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ABSTRACT 
Binkley, S.L. Evolution of Summated Hazard Score Versus Starting Strategy. MS in 
Clinical Exercise Physiology, December 2020, 55 pp. (C. Foster)  
 
PURPOSE: During competitive events, pacing strategies are dependent upon how an 
athlete feels at a specific moment and the distance of the race remaining, the Hazard 
Score (HS).  HS has been shown to provide a measure of how likely an individual is to 
increase or decrease their power output (PO) at any point during an event. The purpose of 
this research was to manipulate different starting strategies in order to establish whether 
the summated HS (SHS), as opposed to the momentary HS, will improve prediction of 
performance during a middle-distance cycling simulated competition. METHODS: 
Seven subjects performed two practice 10-km cycling time trials (TT) followed by three, 
10-km TT with imposed starting (first 3-km) PO (±5% of mean PO during second 
practice trial and self-paced). RESULTS: TT time for fast, self-paced and slow starts and 
mean PO were similar (p > 0.05). There was a significant interaction between each 
variable (PO, RPE, lactate, HR, HS, and SHS) and distance. The evolution of HS 
reflected the imposed starting strategy, with a reduction in PO following a fast- start, 
increased PO following a slow-start with similar HS during the last part of all TT. 
CONCLUSION: The SHS was higher with a fast start, indicating greater overall effort, 
with limited time advantage.  
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INTRODUCTION 
 

Pacing is a universal concept most simply defined as the distribution of energy 

expenditure over time (Foster & de Koning, 2015). The overall purpose of pacing is to 

accomplish a desired goal without fatigue getting in the way of task completion or 

negatively affecting the health of the individual completing the task (Foster & de Koning, 

2015). In non-athletic individuals, many severe health complications are associated with 

extreme fatigue such as chest pain, irregular heartbeat, stress and anxiety (Foster et al., 

2008). Additionally, unaccustomed heavy exercise (which may be thought of as poor 

pacing) is well-known as a trigger for clinical events (Mittleman et al., 1993; Willich et 

al., 1991).  Therefore, it is of importance to expend energy in an appropriate manner in 

order to optimize performance (Foster & de Koning, 2015; Hettinga et al., 2011) and 

health challenges.  

 The basis of pacing reaches as far back as the hunter-gatherer society, where 

hunters had to make effort versus reward decisions when pursuing game animals, often in 

the presence of challenging environmental circumstances (Eaton, Konner, & Shostak, 

1988).  Evolution has allowed humans to adapt and succeed under these extreme 

conditions (Eaton et al., 1988). This problem evolved to migrant groups and armies, with 

the end goal of achieving target distance or time while avoiding exhaustion (Foster & de 

Koning, 2015). For example, Roman legionnaires were trained to march over twenty 

miles in a “full step” fashion while carrying up to 60 pounds (~50% body weight) 

(Whipp, Ward, & Hassall, 1998). Inability to sustain the march pace was punishable by  
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death, making knowledge of how to manage energy expenditure of utmost importance 

during these highly demanding military exercises (Whipp et al., 1998).  

This has led to the well-studied concept of pacing in athletics. Pacing in athletics 

highlights the importance of the control of intensity throughout a competition in order to 

avoid unacceptably large homeostatic disturbances (Abbiss & Laursen, 2008; Foster et al. 

1994; Foster & de Koning, 2015; van Ingen Schenau, de Koning, & de Groot,1994). The 

effect of pacing in athletics may represent the difference between a first-place win and an 

early-race burnout, highlighting the importance of a solid understanding of pacing for any 

athlete (Abbiss & Laursen, 2008, Thiel, Foster, Banzer, & de Koning., 2012).  

Robinson, Robinson, Mountjoy, & Bullard (1958) performed the first controlled 

studies of pacing with athletes. They studied homeostatic disturbances during differently 

paced middle-distance races in order to understand optimal pacing strategy. This early 

study laid the groundwork for the concept of various pacing strategies, suggesting that for 

middle distance events it is important to follow a relatively even pace (to avoid 

homeostatic disturbance) and conclude the event with an “end spurt” in order to utilize 

energetic reserves.  

 Contemporary studies on pacing strategies have extended this concept by looking 

at changes in energy expenditure dependent upon the details of specific athletic 

competitions to show how to optimally expend energy based on race distance (Abbis & 

Laursen, 2008; Foster et al., 1993, 1994; Foster et al., 2004; de Koning et al., 2011; van 

Ingen Schenau et al., 1993). During shorter events, particularly when the primary 

retarding factor is air resistance (as in cycling or skating), it appears best to utilize 

anaerobic energy quickly to compensate for the short race duration, as velocity at the end 
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of a race can be viewed as wasted kinetic energy (van Ingen Schenau, de Koning, & de 

Groot, 1992). The opposite appears to be true in middle and longer distance events, 

particularly where gravity or water provide the retarding factor (such as running or 

swimming), where it is vital for athletes to more evenly allocate their energy expenditure 

throughout an event in order to maintain homeostasis, and prevent a large slowdown 

(Foster et al., 2004, 2012; Foster & de Koning, 2015; Thiel et al. 2012). Similar results 

were found by Tucker, Lambert, & Noakes (2006) by analyzing world record 

performances in the 800m, 5km, and 10km running events. In the 800m, greater running 

speeds were reached during the first lap making increases in running velocity in the 

second lap very rare. In the 5km and 10km runs, the occurrence of an end spurt was 

possible because of the maintenance of energy reserves during the middle portion of the 

race. Similar results were noted in the 2008 Beijing Olympic track races by Thiel et al. 

(2012). Noakes, Lambert, & Hanman (2009) noted that in 1-mile running world records, 

there was a distinct pacing pattern of starting fast, slowing through the middle of the race, 

and then running faster during the last lap. However, Foster, de Koning & Thiel (2014) 

noted that 1-mile running world records had evolved to become much more “even paced” 

during the last 25 years.  Abbiss & Laursen (2008) noted the importance of an all-out 

strategy in shorter races, a positive or gradual decrease in pace after reaching maximum 

velocity in middle distance events, and an even pacing strategy in longer distance events.  

Similar evidence was presented by Foster et al. (2004) showing that events of different 

durations had unique pacing patterns.  However, Joseph et al. (2008) showed that when 

cycling time trials were normalized to relative velocity and distance, that all events had a 

similar structure, with higher power output (PO) in shorter events.   Recent evidence 
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(Foster et al., 2019) has shown that the structure of the pacing strategy is remarkably 

stable when individuals improve on their previous best performance.  This suggests that 

once the learning of the pacing template has been completed (Foster et al., 2009) 

subsequent improvement in performance is more likely related to physiological capacity 

rather than pacing strategy, which supports the earlier findings of Joseph et al. (2008). 

This is further supported by the observation that depletion of anaerobically attributable 

energetic reserves, represented by the W’, is responsible for failures to maintain PO 

during fatiguing tasks and complete depletion of W’ is indicative of exhaustion (Skiba, 

Chidnok, Vanhatalo, & Jones, 2012).  

 The process through which athletes spontaneously select which pacing strategy to 

employ is called teloanticipation, a concept first articulated by Ulmer in 1996. 

Teloanticipation can be characterized as an internal “negotiation” which an athlete 

conducts with themselves based on the presence of a pre-determined and well-practiced 

pacing template, their current level of fatigue, and the anticipated distance or time 

remaining (Foster et al., 2012). This internal negotiation is an almost entirely 

subconscious “risk analysis” that allows for PO regulation throughout a competition 

(Foster & de Koning, 2015). Teloanticipation has also been defined as the tradeoff 

between biomechanical performance at the beginning of a race and metabolic fuel 

remaining to determine changes in PO (Faulkner, Parfitt, & Eston, 2008).  

 While objective physiologic measures can be used to measure homeostatic 

disturbance, exercise intensity can also be appreciated through the use of the Rating of 

Perceived Exertion (RPE) (Faulkner et al., 2008; Joseph et al., 2008; Foster et al., 2012). 

The RPE scale has been used in various settings as a subjective measure of exercise 
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intensity at any given moment throughout an exercise bout (Borg, 1998). A higher RPE 

usually reflects a higher level of homeostatic disturbance (either from intensity or 

progressive fatigue related to the duration of an event) (Foster et al., 2001; Fusco et al., 

2019, 2020), while a lower RPE reflects a relative maintenance of homeostasis. When 

RPE is compared to distance of an event there is a scalar, linear growth pattern despite 

the occurrence of various environmental conditions (muscle glycogen depletion, distance, 

hyperoxia, temperature, mode of exercise) (Faulkner et al., 2008; Joseph et al., 2008; 

Foster et al., 2012). The association between RPE versus modulation of PO was 

established showing a reciprocal relationship between transiently above-normal PO and 

RPE (Cohen et al., 2013) and from studies where the length of a time trial was 

deceptively changed (Schallig et al., 2018). Following working at an intensity greater 

than normal for a specific moment (such as during a break away effort during a race), 

there is usually a decrease in PO in order to counteract dramatic changes in homeostatic 

disturbance. Similarly, if the momentary RPE is lower than expected for that point during 

a competition, it is likely that the athlete will increase PO.  

 This reciprocal relationship between RPE and changes in PO, and the abrupt 

decrease in PO after the starting segment of track cycling races (de Koning, Bobbert & 

Foster, 1999) led to the concept of the Hazard Score (HS) which describes the likelihood 

(hazard or risk) that athletes will change their PO during competition, with the twin goals 

of avoiding catastrophic collapse during an athletic competition while optimizing 

performance (de Koning et al., 2011). The HS combines the momentary RPE and the 

percent distance of the race remaining as a predictor of change in velocity (de Koning et 

al., 2011). When an individual begins a race too quickly it has been shown that they will 
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reduce their speed in order to sustain RPE levels that will allow them to finish the race 

without collapsing (Baldassarre et al., 2020).  The HS can also be used to calculate a 

potentially more powerful predictor, the Summated Hazard Score (SHS) throughout an 

event in order to better understand the effect of accumulated fatigue (Fusco et al., 2019, 

2020) on pacing pattern during simulated competition.  

 Accordingly, the intent of this study was to evaluate how the SHS grows during a 

simulated competitive event in relation to the starting strategy. The hypothesis was that 

PO will be regulated after an enforced starting strategy in a way designed to control the 

final value of the SHS toward a common final value. 
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METHODS 
 

Subjects 
 

 The subjects for this study were 7 trained, recreational level, cyclists, aged 25-61. 

The Physical Activity Readiness Questionnaire was completed by each subject.  Written 

informed consent was provided by each subject prior to testing. Approval of the protocol 

was obtained from the Institutional Review Board for the Protection of Human Subjects 

at the University of Wisconsin La Crosse. 

Procedures 

 For subject characterization, each subject performed a maximal incremental 

exercise test on an electronically braked cycle ergometer (Lode, Groningen, 

Netherlands). Tests were conducted to provide peak power output (POpeak), maximal 

oxygen consumption (VO2max), ventilatory threshold (VT), maximal heart rate (HRmax), 

and maximal Rating of Perceived Exertion (RPEmax). Tests consisted of 1-minute stages, 

commencing after a warm-up stage of 3-minutes at 25 watts (W), with increases in 

workload of 25 W.  

 Following the maximal incremental exercise test each subject performed a total of 

five, 10-km cycling time trials (TT) on the Veletron cycle ergometer (Velotron Electronic 

Bicycle Ergometer, Elite Model, Racer Mate, Seattle, WA, USA). Prior to all TT, there 

was a self-selected warm-up of 15-30 minutes, which included 2-3 bursts of 30-60 

seconds at near the anticipated starting velocity. The first 2 TT were practice 10-km TT 

in order for the athletes to become habituated to the 10-km cycling test (Foster et al., 
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2009). The subsequent three TT, performed in random order, were conducted in a manner 

in which the initial PO (3-km) was manipulated for two of the TT and the remaining TT 

was self-paced (SP). The average PO of the first 3-km was manipulated based on the 

average PO of the first 3-km of the second, practice TT. During the fast-start (FS) TT the 

initial 3-km was 5% faster than the first 3-km of the 2nd practice TT and during the slow-

start (SS) TT the initial 3-km was 5% slower than the first 3-km of the second practice 

TT. This was reinforced both by a visual display visible to the rider and verbal feedback 

from the investigator.   The remaining 7-km were then finished as rapidly as possible. A 

small monetary reward, based on performance in the 2nd practice TT, was offered to 

provide a “competitive incentive” to the riders.  PO was measured continuously by the 

ergometer, and integrated every 0.5-km.  The RPE was measured every 1-km using the 

Category Ratio (0-10) RPE scale (Borg, 1998).  Blood lactate was measured every 2-km 

in fingertip blood samples using dry chemistry (Lactate Pro, Arkray, Japan). Heart rate 

(HR) was measured throughout the time trials using radio telemetry (Polar Electro Oy, 

Kempele, Finland).  

Statistical Analysis 

Descriptive characteristics of subjects were calculated as mean ± standard 

deviation (SD). Time and average PO of the three experimental TT (self-paced, +5% and 

-5%) was compared using a one-way ANOVA with repeated measures. Session RPE 

(sRPE) was recorded ~30 min after completion of each TT.  The HS was calculated by 

multiplying momentary RPE by the remaining fraction of the race (de Koning et al., 

2011). The SHS was calculated by adding the HS values from each km. Two-way 

ANOVA with repeated measures were used to analyze differences in lactate, RPE, PO 



 9 

and HR between the three experimental TT. Pairwise comparisons were made using 

Tukey’s post-hoc tests. Significance was set to an alpha level of 0.05 to achieve statistical 

significance. All analyses were conducted using the Statistical Package for the Social 

Sciences (SPSS, Version 25; SPSS, Inc., Chicago, IL.) 
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RESULTS  

Descriptive data from the maximal incremental tests are presented in Table 1.  

Table 2 shows the differences in times, average PO, and sRPE between the three TT. 

There were no significant differences in the times or average PO between the three 

experimental TT (p>.05). On average, the SP TT was 15.6 seconds faster than the SS TT 

and 12.6 seconds faster than the FS TT. The FS TT was 3 seconds faster than the SS TT. 

Four of 7 subjects had their best performance during the SP TT. Two subjects had their 

best performance during the SS TT, and one subject had their best performance during 

the FS TT. sRPE was the greatest for the FS TT and the least for the SS TT. 

 

Table 1. Descriptive characteristics of men and women during maximal incremental 
exercise testing (N=7).  
 Male (n=5) Female (n=2)  Total (N=7) 
Age (yrs) 39.0   ±   3.71 45.0   ±   11.31 40.7   ±  12.46 
Height (cm) 176.8 ±   3.90 166.4 ±   1.80 173.8 ±  6.05 
Weight (kg)  81.6   ±   11.48 62.0   ±   5.66 76.0   ±  13.59 
VO2max (L/min) 4.1     ±   0.39 3.1     ±   0.82 3.8     ±  0.67 
Peak PO (W) 305    ±   44.7 237    ±   17.7 286    ±  49.7  
PO at VT (W) 165    ±   22.4 138    ±   17.7  157    ±  23.8  
HRmax (bpm) 170    ±   7.4 163    ±   0.0  168    ±  6.9  

Values represent mean ± SD.  
 
 
Table 2. Time, average PO, and sRPE of SP, FS, and SS TT.  
 SP FS SS 
Time (min) 17.51    ±  1.41 17.72    ±  1.87 17.77   ±  1.74  
Average PO (W) 234       ±  62.6 230       ±  62.0 230      ±  62.7 
sRPE 7.1        ±  1.94 7.4        ±  1.97 6.8       ±  1.70  

Values represent mean ± S
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The pattern of PO during the three TT is shown in Figure 1. There was a 

significant interaction between the starting strategy and the distance covered. PO for the 

FS TT was significantly greater than the SS TT for the first 3-km.  PO for the SP TT was 

significantly greater than the SS TT at the 500-meter mark (Table 3.).  

 

 
Figure 1. Changes in PO between the three TT.  
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Table 3. PO (W) during SP, FS, and SS TT.  
Distance (km) SP  FS SS 
0.5 237 ± 76.4* 252 ± 50.6* 192 ± 68.7 
1.0 231 ± 60.0 249 ± 57.2* 200 ± 59.5 
1.5 240 ± 54.8 249 ± 57.2* 205 ± 53.1 
2.0 232 ± 62.0 250 ± 56.5* 206 ± 53.4 
2.5 229 ± 56.5 244 ± 52.1* 202 ± 54.0 
3.0 235 ± 68.1 246 ± 51.7* 207 ± 53.0 
3.5 230 ± 68.4 208 ± 79.8 243 ± 61.0 
4.0 234 ± 68.1 211 ± 82.4 241 ± 60.0 
4.5 226 ± 52.5 209 ± 78.2 232 ± 57.2 
5.0 224 ± 62.6 218 ± 76.6 246 ± 66.7 
5.5 224 ± 68.6  218 ± 78.4 233 ± 73.8 
6.0 226 ± 71.9 219 ± 76.1 234 ± 70.4 
6.5 225 ± 61.7 210 ± 63.0 225 ± 63.5 
7.0 232 ± 68.8 222 ± 72.6 236 ± 70.1 
7.5 232 ± 72.4 220 ± 73.9 234 ± 72.9 
8.0 224 ± 66.5 216 ± 69.6 229 ± 61.1 
8.5 223 ± 61.5 209 ± 64.6 224 ± 68.1 
9.0 235 ± 65.6 225 ± 72.2 239 ± 81.7 
9.5 250 ± 62.4 241 ± 73.3 262 ± 71.7 
10.0 283 ± 83.0 286 ± 96.8  289 ± 87.4  

Values represent mean ± SD.  
*Significantly greater than SS TT.  
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The pattern of RPE within the three TT is shown in Figure 2. There was a 

significant interaction between the starting strategy and the distance covered. RPE for the 

FS TT was significantly greater than the SS TT at km 1, 2, and 3 (Table 4.).  

 

Figure 2. Changes in RPE between the three TT. 
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1 4.3 ± 1.38 5.3 ± 1.38* 3.0   ± 0.82 
2 5.4 ± 1.75 6.0 ± 1.83* 3.8   ± 1.15 
3 5.6 ± 1.90 6.8 ± 1.63* 4.1   ± 1.30 
4 5.9 ± 2.21 6.6 ± 1.97 5.6   ± 1.49 
5 6.4 ± 1.99 6.7 ± 2.06 6.2   ± 1.58  
6 6.6 ± 2.17 6.6 ± 2.44 6.7   ± 1.80 
7 7.0 ± 2.08  6.9 ± 2.12 7.1   ± 1.49  
8 7.2 ± 1.91 7.2 ± 2.16  7.5   ± 1.55  
9 7.7 ± 1.89 7.4 ± 2.30 7.8   ± 1.82 
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Values represent mean ± SD.  
*Significantly greater than SS TT.  
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 The pattern of blood lactate concentration within the three TT is shown in Figure 

3. There was a significant interaction between starting strategy and the distance covered. 

Lactate for the FS TT was significantly greater than the SS TT at the 4 km time point 

(Table 5).  

Figure 3. Changes in lactate between the three TT.  
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The pattern of HR within the three TT is shown in Figure 4. There was a 

significant interaction between the starting strategy and the distance covered. The HR for 

the FS TT was significantly greater than the SS TT at km 2, 2.5, and 3 (Table 6.).  

 

Figure 4. Changes in HR between the three TT.  
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Table 6. HR (bpm) during SP, FS, and SS TT. 
Distance (km) SP  FS SS 
0.5 126 ± 19.2 129 ± 23.0 131 ± 26.0 
1.0 145 ± 11.8 144 ± 17.0 142 ± 15.8 
1.5 151 ± 9.0 152 ± 8.5 144 ± 10.1 
2.0 155 ± 8.0 158 ± 6.7* 146 ± 8.5 
2.5 154 ± 6.9 158 ± 7.9* 147 ± 9.5 
3.0 156 ± 5.4 160 ± 8.0* 148 ± 5.8 
3.5 158 ± 6.5 159 ± 4.9 153 ± 5.1 
4.0 159 ± 6.5 158 ± 3.8 158 ± 5.4  
4.5 158 ± 7.1 158 ± 6.1 160 ± 4.0 
5.0 159 ± 7.0 158 ± 5.3 161 ± 4.6 
5.5 158 ± 6.6 157 ± 5.7 161 ± 4.9 
6.0 159 ± 6.9 159 ± 6.2 162 ± 4.9 
6.5 159 ± 6.7 158 ± 5.3 163 ± 4.2 
7.0 161 ± 7.5 159 ± 4.0 163 ± 4.7 
7.5 162 ± 6.4 159 ± 4.4 165 ± 3.6 
8.0 162 ± 6.2 160 ± 4.9 165 ± 3.8 
8.5 161 ± 7.1 160 ± 3.9 164 ± 4.8 
9.0 163 ± 5.5  162 ± 4.5 166 ± 6.0 
9.5 165 ± 5.2 166 ± 6.4 168 ± 5.9 
10.0 168 ± 5.4  166 ± 6.4 171 ± 6.7  

Values represent mean ± SD.  
*Significantly greater than SS TT.  
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 The pattern of changes in the HS within the TT are shown in Figure 5. There was 

a significant interaction between the starting strategy and the distance covered. HS during 

the FS TT was significantly greater than the SP TT at km 1 and 3. HS during the FS TT 

was significantly greater than the SS TT at km 1 and 2. HS during the SP TT was 

significantly greater than the SS TT at km 1, 2, and 3 (Table 7).   

 

Figure 5. Changes in the HS between the three TT.  
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Table 7. HS during SP, FS, and SS TT. 

Distance (km) SP  FS SS 
1 3.9 ± 1.24*# 4.8 ± 1.24 2.7 ± 0.73* 
2 4.3 ± 1.40# 4.8 ± 1.46 3.0 ± 0.92*  
3 3.8 ± 1.45*# 4.8 ± 1.14 2.9 ± 0.91 
4 3.6 ± 1.32 3.9 ± 1.18 3.4 ± 0.90 
5 3.2 ± 0.99 3.4 ± 1.03 3.1 ± 0.79 
6 2.9 ± 0.88 2.6 ± 0.98 2.7 ± 0.72 
7 2.1 ± 0.62 2.1 ± 0.63 2.1 ± 0.45 
8 1.4 ± 0.38 1.4 ± 0.43 1.5 ± 0.31 
9 0.8 ± 0.16 0.7 ± 0.23 0.8 ± 0.18 
10 0.0 ± 0.00 0.0 ± 0.00 0.0 ± 0.00 

Values represent mean ± SD.  
*Significantly less than FS TT.  
# Significantly greater than SS TT.  
 

The pattern of changes in the SHS within the TT is shown in Figure 6. There was 

a significant interaction between the starting strategy and the distance covered. SHS 

during the FS TT was significantly greater than the SP TT from km 3-10. SHS during the 

FS TT was significantly greater than the SS TT for km 1-10. SHS during the SP TT was 

significantly greater than the SS TT for km 2-10 (Table 8.).  
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Figure 6. Changes in the SHS between the three TT.  
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5 18.7 ± 6.16* 21.7 ± 5.64*# 15.1 ± 4.02 
6 21.6 ± 6.85* 24.3 ± 6.49*# 17.8 ± 4.69 
7 23.7 ± 7.33* 26.3 ± 7.08*# 19.9 ± 5.11 
8 25.1 ± 7.68* 27.8 ± 7.45*# 21.4 ± 5.40  
9 25.9 ± 7.85* 28.5 ± 7.66*# 22.3 ± 5.65 
10 25.9 ± 7.85* 28.5 ± 7.66 *# 22.3 ± 5.65 

Values represent mean ± SD.  
*Significantly greater than SS TT.  
#Significantly greater than SP TT.   
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The relationship between the sRPE and the SHS is presented in Figure 7.  There 

was a regular relationship, suggesting that the perceived net effort of a time trial is related 

to the pattern of effort within the TT.  In particular, the FS TT, which was slower than the 

self-selected start, produced a higher HS and a higher sRPE. 

Figure 7. sRPE versus SHS for each subject between the three TT.  
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DISCUSSION  
 

The purpose of this study was to determine whether manipulating starting 

strategy would affect TT performance, the SHS or whether the subject would change their 

PO so that a common value for SHS was consistently achieved during a simulated 

competition. Contrary to the pre-experimental hypothesis, it was found that although there 

was a reduction in PO following a FS, the SHS remained higher and was significantly 

higher compared to the SP and SS at the end of the TT. This occurred despite a 

meaningfully slower performance time in both the FS and SS trials.  This coincides with 

previous research by Robinson et al. (1958) who concluded that it is vital to follow a 

relatively even pace (e.g. self-selected starting strategy) throughout a middle-distance 

event in order to avoid large disturbance in homeostasis early on in an event. This 

homeostatic deficit may reflect depletion in energetic sources or larger metabolite 

accumulation.  This was also shown in studies done by Foster et al. (2004, 2012, 2014) and 

Thiel et al. (2012) where the importance of an evenly allocated energy expenditure 

throughout a middle-distance event was highlighted.  The results are also consistent with 

the evolution of pacing strategy to a more even pattern during contemporary 1-mile world 

records (Foster, de Koning & Thiel, 2014). 

The importance of these data are reflected in the 2008 Olympic pace data of Thiel 

et al. (2012), who showed that some runners in Olympic finals would run with the leaders 

for much of the race before suddenly dropping off the leading pace, and finding a relatively 

constant individual pace to allow them to finish the race, usually with an end-spurt just as 
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the faster runners were producing.  This almost exactly mirrors the PO pattern observed in 

the FS TT.  They also mirror the large reduction in PO after a “break away” effort as 

observed by Cohen et al. (2013).  In light of the present data, these data can be interpreted 

as suggesting that once a critical SHS is achieved that the PO (pace) will require reduction, 

but that the reduction in PO will not be adequate to force the SHS toward a common value. 

The FS did not end with the same SHS as the SS and the SP TT which indicates 

that the athletes were faced with a large homeostatic disturbance in the beginning of the 

TT. Although PO was reduced following the FS, RPE continued to increase because of the 

accumulation of fatigue during the first three km showing that the reduction in PO was not 

enough to offset the high RPE following a FS. This was reflected by the strong correlation 

between the SHS and the sRPE in the present data. This corresponds with research done 

by Cohen et al. (2013) that showed if RPE is above normal at a specific point during an 

event, such as after a break away effort, PO will decrease in order to accommodate and 

recover from large changes in homeostasis (de Koning et al., 2011). PO typically decreases 

immediately following a midrace burst while RPE continues to increase suggesting that 

RPE acts as a mediator between the brain and the body (Cohen et al., 2013). When the RPE 

comes back into the normal pattern of growth, then the PO can resume the normal profile. 

Similar results were observed by Schallig et al. (2018) in trials where subjects were 

deceived regarding the duration of the trial.  Immediately after being told that a trial was 

going to be longer than anticipated, the subjects reduced PO until the rate of growth of RPE 

returned to what it normally would have been in the longer trial. Although previous 

research has shown that athletes tend to follow a predetermined template where the rate of 

growth of RPE is adjusted to the distance of the race remaining in order to avoid 
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disturbances in homeostasis (Hettinga et al., 2011), it may be PO that is the variable that is 

manipulated while RPE continues to increase in a linear fashion (de Koning et al., 2011).  

This was also shown in the report of Joseph et al. (2008) where the blinded administration 

of an inhaled hypoxic gas mixture lead to a reduction in PO without changing the rate of 

growth of RPE during simulated competitions.  Other studies have shown that there is a 

linear relationship between RPE and duration of exercise despite exercise conditions 

(Faulkner et al., 2008). Similar results were shown by Baldassare et al. (2020) who found 

that despite differences in pacing strategies (positive pacing versus even pacing), RPE 

increased or only slightly decreases similarly with each strategy. Athletes change their pace 

to match RPE to an anticipated growth pattern so although HS may be the same between 

trials at a specific time point, the SHS would be higher with a faster start.  

In the present study, while SHS was different between the three TT, the time 

required to finish was not significantly different (although 15s is a time difference of large 

magnitude) reflecting that since knowledge of the endpoint was present and distance 

remaining was not relatively large, the athletes were able to generate an end spurt despite 

the large, SHS (de Koning et al., 2011). RPE has been shown to increase when athletes are 

aware of the distance to the endpoint (Swart et al., 2009). This is also reflected by Foster 

et al. (2004) who concluded that there is a significant difference between finishing a race 

quickly and the ability to maintain a constant, high PO for an extended period of time.  

Optimal race performance is not always about who has the highest PO, but who can 

maintain PO in order to perform a successful end spurt (Tucker et al., 2006).  de Koning, 

Bobbert, & Foster (1999) looked at the potential effect of various pacing strategies on 

performance in the 1000 m and 4000 m track cycling TT showing that even small changes 
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in pacing strategy led to changes in performance highlighting the importance of pacing 

strategy in the pursuit of competitive success. While the best time for the 1000 m TT was 

obtained by the cyclist with the highest peak PO (all-out strategy), the fastest time for the 

4000 m was attained with a faster start, followed by a constant PO after 12 seconds (even 

pace) (de Koning et al., 1999). Time can also be augmented by the athlete’s interaction 

with the environment. Konings et al. (2016) utilized two virtual opponents for the separate 

trials starting either +3% or -1% compared to the familiarization time trial for the respective 

subjects.  Results showed that even in a lab-based setting, the use of virtual opponents 

(starting both faster and slower than the subject) led to faster performances than a no 

opponent condition showing that the self-selected pacing trial has to be slightly faster in 

order for the athletes to improve performance.  

This can be applied to athletes who begin a race too fast leading to an accumulation 

of fatigue posing more potentially, detrimental effects to their performance and overall 

health. More generally, pacing in a way that does not overshoot PO early on can aid in 

successful athletic competition and the avoidance of fatigue-related health issues. It is 

evident that many athletes may begin a race quickly in order to match the pace of their 

competitors. This information will also assist in determining the ideal PO to begin a race 

at in order to optimize performance. If an athlete has a quicker start than planned, they will 

likely have to decrease their speed because the ideal pacing strategy is not augmented.  

However, it must be recognized that to improve one’s lifetime personal best, an athlete 

must take a “calculated risk”, which often involves a faster start than normal.  In many 

cases, they may develop too much discomfort (e.g. high SHS) and fail to improve their 
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time.  However, in other cases this may lead to small improvements in performance which, 

although not statistically significant, are likely important athletically. 

One potential limitation to this study included a limited subject sample size. Future 

studies should include more subjects to prevent type II errors. Additionally, the present 

subjects were recreational competitors.  More accomplished athletes might deliver a 

somewhat different result.  Future studies should also evaluate the difference of the SHS 

in short and long-distance events to see how the relationship between RPE and PO differ 

from a middle-distance event.  
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CONCLUSION 
 

The results of this study indicate that despite a reduction in PO following a fast-

early start, the SHS remains higher with a FS strategy. This indicates that SHS is a 

powerful predictor to better understand the effect of accumulated fatigue on pacing 

pattern during a simulated competition. The sum of all HS from the beginning of the race 

to the present point have a cumulative effect on the outcome of the event, the 

physiological state of the athlete and the sRPE experienced by the athlete. For this reason, 

it is suggested that during middle-distance events an athlete more evenly paces the event 

in order to avoid catastrophic collapse, or a significant increase in SHS.



 27 

REFERENCES 

Abbiss, C.R., & Laursen, P.B. (2008). Describing and understanding pacing strategies 
during athletic competition. Sports Medicine, 38(3), 239-252. 

 
Baldassarre, R., Ieno, C., Bonifzi, M., & Piacentini, M.F. (2020). Pacing and hazard score 

of elite open water swimmers during a 5km indoor pool race. International 
Journal of Sports Physiology and Performance.  

 
Borg, G. (1998). Borg’s perceived exertion and pain scales. Champaign, IL: Human 

Kinetics Publishers.  
 
Cohen, J., Reiner, B., Foster, C., de Koning, J., Wright, G., Doberstein, S., & Porcari, J. 

(2013). Breaking away: effects of nonuniform pacing on power output and growth 
of rating of perceived exertion. International Journal of Sports Physiology and 
Performance, 8(4), 352-357.  

 
de Koning, J.J, Bobbert, M.F., & Foster, C. (1999). Determination of optimal pacing 

strategy in track cycling with an energy flow model. Journal of Science and 
Medicine in Sport, 2(3), 266-277.  

 
de Koning, J.J., Foster, C.G., Bakkum, A.J., Kloppenburg, S., Thiel, C.R., Joseph, T.C., 

Cohen, J.J., & Porcari, J.P. (2011). Regulation of pacing strategy during athletic 
competition. PloS One, 6(1), e15863. 

 
Eaton, B., Melvin, K., & Shostak, M. (1988). Stone agers in the fast lane: chronic 

degenerative diseases in evolutionary perspective. The American Journal of 
Medicine, 84(4), 739- 749.  

 
Faulkner, J., Parfitt, G., & Eston, R. (2008). The rating of perceived exertion during 

competitive running scales with time. Psychophysiology, 45(6), 977-985.  
 
Foster, C., & de Koning, J. (2015). What is pacing? Pacing Individual Strategies for 

Optimal Performance. Human Kinetics, 3-14.  
 
Foster, C., de Koning, J.J.s & Thiel, C. (2014). Evolutional pattern of improved 1-mile 

running performance.  International Journal of Sports Physiology and 
Performance, 9(4), 715-719. 



 28 

 
Foster, C., de Koning, J., Bischel, S., Casolino, E., Malterer, K., O’Brien, K., Rodriguez-

Marroyo, J., Splinter, A., Thiel, C., & Van Tunen, J. (2012). Pacing strategies for 
endurance performance. Endurance Training: Science and Practice, 89-98.  

 
Foster, C., de Koning, J.J., Thiel, C., Versteeg, B., Boullosa, D.A., Bok, D., & Porcari, 

J.P. (2019). Beating yourself: how do runners improve their own records? 
International Journal of Sports Physiology and Performance, 15(3), 437-440.  

 
Foster, C., Florhaug, J., Franklin, J., Gottschal, L., Hrovatin, L. Parker, S., Doleshal, P., 

& Dodge, C. (2001). A new approach to monitoring exercise training.  Journal of 
Strength and Conditioning Research, 15(1), 109-115. 

 
Foster, C., Hendrickson, K.J., Peyer, K., Reiner, B., de Koning, J.J., Lucia, A., Battista, 

R.A., Hettinga, F.J., Porcari, J.P., & Wright, G. (2009). Pattern of developing the 
performance template. British Journal of Sports Medicine, 43(10), 765-769.  

 
Foster, C., de Koning, J.J., Hettinga, F.J., Lampen, J., Dodge, C., Bobbert, M., & Porcari, 

J.P. (2004). Effect of competitive distance on energy expenditure during 
simulated competition.  International Journal of Sports Medicine, 25(3), 198-204.  

 
Foster, C., Porcari, J.P., Battista, R., Udermann, B., Wright, G., & Lucia, A. (2008). The 

risk in exercise training. Journal of Cardiopulmonary Rehabilitation, 2(4), 279-
284.  

 
Foster, C., Schrager, M., Snyder, A.C., & Thompson, N.N. (1994). Pacing strategy and 

athletic performance. Sports Medicine, 17(2), 77-85. 
 
Foster, C., Snyder, A.C., Thompson, N.N. et al. (1993). Effect of pacing strategy on cycle 

time trial performance. Medicine & Science in Sports & Exercise, 25(3), 383–388. 
 
Fusco, A., King, C., Mikat, R., Porcari, J., Cortis, Cristina, & Foster, C. (2019). Session 

RPE during prolonged exercise training. International Journal of Sports 
Physiology and Performance, 1-3.  

 
Fusco, A., Sustercich, W., Edgerton, K., Cortis, C., Jaime, S., Mikat, R.P., Porcari, J.P. 

Foster, C. (2020). Effect of progressive fatigue on session RPE.  Journal of 
Functional Movement and Kinesiology, 5(1), 15-20. 

 
Hettinga, F.J., de Koning, J.J., Schmidt, L.J.I., Wind, N.A.C., MacIntosh, B.R., & Foster, 

C. (2011). Optimal pacing strategy: from theoretical modelling to reality in 1500-
m speed skating. British Journal of Sports Medicine, 45(1), 30-35. 

 
Joseph, T., Johnson, B., Battista, R., Wright, G., Dodge, C., Porcari, J., et al. (2008) 

Perception of fatigue during simulated competition. Medicine & Science in Sports 
& Exercise, 40(2), 381-386.  



 29 

 
Konings, M.J., Schoenmakers, P.P., Walker, A.J., & Hettinga, F.J. (2016). The behavior 

of an opponent alters pacing decisions in 4-km cycling time trials. Physiology and 
Behavior 158, 1-5.  

 
Mittleman, M., Maclure, M., Tofler, G., Sherwood, J., Goldberg, R., & Muller, J. (1993). 

Triggering of acute myocardial infarction by heavy physical exertion-protection 
against triggering by regular exertion. The New England Journal of Medicine, 
329(23), 1677-1683.  

 
Noakes, T.D., Lambert, M.I., & Hanman, R. (2009) which lap is the slowest? An analysis 

of 32 world record performances.  British Journal of Sports Medicine, 43(10), 
760-764.  

 
Robinson, S., Robinson, D.L., Mountjoy, R.J., & Bullard, R.W. (1958). Influence of 

fatigue on the efficiency of men during exhausting runs. Journal of Applied 
Physiology, 12(2), 197-201. 

 
Schallig, W., Veneman, T., Noordhof, D., Rodriguez-Marroyo, J., Porcari, J., de Koning, 

J., & Foster, C. (2018). The role of the rating-of-perceived-exertion template in 
pacing. International Journal of Sports Physiology and Performance, 13(3), 267-
373.  

 
Skiba, P., Chidnok, W., Vanhatalo, A., & Jones, M. (2012). Modeling the expenditure 

and reconstruction of work capacity above critical power. Medicine & Science in 
Sports & Exercise, 44(8), 1526-1532. 

 
Swart, J., Lamberts, R., Lambert, M., Lambert, E., Woolrich, R., Johnston, S., & Noakes, 

T. (2009). Exercising with reserve: Exercise regulation by perceived exertion in 
relation to duration of exercise and knowledge of endpoint. British Journal of 
Sports Medicine, 43(10), 775-778.  

 
Thiel, C., Foster, C., Banzer, W., & de Koning, J. (2012). Pacing in Olympic track races: 

competitive tactics versus best performance strategy. Journal of Sports Sciences, 
30(11), 1107-1115. 

 
Tucker, R., Lambert, M. I., & Noakes, T. D. (2006). An analysis of pacing strategies 

during men’s world-record performances in track athletics. International Journal 
of Sports Physiology and Performance, 1(3), 233-245.   

 
Ulmer, H.V. (1996). Concept of an extracellular regulation of muscular metabolic rate 

during heavy exercise in humans by psychophysiological feedback. Experientia, 
52(5), 416-420.  

 



 30 

van Ingen Schenau, de Koning J.J., & de Groot, G. (1992). The distribution of anaerobic 
energy in 1000- and 4000-meter cycling bouts. International Journal of Sports 
Medicine, 13(6), 447-451. 

 
van Ingen Schenau, G.J., de Koning, J.J. & de Groot, G. (1994) Optimisation of sprinting 

performance in running, cycling, and speed skating. Sports Medicine 17(4), 259-
275.  

 
Whipp, B., Ward, S.A., & Hassall, M.W. (1998). Paleo-bioenergetics: the metabolic rate 

of marching roman legionnaires. British Journal of Sports Medicine, 32(3), 261-
262.  

 
Willich, S., Lowel, H., Lewis, M., Arntz, R., Baur, R., Winther, K., Keil, U., & Schroder, 

R. (1991). Association of wake time and the onset of myocardial infarction. 
Triggers and mechanisms of myocardial infarction (TRIMM) pilot study. TRIMM 
study group. Circulation, 84(6), VI62-67.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 31 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A  

INFORMED CONSENT  

 

 

 

 

 

 

 

 

 

 

 

 

 



 32 

Informed Consent 
 
Project: Examining the effects of initial power output on the summated hazard score of a 
10-km simulated competition 
 
Principal Investigator: 

Sylvia Binkley 
2031 Vine Street Apt. 201 
La Crosse, WI 54601 
906-370-9854 
binkley4910@uwlax.edu 

 
Faculty Advisor: 

Carl Foster, Ph.D. 
133 Mitchell Hall 
University of Wisconsin- La Crosse 
608-785-8687 
cfoster@uwlax.edu 
 

Purpose and Procedures 
• The purpose of this study is to investigate how initial send out strategy in 

terms of power output (PO) affect the athletes summated hazard score during 
the end spurt. The hazard score is a measure of catastrophic collapse using the 
Rating of Perceived Exertion (RPE) and the remainder of the race remaining.  

• Subjects will be performing five trials of a 10-kilometer cycling simulated 
competition and an initial VO2max test. Initial power output (PO) will be 
manipulated asking subjects to perform the at the initial PO for as long as 
possible.  

• The first trial will be an incremental test in order to gain information on 
maximal heart rate, oxygen uptake, and PO. Subjects will also be familiarized 
with the Rate of Perceived Exertion (RPE) Scale, as this will be used in order 
to gain information about exercise intensity throughout the trials.  

• The following two trials will be practice trials in order for the athletes to 
become acquainted with the 10-kilometer cycling test.  

• The following three trials will be timed trials in which initial PO will be 
manipulated using normal, initial PO from the incremental test. The first time 
trial will be done at a lower initial PO. The second time trial will be done at a 
normal PO, and the third time trial will be done using a higher initial PO.  

• Time requirements of each subject include the time it takes each individual to 
complete six, 10-kilometer cycling trials.  

• Testing will take place in the lab in Mitchell Hall.  
 
Potential Risks 
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• There are minimal risks to this study considering the population, however athletes 
who are injured or have health risks associated with higher intensity exercise 
should avoid participation in this study.  

 
Benefits 

• Benefits of this study include a better understanding of the ideal PO athletes 
should use in the beginning of an event in order to prevent the onset of fatigue or 
collapse before the end spurt of an event. Knowledge gained about RPE as well as 
the summated hazard score will help athletes to create an optimal pacing strategy 
leading to overall athletic success and optimal health.  

Rights and Confidentiality  

• Personal information will be kept confidential by using a numbering system in the 
description of subjects throughout the study.  

• Participation is voluntary, and participants can withdrawal at any time with no 
penalty or loss of benefits to which the subject is otherwise entitled. The results of 
this study may be used in scientific literature or presented at professional 
conferences.  

 
Questions regarding study procedures may be directed to Sylvia Binkley (906-370-9854), 
the principal investigator, or the faculty advisor Carl Foster, PhD., Department of 
Exercise and Sport Science, UW-L (608-785-8687). Questions regarding the protection 
of human subjects may be addressed to the UW-La Crosse Informed Consent Crosse 
Institutional Review Board for the Protection of human subjects at irb@uwlax.edu. 

 
Participant ___________________________________ Date 
_____________________________ 
Researcher ___________________________________ Date 
_____________________________ 
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PHYSICAL ACTIVITY READINESS QUESTIONNAIRE 
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APPENDIX C 

BORG RATING OF PERCEIVED EXERTION SCALE 0-10 
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0 NOTHING AT ALL  

0.5 VERY, VERY LIGHT  

1 VERY LIGHT  

2 FAIRLY LIGHT  

3 MODERATE  

4 SOMEWHAT HARD  

5 HARD 

6 

7 VERY HARD  

8  

9  

10 VERY VERY HARD (MAXIMAL) 
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Introduction 

The Hazard Score (HS) is a model of pacing created by de Koning et al. (2011) 

that includes both the momentary Rating of Perceived Exertion (RPE) (Borg, 1998) and 

fraction of the race remaining. The HS has been shown to predict in an anticipatory way 

how athletes choose to distribute their energy throughout a competition. We know that 

the HS at any given moment accurately depicts the risk of catastrophic collapse (de 

Koning et al., 2011), but the effects of the summated HS on changes in pacing within a 

race are unknown. This is an important topic to explore because fatigue early in a race 

has been shown to affect technique which results in undesirable outcomes in athletic 

performance (Hettinga et al., 2011), but the effects of the accumulation of fatigue 

throughout a race is undetermined. By only looking at one specific moment in time you 

cannot predict the final outcome or the point where an athlete will reach their maximal 

capacity. Therefore, the summated HS may give competitors a good prediction of what 

their end spurt will look like and how to adjust their pacing strategy accordingly.  

History and Definition of Pacing 

Pacing has been defined by numerous individuals throughout history, but simply 

put pacing refers to the distribution of energy use during exercise with the goal of 

avoiding fatigue (Foster & de Koning, 2015). The concept of pacing dates back as far as 

the hunter-gatherer society, extending to multiple migrant groups and armies, all with the 

goal of preventing exhaustion over time (Foster & de Koning, 2015). The first systematic 

studies of pacing were done by Robinson et al. (1958) where the focus was on how 

different pacing strategies influenced homeostatic disturbance throughout competition. 

The contemporary interest in pacing began in the early 1990’s (Foster et al., 1993) and 
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was rapidly linked to studies explaining how humans experience and respond to fatigue 

during exercise (Abbiss & Laursen, 2008; Tucker, 2009). Interest in pacing then spread to 

the popular subject of world records with regards to the expansion of energetic resources 

throughout a competition (de Koning et al., 2011). This is of utmost importance because 

athletes are constantly trying to improve their event times through various strategies of 

pacing. Pacing is a concept can be learned, practiced, and can ultimately impact overall 

performance. Today we see pacing in many aspects of life, but most specifically in 

athletics. Knowledge and application of pacing in competition can lead to the difference 

between a first-place win and an early race burnout.  

Teloantipciation  

 Teloanticipation refers to the intrinsic anticipatory calculation that an 

athlete makes throughout an event in order to optimize their pacing strategy and conserve 

energy (Gibson et al., 2013; Ulmer, 1996). This can be seen as the backbone of pacing in 

order for an athlete to create a mental template leading to athletic success. Hettinga et al. 

(2011) refers to teloantipciation as a virtual calculation where an athlete balances the 

effect of homeostatic disturbances against the overall goal of athletic success. 

Micklewright et al. (2017) describe this in a slightly different manner as a heuristic or a 

cognitive shortcut that allows people to make decisions rapidly in situations where there 

are large amounts of information needing to be processed. When athletes have an influx 

of physiological and psychological information, it is important to make timely decisions 

based on intrinsic and extrinsic aspects.  

With regard to the HS and optimal pacing strategy, athletes tend to follow a 

predetermined template where RPE is adjusted to the distance of the race remaining in 
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order to avoid disturbances in homeostasis (Hettinga et al., 2011). Rating of perceived of 

exertion communicates with the predetermined conscious mental template in order to 

create this “internal negotiation” (Foster et al., 2012) to optimize power output (PO). 

Teloanticipation ultimately combines RPE and the distance remaining (HS) in order to 

describe the tendency for the athlete to change their velocity (Foster et al., 2012). It is 

important to look at the effects of teloanticipation on RPE and duration with regard to 

optimal pacing strategy in order to understand an athlete’s decision between a potential 

homeostatic disturbance and an increase in velocity at the end of an event. 

Rating of Perceived Exertion 

Rating of Perceived Exertion is one of the major constituents regarding pacing 

and serves as an indicator of exercise intensity and homeostatic disturbance during 

exercise (Borg, 1998). Rating of perceived exertion refers to an individual’s subjective 

interpretation of their physiological and psychological state and acts as a major mediator 

between brain neurotransmitters and the specific pacing strategy of an athlete (Schipof- 

Godart & Hettinga, 2017). Athletes will alter their pace based on their perception of 

effort (Schalling et al., 2018). Therefore, RPE helps to describe the HS by preventing the 

athlete from continuing exercise that could potentially be harmful (Tucker, 2009). The 

higher RPE in a fast start leads to a higher hazard of catastrophic collapse when 

compared to an even paced trial (de Koning et al., 2011). It is important to look at RPE in 

relation to pacing because of the effects of RPE on PO, event duration, and knowledge of 

the endpoint of an event.  

Rating of Perceived Exertion and Power Output 
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 Cohen et al. (2013) aimed to determine how power output (PO) would change in 

relation to an RPE that was forced above a normal RPE during a time-trial. This is an 

important concept to look at in combination with the HS because an increased RPE could 

lead to a greater alteration of homeostatic disturbance, ultimately increasing the 

summated HS which could lead to an unsuccessful end spurt. Cohen et al. (2013) found 

that PO decreases immediately following a midrace burst while RPE increases. These 

observations allude to the idea that RPE works as a mediator between the brain and the 

body during high intensity exercise. In a study done by de Koning et al. (2011), if the 

RPE was larger than what was expected for that specific point in the event, then the PO 

will decrease and vice versa. This goes to show that if an athlete has a quicker start then 

planned, their velocity will likely decrease because the pacing strategy is not optimized.   

Baldassarre et al. (2020) also analyzed the relationship between pacing and RPE 

in elite swimmers through comparison of medalists and non-medalists. It was found that 

medalists performed an even pacing strategy and non-medalists used a positive pacing 

strategy by decreasing speed throughout the race. RPE increased in both groups equally. 

This is indicative of the fact that pacing strategies may differ while RPE patterns remain 

similar. In comparison to the medalists, the non-medalists began at the same speed, but a 

higher normalized speed resulting in the reduction of PO throughout the race while the 

medalists were able to maintain an even pacing strategy (Bladassarre et al., 2020). 

Therefore, the consequences of starting an event faster than expected result in an 

increased RPE and a decrease in pace.  

Rating of Perceived Exertion and Race Duration 
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 There is a linear relationship between RPE and the duration of exercise (Faulkner, 

Parfitt, & Easton, 2008). Multiple studies exploring RPE and duration have shown that 

despite exercise conditions the scalar, linear relationship holds true between these 

variables. Faulkner et al. (2008) furthered this investigation by looking at RPE in 

comparison to different course elevations and distances in order to manipulate the 

absolute RPE-duration relationship. Despite these differences, the RPE was scaled with 

the duration of exercise that was remaining. However, in shorter races, RPE was 

significantly greater than in the longer races (Faulkner et al., 2008). This shows that RPE 

at any given moment is relative to the duration of the race that has been conducted or the 

duration of the race remaining.  

This study also confirmed that the brain is using anticipatory regulation based on 

how much metabolic fuel is left over as well as the biomechanical performance at the 

start of a race in order to create an adequate pacing strategy dependent upon distance and 

duration of the evet (Faulkner et al, 2008). Therefore, the sum of all the HS from the 

beginning of the race to the present point have a substantial effect on the outcome of an 

event and the physiological state of the athlete.  

This same study also found, if individuals racing in the half marathon used the 

same pacing strategy as individuals in a seven-mile race, they would ultimately reach 

their limit or their personal HS too quickly to finish the race (Faulkner et al., 2008), 

showing that duration has a large impact on chosen pacing strategy.  

Rating of Perceived Exertion and Knowledge of Endpoint 

 Swart et al. (2009) also looked at RPE in comparison to duration of an event as 

well as changes in RPE when uncertainty about remaining distance was present. It was 
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further confirmed that familiarity of duration remaining with regards to the end point of 

the exercise bout was directly related to athletic success and the creation of effective 

pacing strategies. Rating of perceived exertion increased when athletes were aware of the 

distance from the endpoint and decreased with uncertainty of the endpoint (Swart et al., 

2009). This shows that athletes are likely to use a more reserved pacing strategy 

ultimately leading to a slower race time when they are unsure about remaining distance in 

order to avoid homeostatic disturbance affecting the overall HS. If knowledge of the 

endpoint is present and distance remaining is small athletes may partake in an end spurt 

(de Koning et al., 2011).  

 The role of the RPE template in pacing was addressed again by Schalling et al. 

(2018) with the purpose of investigating whether the RPE template could be manipulated 

by changing the race distance during the course of the time trial and how athletes dealt 

with this manipulation. It was concluded that RPE could be manipulated by changing the 

distance from the endpoint of the race showing that it is crucial to have adequate 

knowledge about race duration or endpoint of the race before the start of the event to 

create an optimal pacing strategy (Schalling et al., 2018).  

Race Duration and Pacing Strategy  

 Along with RPE, duration of the race contributes heavily to the HS of a 

competitive race and the internal selection of a pacing strategy. Depending on distance, 

athletes must distribute their energy in different ways and during different parts of a 

competition.  In a shorter race, athletes have less time to expend energy therefore they are 

able to create a higher PO at any given moment. In a longer duration event, athletes must 
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allocate their energy throughout the race in order to avoid burnout and fatigue at the end 

of the competition.  

 In one particular study done by Foster et al. (2004), the effect of competitive 

distance on energy expenditure and competitive distance were observed. This was done 

in order to establish how athletes spontaneously utilize their energy when they were told 

to finish an event as quick as possible which simulates an end spurt in athletic 

competition. As the authors stated, there is a big difference between finishing a race 

quickly and being able to sustain a constant high PO for a long period of time. Once 

again, the theme of an intrinsic or an “internal negotiation” which regulates PO 

dependent upon the duration of the race remaining, momentary PO, and the remaining 

energy of the athlete. For this specific study, well-trained cyclists completed laboratory 

trials of various distances and energy expended was calculated using oxygen 

consumption (VO2) during the trials (Foster et al., 2004). For each trial peak VO2 was 

similar and in each event the initial PO and anaerobic energy levels were high and 

decreased to a constant value throughout the event. In the middle- and long-distance 

events, athletes were conscious about energy distribution in order to avoid fatigue. 

However, in the shorter distance event anaerobic energy expenditure did not change as 

much throughout the event (Foster et al., 2004). The results show that well-trained 

athletes monitor their energy levels over time in order to optimize performance and avoid 

fatigue. This ultimately is used in order to mediate and control the potential Hazard of an 

event.  

 This information was further validated in an alternative study done by Tucker, 

Lambert, and Noakes (2006). In shorter events, the best athletic performances were ones 
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in which a faster start was initiated with a progressively slower pace throughout the race. 

Again, in longer duration events, an even pace was seen as more beneficial. They also 

stated that “athletes who won the races adopted pacing strategies similar to those of the 

athletes who finished last, but they were faster throughout the race.”  This shows that it is 

not always about who can create the most PO, but about who can allocate their energy in 

a systematic manner in order to maintain energetic reserve in order to have a successful 

end spurt.  

Abbiss & Laursen (2008) also looked at multiple pacing strategies and concluded 

that short-duration events benefited more from an all-out pacing strategy, middle-distance 

events implemented a positive pacing strategy where there is a gradual decrease in speed 

throughout the event after maximum speed is reached, and during longer events athletes 

embrace a more even pacing strategy. This again mimics the notion that pacing strategies 

are contingent upon distance of the event showing that there is not one universal pacing 

strategy in an athletic event.  

Conclusion 

 Now that we know the effects of RPE on PO, event duration, and endpoint 

knowledge, as well as the anticipatory effect of duration on the HS, it is important to 

observe the effects of these mediators on the summated HS with relation to the end spurt 

of a time trial. This way we can observe how an athlete’s summated HS from the entirety 

of an event affect their ability to have a successful end spurt or the potential to reach an 

energy limit prior to finishing an event. We also know that the HS leads to an extremely 

accurate prediction of athlete behavior making it a good measure to expand upon (de 

Koning, 2011). 
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