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SPORTS PERFORMANCE
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Sciences (GIH), Department of Physiology, Nutrition and Biomechanics, Stockholm, Sweden; cFaculty of Sport Sciences, University of Aix-Marseille, 
Marseille, France; dCentre for Elite Sports Research, Department of Neuromedicine and Movement Science, Norwegian University of Science and 
Technology, Trondheim, Norway

ABSTRACT
This study investigated micro-pacing strategies during sit para-biathlon. Six elite sit para-biathletes wore 
a positioning system device during the world-championships in three different competition formats 
(Sprint, Middle-distance, and Long-distance). Total Skiing Time (TST), penalty-time, shooting-time, and 
Total Race Time (TRT) were analysed. One-way analyses of variance were used to compare the relative 
contributions of TST, penalty-time, and shooting-time to TRT across the three race formats. Statistical 
parametric mapping (SPM) was used to determine the course positions (clusters) where instantaneous 
skiing speed was significantly associated with TST. The contribution of TST to TRT was lower for the Long- 
distance (80 ± 6%) compared to the Sprint (86 ± 5%) and Middle-distance (86 ± 3%) races, however this 
difference was not statistically significant (p > 0.05). The proportional contribution of penalty-time to TRT 
was significantly greater (p < 0.05) for the Long-distance (13 ± 6%) compared to the Sprint (5 ± 4%) and 
Middle-distance (4 ± 3%) races. Statistical parametric mapping (SPM) revealed specific clusters where 
instantaneous skiing speed was significantly associated with TST. For example, over all laps during the 
Long-distance race, the fastest athlete gained 6.5 s over the slowest athlete in the section with the 
steepest uphill. Overall, these findings can provide insights into pacing strategies and help para-biathlon 
coaches and athletes optimise training programmes to improve performance.
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Introduction

Biathlon is a winter sport that involves the combination of 
cross-country (XC) skiing and precision rifle shooting, where 
athletes compete over a biathlon course of a certain distance 
(IBU, 2021). Since the 1988 Paralympic Winter Games in 
Innsbruck, biathlon has also been open to athletes with physi
cal or visual impairments, also known as “para-biathlon”. Para- 
biathlon is performed as per able-bodied biathlon but with 
some adaptations. For example, competition is performed on 
an adapted course, where the total climb per lap is limited to 
between +35 m and +65 m and the distance of the shooting 
target is reduced from 50 m to 10 m (IPC, 2017). In addition, the 
distances of the various race formats are shorter than the 
distances of able-bodied biathlon (IPC, 2017). Furthermore, 
para-biathletes compete in different categories depending on 
their impairments, which includes athletes with a visual impair
ment, athletes with an upper-body or lower-body impairment 
who can compete in a standing position, and athletes with 
physical impairments who compete in a sitting position. 
Within each category, athletes are further divided into several 
classes depending on how much their impairment affects their 
performance (Visual Impairment: B1-B3; Standing: LW2-LW9; 
Sitting LW10-LW12). However, unlike many other para-sports, 
para-biathletes compete against athletes in other classes within 
the same category. A time factor is applied on the athlete’s race 
duration in an attempt to ensure even competition between 

athletes of different classes and functional impairments 
(Carlsen et al., 2022; IPC, 2017, 2020; Rosso et al., 2021).

In endurance sports, the ability to optimally distribute 
energy over the duration of a race, otherwise known as pacing, 
is a vital component to success (Abbiss & Laursen, 2008; Foster 
et al., 2005). Previous research has highlighted that pacing 
strategies can be influenced by many factors, such as sex, 
age, level of athlete and race format (e.g., more even pacing 
in higher ranked biathletes and more speed variation for 
women compared to men) (E. P. Andersson et al., 2019, 
Ardigò et al., 2020; Sollie et al., 2021; Staunton et al., 2022). 
Accordingly, it appears that the pacing strategy is dependent 
upon both the physical capacity of an athlete and the race 
format (Stöggl et al., 2018). However, it remains unknown 
what factors influence pacing strategies within para-biathlon 
(e.g., race formats).

It is well understood that XC skiing is an important compo
nent of biathlon performance (Dzhilkibaeva et al., 2019) where 
athletes must ski quickly and manage their efforts in order to 
maintain precision whilst shooting (Bjorklund et al., 2022; 
Hoffman et al., 1992; Langegger, 2019). Previous research has 
provided coaches with a good understanding of the lap-to-lap 
pacing strategies adopted within elite-level biathlon 
(Luchsinger, Kocbach, et al., 2019). For example, it is under
stood that top biathletes tend to adopt a “J-shaped” pacing 
strategy, where athletes start with a strong skiing effort before 
managing effort during the middle laps to maintain good 

CONTACT Craig A. Staunton craig.staunton@miun.se Swedish Winter Sports Research Centre, Kunskapens väg 8, Hus D, Östersund 831 25, Sweden

JOURNAL OF SPORTS SCIENCES                        
2023, VOL. 41, NO. 7, 646–653 
https://doi.org/10.1080/02640414.2023.2231770

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the Accepted Manuscript in 
a repository by the author(s) or with their consent.

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/02640414.2023.2231770&domain=pdf&date_stamp=2023-07-24


shooting accuracy and finish the race with another strong 
skiing effort (Luchsinger, Kocbach, et al., 2019; Bjorklund et al.,  
2022). However, these lap-to-lap pacing analyses do not pro
vide information about the performance and pacing strategies 
used within each lap (i.e., micro-pacing). Athletes might use 
micro-pacing strategies whereby they increase effort during 
specific sections of a course. For example, more recent research 
has investigated these micro-pacing strategies adopted during 
XC skiing (Ihalainen et al., 2020; Staunton et al., 2022) and 
reported that the best skiers separate themselves from the 
slower skiers during specific course sections, particularly in 
the uphill and transition sections between downhill and uphill.

Despite this, lesser attention in the sports science research 
has been given to biathlon (Luchsinger, Kocbach, et al., 2019,b), 
and no studies have investigated micro-pacing strategies in 
para-biathlon. In particular, the sitting category (SIT) of para- 
biathlon (classes LW10-LW12) is of special interest given these 
athletes use a different skiing position and apparatus (i.e., 
a specifically designed sledge) which impact the performance 
(Lund Ohlsson & Laaksonen, 2017). Unlike the other categories, 
where forward propulsion is generated using a variety of sub- 
techniques, the SIT biathletes can only use their upper body by 
pushing off with their poles (i.e., Upper-Body Double Poling 
technique) (Baumgart et al., 2019).

A better understanding of the performance and micro- 
pacing strategies used in SIT biathlon could assist the develop
ment of the sport and improve performance for future compe
titions. Further, analyses of pacing strategies in SIT biathlon 
could assist the identification of individual athlete’s strengths 
and weaknesses and help to formulate individualised training 
programmes. Accordingly, this study aimed to investigate the 
performance and micro-pacing strategies adopted during dif
ferent SIT biathlon races. In particular, this study aimed to 
examine performance in different aspects of SIT biathlon (e.g., 
total skiing time, penalty time and shooting time) over different 
race formats, as well as examine which sections of skiing are 
particularly important for successful skiing performance (i.e., 
micro-pacing).

Methods

Participants

Six elite male para-biathletes volunteered to participate in this 
study. All para-biathletes competed in the SIT classification 
(LW10-LW12) and participated in all three biathlon races (Long- 
distance, Middle-distance and Sprint races). Four of the six ath
letes were classified as LW12 and had a time factor of 100% (i.e., 
no time adjustment). One athlete was classified as LW11.5 and 
had a time factor of 96% and one athlete was classified as LW10 
and had a time factor of 87%. All athletes gave written informed 
consent before the study. Ethical approval for this study was 
granted by the Norwegian Centre for Research Data (ID 
710992) and conducted in line with the Declaration of Helsinki.

Design

Data collection was conducted during the 2021 World Para 
Snow Sports Championships, Lillehammer, Norway. The 

format of the competition race was based on the World 
Para Nordic Skiing (WPSN) and was guided by the rules of 
the International Paralympic Committee (IPC, 2020). Each 
race was performed as a time trial event with a delayed 
start between all athletes. The Long-distance race was 
approximately 12.5 km of skiing distributed over five laps 
(approx. 2.5 km each) with four shooting bouts (one missed 
shot resulted in a 1 min penalty). The Middle-distance race, 
was approximately 10 km of skiing distributed over five laps 
(approx. 2 km each) with four shooting bouts, and the Sprint 
race was approximately 6 km of skiing distributed over three 
laps (approx. 2 km each) with two shooting bouts. For the 
Middle-distance and the Sprint races, one missed shot 
resulted in one penalty lap of ~150 m. For all classes, the 
shooting bouts were performed in the prone position. As per 
WPSN and IBU rules, para-biathletes do not carry the rifle 
during skiing, and it remains in place at the shooting range. 
The athletes competed with their own equipment (sledge, 
poles), with the exception of the rifle, which was provided by 
the race organisers.

A commercial GNSS sensor was worn by each athlete during 
competition (AdMos, Advanced Sport Instrument, Lausanne, 
Switzerland; dimensions 65 mm × 35 mm × 15 mm; mass: 35 g). 
The use of GNSS sensors to measure performance and pacing 
strategies (i.e., XC skiing speed), has been previously applied in 
able-bodied XC skiing by Gløersen et al. (2018); Ihalainen et al. 
(2020); Staunton et al. (2022) and also in para-XC skiing 
(Baumgart et al., 2019). Approximately 30 min prior to the race, 
the GNSS sensors were placed outside in order to adapt to the 
climatic conditions and to allow the acquisition of satellite sig
nals, in line with the manufacturer’s guidelines. The sensor was 
positioned on the athlete’s upper back between the scapulae 
using customised pouches attached the competition race bib. 
GNSS data were directly downloaded after the race onto perso
nal computers for analyses. The GNSS sensor sampled position
ing data at a frequency of 10 Hz with 30 cm of relative position 
accuracy in all directions, which is adequate to investigate sport 
performance (Malone et al., 2017), especially in biathlon skiing 
with moderate speeds and limited quick changes in direction.

Data analysis

The course for each race was separated into discrete uphill, flat 
and downhill sections as displayed in Figure 1. Uphill was 
defined at any segment of the course with >2 m elevation 
change and were >30 m in length (shaded light grey). 
Downhill sections were defined as course sections with an 
elevation change of at least −2 m and greater than 200 m in 
length; or steeper sections less than 200 m in length with an 
elevation change of at least −6 m (shaded dark grey). Flat 
sections were defined as course sections more than 100 m 
with an elevation change between −2 and +2 m (moderate 
grey). Sections not fulfiling these criteria were considered 
“other” sections and were not included in track section analyses 
(shaded white). Due to different positions of the start, split and 
finish lines, the lap and section lengths varied slightly at the 
beginning and end of the lap. For example, the first lap of all 
three races was approximately 50 m longer because of the 
positioning of the start line. Accordingly, the beginning and 
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end of the track were also not included as “sections” (shaded 
white).

In order to compare the skiing parameters/performances 
(time analysis) in the same location of the track and correct 
the GNSS positioning measurement, a coordinate mapping 
procedure was applied as described previously by Gløersen 
et al. (2018), Ihalainen et al. (2020) and Staunton et al. 
(2022). Briefly, a common trajectory was used as 
a reference (i.e., reference track data). The reference trajec
tory corresponded with the coordinates of the fastest ath
lete from each race. First, the raw data from the reference 
trajectory were filtered with second-order low-pass 
Butterworth filter with a cut-off frequency of 5 Hz to remove 
artefacts created by postural movements (Gløersen et al.,  
2018). Second, data were interpolated to each integer metre 
using a second order cubic spline and filtered again with 
the same low-pass Butterworth filter used previously. These 
filter cut-off frequencies were selected from visual inspec
tion of the power spectrum and are in line with the cut-off 
frequencies used in similar research (Jølstad et al., 2021; 
Staunton et al., 2022). Subsequently, these data were used 
to apply a coordinate mapping procedure to correct the 
positioning of all athletes to the same trajectory (Ihalainen 
et al., 2020; Staunton et al., 2022). Following this, the fil
tered GNSS data were corrected based on the minimum 
Euclidean distance (d) in two dimensions (latitude, long
itude) (Equation 1) between the filtered reference track 
and the filtered race positioning data. For each position of 
the reference coordinates the minimum Euclidean distance 
was calculated throughout a window of 30 m. This per
mitted the calculation of instantaneous skiing speed at 
every 1 m integer of the skiing course for each athlete. All 
data were calculated according to the biathlete’s individual 
time factor (the speed was adjusted for time factors not 
equal to 100%). For all athletes with a time factor of 100% 
the time and speed were not adjusted. 

Where x1 = latitude reference coordinate, x2 = latitude athlete 
coordinate, y1 = longitude reference coordinate, y2 = longitude 
athlete coordinate

In order to permit analysis of the pacing strategies, the 
skiing and shooting components of each race were separated 
by excluding the shooting range (distance of 73 m; IPC, 2020) 
and the penalty loop from the GNSS race data. This permitted 
the calculation of the Total Skiing Time (TST) and Section Skiing 
Time (SST) in addition to the Total Race Time (TRT), penalty time 
and shooting time. TRT was the official result of the race 
released by competition organisation.

Statistical analyses

The normality of the data was confirmed using the Shapiro– 
Wilk test and the equality of variance with Levene’s test. Four 
separate one-way analyses of variance (ANOVA) were per
formed in order to compare the relative contributions of total 
skiing time (TST), Penalty Time and Shooting Time to the total 
Race Time (TRT), as well as the mean skiing speed between 
each race format. The main effects were followed up with 
pairwise comparisons using Bonferroni corrections. In order to 
determine which track sections were of greatest relevance to 
overall skiing time, relationships between TST and SST were 
determined using Pearson’s correlation coefficient (with 95% 
confidence intervals). Correlations were classified as follows: 
Poor: < 0.5, Moderate: 0.5 - < 0.7, Good: 0.7 - < 0.9, Excellent: 
≥ 0.9. Consequently, a statistical parametric mapping (SPM) 
procedure was performed for each section where a significant 
(p < 0.05) correlation was found between TST and SST. SPM 1D 
one-tailed linear regression models were applied by using an 
SPM open-source procedure (Pataky, 2019) in MATLAB (The 
MathWorks Inc, 2019b). This procedure gives SPM{t} curves 
which represent the alpha values (with a critical threshold of   

Figure 1. Depiction of the para-biathlon course profile (Panel A: Long-distance race, 2.5 km loop; Panel B: Middle-distance race and Sprint race, 2 km loop without U4 and with 
D2 replaced by D2alt) with the shooting range and penalty loop sections removed for analyses of skiing pacing strategy. Notes: Light grey = Uphill; Dark grey = downhill; 
Moderate grey = flat; White = “other” sections not included in the analyses. U1 = Uphill Section 1, U2 = Uphill Section 2 etc.; D = Downhill; F = Flat.

648 G. RISPAL ET AL.



α = 0.05) of the relationship between instantaneous speed 
(including time factor adjusted speed) at every 1 m with TST. 
When the SPM{t} curve exceeded the alpha threshold, it was 
deemed that instantaneous skiing speed was significantly 
related to TST. These track sections are termed SPM “clusters”.

Results

TRT, mean skiing speed, the proportional contribution of TST, 
Penalty Time and Shooting Time to TRT for each race format are 
displayed in Table 1. Despite differences between race formats 
in the magnitude of proportional contributions of TST to TRT, 
these did not reach statistical significance (p > 0.05). However, 
there were main effects for the proportional contributions of 
Penalty Time (F2,10 = 6.639, p = 0.008) and Shooting Time (F2,10  

= 5.379, p = 0.016) to TRT. The proportional contribution of 
Penalty Time to TRT was greater for the Long-distance race 
compared to both the Sprint (mean difference Long-distance 
vs. Sprint: 7 ± 6%; p = 0.023) and the Middle-distance (mean 
difference Long-distance vs. Middle-distance: 9 ± 8%; p =  
0.014) races. The proportional contribution of Shooting Time 
was greater for the Middle-distance race compared to the 
Long-distance race (mean difference: 3 ± 2%; p = 0.014) but 

not the Sprint (mean difference: 2 ± 1%; p = 0.414). There was 
a main effect for mean skiing speed between race formats 
(F2,10 = 13.600, p < 0.001). Mean skiing speed was lower for 
the Long-distance race compared to the Sprint (mean differ
ence: Long-distance vs. Sprint: 0.6 ± 0.1 m·s−1; p < 0.001) and 
the Middle-distance race (mean difference Long-distance vs. 
Middle-distance: 0.5 ± 0.1 m·s−1; p = 0.001).

Correlation between Section Skiing Time (SST), Total 
Skiing Time (TST) and Total Race Time (TRT)

Significant relationships were found between SST and TST, as 
well as SST and TRT for different sections for all three races 
(Figure 2). Statistical parametric mapping (SPM) was performed 
for each section where a significant (p < 0.05) correlation was 
found between TST and SST because these track sections were 
deemed to be of higher relevance to performance and overall 
skiing time.

SPM analyses ‘Micro-pacing’

The SPM regressions revealed 21 “clusters” over the five laps of 
the Long-distance race, two clusters for the Middle-distance 

Table 1. Total Race Time and the proportional contributions of total skiing time, penalty time and shooting time for all race formats.

Total Race Time Mean skiing speed (m·s−1) Total Skiing Time Penalty Time Shooting Time

Sprint 22 min 13 s ±1 min 48 s 5.3 ± 0.2 86 ± 5% 5 ± 4% 9 ± 1%
Middle-distance 36 min 35 s ±2 min 10 s 5.2 ± 0.2 86 ± 3% 4 ± 3% 11 ± 1%#
Long-distance 56 min 30 s ±6 min 39 s 4.8 ± 0.3* 80 ± 6% 13 ± 6%* 8 ± 2%

Mean ± SD; * = different to all other race formats (p < 0.05); # = different to Long-distance only (p < 0.05).

Figure 2. Heatmap representing the summary of the Pearson correlation coefficients between Section Skiing Time (SST) and Total Skiing Time (TST) as well as between 
Section Skiing Time (SST) and Total Race Time (TRT) of all laps for all three races. Notes: TST: Total Skiing Time; TRT: Total Race Time; (*) p-value <0.05, (**) p-value 
<0.01, (***) p-value <0.001). Due to the course distance difference, D2 corresponds to D2alt in the Middle-distance or Sprint races and U4 was not included. U1 = Uphill 
Section 1, U2 = Uphill Section 2 etc.; D = Downhill; F = Flat.
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race (both occurring on the fifth lap), and six clusters for the 
Sprint race spread over the three laps.

Figure 3 displays the altitude profile and “cluster” locations 
(in green shaded area) for each lap of the Long-distance, 
Middle-distance and Sprint races. These “clusters” represent 
sections of the race where there were significant relationships 
between instantaneous skiing speed and TST. In addition, the 
total time gained within these “clusters” by the fastest athlete 
over the slowest athlete for each lap is displayed. The time 
gains by the fastest athlete over the slowest athlete were great
est for lap 5 of the Long-distance race where the fastest athlete 
gained 10.3 s on the slowest (Panel A). On the other hand, lap 3 
of the sprint race was associated with a time gain of only 0.2 
s between the fastest and slowest athlete (Panel B).

In particular, sections with the steepest gradients were 
associated with large time differences between the fastest 
and slowest athletes. For example, Figure 4 displays the 
altitude profile and the SPM{t} curve for section U6 on lap 
2 of the Long-distance race. In this section, there was an 8  
m cluster (t = −6.101, P < 0.05) that corresponded with 
a steep track section with an elevation of +1.1 m or 
a gradient of 14% (at 138–146 m of the section). Over this 
8 m cluster, the fastest skier gained 1.4 s on the slowest 
skier. Over all laps in section U6 in the Long-distance race, 
the fastest skier gained 6.5 s on the slowest skier.

Discussion

This study analysed the performance and micro-pacing strate
gies in three different race formats in SIT para-biathlon. The 
main findings of this study were as follows: (1) the proportional 
contributions of TST, Penalty Time and Shooting Time to TRT 
varied according to the race format, which might reflect differ
ent pacing strategies in different race formats; (2) SPM regres
sions revealed specific track sections (clusters) where the 
instantaneous skiing speed was significantly correlated with 
TST; (3) SPM analyses are suitable to identify crucial track sec
tions that might guide micro-pacing strategies in SIT biathlon.

An interesting finding from the present study was that the 
proportional contributions of TST, Penalty Time and Shooting 
Time varied according to the race format. Although not statis
tically different between race formats, the proportional contri
butions of TST to TRT were lowest for the Long-distance race. 
This coincided with a slower mean skiing speed in the Long- 
distance race compared to the other race formats. In addition, 
the proportional contribution of Penalty Time to TRT was sta
tistically greater for the Long-distance race compared to the 
other two race formats. An obvious explanation for a lower 
skiing speed during the Long-distance race is pacing and devel
opment of fatigue due to the longer race distance. Indeed, 
longer race distances have different physiological requirements 

Figure 3. Altitude and “cluster” locations (in green shaded area) for each lap of the Long-distance (Panel A), Middle-distance and Sprint races (Panel B). The associated 
distance and time gained by the fastest athlete over the slowest athlete is displayed for each cluster as well as the total time gain for the entire lap. Notes: Laps where 
no clusters were found were excluded.
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and thus, affect performance (Bernardi et al., 2013; 
Vanlandewijck et al., 2016). However, the Long-distance race 
was only 2.5 km longer than the Middle-distance race. 
Therefore, it could be argued that the difference in skiing 
speed between race formats cannot be solely explained by 
differences in race distance. Another possible explanation for 
the lower skiing speed during the Long-distance race is the 
increased penalty for shooting mistakes. In the Long-distance 
race, there was a one-minute penalty per shooting mistake, 
regardless of impairment class, which resulted in 
a significantly greater proportional contribution to the TRT. In 
contrast, there was a ~150 m penalty loop (~30 s) for the 
Middle-distance and Sprint races. As such, the penalty in the 
Long-distance race had greater consequences on TRT, as has 
also been demonstrated in able-bodied biathlon (Cholewa 
et al., 2005). These differences in shooting mistake penalties 
could explain an intentional use of lower speeds (i.e., pacing) in 
the Long-distance race in attempt to maintain a good shooting 
accuracy, and thus limit accumulating Penalty Time. Previous 
research has observed this same tactic in able-bodied biath
letes (Bjorklund et al., 2022; Hoffman et al., 1992; Laaksonen 
et al., 2018; Langegger, 2019).

SPM analyses identified specific “clusters” in specific uphill 
and flat sections, but not in any downhill sections, where the 
faster athletes gained time during skiing compared to the 
slower athletes. These “clusters” tended to be present in parts 
of the uphill sections (U1, U3, U5, U6 in Sprint race; U1, U3, U4, 
U6 in Long-distance race), which is in line with previous 
research studies showing the importance of uphill sections to 
skiing performance in both able-bodied and para-ski athletes 

(Baumgart et al., 2019; Bernardi et al., 2013; Vanlandewijck et al.,  
2016). As shown by E. Andersson et al. (2010) and Karlsson et al. 
(2018), uphill sections are more energy demanding than the 
other sections, which leads to adoption of different pacing 
strategies. Consequently, as explained by Ihalainen et al. 
(2020) for able-bodied XC skiers, slower athletes with lower 
physical fitness will reduce their skiing speed during the most 
demanding sections to adapt their energy consumption. This 
kind of tactical choice likely contributes to the race time differ
ences between the faster and slower athletes (E. Andersson 
et al., 2010). These results suggest that SIT biathletes might 
adopt the same micro-pacing strategies as their able-bodied 
counterparts, where the best athletes increase effort during 
uphill sections in order to improve performance.

In particular, the results from the present study suggest that 
the steepest uphill sections are particularly important for sit 
skiing performance, which is in line with previous research 
showing a relatively higher metabolic intensity during uphill 
sections in sit-skiers compared to standing skiers, since they are 
limited to the Upper-Body Double Poling technique (Baumgart 
et al., 2019; Carlsen et al., 2022). For example, in section U6 in 
the Long-distance race, the fastest athlete gained 6.5 s over all 
laps, with much of these time gains observed in the steepest 
section as demonstrated in Figure 4, which demonstrates an 8  
m cluster, with a gradient of 14%. Greater time gains on the 
steepest part of the uphill sections could be due to a different 
micro-pacing strategy. Consequently, it is possible that the 
faster SIT biathletes took advantage of this and used these 
uphill sections as an opportunity to increase their effort to 
separate themselves from the slower athletes.

Figure 4. Elevation (Panel A), Statistical parametric mapping (Spm{t}) curve (Panel B) for U6 on lap 2 of the Long-distance race. The shaded area on the SPM{t} curve 
shows the course location where a significant relationship exists between Total Skiing Time (TST) and instantaneous skiing speed (at 138–146 m). *p < 0.05.
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Methodological considerations

First, the small number of participants (six para-biathletes over 
the three races) reduces the power of the statistical analyses. 
Regardless, these data are representative of some of the best sit 
skiers in the world, a population that is severely under- 
represented in the scientific literature. Second, all data came 
from the same event/competition performed in only one loca
tion, which limits the generalisation of the findings to other 
race locations with different topography and environmental 
conditions. Nevertheless, the methodological approach used 
in this study is applicable to all track locations and can serve 
as a methodological guide for future performance analyses. 
Third, the methodological approach used in this study assumes 
that the effort distribution over the race is the result of 
a conscious mechanism (i.e., “pacing”). However, the differ
ences in effort distribution could be due to different factors, 
such as equipment, fatigue or physical capacities as a result of 
conditioning or functional impairments. Further studies with 
more participants with different impairments and fatigue mea
surements (biomechanical and physiological) should be per
formed to extend and better understand the present findings. 
Finally, future studies should consider investigating lap-to-lap 
pacing strategies within SIT biathlon as these data can also 
provide important insights into race performance.

Conclusion

This study has shown that the XC skiing component of SIT 
biathlon played a major role in the final performance. The 
proportional contributions of TST, Penalty Time and Shooting 
Time to TRT varied according to the race format, which might 
reflect different pacing strategies in different race formats. 
For all race formats, specific sections (mostly uphill and some 
flat sections) were identified, where there were “clusters” 
with significant relationships between instantaneous skiing 
speed and TST. In particular, the steepest uphill sections were 
associated with the largest time gains for the fastest athlete 
over the slowest. The results of this study could be used to 
provide feedback to para biathlon coaches and athletes to 
guide pacing strategies and optimise training programmes.
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