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Abstract: Players in badminton don’t have full feedback about their shot accuracy unless the 
opponent allows the shuttlecock to impact the ground. Borderline in/out situations often arise 
while receiving a backhand short serve, which is the most common serve type in elite badminton. 
The aim of this study is to evaluate the accuracy of badminton players' short backhand serves 
under two different visual feedback conditions: one with limited visual feedback of the shuttlecock 
trajectory (simulated match condition using occlusion) and one with full visual feedback, including 
the visibility of shuttlecock impact (training condition). We observed 12 badminton players in this 
experiment. They executed a total of 960 serves in training and simulated match conditions. The 
results showed a difference in the short serve accuracy impacting the serves significantly closer to 
the line in training conditions (M = 25.0 ± 7.1) compared to simulated match conditions (M = 40.6  
± 10.6) p < 0.001, d = 1.45. Based on the findings we suggest exercises as an implication, that could 
improve the serve accuracy and can be adopted to practice sessions. Finally, this study provides 
evidence that visual occlusion restricting the visual feedback and serve outcome affects the short 
serve accuracy in badminton. 
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INTRODUCTION 
 

Badminton shots provide the players only limited visual feedback on their shot 
accuracy. Like in other sports games, the players must obtain essential skills to hit the 
shuttlecock to a desired location repeatedly and efficiently [1,2]. However, in badminton 
the players hit the shuttlecock from a volley unless the opponent does not hit the incoming 
shuttlecock. They need to estimate the flight trajectory, and if they assume the shuttlecock 
will impact the outside the court area, they let it bounce, and the rally ends. They lose a 
point if they assume incorrectly. This action can be tricky and risky when receiving a short 
serve, as the shuttlecock impacts very close to the short service line [3]. Visual information 
acquisition affects all aspects of movement - planning, control, and evaluation of 
movement [4] and the athletes must react quickly to the opponent's action [5-7]. As the 
shuttlecock does not bounce on the ground between the shots during the rally, it 
challenges the receiver's visual perception system and quick decision-making, whether the 
shot (especially the short serve) will land in or out.  

It has been found that, at the performance level, the serve accuracy can be affected 
by the presence of an opponent on the court, which is different to training conditions 
without the opponent [8]. In most cases, the presence of an opponent takes away the 
possibility of inherent feedback about the shuttlecock's impact because the opponent 
returns the shuttlecock, i.e. the player can not see where the shot will land. In interceptive 
sports such as tennis, badminton, or squash, it has been proven that elite players can 
better anticipate the ball's flight trajectory than lesser-skilled players [9-11]. Anticipation 
is an essential area of game performance [12]. Players use contextual or kinematic 
information to predict subsequent events associated with the ability to respond 
appropriately to such events [13-16]. Both of these pieces of information are further used 
to estimate the location of a moving object and will lead to a subsequent reaction (shot) 
[17]. After executing the serve in the match conditions, the receiver uses kinematic 
information about the shuttlecock's trajectory to anticipate it. The server usually does not 
have proper feedback about the serve accuracy. The server only reaches the information 
where the serve lands if the opponent lets the shuttlecock fall on the ground. Therefore, 
the server must rely only on inherent feedback [2,18]. The only case when the serving 
player gets complete information about the shot accuracy is when the opponent lets the 
serve impact the ground. 

In training conditions, there are various exercises to improve the serve. Many of 
these drills involve serving into an empty court, where the shuttlecock hits the ground and 
can be evaluated as a good serve or out, depending on the impact location. The advantage 
is that the player can evaluate the trials himself. However, the serve impact location is not 
the only criterion [19]. The opponent's position on the court affects the choice of the serve 
type and accuracy. The opponent positioned closer to the serving line encourages the 
server to hit a shorter serve, with great emphasis on the low height of the shuttlecock 
above the net. Thus, the serving player can gradually "try" to find out which short serve 
the opponent will return and which length he will estimate as too short. However, this 
requires extensive experience and excellent anticipation skills. Next to the serve length, 
the other factor affecting the serve efficiency is the shuttlecock's net height and trajectory.  

The optimal shuttlecock's trajectory during a short backhand serve is a curve with 
the highest peak before the shuttlecock reaches the net and with the lowest possible flight 
over the net [19]. In match conditions, the intended point of impact should be on the 
service line. The authors tested performance players according to the mentioned 
parameters of their serve. The players managed to hit only 30% of their serves, meeting 
the criteria for a correct serve. The backhand serve dominates in men's elite badminton 
[20]. Therefore, a higher percentage of correct serves could be assumed. Vial et al. [8] 
monitored the accuracy of serves based on the impact location with and with an opponent 
(i.e. match conditions). Based on computer modelling, they calculated that 33% of serves 
were out (too short) when simulating the match condition. This result suggests a powerful 
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effect of feedback limitation on serve accuracy. The heterogeneity of the results 
encourages further investigation of this issue, which will be the topic of this study. The aim 
is to evaluate the accuracy of the short backhand serve of badminton players with limited 
visual feedback of shuttlecock impact (match condition) and full visual feedback of the 
impact (training condition). This research is important due to the lack of existing studies 
examining how varying levels of visual feedback impact players' performance, especially 
in the context of skill execution. By exploring how varying levels of visual information 
affect players' performance, this study provides insights into the role of visual feedback in 
skill execution. Understanding these effects could contribute to the development of 
training methods that better replicate match conditions, potentially improving player 
accuracy and overall performance. 

 

 

MATERIALS AND METHODS 
 

Participants 
Twelve adult national-level badminton players (7 male and 5 female) participated 

in this study. They were 23.6±2.6 years old, had badminton experience of 12.4±3.1 years 
and had a national mean ranking of 15.7±14.2. All the players regularly play in national 
and international tournaments throughout the season and play. We used convenience 
sampling based on players' availability. The players had no injuries or other limitations 
and could fully participate in testing. The study was approved by the Ethics Committee at 
the Faculty of Physical Education and Sport, at Charles University, no. 2752022, in 
accordance with the Declaration of Helsinki. All participants were informed of the risks 
and benefits of the study and provided written informed consent prior to participating. 

 
Methods and procedures 

The experiment took place on a badminton court, and the accuracy of short 
backhand serve was tested. They had a standard badminton warm-up, including 
stretching, hitting and serving. The participants were instructed to perform short 
backhand serves like in a match and finish the rally. Testing always took place in pairs - 
the server and the receiver. Each participant performed four sessions (20 serves each) in 
two conditions - with and without occlusion. After each session, the server and receiver 
swapped their roles. The first and fourth sessions were the occlusion condition [21,22]. 
The visual feedback was limited to simulate the match conditions (the players had no 
information about the shuttlecock impact). The participants took the serving and receiving 
positions (Figure 1A). The server hit a short backhand serve. The receiver let the incoming 
shuttlecock impact the ground and hit another shuttlecock he held in his/her hand as a 
return shot at the same time he/she would have hit the incoming shuttlecock. The 
occlusion was reached by lifting an opaque foil from under the net by the assistant at the 
serve racket-shuttlecock contact. This foil disallowed the server to see the shuttlecock 
impact on the ground. The server could see the serve trajectory above the net only. After 
the receiver hit the net lift shot as a return, the players continued to finish the rally. There 
were approximately 20 seconds between the rally and the next serve.  

The second and third sessions were without occlusion, simulating the training 
conditions. The participants served shuttlecocks without the return shot or rally and could 
see the shuttlecock impact on the ground. In this case, the non-serving player (receiver) 
only removed the shuttlecock after the impact. All the trials were recorded with a video 
camera Sony HDR-CX405B. The video camera was placed on a tripod directly above the 
short line, a height of 2 meters and 40 cm from the centre line (Figure 1B). Before each 
test, a calibration procedure was done. 
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Figure 1. A. Experimental set-up; B. Video camera location on the court. The view is from 
the back of the court towards the net. 
 

Statistical analyses 
Altogether, we analyzed 960 serves. Firstly, we counted all serves that were "in" 

and "out" (too short). Secondly, we measured the closest distance of the shuttlecock 
impact distance from the (net) edge of the short service line [3,7]. The data obtained from 
the video recordings were evaluated in the Kinovea software (version 0.9.5) and 
processed into Jamovi (version 2.3) software. Descriptive characteristics (mean, standard 
deviation, and 95% confidence interval) were used in the analysis. Levene's test 
homogeneity was used to assess the homogeneity of the data. We used independent 
samples t-tests to analyze the difference between the conditions for each participant. 
Welch's t-test was used in case of homogeneity violation. To assess normality, we used the 
Shapiro-Wilk test, which indicated that the data were normally distributed (p = 0.90). 
Using the mean values from each participant under both conditions, we calculated paired 
samples t-tests and Cohen d [22]. 

 
. 

RESULTS 
 
The distances of the impact locations from the service line for all 960 serves are 

displayed in Figure 2. From all the serves we observed, there were 11 (2.3%) outs when 
the vision was occluded and 52 (10.8%) outs under normal conditions. This suggests that 
participants played more cautiously when they could not see the outcome, and took more 
risks near the line when they knew the outcome. All other serves landed in the court-
designated serve area. Table 1 shows descriptive statistics of the serve distance under 
occluded and normal visual conditions. The participants reached better serve accuracy 
under normal vision. The paired sampled t-test showed a significant difference between 
the occlusion condition (M = 40.6±10.6 cm) and normal condition (M = 25.0±7.1 cm) 
t(11)=5.01, p < 0.001, d=1.45. The participants served further from the short service line 
under occlusion conditions. Looking at each participant's data, nine out of twelve reached 
statistical differences with significantly lower values in normal conditions. These 
significant differences are supported by large effect sizes except for Participant 2, with 
moderate effect. These results indicate an effect in serve accuracy between the occlusion 
and normal conditions.  
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Figure 2. The distances of the impact locations from the service line for all serves under 
occlusion and normal conditions. The line at point 0 represents the service line. Positive 
values indicate good serves, with the distance measured from the service line, while 
negative values represent serves that are too short (out serves). This figure only shows the 
distance from the service line. 

 
 
Table 1. Statistics and effect sizes for the result in occluded and normal condition of each participant 
and overall 

No. 

Occlusion 
(match) 

condition 
Mean±SD 

 Normal 
(training) 
condition 
Mean±SD 

Mean 
difference 

SE 
difference 

95% Confidence 
interval 

T-test df p 
Effect 
size 

Cohen d Lower Upper 

1 46.5±28.1 39.5±23.7 7.01 6.26 -5.48 19.5 1.12 68 0.265 0.27 

2 27.4±17.1* 19.2±15.6 8.16 3.97 0.24 16.08 2.06 68 0.044 0.50 

3 #49.1±24.6*** 21.2±15.7 27.99 4.90 18.22 37.77 5.72 64 < 0.001 1.36 

4 46.7±18.9*** 24.0±13.9 22.72 3.75 15.26 30.18 6.06 77 <0.001 1.36 

5 26.4±18.5 29.0±18.0 -2.53 4.12 -10.74 5.69 -0.61 76 0.54 -0.14 

6 37.4±17.8*** 23.5±16.5 13.86 3.90 6.09 21.62 3.56 76 < 0.001 0.81 

7 32.1±16.4*** 14.5±11.3 17.53 3.47 10.60 24.45 5.05 67 < 0.001 1.22 

8 27.4±19.5 27.4±16.5 0.00 4.17 -8.32 8.31 0.00 74 0.998 0 

9 37.4±15.1*** 17.6±11.9 19.86 3.11 13.66 26.06 6.38 74 < 0.001 1.46 

10 55.2±20.0*** 21.9±17.6 33.33 4.30 24.76 41.9 7.75 75 < 0.001 1.77 

11 47.9±19.9*** 29.5±19.4 18.45 4.45 9.59 27.31 4.15 76 < 0.001 0.94 

12 54.1±21.0*** 33.4±18.6 20.70 4.50 11.74 29.65 4.60 76 < 0.001 1.04 

Total 40.6±10,6*** 25.0±7.1 15.60 3.11 8.74 22.40 5.01 11 < 0.001 1.45 

Legend: # Welch T-test. Significantly different than in normal conditions (p < 0.05)*; (p < 0.001)***. 
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DISCUSSION 
 
We focused on the influence of visual feedback on badminton serve. The most 

important result of the work is the significant influence of visual feedback on the short 
backhand serve. Occlusion testing deprived players of information about the outcome as a 
form of external feedback. Chen et al. [24] have described previous studies where the 
effect of limiting visual feedback was recorded as the elimination of knowledge about the 
outcome of the action. In motor learning, such an approach had beneficial effects but 
adverse effects on the quality and accuracy of actions [2]. At this level, we do not talk 
about the motor learning of the participants, but it is possible to observe the negative 
impact of the lack of feedback about the result of the serve.  

Limited visual feedback, i.e., match conditions, significantly affects the short 
backhand serve accuracy. Participants hit the shuttlecocks farther from the service line 
and hit fewer outs in occlusion conditions than in full-vision conditions. In this match 
condition with occlusion, we reached only 4.5% out serves. These data contradict the 
study of Vial et al. [8], which reported that 30% of serves during the matches were too 
short and impacted out. There can be a couple of explanations for this. The data for this 
study was obtained from elite players' matches using a computer modelling of serve 
trajectory. The receiver hit a return shot, and the computer calculated the rest of the 
shuttlecock trajectory, which may be imperfect. The other reason could be that the servers 
hit the serves intentionally short to make the receiver's conditions for return shots more 
difficult. They took a calculated risk that the receiver would return the serve anyway, not 
to risk a potential ace and reach a more favourable situation. Lastly, the receiver position 
can also affect the serve accuracy [25]. In doubles matches, the receiver can take a more 
aggressive position closer to the net, which often happens due to the difference in length 
of the serving territory. Positioning the receiver in doubles would increase the number of 
outs in match conditions with limited feedback because the server is aware that a serve 
played higher over the net or with a longer flight trajectory will likely result in a quick loss 
of the point. Players hit 3% of serves on the line in this occlusion condition. Conversely, 
elite players hit the line in 37% of cases [8]. The difference in these results could be due to 
the level of the players or the accuracy of the regression equation that calculated the 
shuttlecock flight trajectory and impact location in that study. Our participants did not 
manage to approach the value of the elite players, even under normal conditions, when 
they had full visual feedback and the opportunity to see the entire flight trajectory and 
impact location.  

The results demonstrate a more consistent serving level in normal conditions 
where the players can see the impact location. With 38% efficiency, we reached 
comparable results to Wong et al. [26], where badminton players with eight years of 
experience hit 33% serve within 20 cm from the service line. Our result of national-level 
players reached mean values 2 cm closer to the line than less skilled badminton players 
[3]. Even though this value is not very impressive, we attribute it to the skill level of 
players.  

A similar style of practice exercise, like our occlusion condition, is sometimes 
applied in training sessions. However, the players usually do not monitor the impact 
distance but only monitor the serve out and in. Like in this study and such practice 
exercises, the emphasis is not on the exact trajectory but on the serve effectivity and the 
subsequent reaction of the opponent's return shot action.  

Based on our results, evaluating the short serves in such exercises mentioned 
above would be appropriate, according to the accuracy of the impact location and the 
shuttlecock flight height over the net. A quick change of focus to the second shuttlecock 
can prevent the full feedback, which will imitate the match condition. However, the 
receiving player does not have the opportunity to hit an offensive shot as a return shot and 
put pressure on the server in this case. 
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In this research type, it is very challenging to reach full match conditions (or it is 
unreal to do such research in a competitive match). We tried to imitate these conditions 
using more straightforward methods, which could be one of the limitations. It would also 
be appropriate to measure both players when they alternate in serving, just like in a 
match. Future research could track the change in the trajectory of the shuttlecock's flight 
and evaluate the serve based on more factors mentioned above than just the distance of 
the impact from the line. Additionally, various receiver positions should be considered. 

 

IMPLICATIONS 
 
We propose two exercises that could be included in practice sessions focusing on 

the serve accuracy based on the shuttlecock impact location and visual feedback 
awareness. These exercises approach the match conditions and can be easily used in 
practice or modified to the coach's desire.  

 
Exercise I 

The court has a marked serve impact area (e.g. 20x20 cm) bordered by the short 
service line and centre line. The server tries to hit a short serve in this area, as in the 
match. The receiver standing opposite to the server responds to the serve by hitting 
another shuttlecock from his hand (lift shot) to the back of the serving player's court and 
letting the original shuttlecock impact the ground. The players play a rally on the half 
court where the player served. The coach/observer monitors and counts the number of 
serves in the designated area and provides feedback about the number of successful 
attempts after ten trials. 

 
Exercise II 

The players are positioned the same as in exercise I. The server hits a short serve, 
and the receiver plays a short net shot using another shuttlecock from his hand. The 
players finish the rally. After the serve is executed, an assistant occludes the shuttlecock 
ground impact area by raising a curtain or opaque foil (e.g. attached to the net) that 
prevents the server from watching the shuttlecock impact. Several impact areas, e.g. 10 cm 
long from the short service line, are marked in the service box. After each rally, the server 
verbally expresses in which area (how far from the line) he thinks his serve landed and 
consults the serve outcome with the coach. 

 

CONCLUSION 
 

We analyzed the influence of visual feedback on the short serve in badminton. We 
provided significant evidence that visual occlusion restricting the feedback and serve 
outcome affects the serve accuracy. The participants achieved a significantly larger 
shuttlecock impact point distance from the short service line in occlusion conditions than 
in full vision conditions. They also hit fewer outs in occlusion conditions. We provide 
exercises that can be used in training sessions when practising the serve accuracy. These 
exercises serve as an example and can be modified or combined with other exercises. 
Since players receive a comparable amount of visual feedback (limited) during matches as 
in occlusion tests, using occlusion techniques as a specific training tool for the match 
conditions would be appropriate. 
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