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Abstract

The purpose of this study was to examine the influence of internal focus on the ratings of perceived exertion and affect during acute
high-intensity cycling exercise. Fourteen healthy male participants were recruited (22.1 + 1.8 years). The participants performed an
incremental maximal test to assess the participants' aerobic capacity and three experimental trials. In the experimental trials, the
participants pedaled on a stationary cycle ergometer at 70% VOzmax for 20-min in three conditions: control, internal sensory
monitoring, and active self-regulation. During the 20-min cycling in each condition, the participants rated their overall and peripheral
perceived exertion (RPEover, RPEperi) in 5-min intervals. Before and after 20-min cycling, participants assessed their positive
engagement, negative affect, and tranquility. No significant differences in both RPEs were observed among the three conditions. In all
conditions, positive engagement was higher after cycling. In addition, there were no significant differences in negative affect and
tranquility. Our study suggests that internal focus does not influence perceived exertion and affects when participants conduct ACSM
recommended vigorous intensity exercise. Further research needs to examine the reason that no influence of internal focus has

emerged in our study.

Key words : Internal sensory monitoring, Active self-regulation, ACSM recommendation, Borg’s RPE 6-20 scale,

Waseda Affect Scale of Exercise and Durable Activity.

Introduction

Exercise adherence is important to promote health. Perceived
effort is one of the factors that impair exercise participation
(Trost et al., 2002). Therefore, excessive perceived exertion
should be decreased. Focusing on bodily sensations during
aerobic exercise is suggested to increase perceived exertion.
However, there is no study about the influence of internal focus
that sufficient exercise volume was adopted. Therefore,
research that adopts sufficient exercise volume for promoting
health is needed.

Excessive perceived exertion might provoke negative
feelings, and people could not adhere exercise participation.
Excessive perceived exertion should be prevented to promote
health and exercise adherence. Franklin (1988) reported
dropout rates of structed exercise programs had been from 9%
to 87% (mean = 45%). Moreover, Gjestvang et al. (2020)
reported that about 20% of new exercisers drop out within half a
year. Also, Trost et al. (2002) indicated that perceived effort
inhibits exercise participation.

Focusing on bodily information is one of the factors that
increase perceived exertion. Masters and Ogles (1998)

suggested that association (focusing on bodily sensation) may

increase perceived exertion. For example, focusing on bodily
sensations during 10-min cycling at 60% VOzmax increased RPE
(Johnson and Siegel, 1992). Also, Schucker and Parrington
(2019) reported that perceived exertion was significantly higher
focusing on breathing than focusing on video (external focus)
during 6-min treadmill running. In addition, Stanley et al. (2007)
reported that RPE in internal focus was significantly higher than
in external focus during 15-min cycling at 75% VOzmax. These
studies suggested that internal focus may lead to increase
perceived exertion. Therefore, focusing on bodily sensation
during exercise might induce excessive perceived exertion.
Therefore, internal focus during aerobic exercise might not be
good from the perspective of exercise adherence.

To indicate the influence of internal focus during exercise
programs, researchers must adopt adequate exercise volume to
promote health. Unfortunately, no study on the influence of
internal focus in sufficient exercise volume was examined in the
past. In previous studies, researchers examined the influence of
internal focus on perceived exertion in 15-min cycling at 60 %
VOzmax (Johnson and Seigel, 1992), 10-min cycling at 75%
VOzmax (Stanley et al., 2007), 6-min running (Schucker and
Parrington, 2019; Neumann and Piercy, 2013), and 10-min
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running at 60% HRR (Ziv et al., 2012). However, these exercise
volumes were not sufficient to promote health. The American
College of Sports Medicine (ACSM) recommends aerobic
exercise for a minimum of 30 min at 46-63% VOgmax or for a
minimum of 20 min at 64-90% VOzmax to promote and maintain
health (ACSM, 2018). Mitchell et al. (2018) reported that
moderate to vigorous exercise (46-90% VOzmax) improved
cardiorespiratory fitness for cardiac rehabilitation. In addition,
20 or 40 min moderate (60% HRR) and vigorous (80% HRR)
exercise increased brain-derived neurotrophic factor that is
associated with mood regulation and cognitive function
(Schmolesky et al., 2013).

To confirm the influence of internal focus, our study aimed to
examine the influence of internal focus on perceived exertion in
the case that sufficient exercise volume is adopted. As a
sufficient exercise volume, 20-min cycling at 70% VOzmax is
adopted. This exercise volume meets ACSM recommendations
for healthy adults (ASCM, 2018). Additionally, our study aimed
to examine the influence of internal focus on one’ s affect. The
impact of internal focus was examined in detail by examining

the influence on perceived exertion and one’ s affects.

Methods
Participants

We recruited fourteen healthy male participants (age: 22.1 +
1.8 years, height: 169.6 + 5.0 cm, weight: 68.2 + 11.0 kg, % fat:
173 + 6.1 %, VOzmax: 42.0 + 6.1 ml/min/kg) in this study. The
university's ethics committee (Graduate school of Sports and
Health Science, Hosei University) approved the study protocol
(approval number: 2019_22).

Instrumentation
Japanese Version of the Ratings of Perceived Exertion (Onodera
and Miyashita, 1976)

In our study, perceived exertion during exercise was assessed
by the RPE scale. This RPE scale comprised a 15-grade scale
with scores ranging from 6 to 20. Onodera and Miyashita (1976)
demonstrated that this scale correlates strongly with % HRmax

and the percentage of maximal oxygen uptake (% VOzmax).

Waseda Affect Scale of Exercise and Durable Activity (Arai et
al., 2003)

The 12-item scale capture negative affect, positive
engagement, and tranquility. This scale was designed to assess
the affects during acute exercise. The internal consistency,
content validity, and factorial validity of this scale have been

examined and ensured appropriateness with Arai et al. (2004).
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Procedure

The participants visited the laboratory on four occasions.
They performed an incremental cycling test and three
experimental trials to assess their aerobic capacity. During the
first visit, the participants signed an informed consent form, and
their body composition and height were measured. Afterward,
all participants were informed of the procedure and the required
measurements, and each provided informed consent. Moreover,
the participants were asked to answer a questionnaire in
Japanese about their current stage of exercise behavior (Marcus
and Forsyth, 2003).

Incremental cycling test protocol

Aerobic capacity was assessed by incremental cycling test
using an upright cycling ergometer with an electromagnetic
brake (AEROBIKE 1I , COMBI Corporation). The load of the
ergometer could only be manually changed by 2 W; therefore,
the load control was also calibrated in 2 W. The participants
cycled at 30 W for 1 min, after which the load was increased by
14 W or 16 W every minute (30 W every 2 min) until volitional
exhaustion. The incremental test measured gas exchange and
heart rates using a respiratory gas analyzer (POWERMETS,
AT-1100A, ANIMA Corporation) and a chest heart rate monitor
(T31C, Polar Electro).

An individual's VOgmax was determined using two out of the
following three criteria: 1) leveling off observed (the plateau in
VOZ (< 150ml/min) despite exercise intensity increased), 2)
respiratory exchange ratio more than 1.10, and 3) heart rate
reaching 90% of HRmax (206.9 — (0.67 x age)). The VOzmax
value was determined according to the criteria set by Tanaka et
al. (1990). However, the maximum heart rate, one of the
variables used in the formula, was given by Gellish et al. (2007).
If no criterion was met during the test, VOZpeak was used as
VOzmax.

Experimental trials protocol

The participants performed three experimental cycling tasks.
During the cycling task, the participants were asked to focus on
one of the three manipulation instructions. They rode an
electromagnetically braked upright cycling ergometer for 30
minutes. They performed a 5-min warm-up at 35% VOzmax, a
20-min cycling at 70% VOzmax, and a 5-min cool down. During
the 20-min cycling in internal sensory monitoring and control
conditions, the participants freely determined the pedaling rate
in the range of 55-65 rpm. Throughout the experimental trials,
gas exchange and heart rate were measured using the same
apparatus in the incremental cycling test. Two types of RPE
(overall RPE: RPRover, peripheral RPE: RPEperi) were

measured every 5 min during the 20-min cycling task. Before



and after the experimental trial, participant s affects were
measured using the WASEDA. Three experimental trials were
separated by at least 24 h, and the manipulation order was

randomized.

Exercise intensity

In previous studies that examined the influence of internal
focus during cycling exercise, 15-min at 60% VOzmax (Johnson
and Siegel, 1992) and 10-min at 75% VOzmax (Stanley et al.,
2007) were used as exercise duration and intensity. ACSM and
the American Heart Association (AHA) position stand (Haskell
et al., 2007) recommended moderate- and high-intensity aerobic
exercise. ACSM (2018) recommends aerobic exercise at 46-63 %
VOgmax for a minimum of 30 min or at 64-90% VOgmax for a
minimum of 20 min to promote and maintain health. In addition,
exercising at higher intensities is expected to improve
performance and prevent blood circulation and type 2 diabetes
(Garber et al., 2011). In previous studies (Johnson and Seigel,
1992; Stanley et al., 2007), exercise volume was insufficient
compared with ACSM recommendation (ACSM, 2018).
Considering exercise intensity and duration, 20-min at 70%
VOzmax was adopted in this study as the aerobic exercise
volume because it is expected to produce the higher benefit of

exercise.

Manipulation

In our study, the internal focus was based on that proposed by
Brick et al. (2014). Brick et al. (2014) introduced a new
categorization of attentional focus: internal sensory monitoring,
outward monitoring, active self-regulation, active distraction,
and involuntary distraction. In our study, we paid attention to the
effects of internal focus. Therefore, two types of internal focus

were used.

Internal sensory monitoring (ISM): In ISM condition, the
participants pay attention to their leg muscle sensations. The
participants were asked to focus on their leg muscle sensation
during cycling. In order to sustain attention to muscle sensation,
a bulletin board was placed in front of the bicycle ergometer,
and a form was posted with instructions to pay attention to
muscle sensation in the pedaling leg. In addition, the
experimenter verbally instructed the participant to pay attention
to the muscle sensation every 2 minutes and 30 seconds. After
completing the 20-min cycling, the participants subjectively
assessed the degree of compliance with the instruction on a
5-point scale. Before the experimental trial, the participants were
told that they would be asked on a 5-point scale how well they
had complied with the instructions after completing the cycling,

and they were asked to maintain their attention on muscular
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senses during the cycling.

Active self-regulation (AS): In AS condition, the participants
were asked to change pedaling rate every five minutes to one of
three different pedaling rates (55, 60, or 65 rpm). The order and
combination of changes were set randomly for each participant.
The pedaling rate was indicated using an electronic metronome,
and the participant was instructed to pedal in time with the
metronome. In addition, a form with instructions to maintain the
pedaling rate by the metronome was posted on a bulletin board
in front of the bicycle ergometer. If a difference occurred
between the metronome rhythm and the pedaling rate during
the cycling, the experimenter instructed the participant to adjust
the pedaling rate, and the participant was asked to try to
maintain the indicated pedaling rate. Unlike ISM conditions,
they were not given specific instructions regarding their bodily

sensation.

Statistical analysis

A two-way repeated-measures analysis of variance (time x
condition) was conducted to compare changes in the
independent variables (RPEover, RPEperi, and affect).
Moreover, we calculated the area under the curve (AUC) for
both RPE in each condition. The AUC represents a total
fluctuation of perceived exertion in each condition exercise. A
one-way repeated-measures ANOVA was conducted to compare
the AUC in each condition. A p-value less than 0.05 was
considered statistical significance. All statistical analyses were
performed using SPSS software version 25. If significant main
effects and interactions were observed, a post hoc analysis was
conducted using Bonferroni adjustment. Cohen’s d effect size
(ES) was computed for each condition. Data are presented as

mean and standard deviation.

Result
RPE

RPEover, RPEperi, AUC, and statistical values are presented
in Tables 1 and 2. For RPEover and RPEperi, no significant main
effects on condition (RPEover: F [2, 26] = 0.35, P = 0.71, Partial
n2=0.03; RPEperi: F [2, 26] = 0.67, P = 0.52, Partial 72 = 0.05)
or interactions (RPEover: F [6,78] = 0.29, P = 0.94, Partial n?* =
0.02; RPEperi: F [6, 78] = 0.75, P = 0.61, Partial n?=0.06) were
observed. A significant main effect on time was observed for
RPEover and RPEperi (RPEover: F [3, 39] = 39.99, P < .01,
Partial n?=0.76; RPEperi: F [3,39] = 52.29, P < .01, Partial n2=
0.80). Both RPEs increased during the cycling task in all
conditions. For the AUC of RPEover and RPEperi, there were no
significant main effects on the condition (RPEover: F [2, 26] =
0.16, P = 0.85, Partial n? = 0.01; RPEperi: F [2,26] = 0.13, P =
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Table 1. The results of mean RPE and AUC in each condition, and statistical analysis.

Condition ANOVA
Control Active SR Internal SM Effect F P Partial ;72
RPE overall
. 13.07 13.14 13.43
Smin (0.92) (0.95) (1.22) C 0.35 0.71 0.03
10min 14.43 14.29 14.50
(0.94) (1.27) (1.09)
. 15.29 15.29 15.36
15min (1.38) (1.49) (1.45) T 39.99 <0.01 0.76
20min 15.64 15.79 16.07
(1.60) (1.81) (1.94)
14.61 14.63 14.84
Total (1.57) (1.71) (1.73) CxT 0.29 0.94 0.02
RPE peripheral
. 13.93 14.07 14.07
Smin (1.44) (1.59) (1.90) C 0.67 0.52 0.05
10min 15.43 15.43 15.64
(1.28) (1.45) (1.60)
. 16.21 16.64 16.43
15min (1.63) (1.86) (1.50) T 5229 <0.01 0.80
20min 16.64 17.21 17.36
(1.82) (1.93) (1.69)
15.55 15.84 15.88
Total (1.84) (2.07) (2.04) CxT 0.75 0.61 0.06
AUC
4.86 4.61 4.32
RPE overall (3.69) (2.65) (3.65) C 0.16 0.85 0.01
. 5.14 5.50 5.57
RPE peripheral (3.84) (2.26) (3.83) C 0.13 0.88 0.01

Note. Standard deviations are presented in parentheses. Internal SM represents the Internal sensory

monitoring condition, and Active SR represents the Active self-regulation condition. In ANOVA columns,

C represents condition factor, T represents the time factor, and C x T represents condition and time

interaction.

0.88, Partial n? = 0.01). Fluctuations of RPEover and RPEperi

were not different with conditions.

Affect

The results of WASEDA in this study are presented in Tables
3 and 4. In positive engagement, no significant main effects on
conditions (F [2,26] = 0.85, P = 0.44, Partial n? = 0.06) and
interaction effects (F [2,26] = 2.61, P = 0.09, Partial n?% = 0.17)
were observed. A significant main effect on time was observed
(F[1,13] =28.31, P<. 01, Partial n?*=0.69). Positive engagement
was increased after the cycling task compared to that before the
task. No significant main effects or interactions were observed
regarding negative affect (condition: F [2,26] = 1.02, P = 0.37,
Partial n? = 0.07; times: F [1,13] = 0.19, P = 0.67, Partial n? =
0.02; interaction: F [2,26] = 0.95, P = 0.40, Partial n?*=0.07) and
tranquility (condition: F [2,26] = 0.30, P = 0.75, Partial n?=0.02;
times: F [1,13] = 0.06, P = 0.81, Partial n? < 0.01; interaction: F
[2,26] = 2.05, P=0.15, Partial n?=0.14).

Discussion

We examined the influence of internal focus on perceived

exertion and its affects during adequate exercise for promoting
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health. The results of our study suggest that internal focus did
not influence perceived exertion during 20-min cycling at 70%
VOzmax. The participant’ s RPE reaches a “hard” level on
Borg’ s RPE scale. This result suggests that when exercise
intensity has reached a “hard” level, the internal focus might not
exacerbate perceived exertion. In addition, our result of
WASEDA suggests that internal focus during high-intensity
cycling did not influence the exerciser’ s feelings. From the
results of our study, the internal focus might not have a negative
influence when people conducted ACSM recommended
exercises.

Internal focus may not exacerbate perceived exertion during
20-min cycling at 70% VOsmax. Theoretically, perceived exertion
during exercise was emphasized when internal sensory
monitoring was used (Lind et al., 2009). Therefore, we
hypothesized that RPE was higher in the internal sensory
monitoring condition than in the control condition. In a previous
study, RPE was higher when participants paid attention to bodily
sensation than when no specific instruction (Johnson and Siegel,
1992). Also, Schucker et al. (2014) reported higher RPE during
running when runners focused on their movement compared

with no specific instruction. Based on this report, we predicted



541 7

Table 2. Mean differences, 95% CI, and Cohen’ s d about each RPE

Control — Internal SM Control — Active SR Internal SM — Active SR
Mean difference d Mean difference d Mean difference d
[95% CI] [95% CI] [95% CI]
RPEoverall
Smin 0.6 L , 5‘46] 010 [-1 .0_4(1),'%.32] 040 [-1 .(52,%.44] 029
10min [—0.850,{‘13] 011 1 . %).86] 0.06 [-0153,%.44] 0-24
15min [-1 .35?,.?.38] 0.00 [-1 .4-? ,‘11426] 0.04 [-1.0-2,.1).901 0.03
20min s OV A om0
Total [-0.970,'(())‘94] 001 1. 1-5,%).72] 015 [-0.23,%).39] 019
RPEperipheral
Smin [-0.8_4(1),. i).55] 0.15 [-0.9_(()),' 1).61] 015 -1 .040,'(1).04] 0.00
10min 06076 0% FLotosy 0% g 04y 0%
15min 17 10 ,.‘(‘)‘85] 025 [-1 .3_(()),%).87] 0.15 [-0.910,'%.34] 0.14
20min [-2. i ,'%‘97] 027 [-2. i oy 038 [-1,3-;),' 11 oq 00
Total [-1 .2_8,%.63[ 0.19 [-1. 1-? ,%447] 023 [-0.830,.(()).76] 0.03

Note. Mean differences were calculated by subtracting the value measured in each condition. Internal SM represents
the Internal sensory monitoring condition, and Active SR represents the Active self-regulation condition. 95% CI
= 95% Confidence Interval. d: Cohen’s d, small = 0.20, medium = 0.50, large = 0.80 (Cohen, 1992).

Table 3. Descriptive statistics for Positive engagement, Negative affect, and Tranquility.

Time ANOVA

Pre Post Effect F P Partial ;72
Positive engagement

9.07 12.57
Control (3.65) (3.61) C 0.85 0.44 0.06

9.14 1193

<

Internal SM (472) (441 T 28.31 0.01 0.69
Active SR 8.14 1321 CxT 261 009 0.7

(2.74)  (2.99)

Negative affect

7.07 7.50
Control (3.99) (339 C 1.02 0.37 0.07
6.64 621
Internal SM (436) (3.83) T 0.19 0.67 0.02
. 5.93 6.79
Active SR (3.54) (3.64) CxT 0.95 0.40 0.07
Tranquility
11.71  12.07
Control (5.03) (3.67) C 0.30 0.75 0.02
10.57 10.79
Internal SM (4.99) (5.45) T 0.06 0.81 <0.01
Active SR 1329 11.43 CxT 205 015 0.14

(3.89) (4.38)

Note. Standard deviations are presented in parentheses. Internal SM represents the Internal
sensory monitoring condition, and Active SR represents the Active self-regulation
condition. In ANOVA columns, C represents the condition factor, T represents the time
factor, and C x T represents condition and time interaction.
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Table 4. Mean differences, 95% CI, and Cohen’ s d about each affect.

Control

Internal Sensory Monitoring

Active self-regulation

Mean difference

Mean difference

Mean difference

[95% CI] d [95% CI] d [95% CI] d

enZZZiéKim [1.032.,52.98] 0.82 [1.336,0 Z.ss] 1.04 [3.651? 2.53] 2.01
Nt -1 .&?3.72] 011 [-2.;;,5? 29] 0.16 [-0.2%??.99] 044
Tranquility [-2.25)2,32.53] 007 [-2%%,537.80] 0.10 [-5.1]5',816 44] 033

Note. Mean difference values were calculated by subtracting the value measured after the cycling task from the value
measured before the cycling task. 95% CI = 95% Confidence Interval. d: Cohen’s d, small = 0.20, medium = 0.50, large

=0.80 (Cohen, 1992).

that RPE when the participants used active self-regulation,
which focuses on their cadence, was higher than when they
were not instructed specific attention. However, our research
indicated no significant differences in both RPEs.

One possible reason that internal focus did not influence RPE
is too high a participant’ s RPE level. 70% VOsmax corresponds
to the intensity at which fatigue information related to
respiration and metabolism is accentuated and perceived as
subjective bodily fatigue (Robertson et al., 1979). Furthermore,
Hutchinson and Tennenbaum (2007) reported associative
thoughts predominated in cycling at 70% VOzmax. Based on
these researches, participant’ s focus during control conditions
in our study may be more internal. Therefore, the degree of
internal focus in the control condition might be equivalent to it
in ISM and AS conditions. This equivalent degree of internal
focus might induce no difference in RPEs.

Our study suggests that internal focus did not influence the
exerciser’s affects: positive engagement, negative affect, and
tranquility. Regarding positive engagement, the effect size
shows 2.04 in AS condition, 0.82 in the control condition, and
1.04 in the ISM condition. The effect size in the AS condition
was larger than in the other conditions. Since exercise intensity
and duration were similar in each condition, it can be concluded
that the factor that affected the magnitude of the effect size was
not due to the exercise intensity or effort sensation. The
difference between the AS and the other conditions is that the
cadence rate varied during the cycling. Takaishi et al. (1994)
reported that effort sensation during cycling at 70% \"Ozpeak
was lower when participants cycled at 60rpm and 70rpm than
when they cycled at 40 and 50 rpm. Therefore, the change of
effort sensation due to the change of cadence might have
influenced positive engagement. However, what mechanism by
which the change of rpm influences the positive engagement is
unclear. Future study needs to examine the mechanism of how

the change of cadence influences exerciser’s positive
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engagement.

From the perspective of health promotion and exercise
adherence, our results suggest that internal focus during
vigorous-intensity cycling exercise might not negatively
influence exercise behavior. Masters and Ogles (1998)
suggested that internal focus may increase perceived exertion,
and Brick et al. (2014) suggested that internal sensory
monitoring might exacerbate perceived exertion. Therefore, we
hypothesized that internal sensory monitoring may exacerbate
perceived exertion. However, our results suggested that internal
sensory monitoring does not influence perceived exertion
(Table 1). The reason that no influence of internal focus was
shown is unknown. An exercise program that prevents dropout
could be customized if the reason is proven. Future study needs
to examine how internal focus influence exercises adherence in
detail.
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