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ABSTRACT ARTICLE HISTORY

Air pistol shooting is a complex sport discipline with high demands Received 26 November 2020
on fine motor control and postural stability. Earlier studies have Accepted 15 February 2021
reported questionable results regarding the most important tech- KEYWORDS

nical components for air pistol shooting. Therefore, the aims of the Aiming accuracy;

present study were to investigate the key technical components for biomechanics;

air pistol shooting and also to investigate how well the key techni- optoelectronic training;
cal components explain the performance in air pistol shooting. principal component
Eighteen national-level air pistol shooters completed a simulated analysis; shooting technique;
qualifying round consisting of 60 shots. During each shot, shooting stability of hold

score and 17 aiming point trajectory variables were measured with

an optoelectronic training device. Principal component analysis

revealed five key technical components: aiming time, stability of

hold, aiming accuracy, cleanness of triggering and timing of trig-

gering. Four of the five components (not aiming time) correlated

significantly (r = .48 - .74; p < 0.05) with shooting score. Two

stepwise multiple regression analyses identified aiming accuracy

followed by timing of triggering and stability of hold as the most

important components, accounting for 75-78% of the variance in

shooting score. Accordingly, these components should be in focus

by coaches and athletes when conducting tests and training.

1. Introduction

Air pistol shooting is an Olympic event in which the athletes are trying to hit the centre of
the target 60 times in a row. The target is ringed from 1.0 to 10.9 and the 10-ring have
a diameter of 11 mm (International Shooting Sport Federation, Rules and Regulations,
2017). Men and women compete divided into separate events, but since 2017 both men
and women fire 60 competition shots in a match and the eight shooters with the highest
accumulated results qualify for the final. The qualifying round is shot without counting
the decimals and the finals with. During the world cup season 2019, the average score for
qualification for final was 581.4 + 1.3 and 576.8 + 1.8 points for men and women,
respectively (International Shooting Sport Federation, Results, 2019). This means that
more than every second shot must be inside of the 10-ring for 60 consecutive shots.
Air pistol shooting together with other shooting disciplines is a complex activity with
high demands on fine motor control (Mason et al., 1990; Zatsiorsky & Aktov, 1990) and
postural stability (Aalto et al., 1990; Era et al., 1996). A common tool for improving
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shooting technique are optoelectronic training systems (Zanevskyy et al., 2012;
Zatsiorsky & Aktov, 1990) that record and measures barrel movements throughout the
aiming time. The recorded aiming point trajectory could then be used by the shooter for
improvements of shooting technical variables. Several studies across different shooting
disciplines have investigated which components in the shooting technique that should be
prioritised by the athletes (Hawkins, 2011; Hawkins & Bertrand, 2015; Thalainen et al.,
2016a, 2016b).

Stability of hold have been a key interest in multiple studies for various shooting
disciplines (Mason et al., 1990; Su et al., 2000; Zanevskyy et al., 2012). Several studies have
investigated how postural stability affects shooting performance (Ball et al., 2003a, 2003b;
Mononen et al., 2007) and it has been shown that elite shooters in air rifle have better
stability than novice shooters (Ihalainen et al., 2016a), and the same pattern have been
found in one study in air pistol shooting (Mon et al., 2014). Ihalainen et al. showed
(Thalainen et al., 2016a) that postural stability has a relationship with stability of hold
(R=0.55, P < 0.001). In the same study, they also reported that stability of hold is a more
accurate measure than stability of posture. In air rifle shooting the stability of hold alone
explains as much as 54% of the variance in shooting score (Ihalainen et al., 2016a). The
same measure in air pistol revealed that stability of hold explains 33% of variance in
shooting score (Hawkins, 2011; Hawkins & Bertrand, 2015). Similar results have been
reported for running target (Mononen et al., 2003).

Measures of aiming accuracy is made possible through optoelectronic training systems
(Zatsiorsky & Aktov, 1990). Air rifle, air pistol and running target are regulated to be
equipped with different types of sights; air rifle with dioptre, running target with scope
and air pistol with open sights (ISSF, 2017). Despite the different types of sights, it has
been reported similar results for aiming accuracy in the different shooting disciplines. In
air rifle, it has been reported that aiming accuracy accounts for 16% of the variance in
shooting score (Thalainen et al., 2016a) and in air pistol it accounts for 15% of variance in
shooting score (Hawkins, 2011; Hawkins & Bertrand, 2015).

When it comes to cleanness of triggering and timing of triggering, studies on air rifle,
running target and air pistol shooting report differing results. In air rifle (Thalainen et al.,
20164a, 2018) and running target (Mononen et al., 2003) the cleanness of triggering seems
to be an important technical component, but studies made on air pistol have failed to
show the same result (Hawkins, 2011; Hawkins & Bertrand, 2015). This difference
between the shooting disciplines is illogical. There are two major arguments for that
the cleanness of triggering is at least as important for air pistol shooting as it is for
running target and air rifle shooting. The first argument is the number of contact points
between the shooter and the gun. With a rifle the shooter has four contact points with the
gun: one hand on the pistol grip, one hand on the front stock, but pad against the
shoulder and the cheek against the cheekpiece. In pistol shooting the shooter has only
one contact point; one hand on the grip (ISSF, 2017). With fewer contact points in air
pistol, it is more difficult to minimise the barrel movements from the triggering action
compared to rifle disciplines. Greater barrel movements during the triggering could
therefore lead to more variance in shooting performance (Ihalainen et al., 2016a;
Mason et al., 1990; Mononen et al., 2003). The second argument is the trigger pull
weight. In air rifle shooting the trigger pull weight is often as low as 50-100 g while in air
pistol it must be at least 500 g regulated by the rules (ISSF, 2017). Higher trigger pull
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weight means that greater force must be applied to the trigger before the shot is released.
This higher force will therefore lead to greater risk of increased movements of the gun
during the triggering. The differences in results regarding cleanness of triggering between
the studies made on air rifle (Thalainen et al., 2016a, 2018), running target (Mononen
et al., 2003) and air pistol (Hawkins, 2011; Hawkins & Bertrand, 2015) could come from
the omittance of the absolute triggering value in the studies made on air pistol shooting
(Hawkins, 2011; Hawkins & Bertrand, 2015). The same studies omitted the only value for
measuring the timing of triggering and so did the study made on running target
(Mononen et al., 2003). However, studies made on air rifle shooting (IThalainen et al.,
20164, 2018) have included it and reported it as a key technical component.

Taken all together, studies related to shooting performance, aiming and triggering in
air pistol shooting(Hawkins, 2011; Hawkins & Bertrand, 2015) have excluded variables
which have been found to be important for shooting performance in other disciplines.
Therefore, it is of great importance to reinvestigate the key technical components for air
pistol shooting incorporating both the absolute trigger value and the value for timing of
triggering. Consequently, the aims of this study were 1) to reinvestigate what are the key
technical components for air pistol shooting and, 2) to investigate how well the key
technical components explain the performance in air pistol shooting. It was hypothesised
that stability of hold, aiming accuracy, cleanness of triggering and timing of triggering
would be key technical components for air pistol shooting.

2. Materials and methods
2.1. Participants

Eighteen national-level male (8) and female (10) air pistol shooters participated in the
study. Their mean age was 38 + 17 years, they had on average been competing in air pistol
shooting for 13 + 13 years and had an average personal best of 564.3 + 13.1 points. The
inclusion criteria for the study was that the participant had to be in the top 30 on the
Swedish ranking list for Men's, Women's, Junior Men s or Junior Women s air pistol
during the period 2019-09-01 — 2020-03-31. The ranking lists are based on the average
from the participant s four best results within the last year.

Participants received both written and oral information about the aims, data collection
and data management of the project before they signed an informed consent, prior to testing.
All data was processed confidentially and anonymously. As no personal information despite
age and shooting data were collected, no ethical approval was applied. All procedures were
performed in accordance with the Swedish law and the Declaration of Helsinki.

2.2. Apparatus

Shooting score (with decimals) and aiming point trajectory were measured with the optoe-
lectronic training system Noptel ST 2000 NOS4 (Noptel Inc., Oulu, Finland). The training
device consisted of an optical transmitter-receiver unit (weight 80 g) and a reflector tape that
was attached around the target centre (on the line of the 5-ring). The Noptel training device
was connected to a laptop HP Pavilion 14 (Hewlett-Packard Company, Palo Alto, USA) on
which the shooting score were displayed for the participants. Shooting score and aiming
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point trajectory were recorded for every competition shot (60 per participant, a total of 1080
test shots) at 100 Hz sampling rate. According to the manufacturer, the Noptel training
device have an accuracy of 0.1 mm. Only shooting score and hit placement was displayed for
the participants during the test session, similarly to a real-life competition situation. The
aiming trajectory data were shown to participants afterwards to avoid influencing their
shooting technique during the test session.

2.3. Variables

In contrast to earlier studies made on air pistol (Hawkins, 2011; Hawkins & Bertrand,
2015) and running target shooting (Mononen et al., 2003) the present study included all
17 aiming point variables (Table 1) that have been included in the studies made on air
rifle shooting (IThalainen et al., 2016a, 2016b, 2018) (Table 1).

The overall shooting performance was measured as a shooting score (points). The stability
of hold included standard deviation of horizontal (DEV X) and vertical (DEV Y) location of
the aiming point, percentage of aiming time spent inside both the 10- (HIT F) and 9-ring (HIT
R) drawn around the point as well as percentage of aiming time spent inside both the 10-
(COGF) and 9-ring (COG R) drawn around the mean location of the aiming point during the
last second prior to triggering. The aiming accuracy was defined as mean location of the
aiming point (COG HIT) and as a percentage of aiming time spent inside the 10- (TARGET F)
and 9-ring (TARGET R) during the last second prior to triggering. Cleanness of triggering
included the movement of the aiming point (ATV) as well as ATV divided by the mean value
of the movement of the aiming point (RTV) during the last 0.2 seconds before triggering. The
measurement of time on target included total aiming time (TOTAL TIME), aiming time spent
continuously on the target (TIME ON TARGET), aiming time spent inside the 7-ring
(TARGET HT), aiming time spent inside the 7-ring drawn around the hit point (HIT HT)
and aiming time spent inside the 7-ring drawn around the COGHIT point (COG HT).
Finally, timing of triggering (TIRE) was defined as time period when the mean location of the
aiming point was closest to the centre of target.

2.4. Test design

The data collection was designed as a simulated qualifying round (60 competition shots under
75 minutes) with 15 minutes of preparation time (only dry firing allowed) and 15 minutes of
sighting time (free amount of sighting shots) prior to the start of the qualifying round. All
testing took place at pre-existing indoor shooting ranges according to the rules and regulations
for air pistol competitions (ISSF, 2017). Participants were instructed to perform all their
normal routines before and during the test session. They were also instructed to try to achieve
the highest score possible during the match. All participants used their own competition
equipment (pistol, clothing, shoes etc.).

2.5. Procedure

Before the start of the preparation time, the Noptel device was attached to the air cylinder
of the participant’s pistol. The device was attached as close to the pistol grip as possible to
minimise the disturbance of the weight balance of the pistol. To minimise the risk of
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aiming drift (Hawkins & Bertrand, 2015) the following measures where made: the wire
from the transmitter/receiver unit was secured to the trigger guard with tape, the
participants had to have their pistol case on the shooting table to rest their grip against
between shots to avoid the device from touching the table and all participants were
instructed to avoid slamming the pistol into the table.

During the preparation time, the participants were instructed to dry fire at least five
times to enable calibration of the Noptel device. From the start of the sighting time, all
participants were instructed to use sight adjustments just like during a regular shooting
session. From the start of the qualification round the data collector acted like a regular
range officer and no more interaction with the participants was made until the last shot
was fired. During the 60 test shots, there were no dry firing allowed, since the Noptel
training device cannot distinguish dry fire from a regular shot.

2.6. Statistical analysis

Earlier studies that have identified shooting technical components in running target
(Mononen et al., 2003), air rifle (Thalainen et al., 2016a) and air pistol (Hawkins, 2011)
have used principal component analysis (PCA). Since the present study included more
variables than earlier studies made on air pistol shooting, it was of importance to once
again use PCA to identify key technical components. PCA with varimax rotation was
used to form orthogonal linear combinations from aiming point variables. The number
of components was determined by minimum eigenvalue of 0.9 and by a minimum of 5 %
variance accounted for by the component.

Mean values for each participant were computed for shot score and aiming point
trajectory data. To examine the relationship between shooting performance and the
technical variables the Two-Tailed Pearson’s correlation coefficient analysis was used.
Two stepwise multiple regression analyses were conducted to examine the amount of
explained variance in shooting performance by the technical variables. In the first
stepwise multiple regression analysis (MRA1) only variables loading on more than one
component in PCA were excluded. In the second stepwise multiple regression analysis
(MRA2) only the one variable, if loading on only one component in PCA, with the
strongest correlation with mean shot score from each component found in PCA was
included. The reason for conducting the second stepwise multiple regression analysis was
to examine each component’s impact on shooting performance. Collinearity statistics
were undertaken to examine the linear association between the predictive variables in the
stepwise multiple regression analysis. The alpha level was set at 0.05 and all data is
presented as mean * standard deviation. Statistical analysis was conducted with IBM
SPSS Statistics software (IBM Co., Armonk, New York, USA) (version 25).

3. Results

Group descriptive statistics with mean shot score and mean values from aiming point
trajectory are presented in Table 2.

PCA revealed five factors from the aiming point trajectory data (n = 1080), which
explained 80.4 % of the total variance (Table 3). The five factors were: factor 1, aiming
time, the execution time for the shot; factor 2, stability of hold, the steadiness of the pistol
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Table 2. Group descriptive statistics (mean + SD)
for shot score and aiming point trajectory vari-
ables with all included participants (n = 18).

Measures (Units) Values
Shot Score (pts) 9.7 £0.2
DEV X (ring) 0.70 £ 0.25
DEV Y (ring) 0.70 = 0.25
HIT F (%) 373 +217
HIT R (%) 773 +21.7
COG F (%) 62.8 +£19.2
COG R (%) 94.7 £ 6.97
COG HIT (pts) 9.9+ 0.5
TARGET F (%) 37.6 +21.1
TARGET R (%) 83.0 £18.7
ATV (ring) 0.59 +0.23
RTV (index) 1.06 £ 0.43
Total time (s) 7.69 £ 294
Time on target (s) 7.29 + 239
TARGET HT (s) 529 +3.04
HIT HT (s) 463 £297
COG HT (s) 541+ 281
TIRE (index) 2.15 £ 0.83

Table 3. Principal component analysis (varimax rotation) rotated solution of the
aiming point variables from all measured shots (n = 13795).

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Aiming  Stability of  Aiming Cleanness of ~ Timing of
time hold accuracy triggering triggering

Eigen value 5.13 295 217 1.62 1.00

Percentage of variance 30.23 17.33 12.79 9.53 5.92

Time on target 0.91

COG HT 0.89

TARGET HT 0.87

Total time 0.80

HIT HT 0.76

COGF 0.90

COGR 0.83

DEVY -0.73

DEV X -0.73

HIT R 0.61 -0.41

COG HIT 0.97

TARGET F 0.86

TARGET R 0.85

RTV 0.92

ATV 0.85

HIT F 0.47 -0.52

TIRE 0.88

during aiming; factor 3, aiming accuracy, the preciseness of aiming, factor 4, cleanness of
triggering, the steadiness of the pistol during the triggering phase; factor 5, timing of
triggering, the timing of the triggering action.

A total of 8 aiming point trajectory variables were significantly correlated with mean
shot score (Table 4). These variables described four different components, stability of
hold, aiming accuracy, cleanness of triggering and timing of triggering.

Aiming point trajectory variables loading on more than one factor in PCA (HIT F &
HIT R) were excluded from the stepwise multiple regression analyses. The results from
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Table 4. Two - tailed Pearson’s correlation coef-
ficient r-values between shot score and shooting
technical variables.

Measures (Units) r
DEV X (ring) -0.56 *
DEV Y (ring) -0.05
HIT F (%) 0.49 *
HIT R (%) 0.60 **
COG F (%) 0.36
COG R (%) 0.30
COG HIT (pts) 0.74 ***
TARGET F (%) 0.69 **
TARGET R (%) 0.65 **
ATV (ring) -0.48 *
RTV (index) -0.35
Total time (s) 0.16
Time on target (s) 0.20
TARGET HT (s) 0.17
HIT HT (s) 0.32
COG HT (s) 0.19
TIRE (index) 0.51*

Significant correlation: *** p < 0.001; **p < 0.01; * p < 0.05.

the MRAL1 are presented in Table 5. Variables describing aiming accuracy and timing of
triggering (COGHIT, TIRE and TARGET F) explained 55, 11 and 12% of the variation in
shooting score, respectively. Results from MRA2 are presented in Table 6. Variables
describing aiming accuracy, timing of triggering and stability of hold (COG HIT, TIRE
and DEV X) explained 54, 12 and 9% of the variation in shooting score, respectively.

4. Discussion

The aims of this study were 1) to reinvestigate what the key technical components are for
air pistol shooting and 2) to investigate how well the key technical components explain
the performance in air pistol shooting. Five key technical components for air pistol
shooting were identified, namely aiming time, stability of hold, aiming accuracy, clean-
ness of triggering and timing of triggering. Most important of the five components were
aiming accuracy, timing of triggering and stability of hold, together explaining 75-78% of
the variation in shooting score.

The principal component analysis revealed five key technical components for air pistol
shooting (stability of hold, aiming time, aiming accuracy cleanness of triggering and timing

Table 5. Stepwise multiple regression analysis R?, R? change, F change, and
p-values with mean shot score as dependent variable (n = 18).

R2 R2 change F change p
Step 1 0.55 0.55 19.26 < 0.001
COG HIT
Step 2 0.66 0.1 5.07 0.04
COG HIT
TIRE
Step 3 0.78 0.12 7.53 0.017
COG HIT
TIRE

TARGET F
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Table 6. Stepwise multiple regression analysis with independent variables
chosen from the correlation analysis (DEV X, COG HIT, ATV and TIRE. R?, R?
change, F change, and p-values with mean shot score as dependent
variable (n = 18).

R2 R2 change F change p

Step 1 0.54 0.54 19.27 < 0.001
COG HIT

Step 2 0.66 0.12 5.07 0.04
COG HIT

TIRE

Step 3 0.75 0.09 4.63 0.05
COG HIT

TIRE

DEV X

of triggering). In an earlier study made on air pistol shooting (Hawkins, 2011) PCA revealed
only three components (stability of hold, aiming time and aiming accuracy) and an earlier
study made on running target shooting (Mononen et al., 2003) revealed four components
(stability of hold, aiming accuracy, cleanness of triggering and aiming time). These differ-
ences could be due to omittance of measures during the triggering phase. In both these
studies the measuring of timing of triggering (TTRE) was omitted and in the air pistol study,
the crucial triggering value ATV was left out. A study on air rifle shooting (Ihalainen et al.,
2016a) revealed six components with PCA (aiming time, stability of hold, measurement time,
cleanness of triggering, aiming accuracy and timing of triggering). The difference was within
the time component. In air rifle, the time component was divided into measurement time
and aiming time compared to the present study and earlier studies made on air pistol and
running target shooting that reported only one-time component (aiming time). Differences
in aiming time components between air pistol and air rifle could be due to differences in
aiming patterns. Air pistol shooters compared to air rifle shooters seems to have shorter time
were the gun are pointed at the target before the aiming starts (Thalainen et al., 2016a, 2016b)

Four of the components revealed in the PCA, namely stability of hold (DEV X, HIT
F and HIT R), aiming accuracy (COG HIT, TARGET F and TARGET R), cleanness of
triggering (ATV) and timing of triggering (TIRE), correlated significantly with the mean
shooting score. The correlations were from moderate to strong (r = 0.48-0.74). Several
studies have shown significant correlations between shooting score and stability of hold
in various shooting disciplines (Ball et al., 2003a, 2003b; Hawkins, 2011; Hawkins &
Bertrand, 2015; Thalainen et al., 2016a, 2018). Earlier studies made on air pistol (Hawkins,
2011) and air rifle shooting (Ihalainen et al., 2016a, 2018) have reported correlations
between shooting score and the rest of the key technical components. The studies
mentioned above have reported correlations between shooting score and aiming time,
stability of hold, aiming accuracy, cleanness of triggering and timing of triggering. In the
air pistol study (Hawkins, 2011), the correlation between aiming time and shooting score
were weak (r-values <0.4) and were made on all values instead of mean values for each
participant. If mean values had been used in the correlation the result could have differed.
In the air rifle studies (Thalainen et al., 2016a, 2018) the correlation between aiming time
and shooting score were moderate (r-values = 0.4-0.7). The difference between air pistol
and air rifle shooting in correlations between aiming time and shooting score could be
due to the shooting stance and the number of contact points between the shooter and the
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gun. The rifle could be held in shooting position for longer time before the barrel
movements start to increase due to increased muscle tremors (Tang et al., 2008).
Tremors could affect both stability of hold and aiming accuracy due to misalignment
of the rear and front sight (Lindskog, 2008; Mason et al., 1990).

MRAI revealed two predictors of shooting score: aiming accuracy (COG HIT and
TARGET F) and timing of triggering (TIRE). The components explained 78% of the variance
in shooting score. Aiming accuracy was considered to be the most important of the technical
components, explaining 67% of the variance in shooting score. MRA2 revealed three pre-
dictors of shooting score: aiming accuracy (COG HIT), timing of triggering (TIRE) and
stability of hold (DEV X). The components explained 75% of the variance in shooting score.
Aiming accuracy was still the most important component followed by timing of triggering and
stability of hold, explaining 54, 12 and 9% of the variance in shooting score, respectively.
Interestingly, the aiming accuracy was considered to be the most important component which
differs against results reported in earlier studies made on various shooting disciplines. Most
studies have focused on the importance of stability of hold for shooting performance (Mason
etal., 1990; Zanevskyy et al., 2012) and several studies have shown that stability of hold was the
most important technical component in air rifle (Thalainen et al., 2016a, 2016b, 2018) and air
pistol shooting (Hawkins, 2011; Hawkins & Bertrand, 2015). An earlier study on air rifle
shooting (Thalainen et al., 2016b) also reported that improvements of stability of hold would
lead to increased shooting performance.

The COG HIT measure is what the shot score would have been if it were placed at the
average aiming point and is independent of the stability of hold. If the barrel movements
are evenly distributed around the target centre, the barrel movements can be far larger
than the 10-ring and the COG HIT could still be inside the 10-ring. This means that the
most important technical component is to keep the centrum of the barrel movements as
close to the target centre as possible, independent of the ability to keep the pistol stable.

The difference between the present study and earlier air pistol studies (Hawkins, 2011;
Hawkins & Bertrand, 2015) that reported regression predictions explaining 41-48% of
variance in shooting score, could be due to methodological reasons. In the present study,
MRAT1 and MRA2 were conducted on mean values for each participant and the earlier
pistol studies conducted their stepwise multiple regression analysis including each single
shot. In that approach, the effect of extreme values for single shots and/or larger
differences between participants can lead to a more or less significant outcome.
However, in the present study, the study population had less heterogeneity in their barrel
movement and they also had higher mean shot score than in the earlier air pistol studies
(Hawkins, 2011; Hawkins & Bertrand, 2015). Thus, in the case of the present study where
the study population consisted of participants at relatively high level, likely having more
stable shooting performance, the mean values for each participant were used. However, it
can be speculated that for pistol shooters with higher skill level the aiming accuracy is
more important than the stability of hold.

The difference in results between the present study and studies on air rifle shooting
(Thalainen et al., 2016a, 2018) could be due to the differences in target size and shooting
position. In air rifle, the 10-ring has a diameter of 0.5 mm and the shooters are allowed to
hold the rifle with four contact points and to wear stabilising clothes compared to air
pistol were the 10-ring has a diameter of 11 mm and the shooters can only have one
contact point and no stabilising clothes (ISSF, 2017). The larger target and greater barrel
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movements could therefore be the reason why the aiming accuracy is more important
than stability of hold in air pistol in contrast to air rifle shooting.

Surprisingly, cleanness of triggering was not included into the regression prediction in
either MRA1 or MRA2. Cleanness of triggering has been reported to be of importance in
both air rifle (Thalainen et al., 2016a, 2018) and running target shooting (Mononen et al.,
2003). An earlier study (Ihalainen et al., 2016b) also reported that improved cleanness of
triggering leads to improved shooting performance in air rifle shooting. Logically,
cleanness of triggering should be more important for air pistol shooting than in rifle
disciplines. Again, the difference in number of contact points between the shooter and
the gun and the trigger pull weight should lead to bigger variation in shooting score in air
pistol shooting than for rifle disciplines (ISSF, 2017).

Data collection was conducted as a simulated competition. An earlier study on air rifle
shooting (Thalainen et al., 2018) has reported decreased shooting performance during
simulated competitions compared to training situations. However, the shooting perfor-
mance in training and competition was related to the same technical components.
Therefore, it was a strength that the present study used a simulated competition for
data collection as competition shooting performance should be more relevant for shoo-
ters and should be the focus in shooting studies.

One limitation to the present study was the restriction of dry firing under the
qualifying round. Some shooters in the present study usually use dry firing in their
competition routines and therefore had to make changes during the testing situation in
the present study. This could have been avoided if dry fired shots had been noted and
later been deleted from the data set.

A strength of the present study was the combination of statistical methods. The combi-
nation of PCA, correlations and stepwise multiple regression analyses gave a broader view of
the technical components related to air pistol shooting performance. Also, using both PCA
and multiple regression analyses increases the validity of performance variables
(O’Donoghue, 2010). The inclusion of two stepwise multiple regression analyses should
also be seen as a strength of the study. However, it is notable that the stepwise multiple
regression is dependent of the order of variables that are entered into the analysis.

5. Conclusion

Results from the present study revealed five different key technical components for air pistol
shooting, namely aiming time, stability of hold, aiming accuracy, cleanness of triggering and
timing of triggering. Four of the components, stability of hold, aiming accuracy, cleanness of
triggering and timing of triggering, the two last one not reported earlier in air pistol shooting,
were significantly correlated with shooting score. Two stepwise multiple regression analyses
identified aiming accuracy as the most important component followed by timing of triggering
and stability of hold, explaining together 75-78% of the variance in shooting score. These
components should therefore be in focus by coaches and athletes when conducting tests and
training. With the help of optoelectronic training system, coaches and athletes can test and
measure these aiming point trajectory variables.
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