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Abstract The aims of the present study were to analyze

selected kinematical parameters of free throw shooting in

basketball performed during the learning process and

identify which one has a greater effect on success. Fifteen

FT attempts performed by 10 male college sports students

were recorded with a high-speed camera (200 Hz) and

analyzed using the system software SIMI-Motion. Statis-

tical analysis showed that the knee angle helped determine

success in FT shooting. Comparing various body angles

effect on missed to scored baskets, only knee angles

showed a significant difference with a higher value in

scored baskets (p\ 0.05); more specifically only knee

angle was highly correlated to the performance and to the

hand velocity with p\ 0.05 (r = 0.7and -0.75,

respectively). In conclusion, the results of the present study

suggest that in an inexpert player, the knee angle is the

variable in which a teacher or a coach should intervene to

improve the learning outcomes (i.e., performance). How-

ever, more studies in this field using expert players are

necessary to confirm these suggestions in high-level

athletes.

Keywords Performance analysis � Angular
displacement � Angular velocity

Introduction

Basketball is an exciting, highly competitive sport. To gain

the competitive edge required for success in basketball, one

needs to fully understand and develop its fundamental

skills (e.g., shooting, passing, dribbling). Out of all the

basic skills, shooting can be considered the single most

important of those skills for determining the score and

outcome of a game. The free throw (FT) is especially

important because it provides an opportunity for a team to

score free or uncontested points and is often the deciding

factor in a close game. In fact, close to 20 % of all points in

NCAA Division 1 basketball are scored from FT [1].

Moreover, FT comprises a significantly greater percentage

of total points scored during the last 5 min than the first

35 min of a game. This point disparagement is true for both

winning and losing teams [1].

Okubo and Hubbard [2] suggest that FT should be one

of the easiest shots in basketball. When shooting a FT, the

player is only 15 feet from the basket and is alone (no

defense or distractions). Despite these advantages, few

teams are able to accomplish shooting 80 % from the FT

line. In this context, a relatively constant success rate of
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69 % in FT shooting has been observed in men’s college

basketball in the United States since 1970. Krause and

Hayes [3] suggest that FT shooting percentages can be

improved with increased practice and development of

proper technique.

Successful FT shooting requires accuracy, precision and

good concentration, but more importantly it requires good

mechanics with the shot. As described by Elliott [4], an

understanding and application of movement mechanics are

necessary to use the ‘‘good technique’’ and to help athletes’

potential to be fully developed. Several authors suggest that

a player’s shooting success can be enhanced with proper

training using a scientific approach [5, 6]. Burns [5] and

Hudson [7] highlight the importance of developing good

shooting technique.

However, (1) most discussions of the biomechanics of

FT shooting are based on qualitative observation (coaches’

opinions and subjective analyses) or mathematical deduc-

tion, rather than on experimental evidence, and (2) the sub-

maximal velocity, which is one of the two important sports

skills required for most populations of players [8], has

received little attention in the current research literature.

From what previously cited and taking into considera-

tion that success in basketball shots is dependent on the

projection angles and velocities (i.e., which are the result of

numerous segmental combinations [7]), it seemed more

appropriate to deepen the studies conducted (i) to analyze

selected biomechanical parameters of FT (i.e., special

focus on throwing hand velocity, body angles, and period

of the different phases), (ii) to search for possible rela-

tionships between those variables and (iii) to determine

which variables are more associated with successful FT

shooting.

Moreover, Owen [9] suggests that one of the reasons for

the low percentages of success in FT is that most players

never learned in early stage the proper technique. Conse-

quently, the identification of key components related to

success in FT shooting is necessary for the development of

proper feedback training and technique learning in begin-

ner basketball players.

Therefore, the present study was conducted to analyze

selected biomechanical parameters of FT shooting repeated

15 times by 10 male college sports students with the

principal purpose of comparing shooting mechanics in

successful versus failing attempts and to identify required

shooting technique focusing on angular displacements,

velocities of the hand, and the release time. The identifi-

cation of characteristics which are consistently employed

in a successful FT and conspicuously limited in a failing

FT could lead to improved teaching and coaching proper

FT technique.

Materials and methods

Participants and measures

Ten right-handed healthy male college sports students (age:

21 ± 2 years; body mass: 79 ± 7 kg; height: 180 ± 4 cm;

inexpert in basketball) participated in this study. According

to the Helsinki Declaration, participation was voluntary,

and informed written consent was obtained from the par-

ticipants before they entered into the study. Fifteen FT in

standing position were performed with the right hand by

each student, and their attempts were recorded in a

biomechanical laboratory with two-dimensional (2D) video

data collection (i.e., using 200 Hz camera resolution).

Procedures

To record the FT shots, a calibration space of

150 9 251 cm was measured (Fig. 1) to allow a complete

view of the player during the FT recording. A 200 Hz

camera was set parallel to the FT line to obtain a side view

of the player. Nine markers (Fig. 1) were attached to: (1)

the right side of the subject’s body; (2) the top of the

cranium for the head marker; (3) the greater tubercle of the

humerus for the shoulder marker; (4) between the lateral

epicondyle of humerus and head of radius for the elbow

marker, the center of the right wrist joint for the wrist

marker; (5) the metacarpophalangeal joint of the pinky

finger for the finger marker; (6) the greater trochanter of the

femur for the hip marker; (7) the lateral epicondyles for the

knee marker; (8) the center of the external malleolus for the

Fig. 1 Experimental set-up and anatomical marker placement
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ankle marker; and (9) the metatarsophalangeal joint of the

pinky toe for the toe marker.

The entry of the ball into the basket was not recorded on

video, but the made and missed baskets were registered

manually in a protocol. To examine shooting mechanics,

the researchers analyzed the identified FT using the system

software SIMI Motion. In each video frame, the following

points were manually digitized: head, shoulder, elbow,

wrist, finger, hip, knee, ankle, and toe. Connections were

made between specific points to create the following seg-

ments: (1) right arm between shoulder and elbow; (2) right

forearm between elbow and wrist; (3) right hand between

wrist and pinky finger; (4) right trunk between shoulder

and hip; (5) right thigh between hip and knee; (6) right leg

between knee and ankle; and (7) right foot between ankle

and pinky toe.

Data collection was made using the following protocol.

First, raw data were gathered by camera, with automatic

tracking, which was added and calibrated before the study

began. Next, raw data were gathered with manual tracking

of triggered markers, which replaced missing markers with

the help of interpolation. Finally, the data were filtered in

2D-data. The ‘‘Phaser’’ module from Simi Motion was

used to define the structural components of the three phases

that composed the totality of movement: Phase 1 began

when the knee started the flexion and finished when the

knee was in maximum flexion. Phase 2 began when the

knee started the extension and finished when the hand was

on the maximum velocity. Phase 3 began with the decrease

of hand velocity and finished when the shoulder, elbow,

hip, wrist, and finger were in the same line.

Data analysis

FT shots with acceptable video data were then compiled for

kinematic analysis. Elapsed times in the preparatory,

principal, and final phases in each throw were calculated in

ms. The 2D segment velocity of the hand and five joint

angular displacements of the shoulder, elbow, wrist, hip,

and knee were also calculated. The angular motion of each

joint was computed as the relative motion between the two

adjacent segments sharing this joint as their center of

rotation [10].

Angular motion of each joint was computed as (1)

shoulder joint (relative motion between the trunk and arm),

(2) elbow joint (relative motion between the arm and

forearm), (3) wrist joint (relative motion between the

forearm and hand), (4) hip joint (relative motion between

the trunk and the thigh), and (5) knee joint (relative motion

between the thigh and the leg). For the purpose of assessing

the precision of FT, the performance in each attempt was

determined by the 5-point scale model used by Zachry

et al. [11]. The entry of the ball into the basket received 5

points, hitting the ball to the basket ring 3 points, touching

the basket backboard and ring 2 points, hitting the basket

backboard 1 point, and an air ball received no points.

Statistical procedures

The data was exported as txt files and then imported into

PASW20. All values were expressed as average ± SD.

Using SPSS for version 20; we tested the normality of

distributions using Shapiro–Wilk before running any sta-

tistical tests. The paired T test (parametric test for the

normal distribution) and the Wilcoxon test (non-parametric

test for the abnormal distribution) were used to determine if

a significant difference existed between made and missed

baskets (with respect to the body angles and hand velocity).

The Pearson correlation test (parametric test for the normal

distribution) and Spearman test (non-parametric test for the

abnormal distribution) were used to determine, (1) the

associations of phase’s durations, body angles and hand

velocity with the success in FT basketball and (2) the

associations of the phase’s durations and body angles with

the speed of the throwing hand. Significance was set as

p\ 0.05.

Result

Effect of the different biomechanical parameters

in the success of FT in basketball

Statistical analysis showed (Table 1) a significant differ-

ence between made and missed baskets for knee angle and

hand velocity in the total movement [t (148) = -2.611,

p = 0.022, g2p = -0.54 and t (148) = 1.36, p = 0.048,

g2p = 0.56, respectively], and for hand velocity

[t (148) = -1.62, p = 0.031, g2p = 0.50] in the principle

phase (Fig. 2), with higher values for the knee angle (rate

of increase = 1.54 ± 0.61 %) and lower values for the

hand velocity (rate of decrease = 6.30 ± 2.3 %) in made

baskets versus missed baskets.

The statistical results of the correlation were in line with

the results of t test. Regarding the possible relation with the

‘‘made/missed’’ variable (Table 2), the results indicate a

positive medium correlation between made/missed baskets

and the knee angle (p\ 0.05; r = 0.63), and a negative

medium correlation between made/missed baskets and

hand velocity (p\ 0.05; r = -0.56). Additionally, similar

results were seen with the ‘‘performance’’ variable

(Table 2). Statistical analysis indicates that successful

performance in FT shooting is related to knee angle and

hand velocity with a higher positive correlation for knee

angle (p\ 0.01; r = 0.75[ 0.7) and a medium negative

correlation for hand velocity (p\ 0.05; r = -0.58).
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For the rest of the analyzed angles and for the duration

of movement and phases, no significant differences were

found between made and missed baskets and no significant

correlations were found with ‘‘made/missed’’ or ‘‘perfor-

mance’’ variables.

Correlation between hand velocity and body angles/

phase duration

For the total movement of the 15 FT attempts, statistical

analysis (Table 3) showed a linear correlation between

Table 1 Variation of phases durations, body angles and hand velocity in the different performances and regarding the made and missed baskets

Variables Durations in (s) Angles in total movement in (�) Hand velocity in

(m/s)
Phase 1 Phase 2 Shoulder Elbow Wrist Hip Knee

Performance:‘0’ to ‘5’ pts

5 pts

(n = 69)

0.76 ± 0.09 0.25 ± 0.02 57.9 ± 10.4 141.8 ± 14.6 185.2 ± 13.9 160.9 ± 2.13 160.6 ± 2.14 1.19 ± 0.10

3 pts

(n = 32)

0.76 ± 0.06 0.26 ± 0.01 56.5 ± 6.66 142.8 ± 14.6 178.8 ± 5.72 159.7 ± 2.69 157.4 ± 1.89 1.30 ± 0.08

2 pts

(n = 13)

0.71 ± 0.05 0.24 ± 0.01 41.1 ± 9.73 124.8 ± 10.1 191.1 ± 8.66 168.8 ± 6.89 159.6 ± 1.48 1.08 ± 0.14

1 pt

(n = 27)

0.71 ± 0.07 0.26 ± 0.01 51.3 ± 2.53 131.7 ± 8.19 179.6 ± 2.20 161.6 ± 2.87 158.8 ± 0.96 1.24 ± 0.07

0 pt (n = 9) 0.83 ± 0.06 0.26 ± 0.01 53.6 ± 7.46 137.9 ± 12.9 176.8 ± 5.24 153.3 ± 5.98 157.8 ± 1.76 1.48 ± 0.13

Missed/made baskets

Missed

(n = 81)

0.74 ± 0.06 0.26 ± 0.01 52.7 ± 6.67 136.6 ± 11.9 180.2 ± 5.59 160.6 ± 4.32 158.2 ± 1.51* 1.27 ± 0.11*

Made

(n = 69)

0.76 ± 0.09 0.25 ± 0.02 57.9 ± 10.4 141.8 ± 14.6 185.2 ± 13.9 160.9 ± 2.13 160.6 ± 2.14 1.19 ± 0.10

The different values were represented as (mean ± SD)

* Significant difference between missed and made basket at the 0.05 level (2-tailed)

Fig. 2 Representation of the values of shoulder, elbow, hand, hip, knee angles and hand velocity in total movement, phase1 and phase 2 during

missed and made baskets (mean ± SD). *Significant difference between missed and made basket at the 0.05 level (two-tailed)
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hand velocity and the shoulder, knee and hip angles

(p\ 0.05), with a medium positive correlation between

hand velocity and shoulder angle (p\ 0.05;

r = 0.5\ 0.56\ 0.7); a medium negative correlation

between hand velocity and hip angle (p\ 0.05;

r = -0.5\-0.56\-0.7); and a high negative correla-

tion between hand velocity and knee angle (p\ 0.01;

r = -0.75[-0.7). These significant correlations in total

movement seem to be due to the high positive correlation

of the hand velocity-shoulder angle (p\ 0.01; r = 0.7)

with medium negative correlation for hand velocity-knee/

hip angle in phase 1 (p\ 0.05; r = -0.53 and -0.63,

respectively), and to the high correlation hand velocity-

knee angle (p\ 0.01; r = 0.86), with medium correlation

hand velocity-shoulder/hip angle in phase 2 of the move-

ment (p\ 0.05; r = -0.53 and 0.64, respectively). How-

ever, no significant correlation was found between hand

velocity and elbow/hand angles or between hand velocity

and durations of phase 1/phase 2 (p[ 0.05) (Table 3).

Discussion

The purpose of this study was to analyze selected biome-

chanical parameters of FT shooting during the learning

process (repeated 15 times by 10 male college sports stu-

dents). In this context, we were first looking to identify

which parameters (angular displacements, velocities of the

hand, release time) had more of an effect on FT perfor-

mance (determine success). Secondly, this study’s

researchers were looking for a possible link between the

different parameters (in the totality of movement and in

phases 1 and 2). Comparing missed to the made trials,

statistical analysis showed a significant difference

(p\ 0.05) for the knee angles and the hand velocity in

total movement. Correlation results further indicated that

the knee angle is the variable which has the greatest effect

on the success of FT’s in basketball (p\ 0.05; r = 0.64

and r = 0.75, respectively, for the relation with ‘‘made/

missed’’ and ‘‘performance’’ variables). Additionally, these

results indicated the existence of a relationship between the

hand velocity and the body angles (especially knee angle

p\ 0.05 and r = -0.75), which was not the case for the

hand velocity and the duration of phases.

Effect of the different biomechanical parameters

in the success of FT in Basketball

In total movement, the values of the knee angle increased

from the missed to made basket attempts (p\ 0.05). This

variable had a positive medium correlation with respect to

the made/missed baskets (p\ 0.05; r = 0.63) and high

correlation with respect to the performance (p\ 0.05;

r = 0.75). These results indicate that if the flexion of the

knee is not exaggerated in the first phase and its extension

is near complete in the release time (which lead to a higher

values of knee angle in total movement), more made bas-

kets can be achieved. Data also indicate that maximal

flexion registered in the first phase of a missed basket were

higher than those in a made basket (p\ 0.05, max flex-

ion = 82.37 ± 1.57� vs 79.74 ± 2.1�, respectively).

Additionally, data indicated that maximal extension in the

release time was higher in the made baskets than in missed

baskets (p\ 0.05, max extension = 179.29 ± 0.98� vs

177.98 ± 1.1�, respectively).
While the knee angle has a high negative correlation to

the hand velocity (r = -0.75), statistical analysis showed

the counter to the variation of knee angle. Hand velocity

showed a decrease between the missed and made baskets

(p\ 0.05) and this variable had a negative medium

Table 2 Associations of phase’s durations, body angles and hand

velocity with the success in FT basketball

Variables Made/missed baskets Performance

p r p r

Phases durations

Phase 1 [0.05 -0.004 [0.05 -0.013

Phase 2 [0.05 -0.386 [0.05 -0.283

Angles

Shoulder [0.05 0.252 [0.05 0.299

Elbow [0.05 0.094 [0.05 0.17

Wrist [0.05 0.189 [0.05 0.247

Hip [0.05 -0.126 [0.05 -0.105

Knee \0.05 0.639 \0.05 0.75

Velocity

Hand velocity \0.05 -0.56 \0.05 -0.58

Table 3 Associations of phase’s durations, body angles with the

hand velocity in FT basketball

Variables Correlation with hand velocity in:

Total movement Phase 1 Phase 2

p r p r p r

Phases durations

Phase 1 [0.05 -0.091 [0.05 0.026 \0.05 -0.687

Phase 2 [0.05 0.29 [0.05 -0.496 \0.05 -0.696

Angles

Shoulder \0.05 0.56 \0.05 0.7 \0.05 -0.532

Elbow [0.05 0.414 [0.05 0.068 [0.05 0.104

Wrist [0.05 -0.089 [0.05 0.179 [0.05 0.118

Hip \0.05 -0.56 \0.05 -0.631 \0.05 0.636

Knee \0.05 -0.75 \0.05 -0.528 \0.05 0.861
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correlation with the ‘‘made/missed baskets’’ and the ‘‘per-

formance’’ variables with p\ 0.05 (r = -0.56 and

r = -0.58, respectively). During release time, the results

indicate that the velocities of the hand were lower in the

made than in the missed baskets (p\ 0.05, max veloc-

ity = 4.82 ± 0.19 m/s vs 5.03 ± 0.39 m/s, respectively).

These results seem to confirm that the slower the hand

movement, the better opportunity there is for made baskets.

The present finding was in line with that of previous

studies. The Brancazio [6] study found congruent findings

with this study. His data analysis indicated, as this current

study found, that shots should be projected with the least

velocity possible in which a shot can still be successful.

Similar support is discussed by Mullaney [12]. As with

earlier mentioned studies, Mullaney examined how shot

velocity should be utilized in the context of the act of

shooting. His results, as were also found in more recent

research, indicated that the rate at which shots should

approach the basket should be with a minimum terminal

velocity. Additionally, several studies found that the

decrease of the velocity of projection was a valid method to

decrease the margin of error [13–16].

The researchers of the present study found that the

aforementioned parameters did contribute to the success or

failure of the basket attempts. However, when comparing

the correlation coefficient (0.75 vs 0.58), it can be argued

that knee angle is the variable which has the greater effect

on successful or failed FT shooting performed by beginner

basketball players. This supposition affirms previous find-

ings by Tsarouchas et al. [17] who found that the lower

extremities (i.e. knee extension) are bigger contributors to

the success of the shot by increasing the high release point

(i.e. vertical displacement of the ball) and decreasing the

distance to the goal; this process decreases the margin of

error. For the phase durations and the remaining angles,

statistical results showed that there was no significant dif-

ference, based on these parameters, between made and

missed baskets. As previously seen, the Tsarouchas et al.

[17] study again had similar findings to the present study.

Similar to the current study, Tsarouchas found that the

trunk’s contribution toward the accuracy of the shot is

negligible and that the hand’s contribution is evenly divi-

ded between horizontal displacement (forearm) and verti-

cal displacement (arm). These results seem to confirm this

current study’s conclusions that the knee angle variable,

and consequently the hand velocity variable (p\ 0.05,

max extension = 179.29 ± 0.98� vs 177.98 ± 1.1�,
respectively), have the most important effect on the

learning outcomes of FT shooting.

The results from this study seem to support the concept

of advising coaches, physical educators and players to pay

more attention to the movement of knee joints than the

other parameters (i.e. rest of angles and phase duration).

More specifically, findings in this study assert that to be

more successful in FT shooting, players in their first stage

of technique learning should work to increase the mean

values of their knee angles (i.e. lower flexion in the

preparatory phase and higher extension in the release time),

which will then in turn decrease the hand velocity in the

specific moment.

Correlation between hand velocity and body angles/

phase duration

In relation to total movement, statistical analysis showed

that of the angle variables, knee angle had the highest

relation with hand velocity (high negative correlation

p\ 0.01; r = -0.75). The increase in the values of knee

angles for FT attempts resulted in a decrease of hand

velocity values. Additionally, the shoulder and hip angles

also have an effect on hand velocity (p\ 0.05; and

r = 0.56 and -0.56, respectively). The results indicate that

an increase in the values of shoulder angles results in an

increase of hand velocity values, while the increase in the

values of hip angles results in a decrease of hand velocity

values.

The variations in the correlation results for the total

movement of the 15 FT attempts seem to be due to the cor-

relation intra movement, especially in the first and second

phases. The preparatory phase of hand velocitywas high, and

positively correlated to the shoulder angle. The results

indicate that FT success or failure increase and decrease

together (p\ 0.01; r = 0.7) and were negatively (as in total

movement) correlated to the hip and knee angle (p\ 0.5;

r = -0.6 and-0.5, respectively). In the principal phase, the

most important correlation of hand velocity was seen with

knee angle (p\ 0.01; r = 0.7) and had less correlation with

respect to the shoulder and hip angle (p\ 0.05; r = -0.6

and 0.6, respectively). These results seem to affirm previous

results of Hung et al. [18] and Rush [19] who suggested the

following: (1) achieving an optimal ball speed and trajectory

provides a reasonable chance of success; this process

requires more shoulder, arm and leg motion; (2) statistical

analysis indicates that the lower extremities (i.e. knee

extension) and the shoulder flexion contributed, respec-

tively, (56 and 14 %) to the ball release speed.

With regard to the possible correlation between hand

velocity and duration of the preparatory and principal

phase, statistical analysis showed no relationship between

these factors.

The present study’s results seem to indicate the exis-

tence of an important relationship between the hand

velocity and the body angles. Furthermore, researchers

found this hand velocity and body angle relationship to be

more significant than the relationship between the duration

of phases and the hand velocity. The results support the
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suggestion by Hudson [7] that there are endless combina-

tions of segmental contributions in conjunction with

numerous projection angles and velocities which can result

in successful shots. The results further indicate that in order

to improve hand velocities, and thus successful FT shoot-

ing among basketball players in learning stage, coaches

should concentrate on improving body angle variation

more than focusing on increases or decreases in phase

duration.

Limit of the study

To the best of the authors’ knowledge, this is the first study

conducted to investigate the kinematical difference

between scored and missed FT during the learning process.

However, a study like the present one has some limitations.

Firstly, the joints and segments angles were not investi-

gated in same times over horizontal plan. Secondly, the

average height of the participant was 180 ± 4 cm and this

height is not representative of elite male basketball players.

Therefore, the results of the study (i.e., FT kinematics

analysis) are reliable only for un-expert basketball players

featured by a height near to 180 ± 4 cm until confirmation

by feature studies investigated higher level players.
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