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Abstract 
Objective: to investigate gaze behavior, i.e. QE duration, and anticipation between expert and non-expert female team-handball players. 
Method: Six subjects participated in the study where gaze behavior was measured during 7-m penalty throw in a laboratory settings with a monocular, video-based eye tracking system. In addition, kinematic data were recorded with motion capture system. 
Results: No significant differences were found in quiet eye (QE) duration, QE onset, and QE offset. Eye tracking data revealed that main areas of interest irrelevant of groups were the throwing arm as well as the torso and hip region. 
Discussion: Although, no evidence were found in the current study in relation to gaze behavior, i.e. QE duration between the two groups, further study is needed as studies have shown that QE plays an important role in defining expertise level across sport domains. This is of importance as studies have shown, for instance, that QE training can improve anxiety levels during sports task, improve throwing and catching abilities among motor impaired children. 

Introduction
Topics such as visual gaze behavior and visuomotor strategies in expert and non-expert athletes have been widely studied throughout the last three decades in ballistic sports such as ice hockey goaltending (Panchuk, Vickers 2006), team-handball goalkeeping (Rivilla-García et al. 2013), cricket (Croft, Button & Dicks 2010), and basketball (Vickers 1996).
In ballistic sports, such as in team-handball, processing of critical visual information and the ability to self-regulate cognitive and emotional activity are required to execute a perfectly planned motor task, i.e. intercepting a moving object (Williams et al. 2002; Rojas et al. 2012). According to this, key parameters playing a role in gaining an expertise in, e.g. team-handball goalkeeping, are having sublime abilities of perceiving and processing the temporo-spatial stimuli (i.e. thrower’s arm and ball) (Williams, Davids & Williams 1999). 
For this, two control strategies or theories have been proposed in order to understand anticipation and its dimensions. On one hand a predictive control theory and on the other hand a prospective control theory. A predictive control describes a motor plan in which the athlete anticipates the trajectory and outcome of the moving object, while the prospective control describes a modifiable motor plan via continuous visual feedback. Disagreement, or debate, are in the literature regarding which theory applies in an anticipatory event (Bairstow 1987, Postma, den Otter & Zaal 2014, Williams, Davids & Williams 1999, Panchuk, Vickers 2009).
Anticipating a movement has been shown to differ from experts and non-experts where experts have a greater ability to anticipate the trajectory of an object in motion. One study investigated the difference in anticipation time and movement biomechanics in elite and inexperienced team-handball goalkeepers. Their results showed elite goalkeepers being more efficient cognitively, i.e. perceiving and processing (interpreting) information to determine the appropriate execution plan (motor). For this they used cues from the thrower’s trunk movement and throwing technique, i.e. upper body and arm movements (Rojas et al. 2012). These findings are supported by the literature (Rivilla-García et al. 2013, Savelsbergh et al. 2002, Canal-Bruland, Schmidt 2009, Loffing, Hagemann 2014, Abernethy, Zawi 2007, Vignais et al. 2009, Williams, Davids & Williams 1999).
Despite an extensive research on gaze behavior and anticipation in ballistic sports, there is a lack of research on quiet eye (QE) duration in team-handball, especially in goalkeeping. Williams and colleagues (2002) investigated the QE duration in expert and novice billiards players in near and far aiming tasks during various complexity and time-constraint tasks. Their findings show that the expert billiards players exhibited longer fixations on the target during the preparation phase of the shot compared with the non-experts. They also found that the QE duration increased with shot difficulty and showed proportional relationship with longer QE duration and successful shots. Therefore, shorter QE resulted in poorer performance. This is in agreement with the literature ((Panchuk, Vickers 2006, Panchuk, Vickers & Hopkins 2016, Wood, Wilson 2011, Vickers 1996). Lastly, they concluded that the QE duration was a fundamental factor when comparing and explaining the difference between skill levels, i.e. between experts and non-experts, as well as explaining the differences between athletes within the same skill level. These findings are in general. 
The importance of an effective perceptional and processing ability in order to execute a successful motor plan and anticipating possible outcome of a moving object is therefore evident. The purpose of the current study is therefore to investigate gaze behavior, i.e. QE duration, and anticipation between expert and non-expert female team-handball players. Further, it was hypothesized that the expert players were more efficient in perceiving and processing relevant visual information during the QE duration, i.e. longer and fewer fixations as well as fixating on more relevant cues, i.e. ball and the arm, compared with non-experts. Likewise, it was hypothesized that the experts would possess a greater anticipation skills, and therefore, a greater number of successful saves compared with non-experts. 
Method
The following sub sections depicts topics such as, the participants of the study and its recruitment criteria, the methodological approach of the study and research design, as well as analysis and processing of the gathered data. 
Subjects
In total of six elite and non-elite female team-handball players participated in the study. Four elite players (age: 21.50±1.00 yrs., height: 1.78 ±0.03 m., weight: 75.25±5.50 kg.) with a competitive playing experience of 6-8 years of elite handball and two non-elite players (age: 18 yrs., height: 1.77±0.10 m., weight: 70.5±0.71 kg.) with a playing experience of 10-15 years of amateur handball participated in the study. All subjects came from the same Division 1 club, which is the second highest league in Danish women’s handball. 
All subjects signed a form of consent and received a verbal briefing of the purpose and methodological approach of the study as well as answering a short questionnaire regarding anthropometric measures.
To ensure as homogenous group of subjects as possible, and for the gathering and processing of data as well as the validity and reliability of the results, the subjects needed to fulfill numerous criteria in order to participate: i) team-handball goalkeeper, ii) playing at a senior level, iii) elite or non-elite (expert or non-expert), and iiii) non-injured. 
Experimental protocol 
A home-made frame of 2-m x 3-m and according to the rules and regulations of IHF was used for motivational purposes. A protection net, i.e. volleyball net, was placed 0.75-m in front of the subject with the purpose of protecting the eye tracker from damages. In addition, the net also protected the Oqus cameras behind the subject as they were mounted on a tripod. A size 2 handball with the circumference of 54-56 cm and a weight between 325-375 g was used as the throwers were female court players. This was in accordance with IFH regulations on ball sizes for female U18 and senior handball players (International Handball Federation (IHF), year unknown). To ensure proper dimensions and weight throughout the tests, the ball was measured and prepared prior to each test between subjects.
A reference recording (RR) of five seconds was carried out in the same recording just prior to the actual throwing task. Here, the participants, i.e. the goalkeeper and the thrower were asked to stand still in an anatomical position at their respective spot (see figure X), that is the 4-m, which is 4-m out from the goal line, and the 7-m line which is 7-m out from the goal line. During the RR, the thrower stood with the ball in hand. After the RR, the goalkeeper was asked to gently move the head side to side in order to recognize the initial outlet of the throwing task on both systems used in the study. This procedure was repeated prior to each block for every goalkeeper. 
Prior to carrying out the experiment, the subjects were familiarized with the experimental setup. The familiarization consisted of verbal, visual, and physical presence in the laboratory as well as run the experimental protocol through, a warm-up block of five throws. After the warm-up block, the experimental blocks were carried out. 
For standardization, a start signal was given for each of the five shot in each block. The signal was given by the operator. The thrower had 3-seconds to perform each throw after the start signal was given by the operator, otherwise, the throw was invalid and a new throw had to be carried out. As aforementioned, the thrower was told to act as natural as possible meaning same rules applied for the penalty throw in the laboratory as in matches. In order to minimize the influence of the laboratory settings, the goalkeeper and the thrower got briefly informed about the task at hand, that is the thrower should stand on the 7-m line and try and score in the home-made goal frame. The goalkeeper should stand on the 4-m line and try and safe the penalty throw. For motivational purposes of both parties, they were told that each penalty throw was a penalty throw in the Champions League finals. 
The tests were carried out in the Biomechanical Analyses Laboratory at Aalborg University (Fredrik Bajers Vej 7A, 9220 Aalborg).




Figure 1. Experimental setup of the study. Upper figure: the goalkeeper to the left and the thrower to the right. Lower figure: the net protecting the eye tracking device.



Measurement of the eye
An Applied Science Laboratory EyeTrac7 (ASL ET7) (Applied Science Laboratories, USA) recorded the gaze behavior of the subjects. The eye tracker is a video-based monocular head-mounted camera. It is comprised of a scene camera, an eye camera, and a probe. The scene camera shows the subject’s field of view. The eye movements of the subject is recorded by a magnetic tracking technology in which measures the position and orientation of the subject via a stationary magnetic transmitter located at the eye camera. The transmitter emits infrared (IR) beams onto the probe in which reflects the IR beams onto the eye. The eye image seen on the display screen is therefore the reflection of the emitted IR beams from the transmitter. The eye tracker is equipped with a metal plate on the posterior side, i.e. on the subject’s back of the head. This is the site where five RM were attached in order to capture the movement of the head in the x, y, and z plane. The gaze data and the pupil diameter were recorded at the sample rate of 120 Hz and ate  was set to a video quality of 120 Hz in which gives the lowest video quality, however, it is the most feasible setting as the image of the eye is larger, and therefore, it is easier to detect eye movements, i.e. corneal reflection (CR) and pupil diameter. The eye and scene camera recorded with a sampling rate of 30 Hz in which is a standard for the ASL ET7 device (Applied Science Laboratory, 2014). 

Figure 2. The Applied Science Laboratory EyeTrac7 device.



The eye tracking system was calibrated using the recommended setup with respect to the distance from the subject to the object in the environment, i.e. the thrower, and the minimal visual angle, i.e. 30 and 20 degrees horizontally and vertically, respectively. Nine calibration target points (CTP) with three rows of three columns were drawn on a large white sheet with respect to the aforementioned. According to this, the horizontal- and vertical distance between each CTP was calculated as 80-cm and 50-cm, respectively. The distances were found by the following formula: 

Where θ is the visual angle in degrees, r is the distance between the CTP points, and d is the actual distance from the subject to the thrower. 
The middle point of the CTP, or point 5, has the coordinates (0, 0). Other point coordinates are for instance (-, -) which is point 1 located in the upper left corner, and (+, +) which is located in the lower right corner. During the adjustment phase of the eye tracker, i.e. locating the CR and pupil of the subject chronologically from point 1-9, the eye tracker was calibrated with same procedure as before, i.e. fixate on each point chronologically from 1-9 by changing to next point only by orders from the operator. During calibration, the operator registers the position and orientation of the subject’s point of gaze when the CR is stable. An unstable CR would result in an error message and unsuccessful calibration. In addition, an unstable CR can also mean internal and/or external reflections. 
During the adjustment and calibration the subject was told to only move the eyes and not the head as the purpose of the calibration was letting the eyes doing the work in order to map the relative location of the CR and pupil and the coordinates of the point of gaze for each CTP.Figure 3. Frontal view of the locations of the reflective markers.

Measurements of the kinematic and kinetic properties
[image: 3.1]The kinematic and kinetic data were recorded with eight infrared Oqus310 cameras (Qualisys AB, Sweden), which captured the motion of the goalkeepers as well as the ball and its trajectory and outcome. The Oqus cameras were set with a sampling frequency of 250 Hz in order to capture the ballistic motion of the ball. The volume of interest, i.e. the areal of the test, was calibrated with 750 (carbon fiber) calibration kit in which is feasible for volumes of 6-m3 to 40-m3 cubic meters (http://old.qualisys.com/products/accessories/calibration-kits/, 02.05.2016). The calibration time was adjusted according to the volume size and the laboratory settings. This was established in one of the pilot tests prior to the actual test. 
Prior to testing, 32 passive reflected markers (RM) were placed on bony landmarks of the upper and lower extremity of the subject (upper extremity: acromion process, medial- and lateral epicondyles of humerous, styloid process of ulna and radius, posterior superior iliac spine (PSIS), and anterior superior iliac spine (ASIS), meta carpal phalanges #2 and #5, and distal phalange #3; lower extremity: greater trochanter of the femur, medial and lateral epicondyle of femur, medial- and lateral malleous, and the great toe phalange). The motion of the ball was captured by placing 8 RM in non-linear fashion on the ball with respect to the throwing hand, i.e. the palm of the thrower. The tracking of the ball’s motion enabled the calculation of the ball’s centroid, which allowed for the examination of a successful save was made or not. 
Data analysis 
A total of 25 throws (Mitroff et al., 2013) from the 7-m line were carried out for each subject in five blocks whereas each block consisted of five throws or trials. Three blocks, or nine throws in total, were analyzed for each subject. Throw 3, 4, and 5 in each block were applicable for the analysis of the quiet eye (QE) duration, i.e. the subject’s last fixation prior to movement initiation. 
The ASL EYE TRAC 7 tracked the point of gaze on the calibration plane roughly located at the thrower’s spot. Thereby, the visual events such as eye fixations could be identified for each subject (Applied Laboratories, 2014). The eye tracking data was processed and analyzed using ASL Results Plus (Applied Science Laboratories, USA), a software tailored for the ASL eye tracking system was used to analyze QE onset, QE offset, and QE duration. All fixations with false pupil recognition of <200 ms were analyzed. This was done in order to remove eye blinking in which occur between 200-400 ms on average (Tsai et al. 2007). 
Four areas of interest (AOI) were set in which were believed to be relevant for a goalkeeping task. These AOI were the head, throwing arm, the ball, and the torso/hip region.
The motion capture system measured the motion of the subject and the ball in which was used to measure each subject’s performance level, i.e. number of successful saves and failures. Matlab (MathWorks, Inc., USA) was used to process and analyze the kinematic data gathered by the motion capture system of both the subject and the ball, i.e. ball’s trajectory. This was done in order to measure the subjects’ performance index (PI), i.e. the distance between the subject’s body part used in the attempt of saving the ball and the ball itself. The center of the ball was found by fitting a sphere on the markers placed on the surface of the ball. The mean of the markers, such as of the hand, was used for calculating the position of the hand relative to the ball and the distance between the two was calculated with the 3D coordinates of the ball and the body part. The PI was determined as the shorter the distance, the better the performance. The PI included the three closest distances. The initial movement of each subject was plotted in Matlab by using the markers on the body which initiated the movement. These plots were used to find the last fixation prior to the movement of the subject, better known as the quiet eye (QE) duration.
Statistical analysis 
An independent two sample t-test in the form of the Mann-Whitney U-test was used to examine the difference between QE duration between the two groups. Significance level of 0.05 and a confidence interval of 95% was used in the current study. All analysis were performed in IBM SPSS Statistics (IBM, USA). 
Results 
Quiet eye duration
The results of the Mann-Whitney U-test in the current study revealed no significant difference between the expert and the non-expert group with respect to QE duration (p=0.899), QEon (p=0.124), and Qoff (0.131) as seen in the table 2. 
Table 1 shows the anthropometric data of the two groups. 

	
	Age (SD) (yrs.)
	Height (SD) (cm) 
	Weight (SD) (kg)
	Experience (SD) (yrs.)

	
	
	
	
	

	Experts
	21.5 (±1.0)
	1.78 (±0.03)
	75.3 (±5.5)
	11.75 (±3.50)

	Non Experts
	18.0 (±0.0)
	1.77 (±0.10)
	70.5 (±0.7)
	12.5 (±3.54)

	Total
	20.33 (±1.97)
	1.78 (±0.05)
	73.7 (±4.9)
	12.00 (±3.16)


All values are in means (±SD).



Areas of Interest – heat maps
The processing of the eye tracking data revealed that the main areas of interest fixated at, were the throwing arm and the torso and hip region. This was independent between groups.


[image: C:\Users\Hjortur Ingi\AppData\Local\Microsoft\Windows\INetCache\Content.Word\B1-B5_HeatMap.jpg][image: C:\Users\Hjortur Ingi\AppData\Local\Microsoft\Windows\INetCache\Content.Word\B1-B5_HeatMap.jpg]








Figure 4. Group heat map of gaze for all subjects from block 1-5.




Performance Index

The PI was measured as a function of the ball’s end point and the respective body part at that particular point. The distance was calculated from as the distance from the ball’s center to the center of the body part used for saving the shot, for instance the left hand. As the graph below shows, individually performs the bestFigure 5. Shows the performance index by groups, i.e. experts vs. non-experts.
Figure 6. Shows the individual performance index (PI). *All values are mean values with standard deviations.

. 


Discussion
The purpose of the current study was to investigate the difference in gaze behavior and anticipation between expert and non-expert team-handball players by using ASL Eye-Trac7, a monocular and video-based eye tracking device and a motion capture system of the Oqus 300 series from Qualisys A/B. 
No significant results were found in the study. This was evident for all variables of QE, i.e. QE onset, QE offset, and QE duration. The hypothesis that the expert would be more efficient in gathering and processing visual information is therefore reject in the current study. In addition, the hypothesis 
There are two major drawbacks in the current study. First, the type and number of subjects participating in the study. Although the number of subjects are less problematic, the types of subjects are the main problem. Initially, the study was supposed to involve expert and non-expert team-handball goalkeepers where the focus was to investigate the difference in gaze behavior, i.e. QE duration, as in the current study. The recruitment of expert goalkeepers was problematic as the handball season was in full motion and difficult to make arrangements with the clubs playing in the three highest ranked leagues. 
Second, the experimental setup, the setup of the equipment was compromised. For the most optimal motion capture data, all eight cameras of the Qualisys system of the gait lab at AAU, need to monitor the whole volume or working area of interest, i.e. the subject’s motion and the ball’s trajectory. This was not the case in the current study do to the primary equipment used during the tests, i.e. the eye tracker (ASL ET7). During the optimal setup of the two equipment, the eye tracker captured the infrared (IR) lights emitted from the motion capture cameras in the eye. These IR reflections captured in the subject’s eye would result in validation error of the gathered data as there would not be known if the eye tracker would capture the IR reflections or the corneal reflection of the eye, which is the cornerstone of the eye tracking data. Due to this, the setup of the motion capture system was altered in order to prevent these IR reflections in the eye as much as possible. The position of four cameras facing towards the subject were heightened and pointed downwards and/or moved away from the subject, only capturing part of the volume, i.e. the thrower, the ball and its trajectory. This resulted in numerous data being discarded due to uncaptured RM.  
Second, the number and types of subjects used in the study are a drawback. Six subjects participated in the current study whereas one subject was an expert goalkeeper. The remaining five were expert and non-expert court players from various playing positions (from pivot and back to a wing positions). This was not optimal as the focus from the start was to measure the difference between expert and non-expert goalkeepers, hence the test setup of the 7-m goalkeeping task. However, this setup resembles the ball playing length between the court players during a match and training. Therefore, the court players’ gaze and strategy behavior can be analyzed with the test setup of the current study. 
However, despite the limitations and the insignificant findings of the current study, further research is needed to analyze the gaze behavior in team-handball goalkeeping.
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Worksheets

Eye anatomy and physiology
Eye anatomy and physiology
The eyeball consists of three layers: the eye, or the eyeball, consists of a fibrovascular retinal-lined sphere containing aqueous humor, a vitreous body, and a lens (McCaa 1982). This retinal-lined sphere, i.e. the eyeball, consists of three fibrous and vascular layers: an outermost layer called sclera, a middle layer called choroid, and an innermost layer better known as the retina (Michael-Titus, Revest, P. & Shortland, P. 2010). 
The sclera is a white conjunctive, fibrous, and non-transparent layer in which protects the eye and allows for attachment of extra-ocular muscles, which control the motion of the eyes. The choroid lines the whole posterior segment of the eye, up to the exit of the optic nerve. This layer consists of a vascular membrane in which absorbs undetected light by the retina. This is important as light residuals otherwise scatter back onto the retina and confuses the respective image. The retina is a layer which covers the choroid, the ciliary body, and the iris posteriorly. It further consists of two layers: a neural inner layer which contains light gathering cells, photoreceptors, as well as associated neurons, glial cells, and dense network of capillaries, and an outer pigmented layer in which prevents light from scattering as well as providing the light gathering cells a source of vitamin A. In this neural layer, cells called bipolar and ganglion cells are the primary and secondary neurons of the visual pathway (Michael-Titus, Revest, P. & Shortland, P. 2010, McCaa 1982). 
The eye can be further divided into two segments or compartments, i.e. the anterior- and posterior compartment (Michael-Titus, Revest, P. & Shortland, P. 2010). 
The anterior compartment consists of the cornea, the anterior- and posterior chamber, and the lens. By collaborating, this segment gathers light for the processing and concerns with focus of the eye. The posterior segment consists of the choroid and the retina (Michael-Titus, Revest, P. & Shortland, P. 2010). The retina is the vital component of the eye with the fundamental goal of photoreception (McCaa 1982), i.e. the detection of the light of the visual input emitting to the anterior chamber of the eye. The retina then converts the light signal into electrical impulses in which are transmitted through the optical nerve to the primary visual cortex (V1) of the occipital lobe. This area, i.e. occipital lobe and V1, interprets colors (as well as other important features of vision) and converts the two dimensional light input into three dimensional image of the object of interest (Michael-Titus, Revest, P. & Shortland, P. 2010).
Macula lutea is also known as the ‘yellow spot’ and is located in the center of the eyeball. Its function is quite important as it is responsible for the eye’s central vision. It is also here that the visual clarity is at its highest (Michael-Titus, Revest, P. & Shortland, P. 2010). 
[bookmark: _GoBack]Figure 1. Eye anatomy.
Visual pathway 
The purpose of the visual pathway can be divided into three basic functions: i) to see an object, ii) to identify the object, and iii) tracking the object. These functions are carried out by different areas of the visual pathway: i) the optic nerve, ii) the optic chiasm, iii) the optic tract, iv) the lateral geniculate nucleus, v) the optic radiation, and vi) the visual cortex (Michael-Titus, Revest, P. & Shortland, P. 2010, McCaa 1982). The level of vision depends, therefore, on the degree of performing these functions.
The optic nerve extends intercranially 10 mm from the optic disc where the optic nerve exits the eyeball to meet and cross at a location called the optic chiasm (see illustration), an x-shaped structure at the base of the brain. In order to realize how extensive this pathway is in relation to the amount of neurons, the optic nerve consists of about 1 million neurons which arise from the ganglion cells of the retina and cross through the optic chiasm. The optic chiasm, i.e. the x-shaped structure, enables the eyes to see one object instead of two. Furthermore, the visual input is carried to the contralateral optic, i.e. the visual input from the left eye is carried to and registered by the right hemisphere and vice versa due to the formation of the optic chiasm.
An X-shaped structure [add from McCaa], at the base of the brain ensures about 60 percent neurons from each optic nerve cross in which enables the eyes to see one object instead of two. The visual input is carried to the contralateral optic. In other words, the visual input registered by the left eye is registered by the right hemisphere and vice versa (Michael-Titus, Revest, P. & Shortland, P. 2010, McCaa 1982). 
The most of the axons projecting through the optic tract, that is the optic nerves travel laterally whereas it finally terminates in the primary visual cortex via the lateral geniculate nucleus (LGN) of the thalamus located on the both sides of the calcarine sulcus at the posterior occipital lobe. The remainder of the occipital lobe forms the visual association areas receiving visual information regarding eye tracking. (Michael-Titus, Revest, P. & Shortland, P. 2010). 
Ten percent of the axons terminates in two locations: the superior colliculus or pretectal nucleus, an area located in the midbrain. These axons aid in controlling the movements of the eye, i.e. the extraocular muscles, and the pupillary light reflexes. A small portion of these axons terminate in the suprachiasmatic nucleus of the thalamus and the reticular formation and are e.g. involved in gaze response (Michael-Titus, Revest, P. & Shortland, P. 2010). 
In order to keep the visual image in the center of the visual field, the eyes must follow during the head’s motion, i.e. gaze stabilization, or follow the motion of the object of interest, gaze shifting and/or tracking. Three sets of muscles innervated by three cranial nerves, i.e. oculomotor, trochlear, and abducens nerves. By contracting different muscles simultaneously, the eyes can move in parallel to each other, which is important when tracking an object. The vestibule-ocular reflex, located in semicircular canals, detects rapid head rotations which triggers an equal and opposite eye rotation of both eyes (Michael-Titus, Revest, P. & Shortland, P. 2010).
In the retina, the visual input can be divided in to two parallel streams where one stream carries information regarding the color of the visual input, i.e. object, and the other stream carries information regarding the form and motion of the object. The information from the streams are compared to give information about depth, contrast, movement, and resolution of the image/object. As aforementioned, the information, i.e. the 2D image, from these two streams are sent to the V1 where it is merged together and converted into a three dimensional image of the object (Michael-Titus, Revest, P. & Shortland, P. 2010)
[image: ]http://www.proprofs.com/flashcards/story.php?title=intro-mind-and-brain--topic-3-perception, 01.06.2016





Team-handball rules for 7-m throw and its setup
· Rules and regulations for 7-m throws (penalty throw) in team-handball
The 7-m throw setup in the laboratory was made according to the rules and regulations of the International Handball Federation (IHF) for the 7-m penalty throw. A home-built frame of 2-m x 3-m (interior height and width) was used as a handball goal for visualization of the thrower (see illustration). Seven meters away from the goal line, a 1-m long line was placed centered to- (50-cm left and right from the center, respectively), and parallel with the goal line. The goalkeepers restraining line, or the 4-m line, is a 15-cm long line, placed centered to-, parallel with-, and 4-m away from the goal line. This line indicates the goalkeeper’s allowed area and is not allowed further than 4-m away from the goal line. All lines, i.e. goal-area line, goal line, 4-m line, and 7-m line, were marked with a sporting tape and made 5-cm wide. The distance for each line was measured from the were measured from the rear edge of the goal line to the front edges of the consecutive lines used, i.e. goal-area line, 4-m line, and the 7-m line. Furthermore, the thrower has three seconds to carry out the 7-m throw after a whistle signal has been given and is allowed to be maximum 1-m away from the 7-m line. (International Handball Federation (IHF), 20XX). Figure 7. The court and goal dimensions according to regulations by the International Handball Federation (IHF) (IHF, 20XX).
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