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SPORTS PERFORMANCE

The balancing act between skiing and shooting – the determinants of success in 
biathlon pursuit and mass start events
Glenn Björklund a, Natalya Dzhilkibaevab, Caitlin Gallaghera,c and Marko S. Laaksonena

aSwedish Winter Sports Research Centre, Department of Health Sciences, Mid Sweden University, Östersund, Sweden; bAnalytical Department, Sport 
Training Center of the Russian National Teams, Moscow, Russia; cDepartment of Health, University of Bath, Bath, UK

ABSTRACT
This study aimed to investigate how skiing speed (SS), number of missed targets (MT) and range time (RT) 
were associated with final rank in biathlon pursuit and mass start competitions. Data were collected from 
the International Biathlon Union’s database over 17 seasons. Biathletes were categorised into three 
groups (rank 1–3, G3; rank 4–10, G10; rank 11–20, G20).  Multinomial regression was used to identify 
odds ratios associated with group rank in both sexes. The only variable found to be consistently related to 
G3 in both pursuit and mass start was MT (men OR 1.206–1.729 and women OR 1.340–3.124, all p < 0.01). 
SS during lap four of pursuit and mass start was most strongly related to G3 for both sexes (men OR 
0.231–0.094 and women OR 0.339–0.126, all p < 0.001). RT during shooting four in pursuit was most 
strongly related to G3 compared to G10 and G20 (men OR 1.067; 95% CI, 1.030–1.105 and women OR 
1.076; 95% CI, 1.020–1.134, all p < 0.001, respectively). Accordingly, MT was most strongly related to final 
rank in both sexes, while SS during lap four and last RT was also significant.
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1. Introduction

Biathlon combines rifle shooting and cross-country skiing, 
where overall performance is determined by the skiing speed, 
shooting accuracy and shooting time (International Biathlon 
Union, 2020). In addition to relay competitions, biathletes com-
pete in four different individual competition formats: sprint 
(skiing distance 7.5/10 km for women and men), individual 
(15/20 km), pursuit (10/12.5 km) and mass start (12.5/15 km) 
(International Biathlon Union, 2020). In biathlon sprint, includ-
ing one prone and one standing shooting, it has been sug-
gested that skiing speed and shooting accuracy can explain 50– 
60% and 21–35% of overall performance, respectively 
(Dzhilkibaeva et al., 2019; Luchsinger et al., 2018). On the 
other hand in individual competition, including prone, stand-
ing, prone and standing shooting bouts the only competition 
type having a time penalty for each missed target, these factors 
explain 42–54% and 44–53% of overall biathlon performance, 
respectively (Luchsinger et al., 2019). In the only investigation 
performed on the pursuit competition, where the start time is 
based on the results of the sprint competition, start time 
(~50%) and shooting accuracy (~30%) together were found to 
explain 78–80% of overall performance (Luchsinger et al., 
2020). Furthermore, if isolated as a separate competition 
excluding the start time difference to winner of the sprint 
competition, success in the pursuit competition was explained 
to 90% by penalty time (~60%) and course time (~30%). All of 
the investigations described above (Dzhilkibaeva et al., 2019; 
Luchsinger et al., 2018, 2019, 2020) have also shown that the 
time spent on the shooting lane (range time and/or shooting 
time) has a minor impact on the overall biathlon performance, 

although it is important to point out that since the difference 
between rankings in the final results can be very small, fast 
shooting may also result in a better rank. However, the impact 
of these three performance-determining factors on overall per-
formance varies depending on the competition format, but, to 
our knowledge, there is currently no data available related to 
biathlon mass start.

From another point of view, in both biathlon pursuit (start 
time based on results of the sprint competition) and mass start 
(all 30 of the top biathletes start at the same time), different 
pacing strategies and tactical components may affect perfor-
mance. In both biathlon sprint and individual competitions, the 
biathletes start at 30 s intervals, where the first loop is the 
fastest, skiing speed slows for successive loops, and skiing 
speed increases again during the last loop (Luchsinger et al., 
2018, 2019). Notably, the skiing speed pattern in these two 
competition formats resembles a J-shape pacing profile 
(Abbiss & Laursen, 2008). However, in biathlon pursuit, the 
start interval between the first and last biathlete (60 biathletes 
in total) is usually 2–3 min, and in mass start, all biathletes (30 in 
total) start at the same time, where the first biathlete to cross 
the finish line wins. Thus, pursuit and mass start competitions 
likely include more biathlete against biathlete situations during 
both the skiing portion of the competition and the shooting 
portion compared to sprint and individual competitions.

Taken as a whole, pursuit and mass start are sparsely studied 
competition disciplines, and very little is known about the 
impact of skiing speed, shooting time (range time) and shoot-
ing accuracy on overall performance within these two disci-
plines. In addition, it is unknown it there is any sex differences 
related to these factors. Therefore, the present study aimed to 
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investigate the differences 1) in skiing speed (SS), 2) number of 
missed targets (MT) and 3) range time (RT) in three different 
categories of biathletes based on the final ranking in biathlon 
pursuit and mass start competitions in both sexes.

2. Materials and methods

2.1 Procedure

All data was collected from the International Biathlon Union’s 
(IBU) datacentre. Permission was granted to use the data for 
scientific purposes. The IBU datacentre is an openly available 
p u b l i c  d o m a i n  a t  h t t p : / / w w w . b i a t h l o n r e s u l t s . c o m  
(International Biathlon Union, 2019). Data was collected for 
biathletes ranked 1–20 in all IBU competitions during the 
2003–2019 seasons (n = 17 seasons) for SS and MT and during 
the seasons 2012–2019 for RT for the pursuit and mass start 
events. The biathletes were then categorised into three groups 
in both women and men (G3, rank 1–3; G10, rank 4–10 and G20, 
rank 11–20) based on their final rank as previously described in 
triathlon (Ofoghi et al., 2016). The analysis did not include >20 
ranked biathletes as these athletes tend to slow down at the 
latter stages due to motivational reasons. The data was then 
split by event and checked for outliers where any results differ-
ing more than 1.5 times the interquartile range from the mean 
were removed from the dataset. The total number of competi-
tions analysed for pursuit and mass start events were 265 and 
165, respectively. In all, the number of unique starts for women 
and men were 5298 (women n = 2640 vs. men n = 2658) for 
pursuit and 3301 for mass start competitions (women n = 1660 
vs men n = 1641). The number of starts excluded for not meet-
ing the criteria for women and men were; 20 (0.8%) and 47 
(1.8%) in the pursuit; and 9 (0.5%) and 39 (2.4%) in the mass 
start competition.

2.2 Data and statistical analysis

Data was pre-checked for normality using the Kolmogorov- 
Smirnov test. No time-related data as SS or RT conformed to 
a normal distribution. Accordingly, a multi-nominal logistic 
regression was used to identify associations between SS and 
RT to group belonging (G3, G10 and G20). Skiing time was 
converted to SS for more exact comparisons as the distance 
varies between skiing tracks both within and between pursuit 
and mass start competitions. Separate models for SS and RT 
were conducted for pursuit and mass start, and for SS, the 
model also contained separate laps (5 laps per event). 
Similarly, the model for RT analysed all four shooting bouts 
(4 per event) and their association to group belonging. The 
predetermined reference group was set to G3. For within 
competition analysis, a Friedman’s test was used to compare 
SS for laps (5 per event) and missed targets per shooting 
occasion (4 shooting occasions per event) within each event 
for women and men, respectively. In order to make pairwise 
comparisons, a Durbin Conover test was applied if the 
Friedman’s test was significant. Comparisons between years 
for SS (2003–2019) and RT (2012–2019) were determined 
using Kruskal-Wallis with epsilon squared (ε2) for the determi-
nation of effect size. If there was a global significance for the 

Kruskal-Wallis test, a Dwass-Steel-Critchlow-Flinger test was 
applied for pairwise comparisons. A χ2 test of independence 
compared differences between groups in relation to total 
missed targets for each event, while Cramer’s V (V) was used 
for effect size. Missed targets are presented as numbers and 
mode. All statistical analyses were performed using SPSS sta-
tistical package version 27 (SPSS Inc Chicago, IL; the normality 
check) and jamovi (The jamovi project, 2020) with data pre-
sented as odds ratios (OR) with confidence intervals (95% Cl), 
median (interquartile range [IQR]) or mean values, where 
appropriate. The α was set a priori to < 0.05.

3. Results

Skiing speed (SS)

Overall, SS increased from 2003 to 2019 (χ2 (16) = 838, 
p < 0.001, ε2 = 0.159) (Figure 1A and B) in pursuit. SS remained 
unchanged between seasons 2003 and 2006, 2007 and 2012, 
and 2013 and 2015 but increased between all three periods (all 
p < 0.001). Further, skiing speed was higher in 2019 compared 
to all previous seasons (p < 0.001). For mass start, overall SS also 
increased between 2003 and 2019 (χ2 (16) = 309, p < 0.001, 
ε2 = 0.0943) (Figure 1C and 1D), although the increase was not 
as significant as it was for pursuit. There was a noticeable 
increase in SS when comparing the 2003 and 2008 seasons to 
2009 (p < 0.001) and when comparing the 2012 and 2014 
seasons to 2015 (p < 0.001), while SS was unchanged between 
2015 and 2019.

Figure 1 also displays the development of overall SS in all 
three groups. The overall SS in pursuit was fastest in G3 
(women = 6.23 [5.90–6.52] m·s−1; men = 7.18 [6.83–7.53] m·s−1) 
compared to both G10 (women = 6.17 [5.82–6.45] m·s−1; 
men = 7.16 [6.75–7.49] m·s−1, OR = 0.741, 95% CI 0.621–0.886, 
p < 0.001) and G20 (women 6.10 [5.70–6.38] m·s−1; men = 7.11 
[6.68–7.45] m·s−1, OR = 0.551, 95% CI 0.465–0.653, p < 0.001). 
Likewise, the overall SS in mass start was greatest in G3 
(women = 6.34 [5.98–6.64] m·s−1; men = 7.23 [6.91–7.57] m·s−1) 
compared to both G10 (women = 6.27 [5.92–6.58] m·s−1; 
men = 7.18 [6.87–7.49] m·s−1, OR = 0.723, 95% CI 0.565–0.926, 
p < 0.001) and G20 (women = 6.17 [5.83–6.50] m·s−1; 
men = 7.13 [6.78–7.42] m·s−1, OR = 0.492, 95% CI 0.388–0.624, 
p < 0.001).

The overall SS for different laps is presented in Figure 2 for 
women and men, while OR is presented in Table 1. The fastest 
and slowest SS for both women and men in the pursuit were 
the first and fourth lap, respectively (p < 0.001, Figure 2A and 
2B). In mass start, the fastest SS was the second lap while the 
fourth lap was the slowest (p < 0.001, Figure 2C and 2D). In 
pursuit events, there was an association with higher SS for both 
G10 and G20 compare to G3 at Lap 2 (OR = 3.432 and 
OR = 7.426). This was reversed at Lap 4, where a higher SS 
was most strongly associated with G3 over both G10 and G20 
(OR = 0.231 and OR = 0.094). A similar pattern was found in 
mass start, with a faster SS for both G10 and G20 than G3 
during Lap 2 (OR = 3.403 and OR = 19.958). Lap 3 was asso-
ciated with faster SS for G3 compared to G20 (OR = 0.156) but 
not for G10. Furthermore, Lap 4 was associated with a fast SS 
for G3 over both G10 and G20 (OR = 0.339 and OR = 0.126).
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Shooting profile

There was no change in MT between different seasons for 
women or men in the three different groups. MT during the 
four different shooting bouts during pursuit differed between 
each other (χ2 (3) = 581, p < 0.001). MT was lowest during both 
prone shooting bouts compared to both standing shooting 
bouts (p < 0.001). There were no differences in MT between 
the two prone (p = 0.093) or two standing shooting bouts 
(p = 0.959). For all years combined (2003–2019), the most 
frequent MT for both women and men was one for G3, two 
for G10 and three for G20 (Table 2).

Similar to pursuit, there was no change in MT in mass start 
between different seasons for women or men in the three 
different groups. MT between the four shooting occasions 
was different (χ2 (3) = 345, p < 0.001). The second prone 
shooting bout had the lowest MT compared to all other shoot-
ing bouts during the mass start events (p < 0.01). Similar to 
pursuit, the standing shooting bouts had the highest MT com-
pared to both prone shooting bouts (p < 0.001 for both) with 
no difference between the two standing shooting bouts 
(p = 0.401). The most frequent MT in mass start for both 
women and men for all years (2003–2019) was one for G3, 

two for G10 and three for G20 (Table 3). The ORs for different 
shooting bouts in regard to MT between groups for both pur-
suit and mass start are presented in Table 4.

Range time (RT)

Total overall RT times during pursuit differed between 2012 
and 2019 (χ2 (7) = 95.9, p < 0.001, ε2 = 0.0377) (Figure 3A and 
3B). The RT showed a noticeable decrease from 2012–2013 
compared to 2014 (p < 0.001) but remained unchanged 
between 2014 and 2019. In mass start events, RT changed 
between years (χ2 (7) = 44.2, p < 0.001, ε2 = 0.0281) 
(Figure 3C and 3D), and overall RT also decreased in 2014, 
2016 and 2018 compared to 2012 (p < 0.001 for all).

Separate RTs for G3, G10 and G20 for pursuit and mass start 
are presented in Table 5. In pursuit, the total overall RT was 
fastest in G3 (women = 208 [194–220] s; men = 188 [177–199] s) 
compared to both G10 (women = 209 [196–220] s; men = 191 
[179–203] s, OR = 1.007, 95% CI 1.0002–1.014, p = 0.043) and 
G20 (women = 211 [198–224] s; men = 192 [182–204] s, 
OR = 1.016, 95% CI 1.009–1.023, p = 0.006). In contrast, the 
overall RT in mass start was similar in G3 (women = 200 [190– 

Figure 1. The development of skiing speed in pursuit and mass start for women (A and C, respectively) and men (B and D, respectively) overall (black solid line, black 
squares), for group of ranks 1–3 (G3; black dashed line, black filled circles), ranks 4–10 (G10; grey dashes line, grey filled circles) and ranks 11–20 (G20; grey dashed line, 
white filled circles).
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211] s; men = 182 [174–190] s) and G10 (women = 202 [191– 
212] s; men = 183 [176–193] s, OR = 1.0077, 95% CI 0.9969– 
1.019, p = 0.165) but was lower compared to G20 (women = 205 
[194–216] s; men = 186 [177–194] s, OR = 1.0204, 95% CI 
1.0099–1.031, p < 0.001).

4. Discussion

To our knowledge, this is the first performance analysis study 
that investigates factors associated with rank in both pursuit and 
mass start in biathlon. According to the results presented here, 
the major determining factor for final rank is MT at all four 
shooting bouts for both types of races, independent of sex. 
Additionally, the most frequent MT is one for the podium 
place (G3), two missed targets for top ten (G10) and three for 
top twenty (G20) in both types of races. SS was the second most 
important factor in both pursuit and mass start. Fast SS in lap 
four of pursuit was most strongly related to a podium place, 
while SS during the first and second lap was the least related to 
a top three rank. In mass start, the fourth lap was also the most 
strongly associated with a podium rank. However, unlike pursuit, 
SS during the first lap in mass start was of minor importance for 
the final rank, while SS during the second lap was related to 
placement in the lower ranked groups. RT was the least impor-
tant determinant for final performance for both types of races. 

However, there was a distinct change for a faster RT for podium 
placement at the third shooting bout in pursuit, while this was 
reversed at the fourth shooting bout in mass start.

Skiing speed and Pacing

The overall SS for females and males increased significantly 
both in pursuit and mass start during the examined time per-
iod, which is in line with previous studies of biathlon sprint 
(Laaksonen, Finkenzeller et al., 2018). This increase is likely due 
to improvement in course preparation as well as developments 
in the production of skis, ski waxes and/or grinding (Laaksonen, 
Jonsson et al., 2018). For both females and males, the variation 
in overall SS in all three groups (G3, G10 and G20) was similar 
between seasons, which indicates that environmental factors 
also affect SS between seasons, as most of the competitions are 
held in the same venues during each season. Despite a trend 
for increased SS over the seasons, the changes in SS over 
season was different between pursuit and mass start as well 
as between sexes. Speculatively, this could be due to the fact 
that pursuit and mass start are seldom performed during the 
same event (on the “same” course) during the same season. 
Another factor might be changes in weather condition or tac-
tics across the seasons.

Figure 2. The skiing speed during different laps in pursuit and mass start for women (A and C, respectively) and men (B and D, respectively) overall (black solid line, 
black squares), for group of ranks 1–3 (G3; black dashed line, black filled circles), ranks 4–10 (G10; grey dashes line, grey filled circles) and ranks 11–20 (G20; grey 
dashed line, white filled circles).
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G3 stands out as the fastest group compared to G10 and 
G20, indicating that SS is an important factor for overall biath-
lon performance both in pursuit and mass start. However, in 
practical terms, the difference in overall SS was small; for exam-
ple, between groups G3 and G20 for females, the difference 
was 30 and 24 s for pursuit and mass start, respectively, and for 
males, the difference was 18 and 11 s, respectively. Thus, during 
a pursuit or mass start competition, G20 needs to ski approxi-
mately one penalty loop (~22–25 s) faster to have a possibility 

to achieve a place in G3. This highlights the importance of 
shooting accuracy for overall performance within these 
disciplines.

As shown in Figure 1, the difference in SS between G3 and 
G20 was larger for females than males, indicating that the 
overall level of competition level is more intense for males. 
This was more apparent when comparing SS between different 
laps in pursuit and mass start (Figure 2). In other words, there 
are several male biathletes who ski almost as fast as the top 
ranked biathletes, or even faster during some seasons, which 
means that poorer shooting accuracy in G10 and G20 has 
affected the final performance. For females, one explanation 
for larger differences in SS between groups might also be that 
there were a few biathletes with relatively high SS compared to 
the others. This is in line with observations from an analysis of 

the individual competition between seasons 2012 and 2016 
(Luchsinger et al., 2019) where most of the variation in final 
performance in that competition type was explained by SS for 
females (54%) but not for males (42%), while for shooting 
accuracy, these numbers were reversed. However, during the 

Table 1. Multi-nominal logistic regression for skiing speed for different laps in 
pursuit and mass start in IBU WC 2003–2019.

Pursuit start

Group OR 95% CI p – value
G10 – G3
Lap 1 (m·s−1) 1.230 1.006–1.504 0.043
Lap 2 (m·s−1) 3.432 1.630–7.227 0.001
Lap 3 (m·s−1) 0.616 0.254–1.494 0.284
Lap 4 (m·s−1) 0.231 0.103–0.514 <0.001
Lap 5 (m·s−1) 1.294 1.072–1.562 0.007
W – M 0.870 0.670–1.130 0.297
G20 – G3
Lap 1 (m·s−1) 1.366 1.126–1.658 0.002
Lap 2 (m·s−1) 7.426 3.603–15.305 <0.001
Lap 3 (m·s−1) 0.536 0.228–1.259 0.152
Lap 4 (m·s−1) 0.094 0.043–0.204 <0.001
Lap 5 (m·s−1) 1.107 0.924–1.326 0.269
W – M 0.674 0.524–0.867 0.002

Mass start
G10 – G3
Lap 1 (m·s−1) 1.223 0.871–1.718 0.245
Lap 2 (m·s−1) 3.408 1.388–8.364 0.007
Lap 3 (m·s−1) 0.459 0.156–1.347 0.156
Lap 4 (m·s−1) 0.339 0.137–0.840 0.019
Lap 5 (m·s−1) 1.069 0.795–1.437 0.661
W – M 0.716 0.510–1.006 0.054
G20 – G3
Lap 1 (m·s−1) 1.466 1.053–2.040 0.023
Lap 2 (m·s−1) 19.958 8.286–48.069 <0.001
Lap 3 (m·s−1) 0.156 0.055–0.445 <0.001
Lap 4 (m·s−1) 0.126 0.052–0.306 <0.001
Lap 5 (m·s−1) 0.811 0.610–1.079 0.151
W – M 0.511 0.367–0.709 <0.001

Lap, mean lap speed expressed as m·s−1; W, women; M, men; G3, rank 1–3; G10 
rank 4–10; G20 rank 11–20. Data are reported as odds ratio (OR) with a 95% 
confidence interval (95% Cl) and p-values.

Table 2. Number of missed targets in pursuit events in IBU WC 2003–2019.

Pursuit start

Sex Group 0 1 2 3 4 5 6 7 8 9 10 Total
M G3 63 124 103 73 21 10 1 1 0 0 0 396

G10 99 203 254 196 103 40 17 3 2 1 0 918
G20 58 204 307 321 226 106 55 16 2 0 2 1297
Total 220 531 664 590 350 156 73 20 4 1 2 2611

χ2 (20, N = 2611) = 199, p < 0.001, V = 0.195)
W G3 52 117 110 57 38 16 3 1 0 0 0 394

G10 80 186 240 190 125 56 24 11 3 1 1 917
G20 58 184 281 327 239 127 57 21 11 2 2 1309
Total 190 487 631 574 402 199 84 33 14 3 3 2620

χ2 (20, N = 2620) = 161, p < 0.001, V = 0.175)
Total G3 115 241 213 130 59 26 4 2 0 0 0 790

G10 179 389 494 386 228 96 41 14 5 2 1 1835
G20 116 388 588 648 465 233 112 37 13 2 4 2606
Total 410 1018 1295 1164 752 355 157 53 18 4 5 5231

χ2 (20, N = 5231) = 347, p < 0.001, V = 0.182)

M, men; W, women; G3, rank 1–3; G10 rank 4–10; G20 rank 11–20. Bold numbers represent mode for each group and sex.

Table 3. Number of missed targets in mass start in IBU WC 2003–2019.

Mass start

Sex Group 0 1 2 3 4 5 6 7 8 9 Total
M G3 61 76 66 28 9 2 0 0 0 0 242

G10 35 123 204 105 68 21 3 0 0 0 559
G20 13 73 158 235 185 83 43 11 0 0 801
Total 109 272 428 368 262 106 46 11 0 0 1602

χ2 could not be calculated as two columns contains all zeros (18, N = 1602)
W G3 39 78 76 37 15 3 0 0 0 0 248

G10 47 125 175 121 67 28 11 4 0 0 578
G20 15 82 160 207 181 96 56 21 4 3 825
Total 101 285 411 365 263 127 67 25 4 3 1651

χ2 (18, N = 1651) = 285, p < 0.001, V = 0.294)
Total G3 100 154 142 65 24 5 0 0 0 0 490

G10 82 248 379 226 135 49 14 4 0 0 1137
G20 28 155 318 442 366 179 99 32 4 3 1626
Total 210 557 839 733 525 233 113 36 4 3 3253

χ2 (18, N = 3253) = 681, p < 0.001, V = 0.324)

M, men; W, women; G3, rank 1–3; G10 rank 4–10; G20 rank 11–20. Bold numbers 
represent mode for each group and sex.
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most recent season analysed in the present study, 2019, the 
difference in SS between groups, at least in mass start, seemed 
to be similar in both females and males, indicating that the 
level of competition among females has become similar to that 
for male biathletes in terms of SS.

The fastest SS was associated with the highest ranked group 
in both women and men for both pursuit and mass start. 
However, the differences for overall SS were less than 
0.2 m·s−1 for women and men between groups, with larger 
variations within the groups over the years. Within the respec-
tive ranking groups, a faster SS in pursuit was equally important 
for women and men in terms of moving from G10 to G3. 
However, the move from G20 to G10 differed between the 
sexes, as the importance of a faster SS was more evident for 
males than for females.

The overview of SS during the pursuit showed a variation 
between laps that resembled a reversed J-shaped curve with 
the first lap being the fastest and the fourth lap the slowest. 
Such a pacing pattern was seen for both women and men. This 
is in line with individual competition in biathlon(Luchsinger 
et al., 2019). However, this is in sharp contrast to individual 
cross-country skiing World Cup races for similar distances, 
which show a pattern of positive pacing with no end-spurt 
during the last part of the race (Losnegard et al., 2016). 
Interestingly, a fast second lap was three and seven times 
more likely to be associated with a G10 and G20 ranking than 
a G3. A possible explanation for why these groups showed 

Table 4. Multi-nominal logistic regression for number of missed targets in pursuit 
and mass start events in IBU WC 2003–2019.

Pursuit start

Group OR 95% CI p – value
G10 – G3
1st prone shooting (n) 1.206 1.055–1.380 =0.006
2nd prone shooting (n) 1.295 1.132–1.480 <0.001
1st standing shooting (n) 1.263 1.128–1.410 <0.001
2nd standing shooting (n) 1.401 1.246–1.570 <0.001
W – M 0.967 0.817–1.140 =0.694
G20 – G3
1st prone shooting (n) 1.529 1.345–1.740 <0.001
2nd prone shooting (n) 1.612 1.416–1.840 <0.001
1st standing shooting (n) 1.618 1.451–1.800 <0.001
2nd standing shooting (n) 1.729 1.544–1.940 <0.001
W – M 0.930 0.789–1.100 =0.386

Mass start
G10 – G3
1st prone shooting (n) 1.340 1.124–1.598 =0.001
2nd prone shooting (n) 1.709 1.399–2.089 <0.001
1st standing shooting (n) 1.591 1.357–1.865 <0.001
2nd standing shooting (n) 1.934 1.628–2.297 <0.001
W – M 0.996 0.801–1.238 =0.971
G20 – G3
1st prone shooting (n) 2.172 1.824–2.586 <0.001
2nd prone shooting (n) 2.950 2.418–3.600 <0.001
1st standing shooting (n) 2.657 2.265–3.116 <0.001
2nd standing shooting (n) 3.124 2.628–3.715 <0.001
W – M 0.928 0.743–1.160 =0.512

Shooting (n) represent number of missed targets; W, women; M, men; G3, place 
1–3; G10 place 4–10; G20 place 11–20. Data are reported as odds ratio (OR) with 
a 95% confidence interval (95% Cl) an p-values.

Figure 3. The overall range time in pursuit and mass start for women (A and C, respectively) and men (B and D, respectively) overall (black solid line, black squares), for 
group of ranks 1–3 (G3; black dashed line, black filled circles), ranks 4–10 (G10; grey dashes line, grey filled circles) and ranks 11–20 (G20; grey dashed line, white filled 
circles).
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a stronger association at the second lap could be related to 
poor shooting and the need to increase SS to remain in con-
tention. However, a faster fourth lap had a four to ten times 
higher impact on performance and reaching a podium place. 
Even though the fifth lap is the end-spurt lap where the biath-
letes do not need to take shooting into consideration, it is not 
as fast as the first lap for most biathletes. A faster fifth lap seems 
only to be of importance for changing rank from G10 to G3, 
with no chance of moving from G20 to G3.

In contrast to pursuit, the mass start begins with a slower 
first lap, which seems to be of less importance for the final rank. 
The reason for the slower first lap could be related to pacing 
strategies. Previous researchers have observed that biathletes 
are less inclined to use an aggressive pace from the start (Swart 
et al., 2009). Additionally, given the relatively small differences 
in overall SS between these three groups, it can be speculated 
that there is no need to adopt a fast pace during the first lap, as 
the length of the lap is relatively short (2.5 km for women, 3 km 
for men) and a biathlete cannot gain a large time advantage 
even with a very fast pace. The major difference is in the second 
lap, which is the fastest lap for all biathletes (together with lap 5 
for G3 and G10 in men, and lap 5 for G3 in women), where the 
likelihood is twenty times higher to be in the lowest ranked 
group (G20) using a relatively faster SS during this lap com-
pared to the podium ranked biathletes. Again, it is highly likely 
that the lowest ranked group did not perform as well at the 
shooting range and had to increase speed, and therefore used 
their anaerobic capacity to a greater extent to make up time. 
The immediate turnaround at the third and the fourth lap 

supports this assumption, as it has a six times greater impact 
on performance for the biathletes to be in G3 with a fast lap (as 
shown in Figure 2), where the SS in G3 decreases less than in 
G10 and G20 after lap two for men and women, respectively.

Shooting profile

In general, MT was similar between seasons, indicating only 
minor changes or no changes in shooting accuracy over the 
years. This might be due to the fact that the best biathletes 
already have a high shooting accuracy and therefore further 
improvement in shooting accuracy is difficult. MT was lower 
in prone bouts compared to standing shooting bouts both 
in pursuit and mass start, which is partly in line with pre-
vious investigations of biathlon pursuit where shooting 
accuracy (penalty time) in standing shooting and start 
time explained approximately 80% of the final performance, 
and where shooting accuracy in standing explained 70–90% 
of the total shooting accuracy (Luchsinger et al., 2020). The 
shooting profile within the specific ranks was evident, as the 
most frequent MT was one, two and three for G3, G10 and 
G20, respectively. This pattern was robust for both pursuit 
and mass start and for both men and women. Furthermore, 
these results confirm previous findings that a third missed 
target is particularly detrimental for achieving a top-ranked 
position in biathlon races containing 20 targets (Björklund, 
2018).

Compared to the other performance indicators in the cur-
rent study, MT was the most robust variable for group rank. In 
pursuit, a low MT at all four shooting bouts was associated with 
podium ranking. The strongest association with podium rank-
ing was the fourth shooting bout. In this case, a missed target 
increased the likelihood of going from a G3 to G10 or G20 rank 
by either 40% or 73%, respectively.

Mass start also showed a similar scenario. MT at all four 
shooting bouts increased the probability of falling from G3 to 
either G10 or G20. A missed target at the fourth shooting 
occasion the chance of remaining in G3 to G10 is reduced by 
half and made it three times more likely to fall to G20. There 
were no differences between the sexes for missed number of 
targets. Although it appears that MT was the most robust 
variable for group rank in both types of races, shooting perfor-
mance seems even more crucial in mass start races than in 
pursuit.

Range time

In comparison to skiing speed, RT showed only small statistical 
changes over the seasons. In pursuit, G3 was the fastest group 
followed by G10 and G20, whereas in mass start, there was no 
difference between G3 and G10, but G20 was the slowest. 
However, this indicates that G3 also gained some advantage 
in time spent on the shooting range, at least in pursuit. 
However, in practical terms, this difference between G3 and 
G20 (3–5 s over four shooting bouts) is marginal, and as is 
shown for ORs, RT is not a determining factor for the final 
performance in biathlon pursuit or mass start races. This is 
also in line with earlier investigations into sprint (Dzhilkibaeva 
et al., 2019; Luchsinger et al., 2018), individual (Luchsinger et al., 

Table 5. Multi-nominal logistic regression for range time in pursuit and mass start 
in IBU WC 2003–2019.

Pursuit start

Group OR 95% CI p – value
G10 – G3
RT 1 (s) 0.948 0.910–0.986 0.009
RT 2 (s) 1.024 0.983–1.066 0.256
RT 3 (s) 0.992 0.972–1.028 0.664
RT 4 (s) 1.067 1.030–1.105 <0.001
W – M 0.907 0.688–1.197 0.491
G20 – G3
RT 1 (s) 0.995 0.959–1.034 0.813
RT 2 (s) 1.019 0.981–1.060 0.333
RT 3 (s) 0.992 0.958–1.026 0.637
RT 4 (s) 1.062 1.027–1.099 <0.001
W – M 0.759 0.582–0.989 0.041

Mass-start
G10 – G3
RT 1 (s) 0.921 0.869–0.976 0.006
RT 2 (s) 0.989 0.933–1.049 0.714
RT 3 (s) 1.061 0.999–1.126 0.053
RT 4 (s) 1.064 1.007–1.124 0.027
W – M 0.849 0.577–1.248 0.405
G20 – G3
RT 1 (s) 0.879 0.830–0.930 <0.001
RT 2 (s) 1.052 0.995–1.113 0.077
RT 3 (s) 1.094 1.033–1.159 0.002
RT 4 (s) 1.076 1.020–1.134 0.007
W – M 0.632 0.435–0.918 0.016

RT, range time (s); W, women; M, men; G3, rank 1–3; G10 rank 4–10; G20 rank 11– 
20. 

Data are reported as odds ratio (OR) with a 95% confidence interval (95% Cl) and 
p-values.
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2019) and pursuit (Luchsinger et al., 2020) competitions, how-
ever, it must be pointed out that in these competition types 
(pursuit and mass start), faster shooting may determine a final 
rank in some cases, as the difference between final ranks is 
quite often only a few seconds.

Taken as a whole, when comparing biathletes in G3 and G20, 
G20 loses ~24–30 (women) and ~11–18 s (men) in pure skiing 
time in pursuit and mass start competitions, and at the same 
time, G20 loses ~5 s in overall time spent on the shooting 
range. However, G20 misses two penalties more, meaning 
that they lose ~44–50 s when skiing the penalty loops. For 
G10, the time loss in SS and range time is even lesser compared 
to G3. Thus, as the total time loss in skiing and range time is less 
than the time loss due to one (G10) or two (G20) penalty loops, 
it is apparent that shooting accuracy is the most important 
factor for the final performance in biathlon pursuit and mass 
start.

From practical perspective, the findings of the present study 
could be used by biathletes in order to understand the require-
ments for these competition types. Also, the observed trend for 
increased SS in these competitions may also occur in the future 
and should therefore be considered in training planning (e.g., 
power training, high speed skiing training). As there were no 
changes in RT or MT over the seasons these factors might be 
most likely to have an effect on performance.

5. Conclusion

In both biathlon pursuit and mass start competitions, shooting 
accuracy is the most important factor for the final performance 
than the skiing speed. The only variable that was consistently 
found to be related to G3 for men and women was the number 
of missed targets. Consequently, MT was most strongly related 
to final rank in both sexes. Furthermore, the results presented 
here show that the overall SS tends to increase from 2003–2019 
in both in pursuit and mass start, regardless of sex. However, 
the pacing is different between pursuit and mass start. SS, and 
to a certain degree RT, are faster in top ranked biathletes, but 
the time loss due to increased penalties in G10 and G20 is 
higher, leading to a lower final rank. In all, skiing speed is 
important but shooting accuracy in terms of number of missed 
shots is the most important factor for the final performance in 
pursuit and mass start races in biathlon.
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