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that refers to the time between the end of shooting range 
and first intermediate time spot directly after the pen-
alty loop. The number of penalty loops is dependent on 
shooting accuracy, as explained below.

Numerous previous studies of biathlon have aimed to 
elucidate the magnitude of the aforementioned perfor-
mance-related factors on final outcomes in different indi-
vidual competitions formats. For instance, in individual 
competition it has been suggested that cross-country 
skiing and shooting contribute similarly [2], whereas in 
sprint the skiing speed is the most important factor for 
final performance [3]. However, in another study, shoot-
ing accuracy has been found to be the primary factor for 
overall performance in both disciplines [4]. In pursuit and 
mass start, shooting accuracy has been shown to have the 
strongest association with final rank [5, 6]. Despite the 
increasing body of biathlon research, the relay format 
remains sparsely studied, with limited understanding on 

Introduction
Biathlon combines cross-country skiing (effort-based 
performance) and rifle marksmanship (skill-based per-
formance) at both prone and standing positions [1]. 
Biathlon performance is therefore determined by several 
factors. Skiing speed, which refers to the time spent ski-
ing the course, is one of those factors. Another is range 
time, which is the time spent on the shooting range area, 
i.e. from 10 m before the last shooting lane (#30) to 10 m 
after the first shooting lane (#1). Range time also includes 
the shooting time, i.e. the time spent on the shooting 
mat when shooting, which also has an impact on per-
formance. Additionally, penalty time is a critical factor 
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Abstract
This study aimed to investigate how different legs as well as cross-country skiing and shooting performances, 
associate to final rankings in biathlon relay competitions for both women and men. Data including rank, finish/leg 
time (LT), course (CT), range (RT) and penalty (PT) times, as well as number of shots (NS) and penalty loops (NPL), 
were collected from the International Biathlon Union’s database over two seasons, comprising 12 competitions for 
all teams ranked 1–20. Teams were categorized as G3 (rank 1–3), G10 (rank 4–10) and G20 (rank 11–20). Kruskal-
Wallis’ test was used to compare the variables between the groups in total for an entire relay competition, and for 
each leg. For women, LT was longer for G20 across all four legs due to longer CT, and for G10 during legs 2 and 4 
due to longer RT compared to G3 (p < 0.05). For men, LT was longer for G20 during all legs due to longer CT and 
RT (legs 2–4), and for G10 during legs 3 and 4 due to longer CT compared to G3 (p < 0.05). The present results 
suggest therefore that the shooting performance for women (especially shorter RT) during legs 2 and 4, and skiing 
performance for men during legs 3 and 4, are most decisive for final performance during a biathlon relay.
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how various performance indicators impact relay team 
performances.

In biathlon, a relay team comprise four biathletes rep-
resenting the same nation and sex. The start of the relay 
(first leg) is performed as a simultaneous mass start, 
while the second, third and fourth legs resemble a pur-
suit start. Each leg consists of three skiing loops (2  km 
for women, 2.5  km for men) separated by one prone 
and one standing shooting occasion. Thus, the total ski-
ing distance covered is 24  km and 30  km of skiing for 
women and men, respectively, and includes a total of four 
prone and four standing shooting occasions. In biathlon 
relay competitions, the rules differ compared to indi-
vidual competitions as during each shooting occasion, 
the biathlete has three spare shots to use if she/he misses 
a target. If all three spare shots are used while there are 
still missed targets left, the biathlete must ski the same 
number of penalty loops (150 m each) as the number of 
missed targets [1] and therefore, the total skiing distance 
increases.

In biathlon relay events, not only is it challenging to 
select the best possible biathletes for the team defined 
by their performance characteristics, but also to assem-
ble the order of the athletes within the team to optimize 
team performance [7, 8]. Consequently, skiing speed and 
shooting performance of all four biathlon team mem-
bers must be considered, as the variation in these per-
formance-determining factors between biathletes, and 
thereby in which order they should participate between 
the relay legs, may affect the outcome of the competi-
tion. For instance, at the beginning of the relay, most of 
the teams are likely skiing more or less together which 
enables weaker skiers to achieve help of drafting during 
the skiing part. During later stages of the relay, sprinting 
ability but also better shooting performance especially in 
standing shooting might be beneficial.

From another point of view, the number of biathletes 
allowed to start in sprint and individual competitions is 
also partly based on the Nation cup score set by the Inter-
national Biathlon Union (IBU) competition rules. The 
Nation cup score is calculated from each nation’s results 
from sprint and individual competitions, as well as from 
different relay competitions [1]. Therefore, the relay 
competition also plays a crucial role in determining the 
number of biathletes each nation can enter in sprint and 
individual competitions. Accordingly, an understanding 
of the performance-determining factors in biathlon relay 
is warranted.

The present study, therefore, aimed to describe how 
different legs as well as cross-country skiing (course time, 
CT) and shooting performance (range time, RT; number 
of shots, NS; penalty time, PT; and number of penalty 
loops, NPL) associate to final rank in biathlon relay com-
petitions for both women and men.

Methods
Procedure
All data were retrieved from openly available Interna-
tional Biathlon Union’s (IBU) public datacenter at  h t t p : / / 
b i a t h l o n r e s u l t s . c o m     [9], with permission from IBU. Data 
were collected for all teams ranked 1–20 in all IBU World 
Cup relay competitions for women and men during the 
seasons 2020–2021 and 2021–2022, consisting of a total 
of 12 competitions for both sexes. If a team was lapped 
during the competition (i.e. team gets final rank but not 
finish time), that team was excluded from the analy-
sis. The dataset included rank, finish time, course (CT), 
range (RT), and penalty times (PT), as well as number of 
shots (NS) and penalty loops (NPL) for the entire team 
(overall performance), and for each leg (legs 1, 2, 3 and 
4), including the leg time (LT) (leg performance). The data 
were then categorized into three groups in both women 
and men (G3, rank 1–3; G10, rank 4–10, and G20, rank 
11–20) based on the final rank to be able to compare 
performance determining factors between different per-
formance levels as previously reported [4, 5, 10]. This 
approach also enabled to have a comparable number of 
teams in each group.

Data and statistical analyses
Normal distribution was first checked using the Kol-
mogorov Smirnov test. As most of the variables did 
not conform to normal distribution, a further analy-
sis was performed using non-parametric methods, and 
is presented as median [IQR] or type values. Second, a 
Kruskal-Wallis test with epsilon squared (ε2) for deter-
mination of effect size was used to compare CT, RT, PT, 
NS, and NPL between G3, G10, and G20 in total for the 
entire relay competition, as well as for each leg. Epsilon 
squared were classified as follows: negligible (0.00 < 0.01), 
weak (0.01 < 0.04), moderate (0.04 < 0.16), relatively 
strong (0.16 < 0.36), strong (0.36 < 0.64), and very strong 
(0.64 < 1.00) [11]. Third, Kendall’s Tau (τ) was used to 
identify associations between rank for separate legs (1–3) 
and the final rank. The τ value was thereafter transformed 
to Pearson’s r values accordingly [12]. The transformed r 
values and the count of teams that successfully completed 
the relay were subsequently subjected to further analysis 
for each leg (1–3). Effect size values for Pearson’s r were 
categorized as follows: small (r = 0.1), medium (r = 0.3), 
and large (r ≥ 0.5) [13]. Further, Cohen’s d was calculated 
for each r value obtained from τ (d = 2r/[1-r2)0.5]). Effect 
size values for Cohen’s d were considered small (d = 0.2), 
medium (d = 0.5) and large (d ≥ 0.8) [14]. A Fisher’s z 
transformation was applied for z score comparisons [15] 
between women and men, and the strength of relation-
ship for each leg and final rank. All statistical analyses 
were performed using Jamovi [16]. The α was set a priori 
of < 0.05.

http://biathlonresults.com
http://biathlonresults.com
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Results
In total, 36 and 84 separate teams were included in G3 
and G10 in both women and men. For G20, due to lapped 
teams in some relays, the final dataset included 207 and 
226 teams for women and men, respectively.

Overall performance
The total finish time, CT, RT, and PT were longer for G20 
compared to G3 for both women and men (Table 1). In 
addition, the finish time, CT and RT, as well as PT (men 
only) were longer for G20 when compared to G10. G10 
also had a longer finish time and CT compared to G3. 
Both G10 and G20 exhibited higher NS and NPL (women 
only) than G3. NS and NPL (men only) were also higher 
for G20 compared to G10.

Leg performance
The median rank for G3, G10 and G20 after legs 1, 2, 
and 3 for both women and men are presented in Fig. 1. 
The rank after legs 1, 2, and 3 were increasingly associ-
ated to final rank for both women (d = 1.4, d = 2.6, and 
d = 5.3, respectively) and men (d = 1.7, d = 2.7, and d = 5.9, 
respectively); see Table 2. No significant differences were 
observed between sexes in the strength of these relation-
ships, as indicated by z-score statistics (Table 2).

For women, LT was longer for G20 across all four 
legs and for G10 during legs 2 and 4 compared to G3 
(Table 3). Additionally, G20 had a longer LT compared to 
G10 during legs 2, 3, and 4. The longer LT for G20 com-
pared to G3 was due to longer CT (all legs), as well as 
longer RT (legs 2 and 4). The difference in LT between 
G10 and G3 was due to longer RT during legs 2 and 4, 
as well as longer CT during leg 3. NS was higher for G20 
during legs 1, 2, and 4 and for G10 during leg 2 compared 

to G3. NPL was higher for G20 compared to G3 during 
legs 2 and 4. No difference in NS or NPL was observed 
between G20 and G10.

For men, LT was longer for G20 during all legs and for 
G10 during legs 3 and 4 compared to G3 (Table 4). More-
over, G20 had a longer LT compared to G10 during all 
legs. For G20, the difference in LT compared to G3 was 
due to longer CT across all four legs but also from lon-
ger RT during legs 2, 3, and 4. Additionally, G20 had a 
longer PT compared to G3 during leg 3. The difference 
in LT between G10 and G3 was attributed to a longer CT 
during legs 3 and 4. NS was higher for G20 during legs 2, 
3, and 4 and for G10 during legs 3 and 4 compared to G3. 
In addition, G20 had higher NS compared to G10 dur-
ing legs 2 and 3. NPL was higher for G20 during leg 3 in 
comparison to G3 and G10.

Discussion
The aim of the present study was to investigate how leg 
performance as well as cross-country skiing (CT) and 
shooting performances (RT, PT, NS and NPL) are associ-
ated to final rankings in biathlon relay competition. The 
current data suggest first that the teams ranked 11–20 
(G20; both women and men) have significantly longer LT, 
primarily due to longer CT across all four legs compared 
to G3. Second, legs 2 and 4 for women and legs 3 and 4 
for men seem to be the most crucial legs distinguishing 
the groups ranked 1–3 (G3) and 4–10 (G10), and third, 
the impact of skiing speed (CT) and/or shooting perfor-
mance (RT and NS) may play different roles in women’s 
versus men’s biathlon relay performance.

Table 1 Biathlon relay components for different performance groups
G3 G10 G20 χ2 (df), p-value, effect size (ε2)

Women
Total finish time (min) 111:10 [3:30] 113:19 [4:13]* 115:43 [4:26]*$ χ2 (2) = 43.6, p < 0.001, ε2 = 0.215
CT (min) 62:41 [2:42] 63:54 [3:40]* 65:44 [4:07]*$ χ2 (2) = 29.1, p < 0.001, ε2 = 0.143
RT (min) 7:46 [1:11] 8:15 [1:11] 8:41 [1:22]*$ χ2 (2) = 18.3, p < 0.001, ε2 = 0.090
PT (min) 0:59 [0:26] 1:11 [0:39] 1:15 [0:53]* χ2 (2) = 7.3, p = 0.026, ε2 = 0.036
NS (n) 48 [3.25] 50 [4]* 51 [4]*$ χ2 (2) = 22.9, p < 0.001, ε2 = 0.113
NPL (n) 0 [0.25] 1 [1]* 1 [2]* χ2 (2) = 19.3, p < 0.001, ε2 = 0.095

Men
Total finish time (min) 114:26 [3:51] 116:40 [3:30]* 119:14 [4:22]*$ χ2 (2) = 58.3, p < 0.001, ε2 = 0.259
CT (min) 66:24 [2:40] 67:55 [2:36]* 69:45 [3:12]*$ χ2 (2) = 49.5, p < 0.001, ε2 = 0.243
RT (min) 7:30 [1:02] 7:38 [0:56] 8:18 [0:57]*$ χ2 (2) = 42.5, p < 0.001, ε2 = 0.190
PT (min) 1:00 [0:22] 1:03 [0:26] 1:14 [0:51]*$ χ2 (2) = 13.7, p < 0.001, ε2 = 0.061
NS (n) 47 [4] 49 [4]* 51 [4]*$ χ2 (2) = 49.0, p < 0.001, ε2 = 0.218
NPL (n) 0 [1] 0 [1] 1 [2]*$ χ2 (2) = 25.8, p < 0.001, ε2 = 0.115
CT, total course, RT, range time, PT, penalty time, NS, number of shots, NPL, number of penalty loops, G3, group of final rank 1–3, G10, group of final rank 4–10, G20, 
group of final rank 11–20. Data are presented as median [IQR]

* p < 0.05 from G3

$ p < 0.05 from G10
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Women relay
During leg 1, G3 and G10 had comparable LT because 
of similar CT and RT. Furthermore, there were no dif-
ferences in PT, NS, or NPL between these groups dur-
ing leg 1. Additionally, based on the median rank, it is 
evident that these first 10 teams were shuffled after leg 
1; thus, G10 teams still had a chance to secure a podium 

finish, as demonstrated in Table 2; Fig. 1. However, dur-
ing leg 2, G10 showed significantly longer RT, which led 
to an increased time gap against G3 and, further, during 
leg 3, G10 also had longer CT compared to G3. Finally, 
during leg 4, G10 again had longer RT compared to G3. 
Altogether, it is mostly the longer RT during legs 2 and 
4 for G10 which distinguishes from G3. This highlights 

Table 2 The association between leg rank and final rank in women and men relay
Women Men Women vs. Men
r p r p z p

Leg 1 0.57 < 0.01 0.64 < 0.01 1.15 0.25
Leg 2 0.80 < 0.01 0.81 < 0.01 0.27 0.79
Leg 3 0.94 < 0.01 0.95 < 0.01 0.96 0.34
R, Pearson correlation coefficient transformed from Kendall’s Tau (τ), z, z score according to Fisher’s z’ transformation

Fig. 1 The ranks after legs 1, 2 and 3 for women (A-C) and men (D-F) in different performance groups (G3, rank 1–3; G10, rank 4–10; G20, rank 11–20) 
presented as a box plot including data points for all teams
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the importance of fast and accurate shooting, i.e. reduced 
number of extra shots, specifically during leg 2 when 
many teams are still skiing and shooting together, mim-
icking mass start and pursuit competitions. Indeed, one 
previous study has suggested that the presence of more 
co-acting biathletes at the shooting range during pursuit 
may be associated with faster shooting but not affect the 
shooting accuracy [17], and this could also be applicable 
for the relay.

Men relay
During legs 1 and 2, G3 and G10 exhibited similar LT, 
CT, and RT. While the (statistically non-significant) dif-
ference in CT between these groups was rather large, 
G10 seemed to compensate for this difference with at 
least comparable RT values to G3, resulting in no over-
all difference in LT. Also, the median rank after leg 2 
for G3 was 4, with relatively narrow range between the 
minimum and maximum ranks, indicating that teams in 
G3 and G10 were mixed at this stage, as shown in Fig. 1. 
However, during legs 3 and 4, G3 was skiing significantly 
faster than G10, thereby increasing the time gap against 
G10. Speculatively, teams having weaker skiers on legs 
1 and 2 might have had less physical effort during skiing 

due to aerodynamic advantage of drafting and therefore, 
skiing performance discriminated G3 and G10 during 
legs 3 and 4. Indeed, the shooting accuracy was lower for 
G10 during legs 3 and 4, but this did not lead to longer 
RT, thereby emphasizing that the increased time gap to 
G3 was mostly due to longer CT at this stage of the relay. 
Thus, the biathletes in G3 during legs 3 and 4 seem to 
have higher skiing capacity than G10, or they are outper-
forming as preliminarily suggested by Wolf et al. [18].

As shown in Fig. 1, the median ranks for different per-
formance groups were comparable between women and 
men after legs 1, 2 and 3. However, after leg 2, G10 for 
women demonstrated larger range between minimum 
and maximum values compared to men. This is likely due 
to the longer RT observed for G10 during that leg, result-
ing in more separation among the women’s relay teams 
after leg 2. Conversely, for the G10 group in men, the 
teams remained more closely packed after leg 2.

It is notable for both women and men that although 
there were no statistically significant differences in 
many of these variables between G3 and G10, in terms 
of absolute values many non-significant differences may 
have practical importance. An additional note is that 
there were very small differences in the number of shots 

Table 3 Biathlon relay components for different performance groups for all four legs in women relay
Leg 1 Leg 2 Leg 3 Leg 4

G3 17.40 (0.54) 17.41 (0.53) 17.56 (1.13) 17.30 (0.58)
LT (min.sec) G10 18.01 (1.05) 18.10 (1.10)* 18.18 (1.16) 18.03 (1.32)*

G20 18.22 (1.14)* 18.50 (1.23)*$ 19.06 (1.07)*$ 19.07 (1.26)*$
χ2 (2) = 10.8, p < 0.01, ε2 = 0.053 χ2 (2) = 21.5, p < 0.001, ε2 = 0.106 χ2 (2) = 29.4, p < 0.001, ε2 = 0.145 χ2 (2) = 55.5, p < 0.001, ε2 = 0.273

G3 15.41 (0.57) 15.34 (0.56) 15.41 (1.04) 15.32 (049)
CT (min.sec) G10 15.51 (0.46) 15.52 (0.59) 16.04 (1.01)* 15.49 (1.14)

G20 16.13 (1.10)* 16.15 (1.19)*$ 16.38 (1.17)*$ 16.35 (1.39)*$
χ2 (2) = 9.7, p < 0.01, ε2 = 0.048 χ2 (2) = 12.6, p < 0.01, ε2 = 0.062 χ2 (2) = 25.7, p < 0.001, ε2 = 0.127 χ2 (2) = 402, p < 0.001, ε2 = 0.198

G3 1.51 (0.21) 1.53 (0.37) 2.08 (0.22) 1.52 (0.19)
RT (min.sec) G10 1.53 (0.24) 2.07 (0.28)* 2.06 (0.32) 2.01 (0.23)*

G20 2.02 (0.30) 2.14 (0.32)* 2.14 (0.33) 2.08 (0.30)*$
χ2 (2) = 3.8, p = 0.148, ε2 = 0.019 χ2 (2) = 16.1, p < 0.001, ε2 = 0.080 χ2 (2) = 1.5, p = 0.474, ε2 = 0.07 χ2 (2) = 18.8, p < 0.001, ε2 = 0.093

G3 0.14 (0.06) 0.14 (0.06) 0.15 (0.07) 0.14 (0.07)
PT (min.sec) G10 0.14 (0.06) 0.15 (0.08) 0.14 (0.07) 0.15 (0.07)

G20 0.13 (0.07) 0.15 (0.24) 0.15 (0.25) 0.14 (0.10)
χ2 (2) = 0.5, p = 0.760, ε2 = 0.003 χ2 (2) = 1.1, p = 0.565, ε2 = 0.006 χ2 (2) = 0.2, p < 0.916, ε2 = 0.000 χ2 (2) = 0.5, p = 0.773, ε2 = 0.003

G3 12 (1) 12 (2) 13 (2) 12 (1)
NS (n) G10 12 (2) 13 (2)* 13 (2) 13 (2)

G20 13 (3)* 13 (2)* 13 (2) 13 (3)*
χ2 (2) = 9.1, p < 0.05, ε2 = 0.044 χ2 (2) = 13.7, p < 0.001, ε2 = 0.067 χ2 (2) = 2.0, p = 0.373, ε2 = 0.001 χ2 (2) = 7.4, p < 0.05, ε2 = 0.037

G3 0 (0) 0 (0) 0 (0) 0 (0)
NPL (n) G10 0 (0) 0 (0) 0 (0) 0 (0)

G20 0 (0) 0 (1)* 0 (1) 0 (0)*
χ2 (2) = 0.3, p = 851, ε2 = 0.002 χ2 (2) = 7.0, p < 0.05, ε2 = 0.034 χ2 (2) = 6.4, p < 0.05, ε2 = 0.032 χ2 (2) = 7.5, p < 0.05, ε2 = 0.037

LT, leg time, CT, total course, RT, range time, PT, penalty time, NS, number of shots, NPL, number of penalty loops, G3, group of final rank 1–3, G10, group of final rank 
4–10, G20, group of final rank 11–20. Data are presented as median [IQR]

* p < 0.05 from G3

$ p < 0.05 from G10
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between groups; an indication that the shooting accu-
racy is relatively similar between groups. According to 
the present results, women and men combined, all three 
groups had a range of 7–11 extra shots (in relation to the 
40 shots all teams need to fire, see Table  1) with a dif-
ference of only 2–3 shots between the groups, but with 
G3 having the lowest number of shots. This highlights, 
in general, the importance of high shooting accuracy 
together with short RT. In addition, re-loading and fir-
ing of one extra shot takes approximately 6–7 s, and thus 
G10, having two extra shots more than G3, accumulates 
approximately 12–14  s time loss on the shooting range 
in total, which would be difficult to re-gain during a rela-
tively short skiing loop. In addition, G10 for women had 
almost 30 s longer RT, indicating that the teams in G10, 
especially biathletes on legs 2 and 4, also had a slower 
shooting performance. Conversely, G10 for men had 
only an eight seconds longer RT, regardless of two extra 
shots. This is partly in line with the previous biathlon 

studies regarding individual competition formats [4, 5] 
which have shown that women have longer range time 
compared to men. However, this must be considered 
with caution as also slower skiing speed for women when 
entering to the shooting range may affect the actual range 
time.

As biathlon combines both effort-based (i.e. skiing) and 
skill-based (i.e. shooting) performances, it is probably 
more challenging for coaches and team leaders to select 
biathletes for the team, as well as to decide the order of 
biathletes within the team compared to only effort-based 
sports (e.g. swimming, running). Previous studies on 
individual competition formats in biathlon, e.g [2, 4–6]., 
have highlighted the importance of shooting accuracy 
on final performance in biathlon. This is especially true 
when focusing on groups of biathletes at the highest 
level where the differences in skiing speed are particu-
larly small, and in competition formats where the skiing 
distance is relatively short in comparison to the number 

Table 4 Biathlon relay components for different performance groups for all four legs in men relay
Leg 1 Leg 2 Leg 3 Leg 4

G3 18.52 (1.02) 18.53 (1.11) 18.49 (1.01) 18.48 (0.59)
LT (min.sec) G10 19.12 (0.54) 19.03 (1.07) 19.29 (1.11)* 19.29 (1.10)*

G20 19.41 (1.16)*$ 19.45 (1.18)*$ 20.25 (1.19)*$ 20.14 (1.44)*$
χ2 (2) = 23.8, p < 0.001, ε2 = 0.106 χ2 (2) = 30.6, p < 0.001, ε2 = 0.136 χ2 (2) = 64.4, p < 0.001, ε2 = 0.286 χ2 (2) = 46.5, 

p < 0.001, ε2 = 0.206
G3 16.40 (0.46) 16.29 (0.45) 16.32 (0.45) 16.29 (0.41)

CT (min.sec) G10 16.59 (0.49) 16.47 (0.48) 17.02 (0.59)* 16.56 (0.56)*
G20 17.16 (1.02)*$ 17.18 (0.52)*$ 17.32 (1.04)*$ 17.27 (1.13)*$

χ2 (2) = 25.1, p < 0.001, ε2 = 0.112 χ2 (2) = 29.2, p < 0.001, ε2 = 0.130 χ2 (2) = 54.5, p < 0.001, ε2 = 0.242 χ2 (2) = 46.5, 
p < 0.001, ε2 = 0.207

G3 1.50 (0.17) 1.53 (0.25) 1.49 (0.18) 1.51 (0.25)
RT (min.sec) G10 1.48 (0.22) 1.48 (0.26) 2.01 (0.28) 1.54 (0.23)

G20 1.52 (0.21) 2.02 (0.24)*$ 2.15 (0.35)*$ 2.10 (0.31)*$
χ2 (2) = 2.7, p = 0.258, ε2 = 0.012 χ2 (2) = 18.5, p < 0.001, ε2 = 0.082 χ2 (2) = 32.1, p < 0.001, ε2 = 0.143 χ2 (2) = 24.18, 

p < 0.001, ε2 = 0.108
G3 0.13 (0.06) 0.13 (0.07) 0.13 (0.06) 0.15 (0.06)

PT (min.sec) G10 0.13 (0.05) 0.13 (0.06) 0.14 (0.06) 0.15 (0.07)
G20 0.12 (0.07) 0.13 (0.06) 0.16 (0.24)$ 0.14 (0.21)

χ2 (2) = 1.5, p = 0.479, ε2 = 0.007 χ2 (2) = 0.1, p = 0.937, ε2 = 0.000 χ2 (2) = 8.3, p < 0.05, ε2 = 0.037 χ2 (2) = 0.2, 
p = 0.907, ε2 = 0.000

G3 12 (1) 12 (1) 12 (1) 12 (2)
NS (n) G10 12 (2) 12 (2) 13 (3)* 12 (2)*

G20 12 (2) 13 (2)*$ 13 (3)*$ 13 (2)*
χ2 (2) = 0.4, p = 0.815, ε2 = 0.002 χ2 (2) = 15.3, p < 0.001, ε2 = 0.068 χ2 (2) = 26.6, p < 0.001, ε2 = 0.118 χ2 (2) = 14.0, 

p < 0.001, ε2 = 0.062
G3 0 (0) 0 (0) 0 (0) 0 (0)

NPL (n) G10 0 (0) 0 (0) 0 (0) 0 (0)
G20 0 (0) 0 (0) 0 (1)*$ 0 (1)

χ2 (2) = 2.2, p = 0.342, ε2 = 0.010 χ2 (2) = 2.4, p = 0.309, ε2 = 0.010 χ2 (2) = 26.7, p < 0.001, ε2 = 0.119 χ2 (2) = 2.6, 
p = 0.274, ε2 = 0.012

LT, leg time, CT, total course, RT, range time, PT, penalty time, NS, number of shots, NPL, number of penalty loops, G3, group of final rank 1–3, G10, group of final rank 
4–10, G20, group of final rank 11–20. Data are presented as median [IQR]

* p < 0.05 from G3

$ p < 0.05 from G10
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of shooting occasions (such as pursuit and mass start). 
In biathlon relay, the total skiing distance is also short 
in relation to the number of shooting occasions, which 
therefore highlights the importance of shooting perfor-
mance on final rank. Speculatively, if a biathlete misses 
two of the five ordinary shots, she/he needs to use at 
least two extra shots, which adds approximately 12–14 s 
against a biathlete who succeeds to shoot all five shots 
without any mistakes, assuming otherwise similar shoot-
ing times. If that biathlete still has a missed target after 
using extra shots, she/he is forced to ski a penalty loop, 
adding another 20–25  s, in total at least 32  s time loss. 
Thus, the relay is advantageous for biathletes with a high 
capacity for fast as well as accurate shooting without lim-
iting capacity in skiing. This was especially shown with 
the present results regarding the women’s relay. Interest-
ingly, individually better qualified teams (e.g. world cup 
points in individual competitions) will not necessarily 
perform better in relay, as has been suggested by Scharf-
enkamp et al. [19], who have also shown that increasing 
age diversity in the team significantly improves a team’s 
shooting performance in biathlon relay.

It needs to be mentioned that the present study did not 
consider the individual World Cup ranking of biathletes, 
i.e. comparisons of individual skiing, shooting, and over-
all performances within and between relay teams. This 
would be of interest for future studies, as speculatively, 
different nations may have different tactics for allocating 
biathletes to different legs (top-end team versus top-start 
team) to achieve the best possible final rank for the team 
and, for some teams, to avoid lapping during the com-
petition. In addition, future studies should also consider 
analyzing the performance indicators in biathlon mixed 
relays, i.e. relay competitions including biathletes from 
both sexes.

Conclusion
Taken altogether, the shooting performance for women 
(especially shorter RT and lower NS) during legs 2 and 
4, and skiing performance for men during legs 3 and 4, 
are most decisive for final performance during a biath-
lon relay and discriminates the teams between ranks 
1–3 (G3) and 4–10 (G10). Coaches should, therefore, 
consider these aspects when selecting biathletes into the 
relay team, as well as when planning their order within 
the team.

Abbreviations
CT  Course time
G3  Group of rank 1–3
G10  Group of rank 4–10
G20  Group of rank 11–20
IBU  International Biathlon Union
IQR  Interquartile range
LT  Leg time
NPL  Number of penalty loops

NS  Number of shots
PT  Penalty time
RT  Range time

Acknowledgements
We would like to thank Ms. Sophie Steiner for help in data arrangement.

Author contributions
M.S.L. initiated the study. M.S.L and G.B. performed the data collection, analysis 
and interpretation of data. The manuscript was drafted by M.S.L. and G.B., and 
both authors have read and approved the final manuscript.

Funding
Open access funding provided by Mid Sweden University.
No specific funding was received for this study.

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study used publicly open data (competition results), retrieved from 
International Biathlon Union’s (IBU) database, which did not contain sensitive 
participant information, and therefore, ethics approval was not required for 
this study. IBU has approved the use of data for scientific purposes. The study 
adheres to the principles of General Data Protection Regulation (GDPR) and 
was carried out in compliance with the Declaration of Helsinki.

Consent for publication
Not applicable. This study does not contain any data that could be linked to 
individual participants or require consent for publication.

Competing interests
The authors declare no competing interests.

Received: 3 February 2025 / Accepted: 16 April 2025

References
1. International Biathlon Union. IBU Event and Competition Rules. Available at  h 

t t p s :   /  / a s s e t   s .  c t f a  s s e  t  s  . n   e t / c  z 0 v  l 3  6 h c  q  0 x  / 7 m k  Q n  1 k Q  T B 7  V z l U  Z H  A c   u e c /  a 2 c  b 9  a 
1 d  8 e 3 8  0 a c  7 e  7 7 c  f 0 7 7  b 6 0  1 6   d 0 3 / R  u l e s _  2 0  2 4 _ E N  _ c a p 3 . p d f

2. Luchsinger H, Kocbach J, Ettema G, Sandbakk Ø. The contribution from 
Cross-Country skiing and shooting variables on Performance-Level and sex 
differences in biathlon world cup individual races. Int J Sports Physiol Perf. 
2019;14(2):190–5.

3. Luchsinger H, Kocbach J, Ettema G, Sandbakk Ø. Comparison of perfor-
mance-Levels and sex on sprint race performance in the biathlon world cup. 
Int J Sports Physiol Perform. 2018;13(3):360–6.

4. Björklund G, Laaksonen MS. The determinants of performance in biathlon 
world cup sprint and individual competitions. Front Sports Act Living. 
2022;4:841619.

5. Björklund G, Dzhilkibaeva N, Gallagher C, Laaksonen MS. The balancing act 
between skiing and shooting - the determinants of success in biathlon 
pursuit and mass start events. J Sports Sci. 2022;40(1):96–103.

6. Luchsinger H, Kocbach J, Ettema G, Sandbakk Ø. Contribution from cross-
country skiing, start time and shooting components to the overall and 
isolated biathlon pursuit race performance. PLoS ONE. 2020;15(9):e0239057.

7. Veiga S, del Cerro JS, Rodriguez L, Trinidad A, González-Ravé JM. How mixed 
relay teams in swimming should be organized for international champion-
ship success. Front Psychol 2021; 12.

8. Wu PP-Y, Babaeir T, O’Shear M, Mengersen K, Drovande C, McGibbon K, Pyne 
D, Mitchell L, Osborne M. Predicting performance in 4 x 200-m freestyle 
swimming relay events. PLoS ONE. 2021;16(7):e0254538.

9. International Biathlon Union. Datacenter. Available at  h t t p : / / b i a t h l o n r e s u l t s . c 
o m / .   

https://assets.ctfassets.net/cz0vl36hcq0x/7mkQn1kQTB7VzlUZHAcuec/a2cb9a1d8e380ac7e77cf077b6016d03/Rules_2024_EN_cap3.pdf
https://assets.ctfassets.net/cz0vl36hcq0x/7mkQn1kQTB7VzlUZHAcuec/a2cb9a1d8e380ac7e77cf077b6016d03/Rules_2024_EN_cap3.pdf
https://assets.ctfassets.net/cz0vl36hcq0x/7mkQn1kQTB7VzlUZHAcuec/a2cb9a1d8e380ac7e77cf077b6016d03/Rules_2024_EN_cap3.pdf


Page 8 of 8Laaksonen and Björklund BMC Sports Science, Medicine and Rehabilitation           (2025) 17:99 

10. Ofoghi B, Zeleznikow J, Macmahon C, Rehula J, Dwyer DB. Performance 
analysis and prediction in triathlon. J Sports Sci. 2016;34(7):607–12.

11. Rea LM, Parker RA. Designing and conducting survey research:a comprehen-
sive guide. Wiley; 2014.

12. Walker D. JMASM9: converting Kendall’s Tau for correlational or Meta-Analytic 
analyses. J Mod Appl Stat Methods. 2003;2(26):525–30.

13. Cohen J. A power primer. Psychol Bull. 1992;122:155–9.
14. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. Hills-

dale, NJ: Lawrence Erlbaum Associates; 1988.
15. Preacher K. Calculation for the test of the difference between two indepen-

dent correlation coefficients. Available at http://quantpsy.org2002.
16. The Jamovi Project. Jamovi. Ver. 2.6.13 edn: Available at  h t t p s : / / w w w . j a m o v i . o 

r g /       
17. Heinrich A, Köhler H, Müller F, Stoll O, Cañal-Bruland R. The impact of co-

acting competitors on shooting performance in elite biathletes. J Sports Sci. 
2022;40(18):2028–36.

18. Wolf S, Hill C, Reisch E, Block C. Ski for the team but shoot for the Moon? 
Social indispensability effects on Effort- vs. Skill-Based performance in biath-
lon relay vs. Individual races. J Sport Exerc Psychol. 2022;44(S1):S121–121.

19. Scharfenkamp K, Kieferb S, Bade L-B. Gender-specific impact of age diversity 
on the performance of small teams: empirical evidence from professional 
biathlon relays. Eur Sport Manage Q. 2023;23(4):1182–99.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

http://quantpsy.org
https://www.jamovi.org/
https://www.jamovi.org/

	Performance indicators in women’s and men’s biathlon relay
	Abstract
	Introduction
	Methods
	Procedure
	Data and statistical analyses

	Results
	Overall performance
	Leg performance

	Discussion
	Women relay
	Men relay

	Conclusion
	References


