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1 Title

2 Performance and psychophysiological effects of light-guided pacing during a 5000-m 
3 run

4 Abstract

5 Purpose. In world-class middle- and long-distance running races, a ‘Wavelight’ signal 
6 has recently been used as a pacing guide for setting records. The aim of the present 
7 study was to compare performance and psychophysiological effects between light-
8 guided, drafting and non-assisted pacing conditions in distance runners. 

9 Methods. Fifteen male middle- and long- distance runners of national and regional 
10 standard ran three 5000-m time trials in a counterbalanced order with the following 
11 pacing distribution: the first 4000-m and last 1000-m were covered at submaximal and 
12 maximal intensities, respectively. The three trials (conditions) were: a) self-paced, b) 
13 guided by a light signal, and c) guided by a cyclist in front (drafting condition). Pace, 
14 heart rate (HR), Rating of Perceived Exertion (RPE), and affective valence were 
15 recorded every 500-m.

16 Results. No statistically significant differences were found between pacing light and 
17 self-paced conditions. Running time was shorter in the drafting vs. self-paced condition 
18 in the final 500-m section (p = 0.031; d = 0.76). No differences were found between 
19 drafting and light conditions. Similarly, whereas nine out of ten significant differences 
20 in terms of lower HR or RPE or higher affective valence responses were found in the 
21 drafting vs. self-paced condition (p = 0.004-0.041; d = 0.63-1.39), only four were found 
22 across the tests in the drafting vs. light condition (p = 0.005-0.016; d = 0.66-0.84). 

23 Conclusion. Light-guided pacing did not influence performance or psychophysiological 
24 responses in distance runners during a 5000-m test, but drafting produced a large effect.

25 Keywords athlete, behavior, endurance training, pacing, Wavelight signal

26 Running head: Light-guided pacing in runners

27

28 Introduction 

29 The term pacing defines the distribution of effort during an exercise session. It is a 
30 fundamental requirement for success in endurance disciplines particularly in pursuit 
31 sports such as running, cycling, skiing, rowing, speed skating.1 An athlete's pacing 
32 strategy, the way the athlete intends ahead of time to distribute effort during a race, can 
33 have a considerable impact on performance.2 Pacing is a complex interaction of 
34 anticipatory processes, knowledge of the finish point, previous experience, behavior of 
35 competitors and sensory information during the race.3 The regulation of the Rating of 
36 Perceived Exertion (RPE) is a key factor in the optimization of pacing strategy and 
37 behavior in middle- and long-distance running events.4 The brain can regulate exertion 
38 by integrating a wide range of signals from different systems5 and the application of one 
39 or another pacing approach is based on a subjective, continuous decision-making 
40 process, starting from a series of physiological conditions, the psychological state, and 
41 both the anticipated and experienced behavior of other competitors.6 
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42 In endurance events, pacing behavior has been studied from physiological, cognitive 
43 and affective points of view.7–9 The interaction among athletes makes races complex 
44 systems.6 The proposed advantage of running behind other runners, drafting, has been 
45 studied, with demonstrated energy saving and psychological gains.10–13 The favorable 
46 effect of drafting refers to the reduction of air resistance during races through the 
47 adoption of specific positions relative to other competitors. In this way, running behind 
48 a runner at 6 m/s (middle-distance running pace) results in a 4.5-6% reduction in 
49 VO2.14,15 However, it should be acknowledged that these outcomes were analyzed in 
50 extremely reduced sample sizes of 114 and 315 participants. In addition, running in a 
51 group during world-class distance track running competitions represents typical 
52 behavior in most successful athletes.16 To achieve records in major athletic events, 
53 pacemakers, athletes who set the pace and run ahead of the presumed record breakers, 
54 have traditionally been used. These athletes are hired to lead the race and maintain the 
55 pace for as many laps as possible, usually up to the halfway or even two-thirds of the 
56 race.17

57 Recently, middle- and long-distance athletics events have included a light signal as an 
58 additional pacing guide through a technology called WaveLight, which emits a flash of 
59 light on the inner border of the track at the programmed pace.18 A similar system also 
60 allowed Eliud Kipchoge to break the two-hour barrier at the unregulated Ineos1:59 
61 event in Vienna in October 2019. He was assisted by a laser beam that marked a line on 
62 the road just in front of him, projected from a car moving at exactly sub-2h pace.19 
63 Since then, this technology has been used to break several track world, area, and 
64 national records in recent years (Table 1).
65
66 ****Table 1 here****
67
68
69 This may have several advantages. Firstly, light-guided pacing would have allowed 
70 runners to avoid pace variation across the race.18 Secondly, it would have reduced 
71 “external noise” in decision-making, maximizing their physiological potential.11 Finally, 
72 pacers provided a draft for the lead runner. To the best of authors’ knowledge, no 
73 previous study has either analyzed performance or psychophysiological effects of a 
74 pacing light as a pacing guide in distance runners. 
75
76 Therefore, the main aim of the present study was to compare the psychophysiological 
77 response during a 5,000-m run and that of performance during the last 1000 m between 
78 light guided and drafting assisted pacing versus self-paced (non-assisted) conditions in 
79 trained middle- and long-distance runners. A secondary aim was to determine whether 
80 runners could achieve a more even pace through the light condition than through the 
81 self-paced one. The main hypothesis of the study was that lower heart rate (HR) and 
82 RPE, and better performance and affective responses, would be generated in both 
83 experimental (assisted) conditions compared with the self-paced condition.
84
85
86 Methods
87 Subjects
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88 Fifteen well-trained male middle-distance athletes participated in this study. The 
89 athletes typically trained between five and seven days per week, competed at regional 
90 and national events, and had extensive experience with racing 5,000-m. Subjects' age 
91 height, weight and recent running performances are listed in Table 2. All participants 
92 were in good health and had no injuries in the previous four months. All participants 
93 were informed of the characteristics of the study and provided written informed consent, 
94 which was previously approved by the Ethics Committee of the Universidad Católica 
95 San Antonio de Murcia (CE072109).
96
97 ****Table 2 here****
98
99 Study design 

100 An ABC/CBA/BCA repeated measures counterbalanced crossover experimental design 
101 was used to assess performance and psychophysiological responses during the test. The 
102 test was performed in three different conditions: with the assistance of either a light 
103 signal (light) or a bicycle in front (drafting), and alone without any assistance (self-
104 paced).  The test consisted of completing a 5000-m time trial with the following pace 
105 distribution: 4000-m at submaximal intensity and the last 1000-m at maximal intensity. 
106 In this way, whereas the specific effect of the different pacing conditions at non-
107 maximum and even pace on perceptive and physiological exercise response could be 
108 measured during the first 4000-m of the test, that effect at maximum speed and effort 
109 could be determined in the last 1000-m. A submaximal fixed and individually-based 
110 speed of 85% of the speed achieved in a 5000-m competitive race during the previous 
111 two months to the first test was selected to cover the first 4000-m section, which 
112 allowed for a comparison of HR, RPE, and affective valence responses between 
113 conditions. Given that 5,000-m race speed represents approximately 90-95% of the 
114 maximal aerobic speed (the minimum speed achieved at maximum oxygen 
115 consumption),20 85% of this pace would be just below the critical speed.21 This specific 
116 pace to complete the first 4000 m of the test was selected because, theoretically, it 
117 would not surpass the boundary between the heavy and severe intensity domains and 
118 thus would not have yielded an excessive fatigue in the runners which in turn would not 
119 have allowed for a proper discrimination of RPE, affective valence and heart rate among 
120 conditions.21 For the last 1000-m, participants were asked to increase the intensity up to 
121 maximal effort. In this way, performance in turn would be the variable which could 
122 discriminate the behavior of participants between conditions. The specific speeds were 
123 determined with the assistance of participants’ coaches. 
124
125 Procedures
126 Testing was carried out on a standard 400-m athletics track. The three tests were 
127 conducted under similar environmental conditions (22-24.5 °C and 35-42% humidity 
128 and wind speed < 8 km·h−1) in the afternoon and evening. Each participant performed 
129 the three tests within the same time window (± 2 h). Mass and height were measured in 
130 participants using a digital scale (DR400C, Detecto, Webb City, USA) and stadiometer 
131 (Detecto PHR, Detecto, Webb City, USA), respectively, before starting the warmup of 
132 the first test. 
133 Participants were instructed to arrive at the testing location in a rested state, properly 
134 hydrated, having avoided any stimulants, without eating for at least 4 h, and having 
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135 refrained from intense physical activity or training on the two previous days. 
136 Additionally, they were asked to wear the same shoe model during the tests.22 The tests 
137 were separated by a time period ranging from four to six days, and on the two days 
138 before the tests, participants’ training consisted of continuous low intensity training 
139 sessions of 30-40 min. The athletes always performed the tests after a warm-up of 15 
140 min of low intensity continuous running, 5-10 min of dynamic stretching and a couple 
141 of 50-m accelerations on the track, which is similar to their normal pre-race competitive 
142 routine.
143  
144 HR was continuously recorded using the Polar Vantage M heart rate monitor and the 
145 Polar H7 chest strap (Polar Electro Oy, Kempele, Finland) which also recorded the time 
146 to complete the tests. RPE and affective valence values were indicated by participants 
147 and collected through a voice recorder (Xiaomi Redmi Note 9T mobile phone, Haidian, 
148 Beijing, China) every 500 m. Split times every 500 m and finishing times were double-
149 recorded by two researchers using two Motus Millennium MT68 handheld 
150 chronometers (Sasso Marconi, Bologna, Italy). The average value of both times was 
151 calculated for analysis. The 6-20 Borg scale23 was used to record RPE and Hardy and 
152 Rejeski's 11-point scale24 for affective valence. RPE and affective valence scales were 
153 described and explained to participants two weeks before conducting the first test. 
154 Subsequently, they underwent a familiarization process with both scales which 
155 consisted of being asked to rate both RPE and affective valence at each training session 
156 during these two weeks.
157
158 During the pacing light condition test, a researcher rode a bicycle 4 m behind and aside 
159 the participant projecting two laser beams from an Urban Moov flashlight (T’nb, Salon-
160 de-Provence. France) which was fixed to the bicycle’s handlebar, on to the track surface 
161 4 m in front of the runner, so the participant could see that light mark at the same 
162 position relative to him during the whole test. To keep the light at the same relative 
163 position to the participant, the researcher maintained the same relative position to the 
164 participant across the whole test through careful control of speed and position. The 
165 researcher was located behind the runner so that he could not have a visual reference of 
166 the researcher’s position and could only see the light mark (see Figure 1A). The pace 
167 was set by the researcher during the first 4000 m while matching actual and expected 
168 split times to achieve the target constant pace every 100 m. In the last 1000 m of the 
169 test, the researcher followed the pace set by the participant while keeping the laser light 
170 projected 4 m in front of him on the track.
171
172 During the drafting condition test, the researcher rode a bicycle one m in front of the 
173 participant and set the pace (see Figure 1B). In the last 1000 m, the researcher was 
174 verbally asked by the participant to firstly increase the pace and then adjust it through 
175 the terms “more” and “less” to slightly increase and decrease the pace, respectively. 
176 During both light-guided and drafting conditions, the researcher received constant 
177 feedback from a S3 Magene (Qingdao, China) speedometer attached to the bicycle 
178 which assisted him to keep a constant pace. During the self-paced condition test, the 
179 participant adopted his own pace with the feedback of the split times indicated by his 
180 watch, in a similar way as the researcher did in both assisted condition tests. The 
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181 researcher kept 4 m behind and aside the participant to record RPE and affective 
182 responses across the test (see Figure 1C).
183
184 Statistical analysis
185 Data are presented as mean ± standard deviation. Coefficient of variation (CV) of 
186 segment pace during the first 4000 m was analyzed for each condition using 500 m lap 
187 times. The normality of the variables lap times, HR, RPE and affective valence was 
188 checked using the Shapiro-Wilk test for each 500-m section and for the CVs being 
189 calculated. A repeated measures analysis of variance was used to analyze the 
190 differences between the experimental conditions. A one factor analysis of variance was 
191 used to compare CV of pace between conditions. Sphericity was checked using the 
192 Mauchly test. The Greenhouse-Geisser correction was applied when sphericity could 
193 not be proved (i.e., p < 0.05). For significant differences, pairwise comparisons were 
194 made using Tukey's correction and the effect size was calculated using Cohen's d, which 
195 was interpreted as small (≥ 0.2 to < 0.6), moderate (≥ 0.6 to < 1.2), large (≥1.2 to 2.0) or 
196 very large (≥ 2.0 to < 4).25 If normality of distribution could not be proved (i.e., p < 0.05 
197 in the Shapiro-Wilk test), a Friedman test was used to compare the outcomes between 
198 the experimental conditions. Pairwise comparisons were conducted through the Durbin-
199 Conover test. In all cases, the level of significance was established at p < 0.05. 
200 However, since light-guided pacing does not provide reductions in aerodynamic 
201 resistance, as drafting does, statistically significant performance and 
202 psychophysiological differences between the former and self-paced conditions are not 
203 very likely. Therefore, given that small differences in performance, such as a few 
204 hundredths of a second, can mean the difference between a gold and silver medal or a 
205 bronze medal and fourth place,17 and that absence of evidence does not imply evidence 
206 of absence,26 non-statistical differences will be discussed. All analyses were performed 
207 using the JAMOVI 2.3 statistical package (The Jamovi Project, 2022).
208
209 Results
210 According to the results derived from the Shapiro-Wilk tests, non-parametric tests were 
211 used to analyze affective valence. Regarding CV analyses, differences were only found 
212 in CV of pace during the first 4000 m of the test between conditions (F (2, 28) = 4.168, 
213 p = 0.005; 𝜂2

𝑝 = 0.229). However, no differences were found between conditions in the 
214 post hoc analysis. CVs of pace were 1 ± 0.39%, 0.87 ± 0.26% and 0.74 ± 0.23% for the 
215 self-paced, drafting, and light conditions, respectively. Figures 2A and 2B show the lap 
216 times and the heart rate response at each 500 m sections, respectively. 5000-m running 
217 times were 17:35.8 min:s ± 0.0006 s, 17:34.2 min:s ± 0.0006 s, and 17:34.7 min:s ± 
218 0.0006 s in the self-paced, drafting and light-guided pacing conditions, respectively. 
219 Overall running time was shorter in the drafting vs. self-paced condition in the final 
220 section (p = 0.031; d = 0.76). HR was lower in the drafting vs. self-paced condition 
221 from 1000-m to 3500-m (p < 0.05; d =0.68-1.39) and in the drafting vs. light condition 
222 from 2500-m to 3500-m (p = 0.005; d =0.77-0.84). The RPE and affective valence 
223 responses every 500-m are shown in Figure 2A and 2B, respectively. At 4500-m, RPE 
224 was lower in the drafting vs. self-paced (p = 0.005; d = 0.85). Affective valence was 
225 higher in the drafting vs. self-paced condition at 4000 m (p= 0.014; d = 0.65) and 4500 
226 m (p = 0.044; d = 0.63) and in the drafting vs. light condition at 4500-m (p= 0.016; d = 
227 0.66).
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228
229 **** Figure 2 here ****
230
231
232 Discussion 
233 The aim of the present study was to compare psychophysiological response to a 5000-m 
234 time trial and that of performance during the last 1000 m of the trial between pacing 
235 light and drafting assisted versus self-paced conditions in distance runners. The main 
236 findings were a significantly lower HR and RPE, and better performance and affective 
237 valence responses at some points across the tests in the drafting vs. self-paced condition. 
238 However, no significant differences were found between pacing light and self-paced 
239 conditions.  
240 The potential drafting benefits of running behind another runner or, in this case, behind 
241 a cyclist can explain the observed findings. In addition to the previously mentioned 4-
242 6.5% reduction in VO2 derived from running behind another runner at 6 m/s,14,15 (a 
243 slightly faster speed than that used in the present study [4.74 m/s]), running in a group 
244 resulted in a 3.5% improvement in running economy due to aerodynamic effects.27 
245 Indeed, the drafting effect has significant benefits in well-trained runners from 
246 physiological (less oxygen consumption, less accumulation of [Bla]) and psychological 
247 perspectives.13 
248 However, in addition to energy saving, there is a benefit derived from drafting, which is 
249 also common to light-guided pacing, referring to the existing visual reference dictating 
250 the specific pace which should be adopted. This benefit could also be attributed to 
251 psychological processes,12 such as a reduction in decision-making complexity and the 
252 consequent reduction in cognitive load and mental fatigue.11 Casado et al.10 also showed 
253 that elite middle-distance runners experienced a reduction in [Bla] and RPE and an 
254 increase in affective valence responses when they were completing a high intensity 
255 interval training session in a group, compared to individually. Therefore, light-guided 
256 pacing could help runners by reducing cognitive load and decision-making processes 
257 through the removal of "external noise",11 so that runners may just “follow the light” 
258 instead of establishing themselves a constant pace throughout the race which is required 
259 to beat a WR28 or a personal best performance. 
260 Whereas nine significant differences with at least moderate effect sizes in terms of 
261 lower HR or RPE or higher affective valence responses were found in the drafting vs. 
262 self-paced condition, only four were found across the tests in the drafting vs. light 
263 condition. These results show that psychophysiological responses to light-guided pacing 
264 and drafting conditions are ‘more similar’ than those to drafting and self-paced 
265 conditions. This particular effect may be important during elite and world-class races, in 
266 which performance differences between rivals are on many occasions minimal and just 
267 a few hundredths of a second can differentiate a medalist from a non-medalist 
268 position.17 Similarly, while no significant differences were found between self-paced 
269 condition and that in which another runner was present during 5000-m maximum time 
270 trials in pacing profile, performance, RPE and HR, performance perception was better 
271 in the latter in recreational runners.29 It means that a positive performance-related 
272 influence existed. 
273 Furthermore, it is noticeable the significant differences found between drafting and self-
274 paced conditions in six out of ten sections in HR, whereas differences were only found 
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275 in one and two sections in RPE and affective valence, respectively. According to Hardy 
276 & Rejeski,30 RPE and affective valence were moderately correlated at easy and hard 
277 training intensities, but not at intermediate/ moderate intensity, as found in the present 
278 study (RPE~14 at 4000-m). However, affective valence shows greater variability with 
279 increasing metabolic demand and RPE is more dependent on physiological signals.30

280 Despite many middle- and long-distance running races are covered at fast pace during 
281 their early and middle sections, a submaximal pace was set up to analyze HR as a 
282 quantifiable index of physiological intensity, and how it was affected by pacing lights 
283 and drafting in the present study. This was easy to apply as the athletes were familiar 
284 with this type of training. It is noteworthy that there were no significant differences in 
285 HR in the last 1000-m, while RPE and affective valence were significantly different in 
286 one section. This lack of HR differences may be explained due to the fact that the last 
287 1000 m was much more demanding than the previous 4000 m, and thus the last 
288 section’s HR may be close to participants’ maximum HR.
289 Additionally, it is noteworthy that from the 500 m to 3000 m point (i.e., for the main 
290 part of the submaximal intensity section), the differences in HR between self-paced and 
291 drafting conditions were significant. At this intensity, well-trained runners can last 
292 much longer than the approximately 14 min needed to complete the first 4000 m of the 
293 running test in the present study, and it can be deduced that the benefit of pacemakers 
294 could be critical over longer distances.31 Conversely, since participants were non-elite 
295 athletes and running at non-maximal intensity (i.e., moderate speed) during these first 
296 4000 m, according to the theoretical square law for drag,14 the drafting benefit during 
297 inherently faster elite competitions would be much greater than that observed in the 
298 present study. 
299 Alternatively, an important aspect to consider refers to the pacing adopted through the 
300 pacing lights signal, since competition performance could be compromised by an 
301 incorrect pace (i.e., adopting an excessive or too conservative pace). In this regard, an 
302 excessive initial pace adopted might negatively influence performance16 and the pace 
303 being selected to guide runners during a competition should accord to participants’ 
304 performance standard. Finally, the lack of differences between conditions in CV of pace 
305 prevents confirming that light-guided pacing can assist runners to adopt a more even 
306 pace than that during self-paced running. Nonetheless, it does not imply that this 
307 technology cannot assist runners at a faster (i.e, competitive) pace, which cannot be 
308 controlled as easily as the submaximal speed used in the present study to calculate CV 
309 of pace. In this way, it remains unclear whether this technology can assist runners to 
310 adopt more even pacing approaches leading to faster performances during meet races, 
311 typically used during world record performances.32

312
313 This study is not without limitations. Firstly, the technology used in the present study to 
314 guide pacing through a light signal is different from that used during world-class races. 
315 Whereas a flashlight fixed to a bicycle’s handlebar projecting two laser beams on the 
316 track just in front of the runner being guided was used in the present study, WaveLight 
317 technology comprises 400 LED lights located on the drainage covers of a track which 
318 flash to pace runners through a fluid motion.18 In the present study, the lights were set at 
319 a clearly submaximal pace in well-trained but not elite runners, to test the effects on 
320 HR, RPE and affective valence.  An important alternative experiment would be to set 
321 the lights so that they progressed at a pace that is equal to the runners’ best 
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322 performance, so that they would be close to their limit, which is the way the WaveLight 
323 technology is used in Diamond League races. Secondly, other physiological measures 
324 such as pulmonary gas exchange might have profitably been measured to determine 
325 whether the energy cost of running would have been different among conditions. 
326 However, that would have considerably reduced the ecological validity of the present 
327 study since athletes would have had to carry a portable gas analyzer throughout the 
328 tests. 
329
330 Practical applications 
331 A cyclist or runner can draft distance runners during training sessions, allowing them to 
332 achieve faster speeds with lower physiological strain and mental effort. Additionally, 
333 training in a group rather than individually may be considered a more interactive 
334 approach yielding a similar effect. Furthermore, light-guided pacing seems to be a 
335 useful tool which might assist distance runners to improve to a reduced extent their 
336 personal best performances. If that were the case, which remains unclear according to 
337 the findings of the present study, a debate could arise regarding whether the use of this 
338 technology is ethical and appropriate. On the one hand, WaveLight devices might not be 
339 available in all tracks and the natural decision-making process inherent to racing 
340 behavior would be conducted by an artificial and external device. On the other hand, 
341 this technology would not provide an energy cost reduction since it does not decrease 
342 aerodynamic resistance, although it still might support runners in their attempts to 
343 improve their performances.
344
345
346 Conclusions
347 Drafting provides psychophysiological and performance benefits in trained distance 
348 runners. Light-guided pacing neither generated a positive influence on performance, 
349 HR, RPE and affective valence, nor assisted runners to adopt more even paces.
350
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503
504 Table 1. World, Area and National Records beaten using Wavelight technology

Athlete Sex Competition Date Place Record Time/ distance 
(min:s/m)

Lamecha Girma M World Indoor Tour Liévin 15/02/2023 Liévin WR indoor 3,000m 7:23.81

Filip 
Ingebrigtsen M Impossible Games 11/06/2020 Oslo NR 1000m 2:16.46

Jakob 
Ingebrigtsen M Herculis Monaco 14/08/2020 Monaco ER 1500m 3:28.68

Joshua Cheptegei M Herculis Monaco 14/08/2020 Monaco WR 5000m 12:35.36

Mo Farah M Memorial Van Damme 04/09/2020 Brussels WR One Hour 21,330 m

Bashir Abdi M Memorial Van Damme 04/09/2020 Brussels WR 20,000m 56:20.02

Sifan Hassan W Memorial Van Damme 04/09/2020 Brussels WR One Hour 18,930 m

Joshua Cheptegei M NN World Record Day 07/10/2020 Valencia WR 10,000m 29:11.00

Letesenbet Gidey W NN World Record Day 07/10/2020 Valencia WR 5000m 14:06.62

Gudaf Tsegay W International Meeting 
Liévin 09/02/2021 Liévin WR indoor 1500m 3:53.09

Sifan Hassan W FBK Games 06/06/2021 Hengelo WR 10,000m 29:06.82

Letesenbet Gidey W Ethiopian Trials 08/06/2021 Hengelo WR 10,000m 29:01.03
Jakob 

Ingebrigtsen M International Meetin 
Liévin 17/02/2022 Liévin WR indoor 1500m 3:30.60

Team USA M The Track at Boston 15/04/2022 Boston WR distance medley 
relay 10:33.85

Faith Kipyegon W Golden Gala 02/06/2023 Firenze WR 1500m 3:49.11

Lamecha Girma M Diamond League 09/06/2023 París WR 3000mSC 7:52.11

Faith Kipyegon W Herculis Monaco 21/07/2023 Monaco WR Mile 4:07.64
Jakob 

Ingebrigtsen M Memorial Van Damme 08/09/2023 Brussels WR 2000m 4:43.13

Gudaf Tsegay W Prefontaine Classic 17/09/2023 Eugene WR 5000m 14:00.21

505 Performances were publicly available and found at World Athletics official website 
506 (www.worldathletics.org). M: man; W: woman; WR: world record; NR: national 
507 record; ER: European record; USA: United States of America; 3000mSC: 3000m 
508 steeplechase; NN: National Nederlanden; FBK: Fanny Blankers-Koen.
509

510 Table 2. Mean, standard deviation, and confidence intervals (95%) of weight, height, 
511 age and recent running performance level of participants

Mean ± standard deviation Confidence intervals (95%)

Age (years) 33.6 ± 10.5 27.73 – 39.39

Height (m) 1.73 ± 0.05 1.70 – 1.77

Mass (kg) 62.9 ± 5.0 60.1 – 65.64

Recent finishing time in a 3000 
m race (min:s ± s)

9:11.0 ± 26.4 8:56.36 – 9:24.64

Recent finishing time in a 5000 
m race (min:s ± s)

15:51.3 ± 45.6 15:26.06 – 16:16.6

512 Performances were achieved during the two months before the tests.
513

514

515

516
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517

518 Figures’ titles and legends

519

520 Figure 1. Graphical representation of the relative positions of the researcher and 
521 participant in the light (A), drafting (B) and self-paced (C) conditions during the tests
522

523 Figure 2. Split times (A), heart rate (B), rate of perceived exertion (RPE) (C) and 
524 affective valence (D) reported every 500-m.
525 *Significant differences between drafting and self-paced conditions; † Significant 
526 differences between drafting and light conditions (p < 0.05). 
527

528

529
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Figure 1. Graphical representation of the relative positions of the researcher and participant in the light (A), 
drafting (B) and self-paced (C) conditions during the tests 
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Split times (A), heart rate (B), rate of perceived exertion (RPE) (C) and affective valence (D) reported every 
500-m. *Significant differences between drafting and self-paced conditions; † Significant differences 

between drafting and light conditions (p < 0.05). 
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