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The fundamental skills are the foundation for success at all levels of basketball and all players 
must learn to execute the fundamental skills properly and quickly in order to be successful (1). 
Also passing, shooting and dribbling are the basic and most frequently used technical skills in 
basketball competition (2-4). Thus, the aims of this doctoral thesis are threefold: (1)The first 
objective of this research is to examine whether the kinematics of passing elements will be 
changed when the player is under the influence of fatigue as well as to identify if the change in 
kinematic parameters affects the passing accuracy, (2) to determine if shooting precise will be 
decrease and to determine the kinematic changes when players are under the condition of 
progressive physiological loads and (3) to assess if the dribbling performance will be deteriorated 
and to examine the kinematic changes of dribbling when players are under the fatigue condition. 
The study will include 10 U20 players from 2 best basketball clubs in Croatia. The fundamental 
skills will be objectively assessed by using Xsens suit and smart basketball when players are with 
and without fatigue. The result of our study will help in figuring out the patterns of movement in 
basketball fundamental skills when player is under fatigue condition and help coach to design an 
appropriate training that could enhance players’ fatigue resistance in basketball passing, shooting 
and dribbling. This dissertation will be written in Scandinavian-type form. 
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Introduction and overview of research conducted hitherto (suggested length: 7000 characters with spaces) 

    Basketball is one of the world's most popular and widely viewed sports, played in more than 200 countries (5). To be a successful 
basketball player and to have a competitive team, fundamental skills must be highlighted (6). 

    Basketball is an intermittent sport that involves both intensive short movements (e.g., jumping, sliding, sprinting) and less intensive 
activities that last longer (e.g., walking, running). Thus, the physiological demands of a basketball game on players, which requires 
both aerobic and anaerobic energy delivery systems, were claimed to be high (7). Although some players have highly developed 
skills, it is possible that players’ fundamental skills could be changed and cause poor performance while the player is under fatigue 
condition. As a result, fatigue becomes an indispensable part of the game that may deteriorate performance, coordination and the skill 
of a player (8) and yet players are expected to perform well under fatigue conditions. Moreover, some researches have shown that 
the blood lactate levels, mean heart rates and VO2 max of the players during a competitive game were found to be close to their 
maximal values (9-11). 

    Many researches have stated the importance of the fundamental skills of basketball (1-3). For example, Krause noticed, in his book 
called Basketball Skills & Drills, that the basic skills are the foundation for success at all levels of basketball and all players must learn 
to execute the fundamental skills properly and quickly in order to be successful (1). Also, Sergio,Keisuke,Jianyu and Nunes 
respectively reported that passing, shooting and dribbling are the basic and most frequently used technical skills in basketball 
competition(2) (3) (4) . Furthermore, these three technical skills have been used for NBA all-star skills challenge competition many 
years, which implies that technical skills of passing, shooting and dribbling is emphasized in high-level players. Considering the 
importance of fundamental skills in basketball, it is necessary to use scientific methods to objectively evaluate players' skills and to 
help players improve their shortcomings, which subjective or traditional method could not observe. 

    During the offense, players are required to keep the possession of the ball and cooperate to create optimal shooting options. Also, 
accurate pass is required for increasing of effectiveness. Teams that assist more are more likely to win the game (12). On the other 
hand, reductions in turnovers (i.e., lost possession) increase the winning odds, particularly in games where opponents have similar 
chances of winning the game (13). According to a research, the passing technique is the main distinguishing factor between starters 
and non-starters in elite competitions. Therefore, players’ performance and season-long success in basketball are particularly based 
on passing skills (14).  

    Shooting is the main and most effective means of scoring in basketball games (15) . It represents the base in hierarchical structure 
of basketball game knowledge (16). The main characteristic of the mentioned element is the fact that it enables shooting the ball 
towards the basket from greater distances. As such, this element of basketball technique was a result of the players’ desire and need 
to find the best solutions in new situations. 

    Dribbling consist of an important part of the basketball game, Scanlan reported that players in semi-professional spend 9–11% of 
playing time dribbling during basketball competition (17). Furthermore, Scanlan used Time–motion- analysis found out that dribbling 
to maintain ball control is imperative during latter periods in professional game (18). Considering basketball game is a high intensity 
activity, dribbling and controlling the basketball become more complicated when the players face the fatigue condition. Therefore, 
dribbling technique is important in basketball, particularly when the scores between two teams are very close during the critical stage 
of the game. 

    As mentioned above, basketball is a high-intensity team sport which may affect players’ passing technique during fatigue condition. 
However, there are a few authors that investigated the difference of basketball passing pre and post fatigue (19-20), and presented 
researches were mainly focused on the passing accuracy or ability and no kinematic parameters used in their study. Moreover, 
despite several research have studied the change of passing accuracy in the influence of fatigue, movement patterns of passing in 
different conditions still remained unanswered such as the angular velocity in shoulder or elbow, the joint angle of elbow or knee. The 
kinematic analysis represents an objective method to observe basketball players' technical skills (21), which can provide a scientific 
explanation for mistakes in skills performance. In addition, it can aid in enhancing the clarity and minimizing the degree of the mistake 
made by youth players. Coaches will be able to identify problems with basic skills in fatigue condition and to design an appropriate 
training that could enhance players’ fatigue resistance in passing and other technical skills such as shooting and dribbling. Antonios in 
his research reported that chest pass, overhead and push pass are most commonly used in basketball game but push pass should be 
given more attention because it is important in situation where players are under defense pressure (22). In this part, the kinematic 
change of push pass in basketball will be observed as players are under the fatigue condition. 

    A number of researches (23-25) have revealed that there are statistically significant differences in kinematics parameters in 
basketball shooting with and without fatigue conditions. However, most of researches in kinematics involved in senior players. There 
is a need to determine if shooting training in real, situational conditions, especially while the junior players are under the influence of 
fatigue will produce better results. The jump shot is one of the most common way of shooting in basketball (26). In this part, the 
kinematic change of jump shot will be examined when players are under the influence of progressive physiological loads. 

    There is little research involved in basketball dribbling. Most them was focused on assessing players’ speed of dribbling or the level 
of dribbling by experts’ evaluation. To our best knowledge, there is no research on the effect of fatigue on basketball dribbling as well 
as there is no research on the change of kinematic parameters on basketball dribbling. In this part, the kinematic change of dribbling 
in basketball will be observed when players are under the fatigue condition. 
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    Therefore, the aim of this study has three folds. The first objective of this research is to examine whether the kinematics of passing 
elements will be changed when the player is under the influence of fatigue as well as to identify if the change in kinematic parameters 
affects the passing accuracy. The second aim of this study is to determine if shooting precise will be decrease and to determine the 
kinematic changes when players are under the condition of progressive physiological loads. The third aim is to assess if the dribbling 
performance will be deteriorated and to examine the kinematic changes of dribbling when players are under the fatigue condition. 

Objective and hypotheses of research2 (suggested length: 700 characters with spaces) 

The main aim of the doctoral thesis is to determine the influence of fatigue on kinematic parameter of basketball fundamental skills. 
Based on this aim, it is possible to determine 3 specific aims: 

1) To determine the kinematic changes on basketball passing when players are under the influence of fatigue. 

2) To examine the kinematic changes on basketball shooting when players are under the condition of progressive physiological 
loads. 

3) To assess the kinematic changes on basketball dribbling when players are under fatigue condition. 

    Hypotheses of these research are: 

In general  

    H1: The passing accuracy would not decrease when players are under the influence of fatigue condition. 

H2: The shooting percentage would not decrease when the physiology load is progressive. 

H3: The dribbling performance evaluated by basketball experts and technology would decline under the influence of fatigue 
condition. 

In specific 

    H1: There are differences on passing technique in kinematic parameters between with and without fatigue conditions.  

H2: There are differences on shooting technique in angular velocities of the upper and lower extremities, as well as in the height at 
the moment of releasing the ball under the influence of progressive fatigue.  

H3: There are differences on dribbling technique in specific kinematics when players are under the fatigue condition.         

Material, participants, methodology and plan of research (suggested length: 6500 characters with spaces) 

In general 

This research will consist of three stages that is passing, shooting and dribbling study respectively. The testing of each stage will 
constitute four days. The testing of these elements will be held respectively in September, November,2020 and February,2021. The 
age of subjects will be U20 because their techniques are skilled and fixed so that we can observe the kinematic change between with 
and without fatigue. All players have no health and injury issues. In order to avoid the interference of fatigue on testing, examinee will 
be asked to restrain training sessions one day before testing as well as they are asked to measure their basal heart rate during the 
procedure so that we can identify whether they are in non-fatigue state or not prior to each testing. In order to identify the level of 
fatigue for players, the heart rate (HR) and blood lactate (BL) will be measured. All Participants will be provided with a detailed 
explanation of the study procedures and gave written informed consent prior to measuring procedure.  

The kinematic parameters in this study will be measured with Xsens kinematic suit. Previous studies confirmed the reliability and 
validity of Xsens kinematic suit for analysing different basketball techniques (25) (27). All variables will be presented in degree/second 

(/s). Previous studies have already proved the validity of angular velocity in basketball techniques (23-24). 

Study 1 Passing 

Participants 

10 U20 Croatian basketball players will be included in passing testing. With the use of G*power program, sample size (numbers of 
passes) was calculated (n=98) that is needed for measurement procedure with statistical significance p˂0.05; statistical power 0.8; 
effect size 0.25 and groups.  

Variables  

In basketball push passing, the following variables will be observed: trunk rotation; maximum and average angular velocity in wrist, 
elbow and shoulder; angle of the wrist, elbow and shoulder joint. 

Test protocol 

                                                 
2 The sequence of listing the objective and hypotheses depends on the area of research.  
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The first day will incorporate anthropometric measurements for personal data collection and test 5 players. The rest of 15 
participants will be separated to next 3 days-5 players for each day. Basal heart rate will be collected on 9am between 7:00 and 
8:30am under conditions as close as possible to basal: within 30 minutes of awakening, at least ten hours after eating. After a night of 
recovery, it could be considered that athletes are under fatigue state if basal heart rate increases than usual (28).  

Before starting of passing test, players’ HR and BL will be measured. After fatigue protocol, the participants’ HR and blood lactate 
concentration will be measured one more time immediately. Then, the same passing test will be conducted again so that we can 
observe the change of passing accuracy and kinematic under the influence of fatigue. 

The specific test that is similar to the passing part of Taco bell basketball skill test will be implemented, which is considered by 5 
experts as the closest to the real situation in basketball game. A basket 1.2 meters above the ground is placed vertically near the 
court corner (the hoop is facing to examinee and 1.5m from the baseline and sideline respectively). Examinee with the ball stands at 
the top of three points line which is 9 meters from the target and try to pass the ball into basket with one dribble. Players are allowed 
to try 3 passes before test and passes 6 times both left and right sides when test start. The warmup consists of 5 minutes jogging, 5 
minutes specific stretching. According to Mark’s research (20), the scoring of the test is as follows: 

Eight points are awarded for each pass that hit the target without touch the hoop. 

Six points are awarded for every pass that hit the target but touch the hoop once. 

Four points are awarded for every pass that hit the target but touch the hoop more than once. 

Two points are awarded for each pass that do not hit the target but touch the hoop. 

No points were awarded if player does not hit the hoop as well as touch the hoop, or if a pass other than a push pass is used. 

The fatigue protocol consists of repetitive 30 m sprints and five consecutive vertical jumps at both ends of the sprints (29). 
Participants are going to be instructed to accelerate/decelerate as fast as possible during the sprints and to jump as high as possible 
at each end. Participants complete the fatigue protocol until they complete five round sprint and jump 

Data analysis 

“Statistica” version 13.5 will be used for the statistical analysis. Basic descriptive parameters will be calculated for all measured 
variables. The normality of the data distribution will be evaluated using Kolmogorov–Smirnov test. To verify the differences of the 
kinematic parameter between with and without fatigue conditions, analysis of variance (ANOVA) for repeated measures with 
Bonferroni post hoc test will be applied. To identify the influence of fatigue on passing accuracy, regression analysis will be used. 
Results were considered significant when p<0.05. 

Study 2 Shooting 

Participant 

One U20 player as case study will attend to shooting testing. 

Variables  

In basketball jump shot, the following variables will be observed: angle of the knee and hip joint at the moment of receiving the ball; 
maximum and average angular velocity of the ankle, knee, hip, shoulder, elbow and wrist joint; highest point at the vertical line in the 
release of the ball; angle formed by the downward line of the ball in relation to the basket; time between the moment of receiving the 
ball and the moment in which the ball leaves the hand. 

Test protocol 

The examinee will perform 30 jump shots from the 6.75 m distance as warm-up, as well as a dynamic stretching before starting 
with the testing. The examinee then executes three series of jump shots, each consisting of 8 shots from the previously mentioned 
distance. Prior to the initial testing, the lactic acid concentration of the examinee will be measured after which the examinee start 
performing the jump shots. 

Before the second series of shooting, the examinee execute continued sprints of 4x15 meters (total of 60 meters) with a change of 
direction of 180 degrees between each sprint, and before the third, last series, he will perform continued sprints of 8x15 meters (total 
of 120 meters), also with a change of direction of 180 degrees between each sprint. 

Immediately, after the both series of sprints, his blood lactate concentration will be determined and then the examinee start with 
performing the jump shots. The mentioned type of sprint is used to attain physiological load of the player because this type of 
movement is often present in modern basketball game during many fast changes between defence and offense. 

Data analysis 

“Statistica” version 13.5 will be used for the statistical analysis. Basic descriptive parameters will be calculated for all measured 
variables. The normality of the data distribution will be evaluated using Kolmogorov–Smirnov test. To verify the differences of the 
kinematic parameter between with and without fatigue conditions, analysis of variance (ANOVA) for repeated measures with 
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Bonferroni post hoc test will be applied. To identify the influence of fatigue on shooting accuracy, regression analysis will be used. 
Results were considered significant when p<0.05. 

Study 3 Dribbling 

Participant 3 

10 U20 Croatian basketball players will be included in dribbling testing. With the use of G*power program, sample size (numbers of 
dribbles) was calculated (n=98) that is needed for measurement procedure with statistical significance p˂0.05; statistical power 0.8; 
effect size 0.25 and groups.  

Variables  

In basketball dribbling, the following variables will be observed: centre of mass, shoulder rotation, speed of sprint while dribbling, 
angle of knee, hip and head. 

Test protocol 

The change of direction (COD) dribble sprint test will be used that is similar in design to other COD assessments of basketbal l 
dribbling (30). The Change-of -direction sprint test involved players moving around markers placed at even distances. When 
completing the dribbling trials and alternated hands with crossover dribbles at each marker during the COD sprint (the dribbling hand 
was the outside hand when moving towards markers). During the testing, 5 basketball experts will give players points ranged from 1 
to 10 according to their dribbling technique. Electronic timing gates (Smart speed; Fusion Sport; Brisbane, Australia) were positioned 
on the start line and endpoint for timing. The fatigue protocol is same to study 1. 

Data analysis 

“Statistica” version 13.5 will be used for the statistical analysis. Basic descriptive parameters will be calculated for all measured 
variables. The normality of the data distribution will be evaluated using Kolmogorov–Smirnov test. To verify the differences of the 
kinematic parameter between with and without fatigue conditions, analysis of variance (ANOVA) for repeated measures with 
Bonferroni post hoc test will be applied. To identify the influence of fatigue on dribbling speed, regression analysis will be used. 
Results were considered significant when p<0.05. 

Expected scientific contribution of proposed research (suggested length: 500 characters with spaces) 

There were less researches involved in passing technique of basketball. These studies were related to the influence of fatigue on 
basketball passing but it was mainly focused on accuracy change. What is the relationship between kinematic and passing accuracy 
when players are under fatigue condition is still unknown. Numerous studies have investigated the influence of fatigue on kinematic 
parameter on basketball shooting regarding senior player, but little is known about the influence of progressive physiological loads on 
basketball shooting in terms of junior player. To our best knowledge, there is no research related to fatigue and kinematic change in 
basketball dribbling.  

Therefore, as opposed to previous study, our research could create an objective method to evaluate basketball players’ 
fundamental skills when players are under the influence of fatigue. It could help coaches to figure out the movement patterns of 
players with their fundamental skills under fatigue condition that is the real situation during the game. Therefore, these findings would 
help coaches to design an appropriate training that could enhance players’ fatigue resistance in basketball passing, shooting and 
dribbling. 
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