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Interoceptive awareness may play an important role in self-regulation of 
physical exertion. This study investigated pacing strategies in endurance running 
among college students and explored the relationship between running perfor-
mance and individual differences in interoceptive awareness. Participants completed 
an 800m time trial, and interoceptive awareness was assessed using the Japanese 
version of the 32-item Multidimensional Assessment of Interoceptive Awareness 
(MAIA). The 800m time was subjected to a two-way repeated-measures analysis 
of variance, including the factors “lap” and “group”. Pearson’s correlation analysis 
was used to examine the relationship between 800m time and MAIA scores. Re-
sults indicated that the higher-performing group adopted a positive pacing strategy, 
characterized by a gradual deceleration after 400m. Furthermore, faster 800m times 
were associated with higher scores in Attention Regulation, Emotional Aware-
ness, Self-Regulation, and Trusting scores. These findings support the notion of 
an interaction between physical activity and interoceptive processes. (143 words)

Key Words: Running, Pacing, The Multidimensional Assessment of Interocep-
tive Awareness

Introduction

The perception of fatigue, body awareness, and heartbeat, namely in-
teroceptive awareness, could play an important role in the self-control of 
physical load (Herbert et al., 2007; Morgan & Pollock, 1977; Noakes, 2012; 
Pennebaker & Lightner, 1980; Smith et al., 2015; Takai, 1998). During en-
durance running, athletes must manage their energy efficiently to maintain 
pace (e.g., Christensen et al., 2018a). They need to regulate their physical load 
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to avoid slowing down in the latter stages of a race. Pacing strategies can be 
categorized into six types: positive, negative, even, all-out, parabolic-shaped, 
and variable (Abbiss & Laursen, 2008; Billat et al., 2001; Edwards & Pol-
man, 2013; Tucker & Noakes, 2009). Analysis of race data has highlighted 
the effectiveness of positive and even pace strategies, leading to remarkable 
achievements, including world records (Abbiss & Laursen, 2008; Casado et 
al., 2021; 2024; Comino et al., 2025; Foster et al., 1994; Hanley et al., 2019; 
Hanon & Thomas, 2011; Sandford et al., 2018). A positive pace strategy 
involves gradually reducing speed throughout the race, while an even pace 
strategy maintains a constant speed. Thus, pacing is crucial in endurance 
running.

In the context of interoceptive awareness in long-distance running, the 
first survey by Morgan and Pollock (1977) revealed that elite marathon run-
ners focused on respiration and fatigue while non-elite marathon runners 
did not focus on respiration and fatigue. Previous studies have indicated that 
highly trained runners exhibit greater awareness of body signals compared 
to non-elite runners (Takai, 1998), and mental fatigue correlates with run-
ning performance (Smith et al., 2015). Furthermore, elite long-distance run-
ners showed better regulation of attention to internal sensations and higher 
bodily trust (Seabury et al., 2023). According to the central governor model 
(Gibson et al., 2003; Inzlicht & Marcora, 2016; Noakes et al., 2001; Weir et 
al., 2006), athletes can anticipate exhaustion and regulate performance by 
integrating sensory inputs from the heart, respiratory muscles, and emotions 
related to fatigue (Behrens et al., 2023; Foster et al., 2023; Gibson et al., 
2003; Inzlicht & Marcora, 2016; Noakes, 2012; Noakes et al., 2001; Renfree 
et al., 2012). The integration of sensory information influences perceived 
fatigue, which in turn regulates adjustments in exercise intensity within an 
individual’s physiological limits. Throughout exercise, athletes anticipate 
and modulate their effort to sustain exercise intensity within their physio-
logical capacity until the goal, thus avoiding maximal fatigue (exhaustion). 
Regulating perceived fatigue and exercise intensity facilitates optimal pacing 
strategies (Noakes, 2012). These results suggest that individuals with high-
er interoceptive awareness and fatigue sensitivity demonstrate better pacing 
and physical load management during middle- and long-distance running.

Interoceptive awareness encompasses not only the perception of heart-
beat and bodily sensations but also emotion (Domschke et al., 2010; Paulus 
& Stein, 2010). Interoceptive signals have an impact on emotional processes, 
and individuals with high interoceptive awareness tend to experience more 
anxiety (Critchley & Garfinkel, 2017). Bodily and emotional awareness, or 
somatic markers, significantly contribute to behavioural control (e.g., Becha-
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ra, 2004; Bechara & Damasio, 2005; Bechara et al., 1997). Previous studies 
have shown that bodily arousal signals and emotions influence decision-mak-
ing and risk-taking behaviours (Bechara, 2004; Bechara & Damasio, 2005; 
Wagar & Dixon, 2006). In middle- and long-distance running, athletes must 
balance intensity regulation to avoid exhaustion with maximizing speed to 
reach the finish line, accepting the risk of approaching maximal fatigue. Giv-
en the role of affective responses in guiding behaviour, awareness of body 
signals and emotions might be relevant in managing physical load and pac-
ing, even in long-distance running.

A recent questionnaire study examined the relationship between intero-
ceptive awareness and risk propensity, revealing that individuals with a great-
er capacity to ignore or disregard visceral signals when uncomfortable exhib-
ited higher risk-taking tendencies (Reader & Salvato, 2024). Additionally, a 
few studies have demonstrated a positive association between interoceptive 
awareness and sports performance (Christensen et al., 2018b; Hirao et al., 
2020; Mizuno & Masaki, 2023; Seabury et al., 2023). Skilled dancers and 
runners possess higher interoceptive awareness compared to novices (Chris-
tensen et al., 2018b; Mizuno & Masaki, 2023; Seabury et al., 2023). How-
ever, previous studies have overlooked individual differences in interocep-
tive awareness regarding pacing in endurance running. Since interoceptive 
awareness influences risk propensity (Reader & Salvato, 2024), individuals 
with higher interoceptive awareness are more likely to maintain a consistent 
pace during races.

This study aimed to investigate pacing in running among college stu-
dents. Inexperienced runners often struggle to adopt optimal pacing strat-
egies (Lambrick et al., 2013; Morgan & Pollock, 1977; Takai, 1998). Addi-
tionally, this study examined the relationship between running performance 
and individual differences in interoceptive awareness using 800m time trials 
(Lambrick et al., 2013). The Multidimensional Assessment of Interoceptive 
Awareness scale (MAIA scale; Brown et al., 2017; Fujino, 2019; Jones et al., 
2021; Lin et al., 2017; Machorrinho et al., 2019; Mehling et al., 2012; Shoji et 
al., 2018) was used to measure self-reported interoceptive awareness across 
eight subscales: Noticing, Not Distracting, Not Worrying, Attention Regula-
tion, Emotional Awareness, Self-Regulation, Body Listening, and Trusting. If 
participants attend to internal cues such as respiration and fatigue (Morgan 
& Pollock, 1977; Takai, 1998), those with higher scores in attention regula-
tion and trust are expected to perform better in 800m time trials. Further-
more, we investigated individual differences in interoceptive awareness relat-
ed to respiration, fatigue, emotions, and body awareness and their impact on 
running performance. Individuals with higher emotional awareness scores 
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are expected to exhibit superior performance, given the association between 
somatic markers and decision-making as well as behavioral control (Bechara, 
2004; Bechara & Damasio, 2005; Wagar & Dixon, 2006).

Methods

Participant

Eighty female participants (mean age ± SD = 20.1 ± 0.6 years) were recruited. Written 
informed consent was obtained from all participants. The participants were undergraduate 
students from the department of physical education at a women’s college. One participant, 
a long-distance runner belonging to the college’s track and field club, was excluded from 
the study. Ten participants did not complete questionnaires. The final sample comprised six-
ty-nine participants (mean age ± SD = 20.1 ± 0.6 years). This study was approved by the Local 
Ethics Committee (2020-03)

Questionnaire

We used the Japanese version of the 32-item MAIA scale translated by Shoji et al. (2018) 
from the original scale of Mehling et al. (2012). The 32-item MAIA scale measures eight psy-
chological domains, which comprise the following subscales: Noticing (e.g., When I am tense 
I notice where the tension is located in my body.), Not Distracting (e.g., I do not notice phys-
ical tension or discomfort until they become more severe.), Not Worrying (e.g., When I feel 
physical pain, I become upset.), Attention Regulation (e.g., I can pay attention to my breath 
without being distracted by things happening around me.), Emotional Awareness (e.g., I no-
tice how my body changes when I am angry.), Self-Regulation (e.g., When I feel overwhelmed 
I can find a calm place inside.), Body Listening (e.g., I listen for information from my body 
about my emotional state.), and Trusting (e.g., I trust my body sensations.). Participants were 
asked to indicate on a 5-point rating scale (1 = never; 5 = VERY OFTEN).

Procedures

Running performance consisted of 800m time trial (Lambrick et al., 2013) on a 300m 
outdoor track within a single day. Participants had the option to choose between two testing 
days, selecting the day they deemed themselves to be in the best physical condition. Measure-
ments were conducted under sunny conditions on both days between the hours of 10:45 and 
12:15 (11:00 on day 1, 45.0 °F; day 2, 45.3 °F). Participants were instructed to wear appropri-
ate running clothes for ease of movement and were not allowed to wear timekeeping devices 
such as watches. Coloured cones were positioned at each 100m point of the 800m distance 
in the track. The 800m running test was recorded by video (JVC Kenwood, GZ-RX500-N). 
The total time for the 800m and the lap time for each 100m were recorded using a video. 
Participants selected target times from a predefined set: 2 minutes and 50 seconds, 3 minutes, 
3 minutes and 10 seconds, and 3 minutes and 20 seconds. Based on their chosen target times, 
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participants were divided into groups of 5 to 8 people. Participants were instructed that, while 
grouped with others who selected the same target time, performance faster or slower than that 
time was acceptable, and that they should complete the 800m as fast as possible. No feedback 
was provided to the participants until the finish line. Participants were not informed of any 
pacing strategy beforehand. Participants completed the MAIA questionnaire after 800m run. 

Data Analysis

By employing Kinovea (version 0.9.3), a video and motion analysis software, the time 
for each 100-meter split was calculated. Descriptive statics were calculated for each measure. 
To evaluate the final sprint, I used the time taken between 700 and 800 meters. To evaluate 
the participants’ pacing behaviour, the slowest 100m lap time was extracted from each 800m 
lap time. Participants were dichotomized into a higher-performance group and a lower-per-
formance group based on a median split of their goal times (median = 200.6 s). As a result, 
35 participants were assigned to the high-performance and 34 participants were assigned to 
low-performance groups. 800m lap time was subjected to a two-way repeated-measures anal-
ysis of variance (ANOVA), including the factors “lap” (0-100m/100-200m/200-300m/300-
400m/400-500m/500-600m/600-700m/700-800m) and “group” (Higher-performance group 
/Lower-performance group). The degrees of freedom of all F-ratios were adjusted using the 
Greenhouse-Geisser procedure. The original degrees of freedom are reported with the epsi-
lon value where required. The Bonferroni correction was applied for post hoc comparisons. 
The Cronbach’s α of Noticing, Not distracting, Not worrying, attention regulation, emotional 
awareness, self-regulation, body listening and trusting were 0.35, 0.69, 0.61, 0.96, 0.96, 0.98, 
0.98 and 0.99, respectively. In the present study, three subscales did not reach an acceptable 
Cronbach’s α (α = .70; George & Mallery, 2003) and were excluded (Seabury et al., 2023). 
We performed two-sided Pearson’s correlation analysis to investigate the relationship between 
the running time in 800m (total time, lap time for 700-800m, the slowest lap time, and the 
difference between the 700-800m lap time and the slowest lap time) and the MAIA scores 
(attention regulation, emotional awareness, self-regulation, body listening and trusting). All 
statistical analyses were executed using JASP (0.19.0.0) for Windows.

Results

Performance Measures

Table I shows descriptive statics for each variable. The mean 800m time 
was 201.5 sec (±18.5 SD). Figure 1 depicts the pacing for each group. A two-
way ANOVA revealed that that the interaction between lap and group was 
significant (F(7, 469) = 17.39, p = .01, pη2 = .21). Post-hoc test revealed that 
lap time for higher-performance group was faster in 0-100m than 400-500m 
(p < .01) and 500-600m (p < .01). Lap time for higher-performance group 
was faster in 100-200m than 400-500m (p < .01) and 500-600m (p < .01). Lap 
time for higher-performance group was faster in 200-300m than 400-500m 
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(p < .01) and 500-600m (p < .01). Lap time for higher-performance group 
was faster in 300-400m than 400-500m (p < .01) and 500-600m (p < .01). 
Post-hoc test revealed that lap time for lower-performance group was faster 
in 0-100m than 200-300m (p < .05), 400-500m (p < .01), 500-600m (p < .01), 
600-700m (p < .01) and 700-800m (p < .01). Lap time for lower-performance 
group was faster in 100-200m than 200-300m (p < .01), 300-400m (p < .01), 
400-500m (p < .01), 500-600m (p < .01), 600-700m (p < .01) and 700-800m 
(p < .01). Lap time for lower group was faster in 200-300m than 300-400m 
(p < .01), 400-500m (p < .01), 500-600m (p < .01), 600-700m (p < .01) and 
700-800m (p < .01). Lap time for lower-performance group was faster in 
300-400m than 400-500m (p < .01), 500-600m (p < .01), 600-700m (p < .01) 
and 700-800m (p < .01). Lap time for lower-performance group was faster in 
400-500m than 500-600m (p < .01). Two-way ANOVA revealed a main effect 
of lap (F(7, 469) = 68.76, p =. 01, pη2 =.51) and group (F(1, 67) = 118.05, p 
=. 01, pη2 =.64).

Figure 1. - The upper panel shows average time (s) for each group. The error bar 
shows 95% confidence interval.
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Correlation Between Running Performance And Maia Scores

Table 2 shows the correlations between 800m time trial and MAIA 
scores. The mean of Attention Regulation score was 2.9 (±0.9 SD). The mean 
of Emotional Awareness score was 3.2 (±0.8 SD). The mean of Self-Regu-
lation score was 3.2 (±0.9 SD). The mean of Body Listening score was 2.9 
(±0.9 SD). The mean of Trusting score was 3.4 (±1.0 SD). The individuals 
with higher Attention Regulation score showed faster 800m total time (r = 
-.43, p = .01, z = -.46), lap time for 700-800m (r = -.39, p = .01, z = -.41) and 
the slowest lap time (r = -.41, p = .01, z = -.44). The individuals with high-
er Self-Regulation score showed faster 800m total time (r = -.39, p = .01, z 
= -.41), lap time for 700-800m (r = -.29, p = .02, z = -.30) and the slowest 
lap time (r = -.43, p = .01, z = -.46). The individuals with higher Emotional 
Awareness score showed faster 800m total time (r = -.35, p = .01, z = -.37), 
lap time for 700-800m (r = -.25, p = .04, z = -.26) and the slowest lap time (r 
= -.30, p = .01, z = -.31). The individuals with higher Trusting score showed 
faster 800m total time (r = -.44, p = .01, z = -.47), lap time for 700-800m (r = 
-.36, p = .01, z = -.38) and the slowest lap time (r = -.41, p = .01, z = -.43). No 
significant correlation was found between 800m total time and Body Listen-
ing score (r = -.15, p = .24, z = -.15). 

Discussion

The present study aimed to investigate pacing strategies in 800m time 
trials among college students. Additionally, this study examined the relation-
ship between running performance and individual differences in interocep-
tive awareness. Higher-performance participants adopted a positive pacing 
strategy, gradually decelerating after 400m. The individuals with faster 800m 
total times showed higher Attention Regulation, Emotional Awareness, 
Self-Regulation, and Trusting scores. The individuals with faster final sprints 
and the time for slowest lap showed higher Attention Regulation, Emotional 
Awareness, Self-Regulation, and Trusting scores. 

The interaction between lap time and group demonstrated significant 
differences in pacing strategies between the two groups. Higher-perfor-
mance group employed a positive pacing strategy, while lower-performance 
group employed an all-out pacing strategy. Previous studies suggested that 
for 800m positive pacing is the optimal strategy to achieve a fast time (Abbiss 
& Laursen, 2008; Casado et al., 2021; Foster et al., 1994; Hanon & Thom-
as, 2011; Sandford et al., 2018). In the present study, for high-performance 
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group there was little deceleration every 100m up to 400m; for instance, no 
significant deceleration occurred from the 0-100m section to the 100-200 m. 
Statistically significant deceleration was observed in the 400-500m section, 
but no significant deceleration occurred in subsequent sections until reaching 
the finish line. The results suggest that participants achieved their maximum 
sustainable speed within physiological constraints during the initial phase of 
the 800m race (Casado et al., 2021), subsequently maintaining a pace within 
these limits to avoid exhaustion before the finish (Noakes, 2012). On the one 
hand, Lower-performance group showed a significant decrease in speed after 
the first 100m. These results are partially consistent with those of a previous 
study (Lambrick et al., 2013). Lower-performance group may have overesti-
mated their initial pace, suggesting a need to refine their pacing strategy. The 
observed rapid deceleration after the 100m mark suggests a misjudgment of 
physiological capacity in the first half of the race, possibly resulting in over-
pacing. Lower-performance group may improve through enhanced pacing 
strategies (Lambrick et al., 2013). These results reflect the group differences 
that higher-performance participants paced well while others did not.

The abovementioned pacing was found to be associated with individ-
ual differences in interoceptive awareness. We found that participants with 
faster 800m times and final sprint demonstrated higher scores of atten-
tion regulation and self-regulation. These results suggest that participants 
who can consciously focus on their body and breathing without distrac-
tion demonstrate faster final sprints and better running performance. Fur-
thermore, participants with a high ability to regulate pain through focused 
on bodily sensations demonstrate faster final sprints and better running 
performance. Our findings extend previous findings that physical activity 
interacts with interoceptive processes (Christensen et al., 2018b; Gibson 
et al., 2003; Inzlicht & Marcora, 2016; Wallman-Jones et al., 2021; Weir et 
al.,2006). Previous studies have shown that skilled dancers and elite runners 
are sensitive to interoceptive awareness (Christensen et al., 2018b; Seabury 
et al., 2023), and that superior runners tend to focus on their breathing 
and fatigue (Morgan & Pollock, 1977). The brain integrates various signals 
including respiration, fatigue, bodily sensations, and emotions to predict 
and control physical load (Gibson et al., 2003; Noakes et al., 2001; Smith et 
al., 2015; Renfree et al., 2012). It is likely that participants adept at bodily 
awareness and controlled breathing may achieve better performance under 
self-regulated physical load. 

In addition, participants who demonstrated faster 800m times exhib-
ited higher scores on Emotional Awareness. This finding is consistent with 
the notion that somatic markers may facilitate optimal decision-making and 
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self-control in risky situations (Bechara, 2004; Bechara & Damasio, 2005; 
Wagar & Dixon, 2006). Emotional Awareness is demonstrated by statements 
such as “I notice how my body changes when I am angry” and correlate with 
awareness to emotional changes. During 800m running, participants must 
manage both effort within physiological limits and increasing discomfort and 
fatigue (Noakes, 2012). Present study revealed that emotional awareness is 
also essential for achieving superior running performance and final sprint. 
Previous studies reported that fatigue caused by emotion regulates exercise 
performance (Gibson et al., 2003; Noakes, 2012; Renfree et al., 2012). Ac-
cording to the findings of the central governor model (Gibson et al., 2003; 
Inzlicht & Marcora, 2016; Noakes et al., 2001; Weir et al., 2006), discomfort 
and fatigue sensations increase to prevent exhaustion before the goal. Our 
results suggest a connection between emotional awareness and self-regulated 
physical load and pacing.

Faster running performance was correlated with high trusting scores. 
Trusting score is associated with experience of one’s body as safe and trust-
worthy (Mehling et al., 2012). Trusting bodily sensations is considered an im-
portant component of pain management (Steen & Haugli, 2001). Endurance 
running can cause physical and psychological discomfort due to the stain it 
places on breathing and the body. Individuals who feel safe and trust their 
bodies may handle greater physical loads. Seabury et al. (2023) found that 
athletes reported higher trusting to their own bodies than non-athletes. Our 
result suggested that even participants not specialized in running, faster-per-
formance participants felt safe and trusting of their bodies. Running fast 
might require heightened awareness to trusting one’s body, enduring intense 
physical loads, and effectively managing discomfort without slowing down.

It should be noted that our study included some limitations. First, the 
current study focused on the measurement and analysis of running time, ne-
glecting the physiological assessment of anaerobic and aerobic capacities. 
Physical condition and fatigue could be monitored by measuring heart rate 
and lactate levels. Furthermore, interoception could also be physiologically 
measured, such as through the heartbeat counting task (HCT; Herbert et al., 
2007; Schandry, 1981). Future research could clarify the relationship between 
interoceptive awareness and running performance through physiological as-
sessments. Second, more detailed data regarding participants’ running expe-
rience and current physical activity levels should have been collected. Third, 
this study examined only women’s college students. Future research could 
include a more diverse sample, such as male students and highly trained en-
durance athletes, to enhance the generalizability of the findings. 

The current study found that a faster running time in the 800m was asso-
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ciated with higher Attention Regulation, Emotional Awareness, Self-Regula-
tion, and Trusting scores. The results of the present study are consistent with 
the idea that physical activity interacts with interoceptive processes (Gibson 
et al., 2003; Inzlicht & Marcora, 2016; Wallman-Jones et al., 2021; Weir et 
al., 2006). Additionally, the trust of the body and distraction from discomfort 
may lead to faster endurance performance. The present findings may provide 
further evidence that interoceptive awareness, in addition to physiological 
factors (e.g., maximal oxygen uptake), is positively associated with endur-
ance running performance. Endurance runners should continuously focus 
on their interoceptive awareness. Coaches and athletes can improve training 
by focusing on interoceptive cues, such as breathing and heart rate, and us-
ing subjective fatigue to gauge exercise intensity.

Generated for this study are available on request to the corresponding.
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