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Abstract

The fixed duration of a team-handball game and its continuously
changing situations incorporate an inherent temporal pressure.
Also, the target’s position is not foreknown but online deter-
mined by the player’s interceptive processing of visual infor-
mation. These ecological limitations do not favour throwing
performance, particularly in novice players, and are not reflected
in previous experimental settings of self-paced throws with
foreknowledge of target position. The study investigated the
self-paced and temporally constrained throwing performance
without foreknowledge of target position, in team-handball
experts and novices in three shot types (Standing Shot, 3Step
Shot, Jump Shot). The target position was randomly illuminated
on a tabloid surface before (self-paced condition) and after
(temporally constrained condition) shot initiation. Response
time, throwing velocity and throwing accuracy were measured.
A mixed 2 (experience) X 2 (temporal constraint condition)
ANOVA was applied. The novices performed with significantly
lower throwing velocity and worse throwing accuracy in all shot
types (p = 0.000) and, longer response time only in the 3Step
Shot (p = 0.013). The temporal constraint (significantly shorter
response times in all shot types at p = 0.000) had a shot specific
effect with lower throwing velocity only in the 3Step Shot (p =
0.001) and an unexpected greater throwing accuracy only in the
Standing Shot (p = 0.002). The significant interaction between
experience and temporal constraint condition in throwing accu-
racy (p = 0.003) revealed a significant temporal constraint effect
in the novices (p = 0.002) but not in the experts (p = 0.798). The
main findings of the study are the shot specificity of the tem-
poral constraint effect, as well as that, depending on the shot, the
novices’ throwing accuracy may benefit rather than worsen
under temporal pressure.
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Introduction

Throwing performance has been established as a determi-
nant factor in winning a team-handball game (Bayios et
al., 2001; Gorostiaga et al., 2005; Laffaye et al., 2012; van
den Tillaar and Ettema, 2003; 2006; Wagner et al., 2011;
2012). The above-mentioned studies evaluated the com-
ponents of throwing performance after ball release (ball-
throwing velocity and accuracy) in self-paced team-
handball shots. However, the self-paced execution of the
throwing movement is rarely encountered in the course of
a real team-handball game. With the exception of the
penalty shot, the continuously changing nature of the

event and the fixed game duration incorporate an inherent
temporal pressure on throwing performance.

The temporally constrained execution may worsen
throwing performance due to the perception that the time
allowed is not adequate for elaborate movement pro-
gramming (Goonetilleke et al., 2009; Williams et al.,
2002). In throwing tasks, such as pistol (Goonetilleke et
al., 2009) and billiard shooting (Williams et al., 2002),
aiming accuracy was significantly decreased when the
available time was constrained at 75% and 50% of the
self-paced execution. This reduction of far-aiming accu-
racy under temporal pressure is attributed to the decreased
efficiency in picking up the target’s visual information
(Goonetilleke et al., 2009; Vickers et al., 2000; Williams
et al., 2002) due to a shorter “quiet eye” (the gaze fixation
on the target for a minimum of 100 ms within a 3° visual
angle, as defined by Vickers in 1996). Having less time
available to initiate and execute an aiming task seems to
have different effects on experts and novices. In temporal-
ly constrained situations that limit, rather than encourage,
attention to execution, the experts’ performance excels,
whereas the performance of novices worsens (Beilock et
al., 2004). In throwing or shooting tasks, the novices’
reduction in aiming accuracy is attributed to their ineffi-
cient visual (Jafarzadehpur et al., 2007; Vickers et al.,
2000; Williams et al., 2002) as well as postural control
(Goonetilleke et al., 2009; Paillard and Noé, 2006; Pail-
lard et al., 2011) and, their greater dependence on vision
to control posture (Paillard and Noé, 2006; Paillard et al.,
2011).

Overall, the vast majority of research about the
negative influence of temporal constraints in far-aiming
accuracy regards rather static tasks, such as dart throwing
(Vickers et al., 2000), billiard shooting (Williams et al.,
2002) and rifle shooting (Goonetilleke et al., 2009). In
dynamic far-aiming tasks, such as those encountered in
ball sports, the respective information appears limited to
soccer kicks (Jordet et al., 2009). To the best of our
knowledge, no previous research has been performed on
temporally constrained performance in overhead throwing
sports. In basketball shots, constraining the timing of
picking up the target’s visual information has a negative
influence on aiming accuracy (de Oliveira et al., 2006).
However, aside from the prerequisite to initiate the throw
on the verbal command “Go”, the time available to exe-
cute the basketball shot was unconstrained in both the
experimental settings of de Oliveira et al. (2006) and
Oudejans et al. (2002).
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Team-handball differs from previously examined
static (i.e. dart throwing) or dynamic (i.e. basketball) far-
aiming tasks in that the shooting target is not located at a
specific pre-determined site and its dimensions are not
geometrically defined. In team-handball, as in soccer, the
target location is ultimately determined by the player’s
online interceptive processing of visual information as the
area that the goalkeeper is not able to defend. These target
characteristics set disadvantageous requisites for novice
performers who are likely to experience insufficient mo-
tor organisation and execution due to their low visual
(Jafarzadehpur et al., 2007; Vickers, 1996; Vickers et al.,
2000; Williams et al., 2002) and postural control (Goo-
netilleke et al., 2009; Paillard and Noé, 2006; Paillard et
al., 2011). Furthermore, the target-related ecological limi-
tations commented on in previous team-handball studies
(Wagner et al., 2012) indicate that, real-game target char-
acteristics are not adequately reflected in their experi-
mental settings. In such studies, participants were asked to
throw at already-known, pre-determined target locations
which were available for viewing throughout the various
experimental conditions (Bourne et al., 2011; Garcia et
al., 2013; Gutiérrez-Davila et al., 2013; van den Tillaar
and Ettema, 2003, 2006; Wagner et al., 2012). However,
even without external objects to process, the fore-
knowledge of target positions allows participants the
endogenous preparation for the task (Ruge et al., 2013).
The foreknowledge of target position and the self-paced
execution of the throwing movement in previous studies
contradict the online interceptive decision of the target’s
position during an actual team-handball game. Reasoned
on the above-mentioned research results, we hypothesized
that throwing without foreknowledge of target position
imposes a temporal constraint that would have a signifi-
cant negative effect on the novice’s throwing perfor-
mance, whereas, it would not significantly affect the ex-
perts’ performance. Thus, this study aimed to investigate
self-paced and temporally constrained throwing perfor-
mance by team-handball experts and novices without
foreknowledge of the target’s position.

Methods

Participants

The study examined the performance of 30 participants
who were separated into an expert group and a novice
group. The expert group comprised 15 males (age, 24.9 +
2.9 yrs; height, 1.81 + 0.06 m; body mass, 83.1 + 5.3 kg)
who were among the best scorers in the first division of
the Team-Handball National League (training experience
of 12.3 + 3.0 yrs). The novice group comprised of 15
male students of Physical Education and Sport Science
(age, 21.7 = 0.9 yrs; height 1.82 + 0.06 m; body mass,
77.1 £ 6.4 kg) who had completed a 4 month team-
handball course (3 hours/week). All participants were free
of medical problems or pain that could affect their per-
formance for at least six months prior to the study, and
they all signed an informed consent form that described
the testing procedure in detail. The work reported was
approved by the institutional review board and conformed
to the principles outlined in the Declaration of Helsinki.

Procedures

Each participant was allowed a 15-minute warm-up, in-
cluding general and shoulder specific mobility exercises,
stretching exercises and familiarization with the protocol.
Each participant was free to choose his own usual warm-
up exercises. All participants were instructed to complete
team-handball shots from the 7 m penalty line using a
standard official ball (0.44 kg, 58.1 cm) under self-paced
(no temporal constraint condition) and temporally con-
strained shots (temporal constraint condition). In each
temporal constraint condition, they performed five trials
of the three most common types of team-handball shots:
the Standing Shot, the 3Step Shot and the Jump Shot
(Wagner et al., 2008). In the Standing Shot, the partici-
pants waited for the initiation of the trial at the 7 m penal-
ty line. In the 3Step Shot and the Jump Shot, the partici-
pants waited for the initiation of their run-up at a 3 m
distance behind the penalty line (run-up approach dis-
tance) (Figure 1). The temporal constraint conditions were
counterbalanced within the group of the experts and the
group of the novices. In each temporal constraint condi-
tion, a Latin square randomization design was applied for
the three shot types. A one-minute rest was provided
between the trials in each temporal constraint condition,
and a five-minute rest was provided between temporal
constraint conditions.
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Figure 1. Schematic representation of the tabloid surface of target hit pointers, an illuminated target hit pointer, the
laser system, the laser beam infrared detectors, the photocell and a participant during a 3Step Shot data collection.
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Knowledge of target position and throwing accuracy
Visual information regarding the target position was pro-
vided with an innovative electronic device described in
detail by Bayios et al. (1998) (see Figure 1). Briefly, the
device featured a IT-shaped tabloid surface, which func-
tioned as a “target hit pointer”, and a “hit detector” sur-
face of 3.48 m (top horizontal tabloid: 180 x 60 x 2 cm,
left and right vertical tabloids: 200 x 60 x 2 cm) (Figure
1). The tabloid surface was firmly attached to the inner
side of a team-handball goal post (300 x 200 x 8 cm) and
included a total of 2.130 light emitting diodes (LEDs).
The LEDs formed a net (40 x 40 mm squares) of 1946
“target hit pointers” (672 locations in the horizontal tab-
loid and 602 locations in the left and right vertical tab-
loids, respectively). The LED net was interwoven with a
net of metal strips (40 x 40 mm squares) that served as
“hit detectors” (10 mm wide, 1 mm thick, inter-distance
of 2 mm). The “target hit pointers” were randomly illumi-
nated with an electronic programmer. When the ball hit
the tabloid surface, the “hit detectors” transferred the
coordinates of the hit point to the central unit with 1 mm
accuracy. The shot accuracy was determined by the
throwing error which was calculated as the difference
between the coordinates of the illuminated “target hit
pointer” and the detected hit point and was expressed in
centimetres (cm).

Self-paced and temporally constrained conditions

In the self-paced condition, the participant was allowed
his preferred amount of time to initiate the shot after the
“target hit pointer” was illuminated on the tabloid surface.
In the temporally constrained Standing Shot, the examiner
activated the central unit that would trigger the illumina-
tion of the “target hit pointer” together with the verbal
command “Go”. In the 3Step Shot and the Jump Shot
temporally constrained conditions, the “target hit pointer”
was illuminated after the initiation of the trial when, dur-
ing the run-up approach, the participant interrupted a
photocell beam emitting 1 m after the penalty line (Figure
1). In both the self-paced and temporally constrained
conditions, the “target hit pointer” was turned off as soon
as the ball hit the tabloid surface. The difference between
the time point that the “target hit pointer” was illuminated
on the tabloid surface and the time point that the ball hit
the tabloid surface was defined as the response time and
was expressed in seconds (s).

Ball-throwing velocity

The ball-throwing velocity was measured by an innova-
tive electronic device (Bayios et al., 2001). Briefly, the
device comprised a laser beam emitter (positioned at
ceiling level at 1.5 m after the penalty line) and an elec-
tronic system of laser beam infrared detectors which was
connected to a digital pulse counter (positioned on the
floor level with an inter-detector distance of 4 cm) (Figure
1). The laser beam was emitting vertically to the floor,
interfacing the infrared detectors at a length of 3 m (Fig-
ure 1). The duration that the laser beam was interrupted
by the ball (beam interruption time) was recorded by the
digital pulse counter in microseconds. Then the ball ve-
locity was calculated by dividing the ball’s diameter (178

mm) by the beam interruption time and was expressed in
1
m-s™.

Statistical analysis

A mixed 2 X 2 ANOVA was applied separately in each
type of shot to test the interaction between the independ-
ent factor of experience (novices versus experts) and the
repeated factor of temporal constraint conditions (self-
paced versus constrained performance) as well as the
main effects of the two factors. The variables inserted in
the statistical analysis were those of ball-throwing veloci-
ty, throwing accuracy and response time; the individual
average across the five trials was calculated for each par-
ticipant and inserted as the value of each variable. If a
significant interaction was detected the contingent proto-
col was follow up t-tests. Statistical significance was set
at p < 0.05 for all analyses (SPSS 21.0).

Results

Experience effect

The novices performed with significantly lower throwing
velocity (p = 0.000 for all shot types) and worse throwing
accuracy (p = 0.000 for all shot types) (Figure 2). The
novices performed with longer response times, however
the differences yielded statistical significance only in the
3Step Shot (p = 0.013) (Standing Shot: p = 0.707, Jump
Shot: p = 0.146) (Figure 2).

Temporal constraint effect

The overall results show that, in the temporally con-
strained performance throwing velocity was lower, throw-
ing accuracy was reduced (with a single exception de-
scribed below) and response time was shorter. For throw-
ing velocity the single significant difference was found in
the 3Step Shot (p = 0.001) (Standing Shot: p = 0.067,
Jump Shot: p = 0.200), with no significant interaction
between experience and temporal constraint (Standing
Shot: p = 0.322, 3Step Shot: p = 0.505, Jump Shot: p =
0.233). In throwing accuracy, there was a significant
temporal constraint effect but only in the Standing Shot (p
= 0.002) (3Step Shot: p = 0.272, Jump Shot: p = 0.246)
with a significant interaction between experience and
temporal constraint (p = 0.003) (3Step Shot: p = 0.590
and Jump Shot: p = 0.808). The follow up t-tests revealed
a significant change of throwing accuracy in the temporal-
ly constrained Standing Shot in the novices (p = 0.002)
but not in the experts (p = 0.798). For response time,
differences were significant in all types of shot at p =
0.000, with no significant interaction between experience
and temporal constraint (Standing Shot: p = 0.211, 3Step
Shot: p = 0.172, Jump Shot: p = 0.063).

Discussion

The purpose of the study was to compare the self-paced
and temporally constrained throwing performance in
team-handball experts and novices without fore-
knowledge of target position. Our hypothesis was that
throwing without foreknowledge of target position impos-
es a temporal constraint that would have a significant



44

Self-paced and temporally constrained throwing

negative effect on the novices’ throwing performance,
whereas, it would not significantly affect the experts’
performance. The main finding of our study is that there
was a shot specific confirmation or rejection of our hy-
pothesis, with an unexpected direction of the temporal
constraint effect in the novices’ throwing accuracy. In
specific, throwing velocity was significantly affected only
in the 3Step Shot, not only in the novices but also in the
experts, while, throwing accuracy was affected only in the
Standing Shot, with a positive rather than negative effect
in the novices.

35 1

W Self-paced
O Constrained

30 1 —

Throwing velocity (m/s)

Experts | Novices | Experts | Novices Novices

Experts

Standing Shot 3Step Shot Jump Shot

Throwing error (cm)

Experts | Novices | Experts | Novices | Experts | Novices

Standing Shot 3Step Shot Jump Shot

Response time (s)
o - N w ~ ol o

Novices Novices Novices

Experts

Experts Experts

Standing Shot 3Step Shot Jump Shot

Figure 2. Mean and standard deviation of the individual
averages for throwing velocity (Top), throwing error (Cen-
ter) and response time (Bottom), in the self-paced (black
bars) and the temporally constrained (grey bars) throws
performed by the experts and the novices, in the Standing
Shot, the 3Step Shot and the Jump Shot. t: significant differ-
ences between the experts and the novices (p < 0.05), * significant
differences between the self-paced and the temporally constrained
condition (p < 0.05).

The training experience of the experts was compa-
rable to that described for international level players,
whereas our novices could be considered at a lower level
(Gorostiaga et al., 2005; Laffaye et al., 2012; van den

Tillaar & Ettema, 2006; Wagner et al., 2012). As ex-
pected, we found significantly greater ball-throwing ve-
locity and better throwing accuracy in the experts than the
novices with ball-throwing velocities within the range
previously reported (Garcia et al., 2013; Gorostiaga et al.,
2005; Gutiérrez-Davila et al., 2013; Laffaye et al., 2012;
van den Tillaar and Ettema, 2003, 2006; Wagner et al.,
2011; Wagner et al., 2012). Also in agreement with previ-
ous studies, the ball-throwing velocity was greater in the
3Step Shot, followed by the Jump Shot and the Standing
Shot; throwing accuracy did not differ among the three
types of shots (Bayios et al., 2001; Wagner et al., 2011;
2012).

We found a shot specificity in the change of
throwing velocity and throwing accuracy which, most
likely, indicates that the influence of temporal constraint
may be determined by task specific biomechanical con-
straints. The presence or absence of ground contact to-
gether with the discrete differences of the lower body
movements in the three types of shots are associated with
different postural control demands. In particular, the
Standing Shot involves keeping the lead foot on the floor,
thus static postural control is more important throughout
the throwing Kinetic chain. In the 3Step Shot, one foot is
planted on the floor after a 3 step run-up. Therefore, an
effective transition from dynamic to static postural control
is important for the efficient termination of the forward
momentum and the provision of a stable support base to
execute the throwing kinetic chain. Finally, the Jump Shot
involves executing a single-leg vertical jump after the
run-up with the throwing movement initiated and com-
pleted while the body is in the air. Such a situation de-
mands dynamic postural control in the absence of ground
contact. In throws such as the team-handball Standing
Shot, research corroborates the existence of whole body
postural control differences with respect to the temporal
pressure (Ilmane and LaRue, 2008). Such a disturbance in
head posture control and stabilization may be particularly
important for aiming accuracy, because the control of
head postural provides a fixed reference for the correct
shoulder and body orientation for ball propulsion and
release (Ripoll et al., 1986). The interaction between
experience and temporal constraint condition also indicat-
ed a shot specificity of the temporal constraint’s influ-
ence, with similar effect in both the experts and the nov-
ices in the 3Step Shot but dissimilar effect in novices than
experts in the Standing Shot. This dissimilarity may be
associated to the less efficient postural and visual control
of the novices. Previous studies report that visual (Jafar-
zadehpur et al. 2007; Vickers, 1996; Vickers et al., 2000;
Williams et al., 2002) and postural control efficiency
(Goonetilleke et al., 2009; Paillard and Noé, 2006; Pail-
lard et al., 2011) distinguishes the expertise level and
allows expert players less dependence on vision to control
posture (Paillard and Noé, 2006; Paillard et al., 2011).
Thus the task specific postural control demands in combi-
nation with the level of expertise may explain the shot
specificity of the temporal constraint effect.

The unexpected increase of throwing accuracy in
the novices’ Standing Shot is not easy to explain. One
possible explanation could be that depending on the task
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demands, novices may also benefit from limited execution
time, as previously reported for experts (Beilock et al.
2004), however, this inference can not be adequately
supported by our research design. This finding was unex-
pected because far-aiming accuracy is reported to worsen
when the available execution time is reduced at 75% and
50% of the self-paced time in static tasks such as the
billiard (Williams et al., 2002) and pistol shooting (Goo-
netilleke et al., 2009). In our study, the reduction of avail-
able execution time is reflected in the significant decrease
of temporally constrained response times at about 50% to
70% of the self-paced condition. The decrease of far-
aiming accuracy when under temporal pressure, is at-
tributed to the reduction of the visual efficiency in infor-
mation pick-up, typically recorded as a shorter “quiet
eye” duration in billiard (Williams et al., 2002) and pistol
shooting (Goonetilleke et al., 2009). Similar results are
reported for dynamic far-aiming tasks encountered in
soccer (Jordet et al., 2009) and basketball (de Oliveira et
al., 2006; Oudejans et al., 2002). The “quiet eye” duration
was not measured in our study and, to the best of our
knowledge, there is no relevant research information in
team-handball shots. Thus, the inclusion of visual control
measures in future team-handball studies could elucidate
such unexpected results of throwing performance.

The testing conducted did not reflect the numerous
situations faced by players during actual team-handball
competition, which is a limitation also found in similar
team-handball studies (Wagner et al., 2012). However,
compared to previous studies, we believe our target elec-
tronic device (Bayios et al., 1998) increased the ecologi-
cal setting of the experiment by enabling target character-
istics that more closely replicate actual game shooting
conditions. In previous handball studies, players were
asked to throw at known, pre-determined locations that
were continuously visible by players throughout various
experimental conditions (Bourne et al., 2011; Garcia et
al., 2013; Gutiérrez-Davila et al., 2013; Wagner et al.,
2012; van den Tillaar and Ettema, 2003; 2006). Such an
experimental setting allows foreknowledge of the target
position; this situation facilitates the endogenous prepara-
tion for the task even without external objects to process
(Ruge et al., 2013; Sohn and Carlson, 2000). The in-
creased ecological setting in our study is further enhanced
due to the potential for 1946 “target hit pointers” any-
where within the 3.84 m? II-shaped tabloid surface
(Bayios et al., 1998). This number of target positions far
exceeds the number of targets previously used, including
one (van den Tillaar and Ettema, 2003, 2006; Wagner et
al., 2012), four (Bourne et al., 2011; Gutiérrez-Davila et
al., 2013) and ten target positions (Garcia et al., 2013).

The absence of a goalkeeper is a limitation of the
study since its presence affects throwing velocity (Rivilla-
Garcia et al., 2011a) and throwing accuracy (Rivilla-
Garcia et al.,, 2011b) in a negative way with the effect
being greater at lower expertise levels. However, this was
also a limitation of many other studies on handball throw-
ing (Garcia et al., 2013; Gutiérrez-Davila et al., 2013; van
den Tillaar and Ettema, 2003; 2006; Wagner et al., 2012).
Furthermore, this limitation is not reflected in our results
since the ball-throwing velocity was within the previously

reported range for experts and novices (Garcia et al.,
2013; Gorostiaga et al., 2005; Gutiérrez-Davila et al.,
2013; Laffaye et al., 2012; van den Tillaar and Ettema,
2003; 2006; Wagner et al., 2011; 2012).

Conclusion

In conclusion, as expected the novices performed with
lower throwing velocity and worse throwing accuracy.
The main finding of the study is that the temporal con-
straint effect was shot specific; throwing velocity was
significantly reduced in both the novices and the experts
but only in the 3Step Shot, while throwing accuracy was
significantly affected in the novices but only in the Stand-
ing Shot. Furthermore, the novices’ throwing accuracy
was increased rather than decreased in the Standing Shot
which could indicate that, depending on the shot de-
mands, the novices may also benefit from limited execu-
tion time, as previously reported for experts.
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Key points

e The temporal constraint induced a shot specific sig-
nificant difference in throwing velocity in both the
experts and the novices.

e The temporal constraint induced a shot specific sig-
nificant difference in throwing accuracy only in the
novices.

e Depending on the shot demands, the throwing accu-
racy of the novices may benefit under temporally
constrained situations.
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