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Introduction: Many studies indicate a considerable impact of optimal pacing on 
long-distance running performance. Given that the amount of carbohydrates in 
metabolic processes increases supralinearly with the running intensity, we may 
observe differences between the pacing strategies of two long-distance races 
and different performance levels of runners. Accordingly, the present study aimed 
to examine the differences in pacing strategies between marathon and half-
marathon races regarding the performance levels of runners.

Methods: The official results and split times from a total of 208,760 (marathon, 
N  =  75,492; half-marathon, N  =  133,268) finishers in the “Vienna City Marathon” 
between 2006 and 2018 were analyzed. The percentage of the average change 
of speed for each of the five segments (CS 1–5), as well as the absolute change 
of speed (ACS) were calculated. The CS 1–5 for the marathon are as follows: 
up to the 10th km, 10th – 20th km, 20th – 30th km, 30th – 40th km, and from 
the 40th km to the 42.195  km. For the half-marathon, the CS 1–5 are half of 
the marathon values. Four performance groups were created as quartiles of 
placement separately for sexes and races: high-level (HL), moderate to high-level 
(MHL), moderate to low-level (MLL), and low-level (LL).

Results: Positive pacing strategies (i.e., decrease of speed) were observed in 
all performance groups of both sex and race. Across CS 1–5, significant main 
effects (p  <  0.001) were observed for the segment, performance level, and their 
interaction in both sex and race groups. All LL groups demonstrated higher ACS 
(men 7.9 and 6.05%, as well as women 5.83 and 5.49%, in marathon and half-
marathon, respectively), while the HL performance group showed significantly 
lower ACS (men 4.14 and 2.97%, as well as women 3.16 and 2.77%, in marathon 
and half-marathon, respectively). Significant main effects (p  <  0.001) for the race 
were observed but with a low effect size in women (ŋ2  =  0.001).

Discussion: Better runners showed more even pacing than slower runners. The 
half-marathoners showed more even pacing than the marathoners across all 
performance groups but with a trivial practical significance in women.
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1 Introduction

Pacing is often referred to as the regulation of the distribution of 
energy expenditure during human activities, especially in a sport 
setting, to achieve the best result (Tucker and Noakes, 2009). Many 
studies indicate a significant impact of optimal pacing on long-
distance running performance (Skorski and Abbiss, 2017; De Leeuw 
et al., 2018; Kais et al., 2019; Foster et al., 2023). Furthermore, an 
optimal pacing strategy during long-distance running races plays a 
vital role in preventing homeostatic disorders (Tucker and Noakes, 
2009; de Koning et al., 2011; Foster et al., 2023), thus making the race 
more enjoyable for runners (Cuk et al., 2019a,b), while decreasing the 
risk of musculoskeletal injuries (de Koning et al., 2011).

An optimal pacing strategy depends on a race’s duration, the 
consequences of the speed deceleration with the loss of power output 
(Foster et al., 2023), the experience of the athlete, and the physiological 
capacity of each of them (St Clair Gibson et al., 2006). However, a 
complex balancing system between optimal performance and 
sustainability of homeostasis is the main requirement of the pacing 
strategy during activity (Abbiss and Laursen, 2008; Skorski and 
Abbiss, 2017; Foster et al., 2023). Consequently, an even pace might 
be  the most metabolically efficient strategy for finishing a long-
distance race at a given time (Rapoport, 2010). In particular, the 
critical parameter is the effort level (% VO2max), which on a steady 
track is approximately proportional to the runner’s pace 
(Rapoport, 2010).

In addition to the influence of sex (Cuk et al., 2019a,b; Kais et al., 
2019) and age (Kais et al., 2019; Cuk et al., 2021), the pacing strategy 
could also depend on the performance level of the long-distance 
runners (Nikolaidis and Knechtle, 2017; De Leeuw et al., 2018). Many 
recent studies examined the influence of performance levels on pacing 
strategies among long-distance mass-participation races, where the 
most commonly investigated discipline was marathon (Nikolaidis and 
Knechtle, 2017; Kais et  al., 2019). Only occasional studies had 
examined other long-distance races, such as 10 km races (Lima-Silva 
et al., 2010; De Leeuw et al., 2018), half-marathons (De Leeuw et al., 
2018), ultramarathons (Knechtle et al., 2022), and running segments 
in triathlon races (Knechtle et al., 2019a). As a result, many studies 
using race data with mass participation concluded that runners with 
a higher level of performance maintained a more even pace compared 
to runners with lower performance (Santos-Lozano et  al., 2014; 
Nikolaidis and Knechtle, 2017; Kais et al., 2019). The cause for this 
connection between performance level and even pacing can be found 
in the amount of carbohydrates (whose quantity is very limited) in 
metabolic processes increases supralinearly with the running intensity 
(Romijn et  al., 1993). Nevertheless, the most recent study on the 
“Spartathlon” ultra-marathon showed some contradictions, whereas 
the fastest and the slowest groups had a more even pace than the two 
medium groups (Knechtle et al., 2022). Accordingly, we can notice 
different results depending on the distance examined. Comparing 
runners’ pacing strategies between the different running disciplines 
might provide a more robust answer to this issue.

The importance of comparing pacing strategies between the long-
distance running races first came from the lack of answers to what 
mechanism causes a significant decrease in running speed in the 
second half of the races (i.e., positive pacing strategy). Different 
authors previously suggested either physiological, sociological, or 
psychological mechanisms as plausible causes (Roelands et al., 2013; 
Deaner et al., 2015). However, in recent years, a new methodological 
approach allowed researchers to provide a more insightful answer to 
this issue by directly comparing pacing strategies between marathon 
and half-marathon held on the same event, day and race-track (Cuk 
et  al., 2019a,b). Since the external conditions could impact long-
distance pacing strategies, comparison in similar external conditions 
is important. The results suggest that physiological mechanisms (i.e., 
glycogen depletion by men, more slow fibers by women) might be the 
critical factor for the decrease in the running speed later in the race, 
rather than psychological or sociological reasons (Beltrame et  al., 
2017). Namely, women had a more even pacing than men in the 
marathon, but the pacing difference between the sexes almost 
disappeared in the half-marathon (Cuk et al., 2019a,b) and 10 km 
(Cuk et al., 2021). This trend was noticed across age groups as well 
(Cuk et al., 2019a,b). However, no studies have directly compared 
marathon and half-marathon pacing regarding performance level. 
Since the previous research on the performance level differences in 
pacing regarding the individual disciplines showed that differences 
exist (Hanley, 2014b; Knechtle et al., 2022), it could be significant to 
examine this factor as well.

Therefore, we  aimed to examine the differences in pacing 
strategies between marathon and half-marathon races regarding their 
performance levels. We hypothesized that faster runners of both race 
and sex groups would pace more even than slower runners. We also 
hypothesized that the half-marathoners of both sexes would show a 
more even pacing than the marathoners, across all performance groups.

2 Materials and methods

2.1 Subjects

We initially took into consideration the official results and split 
times from finishers (N = 215,563) in the “Vienna City Marathon” 
(VCM)1 between 2006 and 2018. We then excluded participants who 
did not complete any of the races, as well as those who did not have a 
record of any of the segment time. In the end, we considered a total of 
208,760 participants for this study. There were 75,492 participants in 
the marathon (men, N = 62,163; women, N = 13,329) and 133,268 
participants in the half-marathon (men, N = 91,145; women, 
N = 42,123). Of the total sample, 153,308 were men, and 55,452 were 
women. Since the sample size is already large, we  choose not to 
include results after 2019 in the analysis, since the Covid-19 pandemic 
might indirectly influence performance and pacing strategies 
(Valenzuela et al., 2021).

The Institutional Review Board of Kanton St. Gallen, Switzerland 
(Approval number EKSG 01-06-2010) approved this study with a 

1 Vienna City Marathon. (2022). https://www.vienna-marathon.com [Accessed 

March 10, 2022].

Abbreviations: CS 1–5, The average Change of Speed for each of the five segments; 

ACS, Absolute Change of Speed; LL, Low-Level performance group; MLL, Moderate 

to Low-Level performance group; MHL, Moderate to High-Level performance 

group; HL, High-Level performance group; VCM, Vienna City Marathon.
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waiver of the requirement for informed consent of the participants as 
the study involved the analysis of publicly available data. The study 
was conducted following recognized ethical standards according to 
the Declaration of Helsinki adopted in 1964 and revised in 2013.

2.2 Design

Our study’s experimental approach was observational research.

2.3 Methodology

VCM marathon and half-marathon races were held every year on 
the same day. Both races’ courses were officially certified with a 
relatively flat track with an elevation difference of only 50 m (ranging 
from 154 m to 210 m). As a comparison, the Berlin Marathon, 
considered “the fastest marathon,” has an elevation difference of 21 m. 
Although VMC is not one of the six major marathons, it has recently 
been quite popular. Namely, on October 12, 2019, at one-quarter of 
the VCM course, Eliud Kipchoge ran the marathon distance in 
1:59:40.2 h,2 becoming the first person to run this distance in less 
than 2 h, but in specific conditions that aren’t authorized by World 
Athletics.3

The marathon course contained the half-marathon course 
allowing us to compare these two disciplines. During the race days, 
the weather temperature was from 7.8°C to 21°C at 9 am and from 
10.8°C to 25.1°C at 2 pm. No additional humidity grade or wind speed 
information was available on the official race website.

2.4 Data analysis

2.4.1 Dependent variables
Firstly, we calculated the average running speed in each of the 

five-race segments and after that, we calculated the average running 
speed of all five race segments, for each participant in both the 
marathon and half-marathon (Cuk et  al., 2019a,b). Segment 1 
corresponds to the initial portion of the races, spanning from the start 
to the 10th kilometer in the marathon and the 5th km in the half-
marathon (first 23.7% of the race). Segment 2 covers the middle 
portion of the races, ranging from the 10th to the 20th kilometer for 
the marathon and from the 5th to the 10th kilometer for the half-
marathon (23.7–47.4% of the race). Segment 3 represents the latter 
part of the races, encompassing the 20th to the 30th kilometer for the 
marathon and the 10th to the 15th kilometer for the half-marathon 
(47.4–71.1% of the race). Segment 4 corresponds to the final stretch 
of the races, spanning from the 30th to the 40th kilometer for the 
marathon and from the 15th to the 20th kilometer for the half-
marathon (71.1–94.8% of the race). Segment 5, known as the end 
spurt (94.8–100% of the race), covers the distance from the 40th 

2 INEOS 1:59 Challenge. (2022). https://www.ineos159challenge.com/ 

[Accessed March 10, 2022].

3 World Athletics (2023). Available at: https://worldathletics.org/competitions 

[Accessed  September 13, 2023].

kilometer to the finish line for the marathon (42.195 km) and from the 
20th kilometer to the finish line for the half-marathon (21.0975 km).

Afterward, we calculated the percentage of the average change of 
speed for each of the five segments (CS 1–5) concerning the average 
running speed, whereas all percentages were presented in absolute 
(i.e., positive) values (Cuk et al., 2019a,b; Knechtle et al., 2022).

Finally, note that one dependent variable depicting pacing is often 
a better choice since more complex statistics can be performed while 
pacing on two or more races held on the same track in multiple years 
can be compared. Therefore, we calculated each participant’s absolute 
change of speed (ACS) as a mean of the five CSs. This method of data 
analysis has previously been used (Cuk et  al., 2019a,b; Knechtle 
et al., 2022).

2.4.2 Independent variables
We created four performance level groups (quartiles) concerning 

the placement in the race (separately for sex and race). Specifically, these 
groups were established as quartiles within each of four distinct running 
categories: men marathon runners, men half-marathon runners, 
women marathon runners, and women half-marathon runners. The 
High-Level group (HL) consisted of the first quartile of the best-placed 
runners in each category. Afterward, the Moderate to High-Level group 
(MHL) consisted of the second-placed quartile in each category. Finally, 
the Moderate to Low-Level group (MLL) and Low-Level group (LL) 
consisted of the third and fourth-placed quartiles in each category 
(Santos-Lozano et al., 2014; Knechtle et al., 2022).

2.5 Statistical analyses

Initially, we calculated descriptive statistics of CS and ACS for four 
performance groups separately for race and sex, as the mean, standard 
deviation, maximal, and minimal values. Afterward, we confirmed 
data distribution normality by Kolmogorov–Smirnov, Shapiro–Wilk 
tests, and visual observation of histograms and q-q plots. Then, 
we  conducted a mixed between-within ANOVA to assess the 
differences between performance levels on participants’ CS, across five 
race segments (separately for men and women in half-marathon and 
marathon). This statistical analysis was used for CS to estimate the 
main effects of the segment (within-subjects factor), performance 
level (between-subjects factor), and their interaction (segment × 
performance level). Finally, we conducted a two-way between-groups 
ANOVA to assess the differences between performance level and race 
regarding the ACS (separately for men and women). Accordingly, it 
was used to assess the main effects of race, performance level, and 
their interaction. We  used the Bonferroni test for all post hoc 
comparisons. The effect size was represented by an eta squared (ŋ2) 
and described using the commonly used guidelines where the values 
of >0.01, >0.06, and > 0.14 were considered small, moderate, and large 
effect, respectively, (Cohen, 1988). Since all pacing variables were 
expressed as percentages, before all ANOVAs, data were 
log-transformed for the analyses, then back-transformed according to 
existing methods (Stewart and Hopkins, 2000).

The alpha level was set at p < 0.05. We conducted all statistical tests 
using Microsoft Office Excel 2019 (Microsoft Corporation, Redmond, 
WA, United States) and IBM SPSS Statistics 26 (IBM, Armonk, NY, 
United States).
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3 Results

3.1 Pacing strategies

The mean segment speed and the average speed of five segments 
of all performance groups of men and women are shown in Tables 1, 
2, respectively. We observed positive pacing strategies in all men’s 
and women’s performance groups in both marathon and half-
marathon. In addition, most performance groups showed an end 
spurt, which is noticed as speed acceleration in the last running 
segment (higher speed in the fifth segment compared to the fourth 
segment). Notably, faster runners demonstrated less end spurt than 
slower runners.

Furthermore, the descriptive data indicated that men marathoners 
of all performance groups ran faster than men half-marathoners in the 
first three segments (Table 1).

The results of women (Table 2) indicated that marathoners of all 
performance levels were faster than half-marathoners throughout all 
segments of the race.

3.2 Performance level × segment 
(between-within design)

We conducted a mixed between-within analysis to assess the 
participants’ performance level differences across CS 1–5 (Figures 1, 
2). Regarding men marathon runners (Figure 1; left panel), significant 
main effects for the segment (F = 20768.2, p < 0.001, ŋ2 = 0.691), 
performance level (F = 2957.8, p < 0.001, ŋ2 = 0.122) and their 
interaction (F = 929.6, p < 0.001, ŋ2 = 0.187) were observed. 
Consecutively, in men half-marathon runners (Figure 1; right panel), 
the same significant main effects for the segment (F = 23670.5, 
p < 0.001, ŋ2 = 0.779), performance level (F = 5343.1, p < 0.001, 
ŋ2 = 0.115) and their interaction (F = 891.5, p < 0.001, ŋ2 = 0.106) 
were observed.

Bonferroni post hoc analysis showed significant differences 
(p < 0.001) between CS 1–5  in all performance groups for men 
marathoners and half-marathoners, indicating a more substantial 
pacing variability at the beginning and toward the end of the race (i.e., 
fast start and slow finish, respectfully). Furthermore, significant 

TABLE 1 Segments and average speed of five segments for all performance levels of men marathon and half-marathon runners.

Men

Marathon (N =  62,163) Half-marathon (N =  91,145)

DS LL MLL MHL HL LL MLL MHL HL

Segment 1 

(km/h)

Mean 9.83 10.92 11.87 13.66 9.47 10.63 11.60 13.43

SD 0.81 0.64 0.66 1.27 0.80 0.62 0.64 1.23

Min 6.69 7.82 9.28 10.59 5.92 6.82 7.11 10.32

Max 15.01 15.06 16.39 20.17 16.97 17.27 16.57 21.25

Segment 2 

(km/h)

Mean 9.47 10.77 11.76 13.52 9.15 10.46 11.43 13.16

SD 0.79 0.50 0.52 1.19 0.74 0.42 0.45 1.08

Min 5.97 8.27 9.26 10.78 5.77 7.11 9.08 10.54

Max 13.37 15.09 15.61 20.11 14.55 15.27 15.54 20.57

Segment 3 

(km/h)

Mean 9.03 10.59 11.66 13.46 8.86 10.38 11.39 13.12

SD 0.84 0.44 0.45 1.20 0.80 0.41 0.41 1.04

Min 5.47 7.05 8.29 9.57 5.61 6.23 7.82 8.88

Max 12.49 13.53 16.14 20.64 12.82 16.01 14.62 20.91

Segment 4 

(km/h)

Mean 8.05 9.70 10.81 12.64 8.23 9.89 10.98 12.80

SD 0.89 0.72 0.70 1.27 0.90 0.64 0.60 1.12

Min 5.09 6.01 7.17 9.02 5.08 5.44 6.28 8.19

Max 11.89 12.74 13.74 20.12 11.71 13.13 14.05 20.71

Segment 5 

(km/h)

Mean 8.39 9.80 10.81 12.52 8.54 9.99 11.00 12.68

SD 1.01 0.97 0.96 1.36 1.05 0.87 0.86 1.19

Min 4.24 4.64 4.91 6.56 4.52 4.67 4.97 5.03

Max 13.30 14.94 15.02 20.26 14.94 15.00 15.65 19.89

Average speed of 

5 segments 

(km/h)

Mean 8.96 10.36 11.38 13.16 8.85 10.27 11.28 13.04

SD 0.63 0.34 0.35 1.14 0.67 0.33 0.35 1.03

Min 6.44 9.45 10.39 11.59 5.69 9.31 10.23 11.56

Max 10.53 11.41 12.54 20.03 11.39 12.26 12.61 20.58

DS, Descriptive Statistics; Performance groups: LL, Low-Level; MLL, Moderate to Low-Level; MHL, Moderate to High-Level; HL, High-Level.
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TABLE 2 Segments and average speed of five segments for all performance levels of women marathon and half-marathon runners.

Women

Marathon (N =  13,329) Half-marathon (N =  42,123)

DS LL MLL MHL HL LL MLL MHL HL

Segment 1 

(km/h)

Mean 9.07 9.92 10.65 12.10 8.74 9.60 10.35 11.67

SD 0.61 0.53 0.47 1.29 0.64 0.51 0.50 0.99

Min 6.72 7.48 9.11 9.10 5.90 6.32 8.00 7.80

Max 12.26 14.11 12.69 17.70 16.97 11.97 13.79 18.54

Segment 2 

(km/h)

Mean 8.62 9.64 10.46 11.95 8.32 9.37 10.17 11.47

SD 0.58 0.39 10.46 1.22 0.57 0.35 0.34 0.87

Min 5.98 6.67 9.12 9.90 5.90 8.05 8.09 9.62

Max 11.22 12.05 12.09 17.94 10.54 11.51 13.96 17.43

Segment 3 

(km/h)

Mean 8.35 9.52 10.42 11.95 8.04 9.22 10.09 11.42

SD 0.61 0.35 0.35 1.19 0.62 0.35 0.34 0.86

Min 5.70 7.86 8.97 9.88 5.42 6.70 8.22 9.25

Max 10.30 11.61 11.68 17.96 10.54 11.49 14.25 17.29

Segment 4 

(km/h)

Mean 7.75 8.93 9.87 11.41 7.59 8.80 9.71 11.13

SD 0.68 0.52 0.52 1.18 0.68 0.49 0.48 0.91

Min 5.10 6.53 7.09 8.13 5.09 6.02 6.77 7.34

Max 10.06 11.03 11.82 17.68 10.12 11.44 12.07 17.06

Segment 5 

(km/h)

Mean 8.17 9.18 10.06 11.48 7.97 9.07 9.86 11.15

SD 0.79 0.70 0.73 1.21 0.84 0.67 0.67 0.98

Min 4.51 5.39 5.95 6.33 4.24 4.90 5.50 6.15

Max 12.33 12.19 13.15 17.80 12.29 12.41 13.58 16.98

Average speed of 

5 segments 

(km/h)

Mean 8.39 9.44 10.29 11.78 8.13 9.21 10.03 11.37

SD 0.47 0.26 0.28 1.15 0.52 0.25 0.28 0.84

Min 6.41 8.73 9.54 10.54 5.83 8.34 9.26 10.01

Max 9.35 10.14 11.08 17.50 9.31 10.09 11.05 17.39

DS, Descriptive Statistics; Performance groups: LL, Low-Level; MLL, Moderate to Low-Level; MHL, Moderate to High-Level; HL, High-Level.

FIGURE 1

Average speed change in each race segment of men, calculated as a percent change of the mean race speed in marathon and half-marathon. 
Performance groups: LL, Low-Level; MLL, Moderate to Low-Level; MHL, Moderate to High-Level; HL, High-Level.
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differences (p < 0.001) were observed between performance groups for 
each CS. Namely, LL showed the greatest variability, while each 
higher-performance group showed significantly lower variability.

Regarding women marathon runners (Figure  2; left panel), 
significant main effects for the segment (F = 12423.8, p < 0.001, 
ŋ2 = 0.813), performance level (F = 646.0, p < 0.001, ŋ2 = 0.094) and 
their interaction (F = 186.8, p < 0.001, ŋ2 = 0.187) were observed. 
Consecutively, in women half-marathon runners (Figure  2; right 
panel), the same significant main effects for the segment (F = 12423.8, 
p < 0.001, ŋ2 = 0.866), performance level (F = 2891.7, p < 0.001, 
ŋ2 = 0.102) and their interaction (F = 458.0, p < 0.001, ŋ2 = 0.134) 
were observed.

Only in women marathoners in the MHL performance group, 
Bonferroni’s post hoc analysis showed no significant difference 
between the fourth and fifth segments (p > 0.05), indicating no end 
spurt. In all other performance groups for women marathoners and 
half-marathoners significant differences (p < 0.001) between CS 1–5 
were observed, indicating a more substantial pacing variability at the 
beginning and toward the end of the race (i.e., fast start and slow 
finish, respectively). Furthermore, significant differences (p < 0.001) 
were observed between performance groups for each CS. Namely, LL 
showed the greatest variability, while each better-performance group 
showed significantly lower variability.

3.3 Performance level × race 
(between-between design)

We conducted a two-way between-groups ANOVA to assess the 
differences between performance level and race regarding the ACS, 
separately for men and women (Figures 3, 4, respectively).

Regarding men (Figure 3), significant main effects for the race 
(F = 7896.0, p < 0.001, ŋ2 = 0.246), and performance level (F = 7980.2, 
p < 0.001, ŋ2 = 0.746) were observed, but with the trivial practical 
significance of their interaction (F = 80.1, p < 0.001, ŋ2 = 0.007). 

Bonferroni post hoc analysis was presented in Figure 3 (** indicating 
a significant difference between performance levels at p < 0.01; ## 
indicating a significant difference between races at p < 0.01).

Furthermore, in women (Figure 4), the same significant main 
effects for the race (F = 247.7, p < 0.001, ŋ2 = 0.032) and performance 
level (F = 2527.5, p < 0.001, ŋ2 = 0.968) were observed. Conversely, race 
and performance level interaction showed no significance (F = 1.7, 
p = 0.168, ŋ2 < 0.001). Bonferroni post hoc analysis was presented in 
Figure 4 (** indicating a significant difference between performance 
levels at p < 0.01; ## indicating a significant difference between races 
at p < 0.01).

4 Discussion

The main aim of our study was to assess and compare pacing 
strategies between marathon and half-marathon runners regarding 
their performance levels. We confirmed the hypothesis that faster 
runners of both race and sex would pace more evenly (i.e., presenting 
smaller changes in speed) than slower runners. Also, we partially 
confirmed the hypothesis that the half-marathoners of both sexes 
would show more even pacing than the marathoners across all 
performance groups, since the difference between ACS of women in 
marathon and half-marathon has a trivial effect size.

4.1 Pacing strategies

We observed positive pacing strategies in all men’s and women’s 
performance groups in both marathon and half-marathon. The most 
significant speed decline was observed in the 4th segment, which is 
more pronounced in the slower groups. In addition, most performance 
groups showed an end spurt. Notably, faster runners demonstrated 
less end spurt than slower runners, which was consistent with the 
smaller changes in speed between segments.

FIGURE 2

Average change of speed in each race segment of women, calculated as a percent change of the mean race speed in marathon and half-marathon. 
Performance groups: LL, Low-Level; MLL, Moderate to Low-Level; MHL, Moderate to High-Level; HL, High-Level.
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FIGURE 3

Absolute change of speed in men’s marathon and half-marathon runners. Performance groups: LL, Low-Level; MLL, Moderate to Low-Level; MHL, 
Moderate to High-Level; HL, High-Level. Error bars represent standard deviation. ** p  <  0.001; ## p  <  0.001.

FIGURE 4

Absolute change of speed in women’s marathon and half-marathon runners. Performance groups: LL, Low-Level; MLL, Moderate to Low-Level; MHL, 
Moderate to High-Level; HL, High-Level. Error bars represent standard deviation. ** p  <  0.001; ## p  <  0.001.
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The most significant speed decline in the 4th segment could 
be explained by a large amount of fatigue accumulated due to the fast 
start and the long distance covered (Hanley, 2014a; Cuk et al., 2019a,b).

Intriguingly, both men and women were faster in the marathon than 
in the half-marathon. Since there were 57% more participants in the half-
marathon than in the marathon race (133,268 vs. 75,492), this can 
be explained by the fact that the increase in the number of runners can 
worsen the results (Vitti et  al., 2020). We  can assume that a larger 
proportion of participants in the half-marathon, compared to the 
marathon, consists of recreational runners. Notably, in women, the half-
marathon-marathon ratio is approximately 3:1, while in men, this ratio is 
close to 2:1. Furthermore, endurance performance can be affected by 
previous running experience (Chow et al., 2011). Since more runners 
participate in the half-marathon than the marathon, as it is more available 
distance, we can assume that many recreational runners and beginners 
(i.e., inexperienced runners) decreased the mean running speed.

4.2 Performance level × segment 
(between-within design)

The results of this study show a significant impact of performance 
level on participants’ running variability across five race segments in 
both race and sex groups.

Overall, the results of our study indicate that higher-performance 
runners showed less pace variability than runners with lower 
performance in both race and sex groups. A similar conclusion was 
reached in other studies that examined this topic in only marathon races 
(Nikolaidis and Knechtle, 2017; Kais et al., 2019). It is also interesting that 
a more significant pace decline during the half-marathon was observed 
in runners who ran slower than the predicted finishing time, while those 
who ran faster than the predicted finishing time had an even pace 
(Piacentini et al., 2019). So, a steady pace could be the most metabolically 
efficient strategy for finishing a long-distance race (Rapoport, 2010). If 
we  relate this with our results, it can be  assumed that the higher-
performance runners achieved even better results than expected due to 
the steady pacing. Namely, runners with a more prominent change of 
running speed have higher energy expenditure and, consequently, 
poorer performance.

All women groups showed an end spurt, but it was more pronounced 
in lower-performance groups. However, there is no end spurt in the HL 
and MHL performance groups of men in the marathon, while in the 
half-marathon, the end spurt is absent only in the HL performance 
group. The missing end spurt in high-performance runners can 
be explained by better energy distribution, due to their accurate self-
assessment and inability to make sudden changes at the end. It could 
indicate that physiological factors are more pronounced compared to 
psychological factors. In contrast, since pacing involves anticipation, 
awareness of the end-point, experience, and sensory feedback (Skorski 
and Abbiss, 2017), knowing the proximity of the finish line can motivate 
runners to utilize their final reserves, indicating psychological factors 
rather than physiological ones. Accordingly, the pronounced end spurt 
reflects the runners’ greater caution and energy reserve during the race 
to avoid facing complete exhaustion before the end (de Koning et al., 
2011). Because of that reserve, they also have more energy for the end of 
the race, which is characteristic of the slower marathon (Nikolaidis and 
Knechtle, 2017) and half-marathon (Hanley, 2014a) runners.

Several factors have been shown to affect the pacing. These factors 
are physiological, biomechanical, and psychological. Within them, 

thermoregulation, reduction of glycogen stores, neuromuscular 
fatigue, and increased rate of perceived exertion (RPE) have a direct 
impact (Foster et al., 2023). In particular, the amount of carbohydrates 
in metabolic processes increases supralinearly with the running 
intensity (Romijn et al., 1993). For example, if the running speed is 
gradually decreasing and then increasing over time to achieve the 
target result, in the compensatory fast running part, carbohydrate 
utilization exceeds the utilization amount it would have been had the 
runner maintained his target pace. Additionally, carbohydrate 
utilization during the fast part is also greater in size than the 
carbohydrate savings achieved during the slow interval. As a result, 
the net carbohydrate utilization is higher than if the runner never 
varied from the target pace (Rapoport, 2010). Increased glycogen 
depletion is a potential cause of decreased intensity (Abbiss and 
Laursen, 2008). This has resulted in altered substrate use, 
neuromuscular fatigue, and/or psychological factors associated with 
fatigue perception (Abbiss and Laursen, 2008). Some authors suggest 
that speed decline can be  explained with the Hazard Score that 
indicates homeostatic disturbance computed as a product of 
momentary RPE with the fraction of the remaining race distance (de 
Koning et al., 2011; Foster et al., 2023).

Furthermore, climatic conditions and outside temperature can affect 
pace and performance during a long-distance race (Trubee et al., 2014), 
while slower marathoners and novices had less knowledge about the type 
and importance of hydration (Namineni et al., 2021). Since the VCM 
race started every year in the early morning hours, with the temperature 
fresher than in the later hours (as mentioned in the methodology 
section), the slower runners finished the race always in the warmer part 
of the day compared to the faster ones. Considering that an increased 
outside temperature of 1°C can decrease performances (Knechtle et al., 
2019b), a significant pace decline during the race in slower runners could 
also be caused by the outside temperature rise.

Knowledge of the race endpoint is considered the most 
important factor according to which the strategy of running pace is 
established (St Clair Gibson et al., 2006; de Koning et al., 2011). The 
long-distance pacing profile is reflected in the control of 
physiological processes by changes in muscle activation in an 
anticipatory manner (de Koning et al., 2011; Foster et al., 2023). 
Namely, the pacing profile is formed based on physiological systems 
and experience feedback. It takes experience to gain the necessary 
knowledge of environmental conditions, internal metabolic 
functions, and fuel reserves for a given race distance (St Clair 
Gibson et al., 2006; Foster et al., 2023). Also, since we know that 
physiological adaptation processes require a certain period to occur, 
a lower level of performance is expected in less running experience 
groups (Granata et al., 2018). Thus, the number of years of running 
and previous races are directly related to the race pace, regardless 
of age, gender, and current result. Therefore, experienced runners 
are expected to have a more even pace, while less experienced ones 
have a more significant decline (Deaner et al., 2015), which agrees 
with the result of our research.

4.3 Performance level × race 
(between-between design)

A significant impact of performance level and race on ACS in both 
men and women was observed. However, the difference between ACS 
of women in half-marathon and marathon has a trivial effect size.
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In all performance groups, men marathon runners had more 
pacing variability than half-marathon runners. Interestingly, the HL 
group in the marathon has similar variability to the MLL in the half-
marathon. The LL group of men marathon runners showed the 
greatest variability of pace, including sex and race. According to the 
previous assumptions, one of the factors influencing this pace 
variability of slower runners may be  the increasing outside 
temperature as the race progresses (Trubee et al., 2014), which could 
increase the heat stress of these runners and decrease the speed as well 
(Leslie et al., 2023). A similar reason can be assumed as the cause of 
greater variability in the pace of marathoners compared to half-
marathoners. Half-marathoners, as well as faster runners, spend less 
time on the track while the temperature is still lower.

Regarding women, there are significant differences in pace 
variability between marathon and half-marathon, but it is less 
pronounced and has little practical significance (ŋ2 = 0.032). A higher 
relative number of slow-twitch muscle fibers in women could be one 
of the reasons for faster dynamics of oxygen extraction in peripheral 
and pulmonary blood at moderate exercise intensities compared to 
men (Beltrame et al., 2017). In general, muscle metabolism in women 
is more capable of synthesizing ATP from oxidative phosphorylation 
(Ansdell et al., 2020). Additionally, there is some evidence that women 
are more likely to have a better strategy that reduces the risk of 
developing heat illness on exertion (Périard et al., 2017). These could 
be  the main reasons for the less pronounced differences in pace 
variability between half-marathon and marathon, caused by women’s 
physiology. However, there is certainly a very similar difference 
between performance groups for men.

In summary, the results of this study show a significant impact of 
performance level on participants’ pace variability across the race in 
both race and sex groups. Namely, runners of a higher level of 
performance showed more even pacing than runners of a lower level 
of performance. Also, there was a significant impact of race format on 
ACS in both men and women. However, the difference between ACS 
of women in marathon and half-marathon has a trivial effect size.

4.4 Practical applications

Given the growing number of runners worldwide at these distances, 
and the common practice to participate in half-marathon and marathon 
races interchangeably, the results of this study are of great practical value. 
A large percentage of the participants in the VCM1 were foreign runners, 
so the influence of only one nation can be ruled out. Given the vast 
sample of participants, which probably well describes the population of 
runners, the results can be generalized. Since we know about excellent 
consistency of the pacing profile in the same race from edition to edition, 
it is possible to plan the pacing strategy. Namely, coaches and runners 
could adjust their training programs and race pacing strategy concerning 
the level of performance of each runner to achieve the best possible result 
and reduce the risk of over-exhaustion. A more specific practical 
implication of these results suggests that slower runners in both races, 
but especially men in marathon distance, should start the race at a slower 
pace, aiming to maintain a more even pace. Therefore, with this group of 
runners, compared to all others, a significant emphasis should be placed 
on training to practice running at an even pace. By doing so, they can 
efficiently utilize their energy and distribute it more effectively from the 
beginning of the race. Otherwise, there is a significant risk of depleting 

their energy early or excessively conserving it, which would likely lead to 
compensating through an “end spurt,” as well as worsening performance.

5 Limitation of this study

A limitation of this study is the lack of additional information on 
other factors that could affect the pacing, such as previous training routine, 
experience in running and racing, or anthropometric characteristics. 
Considering that performance groups of runners have been created 
separately for sexes and races during the 13 years of the VCM, different 
weather conditions and number of participants in different years may have 
an impact on the consistency of the divisions. Further research on pacing 
in the marathon and half-marathon is desirable, including additional 
information on a previous training routine, motivation, running and 
racing experience, or anthropometric characteristics.
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