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Abstract 

Background  Ratings of perceived effort (RPE) are used to prescribe and monitor training. Yet, the influence 
of how the upper anchor (“10”) is defined remains underexplored, despite holding theoretical and practical value. 
Here, we examined whether modifying the upper anchor predictably modifies RPEs during isometric exercises.

Methods  We conducted a within-subject, randomized crossover study in 26 resistance-trained adults. Participants per-
formed isometric contractions at 20–100% of maximal voluntary contraction (MVC) in three exercises: unilateral plantar 
flexion, unilateral knee extension, and the isometric mid-thigh pull. After each contraction, participants reported RPE 
(0–10) relative to one session-specific anchor: same-task (maximal effort in the task performed), different-task (maximal 
effort in the isometric mid-thigh pull), or self-selected (the most effortful task ever experienced or imagined). We estimated 
expected RPEs and slopes relating RPE to %MVC for each exercise–anchor combination. Preregistered comparisons assessed 
anchor effects, muscle-mass dose–response, and approximate scale invariance across anchors.

Results  Anchor type substantially influenced RPE. Same-task anchors consistently produced the highest RPEs, 
self-selected the lowest, and different-task anchors intermediate values, with effects most pronounced at 80–100% 
MVC. The ratings increased with %MVC across all conditions. Under the self-selected anchors, exercises engaging 
greater muscle mass tended to yield higher RPEs. The relative differences between exercises were largely preserved 
across anchors, indicating that anchor choice alters RPE while maintaining approximate scale invariance.

Conclusions  Upper anchors predictably shape RPE across tasks and intensities. Researchers and applied practition-
ers using RPE in resistance training should explicitly define, justify, and consistently report anchoring procedures, 
and align anchor choice with the intended purpose to support valid interpretation and comparisons.

Key Points 

•	 Changing the upper anchor on RPE scales can reframe how people rate their efforts.
•	 We compared three anchor types across exercises differing in muscle mass involvement.
•	 Anchor type substantially influenced RPE in a consistent and predictable manner.
•	 Clear anchoring procedures are essential for accurate, replicable, and interpretable findings.
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Background
Rating of Perceived Effort (RPE) scales are frequently 
utilized by exercise and sports scientists, coaches, and 
trainees to prescribe and monitor exercise intensity 
[1–5]. RPE scores show moderate to strong associations 
with concurrently measured physiological outcomes 
[6–8], such as heart rate and blood lactate [6, 8], as well 
as with performance-related outcomes [4, 5, 9–12], such 
as movement velocity [9, 10] and lifted load [10]. These 
relationships are maintained across diverse populations 
[2, 4, 13, 14] and exercise modalities, including resistance 
training [5, 10], endurance exercise [13, 15], and team 
sports [3]. Over the years, various definitions of effort 
and perceived effort have emerged [16–21], along with 
different instructions and scales [16, 22–27]. These devel-
opments have led to inconsistent definitions and thus 
implementations of RPE, both in research and in prac-
tice [1, 17, 20, 21]. Several reviews have discussed ways 
to reduce these inconsistencies [1, 17]. Yet, despite these 
efforts, one critical aspect has received comparatively lit-
tle attention: the anchoring procedures used to establish 
the upper end of the different RPE scales (i.e., the mean-
ing of “10” or “20” on a 0–10 or 6–20 scale) [1, 17].

A potential reason for the limited research on anchor-
ing procedures may stem from how they have been 
conceptualized and studied, specifically by contrasting 
exercise-based and memory-based approaches [28–32]. 
In the exercise-based method, participants first perform 
the same task they will later complete during the experi-
ment at maximal effort  and use that experience as the 
anchor. In the memory-based method, participants are 
asked to recall or imagine performing the experimen-
tal task at maximal effort and to use that recollection as 
the anchor. Studies comparing these approaches have 
reported statistically and practically negligible differences 
in RPEs, typically less than or equal to one RPE unit on 
a 6–20 scale [28, 30–32], which likely contribute to the 
diminished interest in this area of research. However, the 
similar ratings may be a result of the anchor task being 
identical in both cases (e.g., lifting a heavy object versus 
recalling lifting a heavy object). In contrast, many studies 
use self-selected anchors [33–37], in which participants 
are instructed to imagine or recall the most intense effort 
they have ever experienced. Employing self-selected 
anchors implies that participants will often rely on 
anchor tasks that differ from the task performed during 
the experiment, contrary to how anchoring has typically 
been examined. This distinction is crucial, as RPEs may 
vary depending on the anchor used.

To address this gap, Malleron et al. [38] proposed dis-
tinguishing between imposed and self-selected anchors 
and examined the effect of this distinction in a within-
subject crossover study. Under an imposed condition, 

participants were instructed to use a specific experi-
menter-defined task performed at maximal effort as their 
anchor: maximal voluntary isometric contraction (MVC) 
using a handgrip or during an isometric squat. In con-
trast, under a self-selected condition, participants were 
required to choose the most effortful task they had ever 
experienced or could imagine. We note that participants 
reported using a range of anchors, including childbirth 
and loaded military marches. The effects of these anchor-
ing methods were compared under both fatiguing and 
non-fatiguing conditions. Two key findings were iden-
tified: (1) imposed anchors consistently yielded higher 
RPE scores, often reaching maximal values regardless of 
task or fatigue; and (2) self-selected anchors produced 
higher RPE values during the isometric squat than during 
the handgrip, particularly as repetitions progressed and 
fatigue accumulated. Together, these findings highlight 
that anchoring procedures can saliently affect RPE scores 
and suggest that anchoring effects may be predictable 
and interpretable.

While Malleron et  al. advanced the conceptualization 
of anchoring procedures, their work raises key ques-
tions. Methodologically, they examined a narrow set of 
conditions: two tasks performed at repeated, maximal 
efforts. It remains unclear whether their findings extend 
to more typical, submaximal exercise contexts. Concep-
tually, Malleron et al. observed that anchors representing 
tasks requiring greater effort (i.e., relatively higher energy 
expenditure; hereafter referred to as harder tasks) yielded 
lower RPE scores than anchors representing tasks requir-
ing less effort (i.e., relatively lower energy expenditure; 
hereafter referred to as easier tasks). This pattern sug-
gests that individuals “reframe” their ratings relative to 
the perceived effort level implied by the anchor. In other 
words, a submaximal isometric contraction would elicit 
a lower RPE when the anchor represents a harder task, 
such as a maximal isometric squat (i.e., higher energy 
expenditure), compared with when the anchor represents 
an easier task, such as a maximal handgrip contraction 
(i.e., lower energy expenditure). A simple hypothesis is 
that this “reframing” acts as a linear rescaling of RPE: the 
anchor rescales the ratings but not the relative difference 
(ratio) between exercises. If this hypothesis holds, then 
the relative differences between exercises should remain 
constant across anchors. For example, if exercise A elicits 
twice the RPE of exercise B at a given relative effort and 
anchor, then exercise A should also have twice the RPE of 
exercise B when the anchor changes. Testing this hypoth-
esis requires a more sophisticated study design than that 
used by Malleron et al.

The current study was designed to address these gaps. 
First, we assessed RPE across a wide range of intensi-
ties (20–100% MVC), extending beyond the maximal 
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efforts previously examined. Second, we evaluated RPE 
across three tasks that differed in the degree of mus-
cle mass involvement, allowing us to examine the dose-
dependent relationship between muscle mass and RPE. 
Third, in addition to the two anchors used by Malleron 
et al. (imposed same-task: maximal effort in the task per-
formed; and self-selected: the most effortful task ever 
experienced or imagined), we introduced a third: an 
imposed different-task: maximal effort in a task that is 
not currently being performed. Having multiple anchors 
enabled us to test whether RPE scores vary systematically 
with the supplied anchor.

Our hypothesis predicts that (1) RPE would increase 
with relative force level; (2) different anchors would sys-
tematically alter RPE values, with self-selected anchors 
yielding the lowest scores, imposed same-task the high-
est, and imposed different-task intermediate scores; (3) 
exercises that recruit more muscle would produce higher 
RPE ratings, reflecting a dose-dependent effect in both 
the self-selected and imposed different-task anchors; and 
(4) relative differences in RPE across tasks would remain 
similar when using self-selected and imposed different-
task anchors, reflecting scale invariance.

Methods
Participants
We recruited a sample of 26 resistance-trained individu-
als (13  M, 13 F) via posts on various social media plat-
forms. The inclusion criteria included being between 18 
and 40  years old and having at least one year of resist-
ance training (RT) experience. Participants were required 
to have previous experience with performing the plantar 
flexion, knee extension, and deadlift exercises. Demo-
graphic information is presented in Table  1. Informed 
consent was obtained prior to the first session.

Sample Size
We aimed to recruit 18 or 30 participants, depending 
on the initial results (see pre-registration document: 
https://​aspre​dicted.​org/​gm6g-​rtp9.​pdf ). These targets 
were based on three considerations. First, the ceiling 
(30) reflected our recruitment capacity and available 
resources [39]. Second, they were informed by variance 
estimates from our previous work that examined simi-
lar interventions in a comparable population [38]. Third, 
these candidate sample sizes allowed us to assign par-
ticipants evenly across conditions, ensuring a balanced 
number of participants per anchor order group. We note, 
however, that we concluded the study with 26 partici-
pants because recruitment became increasingly difficult, 
meaning that our final sample size was ultimately deter-
mined by practical constraints.

Procedures
We employed a within-subject, randomized crossover 
design. Each participant attended four laboratory ses-
sions: one familiarization and three experimental ses-
sions, spaced 2–14 days apart. During each experimental 
session, participants performed isometric contractions 
at varying intensities across three exercises: isometric 
plantar flexion (PF), isometric knee extension (KE) (both 
using an HUMAC NORM isokinetic dynamometer, 
CSMi, Stoughton, MA, USA), and isometric mid-thigh 
pull (IMTP) (K-Delta force plate, Kinvent, Orsay, France). 
After each repetition, participants reported their RPE. To 
standardize and increase measurement accuracy, partici-
pants lay prone for PF and sat for KE, with the dominant 
leg (active limb) securely attached to the dynamometer. 
In the IMTP, the handle height was adjusted to mid-thigh 
level. These settings were recorded during the familiari-
zation session and replicated throughout the experimen-
tal sessions (Fig. 1a–c).

Before each contraction, slack was removed, and par-
ticipants applied force steadily against the plate (PF), 
pad (KE), or by pulling the handle with their hands while 
pushing their feet into the ground (IMTP), avoiding 
explosive movements (for more information, see Addi-
tional file 1). Each experimental session corresponded to 
one of three RPE anchor conditions: same-task, different-
task, or self-selected (described below). The assignment 
of RPE anchor conditions was block-randomized and 
counterbalanced, such that each participant was assigned 
to one of six possible permutations of anchor conditions 
and their order (e.g., same–different–self-selected, self-
selected–same–different, etc.). Each permutation was 
tested on four or five participants. To minimize potential 
order effects, the sequence of the three exercises (PF, KE, 
and IMTP) and the order of repetition intensities were 

Table 1  Participants’ characteristics

All values are presented as mean ± SD. Isometric plantar flexion (PF). Isometric 
knee extension (KE). Isometric mid-thigh pull (IMTP)

Characteristic Male (N = 13) Female (N = 13)

Age [yrs] 29.4 ± 4.7 29.9 ± 4.8

Height [cm] 176 ± 8.9 163.9 ± 6.3

Weight [kg] 76.3 ± 12.2 68.5 ± 15.4

Lean body mass [kg] 63.3 ± 8.0 47.7 ± 5.8

Training experience [yrs] 6.4 ± 3.7 6.8 ± 4.9

PF peak torque (N·m) 158.3 ± 32.6 122.5 ± 37.4

Relative PF peak torque (N·m/kg) 2.07 ± 0.4 1.79 ± 0.6

KE peak torque (N·m) 257 ± 51.8 194.7 ± 41

Relative KE peak torque (N·m/kg) 3.37 ± 0.7 2.84 ± 0.6

IMTP peak force (N) 2017.3 ± 529.4 1482.5 ± 359.2

Relative IMTP peak force (N/kg) 26.44 ± 6.9 21.63 ± 5.2

https://aspredicted.org/gm6g-rtp9.pdf
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further randomized for each participant within every 
experimental session using an online randomization tool 
(https://​www.​random.​org/​lists). The only exception was 
the different-task anchor condition, in which the IMTP 
was consistently performed first (as described below), 
followed by a randomized order of the PF and KE exer-
cises (Fig. 1d).

All sessions followed the same sequence: a general 
warm-up, an exercise-specific warm-up, a maximal 

voluntary contraction (MVC) test for the session’s des-
ignated exercises, and the experimental protocol. The 
general warm-up consisted of three continuous rounds 
of knee lifts, heel flicks, jumping jacks, and body-
weight squats, each performed for 10  s, totaling two 
minutes. Following this, participants completed a 60-s 
specific warm-up, during which they practiced apply-
ing, maintaining, and monitoring force production. 
As part of this warm-up, they performed 5-s isometric 

Self-selected

Imposed different-task

Imposed same-task

Experimental sessions

For each of the 3 exercises (IMTP, KE, PF),
15 contractions, 3 for each intensity (20–100% MVC)
RPE recorded after each contraction for each anchor
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Fig. 1  Experimental setup and schematic overview of the randomized crossover design. a Isometric plantar flexion (PF). b Isometric knee 
extension (KE). c Isometric mid-thigh pull (IMTP). d Visual summary of the study design. Each colored square represents one of the three RPE 
anchoring conditions: self-selected, imposed same-task, and imposed different-task. Colored paths illustrate the six possible session orders 
to which participants were block-randomized. For each exercise, participants performed 15 five-second contractions (three per intensity: 20%, 
40%, 60%, 80%, and 100% of MVC), with RPE recorded after each contraction. The order of exercises and contraction intensities was randomized 
across participants

https://www.random.org/lists
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contractions at 20%, 40%, and 60% of either norma-
tive force values [40, 41] or force values consistent with 
prior research in our laboratory [42]. Next, partici-
pants performed three 5-s MVCs with one minute of 
rest between trials. We decided to withhold both ver-
bal and visual feedback during the MVCs to minimize 
bias. First, verbal encouragement is difficult to stand-
ardize across participants and sessions, and even small 
differences in tone, timing, or intensity may influence 
force output [43]. Second, visual feedback may have 
allowed participants to calibrate the force they pro-
duced relative to their MVC and potentially align their 
ratings with the displayed percentage rather than their 
perceived effort. For example, inferring that a contrac-
tion near 90% of MVC could prompt a response such 
as “9”, independent of the perceptual state. The first 
MVC served as an additional warm-up, while the high-
est peak force from the remaining two trials was used 
to determine the target force levels for that session’s 
experimental tasks. Participants then completed the 
experimental protocol corresponding to the assigned 
RPE anchor condition for that session.

Participants performed the exercises in a randomized 
order, with a 10-min rest between exercises. For each 
exercise, participants completed 15 five-second isometric 
contractions in a randomized order: three repetitions at 
each of the following intensities: 20%, 40%, 60%, 80%, and 
100% of that session’s MVC. In the PF and KE tasks, both 
the target absolute force (with a ± 5% tolerance range) and 
the participant’s ongoing absolute force output were dis-
played as horizontal lines on a screen. In the IMTP, the 
absolute force output was displayed on a circular scale 
with numerical values. Before each contraction, partici-
pants were verbally informed of the target force required. 
This setup allowed real-time visual feedback and moni-
toring (for more detailed information, see Additional 
file 1). Participants were not informed of their MVC val-
ues to minimize rating bias. Accordingly, when the y-axis 
displays absolute force for each contraction, it would be 
difficult to infer the corresponding percentage of MVC, 
thereby preventing them from aligning their RPEs with 
expected values (e.g., associating 60% of MVC with an 
RPE of 6). Participants rested for 20 s between repetitions 
and reported their RPE immediately after each repetition 
using the session’s assigned anchor. Rating was accom-
plished using a 0–10 scale where 0/10 represented the 
complete absence of effort, and 10/10 signified maximal 
effort (see Additional file 1).

Familiarization (Session 1)
At the start of the familiarization session, participants’ 
weight, height, and body composition were measured 

(SECA® mBCA 515 and 274, Hamburg, Germany). They 
then received a 25-min presentation explaining the con-
cepts of effort and perception of effort, the RPE scale, 
and the three anchor conditions (for further elaboration, 
see Additional file 1). The experimental procedures were 
then reviewed verbally in detail to ensure full under-
standing. Finally, participants completed a general warm-
up, followed by the research exercises in a fixed order: 
IMTP, PF, and KE. For each exercise, they performed a 
specific warm-up, three MVCs, and a modified version 
of the experimental protocol. For each exercise, partici-
pants practiced two of the three RPE anchoring condi-
tions. For example, during the PF, participants rated their 
RPE using the same-task and different-task anchors; dur-
ing the KE, they used the different-task and self-selected 
anchors. Anchor assignments were randomized and 
counterbalanced to ensure that each anchor was used 
twice across the familiarization session.

Although all three anchors were practiced in the PF 
and KE exercises, the different-task anchor was not 
applied during the IMTP. This omission was intentional, 
as the IMTP served as the reference for the different-task 
anchor across all exercises, making its use in the IMTP 
equivalent to the same-task anchor and therefore redun-
dant. During each anchoring condition, participants per-
formed three 5-s isometric contractions per exercise at 
intensities corresponding to 40%, 60%, and 80% of their 
previously measured MVC, with 20  s of rest between 
repetitions. After each contraction, they reported their 
RPE according to the assigned anchor. Following a one-
minute rest, the same procedure was repeated using the 
second anchor for that exercise. A 10-min rest period 
was provided between exercises.

Experimental Sessions (Sessions 2–4)
The key distinction between experimental sessions lay in 
how the upper anchor on the RPE scale was defined. That 
is, the meaning assigned to a rating of 10/10:

•	 In the same-task condition, 10/10 reflected the maxi-
mal perceived effort of the exercise being performed.

•	 In the different-task condition, 10/10 referred to 
maximal perceived effort during a maximal IMTP, 
regardless of the exercise performed during the ses-
sion.

•	 In the self-selected condition, 10/10 represented the 
most effortful task the participant had ever experi-
enced or could imagine performing.

At the beginning of each session, participants received 
a brief explanation and reminder about how to inter-
pret and apply RPE ratings according to the assigned 
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anchoring condition. They then completed the full exper-
imental protocol corresponding to that session’s anchor. 
In the same-task and self-selected sessions, participants 
performed all three exercises. In contrast, during the 
different-task session, participants completed only the 
MVC test for the IMTP, which served as the reference 
anchor for the task. They did not perform the full con-
traction protocol for the IMTP itself, as it was the anchor 
task, making its inclusion in the exercise sequence redun-
dant. Aside from this adjustment, all other procedures 
were identical across sessions.

Measures
Primary Outcomes
RPE: Reported immediately following each repetition (15 
ratings per exercise). Measured using a 0–10 numerical 
rating scale with 10/10 corresponding to the session-spe-
cific anchoring condition (see Additional file 1).

Secondary Outcomes
Qualitative data: After completing the self-selected 
anchor condition, participants verbally answered three 
open questions (all responses were recorded and later 
transcribed for analysis): (1) "Which task did you recall or 
imagine to represent maximal effort?" (2) "Was the task 
previously experienced or imagined?" (3) "In familiariza-
tion, did you use the same anchor? If not, which task was 
it?" (see Additional file 1).

After completing the final session, participants 
answered the following three closed-ended questions, 
each rated on a 7-point Likert scale (0 = not at all; 6 = very 
much), assessing the extent to which they could distin-
guish between (1) same-task and different-task anchors, 
(2) same-task and self-selected anchors, and (3) different-
task and self-selected anchors. Participants also verbally 
answered the following open-ended question: "To what 
extent do you think using a certain anchor (same-task, 
different-task, or self-selected) affected your perception 
of effort in real-time when performing the exercises?" 
(see Additional file 1).

Statistical Analysis
We took multiple analytic approaches to assess how 
anchoring affects RPE. For all analyses, we averaged 
each individual’s RPEs across each exercise–anchor–
intensity triple. First, we visually inspected the averaged 
data by conditioning on participant, exercise, anchor, 
and intensity. This visualization provided a sense of 
which aspects of the data may be important to consider 
in our models.

Second, we aimed to precisely quantify (model) the 
RPEs for each condition without imposing strong para-
metric constraints, e.g., a linear effect of %MVC. To 

this end, we fit a Bayesian multilevel model with a fac-
tor analytic random effects structure [44]. This model 
parsimoniously reduces the 40 × 40 random effects vari-
ance–covariance matrix (820 parameters) into a factor 
model with five factors, corresponding to the intercept, 
exercise, anchor, intensity (MVC), and an unconstrained 
factor [44]. Error variance was permitted to vary freely 
across all exercise–anchor–intensity triples. In this work, 
we will not examine the factor analytic structure in detail; 
instead, we will focus on the so-called fixed effects—i.e., 
the expected RPE for each exercise, anchor, and inten-
sity, adjusted for the inter-individual variation captured 
by the factor analytic random effects structure. Although 
this model faithfully represents the data, it yields 40 fixed 
effects estimates, making it difficult to succinctly com-
pare relative RPE changes across conditions in a way that 
is consistent with our preregistered hypothesis.

Our second model was used to parsimoniously 
reduce our findings to a single parameter for each 
exercise–anchor pair: a slope, α, that relates RPE to 
%MVC RPE = α (%MVC) . The slope parameters were 
then used to address our four predictions: (1) RPE 
increases with force level (all α > 0 ); (2) anchors sys-
tematically and predictably alter RPE, with anchors 
representing harder tasks leading to lower RPE scores 
(α [self-selected] < α [different-task] < α [same-task])   . 
Note that in this context, easier tasks refer to those 
engaging less muscle mass than harder tasks when per-
formed at comparable relative intensities, as they require 
less energy to execute; (3) for a given anchor, RPE 
scores are greater in harder tasks than in easier tasks 
(α [isometric mid-thigh pull] > α [knee extension] > α

[plantar flexion]α[isometric mid-thigh pull] > α[knee 
extension] > α[plantar flexion]); and (4) the ratios between 
the RPE’s from different tasks would remain similar across 
anchors ( α[plantar flexion, self-selected]

α[knee extension, self-selected]
≈

α[plantar flexion, different-task]
α[knee extension, different-task]

 ). 
To estimate these α’s, we fit a Bayesian multilevel model. 
We parameterized α with a fixed effect for each exercise–
anchor pair and with random effects using a four factor 
model: an intercept factor, an exercise factor, an anchor 
factor, and an unconstrained factor. Error variance was 
permitted to vary freely across all exercise–anchor–
intensity triples. We used the posterior distribution of 
each fixed effect to facilitate comparisons. Data preproc-
essing and postprocessing were performed in R (R Core 
Team, Vienna, Austria, version 4.6.0, 2026), and the mod-
els were fit using Stan (cmdstanr 0.9.0).

Results
Description of Ratings
Figure  2 depicts the ratings for each participant across 
all conditions. Even without statistical modeling, some 
clear trends are apparent. For example, there are strong, 
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monotonic relationships between MVC and RPE, and 
RPEs are lowest with the self-selected anchor. These 
plots, which include individual-level data, should pro-
vide the reader with a clear picture of the trends that our 
models aim to capture.

Modeling of Ratings
Model 1: Our first model treated MVC categorically to 
estimate the expected RPE for each exercise–anchor pair 
at each MVC, without assumptions concerning the shape 
of the RPE–MVC relationship. The posterior chains dem-
onstrated good mixing and model fit the data well (pos-
terior mean ± SD: inverse variance-weighted root-mean 
square error [wRMSE] = 0.60 ± 0.05). Since we will not 
heavily rely on this model for our inferences, a visual rep-
resentation of its results is provided in Additional file 1.

Model 2: In all cases, exercises’ RPEs increased mono-
tonically, and almost linearly, with respect to %MVC 
(Fig.  2). Thus, we modeled RPE as a linear scaling of 

%MVC, i.e., RPE = α (%MVC)RPE = α (%MVC) (Fig.  3). 
The Markov chains used to generate the posterior sam-
ples demonstrated good mixing and model fit the data 
well (posterior mean ± SD: inverse variance-weighted 
root-mean square error [wRMSE] = 0.79 ± 0.09), indicat-
ing that the estimates should provide faithful inferences.

We used the posterior distributions of the slope esti-
mates to assess the predictions of our study. First, RPE 
increased with %MVC, as demonstrated by the strictly 
positive slopes (Figs. 3, 4a).

Second, we evaluated the extent to which anchors 
representing easier tasks increased RPE scores relative 
to anchors representing harder tasks. To do so, we cal-
culated the slope ratios between anchors representing 
easier tasks and anchors representing harder tasks (i.e., 
α[easy task]
α[hard task] ). Easier task anchors should result in higher 
RPEs and, thus, greater slopes than harder task anchors. 
Therefore, we would expect the calculated difference 
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to be greater than 1. Indeed, this is what we observed: 
anchors representing easier tasks yielded greater slopes 
than those representing harder tasks, as illustrated by the 
slope ratios in Fig.  4b. This means that having a harder 
anchor, such as “the most effortful task you could imag-
ine,” results in lower RPEs than an easier anchor, such as 
“the most plantar flexion effort you can exert.” The values 
of these slope ratios reflect the magnitude of the expected 
change in RPE from switching anchors. For example, 
in the plantar flexion task, the same-task anchor will 
increase RPEs by 32% (95% CrI = [19%, 48%]) relative to 
the self-selected anchor.

Third, we assessed how exercise demands (muscle 
mass) influence RPE scores. To do so, we calculated the 
ratio of slopes between pairs of easier tasks and harder 
tasks for each anchor (i.e., α[easy task]

α[hard task] ). Our predic-
tion suggests these ratios should be less than one when 
evaluating slopes that share the same anchor; for exam-
ple, plantar flexion would have a lower slope than IMTP 
when the anchor is self-selected. Indeed, when using the 

same anchor across exercises, exercises that required less 
muscle mass (numerator) generally had lower slopes than 
exercises requiring more muscle mass (denominator). 
However, this was not necessarily the case when using 
the same-task anchor (Fig. 4c).

Finally, to address our fourth prediction—that RPE is 
scale invariant and changing the anchor rescales different 
exercises similarly—we were constrained by the anchors 
that put RPE on a common scale: self-selected and 
imposed different-task. The latter was assessed only with 
unilateral plantar flexion and unilateral knee extension, so 
we were also constrained to perform the analysis on these 
two exercises. Since changing the anchor should not affect 
the RPE ratio between two exercises, this implies that 
α[plantar flexion, self-selected]
α[knee extension, self-selected]

≈
α[plantar flexion, different-task]
α[knee extension, different-task]

. 
Figure 4d depicts the posterior distribution of the differ-
ence in these slope ratios. Although the posterior distri-
bution was not centered on 0, the difference was small 
and fairly precisely estimated (posterior mean = − 0.02, 
95% CrI = [− 0.07, 0.03]), indicating that the slope ratios 
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Fig. 3  Posterior distributions of the expected linear relationship between MVC and RPE for each exercise–anchor pair after accounting 
for across-participant differences. The thick line represents the posterior mean of the fixed effect, and the translucent lines represent posterior 
draws reflecting the uncertainty around the posterior mean. (Top row) Each facet that conditions on anchor emphasizes the effect of exercise 
(color); (bottom row) conditioning on exercise emphasizes the effect of anchor (color). Generally, the effects of exercise appeared modest 
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across anchors were similar. In other words, changing the 
anchor maintained the ratio of plantar flexion to knee 
extension RPEs.

Notably, the findings from this section were similar 
after re-weighting RPE’s by force accuracies during the 
RPE averaging step (see Additional file 1).

Secondary Outcomes
The complete qualitative results are presented in Sup-
plementary Materials 3 and 4. Briefly, participants 
reported a range of self-selected anchors that we tenta-
tively grouped into two main themes: (1) brief, very high-
intensity lifting efforts, such as lifting a car or performing 
a heavy deadlift or squat, and (2) prolonged, submaximal 
endurance-based efforts, such as climbing a steep moun-
tain or completing a maximal-effort run. Most partici-
pants reported having experienced their selected anchor 
rather than imagining it, and most used the same anchor 
across both the familiarization and experimental ses-
sions. Finally, participants indicated that they were able 

to successfully distinguish among the different anchors 
and that using them influenced their ratings.

Discussion
The present study examined how different anchor-
ing methods (i.e., same-task, different-task, and self-
selected) influence RPE across three isometric exercises 
performed at varying intensities and involving dif-
ferent levels of muscle mass recruitment. Consistent 
with our hypothesis that RPE scores are rescaled in 
accordance with the anchor, we observed that (1) RPE 
increased with relative force level; (2) anchoring con-
ditions affected RPE, with the same-task anchor con-
sistently eliciting the highest RPE values, followed by 
the different-task anchor, and the self-selected anchor 
yielded the lowest ratings; (3) a consistent but trifling 
dose–response relationship between muscle mass and 
RPE ratings across shared anchors (i.e., self-selected 
and different-task) and intensity levels; and (4) the rela-
tive differences in RPE across tasks remained similar 
across anchors, reflecting scale invariance.
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The effects of anchors on RPE observed in the present 
study largely align with the findings of Malleron et  al. 
[38], who reported that imposed anchors (same-task) 
yielded higher RPE values than self-selected anchors. 
However, the magnitude of this effect was smaller in 
the present study. Several factors may contribute to this 
discrepancy, including variations in exercise type and 
intensity. Notably, the differences in RPE values between 
anchor types became more pronounced at higher inten-
sities (80% and 100% of MVC), which is consistent with 
Malleron et  al.’s exclusive use of maximal effort trials. 
Beyond partially replicating Malleron et  al.’s results, 
our study offers two key methodological contributions. 
First, while Malleron et  al. focused solely on maximal 
contractions, our protocol spanned a broader range of 
intensities (20–100% MVC). This enabled finer differenti-
ation across anchor types and demonstrated their effects 
beyond a single intensity level. Second, we introduced a 
novel different-task anchor, wherein participants rated 
their effort based on a task (IMTP) different from the one 
being performed. This anchor consistently produced RPE 
values that fell between those of the same-task and self-
selected anchors.

The fact that participants reported different RPE scores 
depending on the anchor, despite producing nearly iden-
tical forces, suggests that RPE is not a straightforward 
reflection of the exerted objective effort. Rather, the rat-
ings appear to reflect a comparison process in which the 
experienced intensity is scaled relative to the session-
specific anchor. This interpretation is consistent with 
comparison-based theories of judgment, which posit that 
individuals rarely assess stimuli in isolation or by refer-
encing objective standards [45–50]. Instead, evaluations 
are made relative to internal reference points, which are 
informed by memory, context, and psychoeconomic cues 
[45–50]. This comparison process is particularly sensitive 
to recent, salient, or personally meaningful experiences 
[47–49]. In this context, the top anchor on the RPE scale 
functions as a reference value, framing all subsequent 
evaluations. Different anchoring conditions (same-task, 
different-task, or self-selected) likely triggered distinct 
internal comparisons, thereby systematically influencing 
or rescaling the rating of perceived effort reported in our 
study.

We observed a smaller-than-expected dose–response 
relationship between muscle mass involvement and RPE 
ratings across all anchoring conditions. We speculate 
that the following three reasons might partly explain this 
result: (1) the tasks chosen, (2) the high cognitive load 
associated with the experimental protocol, and/or (3) 
the experimental context. First, Malleron et  al. studied 
two extreme tasks: an isometric squat and a hand grip-
per task. The difference in objective effort between these 

two tasks may have been greater than that between the 
three tasks performed in this study, resulting in greater 
RPE discrepancies in Malleron et  al. Second, partici-
pants in this study were required to comprehend com-
plex anchoring procedures, recall the anchor’s meaning 
on each trial, apply and monitor force outputs in real-
time, and report their RPE repeatedly, all while keeping 
the differences between exercises in mind. This cogni-
tively demanding combination may have resulted in some 
form of overload, leading participants to focus primarily 
on interpreting the anchor within each exercise, thereby 
somewhat negating the differences between exercises. 
Hence, our design might have potentially obscured dif-
ferences that might have emerged under simpler pro-
tocols. Finally, whereas participants in Malleron et  al.’s 
study performed repeated maximal-effort repetitions 
without visual feedback, those in the current study com-
pleted repeated submaximal-effort repetitions with vis-
ual feedback. This difference in task demands may have 
led to distinct calibrations and, consequently, dissimilar 
ratings. Specifically, participants’ ratings in both stud-
ies could have been shaped by their ongoing experience 
within the protocol (e.g., familiarization, earlier sets/reps, 
visual feedback) and their expectations for subsequent 
trials. Taken together, this suggests that the experimental 
context should be viewed as a source of bias and a poten-
tial driver of heterogeneity across studies.

The secondary qualitative data nicely complemented 
our quantitative results. First, we documented which 
anchors participants adopted to represent maximal effort 
in the self-selected condition and identified two primary 
themes: (1) lifting or moving a heavy object and (2) sus-
taining a prolonged endurance effort. Yet, even within 
these themes, anchors differed across participants, dem-
onstrating between-individual heterogeneity that may 
influence perceived-effort ratings and their compara-
bility. Second, most participants reported retaining the 
same anchor across sessions, indicating within-individual 
stability, and most referenced previously experienced 
tasks rather than imagined ones (see Additional file  1). 
Third, participants reported that they could clearly dis-
tinguish between the three anchors and that using them 
influenced their ratings, primarily by contextualizing 
and calibrating their perceived effort (see Additional 
file  1). Collectively, these descriptive data characterize 
the anchors people naturally select and clarify how open-
ended Borg-style instructions are interpreted in practice.

Several methodological considerations should be 
acknowledged when interpreting our results. First, 
our RPE approach differed from Borg’s, which is the 
most commonly used approach in exercise science. We 
employed a different definition of perceived effort [17] 
and used a modified visual numerical RPE scale (without 
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verbal descriptors), consistent with prior research in our 
laboratory [3, 38, 51]. While this may have improved dis-
criminability and reduced interpretive bias [1], it may 
preclude valid comparisons with RPE studies that do not 
incorporate these elements [1, 20]. Second, while the iso-
metric contractions enabled consistent and comparable 
force application, their ecological validity is uncertain. 
Future studies should assess whether anchoring effects 
generalize to dynamic, real-world tasks. Finally, the sam-
ple included only resistance-trained participants.

Practical Applications
These findings have direct implications for the everyday 
use of RPE in resistance training. Practitioners should 
standardize anchoring across sessions when using RPE 
for prescription or monitoring. For example, coaches 
can establish a shared reference task and a clear defini-
tion of “10” early in a training block, then repeat the 
same instruction periodically and whenever the training 
context changes. This is especially relevant when track-
ing trends over time or comparing RPE across exercises, 
because shifts in anchoring can alter ratings that reflect 
reframing rather than changes in training load or subjec-
tive difficulty. Our slope-ratio approach may be a valua-
ble tool for facilitating comparisons of tasks or exercises. 
By comparing the slopes from two exercises sharing the 
same anchor, we estimated what may be interpreted as 
a metric for the “relative difficulty” of the exercises. For 
example, a slope ratio of 0.9 would indicate that the exer-
cise in the numerator is 10% “easier” than the exercise 
in the denominator. Explicitly placing RPEs from differ-
ent exercises on the same scale may enable practitioners 
to select exercises based on their relative difficulty. This 
exciting direction remains an avenue for future inquiry.

Conclusion
We demonstrated that altering the upper anchor has a 
meaningful and rational effect on RPE values across inten-
sities, with a minor and uncertain dose–response rela-
tionship between RPE and muscle mass. These results 
underscore the importance of clearly defining and consist-
ently reporting anchoring procedures. Researchers and 
practitioners should align anchor choices with their goals 
and report them transparently to support valid compari-
sons and interpretations.

Abbreviations
RPE	� Rating of perceived effort
MVC	� Maximal voluntary contraction
IMTP	� Isometric mid-thigh pull
RT	� Resistance-training
PF	� Isometric plantar flexion
KE	� Isometric knee extension

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s40798-​026-​01040-x.

Additional file 1.

Acknowledgements
We would like to thank Blake McShane for his invaluable assistance in 
implementing his factor analytic model. Our acknowledgment does not imply 
endorsement of our views by our colleague, and we remain solely responsible 
for the views expressed herein.

Author Contributions
DO, YS, ADV, and IH designed the study; DO collected the data; ADV analyzed 
the data; DO, YS, ADV, and IH wrote the manuscript. All authors have read and 
approved the final version of the manuscript.

Funding
No funding was received for the preparation or publication of this paper.

Availability of Data and Materials
The datasets used in the current study, together with the R statistical analysis 
code, are available online at: https://​osf.​io/​jsehg/​files/​osfst​orage.

Declarations

Ethics Approval and Consent to Participate
Participants gave their voluntary written informed consent. The study was 
approved by the Ethics Committee of Tel-Aviv University (approval number: 
0005775-2).

Consent for Publication
Trainee in Fig. 1a, b and c, gave his written consent for his image to be used in 
the publication of this manuscript.

Competing Interests
IH is an Editorial Board member of Sports Medicine Open. However, IH was 
not involved in the selection of peer reviewers for this manuscript nor any 
subsequent editorial decisions. DO, YS, ADV, and IH declare that they have no 
competing interests.

Author details
1 Department of Health Promotion, School of Public Health, Gray Faculty 
of Medicine and Health Sciences, Tel-Aviv University, Tel‑Aviv, Israel. 2 Sylvan 
Adams Sports Science Institute, Tel Aviv University, Tel‑Aviv, Israel. 3 Neuro-
science Center, University of North Carolina at Chapel Hill, Chapel Hill, NC, 
USA. 4 Department of Cell Biology & Physiology, University of North Carolina 
at Chapel Hill, Chapel Hill, NC, USA. 5 Department of Pharmacology, University 
of North Carolina at Chapel Hill, Chapel Hill, NC, USA. 

Received: 13 November 2025   Accepted: 22 May 2026

References
	1.	 Halperin I, Emanuel A. Rating of perceived effort: methodological con-

cerns and future directions. Sports Med. 2020;50:679–87. https://​doi.​org/​
10.​1007/​s40279-​019-​01229-z.

	2.	 Kasai D, Parfitt G, Tarca B, Eston R, Tsiros MD. The use of ratings of 
perceived exertion in children and adolescents: a scoping review. 
Sports Med Auckl NZ. 2021;51:33–50. https://​doi.​org/​10.​1007/​
s40279-​020-​01374-w.

	3.	 Kobi O, Ben-Ari A, Dello Iacono A, Silverman Y, Obolski U, Halperin I. Pre-
scribing playing intensity in small-sided games using rating of perceived 
effort among youth soccer players: a randomized crossover trial. Sci Med 
Footb. 2025. https://​doi.​org/​10.​1080/​24733​938.​2025.​24713​18.

https://doi.org/10.1186/s40798-026-01040-x
https://doi.org/10.1186/s40798-026-01040-x
https://osf.io/jsehg/files/osfstorage
https://doi.org/10.1007/s40279-019-01229-z
https://doi.org/10.1007/s40279-019-01229-z
https://doi.org/10.1007/s40279-020-01374-w
https://doi.org/10.1007/s40279-020-01374-w
https://doi.org/10.1080/24733938.2025.2471318


Page 12 of 13Okhamafe et al. Sports Medicine - Open           (2026) 12:63 

	4.	 McLaren SJ, Macpherson TW, Coutts AJ, Hurst C, Spears IR, Weston M. 
The relationships between internal and external measures of training 
load and intensity in team sports: a meta-analysis. Sports Med Auckl NZ. 
2018;48:641–58. https://​doi.​org/​10.​1007/​s40279-​017-​0830-z.

	5.	 Weilharter F, Rewitz K, Halperin I, Wolff W. The relationship between pre-
scribed ratings of perceived exertion and force production in repeated 
isometric contractions. Psychol Sport Exerc. 2024;73:102657. https://​doi.​
org/​10.​1016/j.​psych​sport.​2024.​102657.

	6.	 Chen MJ, Fan X, Moe ST. Criterion-related validity of the Borg ratings of 
perceived exertion scale in healthy individuals: a meta-analysis. J Sports 
Sci. 2002;20:873–99. https://​doi.​org/​10.​1080/​02640​41023​20761​787.

	7.	 Grummt M, Hafermann L, Claussen L, Herrmann C, Wolfarth B. Rating of 
perceived exertion: a large cross-sectional study defining intensity levels 
for individual physical activity recommendations. Sports Med - Open. 
2024;10:71. https://​doi.​org/​10.​1186/​s40798-​024-​00729-1.

	8.	 Scherr J, Wolfarth B, Christle JW, Pressler A, Wagenpfeil S, Halle M. 
Associations between Borg’s rating of perceived exertion and physiologi-
cal measures of exercise intensity. Eur J Appl Physiol. 2013;113:147–55. 
https://​doi.​org/​10.​1007/​s00421-​012-​2421-x.

	9.	 Emanuel A, Rozen Smukas II, Halperin I. The effects of lifting lighter 
and heavier loads on subjective measures. Int J Sports Physiol Perform. 
2021;16:176–83. https://​doi.​org/​10.​1123/​ijspp.​2020-​0065.

	10.	 Helms ER, Storey A, Cross MR, Brown SR, Lenetsky S, Ramsay H, et al. RPE 
and velocity relationships for the back squat, bench press, and deadlift 
in powerlifters. J Strength Cond Res. 2017;31:292–7. https://​doi.​org/​10.​
1519/​JSC.​00000​00000​001517.

	11.	 Lea JWD, O’Driscoll JM, Hulbert S, Scales J, Wiles JD. Convergent validity 
of ratings of perceived exertion during resistance exercise in healthy 
participants: a systematic review and meta-analysis. Sports Med Open. 
2022;8:2. https://​doi.​org/​10.​1186/​s40798-​021-​00386-8.

	12.	 Rotstein A, Inbar O, Berginsky T, Meckel Y. Preferred transition speed 
between walking and running: effects of training status. Med Sci Sports 
Exerc. 2005;37:1864–70. https://​doi.​org/​10.​1249/​01.​mss.​00001​77217.​
12977.​2f.

	13.	 Shigematsu R, Ueno LM, Nakagaichi M, Nho H, Tanaka K. Rate of per-
ceived exertion as a tool to monitor cycling exercise intensity in older 
adults. J Aging Phys Act. 2004;12:3–9. https://​doi.​org/​10.​1123/​japa.​12.1.3.

	14.	 Yu H, Sun C, Sun B, Chen X, Tan Z. Systematic review and meta-analysis of 
the relationship between actual exercise intensity and rating of perceived 
exertion in the overweight and obese population. Int J Environ Res Public 
Health. 2021;18:12912. https://​doi.​org/​10.​3390/​ijerp​h1824​12912.

	15.	 Losnegard T, Skarli S, Hansen J, Roterud S, Svendsen IS, Rønnestad RB, 
et al. Is rating of perceived exertion a valuable tool for monitoring exer-
cise intensity during steady-state conditions in elite endurance athletes? 
Int J Sports Physiol Perform. 2021;16:1589–95. https://​doi.​org/​10.​1123/​
ijspp.​2020-​0866.

	16.	 Borg G. Borg’s perceived exertion and pain scales. Hum. Kinet.; 1998.
	17.	 Halperin I, Vigotsky AD. An integrated perspective of effort and percep-

tion of effort. Sports Med. 2024;54:2019–32. https://​doi.​org/​10.​1007/​
s40279-​024-​02055-8.

	18.	 Bermúdez JP, Massin O. Efforts and their feelings. Philos Compass. 
2023;18:e12894. https://​doi.​org/​10.​1111/​phc3.​12894.

	19.	 Massin O. Towards a definition of efforts. Motiv Sci. 2017;3:230–59. 
https://​doi.​org/​10.​1037/​mot00​00066.

	20.	 Pageaux B. Perception of effort in exercise science: definition, measure-
ment and perspectives. Eur J Sport Sci. 2016;16:885–94. https://​doi.​org/​
10.​1080/​17461​391.​2016.​11889​92.

	21.	 Steele J. What is (perception of ) effort? Objective and subjective effort 
during attempted task performance. PsyArXiv [Preprint]. 2021. https://​doi.​
org/​10.​31234/​osf.​io/​kbyhm.

	22.	 Colado JC, Furtado GE, Teixeira AM, Flandez J, Naclerio F. Concurrent and 
construct validation of a new scale for rating perceived exertion during 
elastic resistance training in the elderly. J Sports Sci Med. 2020;19:175–86.

	23.	 Foster C, Florhaug JA, Franklin J, Gottschall L, Hrovatin LA, Parker S, et al. 
A new approach to monitoring exercise training. J Strength Cond Res. 
2001;15:109–15. https://​doi.​org/​10.​1519/​00124​278-​20010​2000-​00019.

	24.	 Hackett DA, Johnson NA, Halaki M, Chow C-M. A novel scale to assess 
resistance-exercise effort. J Sports Sci. 2012;30:1405–13. https://​doi.​org/​
10.​1080/​02640​414.​2012.​710757.

	25.	 Robertson RJ, Goss FL, Andreacci JL, Dubé JJ, Rutkowski JJ, Snee BM, et al. 
Validation of the children’s OMNI RPE scale for stepping exercise. Med Sci 

Sports Exerc. 2005;37:290–8. https://​doi.​org/​10.​1249/​01.​mss.​00001​49888.​
39928.​9f.

	26.	 van der Zwaard S, Hooft Graafland F, van Middelkoop C, Lintmeijer LL. 
Validity and reliability of facial rating of perceived exertion scales for train-
ing load monitoring. J Strength Cond Res. 2023;37:e317-24. https://​doi.​
org/​10.​1519/​JSC.​00000​00000​004361.

	27.	 Zourdos MC, Klemp A, Dolan C, Quiles JM, Schau KA, Jo E, et al. Novel 
resistance training-specific rating of perceived exertion scale measuring 
repetitions in reserve. J Strength Cond Res. 2016;30:267–75. https://​doi.​
org/​10.​1519/​JSC.​00000​00000​001049.

	28.	 Gearhart RF, Becque MD, Hutchins MD, Palm CM. Comparison of memory 
and combined exercise and memory-anchoring procedures on ratings 
of perceived exertion during short duration, near-peak-intensity cycle 
ergometer exercise. Percept Mot Skills. 2004;99:775–84. https://​doi.​org/​
10.​2466/​pms.​99.3.​775-​784.

	29.	 Haile L, Gallagher M Jr, Robertson RJ. Perceived exertion laboratory 
manual: From standard practice to contemporary application. 2014.

	30.	 Gearhart RF. Using ratings of perceived exertion to regulate exercise 
intensity following different perceptual anchoring. Int SportMed J. 
2007;8:31–7.

	31.	 Gearhart RF. Ratings of perceived exertion and oxygen consumption 
during maximal, graded, treadmill exercise following different anchoring 
procedures. Eur J Sport Sci. 2008;8:35–40. https://​doi.​org/​10.​1080/​17461​
39070​18193​52.

	32.	 Lagally KM, Costigan EM. Anchoring procedures in reliability of ratings 
of perceived exertion during resistance exercise. Percept Mot Skills. 
2004;98:1285–95. https://​doi.​org/​10.​2466/​pms.​98.​3c.​1285-​1295.

	33.	 Hollander DB, Durand RJ, Trynicki JL, Larock D, Castracane VD, Hebert EP, 
et al. RPE, pain, and physiological adjustment to concentric and eccentric 
contractions. Med Sci Sports Exerc. 2003;35:1017–25. https://​doi.​org/​10.​
1249/​01.​MSS.​00000​69749.​13258.​4E.

	34.	 Loenneke JP, Balapur A, Thrower AD, Barnes JT, Pujol TJ. The perceptual 
responses to occluded exercise. Int J Sports Med. 2011;32:181–4. https://​
doi.​org/​10.​1055/s-​0030-​12684​72.

	35.	 Looney DP, Kraemer WJ, Joseph MF, Comstock BA, Denegar CR, Flanagan 
SD, et al. Electromyographical and perceptual responses to differ-
ent resistance intensities in a squat protocol: does performing sets to 
failure with light loads produce the same activity? J Strength Cond Res. 
2016;30:792–9. https://​doi.​org/​10.​1519/​JSC.​00000​00000​001109.

	36.	 Martin K, Thompson KG, Keegan R, Ball N, Rattray B. Mental fatigue does 
not affect maximal anaerobic exercise performance. Eur J Appl Physiol. 
2015;115:715–25. https://​doi.​org/​10.​1007/​s00421-​014-​3052-1.

	37.	 Naclerio F, Larumbe-Zabala E. Loading intensity prediction by veloc-
ity and the OMNI-RES 0–10 scale in bench press. J Strength Cond Res. 
2017;31:323–9. https://​doi.​org/​10.​1519/​JSC.​00000​00000​001496.

	38.	 Malleron T, Har-Nir I, Vigotsky AD, Halperin I. Rating of perceived effort 
but relative to what? A comparison between imposed and self-selected 
anchors. Psychol Sport Exerc. 2023;66:102396. https://​doi.​org/​10.​1016/j.​
psych​sport.​2023.​102396.

	39.	 Lakens D. Sample size justification. Collabra Psychol. 2022;8:33267. 
https://​doi.​org/​10.​1525/​colla​bra.​33267.

	40.	 Maciel ES, Fonseca L, Inojossa TR, Netto C, Raduan FC, Mansur NS, et al. 
Isokinetic evaluation in a large cohort of normal ankles. Foot Ankle 
Orthop. 2022;7:2473011421S00761. https://​doi.​org/​10.​1177/​24730​11421​
S00761.

	41.	 Šarabon N, Kozinc Ž, Perman M. Establishing reference values for isomet-
ric knee extension and flexion strength. Front Physiol. 2021;12:767941. 
https://​doi.​org/​10.​3389/​fphys.​2021.​767941.

	42.	 Emanuel A, Har-Nir I, Rozen Smukas II, Halperin I. The effect of self-select-
ing the number of repetitions on motor performance and psychological 
outcomes. Psychol Res. 2021;85:2398–407. https://​doi.​org/​10.​1007/​
s00426-​020-​01402-4.

	43.	 Halperin I, Pyne DB, Martin DT. Threats to internal validity in exercise sci-
ence: a review of overlooked confounding variables. Int J Sports Physiol 
Perform. 2015;10:823–9. https://​doi.​org/​10.​1123/​ijspp.​2014-​0566.

	44.	 McShane BB, Böckenholt U, Hansen KT. Variation and covariation in large-
scale replication projects: an evaluation of replicability. J Am Stat Assoc. 
2022;117:1605–21. https://​doi.​org/​10.​1080/​01621​459.​2022.​20548​16.

	45.	 Morina N. Comparisons inform me who I am: a general comparative-
processing model of self-perception. Perspect Psychol Sci J Assoc Psychol 
Sci. 2021;16:1281–99. https://​doi.​org/​10.​1177/​17456​91620​966788.

https://doi.org/10.1007/s40279-017-0830-z
https://doi.org/10.1016/j.psychsport.2024.102657
https://doi.org/10.1016/j.psychsport.2024.102657
https://doi.org/10.1080/026404102320761787
https://doi.org/10.1186/s40798-024-00729-1
https://doi.org/10.1007/s00421-012-2421-x
https://doi.org/10.1123/ijspp.2020-0065
https://doi.org/10.1519/JSC.0000000000001517
https://doi.org/10.1519/JSC.0000000000001517
https://doi.org/10.1186/s40798-021-00386-8
https://doi.org/10.1249/01.mss.0000177217.12977.2f
https://doi.org/10.1249/01.mss.0000177217.12977.2f
https://doi.org/10.1123/japa.12.1.3
https://doi.org/10.3390/ijerph182412912
https://doi.org/10.1123/ijspp.2020-0866
https://doi.org/10.1123/ijspp.2020-0866
https://doi.org/10.1007/s40279-024-02055-8
https://doi.org/10.1007/s40279-024-02055-8
https://doi.org/10.1111/phc3.12894
https://doi.org/10.1037/mot0000066
https://doi.org/10.1080/17461391.2016.1188992
https://doi.org/10.1080/17461391.2016.1188992
https://doi.org/10.31234/osf.io/kbyhm
https://doi.org/10.31234/osf.io/kbyhm
https://doi.org/10.1519/00124278-200102000-00019
https://doi.org/10.1080/02640414.2012.710757
https://doi.org/10.1080/02640414.2012.710757
https://doi.org/10.1249/01.mss.0000149888.39928.9f
https://doi.org/10.1249/01.mss.0000149888.39928.9f
https://doi.org/10.1519/JSC.0000000000004361
https://doi.org/10.1519/JSC.0000000000004361
https://doi.org/10.1519/JSC.0000000000001049
https://doi.org/10.1519/JSC.0000000000001049
https://doi.org/10.2466/pms.99.3.775-784
https://doi.org/10.2466/pms.99.3.775-784
https://doi.org/10.1080/17461390701819352
https://doi.org/10.1080/17461390701819352
https://doi.org/10.2466/pms.98.3c.1285-1295
https://doi.org/10.1249/01.MSS.0000069749.13258.4E
https://doi.org/10.1249/01.MSS.0000069749.13258.4E
https://doi.org/10.1055/s-0030-1268472
https://doi.org/10.1055/s-0030-1268472
https://doi.org/10.1519/JSC.0000000000001109
https://doi.org/10.1007/s00421-014-3052-1
https://doi.org/10.1519/JSC.0000000000001496
https://doi.org/10.1016/j.psychsport.2023.102396
https://doi.org/10.1016/j.psychsport.2023.102396
https://doi.org/10.1525/collabra.33267
https://doi.org/10.1177/2473011421S00761
https://doi.org/10.1177/2473011421S00761
https://doi.org/10.3389/fphys.2021.767941
https://doi.org/10.1007/s00426-020-01402-4
https://doi.org/10.1007/s00426-020-01402-4
https://doi.org/10.1123/ijspp.2014-0566
https://doi.org/10.1080/01621459.2022.2054816
https://doi.org/10.1177/1745691620966788


Page 13 of 13Okhamafe et al. Sports Medicine - Open           (2026) 12:63 	

	46.	 Morina N, Meyer T, Sickinghe M. How do I know how I am doing? Use of 
different types of comparison in judgment of well-being in patients seek-
ing psychological treatment and healthy controls. Appl Psychol Health 
Well-Being. 2022;14:1369–88. https://​doi.​org/​10.​1111/​aphw.​12339.

	47.	 Rigoli F. Reference effects on decision-making elicited by previous 
rewards. Cognition. 2019;192:104034. https://​doi.​org/​10.​1016/j.​cogni​tion.​
2019.​104034.

	48.	 Rigoli F, Pezzulo G. The traps of adaptation: addiction as maladap-
tive referent-dependent evaluation. Cogn Affect Behav Neurosci. 
2023;23:973–85. https://​doi.​org/​10.​3758/​s13415-​023-​01086-4.

	49.	 Stewart N, Chater N, Brown GDA. Decision by sampling. Cogn Psychol. 
2006;53:1–26. https://​doi.​org/​10.​1016/j.​cogps​ych.​2005.​10.​003.

	50.	 Vlaev I, Chater N, Stewart N, Brown GDA. Does the brain calculate value? 
Trends Cogn Sci. 2011;15:546–54. https://​doi.​org/​10.​1016/j.​tics.​2011.​09.​
008.

	51.	 Ben-Ari A, Silverman Y, Obolski U, Halperin I. On your mark, get set, 
choose! a randomized cross-over study comparing fixed and self-
selected rest periods in interval running among professional female 
soccer players. Sports Med Open. 2025;11:2. https://​doi.​org/​10.​1186/​
s40798-​024-​00803-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/aphw.12339
https://doi.org/10.1016/j.cognition.2019.104034
https://doi.org/10.1016/j.cognition.2019.104034
https://doi.org/10.3758/s13415-023-01086-4
https://doi.org/10.1016/j.cogpsych.2005.10.003
https://doi.org/10.1016/j.tics.2011.09.008
https://doi.org/10.1016/j.tics.2011.09.008
https://doi.org/10.1186/s40798-024-00803-8
https://doi.org/10.1186/s40798-024-00803-8

	Modifying the Meaning of the Upper Anchor Predictably Shapes Ratings of Perceived Effort: A Randomized Crossover Trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Key Points 
	Background
	Methods
	Participants
	Sample Size
	Procedures
	Familiarization (Session 1)
	Experimental Sessions (Sessions 2–4)

	Measures
	Primary Outcomes
	Secondary Outcomes
	Statistical Analysis

	Results
	Description of Ratings
	Modeling of Ratings
	Secondary Outcomes

	Discussion
	Practical Applications

	Conclusion
	Acknowledgements
	References


