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Pacing in world-class distance races

Successful world-class 10,000 m runners display greater pace variation and form
packs more than less successful competitors.
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Pacing in world-class distance races

Successful world-class 10,000 m runners display greater pace variation and form
packs more than less successful competitors.

Abstract

Purpose

To determine different relationships between, and predictive ability of, performance
variables at intermediate distances with finishing time in elite male 10,000 m runners.
Methods

Official electronic finishing and 100 m split times of the men’s 10,000 m finals at the
2008 and 2016 Olympic Games and IAAF World Championships in 2013 and 2017 were
obtained (125 athlete performances in total). Correlations were calculated between
finishing times and positions and performance variables relating to speed, position, time
to the leader and time to the runner in front at 2000, 4000, 6000, 8000 and 9900 m.
Stepwise linear regression analysis was conducted between finishing times and positions
and these variables across the race. One-way ANOVA was performed to identify
differences between intermediate distances.

Results

The standard deviation and kurtosis of mean time, skewness of mean time and position
and time difference to the leader were either correlated with or significantly contributed
to predictions of finishing time and position at one of the analysed distance at least (0.81
>r>0.30 and 0.0001 < P <0.03, respectively). These variables also displayed variation
across the race (0.0001 < P <0.05).

Conclusions

The ability to undertake a high degree of pace variability, mostly characterised by
acceleration in the final stages, is strongly associated with the achievement of high
finishing positions in championship 10000 m racing. Furthermore, the adoption and
maintenance of positions close to the front of the race from the early stages is important
to achieve a high finishing position.

Keywords: PACING, ENDURANCE PERFORMANCE, TACTICS, RUNNING
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Pacing in world-class distance races

Introduction

Optimal pacing is a fundamental requirement of successful performance in endurance
athletic event,! and is an ongoing process reliant on continuous decision-making.’
Previous analyses of successful competitors in running, ** rowing® and speed skating ¢
have demonstrated that faster performances in events lasting longer than 2 min are
associated with a pacing strategy characterised by a quick start, deceleration or
maintenance through the middle stages, and an acceleration or “endspurt” close to the
end. This U-shaped pacing profile’ has also been displayed in laboratory-based cycling
time trials’® and is thought to provide evidence of a physiological control system that
regulates muscular work to prevent catastrophic loss of homeostasis.’

In championship running events, however, rewards are based on finishing position
regardless of time taken to cover the distance,” meaning tactical behaviours deployed to
finish ahead of other competitors can be more important than when the achievement of a
fast finishing time is the primary goal. Indeed, previous analyses of elite championship
running events have demonstrated that tactical behaviours are strongly associated with
eventual finishing position.!%!1213 For example, research on half marathon
championship races'* showed that covering most of the distance in a group with other
runners led to superior performance than covering large portions of the distance alone.
Such group membership provides benefits to the individual when the risks associated with
membership are lower than those posed by non-membership. For example, group
membership allows individuals to benefit from the potential for “drafting” behind
competitors, thereby reducing the energetic cost of activity.!>! Similarly, an individual
might opt for group membership for tactical reasons, as race position in the early and
intermediate stages of endurance events is associated with achievement of a high finishing
position.!” However, non-membership of a group could equally confer an advantage if it
leads to the selection of a more appropriate muscular work rate that allows an individual
to optimise their own overall mean competition speed. Indeed, in an analysis of a
women’s World Championship marathon race, it has been demonstrated that athletes able
to adopt individually optimal pacing strategies allowing greater realisation of
performance potential could have achieved superior results in terms of finishing position.
'"Nonetheless, such a strategy could also be perceived as conferring a high degree of risk,
especially if it means falling some distance behind direct competitors in the early stages
of competition, or if it results in a clear lead that isolates the athlete for long periods.

Although absolute performance ability, reflected by season’s best times,!” intermediate
positioning,'*!? pace variability,'® and group formation'#!" have been associated with
race outcomes in championship middle- and long-distance running events, the relative
importance of each of these variables is unclear. These studies have typically been
descriptive in nature or have calculated simple probabilities of specific race outcomes
based on behaviours in various sections of races. As a result, their usefulness for coaches
or scientists working with elite athletes is limited, and a new, more in-depth study that
examines the specific contribution of these different factors is timely and necessary. The
aim of this study was therefore to complete a novel analysis of elite athlete performance
data using stepwise regression techniques to identify the contribution of each variable to
finishing position and finishing time in 10,000 m world-class runners. We hypothesise
that athletes who finished closer to the front of races will display greater pace variability,
and spend more time running in packs than those who finished in lower positions.

Methods
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Pacing in world-class distance races

Official electronic finishing and 100 m split times of the men’s 10,000 m finals at the
2008 and 2016 Olympic Games and IAAF World Championships in 2013 and 2017 were
obtained from the open-access IAAF website.?*?! Overall, this is an observational
research in which the performances of 125 athletes were analysed. The mean time per
100 m segment for each athlete was calculated, along with its standard deviation (SD),
skewness and kurtosis. Similarly, the mean racing position at the end of each 100 m
segment for each athlete was calculated as well as its SD, skewness and kurtosis. The
time differences to the leader and to the runner immediately ahead at each 100 m distance
were also calculated for each individual athlete.

The SDs of the time and position per 100 m segment indicate the variation in these
variables, whereas skewness is a measure of the asymmetry of the distribution. A positive
skewness means the right tail of the distribution is longer and the mass of the distribution
is concentrated on the left of the figure. A negative skewness means the opposite. For
example, a negative skewness of the mean time per 100 m segment would mean that an
athlete maintained a relatively constant speed during most of the race, but also ran at
higher speeds for short durations. A negative skewness of the mean position per 100 m
segment would mean the athlete maintained a similar position throughout most of the race
but was in a higher position for short periods. This situation would occur, for example,
when an athlete accelerates during the final stages of the race and overtakes other
competitors. Kurtosis of the mean time and mean position per 100 m segment refers to
the “tailedness” of their distributions. A high kurtosis implies the existence of infrequent
extreme deviations, as opposed to frequent modestly sized deviations. For example, a
high kurtosis of the mean time per 100 m segment would mean that an athlete
demonstrated extreme speed fluctuations (running very slow at some stages and fast at
others) throughout the race, and a high kurtosis of mean position demonstrates that the
position of the athlete changed regularly during the race. Conversely, a low skewness of
mean time per 100 m segment would suggest an even pace throughout the race. Finally,
the time difference to the runner in front is an indication of the degree of “packing” during
the race. To illustrate this concept, an example has been provided. A hypothetical runner
B would have beaten a hypothetical runner A by running faster during the latter stages of
a race although they were running together for most of the distance. In this way, runner
B would have displayed higher kurtosis and a more negative skewness of speed than
runner A, with a longer left tail in the curve representing the distribution of times per
segment covered throughout a race. (Figure 1).

*#*Figure 1 near here***

The athletes’ best times from the previous 12 months were obtained from the All-
Athletics website (www.all-athletics.com); for example, for those athletes competing in
the 2017 IAAF World Championships, their best time was recorded between January 1st,
2015 and the beginning of the championships in August 2017. We chose this time frame
because the tactical nature of races mean athletes often run slower than their best times at
major championships, and because using season’s best times could lead to
underestimation of ability due to injuries or because of periodisation in training (i.e., not
peaking until the championships).!! These times were 1664.3 =32.0 s.

Statistical analysis
Statistical analyses of data were performed using the Statistical Package for the Social
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Sciences 24.0 (SPSS, Chicago, IL, USA). Data were screened for normality of
distribution and homogeneity of variances using a Shapiro-Wilk normality test and a
Levene test, respectively. When the assumption of sphericity was violated, Greenhouse—
Geisser corrections were employed. Linear regression assumptions were checked using
residual versus fitted, normal QQ, and Cook’s distance plots. Pearson’s correlations were
calculated between finishing times and final positions with 32 months’ best times, mean
time per 100 m segment (and its SD, skewness and kurtosis), mean position per 100 m
segment (and its SD, skewness and kurtosis), time difference to the leader and time
difference to the runner in front (all at 2000, 4000, 6000, 8000 and 9900 m). Correlation
effects were interpreted as small (» value of 0.10 — 0.29), moderate (0.30 — 0.49), large
(0.50 — 0.69) or very large (> 0.70).2 Two stepwise linear regression analyses were
conducted between finishing times and positions and the variables described at 2000,
4000, 6000, 8000 and 9900 m. Only variables that were correlated significantly to
finishing times or positions at any analysed distance (2000, 4000, 6000, 8000 and 9900
m) were introduced into the stepwise regression analysis. Pearson’s multivariate
coefficient of determination (R?), unstandardized beta (regression) coefficient (B),
standard error of B (B SE), standardized beta (regression) coefficient (§), and F for change
in R? were calculated.

One-way (time) repeated measures analysis of variance (ANOVA) were conducted on
the different variables studied (excepting position and mean position per 100 m segment
because they display the same mean and SD across time) with Bonferroni post hoc to
identify changes between successive analysed distances. Statistical significance was
accepted at P < 0.05. Effect sizes (ES) were calculated using partial eta-squared (#,°) for
the ANOVA tests, and Cohen’s d ** for the post hoc analyses. The latter was considered
to be either small (0.21 — 0.60), moderate (0.61 — 1.20), large (1.21 — 2.00), very large
(2.01 — 4.00) or nearly perfect (> 4.00).22 Differences were considered to occur when P
<0.05 and Cohen’s d displayed at least a moderate effect (¢ > 0.61). All data are presented
as mean + SD.

Results

All races were characterised by frequent fluctuations in running speed, race position, and
pack membership. For illustrative purposes, figure 2 displays cumulative speed to each
100 m point of all competitors in the 10000 m race at the 2008 Beijing Olympic Games
race.

*** Figure 2 near here ***

Table 1 shows the means and standard deviations of TS, SD of TS, skewness and kurtosis
of TS, position skewness and kurtosis of TS, position, SD of PS, time difference to the
leader and the runner immediately in front and 32 months’ best times at 2000, 4000, 6000,
8000 and 9900 m.

****Table 1 here****
Table 2 shows the results of the Pearson’s correlations for these variables with finishing

times and positions. The strength of the correlations of the SD of the TS with finishing
times (Table 2) increased continuously with distance until it became very large by 6000
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m. The correlation with finishing position (Table 2) was moderate at this distance. The
skewness of the TS was not strongly correlated with finishing times or finishing positions
(Table 2). Skewness of position was negatively correlated with positions (Table 2)
throughout, although this relationship with finishing time was not evident. The kurtosis
values of the TS and position were weakly correlated to both finishing times and positions
(Table 2). The time difference to the runner in front was strongly correlated with finishing
times, demonstrating a large or very large effect at all points after 2000 m (Table 2). In
addition, 32 months’ best times were moderately correlated with finishing positions (r =
0.36, P =0.03).
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****Table 2 here****

The results of the stepwise regression analyses at 2000, 4000, 6000 and 8000 m are
presented in Tables 3 and 4. The time difference to the leader, mean time per 100 m
segment, the SD of mean time per 100 m segment, skewness of mean position per 100 m
segment and kurtosis of mean time per 100 m segment were significant predictors of
finishing time at all stages (Table 3). The mean time per 100 m segment and mean position
per 100 m segment were significant predictors of finishing position (Table 4).

****Table 3 here****

****Table 4 here****

The time effect for mean time per 100 m segment was significant (F1.33,165.14= 8.02, P <
0.001, 7,2 = 0.061), increasing from 6000 m to 8000 m (p = 0.006, d = 0.90). The time
effect for the SD of mean time per 100 m segment was significant (Fi.65205.66 = 5.64, P =
0.007, n,> = 0.044) as was the time effect for skewness of mean time per 100 m segment
(F2.37,20438= 8.22, P < 0.001, 7> = 0.062). The time effect for kurtosis of mean time per
100 m segment was significant (F1.62201.06= 6.53, P = 0.004, 5,°> = 0.05) and increased
from 2000 m to 4000 m (P < 0.001, d = 0.62). The time effect for SD of mean position
per 100 m segment was significant (F1 7721918 =24.85, P <0.001, 5,> = 0.167), increasing
from 2000 m to 4000 m (P < 0.001, d = 0.62). The time effect for skewness of mean
position per 100 m segment was significant (F2.06255.67= 3.00, P = 0.05, 7,2 = 0.024), as
was the time effect for kurtosis of mean position per 100 m segment (F2247.99=20.42, P <
0.001, 7> = 0.141). The time effect for time difference to the leader was significant
(F1.17,144.72= 19.12, P < 0.001, #,> = 0.134), and the time effect for time difference to the
runner in front was also significant (F1.174215.58= 6.75, P = 0.002, 775> = 0.052).

Discussion

The aim of this study was to complete a novel analysis of elite athlete performance data
using stepwise regression techniques to identify the contribution of each variable to
finishing position and finishing time in 10,000 m world-class runners. The results of the
analyses presented in this paper demonstrate that the measured performance variable of
SD of mean time per 100 m segment was strongly related to finishing time, suggesting
that superior overall performances were associated with a greater degree of pace
variability. This greater variability is likely the result of a greater degree of acceleration,
or endspurt, in the final stages, a finding that is consistent with the observations of Filipas
et al.!! and Thiel et al. >*in 10,000 m races and Mytton et al.'® in championship 1500 m
races. The high degree of variability could also be partially due to relatively slow initial
speeds that are typical of championship in comparison with non-championship races
where pacemakers are often employed to facilitate the achievement of fast finishing
times. We do acknowledge that a high SD of time per 100 m segment could also result
from large decelerations in the later stages by athletes who were unable to maintain their
initial speeds. However, the effect of this variable increased with athletes’ performance
standard and the ability to vary pace is therefore a key component of successful 10,000
m racing (i.e., achieving a high finishing position) that needs practice in training.

The skewness of the mean position per 100 m segment was negatively correlated with
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both finishing time and position, suggesting that runners who achieved high finishing
positions maintained stable positions close to the lead throughout the race. Furthermore,
the predictive ability of this variable on both finishing time and position is very high even
early in the race, suggesting that the adoption and maintenance of a high position from
the early stages of a 10,000 m race is important if the goal is to finish in the leading
positions. This finding is similar to the observation of Aragon et al.> who found that
winners of men’s 5000 m races at major championships (European and World
Championships and Olympic Games) maintained a position within the leading five
athletes throughout the race and were within the leading three positions when a fast sprint
was initiated during the last lap. Given that there is a limit as to how much distance a
trailing athlete may realistically catch up in the endspurt,?® it seems athletes aiming to
finish in leading positions should run closely to their main rivals (which might not include
the leader, if they are judged to have run too quickly too early), even if a this requires a
potentially more fatiguing variable pace than is normally associated with faster finishing
times.

In our analysis, low values of kurtosis would suggest the race was characterised by an
even pace. Therefore, an increase in kurtosis of mean throughout the race would mean
pace variability was also increasing throughout. Given that kurtosis of both mean times
and positions increased during the race until the 8 km, this suggests runners pace and
position were changing substantially until that point. In this way, these data are similar to
those regarding SD of mean times and mean position, which also increased throughout
the race. Therefore, this increase in kurtosis appears related to the duration for which
competitors were largely running together (until the 8 km point), an observation that is in
agreement with previous observations.!! The absence of an increase in kurtosis of mean
time and position between this point and the end of the race may be the result of both the
end spurt displayed by the runners who achieved higher finishing positions and the
deceleration of athletes who dropped back from the leading group during this period.'!
The two possible explanations for this phenomenon, may therefore suggest limited
application as a measure of race behaviors, given that we are unable to identify a precise
cause. Nonetheless, the most interesting feature of this variable (kurtosis) in the analysis
of pacing profiles during endurance races is that it allows quantification of evenness of
pace and intermediate positioning. Furthermore, it may allow prediction of eventual
finishing times at either the 4 km point or the 8 km point (Table 3).

Athletes typically run at speeds similar to other competitors, resulting in pack formation,
at least in the early stages of races !7!%2"-3 to obtain the potential benefits of pack running.
Indeed, athletes have been found to slow at the same rate as other competitors in trying
to maintain a pack, rather than adopting their own speed.?’ In the present analysis, the
time difference to the runner in front was a strong predictor of finishing time, suggesting
that athletes who ran in tightly packed groups were more likely to finish in high positions
than those who ran separately for large portions of the race, a finding similar to that
reported following an analysis of IAAF World Championship half marathon runners.!'*
Further evidence that athletes spent much of the races (included in these analyses) in
packs is provided by the skewness values that demonstrate athletes maintained relatively
stable speeds and positions for most of the distance. The reason for the apparent benefit
of running in a pack is not completely clear but could result from the energetic savings
incurred by drafting,'>!® which can preserve physiological reserve capacity in the early
stages and thereby allowing a greater final acceleration. Alternatively, the presence of
other competitors acts as social facilitators®® or reduces mental fatigue induced through
continuous tactical decision-making® that occurs when athletes must self-pace entirely.
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Regardless of the possible reasons, pack running has been shown in this novel study to
be an important factor in better 10,000 m performances in championship racing;
specifically, athletes aiming for medal-winning or other high finishing positions are
advised to stay close to the leader throughout and in a pack with those other athletes of
similar ambition and ability.

Conclusions

In conclusion, these analyses of elite men’s 10,000 m races demonstrate that the
achievement of high finishing positions is associated with the ability to produce high pace
variability, and in particular the ability to produce a large final acceleration or endspurt.
This ability can be facilitated by running in a pack of other runners for most of the race,
which potentially acts to reduce the energetic costs of running and decrease the
development of mental fatigue. The relative importance of tactical factors, as opposed to
physiological factors, in determining race outcomes remains uncertain. Although we
assessed the relationship between various tactical and performance variables and eventual
race outcome in a relatively homogenous group of elite athletes, it is nevertheless unclear
to what extent tactical decision-making can compensate for inferior physiological
capacity. It would seem likely that the greater physiological reserve capacity **in superior
athletes provides an advantage in that it increases the number of behavioural options
available at any point in the race.? However, we acknowledge this statement may be
considered rather speculative given that we have no data regarding the actual
physiological capacities of the athletes in these competitions.

Practical applications

Based on these analyses, some practical recommendations can be made for competitors
in championship 10000 m running events and their coaches. First, the physiological
ability to produce wide variations in pace is an important determinant of success in events
of this kind. The physical preparation required to develop this might well differ from that
which prepares athletes to run fast times at a steady speed. Secondly, and in line with
previous analyses of other distance races,'* it seems as though athletes who spend most
of the race running in a pack have an advantage over those who run alone. This may have
implications for those who train alone, and suggests that training in groups may positively
effect performance.?’
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Pacing in world-class distance races

Figure caption

Figure 1. Distribution of times per segment covered throughout a race in two hypothetical

runncrs.

Figure 2. Cumulative speed to each 100 m point of each competitor in the men’s 10000m

race at the 2008 Olympic Games (n = 35).
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