts that the effects of high-level practice at 5.8 m should transfer most to its nearest 
adjacent distances. 
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