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ORIGINAL INVESTIGATION

How One Feels During Resistance Exercises: A Repetitionby-Repetition Analysis Across Exercises and Loads
Aviv Emanuel, Isaac Rozen Smukas, and Israel Halperin
Context: The Feeling Scale (FS) is a unique and underexplored scale in sport sciences that measures affective valence. The FS has
the potential to be used in athletic environments as a monitoring and prescription tool. Purpose: To examine whether FS ratings,
as measured on a repetition-by-repetition basis, can predict proximity to task failure and bar velocity across different exercises
and loads. Methods: On the ﬁrst day, 20 trained participants (10 females) completed 1-repetition-maximum (1-RM) tests in the
barbell bench and squat exercises and were introduced to the FS. In the following 3 sessions, participants completed 3 sets to task
failure with either (1) 70% 1-RM bench press, (2) 70% 1-RM squat (squat-70%), or (3) 80% 1-RM squat (squat-80%). Sessions
were completed in a randomized, counterbalanced order. After every completed repetition, participants verbally reported their
FS ratings. Bar velocity was measured via a linear position transducer. Results: FS ratings predicted failure proximity and bar
velocity in all 3 conditions (P < .001, R2 .66–.85). Based on the analysis, which included over 2400 repetitions, a reduction of
1 unit in the FS corresponded to approaching task failure by 14%, 11%, and 11%, and to a reduction in bar velocity of 10%, 4%,
and 3%, in the bench, squat-70%, and squat-80%, respectively. Conclusion: This is the ﬁrst study to investigate whether the FS
can be used in resistance-training environments among resistance-trained participants on a repetition-by-repetition basis. The
results indicate that the FS can be used to monitor and prescribe resistance training and that its beneﬁts should be further explored.
Keywords: affective valence, subjective monitoring, Feeling Scale, exercise prescription, fatigue, effort
The effectiveness of training programs depends on how they
are being monitored and planned. Subjective monitoring and
planning strategies are easy to use, cheap, and effective. They
are commonly achieved using multi- and single-item scales.1–4
Single-item scales can assist in quantifying and planning exercise
intensity within and between sessions.5,6 Rating of perceived effort
(RPE) scales are heavily used and studied in exercise science.7
While RPE scales have a range of beneﬁts, they are focused on one
particular aspect: the effort exerted during training sessions. They
are not meant, and likely unable, to capture other training-relevant
constructs, such as the perception of fatigue, discomfort, and
affective valence experienced before, during, or after training.8,9
Measuring such constructs offers additional layers of actionable
knowledge.10,11 To date, however, these constructs have not been
studied or implemented to an adequate extent as athletic monitoring
and planning strategies.9
Although several deﬁnitions exist in the literature,12,13 here we
refer to affective valence as a bipolar dimension concerning how
one feels ranging from good (pleasure) to bad (displeasure). Affect
is extensively studied in different branches of psychology, economy, and neuroscience, and is predictive of outcomes pertaining
to decision-making processes, adherence levels, and health measures.13–17 Within exercise science, affective valence is commonly
measured during and after exercise via the Feeling Scale (FS),18–21
an 11-point bipolar single-item scale ranging from +5 (very good)
to −5 (very bad). To date, little is known about the utility of the FS
among resistance-trained populations. Yet, there are reasons to
believe that the FS has the potential to serve as a useful monitoring
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tool in athletic environments. First, physiological and performance
measures are reﬂected in FS ratings during exercise. For example,
FS ratings correlate with the relative contribution of aerobic and
anaerobic energy systems22,23 and with the loads people lift in
resistance training (RT).24 In addition, the FS can assist people to
regulate exercise sessions. For example, using the FS, people were
shown to adequately regulate both aerobic and RT sessions.24,25
Second, compared with RPE,26 the FS is expected to better capture
various training-related outcomes linked to affective valence, including a feeling of burnout27 and exercise preference.28 To
illustrate, an athlete can perform the same training session on
2 occasions. During both sessions, she may report similar RPE
scores but experience different affective responses reﬂected in
different FS ratings. This information can be of additional value
to a coach who could modify the exercise and inquire how the
athlete is feeling.
While numerous studies investigated RPE during RT among
trained participants, it remains unknown whether the FS can predict
RT variables in this population, or whether FS ratings in RT can
demonstrate similar patterns to those found with RPE. A required
step is to investigate whether the FS can differentiate between
exercises, loads, and its relationship with reaching failure during
RT. Moreover, to our knowledge, all RT studies that measured FS
ratings during RT did so after set or session completion. Two recent
studies measured FS ratings during a set but only after a single
repetition or after a speciﬁc repetition(eg, after repetition 7 of 10
or the last 2–3 repetitions of the set).18,29 To develop a richer
understanding of how people feel throughout a set, the present
study uses a novel data collection strategy by collecting FS ratings
after each and every repetition. This measurement strategy allows
quantifying changes in affect as they occur, which may lead to
interesting insights and observed relationships with performance
and recovery indices. By measuring FS ratings within sets and after
set completion, it is possible to investigate the affective rebound
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effect11,18: a phenomenon in which participants report a lower FS
rating during exercise than after exercise cessation. While the
affective rebound effect is established in aerobic activities, excluding 2 recent studies,11,18 little is known about the phenomenon in
RT. Assuming that FS ratings change rapidly postexercise, this
information is of both theoretical and practical value concerning the
timing of self-report measurements.
In view of the aforementioned, the purposes of the present
study are to examine (1) the relationship between affective valence,
velocity loss, and proximity to failure in RT among trained participants; (2) whether these relationships differ as a function of load
(lighter vs heavier) and exercise modality (upper vs lower body);
and (3) the extent of affective rebound after set completion. To
provide for the highest resolution of affective valence changes
across sets, loads, and modalities, participants were required to rate
the FS after every completed repetition within each set.

Table 1

General Demographics

Measure
Age, y
Height, cm
Weight, kg
Experience in RT, y
Mean workouts per week
1-RM barbell bench press, kg
1-RM/body weight bench press

Methods
Participants
We aimed to achieve 80% statistical power to detect a change of 1
unit in the FS. Since we expected each participant to complete 60
repetitions and to observe a 0.5 variance between the slopes in the
mixed regression analyses, sample size was determined a priori to
be 20 participants. A change of 1 unit in the FS was selected as the
effect size of interest as it is the smallest unit trainees commonly
report during exercise. Initially, 23 resistance-trained participants
agreed to participate in this study. They were recruited via an online
advertisement posted in different social media channels. Due to
time constraints, 3 participants did not complete the experiment,
leaving the ﬁnal sample with 20 participants (10 females; Table 1).
Inclusion criteria included that participants be healthy, between the
ages of 18 and 45 years, and capable of performing a bench press
1-repetition maximum (1-RM) of at least 1.2 and 0.7 times the
bodyweight and of a squat at least 1.2 and 1 times the bodyweight
for men and women, respectively. Participants had to have at least 1
year of RT experience speciﬁcally in performing the free weight
squat and bench press. In addition, participants had to have some
familiarity with taking sets to momentary failure. Exclusion criteria
included a recent orthopedic injury prohibiting one to complete
loaded exercises. While most participants informally reported
using single-item scales to monitor their training (eg, RPE), all
were unfamiliar with the FS prior to this study. Each participant
signed an informed consent on the ﬁrst day. This study was
approved by the Tel Aviv University Institutional Review Board.

Study Design
The study consisted of 4 testing sessions with a minimum of 3 days
between sessions. The ﬁrst session consisted of 1-RM tests for the
barbell back squat followed by the barbell bench press exercise and
a familiarization of the experimental procedure. In the subsequent 3
experimental sessions, participants performed 3 sets to task failure
with either 70% or 80% of 1-RM in barbell squat, or 70% of 1-RM
in barbell bench press, in a randomized, counterbalanced order.
The 70% and 80% loads were selected as they are recommended
for the development of both hypertrophy and strength across
novice, intermediate, and trained practitioners.30 Yet, lifting these
2 loads to failure can be expected to lead to considerable differences in the number of repetitions people are able to complete.31
Bar velocity of each repetition was measured with a linear encoder,

Average velocity 1-RM barbell
bench press, m·s−1
1-RM barbell squat, kg
1-RM/body weight squat
Average velocity 1-RM barbell
squat, m·s−1

Females (n = 10)
Mean (SD);
range

Males (n = 10)
Mean (SD);
range

32 (6);
22–42
160 (5);
150–169
57 (8);
42.9–72.4
4 (2.5);
1–10
4 (1);
1–6
44 (4);
40–50
0.77 (0.08);
0.65–0.93
0.17 (0.05);
0.11–0.29
75 (8);
65–85
1.33 (0.21);
0.89–1.63
0.25 (0.05);
0.19–0.39

28 (6);
20–42
174 (5);
167–184
80 (7);
67.8–91.5
6 (4);
2–13
4.4 (2);
2–10
106 (14);
87.5–135
1.33 (0.17);
1.09–1.63
0.17 (0.04);
0.11–0.27
137 (25);
100–185
1.73 (0.31);
1.32–1.69
0.30 (0.06);
0.23–0.27

Abbreviations: RT, resistance training; 1-RM, 1-repetition maximum.

and the FS rating was reported after the completion of each
repetition within the set, whereas RPE and rating of fatigue were
reported between sets. All sessions were performed in the same
facilities and run by the same 2 experimenters at approximately the
same hour of the day (±2 h). For 24 hours prior to testing days,
participants were asked to refrain from an intense training session
involving the squat and bench press exercises that might lead to
performance decrements and muscle soreness. Participants were
also asked to avoid a heavy meal and caffeinated drinks or
supplements for at least 3 hours before testing sessions.

Measures
Bar Velocity. Average concentric velocity (in meters per second)
of the barbell was measured using GymAware PowerTool (Gym
Aware, Canberra, Australia) linear position transducer. The Gym
Aware was synced with a tablet application that displayed the average
concentric velocity of each repetition and exported the data to an
Excel ﬁle. The unit was placed on the same marked area on the ﬂoor,
perpendicular to the right side of the barbell, in accordance with the
instructions of the manufacturers. The cable was secured with a
Velcro strap ∼4 cm inward to the right tip of the barbell.
Self-Report Measures. During the ﬁrst session, participants were
instructed on how the 3 different single-item scales should be rated.
Affective valence was measured via the FS.21 The scale ranges
from +5 (very good) through 0 (neutral) to −5 (very bad). As participants were required to rate the FS on each and every repetition
across all sets, a large (33 × 48 cm) poster was hung on the wall in
front of them as they squatted and secured above their heads as they
were bench pressing (Figure 1). The question “How do you feel?”
was presented at the top of the scale. Fatigue was measured via the
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Participants performed the following structured warm-up: 2 sets
of 20 seconds of high knees, heel-to-bottom, and jumping jacks
followed by 4 supersets of 4 push-ups and 8 bodyweight squats.
This was followed by a self-selected 5-minute warm-up. This
warm-up protocol was identical in all sessions. Upon completion
of the warm-up, participants performed the squat followed by the
bench press 1-RM test protocol. Each test consisted of a similar
progression toward an estimated 1-RM weight indicated by the
participants: 10, 5, 3, 3, 2, and 1 repetitions with an empty bar,
40%, 60%, 70%, 80%, and 90% of estimated 1-RM, respectively.
The increase in weight to the true 1-RM was decided by the
participants and investigators with 3 to 5 minutes of rest between
1-RM attempts. At the end of the session, participants performed
familiarization sets of 5 to 8 repetitions of the experimental
procedure with an empty barbell—2 sets of squats and 2 sets of
bench presses. Participants verbally rated how they felt via the FS
after every repetition within the set while attempting to maintain
fast concentric velocities, and rated ROF and RPE between sets.

Experimental Sessions (Sessions 2–4)

Figure 1 — Depiction of the experimental setup. Subjects verbally rated
the Feeling Scale after each completed repetition in both exercises. To aid
their ratings, a poster (33 × 48 cm) of the scale was hung on the wall in front
of them during the squat condition and secured above their heads during
the bench conditions.

11-point rating-of-fatigue (ROF) scale.32 The scale ranged from 0
(not fatigued at all) to 10 (total fatigue and exhaustion—nothing
left). Participants were required to rate how fatigued they were at
the moment. The question “How fatigued are you?” was presented
at the top of the scale. Perceived effort was measured via an 11point rating of perceived exertion (RPE) scale developed by Steele
et al33 as the instructions and anchors were thought to be best suited
for the purpose of this study. The RPE scale ranged from 0 (no
effort) to 10 (maximal effort). Participants were required to rate
how much effort during the set was exerted, where a rating of 10
indicated task failure. The question “How much effort did you
exert?” was presented at the top of the scale. Instructions and
anchoring procedures of the scales were followed according to
their developers. All scales ﬁrst underwent a translation to Hebrew,
were then back-translated to English, and went through an online
validation procedure via an online survey (n = 36) comparing the
original English and back-translated versions (see section 1 in the
Supplementary Materials [available online]).34

1-RM Tests and Familiarization (Session 1)
Participants were ﬁrst familiarized with the 3 single-item scales.
They were then weighed and indicated their height, age, and
experience in RT. Squat depth was then determined by having
participants squat onto a height-adjustable box to an approximate
position in which the thigh was parallel to the ground and the knee
angle was between 115° and 125° when measured via handheld
goniometer. During the bench press, participants’ preferred grips
and body positions were recorded and maintained throughout the
study. For a repetition to be counted, the bar had to lightly touch the
participant’s chest prior to the concentric portion of the lift.

Participants were ﬁrst reminded of the 3 self-report measures and
performed the general warm-up protocol described herein. Participants then performed a speciﬁc warm-up procedure: (1) 10, 5, 3,
and 1 repetitions with an empty bar; (2) 40%, 55%, and 70% of
1-RM in the 70% 1-RM conditions; or (3) added another set of 1
repetition with 80% of 1-RM in the 80% 1-RM condition. The ﬁrst
10 repetitions in this progression were used as a practice of the
experimental procedure in which participants provided ratings
during and after the set for each of the scales (described later).
Following the ﬁnal warm-up set, participants rested for 3 minutes
and then performed 3 sets to task failure with either 70% of 1-RM
bench press (bench condition), 70% of 1-RM squat (squat-70%), or
80% of 1-RM squat (squat-80%). About 6 minutes of rest were
provided between each set. Participants verbally rated the FS prior
to beginning each set, after the completion of each repetition, and
~10 seconds after the set was terminated. The verbal ratings were
recorded via a clip-on microphone (Boya, BY-M3-OP, Shenzhen,
China) attached to the upper side of their shirts. These ratings were
later coded into a data ﬁle by the experimenters. Participants also
rated the RPE and ROF scales ∼10 seconds after set completion.
The ∼10-second duration was selected as it is close enough to set
termination to capture a representative rating while still allowing
participants the opportunity to sit down, if required, and regain the
ability to focus and answer the posed questions. Participants were
instructed to perform the concentric portion of the lift as fast as
possible while maintaining a controlled ∼2-second descent until
lightly touching the box below them in the squat or their chest in the
bench conditions. Concentric bar velocity of each repetition was
recorded. Task failure was determined either by the inability to
complete a given repetition, participants’ choice to terminate the
set, or technical failure which was determined by the experimenter.

Statistical Analysis
To assess the relationships between affective valence and failure
proximity and bar velocity, we transformed the raw data of number
of repetitions and bar velocity into percentages. This was done to
reduce the between-subject variability stemming from the different
number of repetitions participants were expected to complete. For
failure proximity, we divided each completed repetition by the last
repetition within a given set for each participant and multiplied these
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fractions by 100. A similar approach was taken with bar velocity,
with the difference that all repetitions were divided by the fastest,
rather than the last, repetition. We then tested linear, quadratic, and
cubic mixed models with failure proximity as the dependent variable
and the FS as the predictor, nested within participants (the FS was
treated as a continuous variable following the recommendations of
Rhemtulla et al).35 We examined the best-ﬁtted trend by comparing
the linear and quadratic models and the quadratic and cubic models
for the best ﬁt, as indicated by the deviance statistic. We then
examined whether this trend differed between modalities by testing
if the condition variable (dummy coded as bench condition = 0)
increases model ﬁt compared with the previous best-ﬁtted model.
We added random slopes, as recommended by Bliese and Ployhart,36
as long as their addition did not result in a convergence error. We
followed the same stages with velocity as the predictor instead of
failure proximity. We used the same approach to examine load
differences (squat-70% condition dummy coded as 0). In addition,
conditional R2 for mixed regression models were calculated to
quantify the explained variance of each model.
To examine whether FS ratings differed as a whole between the
bench or squat exercises, we tested for differences in mean FS ratings
between conditions via a 3 (condition: bench press/squat-70%/squat80%) × 2 (gender: male/female) mixed analysis of variance. The
gender variable was added merely for exploratory purposes. If the
assumption of sphericity was violated, as indicated by Mauchly test,
we employed a Greenhouse–Geisser correction. Post hoc contrasts
were Holm corrected for multiple comparisons. We examined
affective rebound by testing for a difference in mean FS ratings
across sets between the last repetition and ∼10 seconds postexercise
(ie, rebound effect) in a 2 (time: last repetition/postexercise) × 3
(condition: bench/squat-70%/squat-80%) repeated measures analysis of variance. Cohen d effect size for post hoc contrasts was
calculated based on the SD of the difference (Cohen dz). Signiﬁcance
was set at P < .05. Statistical analyses and ﬁgures were carried out
with R (version 3.6.0; R Foundation for Statistical Computing,
Vienna, Austria) using the following packages: lme4, lmeTest,
ez, emmeans, afex, multcomp, piecewiseSEM, and ggplot2.

Results
Twenty participants completed the 4 sessions with an average
interval of 6 days between the ﬁrst and second sessions, 6 days
between the second and third sessions, and 8 days between the third
and fourth sessions. Across conditions, a quadratic model best ﬁtted
the data. However, here we report the results of the linear model with
a random intercept and a random slope in the failure proximity and
velocity analyses, respectively. This is because linear models are
easier to interpret and act upon. A comparable, full analysis using the
quadratic model is presented in the Supplementary Materials (available online), which also includes analyses of individualized sets.
Since the analysis of variance of mean FS ratings did not result in any
signiﬁcant main effects or interactions for gender, it is not discussed
further. Summary statistics of the repetitions performed in each set
and single-item scales’ ratings are reported in Tables 2 and 3,
respectively.

Prediction of Failure Proximity From Affective
Valence
Overall, across both exercises, FS ratings predicted failure proximity (P < .001; see Table 4), as presented by the following
equation:

Table 2 Descriptive Summary of Repetitions
Completed to Task Failure Across Conditions,
Sets, and Gender
Condition
Males (n = 10)
Bench

Squat-70% 1-RM

Squat-80% 1-RM

Females (n = 10)
Bench

Squat-70% 1-RM

Squat-80% 1-RM

Set

Median

Mean

SD

Min

Max

1
2
3
1
2
3
1
2
3

14.5
11.5
10.5
22
14.5
12
13.5
10
8.5

14.1
11.9
10.4
20.1
15
12
13.2
10.3
9.1

1.52
1.37
1.71
6.77
4.59
3.09
4.13
2.26
2.60

12
10
8
10
9
8
6
7
5

16
14
13
27
23
18
20
14
13

1
2
3
1
2
3
1
2
3

15
13.5
12
17.5
17
16
12.5
10
8.5

15.6
13.4
11.6
20.7
16.3
16
12.9
9.9
9.2

2.75
1.57
1.83
8.83
4.44
4.34
4.04
1.72
3.11

13
11
8
10
8
7
8
8
6

21
16
14
36
22
24
21
14
17

Abbreviations: Max, maximum; Min, minimum; 1-RM, 1-repetition maximum.

Failure proximity = 75.06 − 10.10 × FS
where the intercept (75.06) represents failure proximity at the point
where FS ratings equal 0, and the slope (−10.10) represents the
extent by which participants approached failure with each decrease
of 1 unit in FS ratings. For example, an FS rating of 0 would predict
that a person was 75.06% close to failure. Adding the model with
the conditions variable and its interaction with the linear slopes
further improved ﬁt (P < .001). This model revealed a steeper slope
in the bench condition (b = 13.5) compared with the squat-70%
(b = 11.3, P < .001) and squat-80% (b = 11.5,P < .001) conditions
(see Figure 2). No signiﬁcant difference was found between
the squat conditions (P = .476; 95% conﬁdence interval, −1.12
to .534).

Prediction of Velocity From Affective Valence
Overall, across both exercises, FS ratings predicted velocity
(P < .001; see Table 4), as presented by the following equation:
Velocity = 68.08 þ 4.37 × FS
Adding the model with the conditions variable and its interaction
with the linear slopes further improved ﬁt (P < .001). This model
revealed a steeper slope in the bench condition (b = 10.3) compared
with the squat-70% (b = 3.7, P < .001) and squat-80% (b = 4.1,
P < .001) conditions (see Figure 3). No signiﬁcant difference was
found between the squat conditions (P = .702; 95% conﬁdence
interval, −.373 to .613). For a more intuitive interpretation of the
results, we reversed the x-axis in Figure 3.
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Table 3 Descriptive (Mean [SD]) Results of the Feeling Scale, Rating of Fatigue, and Rating of Perceived Exertion
Across Conditions and Sets
Set 1
Measure
Bench-70%
Feeling Scale
Rating of fatigue
Rating of perceived exertion
Squat-70%
Feeling Scale
Rating of fatigue
Rating of perceived exertion
Squat-80%
Feeling Scale
Rating of fatigue
Rating of perceived exertion

Table 4

Set 2

Set 3

Pre

Post

Pre

Post

Pre

Post

3.75 (1.2)

2.6 (1.8)
4.8 (2.5)
8.5 (1.7)

3.7 (1.1)

2.3 (2)
5.9 (2.3)
9.1 (1.1)

3.2 (1.5)

2.1 (1.9)
6.9 (2.3)
8.9 (1.2)

3.7 (1.3)

0.5 (2.8)
6.8 (2.3)
7.8 (1.5)

2.9 (1.7)

0 (2.7)
7.4 (2.4)
8.5 (1.0)

2.3 (2.1)

0.2 (2.8)
8.4 (2.1)
8.4 (1.8)

3.8 (1.6)

0.95 (2.7)
6.5 (1.73)
8.25 (1.3)

3.2 (1.7)

1 (2.7)
7.2 (1.8)
8.3 (1.4)

2.5 (2.2)

0.6 (2.8)
7.9 (1.9)
8.9 (1.1)

Mixed-Model Regression Results

Model/data set
Prediction of proximity to
failure from affective valence
Baseline linear model
Condition interactions
Bench condition only
Squat-70% condition only
Squat-80% condition only
Prediction of velocity from
affective valence
Baseline linear model
Condition interactions
Bench condition only
Squat-70% condition only
Squat-80% condition only

Variable

Estimate (b)

SE

t statistic (df)

P

95% CI (LL to UL)

Model R2

FS
FS × squat-70%
FS × squat-80%
FS
FS
FS

−10.10
2.56
2.22
−13.51
−11.36
−11.50

0.24
0.49
0.55
0.55
0.32
0.45

−41.78 (2399.65)
5.15 (2382.66)
4.04 (2377)
−24.33 (762.50)
−34.88 (998.22)
−25.05 (634.78)

<.001
<.001
<.001
<.001
<.001
<.001

−10.57 to −9.61
1.56 to 3.56
1.15 to 3.34
−14.58 to −12.40
−12.02 to −10.75
−12.35 to −10.65

.28
.67

FS
FS × squat-70%
FS × squat-80%
FS
FS
FS

4.37
−0.33
−0.28
10.34
3.77
4.10

0.89
0.07
0.08
1.46
0.63
0.90

4.91 (17.34)
−4.61 (1992)
−3.38 (1987.76)
7.03 (10.15)
5.95 (9.30)
4.55 (9.29)

<.001
<.001
<.001
<.001
<.001
.001

2.58 to 6.13
−0.48 to −0.18
−0.43 to −0.11
7.44 to 13.16
2.54 to 5.13
2.44 to 5.90

.66
.77
.78

.72
.79
.83
.80
.85

Abbreviations: CI, conﬁdence interval; FS, Feeling Scale; LL, lower limit; UL, upper limit.

Overall Differences in Affective Valence
Between Conditions
A signiﬁcant main effect for conditions was observed (F2,38 = 16.44,
P < .001, η2p = .46), indicating that, compared with the bench condition
(mean = 2.82, SD = 1.35), lower FS ratings were observed in the squat70% (mean = 1.69, SD = 1.97; t38 = 5.04, P < .001, d = 1.12) and
squat-80% condition (mean = 1.73, SD = 1.84; t38 = 4.87, P < .001,
d = 1.09) across sets and repetitions. No signiﬁcant differences were
found between the squat conditions (t38 = −.170, P = .705, d = 0.03).

Rebound Effect
A signiﬁcant main effect for condition was observed (F1,18 = 10.16,
P = .005, η2p = .36) in which the mean FS ratings were lower in the

last repetition (mean = −0.20, SD = 2.80) compared with 10 seconds postset (mean = 1.15, SD = 2.62). The condition by time
interaction was nonsigniﬁcant (F2,36 = 2.22, P = .123, η2p = .11).

ROF and RPE
A signiﬁcant difference in ROF ratings between conditions
(F2,38 = 10.51, P < .001, η2p = .36) indicated that, compared with the
bench condition (mean = 5.87, SD = 2.19), ROF ratings were higher
in both squat-70% (mean = 7.53, SD = 1.70; t19 = −4.56, P < .001,
d = −1.04), and squat-80% (mean = 7.20, SD = 1.70; t19 = −3.79,
P = .002, d = −0.87) conditions. No signiﬁcant differences were
found between the squat conditions (t19 = .770, P = .391, d = 0.17).
No signiﬁcant difference was found in RPE ratings between conditions (F2,38 = 2.91, P = .066, η2p = .13).
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Figure 2 — Fitted mixed regression models predicting failure proximity from FS ratings. Panels A–C depict the trend of FS ratings by failure proximity for each subject in gray lines and the ﬁtted
model in a black line for the bench, squat-70%, and squat-80% conditions, respectively, across all sets. FS indicates Feeling Scale; Rep, repetition; 1-RM, 1-repetition maximum.
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Figure 3 — Fitted mixed regression models predicting bar velocity from FS ratings. Panels A–C depict the trend of FS ratings by velocity for each subject in gray lines and the ﬁtted model in a
black line for the bench, squat-70%, and squat-80% conditions, respectively, across all sets. FS indicates feeling scale; Vel, velocity; 1-RM, 1-repetition maximum.
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Discussion
We examined the relationships between FS ratings and proximity
to task failure and barbell velocity among resistance-trained participants performing the squat (70% 1-RM and 80% 1-RM) and
bench press (70% 1-RM) exercises. FS ratings were associated
with proximity to failure and barbell velocity as measured after
each repetition in both exercises. The linear regression model
revealed that, in the bench exercise, a reduction of 1 unit in the FS
corresponds to 13.5% toward task failure (ie, 0 represents no
repetitions completed within a set and 100% represents failure)
and to a reduction of 10.3% in barbell velocity (ie, 0 represents no
velocity and 100% represents the fastest repetition completed
within a set), respectively. In the squat-70% and squat-80% exercises, a reduction of 1 unit in the FS corresponds to 11.3% and
11.5% toward task failure, respectively, and to a reduction of 3.7%
and 2.6% in barbell velocity, respectively. Note that these relationships did not follow an exact linear pattern, as steeper FS declines
occurred toward the second half of a given set (see Supplementary
Materials [available online] for quadratic mixed model analyses).
In addition, compared with the bench, the squat conditions resulted
in lower mean FS ratings across sets and repetitions (∼1.7 vs ∼2.8)
and higher ROF ratings postsets (∼7.5 vs ∼6). An affective rebound
effect was identiﬁed in which FS ratings increased by ∼1 unit (−0.2
vs 1.2) immediately after exercise cessation. No differences were
observed between conditions for RPE.
To our knowledge, this is the ﬁrst study to investigate the utility
of the FS during RT exercises among resistance-trained participants.
We observed that the FS can reliably predict changes in performance,
as indicated by reaching task failure and by bar velocity. In addition,
FS ratings were found to distinguish between the squat and bench
press, which could stem from the differences between the 2 exercises
in the amount of muscle mass involved. Interestingly, we did not
observe differences in FS ratings between the squat conditions. This
could imply that FS ratings were less sensitive to load differences
within similar muscles groups when taken to failure. Taking a task to
failure could have equalized the affective valence between the 2
conditions. Since negative affect associated with exercise can reduce
adherence levels15 and increase the likelihood of burnout,27 our
ﬁndings suggest that the FS can be used to monitor affect during
RT in a similar fashion to how the RPE scale is used to monitor effort.
However, this remains to be established in a longitudinal study.
The affective rebound effect observed in this study was equal to
1 FS unit, which corresponds to approximately one-third of the range
used throughout a set. Hence, we consider this a large effect. This
ﬁnding is in line with a recent study18 and should be considered if one
is planning on using the FS (and possibly other scales) in practice.
One may choose to collect FS ratings during a set to measure ongoing
and immediate ﬂuctuations in affective valence. Alternatively, if
ratings are collected immediately postexercise, one should be mindful that the ratings will be considerably higher. The large effect size
observed in this study highlights the importance of consistency in
collecting self-report measures at similar time points within a given
study, be it during exercise or postexercise, as, otherwise, it may pose
a serious threat to the internal validity of the study.
Based on a large body of evidence accumulated from various
disciplines, we presume that measuring affect via the FS can
identify other training-relevant information in addition to that
observed in the present study. For example, some research in
exercise psychology indicates that lower FS ratings experienced
during exercises are predictive of lower exercise adherence levels,
and vice versa, among untrained participants.37 While adherence is
less of a problem among trained participants, exercising at one’s

maximal capacity on a regular basis can lead to burnout, which is
a more frequently encountered problem in trained populations.
Future research might test whether lower than usual affective
valence ratings during exercise can capture such occurrences.
This study has several strengths and limitations worthy of
discussion. First, over 2400 repetitions were collected and analyzed
across sessions, providing this study with a considerable statistical
power. Second, the novel approach of measuring FS ratings on
a repetition by repetition basis has the potential to affect applied
aspects of training and lead to interesting research avenues. However, this strength can also be viewed as a limitation. The fact that
participants reported FS ratings on each repetition may have desensitized their responses, which could explain their narrow range
of ratings (∼3 units). It remains to be determined if this narrow
range indicates that the FS lacks resolution to capture changes or if
this was a result of the measurement approach taken in this study.
Alternatively, the narrow range could reﬂect a relatively stationary
construct. Third, the results of this study are limited to a relatively
narrow range of loads. While 70% and 80% of 1-RM are commonly used in RT programs, it is difﬁcult to generalize the results
of this study to lower and higher ranges.

Practical Applications
The current study provides initial evidence that the FS can be used
as a subjective monitoring tool in RT environments among trained
participants. Exercise professionals can use the FS as an indicator
of intensity as reﬂected by failure proximity and bar velocity across
2 commonly used exercises. Based on these results, the FS can be
tentatively used as a prescription tool in which athletes can be asked
to reach or avoid certain FS values in RT sessions. For example, by
following the linear regression formula used in this study, it is
predicted that an FS rating of 0 corresponds to about 75% of task
failure across both exercises. Moreover, once the FS is rated as 0,
participants are expected to reach task failure following a reduction
of 2 additional FS units (eg, from 0 to −2). Coaches can use this
information in various ways, for example, by asking athletes to
terminate a set when their FS rating reaches 0 or −1 rather than at
a predetermined number of repetitions.

Conclusion
We found that FS ratings are predictive of failure proximity and bar
velocity among trained participants completing the squat and bench
press exercises. Therefore, the FS can be used to monitor and
prescribe exercise intensity in an RT environment among athletic
populations. The timing of FS reports can considerably inﬂuence
the rating and, as such, should be collected in a consistent manner,
be it during or after set completion.
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