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ABSTRACT KEYWORDS

In short-track speed skating, tactical positioning is essential for success as the race format (head-to- Performance analysis; tactics;
head) prioritises finishing position over finishing time. At present, our understanding of this  decision-making; athlete-
phenomenon is based on measuring the similarity between athletes’ intermediate and final environment interactions;
rankings. However, as this approach groups athlete performances across races, each lap’s ~ nterpersonal competition
estimate of tactical importance ignores the athlete-opponent interactions specific to each race.

Here, we examine the utility of race-specific athlete-opponent interactions for investigating

tactical positioning. Using intermediate and final rankings of elite 1,000 m short-track speed

skating competitors collected from 2010/11-2017/18 (n = 6,196, races = 1,549), we compared the

current method to a novel approach that accounted for race-specific athlete-opponent

interactions. This approach first applied the current method to each race independently before

using these values to form (1) discrete, empirical distributions of each lap’s tactical importance

and (2) race-specific tactical positioning sequences. Our results showed that accounting for

race-specific athlete-opponent interactions provided a higher measurement granularity (i.e. level

of detail) for investigating tactical positioning in short-track speed skating, which better

captured the complexity of the phenomenon. We observed 61 different tactical positioning

behaviours and 1,269 unique tactical positioning sequences compared to the current

approach’s nine-point estimates of tactical positioning importance. For this reason, we

recommend that researchers and practitioners account for race-specific athlete-opponent

interactions in the future as it offers a deeper understanding of tactical positioning that will

enhance both strategic and tactical decisions.

Highlights

o We compare the current approach for investigating tactical positioning to a novel approach that
accounts for race-specific athlete-opponent interactions.

e We show that accounting for race-specific athlete-opponent interactions provides a higher
measurement granularity (i.e. level of detail) for investigating tactical positioning in short-
track speed skating.

e We demonstrate that this increased measurement granularity can facilitate a deeper
understanding of tactical positioning by (1) producing theoretically-more-correct point
estimates of tactical positioning importance, (2) enabling more rigorous statistical
analyses into the effect of athlete-environment interactions on tactical positioning
behaviour, and (3) allowing sequential analyses that capture the progressive relationships
between laps.

e We recommend that researchers and practitioners account for race-specific athlete-
opponent interactions in future investigations, as the findings will enhance analyst,
coach, and athlete preparation for the strategic and tactical decision-making process
essential for success in short-track.

Introduction Olympic Games. In its current format, individual events

(500m, 1,000m, and 1,500 m) and relay events
Short-track speed skating has been part of the Olympic (2,000 m, 3,000 m, and 5,000 m) provide a country with
programme since its demonstration at the 1988 Winter  the opportunity to win nine gold medals (International
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Skating Union, 2021). In all these events, an athlete/ team
must advance through several rounds of qualifying races
- e.g. heats, quarterfinals, semi-finals - to reach the medal
contest. Each qualifying race involves multiple skaters
(typically four to six) racing head-to-head, anticlockwise,
around a 111.12 m oval at speeds exceeding 11 m/s
(Bullock, Martin, & Zhang, 2008; Landry, Gagnon, & Laur-
endeau, 2013). Critically, advancement through these
qualifying races, and medal colour, depends on an ath-
lete’s or team’s finishing rank and not their finishing
time. For example, an athlete could win the first semi-
final with a slower finishing time than an athlete who
failed to qualify from the second semi-final. Due to this
competition structure and race format, athletes’
decisions regarding how and when to invest their
limited energy resources before (strategic) and during
(tactical) races are thought to be crucial for success in
short-track speed skating (Hext, Heller, Kelley, & Goodwill,
2017; Muehlbauer & Schindler, 2011). This regulation of
exercise intensity is known as pacing (Abbiss & Laursen,
2008).

In recent years, several research groups have empha-
sised the importance of athlete-environment inter-
actions for understanding pacing behaviour, i.e. the
outcome of the strategic and tactical decision-making
process (Hettinga, Konings, & Pepping, 2017; Konings
& Hettinga, 2018c; Renfree & Casado, 2018; Renfree,
Martin, Micklewright, & St Clair Gibson, 2014; Smits,
Pepping, & Hettinga, 2014). In this perspective, pacing
is conceptualised as a continuous decision-making
process that is affected by and responds to the environ-
ment (Hettinga et al., 2017; Konings & Hettinga, 2018c;
Renfree & Casado, 2018; Smits et al., 2014). Accordingly,
athletes’ decisions regarding how to expend energy over
a race are based on internal factors such as their physio-
logical capacity in relation to external factors that
characterise the performance environment. Indeed,
research has shown that external factors such as the
number of competitors in a race, the competition’s
stage, the competition’s importance, and preceding
race efforts alter elite short-track speed skaters’ pacing
behaviour (Konings & Hettinga, 2018b, 2018d).

Arguably the most important athlete-environment
interactions for understanding pacing behaviour in
short-track speed skating are those between athlete
and opponent (Hettinga et al., 2017; Konings & Hettinga,
2018c). Konings and Hettinga (2018a) showed that the
high variability observed in between-race finishing
times is primarily due to athletes altering their pacing
behaviour to that of other opponents, particularly
during the race’s early stages. Moreover, drafting possi-
bilities, competing for the optimum line, avoiding col-
lisions, minimising fall risk, and overtaking represent

other athlete-opponent interactions that may cause an
athlete to modify their pace in short-track speed
skating (Konings, Noorbergen, Parry, & Hettinga, 2016;
Noorbergen, Konings, Micklewright, Elferink-Gemser, &
Hettinga, 2016). For this reason, previous research has
investigated tactical positioning - i.e. athletes ranking
within the race (1%, 2"9, 34, 4™ etc.) - to help contextua-
lise pacing behaviour (Konings et al., 2016; Noorbergen
et al,, 2016), explore how it can be learned (Menting,
Konings, Elferink-Gemser, & Hettinga, 2019), and as a
subject in its own right (Haug, Drinkwater, Mitchell, &
Chapman, 2015; Maw, Proctor, Vredenburg, & Ehlers,
2006; Muehlbauer & Schindler, 2011).

The most popular approach for investigating tactical
positioning is to use Kendall's Tau-b, t,, to measure the
similarity of athletes’ intermediate and final rankings at
the race start and end of each lap (Haug et al.,, 2015;
Konings et al., 2016; Maw et al., 2006; Menting et al.,
2019; Muehlbauer & Schindler, 2011; Noorbergen et al,,
2016). Kendall's 1, is a correlation statistic for ordinal
data that considers the ranking of observations rather
than the value (Kendall, 1938). Researchers and prac-
titioners use the Kendall's 1, values to quantify the tactical
importance of athlete ranking at discrete points in the
race. This approach has shown that the race start is
crucial, and possibly even decisive, for success in the
500 m (Haug et al,, 2015; Maw et al., 2006; Muehlbauer
& Schindler, 2011; Noorbergen et al.,, 2016) and identified
the point in the race where athlete ranking has a strong
similarity with final ranking in the 1,000 m and 1,500 m
events (Konings et al., 2016; Noorbergen et al.,, 2016).
This information can be used by coaches and athletes to
enhance their strategic and tactical preparation for the
decision-making process involved in short-track speed
skating (Konings et al., 2016; Noorbergen et al., 2016).

Without underestimating the insights that this
approach has provided, the approach ignores a critical
aspect of athlete-environment interactions: the indepen-
dence of races, as athlete rankings from different races
across competitions and seasons are combined. For
example, consider two four-athlete races. The current
approach groups the eight athletes to produce a
single point estimate of a lap’s tactical importance,
even though the athletes in the first race did not interact
with the athletes in the second race (and vice-versa). If
we are to frame pacing as a continuous decision-
making process that is affected by and responds to the
environment, these race-specific athlete-opponent
interactions are crucial for understanding tactical posi-
tioning and, ultimately, pacing behaviour.

For these reasons, this study examined the utility of
race-specific athlete-opponent interactions for investi-
gating tactical positioning in short-track speed skating.



More specifically, we compared two different
approaches for exploring the phenomenon. The first
approach - without race-specific athlete-opponent inter-
actions — ignored race-specific athlete-opponent inter-
actions and represented the current analysis approach.
The second approach - with race-specific athlete-
opponent interactions - accounted for race-specific
athlete-opponent interactions and represented a novel
approach devised for this study. Both approaches were
applied to a dataset of 1,000 m races recorded at elite
short-track speed skating competitions.

Method

This study was approved by the Research Ethics Commit-
tee at Sheffield Hallam University, UK.

Dataset

Our dataset consisted of 4,056 1,000 m races (men, n =
2,316; women, n=1,740), from 62 competitions (44
World Cups, 8 European Championships, 8 World Cham-
pionships, and 2 Winter Olympic Games), over an 8-
season period (2010/11-2017/18). For each race, the
dataset contained all competitors’ starting position,
intermediate rankings (i.e. their ranking at the end of
Laps 1-8), and final rankings (i.e. their ranking at the
end of Lap 9). The dataset coded starting positions
from 1 (innermost track position) to 4 (outermost track
position) and intermediate/ final rankings from 1
(leading athlete) to 4 (last athlete). Please note the delib-
erate distinction in terminology between start position
and intermediate/ final rankings: at the race start, all ath-
letes have the same ranking but different spatial pos-
itions as they are distributed across a start line
perpendicular to the direction of the track.

Before analysing the dataset, we excluded races with
falls (n =879), disqualifications (n =893), missing values
(n=2), tied intermediate rankings (n=4), and races
where the number of athletes competing was not
equal to the event’s modal value of four athletes (n=
1,854). These strict inclusion criteria were in line with
previous short-track speed skating research (Konings
et al, 2016; Noorbergen et al., 2016). The final dataset
included 1,549 of the 4,056 races (38.2%; men, n =847,
women, n=702).

Data analysis

To analyse tactical positioning without race-specific
athlete-opponent interactions, we replicated the
method outlined in Konings et al. (2016) and Noorber-
gen et al. (2016). This method estimates the tactical
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importance of athlete ranking for each lap (and the
race start) by measuring the similarity of athletes’ inter-
mediate and final rankings using Kendall's 1, For
example, to calculate the tactical importance of athlete
ranking at the end of Lap 4, we measured the similarity
between athlete rankings at the end of Lap 4 and athlete
rankings at the end of Lap 9 for all races in the dataset (n
=6,196 athlete performances). A Kendall's 1,=1 rep-
resents a perfect agreement between intermediate and
final rankings, and a Kendall's 1,=-1 represents a
perfect disagreement. In accordance with Konings
etal. (2016) and Noorbergen et al. (2016), we interpreted
the Kendall's 1, values as none/ low (1, < 0.5), moderate
(0.5 <1} < 0.7), and high (1, > 0.7).

To analyse tactical positioning with race-specific
athlete-opponent interactions, we measured the simi-
larity between intermediate and final rankings for each
race in the dataset using Kendall's 1,,. For example, Ken-
dall's T, = 0.67 when comparing the final rankings of 1°-
2"9-3"9.4™ to intermediate rankings of 2"9-15t-3"d.4th
(where the race winner was ranked second at the end
of the intermediate lap). We used these race-specific
Kendall’s 1}, values in two subsequent analyses.

First, we formed discrete, empirical distributions of
the similarity between intermediate and final rankings
(Lap 9) for the race start and Laps 1-8. Distributions
were discrete because races with four athletes only
present 24 unique permutations of rank order (e.g. 1%
2nd_3rd_4th’ —Ist_znd_4th_3rd’ 2nd_4th_-| st_3rd’ etc). These per-
mutations lead to only seven unique Kendall's T, values
(with respect to the final rank ordering of 15%-2"9-39-4t"):
-1, -0.67, -0.33, 0, 0.33, 0.67, and 1. We calculated the
modal value of the discrete, empirical distributions for
the race start and Laps 1-8, to enable a direct compari-
son with the without race-specific athlete-opponent inter-
actions approach.

Second, we generated a sequential sequence of tacti-
cal positioning for each race in the dataset, of the form
(Start,,, Lap 1., ..., Lap 8;,). For example, a sequence
(=1, =1, =1, =1, =1, =1, =1, =1, —1) represents a race
where the starting position, and intermediate rankings
at the end of Laps 1-8, were the reverse of the final rank-
ings. Using these generated sequences, we calculated
the number of unique tactical positioning sequences
in the dataset and each sequence’s absolute and relative
support. A sequence’s absolute support denotes the
number of times the sequence occurs, and a sequence’s
relative support is the absolute support divided by the
total number of sequences (Fournier-Viger, Lin, Kiran,
Koh, & Thomas, 2017). For example, an absolute
support of 500 would indicate that 500 races had the
same tactical positioning race sequence, which rep-
resents a relative support of 32.3% in this dataset. To
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summarise the typical occurrence of a tactical position-
ing race sequence, we calculated the minimum, lower
quartile, median, upper quartile, and maximum absolute
and relative support.

Results

Without race-specific athlete-opponent
interactions

Table 1 presents the point estimates and 95% confidence
intervals of Kendall's T, as a measure of tactical position-
ing importance for the race start and Laps 1-8. Similarity
between intermediate and final rankings were
categorised as none/ low (1, < 0.5) from the race start
up to the end of Lap 5, moderate (0.5 <71, < 0.7) at the
end of Lap 6, and high (1, > 0.7) at the end of Laps 7
and 8.

With race-specific athlete-opponent interactions

Figure 1 shows the discrete empirical distributions of
Kendall's 1, as a measure of tactical positioning impor-
tance. We observed races with each of the seven
unique Kendall’s 1, values up to the end of Lap 7, and
races with five unique Kendall’s 1, values at the end of
Lap 8. Together, these observations represented 61 out
of the 63 possible ways that we can characterise tactical
positioning importance when applying this method to
1,000 m races with four athletes (i.e. 7 Kendall's 1,
values x 9 discrete points in the race where start position
or intermediate ranking is measured).

Figure 1 alsoillustrates the modal Kendall’s 1, value for
the race start and each lap. Here, the similarity between
intermediate and final rankings were categorised as
none/ low (T, < 0.5) from the race start up to the end of
Lap 3, moderate (0.5 <71, < 0.7) at the end of Laps 4-6,
and high (1, > 0.7) at the end of Laps 7 and 8. Note that
the mode transitions from none/ low to moderate two

Table 1. Point estimates (and 95% confidence intervals) of
tactical positioning importance calculated without race-specific
athlete-opponent interactions.

Lap T 95% Cl

Start 0.16 0.14-0.17
1 0.21 0.19-0.23
2 0.21 0.20-0.23
3 0.28 0.26-0.29
4 0.36 0.35-0.37
5 0.45 0.43-0.46
6 0.55 0.54-0.56
7 0.70 0.69-0.71
8 0.86 0.85-0.86

Each point estimate represents the similarity between athletes’ intermediate
and final rankings measured using Kendall’s Tau-b, .

laps earlier compared to the without race-specific
athlete-opponent interactions approach.

Finally, we observed 1,269 unique sequences of tacti-
cal positioning from the 1,549 races analysed. Of these
sequences, the most frequently recurring sequence of
Kendall's 1, was (0.67, 1,1, 1,1, 1, 1, 1, 1). This sequence
— which characterises a race where the athlete order
remained the same from the end of Lap 1 to the race
end - had an absolute support = 18 races and a relative
support = 1.2%. The minimum, lower quartile, median,
and upper quartile absolute support was one race (rela-
tive support = 0.06%). When excluding the race start, the
most frequently recurring sequence was (1, 1,1, 1,1, 1,1,
1). This sequence had an absolute support=42 races
and relative support = 2.7%.

Discussion

This study examined the utility of race-specific athlete-
opponent interactions for investigating tactical position-
ing in short-track speed skating. More specifically, we
compared two different approaches for exploring the
phenomenon in the 1,000 m event. The first approach
ignored race-specific athlete-opponent interactions and
represented the current analysis approach. The second
approach accounted for race-specific athlete-opponent
interactions and represented a novel approach devised
for this study. Our results showed that accounting for
race-specific athlete-opponent interactions provided a
higher measurement granularity (i.e. level of detail) for
investigating tactical positioning in short-track speed
skating. This increased granularity can facilitate a
deeper understanding of tactical positioning behaviour,
as we can explore the phenomenon using (1) theoreti-
cally-more-correct point estimates, (2) discrete, empirical
distributions that enable more rigorous statistical ana-
lyses, and (3) sequential analyses that capture the pro-
gressive relationships between laps. For these reasons,
we recommend that both researchers and practitioners
account for race-specific athlete-opponent interactions
when investigating tactical positioning in the future.

Investigating tactical positioning using point
estimates

The most-popular approach for investigating tactical
positioning in short-track speed skating is to produce
point estimates that quantify the tactical importance of
athlete ranking at discrete points in the race (Haug
et al, 2015; Konings et al, 2016; Maw et al., 2006;
Menting et al., 2019; Muehlbauer & Schindler, 2011;
Noorbergen et al, 2016). This approach - which
ignores race-specific athlete-opponent interactions -
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Kendall’s T, measures the similarity between start positions and intermediate rankings with final rankings. As illustrated below, a
Kendall’s T, = 1 represents a perfect agreement between rankings, and a Kendall’s T, = -1 represents a perfect disagreement.

Start position

Lap: Start Lap:1to 8

000
12 3 4

Kendall'st, =1

Kendall’s T, =-1

Intermediate ranking

1t @ Final ranking o

Lap: 9
and @ P nd @
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Figure 1. Evaluating tactical positioning using the with race-specific athlete-opponent interactions approach. (a) 2D histogram of the
similarity between start position/ intermediate rankings (Laps 1-8) and final rankings (Lap 9). The density represents the proportion of
races in the dataset, and the white dot denotes each lap’s modal Kendall’s 13, value. (b) 1D histogram of Lap 2’s similarity between

intermediate and final rankings.

yields a single profile that (1) shows how the importance
of tactical positioning develops over a race and (2) ident-
ifies the laps where there is a strong similarity between
intermediate and final rankings. Coaches and athletes
can use this information to enhance their preparation
for the strategic and tactical decision-making process
involved in short-track speed skating. For example, in
the 1,000 m event previous research has shown that tac-
tical positioning is crucial from Lap 6 onwards (Muehl-
bauer & Schindler, 2011; Noorbergen et al, 2016).
Based on these results, Noorbergen et al. (2016)
advised athletes to conserve energy at the beginning
of the race by occupying a ranking other than first, as
drafting significantly reduces air frictional losses (Hoshi-
kawa et al., 2005; Rundell, 1996). Then, with four laps
remaining, athletes should attempt to occupy one of

the foremost rankings due to the strong similarity with
final ranking. Our without race-specific athlete-opponent
interactions results support this strategy, as we also
observed none/ low correlations between intermediate
and final rankings until the end of Lap 6 (Table 1).

We can produce theoretically more correct point esti-
mates by accounting for race-specific athlete-opponent
interactions and reporting a measure of central ten-
dency. When interpreting the modal Kendall's T,
values in accordance with Noorbergen et al. (2016),
our results would advise athletes to move to the front
of the race two laps earlier than the without race-
specific athlete-opponent interactions approach (Figure
1). In this strategy, although an athlete would spend
less time conserving energy by drafting, they would
move to the front earlier in the race, when the pace is
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likely to be slower (Noorbergen et al., 2016). Overtaking
at slower speeds might alleviate reluctance to use draft-
ing as a strategy due to the difficulty of overtaking
(Hoffman, Listemann, McManaman, & Rundell, 1998).
Furthermore, coaches and athletes might perceive this
strategy as less risk-averse — and therefore more suited
to athletes with a higher perception of risk (Micklewright
et al.,, 2015) - because moving to the front earlier miti-
gates the risk of falls associated with athlete collisions.

For both approaches, it is important to note that any
tactical positioning advice derived from point estimates
is only applicable to the “typical” race; the advice does
not guarantee that a race will develop as the point esti-
mates suggest, nor does it guarantee an athlete’s
success if they follow the advice. Still, the results can
enhance coaches’ and athletes’ strategic and tactical
race preparation when these limitations are considered.
Importantly for this study, we can produce theoreti-
cally-more-correct, point estimate profiles by accounting
for race-specific  athlete-opponent interactions.

1.00 1
0.67 1
0.33 1

0.00 1

Kendall's Tau-b

-0.33 1

-0.67 1

-1.00 1

Furthermore, this approach provides further opportu-
nities to explore tactical positioning in short-track
speed skating.

Investigating tactical positioning using discrete,
empirical distributions

A key feature of accounting for race-specific athlete-
opponent interactions is the ability to investigate tacti-
cal positioning using discrete, empirical distributions
rather than point estimates. These distributions
provide a higher granularity of measurement for charac-
terising tactical positioning behaviour in short-track
speed skating. As demonstrated in Figure 1, there are
63 different ways that we can characterise tactical posi-
tioning in a 1,000 m race with four athletes (i.e. 7 Ken-
dall's 1, values x9 discrete points in the race where
start position or intermediate ranking is measured). In
this study, we observed 61 of these ways. These obser-
vations highlight that tactical positioning is more

Start 1 2 3

4 5 6 7 8

Lap

Kendall’s T, measures the similarity between start positions and intermediate rankings with final rankings. As illustrated below, a
Kendall’s T, = 1 represents a perfect agreement between rankings, and a Kendall’s T, = -1 represents a perfect disagreement.

Start position Intermediate ranking
Lap: Start Lap:1to 8

1 2 3 4
Kendall'st, =1 Kendall's T, =-1

e Final ranking o

Lap: 9
and @ P and @
3rd O 3rd O
4th 4th

Figure 2. Tactical positioning sequences in a 1,000 m race with four athletes. Each node represents the similarity between start pos-
ition/ intermediate rankings (Laps 1-8) and final rankings (Lap 9). Each edge represents how a node can transition to future and past
laps. The highlighted nodes and edges illustrate an example sequence of (-0.67, —0.67, 0, 0, —0.33, —0.33, 0.33, 0.67, 1). This
sequence is one of 40,353,607 possible tactical positioning sequences in this race scenario.



complex than portrayed by approaches that produce
point estimates of tactical positioning importance. It is
crucial that any approach captures this complexity, as
it broadens the strategic and tactical decisions available
to coaches and athletes (Buekers, Montagne, & lbafez-
Gijon, 2019).

Besides being better equipped to capture the com-
plexity of tactical positioning, the discrete, empirical dis-
tributions also enable more rigorous analyses into the
effect of athlete-environment interactions on tactical
positioning in short-track speed skating. At present,
studies only compare the magnitudes of Kendall’s 1,
point estimates because this is the dependent variable
afforded by an approach that ignores race-specific
athlete-opponent interactions (Maw et al, 2006;
Menting et al., 2019; Muehlbauer & Schindler, 2011).
For example, Muehlbauer and Schindler (2011) reported
that the similarity between starting and finishing pos-
ition in the 1,000 m increased with qualifying round, as
the Kendall's 1y, values were lowest in the preliminaries
(women T, =—0.03; men 1, =—0.06) and highest in the
finals (women T1,=0.37; men T1,=0.49). In contrast,
studies investigating the effect of athlete-environment
interactions on pacing behaviour use statistical tech-
niques such as multivariate analysis of variance, as the
dependent variable is lap time, of which there are thou-
sands of observations (Konings & Hettinga, 2018b,
2018d). By accounting for race-specific athlete-
opponent interactions and producing thousands of tac-
tical positioning observations, we can undertake more
rigorous statistical investigations into the effect of
athlete-environment interactions on tactical positioning.

Investigating tactical positioning using
sequential analysis

Another key feature of accounting for race-specific
athlete-opponent interactions is that we can investigate
tactical positioning using the sequential structure of the
Lap-1, data, rather than treating laps as discrete events.
Techniques that capture the relationships between dis-
crete events can contribute to a deeper understanding
of performance in sport (Borrie, Jonsson, & Magnusson,
2002). In our case, forming sequential sequences pro-
vided the highest measurement granularity for charac-
terising tactical positioning behaviour. As illustrated in
Figure 2, there are 40,353,607 possible tactical position-
ing sequences in a 1,000 m race with four athletes. We
observed 1,269 of these sequences from the 1,549
races analysed, with only 142 sequences occurring on
more than one occasion. This large number of
sequences (1) further highlights the complexity of tacti-
cal positioning in short-track speed skating, and (2)
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demonstrates the potential of race-specific athlete-
opponent interactions for investigating the phenom-
enon. For example, future work could explore using
these sequences to create a taxonomy of tactical posi-
tioning races. This taxonomy would enhance coaches’
and athletes’ preparation for the strategic and tactical
decision-making process by providing a dictionary of
tactical races that occur in short-track speed skating,
rather than the one race produced by the current
point estimate approach.

Furthermore, we can only truly observe how tactical
positioning develops over a race when we treat laps as
sequential sequences and not discrete events. Figure 3
demonstrates this by comparing two tactical positioning
sequences to the with race-specific athlete-opponent
interactions discrete, point estimates. Figure 3a com-
pares the point estimates to the most frequently occur-
ring tactical positioning sequence. This sequence has an
absolute support=18 races (relative support=1.2%).
Although the point estimates represent the most-com-
monly occurring Kendall’s 1, value for each lap, the tac-
tical positioning strategy formed from this data differs
considerably to the most frequently occurring sequence.
That is, athletes should attempt to lead the race
throughout as there is a strong similarity between inter-
mediate and final rankings from the race start.

Figure 3b compares the point estimates to a tactical
positioning sequence with an absolute support=4
races (relative support = 0.3%). When treating laps as dis-
crete events, the similarity between intermediate and
final rankings increases as the race progresses, with tacti-
cal positioning becoming crucial at the end of Lap 4. In
contrast, tactical positioning is crucial until the end of
Lap 3 in the sequential sequence, where it transitions
back to none/ low Kendall’s 1, values until the end of
Lap 8. This regression shows that (1) the similarity
between intermediate and final rankings does not
always increase as the race progresses, and (2) tactical
positioning is not always crucial at the end of Lap
4. This example supports our concerns about deriving
tactical positioning advice from point estimates. Specifi-
cally, that the race may not develop as the point estimates
suggest, nor does it guarantee an athlete’s success if they
follow the advice. These insights are only available when
accounting for race-specific athlete-opponent inter-
actions and the sequential structure of the data.

Limitations

Although the primary aim of this study was to examine
the utility of race-specific athlete-opponent interactions
for investigating tactical positioning, our results provide
alternative insights that coaches and athletes could use
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Kendall’s T, measures the similarity between start positions and intermediate rankings with final rankings. As illustrated below, a
Kendall's 1, = 1 represents a perfect agreement between rankings, and a Kendall’s T, = -1 represents a perfect disagreement.

Start position Intermediate ranking
Lap: Start Lap:1to 8

1 2 3 4
Kendall’st, =1 Kendall's T, =-1

Final ranking
Lap:9

st

2nd Q
3rd O

4th
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Figure 3. Effect of treating laps as discrete or sequential events. Comparison of with race-specific athlete-environment interactions dis-
crete, point estimates, i.e. the modal similarity between start position/ intermediate rankings (Laps 1-8) and final rankings (Lap 9),

with two observed tactical positioning sequences of the form (Start,,, Lap 1.,,

..., Lap 8,,). (a) the most commonly occurring

sequence (absolute support = 18 races; relative support = 1.2%), and (b) an observed tactical positioning sequence (absolute support
= 4 races; relative support = 0.3%). In both plots, the shaded region represents Kendall's 1, values where the start position/ intermedi-
ate rankings and final rankings are deemed to have a strong similarity.

to enhance their strategic and tactical preparation for the
decision-making process involved in short-track speed
skating. For this reason, it is important to reiterate that
any advice derived from our results does not guarantee
that a race will develop as we have described, nor does
it guarantee an athlete’s success if they follow the
advice. Furthermore, our results only represent a race
scenario with four athletes, no falls, and no disqualifica-
tions. Still, although the generalisability of our practical
findings are limited to this single race scenario, this
further demonstrates the complexity of tactical position-
ing in short-track speed skating. The 1,269 unique
sequences that we observed representing only 38.2% of
races in the original dataset. We would expect additional
unique sequences when races with a different number of
skaters (45.7%, n = 1,854), falls (21.7%, n = 879), and dis-
qualifications (22.0%, n = 893) are analysed. Importantly,
our proposed approach is scalable to analyse these race
scenarios, in addition to other events (e.g. 500 m and
1,500 m), with the method’s measurement granularity
being dependent on the number of athletes and laps in
the race. For example, in a 500 m race with five athletes,
there are 66 possible ways of characterising tactical

positioning behaviour (11 Kendall’s 1, values x 6 discrete
points in the race where start position/ intermediate
ranking is measured). Such a race scenario leads to
161,051 possible tactical positioning sequences.

Conclusion

Accounting for race-specific athlete-opponent interactions
provide a higher measurement granularity (i.e. level of
detail) for investigating tactical positioning in short-track
speed skating. This increased granularity can facilitate a
deeper understanding of tactical positioning behaviour,
as we can explore the phenomenon using (1) theoreti-
cally-more-correct point estimates, (2) discrete, empirical
distributions that enable more rigorous statistical analyses,
and (3) sequential analyses that capture the progressive
relationships between laps. For this reason, we rec-
ommend that researchers and practitioners account for
race-specific athlete-opponent interactions in future inves-
tigations. Ultimately, the findings from such analyses will
enhance analyst, coach, and athlete preparation for the
strategic and tactical decision-making process that is
essential for success in short-track speed skating.
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