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ABSTRACT

The study aimed to conduct a comparative analysis of two different methodologies
for improving shooting results in elite biathletes. The methods applied different ex-
ercises to enhance technical skills and improve shooting accuracy. Shooting as a
component of competitive activity in biathlon plays a significant role in disciplines
in which the penalty for missing a target is implemented by running an additional
distance. The subjects studied were 10 elite Bulgarian and 8 Norwegian biathletes
(men and women). To compare the results obtained, we used the following statis-
tical methods: analysis of variance, the mean value, standard deviation, and the
Welch t-test for independent samples were calculated, with p < .05 being accepted
as statistical significance; a percentage analysis of shooting success was also used.
From the results obtained in this way, it can be stated that there is a statistically
significant difference only in the indicator * Points standing’ (p = .039). There are
no statistically significant differences in all other indicators. Interestingly, despite the
higher number of errors in the standing position, the Norwegian athletes compen-
sated for this by scoring more points. The study reveals that, although there are no
significant differences in most indicators, Norwegian biathletes have an advantage
in the standing position, which can be a key factor in a competitive environment.
The high overall accuracy of shooting in both groups shows that both the Bulgarian
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athletes and the Norwegians are at an extremely high level of preparation.
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INTRODUCTION

The rapid increase in world biathlon achievements
requires a constant search for new, increasingly
effective means and methods for organizing and
conducting shooting training. Many experts in
shooting training (Palakarski, 2016; Yuryev, 1973;
Zubrilov, 2013) have described the key elements of
shooting technique, which include: shooting posi-
tion (prone and standing), breathing, aiming, and
trigger control. However, the proper execution of
these components requires specialized exercises. In
this context, it is also necessary to consider addi-
tional factors, such as balance stability, coordina-
tion of technical elements, and related aspects, all
of which contribute to the effective execution of
technical motor tasks in shooting.

Groslambert et al. (1999) validated three simple
tests to assess shooting abilities in biathlon: aiming
time from the standing and prone positions, and a
tremorometer test in the standing shooting position.
Studies on postural balance during standing shooting
have shown that postural stability is a key factor con-
tributing to high shooting success rates in biathlon.
(Aalto et al., 1990; Ball et al., 2003; Era et al., 1996;
Mon et al., 2014; Mononen et al., 2007; Niinimaa et
al., 1983) . Elite shooting athletes show greater body
stability than non-elite athletes, clearly distinguish-

ing high-level from low-level shooters. (Sattlecker et
al., 2014; Sattlecker et al., 2017; Groslambert et al,,
1999; Konttinen et al., 1999; Mononen et al., 2003;
Nitzsche & Stolz, 1981; Viitasalo et al., 1999).
The problem posed in this way provoked us to
investigate the technical skills of elite biathletes.
The study aims to compare the technical shooting
training of elite biathletes.
To achieve the goal, the following tasks were set:
 To compare the specialized shooting exercises
in the two groups of subjects.
o To compare and analyze the results of the
specialized shooting accuracy test in biathlon.

METHODS

Study organization

The study involved Bulgarian national biathlon
team members (six men and four women) and Nor-
wegian club elite biathlon competitors (four men
and four women). Exercises to improve shooting ac-
curacy were implemented within a single mesocycle
(21 days). To assess shooting training at the end of
the mesocycle, a test of the biathletes’ shooting abil-
ities was conducted (30 shots from a prone shoot-
ing position and 30 shots from a standing shooting
position, without physical exertion - for accuracy).
Both the hits on the target of each shot and the

74



COMPARATIVE ANALYSIS OF ...

74-77

number of points achieved were recorded. During
the test, competitors were not allowed to receive in-
formation about the results achieved so far, nor were
they permitted to make any adjustments to the aim-
ing devices after firing the weapon. The tests were
analyzed and compared between the two subject
groups. All participants provided written informed
consent, confirming their voluntary participation
in the study. The consent form contained details
about the goals, procedures, methodology, and na-
ture of the test conducted, which was an assessment
of shooting accuracy. Participants were explicitly
informed of their right to withdraw from the study
at any time, without any adverse consequences. The
anonymity and confidentiality of the collected data
were ensured, and all ethical standards related to the
protection of personal data and the well-being of
participants were strictly adhered to.

Shooting Training Exercises

The exercises that were included in the shoot-
ing training of the Bulgarian biathletes were: dry
shooting in a series of 5 minutes prone and 5 min-
utes standing; 10 times 1 shot (prone and stand-
ing); model shooting in the individual disciplines
(individual, sprint, pursuit) and a model relay with
additional cartridges - for time; 15 minutes of hold-

ing the target only from a standing position;

The exercises included in the shooting training of the
Norwegian biathletes were: dry shooting in a series
of 5 shots (prone and standing); 30 shots, each shot
once (prone and standing); and 5 minutes of shoot-
ing, with one shot per minute (prone and standing).

METHODOLOGY

The following research methods were employed to
address the tasks in the study: bibliographic analy-
sis of specialized literature on the research problem,
content analysis of test protocols to determine the
level of accuracy in shooting, pedagogical observa-
tion, and testing. To compare the results obtained,
we used the following statistical methods: analysis
of variance, calculation of the mean, standard de-
viation, and Welch t-test for all indicators due to
the different numbers of participants and varying
standard deviations between the groups, as well as
a percentage analysis of shooting success.

RESULTS

Table 1 presents the mean values, standard devi-
ations, and t-test results for the 30-shot shooting
accuracy test conducted from a prone shooting po-
sition and a standing shooting position.

Table 1. Comparative analysis of the results of the 30-shot shooting test from the prone and standing
positions between the Bulgarian Biathlon Team and the Norwegian Biathlon Club

Bulgarian Biathlon Norwegian
Team Biathlon Club
Indicators M SD M SD t df p
Mistake prone 1 1.24 0.75 1.16 0.441 15.5 .666
Points prone 277 9.24 265 24.88 1.295 8.55 229
Mistakes standing 0.7 1.05 1.5 1.41 -1.336  12.65 205
Points standings 200 16.03 213.75 9.49 -2.262 1493 .039
Total Punishments 1.6 1.5 2.25 1.83  -0.810 13.51 432
Total Points 476.7 23.49 478.75  29.76 0.229 4.54 822
Percentage of hits on the target prone 97 3.74 97.5 3.88 0.225 16.65  .825
Percentage of hits on the target standing  96.6 4.08 95 4.72 0.687 15.71 .502
Percentage of hits on target Total 96.84 3.17 96.3 3.05 0.325 15.53  .749

In terms of errors and points from the prone posi-
tion, the results showed that there was no statisti-
cally significant difference between the Bulgarian
(M = 1.00, SD = 1.24) and Norwegian athletes (M
=0.75, SD = 1.16) in terms of the number of errors
from the prone position (t = 0.441, df = 15.5, p =
.666). Similarly, the average points in this shooting
position did not differ significantly between the
Bulgarian and Norwegian biathletes (M = 277, SD
=9.24; M = 265, SD = 24.88; t = 1.295, df = 8.55,
p=.229). These results indicate that performance in

the prone position was similar across both groups,
with no apparent differences.

In terms of errors and standing points, Bulgarian
competitors made fewer errors (M = 0.7, SD = 1.05)
compared to Norwegian competitors (M = 1.5, SD
= 1.41), but the difference was not statistically sig-
nificant (¢ = -1.336, df = 12.65, p = .205). However,
the Norwegian competitors showed a significantly
higher score (M = 213.75, SD = 9.49) than the Bul-
garian competitors (M = 200, SD = 16.03), with the
difference being statistically significant (¢ = -2.262,
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df =~ 14.93, p = .039). This result is exciting because
it highlights that the number of errors alone is not a
sufficient indicator of the final performance. What
seems to be more important is the quality of the
successful hits and the ability to achieve a higher
number of points despite a higher number of misses.
No significant differences were found in the total
number of penalties (Bulgarians achieved M = 1.6,
SD = 1.5; and Norwegians M = 2.25, SD = 1.83)
and the total number of points (the values of Bul-
garian biathletes are: M = 476.7, SD = 23.49; and
Norwegians: M =478.75, SD =29.76), respective-
ly (p = .432 and p = .822). This indicates that there
is no statistically significant difference between the
two groups at the standard p > .05 significance lev-
el, with the mean of Group 1 being lower than that
of Group 2. This suggests that the overall perfor-
mance of the two groups is almost identical, with
no clear advantage in the shooting component.
Both teams had high and homogeneous hit rates. In
the prone position, the Bulgarian athletes achieved
an average of 97 % (SD = 3.74), and the Norwe-
gian ones — 97.5 % (SD = 3.88). From the standing
shooting position, the values were 96.6% (SD =
4.08) and 95% (SD =4.72), respectively. The over-
all percentage of hits also showed no difference
(96.84% vs. 96.3%). All comparisons were statis-
tically insignificant (p > .05). This indicates that
both groups have extremely high accuracy, with
variations within normal limits.

In summary, it can be said that there is a statistical-
ly significant difference only in the Points standing
indicator (p = .039). There are no statistically sig-
nificant differences in all other indicators.

DISCUSSION

The data analysis reveals that the only statistically
significant difference between the Bulgarian and
Norwegian competitors is in the standing shooting
points, where the Norwegian biathletes outper-
form their Bulgarian counterparts. However, most
of the other indicators show similar performance
between the two groups.

Interestingly, despite the higher number of errors
in the standing position, the Norwegian athletes
compensated for this by scoring more points. This
can be explained by several possible factors: Qual-
ity of hits — it is possible that the Norwegian biath-
letes registered shots in zones with a higher point
value; Psychological resilience - the athletes from
Norway may have demonstrated greater stability
under pressure in the standing position; Tactical
preparation — the training practices and method-
ologies of the Norwegian team probably put more

emphasis on the standing position. The average
points achieved by the biathletes in the study, across
both shooting positions, were 478.75 points for the
Norwegian biathletes and 476.7 points for the Bul-
garian biathletes, and the average hit percentage
was 96.3% and 96.8%, respectively. These results
are consistent with previous studies that empha-
size the need for individualized training programs
to enhance shooting skills in various conditions
(Schmidt & Lee, 2014; Konttinen et al., 2008). Kl-
chorov et al. (2022) conducted a similar study with
elite biathletes, with average points around 454.3
in both shooting positions and an average hit per-
centage ranging from 86.9% to 92.4%. They argue
that .. in biathlon, the hit percentage is more im-
portant, but a higher number of points indicates
better shooting capabilities, respectively, and bet-
ter prerequisites for achieving a high success rate
in competitions” Laaksonen et al (2011) claim that
combined relaxation and specific shooting training
(holding and routine maneuvers without ammuni-
tion) improves shooting results.

The lack of significant differences in total points
and the percentage of hits indicates that, overall,
the two groups have very similar shooting abili-
ties. This emphasizes that international competi-
tion is extremely close, and that minor factors—
such as technique, mental preparation, or tactical
approach—can be decisive in the final result. In
this regard, Vukov (2022) notes that “.. in order
to meet the modern requirements for conduct-
ing fast and accurate shooting, it is necessary for
the biathlete to master impeccable shooting tech-
nique, allowing for quick aiming (leading) of the
weapon at the target.”

CONCLUSION

The study reveals that, although there are no sig-
nificant differences in most indicators, Norwegian
biathletes have an advantage in shooting from a
standing position, which can be a key factor in a
competitive environment. The high overall shoot-
ing accuracy of both groups shows that both Bul-
garian and Norwegian athletes are at an extremely
high level of preparation.

The practical conclusions from these results in-
clude the need for Bulgarian competitors to focus
on optimizing their performance from the stand-
ing shooting position, as well as additional psycho-
logical and technical preparation to stabilize results
under increased mental stress. Furthermore, an
analysis of training methods is necessary to enable
Norwegian biathletes to compensate for their mis-
takes and still achieve high results.
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