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Introduction
Aerobic exercise when exposed to high ambient temperature (Ta), relative humidity (RH) and solar
radiation (SR) elicits detrimental physiological and psychometric effects that limit exercise
performance1-3. While the thermoregulatory challenges during exercise in hot environments have been
well characterized4, it is a necessity for some athletes residing in many geographical locations to train
in hot conditions on a day-to-day basis. For example, winter team-sport athletes are typically required
to complete pre-season preparation in the summer months, while the endurance athlete may be required
to train and compete during the hottest times of the year. Although training in these environments can
convey physiological and performance benefits5, repeated heat exposure results in increased
physiological strain and decreased physical performance6,7. Therefore, managing the balance between
physiological adaptation to promote optimal performance in the heat and physiological stress can prove
challenging for athletic populations.
Exposure to SR increases physiological and perceptual strain in hot environments 8-10. SR can increase
skin temperature (Tsk) during exercise above levels associated with high Ta alone, but may not
consistently induce a significant effect on core temperature (Tc)9,10. When Tsk is high, there is a
requirement for high skin blood flow for thermoregulatory cooling, which may compromise venous
return and cardiac output, increasing cardiovascular strain11. From a performance perspective,
commencing exercise with increased Tsk lowers self-selected exercise intensity12, and high Tsk
throughout exercise can compromise work capacity in hot environments9,10. Accordingly, team-sport
and endurance athletes, training consistently in hot environments with high SR (i.e., outdoors) may
experience decreased quality and quantity of work performed during training.
It is common for elite team-sport athletes to complete similar amounts of weekly ‘off-feet’ crosstraining (e.g. cycling) load as skills training load during the pre-season preparation phase13. The goal of
‘off-feet’ conditioning sessions is to optimize aerobic conditioning while minimizing impact loading
associated with running and skills training. Indeed, it is often the aim of these sessions to maximize
work capacity to induce the greatest physiological stimulus. As such, training in hot indoor
environments may provide the individual or team-sport athlete sufficient stimulus to promote adaptation

for athletic performance but reduce the negative impact on training quality associated with SR exposure
in hot outdoor environments. However, the practical impact for athletes training in a hot indoor
environment and the effect of modified exposure to the individual heat stress variables on physiological
responses and performance capacity is currently unknown. Therefore, the primary aim of the current
study was to determine the variation in physiological and perceptual responses and performance
capacity in heat acclimated, well-trained athletes during high-intensity exercise in hot/humid outdoor
versus indoor environmental conditions with contrasting SR exposure. We hypothesized that SR
exposure would elicit increases in Tsk and thermoregulatory demands and impair the quality and
quantity of exercise performance during hot outdoor conditions.

Methods
Experimental approach to the problem

Our within-participant experimental design incorporated two separate but related studies.
Study A utilized well-trained endurance cyclists (level three14), and Study B included
professional team-sport athletes. Participants completed an outdoor exercise trial followed by
a second indoor trial seven days later. This design was necessary to ensure indoor
environmental conditions could be matched or manipulated compared to the previous outdoor
conditions, including the contrasting SR. Although the exercise protocols were different
between Study A and Study B, both incorporated high-intensity intervals. Protocol variation,
including constraints on collection of physiological data in Study B, was a result of restrictions
on obtrusive protocols (such as gastrointestinal Tc monitoring) placed on the professional
athletes and the specificity of training (‘cross-training’ team sport conditioning session). Study
A was designed as a proof of principle study to determine differences in physiological and
performance responses outdoors compared to indoors. Specifically, given direct sunlight is the
major environmental contrast between outdoor and indoor conditions, the aim was to match

temperature and humidity and isolate the presence or absence of SR exposure as the primary
variable of interest between trials. Consequently, there was a decrease in the relative WBGT
during the indoor trial condition in Study A. Study B focused on high external validity as part
of the physical preparation for professional team-sport, i.e. the session was regularly completed
by the participant cohort in hot indoor conditions and was prescribed to improve team-sport
metabolic conditioning. Therefore, the indoor environmental conditions included no SR during
Study B but temperature and humidity were not clamped, and there was a resultant increase in
RH during indoor exercise and equivalent relative WBGT’s between trial conditions.

Subjects
Seven trained male cyclists volunteered to participate in Study A (mean ± standard deviation [SD]; age:
30 ±9 years, height: 182 ±7 cm, body mass: 75 ±7 kg, maximum oxygen uptake [VO 2peak]: 58 ±6
ml.kg.min-1) and nine male professional team-sport athletes from one Australian Rules Football club
volunteered to participate in Study B (age: 24 ±4 years, height: 188 ±9 cm, body mass: 88 ±10 kg,
maximal aerobic speed 17.6 ±0.9 km.h-1). Participants were accustomed to training in hot and humid
conditions in a sub-tropical location (28˚ S, 153˚ E) in Australia for ≥ seven h per week and were
deemed to be heat acclimatized. Participants provided written informed consent and studies were
approved by the Bond University Human Research Ethics Committee (ID: FO00005, 16171).

Study A
Preliminary Testing
Participants completed an initial maximal exercise test to determine VO2peak and peak power output
(PPO). The test was completed in a thermoneutral environment (22 °C and 40-50% RH) on a cycle
ergometer (Lode Excalibur Sport, Lode, Netherlands) as described previously 15. Expired gasses were

continuously recorded by a metabolic cart (Quark C-PET, Cosmed, Italy). Data from the maximal
exercise test was used to determine values corresponding to 40% PPO, 63% PPO and 80% PPO.
Pre-trial Diet and Exercise Control
Participants provided an exercise and diet recall in the 48 h before the first trial and were instructed to
replicate diet and exercise in the subsequent trial; this was confirmed by diet and exercise recall.
Participants reported to the laboratory at 0600 h on trial days, in a fasted state, and provided a midstream urine sample for urine specific gravity (USG) assessment, recorded nude body-mass (BM) and
consumed a standardized breakfast containing two g.kg-1 BM carbohydrate. Participants were required
to abstain from caffeine and further food intake but consumed water ad-libitum. A standardized snack
was provided 90 min before exercise and a second urine sample was collected and analyzed 60 mins
before exercise to ensure participants were euhydrated before commencing exercise. All participants
USG recordings were <1.020.
Physiological Monitoring
A Tc capsule (e-Celsius, BodyCap, France) was ingested at 0600 h on the morning of each trial.
Approximately 1 h before exercise, surface Tsk monitors (iButton, Maxim Integrated Products, Inc.,
USA) were attached with adhesive tape (Fixomull, BSN Medical, Germany) to four sites (sternum,
bicep, thigh, calf) in order to calculate mean skin temperature16 during exercise. Heart rate (HR) was
obtained (Polar t31, Polar Electro, Finland) during exercise and mean HR (HRmean) was recorded.
Environmental Monitoring
Ta (°C), RH (%) and wind speed (km.h-1) were measured via a portable weather station (Kestrel 5000,
Kestrel Instruments, USA), and SR (W/m2) was recorded via pyranometer (MP-100, Apogee
Instruments, USA) at 30 s intervals during each experimental trial. The initial exercise trial was
conducted in an outdoors environment with full exposure to the sun, in a sub-tropical location (28⁰ S,
153⁰ E). The second trial was conducted in an indoor heat chamber (Coolmaster, Australia). The
recorded Ta and RH was matched indoors from the previous outdoor trial. Subsequently, outdoor wet-

bulb globe temperature (WBGTo) was calculated using the Lilijegren method 17, and indoor wet-bulb
globe temperature (WBGTi) was calculated using the Bernard method18.
Exercise Trial
Participants entered the exercise environment at 1130 h and remained passively seated for 10 min before
beginning exercise. At the commencement of exercise participants cycled on a stationary ergometer
that was deemed to be valid and reliable for the protocol19 (WattBike, Pro, UK) at ~63% PPO for 10
min, followed by 5 × 4 min at ~80% PPO interspersed with two min recovery at ~40% PPO. Participants
then completed a 20 km self-paced ride, with the instruction to complete the ride in the shortest time
possible. Participants were not provided with fluid during the exercise protocol and they were blinded
to elapsed time during the self-paced ride.
Perceptual Monitoring
Ratings of perceived exertion (Borg 6-20)20 and both thermal comfort and thermal sensation21 were
recorded after the completion of the initial 10 min at 63% PPO, after each 4 min interval at 80% PPO
and after each five km during the 20 km self-paced ride.
Study B
Preliminary Testing
Participants completed an initial exercise test to determine mean four-minute power output22 a
maximum of four weeks before the experimental period. The test was undertaken in a thermoneutral
environment (~22 °C Ta and 40-50 % RH) on a stationary cycle ergometer (Watt Bike, Pro, UK).
Pre-trial Diet and Exercise Control
A standard training session was completed by all participants 24 h before experimental trials and was
prescribed as part of the professional sporting clubs training schedule. Participants reported to the
training facility at 0600 h on trial days where they provided a urine sample for USG assessment and
were supplied with a standardized breakfast consisting of two g.kg-1 BM carbohydrate. A standardized
snack was supplied 90 min pre-exercise. Participants were required to abstain from caffeine ingestion

throughout the morning of the trial but consumed water ad-libitum. A second urine sample was collected
and analyzed 60 min pre-exercise to ensure participants were euhydrated. All participants USG
recordings were <1.020.
Environmental and Perceptual Monitoring
Dependent variable monitoring during Study B was undertaken using the equivalent methods of Study
A.
Exercise Trial
Participants in Study B cycled at steady state on a stationary ergometer (WattBike, Pro, UK) at ~65%
of mean four-minute power output for 20 min followed by 5 × 2 min self-paced ‘maximal effort’
intervals interspersed with two min self-selected intensity recovery intervals. During exercise, mean
PO, HR, RPE, TC and TS were recorded following the initial 20 min steady-state ride, and at the
completion of each two min interval. During the exercise trial, participants consumed a standardized
water intake of 200 ml every 10 min.
Statistical Analysis
Data were analyzed using two-way (trial × time) analysis of variance (ANOVA) with repeated measures
and Bonferroni post-hoc testing. Paired t-tests were used to compare mean data between trial conditions,
and for Tc and Tsk area under the curve (AUC). Confidence intervals (95%) and Cohen’s effect size (d)
were calculated and d defined as: 0.2 small effects, 0.5 moderate effects, and 0.8 large effects23.
Statistical analyses were conducted using GraphPad Prism (8.0.2, GraphPad Software), and significance
was set at p<0.05. All data are presented as mean ± standard deviation.
Results
Mean environmental conditions during the outdoor trial in Study A were 30.7 ± 0.5 °C, 66 ± 3% RH,
847 ± 72 W/m2 SR and 4.3 ± 1.7 km.h-1 WS (WBGTo = 29.6 °C) compared with indoor trial 29.8 ± 0.5
°C, 61 ± 2% RH, 0 ±0 W/m2 SR and 0 ±0 km/h WS (WBGTi = 26.0 °C). Study B conditions were 30.0
± 0.6 °C, 41 ± 2% RH, 1068 ± 10 W/m2 SR and 4.0 ± 1.3 km.h-1 WS (WBGTo = 26.7 °C) outdoors and

30.6 ± 0.2 °C, 57.2 ± 4.2% RH, 0 ± 0 W/m2 SR and 0 ± 0 km.h-1 WS (WBGTi = 26.8 °C) during the
indoors trial. Pre-exercise body mass (75.5 ± 8.2 kg vs 75.6 ± 7.9 kg) and USG (1.015 ± 0.01 vs. 1.013
± 0.01) were not different between trial conditions in Study A or Study B (BM 87.3 ± 9.9 kg vs. 87.4 ±
10 kg, USG 1.011 ± 0.01 vs. 1.009 ± 0.01) suggesting participants began exercise in a similar
physiological state. Total exercise and environmental exposure time during Study A was ~75 min

and ~45 min during Study B which represent exercise durations that athletes in each cohort were
accustomed to completing. Percent body mass loss was not different between trial conditions in
Study A (2.6 ± 0.5 % outdoors vs. 2.5 ± 0.8 % indoors) or Study B (0.2 ± 0.4 % outdoors vs. 0.4 ± 0.4
% indoors).
Study A
Exercise Performance
There was a significant effect of time (p<0.0001), but not trial, on PO during exercise. Mean PO was
not different when directly comparing the warm-up, 5 × 4 min intervals or 20 km self-paced ride
components of the exercise protocol between outdoor and indoor conditions. There were trivial to
moderate decreases in PO during the 20 km self-paced ride in the outdoors compared with the indoor
trial (d = -0.13–-0.52), but these differences failed to reach statistical significance (Table 1). No
statistical difference in time to complete the 20 km self-paced ride existed between trial conditions
(Outdoors 00:33:36 ± 00:03:32 vs. Indoors 00:32:05 ± 00:02:46, p = 0.33) despite a moderate effect for
the greater time to completion during the outdoors trial (d = 0.62).
INSERT TABLE 1 HERE
Core and Skin Temperature
There were main effects of time (p<0.0001) and trial (p = 0.03) for Tc such that Tc AUC was greater
(p<0.0001) during outdoors exercise (Figure 1). There were moderate effects for differences at the
completion of warm up (Outdoor, 36.9 ± 0.3 °C vs Indoor, 36.7 ± 0.4 °C, d = 0.51) and Interval Two
(Outdoor, 37.7 ± 0.3 °C vs Indoor, 37.4 ± 0.4 °C, d = 0.75), large effects for differences at the
completion of Interval Three (Outdoor, 38.0 ± 0.2 °C vs Indoor, 37.8 ± 0.3 °C, d = 0.92), Interval Four

(Outdoor, 38.3 ± 0.3 °C vs Indoor, 38.0 ± 0.3 °C, d = 0.96) and Interval Five (38.5 ± 0.3 °C outdoor vs
38.3 ± 0.3 °C indoor, d = 0.91), and small effects for differences throughout the 20 km self-paced ride
(Outdoor, 39.2 ± 0.4 °C vs Indoor, 39.0 ± 0.5 °C, d = 0.44).
There was also an effect of time (p<0.0001) and trial (p = 0.03) and an interaction effect between time
and trial (p<0.0001) for Tsk during exercise (Figure 2) with Tsk AUC greater outdoors (p<0.0001). After
the initial 10 min before exercise, and following warm-up and Interval One, there were large increases
in Tsk outdoors compared to indoors (p<0.001; d = 1.37–1.99). At the completion of exercise, Tsk was
moderately higher outdoors (p = 0.006, d = 0.51).
INSERT FIGURE 1 HERE
INSERT FIGURE 2 HERE
RPE, Thermal Sensation, Thermal Comfort
There was a significant effect of time (p<0.0001) on TS, TC (Table 1) and RPE. Trivial to small effects
were evident between outdoors and indoors exercise during the warm-up and high-intensity intervals
(CI = -3.34 to 2.19, d = -0.15–0.26) on RPE, and trivial to moderate increases were evident during the
outdoors trial condition in the 20 km self-paced ride (CI = -0.86 to 2.31, d = 0.00–0.58). However, these
effects were not statistically significant. Despite large effects after Interval Three and at 10 km of the
self-paced ride for increases in TS during the outdoors trial condition (d = 0.88–1.31) and trivial to
moderate differences across the remaining time points (d = 0.00–0.66) there were no significant effects.
Large increases in TC were evident after the warm-up, and the completion of 10 km of the 20 km selfpaced ride (d = 0.85–0.92) during outdoor exercise and trivial to moderate differences were evident at
other timepoints during exercise between trial conditions (d = 0.00–0.60).
Heart Rate
There were significant effects of time (p<0.0001) and verged on main effect for trial (p = 0.05) for
HRmean attained during outdoor exercise (Outdoor, 173 ± 12 beats.min-1 vs Indoor, 169 ± 15 beats.min1

), however, post-hoc analysis failed to identify differences between trials. Large effects were apparent

during the warm-up (Outdoor, 151 ± 10 beats.min-1 vs Indoor, 141 ± 10 beats.min-1, d = 1.00) and
moderate effects were apparent for the 5 × 4 min intervals (Outdoor, 175 ± 8 beats.min-1 vs Indoor, 169
± 13 beats.min-1, d = 0.56). Only trivial/small differences were apparent during the 20 km self-paced
ride (Outdoor, 177 ± 11 beats.min-1 vs Indoor, 177 ± 10 beats.min-1, d = -0.25-0.18).
Study B
Exercise Performance
There was a significant effect of time (p<0.0001) and trial (p = 0.04) on PO during exercise (Table 2).
Specifically, there was a small increase in PO (p = 0.03, d = 0.23) following Interval Four during the
outdoors trial. No differences in PO were evident at any other time point during the exercise trial with
trivial to small effects (d = 0.03–0.21).
INSERT TABLE 2 HERE
Heart Rate
There was a significant effect of time (p<0.0001) but not trial on HRmean during the exercise session.
However, there was a significant, moderate increase in HRmean following Warm-Up during the outdoors
trial condition (Outdoor, 143 ± 14 vs Indoor, 135 ± 13 beats.min-1, p = 0.04, d = 0.61). Throughout the
maximal effort intervals, there was a range of trivial to moderate effects (d = -0.02–0.75) for the
differences between trial conditions that were not significant.
RPE and Thermal Sensation
There was a significant effect of time but not trial condition on RPE and TS (both p<0.0001) across the
duration of exercise. RPE was not different during exercise between trials despite small to moderate
effects between outdoor and indoor conditions (CI = -1.15 to 1.62, d = -0.27–0.41). Trivial to moderate
effects (d = -0.53–0.00) for differences in TS were evident at various time points during exercise
between trial conditions, but these failed to reach significance (Table 2).
Discussion

These studies aimed to determine the variation in physiological and perceptual responses and
performance capacity in heat acclimatized, well-trained athletes during exercise with contrasting SR
exposure. Most notable, lower Tsk and Tc was observed during the indoor exercise with no SR exposure
during Study A. The lower Tsk and Tc was associated with a moderate effect size for increases in selfselected power output and improved time-to-completion during a 20 km self-paced ride in well-trained

cyclists. However, when professional team sport athletes completed self-paced maximal effort intervals,
removing SR had little impact on performance when WBGT was matched for indoor and outdoor
conditions.
Our novel data show increases in Tsk during the early (~25 min) exposure to high SR (Figure 2). The
initial difference in Tsk between outdoor and indoor trials in cyclists was not sustained throughout the
exercise session. Our findings are in contrast to previous studies in untrained participants showing
increased Tsk throughout the duration of exercise when undertaking moderate-intensity protocols8-10. It
seems plausible that the substantially higher exercise intensities undertaken by trained cyclists (Study
A) augmented metabolic heat production,24 muscle temperatures,25 skin blood flow and heart rate4.
During the outdoor trial participants were exposed to greater air movement/velocity across the skin's
surface, which is similar to previous research comparing indoor and outdoor exercise26. Evaporative
potential improves with increasing air velocity and typically reduces the rate at which Tc and Tsk
increase during exercise 27. While the rate of increase in Tsk may have been attenuated outdoors as a
result of increased air velocity compared to indoor exercise, the interaction between different
environmental exposures and the physiological response for indoor and outdoor sessions is a key
consideration for training prescription. The metabolic heat production during repetitive, high-intensity
intervals, in conjunction with the increased evaporative and convective cooling capacity during outdoor
exercise in the cyclists, likely equilibrated the early differences in Tsk between trials as exercise duration
extended despite exposure to high SR outdoors.
Whether the initial increase in Tsk outdoors due to SR exposure contributed to a commensurate increase
in Tc throughout prolonged exercise (~75 min) in the current data is intriguing. Indeed, the effect of SR
on Tsk is clear3,8-10,28,29, but the relationship between SR and a cause and effect on changes in exercise

Tc remains unresolved. As Tsk increases in environments characterized by high relative humidity, and
thermoregulatory cooling becomes progressively more challenging, body temperatures continue to
rise2. However, while associations between increasing SR and tympanic temperature have been
observed8,30 the same relationships have not been apparent between SR and rectal temperature9,10. In the
present study, the increase in Tc during outdoor (high SR) compared with indoor exercise (no SR) was
modest (Figure 1). Nevertheless, it was evident for the duration of the exercise trial. Furthermore, the
elevations in Tc were associated with increased heart rates during the warm-up and high-intensity
interval training components of the outdoor trial undertaken by cyclists. Together with the moderate
effect for improved 20 km cycling time, the data indicate that reducing exposure to the SR component
of heat stress may have a small beneficial effect on multiple variables contributing to physiological
strain and improve performance capacity during strenuous exercise in thermally challenging
environments.
Contrary to our hypothesis, there was no effect of SR on self-selected exercise intensity undertaken by
AFL players (Study B). Our findings are in contrast to Otani and colleagues8,30 showing SR exposure
elicited detrimental effects on self-selected exercise intensity and running distance in baseball and
soccer players training in hot environments. However, an important difference in the present study was
the inclusion of professional team sport athletes compared with the adolescent athletes in previous
studies8,30. The interval training protocol employed in Study B is typical of a professional team sport
‘cross-training’ conditioning session, and the study aimed to ensure WBGT between trial conditions for
the AFL players was equivalent. Consequently, greater relative humidity during the indoor trial was
required to off-set the absence of SR and match outdoor WBGT. Previous studies show that when
varying environmental conditions generate similar WBGT’s, the work performed in a hot environment31
and the rate of acclimation to heat stress32 is comparable. Moreover, participants were exposed to air
velocity during outdoor exercise, and as a result, the thermoregulatory capacity of the outdoor exercise
environment may have been enhanced27. As such, our data are similar to Jeffries et.al.33 who showed
no differences between outdoor and indoor exercise performance, despite greater air velocities during
the outdoor trial. Taken together, this may explain, at least in part, the apparent lack of effect of SR and

similar performance capacity outdoors versus indoors in the AFL players. In addition, the self-pacing
capabilities of team sport players are likely inferior to cyclists more familiar with undertaking highintensity intervals and constant power cycling during training and competition. As such, individual
training history and/or exercise modality may be factors that alter the potential for SR to impact work
capacity and quality of training.
Perceptions of effort and thermal tolerance are strongly related to exercise heat strain and performance
in the heat12. In the early stages of exercise completed by the cyclists, the perceptual response of
participants varied, but there were persistent small-large effects for higher ratings of exertion and
thermal sensation/comfort outdoors, an effect that was sustained during the self-paced exercise. These
perceptual effects are congruent with the increases in Tsk during the early stages of exercise and are
similar to findings of previous studies12,34. Otani and colleagues9 also report SR exposure may
negatively affect thermal tolerance during exercise, however, as with the present study, the responses
were variable. In contrast, under matched WBGT conditions, a corresponding difference in perceptual
response was not evident for the AFL players, where the higher relative humidity and lack of circulating
air velocity appear to have increased perceptual responses during indoor interval training. In summary,
it appears there are a multiplicity of factors with the potential to alter perceptions of effort and thermal
tolerance during exercise in the heat and further research is required to elucidate relationships between
perceptual responses and solar radiation and humidity.
Practical Applications
The term ‘off-feet’ training reflects the use of an alternate exercise mode, typically cycling, to develop
or maintain metabolic conditioning in team sport athletes. The indoor training environment for off-feet
training can be manipulated and the use of hypoxic and/or heat training methods during indoor exercise
sessions has become commonplace. The rationale for indoor training in the heat includes the desire to
promote positive adaptations such as integrated thermoregulatory, cardiovascular, and fluid-electrolyte
responses. Our data indicate training in hot outdoor environments with exposure to high SR may have
the potential to decrease the performance capacity of athletes undertaking high-intensity exercise.
Therefore, where the aim of an exercise session is to maximize work capacity while promoting or

accelerating physiological adaptation by training in the heat, practitioners can program indoor heat
training sessions to mitigate SR exposure. Moreover, the absence of SR should not be off-set by
increased humidity which may equilibrate WBGT of the indoor training environment, rather the aim
should be to ensure a modest decrease in the relative WBGT through the removal of SR. This approach
to indoor training has the potential to convey beneficial effects for enhancing the quality and quantity
of work performed in the heat.
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Figure 1. Core temperature response of trained cyclists undertaking high-intensity interval (INT)
training and 20 km self-paced cycling during outdoor and indoor trial conditions. Grey shading
highlights the exercise period. Data are mean ± standard deviation (n = 7), α denotes a main effect of
time, β denotes a main effect of trial, and area under the curve was greater during the outdoors trial
(P<0.0001). Outdoor WBGT = 29.6 °C, Indoor WBGT = 26.0 °C

Figure 2. Skin temperature response of trained cyclists undertaking high-intensity interval (INT)
training and 20 km self-paced cycling during outdoor and indoor trial conditions. Grey shading
highlights the exercise period. Data are mean ± standard deviation (n = 7), α denotes a main effect of
time, β denotes a main effect of trial condition. *p <.05, **p <.01, ***p <0.001, ****p <.0001 for
outdoors vs. indoors at the equivalent timepoint, and area under the curve was greater outdoors
compared to indoors (p<0.0001). Outdoor WBGT = 29.6 °C, Indoor WBGT = 26.0 °C
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TS

PO (W)

Table 1. Power output and Perceptual responses of trained cyclists undertaking
high-intensity interval training and 20 km self-paced cycling during outdoor
compared to indoor trial conditions (n = 7). Data are mean difference (arbitrary
units, AU) with 95% confidence intervals (CI) and Cohen’s effect size (d)
statistics. Outdoor WBGT = 29.6 °C, Indoor WBGT = 26.0 °C.
Outdoo
rs vs.
Warm
Int 1
Int 3
Int 5
5k
10k
15k
Indoor
Up
s
Mean
Differe
-1.50
-0.71
-0.15
-5.00
-6.6
-14.9
-20.5
nce (W)
-31.4
-30.6
-30.0
-34.9
-36.5
-44.8
-50.4
95% CI
to
to
to
to
to
to
to
28.5
29.2
29.8
24.9
23.3
15.0
9.50

20k

-22.9
-52.8
to
7.10

d

-0.05

-0.03

0.00

-0.19

-0.13

-0.37

-0.48

-0.52

Mean
Differe
nce
(AU)

0.15

0.15

0.50

0.00

0.29

0.50

0.29

0.15

95% CI

-1.51
to
1.79

-0.93
to
1.21

-0.49
to
1.49

-1.26
to
1.26

-0.47
to
1.04

-0.68
to
1.68

-0.89
to
1.46

-0.44
to
0.73

d

0.27

0.20

1.31

0.00

0.66

0.88

0.53

0.35

Mean
Differe
nce
(AU)

0.71

0.15

0.21

0.29

0.15

0.29

0.00

0.00

95% CI

-0.21
to
1.63

-0.73
to
1.02

-0.54
to
0.98

-0.32
to
0.88

-0.37
to
0.66

-0.17
to
0.74

-

-

d

0.92

0.27

0.31

0.60

0.44

0.85

-

-

Int, interval; PO, power output; W, watts; TS, rating of thermal sensation; TC, rating of thermal comfort;
-, no difference between trial conditions

TS

PO (W)

Table 2. Power output and Perceptual response of professional AFL
players undertaking high-intensity interval training cycling preceded by
a 20 min steady-state ride during outdoor compared to indoor trial
conditions (n=9). Data are mean difference (arbitrary units, AU) with
95% confidence intervals (CI) and Cohen’s effect size (d) statistics.
Outdoor WBGT = 26.7 °C, Indoor WBGT = 26.8 °C
Outdoo
rs vs.
Warm
Int 1
Int 2
Int 3
Int 4
Int 5
Indoor
Up
s
Mean
Differe
1.0
11.9
9.4
11.2
13.1*
9.1
nce
(AU)
-11.1
-0.25
-0.92
0.97
-2.7 to
-3.10
95% CI
to
to
to
to
21.6
to 21.3
13.1
24.0
23.4
25.3
d

0.12

0.03

0.17

0.18

0.21

0.23

Mean
Differe
nce
(AU)

-0.22

-0.28

-0.33

-0.22

-0.06

0.06

95% CI

-1.19
to
0.74

-1.24
to
0.68

-1.33
to 0.67

-1.19
to
0.74

-1.07
to
0.96

-0.88
to 0.99

d

-0.44

-0.53

-0.49

-0.49

-0.16

0.09

Int, interval; PO, power output; W. watts; TS, rating of thermal sensation, *p < 0.05
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