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Physical effort has instrumental value because it helps people attain their goals. Growing 
evidence suggests that people might also experience the exertion of effort itself as 
valuable. To test this idea, we developed and examined the 4-item Value of Physical 
Effort (VoPE) scale. Across three independent studies (total N = 1364), we established the 
basic psychometric properties of the VoPE scale and showed consistent associations with 
measures of sports and exercise behavior. In a study with a longitudinal design, the VoPE 
scale demonstrated test-retest reliability and forecasted physical activity and exercise 
behavior. Psychometric network analysis and elastic net regression suggest the VoPE 
scale’s potential to cover a unique content area and make novel contributions to the 
prediction of sports behavior. Taken together, the present research yields empirical 
evidence for the idea that people value physical effort to varying degrees, and that these 
differences can be efficiently measured with the VoPE scale. We demonstrated reliability 
and validity of the VoPE scale across three datasets and its ability to predict self-reported 
sports and exercise behavior. The VoPE scale might thus extend our understanding of 
how people allocate (physical) effort. 

Introduction  

Success is dependent on effort. (Sophocles, ancient 
Greek writer) 

Hard work is the price we must pay for success. (Vince 
Lombardi, American football coach) 

Success is the sum of small efforts, repeated day-in and 
day-out. (Robert Collier, American author of self-help 
books) 

As the introductory quotes above emphasize, it is a wide
spread notion that consistent mobilization effort is crucial 
for achieving one’s goals. Consistent with this assertion, a 
large body of research attests to the instrumentality of ef
fort as a means for success in various domains. On a macro 
level, for example, higher effort predicts better work perfor
mance (Van Iddekinge et al., 2023), better school achieve
ment (Carbonaro, 2005), and general success in life (Moffitt 
et al., 2011). On a micro level, higher effort is linked to bet
ter performance in psychological tests (Silm et al., 2020) 
and to trial-by-trial variations in physical force output (Re
witz et al., 2024). As these findings highlight, cognitive and 
physical effort are crucial for goal attainment. However, 

most readers are probably keenly aware of the fact that 
trying harder (i.e., investing more effort) does not always 
lead to better performance (Halperin & Vigotsky, 2023), 
and even if effort is conducive to success, its exertion still 
feels aversive and people try to avoid it (e.g., David et al., 
2022; Kool & Botvinick, 2014; Kurzban, 2016). Indeed, a 
large body of theoretical and empirical evidence indicates 
that humans tend to adhere to the “principle of least ef
fort” (Zipf, 1949) and make effort mobilization contingent 
on the rewards they are trying to attain (Brehm & Self, 
1989; Brinkmann et al., 2021). Importantly, this principle of 
least effort seems to hold for cognitive effort and physical 
effort and people generally try to minimize effort in both 
domains. Thus, while effort is instrumental for success, hu
mans try to mobilize it as little as possible. 
But do all people make effort exertion contingent on 

its instrumentality for goal attainment? Recent work sug
gests that this might not always be the case. Under some 
conditions some people might even mobilize effort because 
to them effort exertion is rewarding in its own right (In
zlicht et al., 2018; Stähler et al., 2025). Take for example 
recreational athletes: Every year, millions of people invest 
substantial resources (e.g., money, time, risk of injury) to 
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participate in exhausting endurance events with negligible 
prospects of obtaining tangible rewards in return (Maxcy et 
al., 2019). And while there surely are non-tangible rewards 
to justify the effort (e.g., better fitness, social engagement), 
these people still seem to attach levels of value to the expe
rience of physical effort that are difficult to reconcile with 
a purely instrumental perspective on effort. Put differently, 
they might engage in sports and exercise not despite the 
physical effort it requires but because of it (Wolff, Hirsch, 
et al., 2021), suggesting that they value effort to some de
gree. However, valuing effort is not limited to the domain 
of physical effort and sports. For example, taking pleasure 
in the exertion of effort has been identified as a poten
tial explanation of Anorexia Nervosa patients’ excessive en
gagement in effortful behaviors that most other people find 
highly aversive (e.g., restrictive eating; Haynos et al., 2022). 
Taken together, while people generally try to minimize ef
fort, some people seem to find the exertion of effort not 
aversive, but valuable and rewarding. This points towards 
individual differences with respect to how people value (or 
do not value) effort. 
Interestingly, in the cognitive effort domain the role of 

individual differences in valuing effort has long been ac
knowledged: The concept of a “need for cognition” (Ca
cioppo & Petty, 1982) essentially reflects variations in how 
much people enjoy to engage in cognitively demanding 
tasks. And meta-analytic evidence supports the “existence 
of stable individual differences in people’s tendency to en
gage in and enjoy effortful cognitive activity” (Cacioppo et 
al., 1996, p. 247). To illustrate, when compared to people 
who score low on a measure of need for cognition, people 
who value cognitive effort preferred to engage in cogni
tively demanding leisure time activities, such as writing po
etry or reading technical books (Therriault et al., 2015). 
As the example of recreational athletes vividly illus

trates, it is plausible that people also exhibit stable indi
vidual differences with respect to the valuation of physical 
effort. After all, most people are not recreational athletes 
but rather struggle to even meet the WHO’s recommen
dations for the amount of weekly physical activity that is 
needed to maintain one’s health – despite widely acknowl
edged health benefits of exercise (Wang & Ashokan, 2021) 
and the widespread intention to become more physically 
active (Rhodes & Dickau, 2012). Thus, while some people 
seem to treat physical effort as if it was valuable in its own 
right, many try to avoid and minimize it as much as possi
ble because it feels aversive and costly (Brehm & Self, 1989; 
Kool & Botvinick, 2014; Kurzban, 2016). Unlike the cogni
tive domain, however, there is currently no instrument for 
assessing individual differences in the value of physical ef
fort. This is unfortunate, as such a scale has the potential 
to shed light on why some people engage more or less than 
others in physically effortful tasks. 

Present Research   

We developed the Value of Physical Effort (VoPE) scale 
across three independent studies. In terms of its basic psy
chometric properties, we expected the VoPE scale to cap
ture the value of physical effort reliably and as a unidimen

sional construct (Studies 1 to 3). Regarding its predictive 
validity, we assumed higher VoPE scores to predict higher 
levels of self-reported sports and exercise behavior (e.g., 
exercise volume, experience with sports competitions, 
physical activity) both cross-sectionally (statistical predic
tion; Studies 1 and 3) and longitudinally (forecasting; Study 
2). Exploratively, we examined whether the VoPE scale con
tributes meaningfully to existing questionnaires used in 
sport psychology, and gauged its unique contribution to ex
plaining indicators of sports behavior (Study 3). To maxi
mize the precision of our analyses, we collapsed data across 
studies where possible and summarized the results with 
meta-analytic techniques. 

Methods  

Participants  

An overview of participant characteristics in all three 
studies is provided in Table 1. Participants in Study 1 (N = 
264) were recruited at the University of Konstanz, Germany, 
as part of a survey that included the VoPE scale among 
other instruments. Participants in Studies 2 (N = 295) and 
3 (N = 805) were recruited using Amazon Mturk (require
ments: ≥ 90% approval rate, ≥ 100 HITs, US citizenship) and 
received $1 and $2, respectively. To ensure a high quality 
of responses among the Mturk participants, we used tools 
like bot captchas and instructional manipulation checks. 
Participants who did not pass the instructional manipula
tion checks were disregarded in the analyses (Study 2: 17 
participants, Study 3: 61 participants). Moreover, we used 
unique Mturk IDs to prevent multiple participation. Study 
2 was split into two parts that were conducted five to six 
weeks apart. A subsample of N = 200 participants from the 
first part was invited to participate in the second part. In 
Study 3, we included a screening to make sure that par
ticipants engaged in at least 30 minutes of physical exer
cise per week. This was done because some questionnaires 
could be answered in a meaningful way only with a mini
mum level of exercise (e.g., instruments pertaining to the 
reasons for exercising). 

Materials and Procedure    

We focus on the measures and procedures relevant to 
addressing our research questions. All materials and the 
corresponding data can be accessed via OSF (https://osf.io/
zk9qr/). The study protocol and measurements were ap
proved by the Ethics Committee at the University of Kon
stanz (approval IRB25KN003-04/w). 

Study 1: VoPE Scale and Sports and Exercise         
Behavior  

Value of Physical Effort (VoPE) scale.      In Study 1, the 
VoPE scale was administered as part of a general survey. To 
construct the VoPE scale, we adapted items from the Need 
for Cognition Scale (NfCS; Cacioppo et al., 1984) — a well-
established instrument that measures “an individual’s ten
dency to engage in and enjoy effortful cognitive endeavors” 

Development and Validation of the Value of Physical Effort (VoPE) Scale

Collabra: Psychology 2

https://osf.io/zk9qr/
https://osf.io/zk9qr/


Table 1. Participant characteristics in Studies 1 to 3.        

Study 1 Study 2 Study 3 

Part 1 Part 2 

Sample size N 264 295 197 805 

Age M (years) ± SD 27.9 ± 
11.7 

37.6 ± 
9.5 

38.2 ± 
9.1 

40.4 ± 
11.3 

Gender female 
male 
other 

48.5% 
40.8% 

0.8% 

39.0% 
60.7% 

0.3% 

36.0% 
63.5% 

0.5% 

48.4% 
50.7% 

0.9% 

Exercise 
volume 

M (min/w) ± SD 261 ± 
211 

239 ± 
188 

224 ± 
158 

306 ± 
213 

Competition 
experience 

none 
recreational 
regional 
national 
international 

36.7% 
25.8% 
25.4% 

8.7% 
3.4% 

60.3% 
25.8% 

9.2% 
4.7% 
0.0% 

57.9% 
28.4% 

9.1% 
4.6% 
0.0% 

55.3% 
33.8% 

8.9% 
2.0% 
0.0% 

Income no income 
< $5,000 
$5,000 to $11,999 
$12,000 to $19,999 
$20,000 to $39,999 
$40,000 to $59,999 
$60,000 to $79,999 
> $80,000 

- 
- 
- 
- 
- 
- 
- 
- 

0.3% 
2.4% 
8.1% 

10.5% 
24.1% 
27.1% 
15.3% 
12.2% 

0.5% 
1.0% 
7.1% 
9.1% 

23.9% 
26.4% 
16.8% 
15.2% 

0.8% 
3.11% 
5.10% 

7.8% 
23.6% 
22.7% 
19.1% 
17.7% 

Education 0 to 5 grades 
6 to 8 grades 
9 to 11 grades 
12 grades; High School 
12 grades + Training 
13 to 14 years 
15 to 16 years 
17 or more years 

- 
- 
- 
- 
- 
- 
- 
- 

0.0% 
0.0% 
0.7% 

13.9% 
3.4% 

24.1% 
46.1% 
11.9% 

0.00% 
0.0% 
0.5% 

12.7% 
3.6% 

25.9% 
46.2% 
11.2% 

0.0% 
0.1% 
0.1% 
9.9% 
3.6% 

25.5% 
44.2% 
16.5% 

Employment Disabled 
Homemaker 
Retired 
Self-employed 
Student 
Unemployed, not seeking work 
Unemployed, seeking work 
Working part-time, <35 h/w 
Working full-time, >35 h/w 

- 
- 
- 
- 
- 
- 
- 
- 
- 

0.3% 
2.0% 
1.0% 

16.3% 
1.4% 
0.3% 
3.1% 
7.5% 

68.1% 

0.5% 
1.0% 
0.5% 

15.7% 
1.0% 
0.5% 
2.0% 
6.6% 

72.1% 

0.5% 
3.4% 
2.7% 

12.7% 
1.0% 
0.9% 
3.4% 
8.1% 

67.5% 

Subjective 
SES 

M ± SD - 3.6 ± 1.0 3.6 ± 0.9 3.9 ± 1.1 

Note. min/w refers to minutes per week. h/w refers to hours per week. Subjective SES refers to subjective socioeconomic status measured on a Likert scale from 1 (least money, educa
tion, and respected jobs) to 7 (most money, education, and respected jobs) 

(p. 306). We jointly reviewed, discussed, and ranked the 34 
NfCS items regarding their suitability for adoption to the 
domain of sports and exercise. We ended up with a set of 
ten items that provided the best fit in terms of adoptabil
ity (5 positively and 5 negatively framed items) and admin
istered them in all three studies. We translated the VoPE 
scale from German (Study 1) to English (Studies 2 and 3) 
with the assistance of AI technology (www.deepl.com; see 
Table 1 for both language versions). After data collection, 
we reduced the items to the four items that make up the fi
nal VoPE scale (see Table 2). 
First, we excluded the five negatively framed items be

cause they formed a separate community in network analy
ses, likely reflecting a common method artifact that plagues 
mixed framing scales (Lindwall et al., 2012). The NfCS has 
also been criticized for introducing artificial factors 
through its negatively framed items (Zhang et al., 2016), 

which we aimed to avoid. Second, we removed one of the 
positively framed item which, in retrospection, referred to 
an artificial situation that might elicit ambivalent re
sponses: “When I know that a sports activity is going to in
volve physical effort, I look forward to it, even if I do not 
know what exactly it involves.” Despite these exclusions, all 
ten items are available in the published dataset on OSF for 
transparency. Participants indicated their agreement with 
each item on a 7-point Likert scale (1 = strongly disagree, 7 
= strongly agree), and their responses were averaged into an 
overall VoPE score. 
Exercise volume and competition experience.     We 

used two measures of sports and exercise behavior: First, 
participants reported the number of exercise sessions per 
week (frequency) and how long each session typically takes 
(duration). The exercise volume in minutes per week was 
computed as volume = frequency x duration. Second, par
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Table 2. The four items of the Value of Physical Effort (VoPE) scale.            

No. English German 

1 I greatly enjoy sports activities that require 
physical effort. 

Ich habe großen Spaß an Aktivitäten, die körperliche Anstrengung 
erfordern. 

2 I prefer physically effortful sports activities to 
those that can be done without much effort. 

Ich bevorzuge körperlich anstrengende Aktivitäten gegenüber 
sportlichen Aktivitäten, die ohne größere Anstrengung bewältigt 
werden können. 

3 The notion of physically exerting myself in 
sports appeals to me. 

Die Vorstellung, mich beim Sport körperlich anzustrengen, reizt mich. 

4 I enjoy physically exerting myself in a sports 
activity even when it will have no effect on the 
result. 

Es macht mir Spaß, mich bei einer sportlichen Aktivität körperlich 
anzustrengen, selbst wenn es keinen Einfluss auf das Ergebnis hat. 

Note. The items were administered in German in Study 1 and in English in Studies 2 and 3. 

ticipants indicated their highest level of experience with 
sport competitions. They could choose one of the cate
gories (1) no competitions, (2) recreational competitions, 
(3) regional competitions, (4) national competitions, and 
(5) international competitions. As the distinction between 
having no experience at all and having experience seems 
most significant (e.g., engaging in training) and because 
rather few participants reported experience with national 
and international competitions (2.0% – 12.3% of partici
pants; see Table 1), we collapsed answers into a binary vari
able indicating whether participants had no competition 
experience (Category 1; 36.7% to 60.3% of participants) or 
some competition experience (Categories 2 to 5; 39.7% to 
63.3% of participants). A similar categorization has been 
used in related research as well (e.g., Schüler et al., 2023). 

Study 2: Test-Retest and Measures of Physical        
Activity and Exercise    

Like in Study 1, participants in Study 2 completed the 
VoPE scale, indicated their general sports and exercise be
havior, and provided demographic information. Five to six 
weeks later, they completed the VoPE scale again along 
with two instruments assessing physical activity and exer
cise behavior. 
International Physical Activity Questionnaire     

(IPAQ). The IPAQ (Craig et al., 2003) measures vigorous 
physical activity, moderate physical activity, and walking 
over the past seven days in terms of their frequency (3 
items; e.g., “During the last 7 days, on how many days did 
you do vigorous physical activities like heavy lifting, dig
ging, aerobics, or fast bicycling?”) and duration (3 items; 
e.g., “How much time did you usually spend doing vigorous 
physical activities on one of those days?”). We computed 
an overall volume for each kind of activity by multiplying 
frequency and duration. Additionally, the IPAQ assesses the 
duration of sitting (1 item; “During the last 7 days, how 
much time did you spend sitting on a week day?”). To get 
a nuanced picture of physical activity, we analyzed each 
kind of activity separately rather than relying on an overall 
score. 
Godin-Shephard Leisure-Time Physical Activity     

Questionnaire (GSLTPAQ).  While the IPAQ relates to all 
kinds of physical activities, the GSLTPAQ (Godin & Shep

hard, 1985) focuses more specifically on physical exercise at 
different intensities over the past seven days. It comprises 
three items to assess how often per week participants en
gage in strenuous exercise, moderate exercise, and mild ex
ercise. Additionally, it measures how often participants en
gage in any leisure-time activity long enough to work up 
a sweat (options: often, sometimes, never/rarely). We ana
lyzed the items separately for a nuanced picture of physical 
exercise. 

Study 3: Sport Psychological Questionnaires      

In Study 3, participants completed nine questionnaires 
in addition to the VoPE scale (see Table 3). These question
naires were selected to investigate how the VoPE scale re
lates to constructs often discussed in the sport psychology 
literature, shedding light on its nomological network, its 
validity, and its contribution beyond existing instruments. 
First, we administered the Behavioral Regulation of Sport 
Questionnaire (BRSQ; Lonsdale et al., 2008) and the Au
totelic Personality Questionnaire (APQ; Tse et al., 2020) 
to reveal associations between VoPE and different motiva
tion constructs (intrinsic, extrinsic, amotivation, flow). Sec
ond, we used the Goal Content for Exercise Questionnaire 
(GCEQ; Sebire et al., 2008), the Task and Ego Orientation 
in Sports Questionnaire (TEOSQ; Duda & Nicholls, 1992), 
and the 2x2 Achievement Goal Questionnaire Sport (AGQS; 
Conroy et al., 2003) to shed light on potential links between 
VoPE scores and goals oriented towards learning, improv
ing, and mastering sport performance versus goals oriented 
towards evaluating, comparing, and avoiding performance. 
Third, we included the Preference for and Tolerance of the 
Intensity of Exercise Questionnaire (PRETIEQ; Ekkekakis 
et al., 2005), the Exercise Addiction Inventory (EAI; Terry 
et al., 2004), and the Bored of Sports Scale (BOSS; Wolff, 
Bieleke, et al., 2021). These scales tap into potential rela
tions between the VoPE scale and inclinations to engage in 
intensive exercise and experience sports-related boredom. 
Finally, we administered the Mental Toughness Question
naire (MTQ-10; Papageorgiou et al., 2018) to explore how 
the VoPE scale relates to performance under challenging 
circumstances. Taken together, these questionnaires cover 
a broad range of established constructs related to sports 
and exercise behavior, allowing us to characterize the VoPE 
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scale. All questionnaires were presented in random order to 
avoid order effects. 
Behavioral Regulation of Sport Questionnaire      

(BRSQ). The BRSQ (Lonsdale et al., 2008) is an instrument 
to assess motivation in a sports context along the lines 
of self-determination theory. It has nine 4-item scales in 
which each item starts with “I participate in my sport…”: 
amotivation (e.g., “…but I question why I continue”), exter
nal regulation (e.g., “…because people push me to play”), 
introjected regulation (e.g., “…because I would feel guilty if 
I quit”), identified regulation (e.g., “…because the benefits 
of sport are important to me”), integrated regulation (e.g., 
"…because it’s a part of who I am "), general intrinsic mo
tivation (e.g., “…because I enjoy it”), intrinsic motivation 
for knowledge (e.g., “…because I enjoy learning something 
new about my sport”), intrinsic motivation for stimulation 
(e.g., “…because of the positive feelings that I experience 
while playing my sport”), and intrinsic motivation for accom
plishment (e.g., “…because I enjoy the feeling of achieve
ment when trying to reach long-term goals”). Responses 
are given on a 1 (not at all true) to 5 (very true) Likert scale. 
The range of internal consistencies was .82 ≤ ⍵ ≥ .95. 
Autotelic Personality Questionnaire (APQ).    The APQ 

(Tse et al., 2020) is an instrument for assessing attributes 
of an autotelic personality with 26 items (e.g., “I think the 
process of completing a task is its own reward”). Responses 
are given on a 1 (strongly disagree) to 7 (strongly agree) 
Likert scale. The internal consistency was ⍵ = .88. 
Goal Content for Exercise Questionnaire (GCEQ).      The 

GCEQ (Sebire et al., 2008) comprises five 4-item scales 
measuring the content of goals in exercise settings: social 
affiliation (e.g., “to form close bonds with others”), image 
(e.g., “to improve my appearance”), health management 
(e.g., “to improve my overall health”), social recognition 
(e.g., “to be well thought of by others”), and skill develop
ment (e.g., “to acquire new exercise skills”). Responses are 
given on a 1 (not at all important) to 7 (extremely impor
tant) Likert scale. The range of internal consistencies was 
.83 ≤ ⍵ ≥ .93. 
Task and Ego Orientation in Sports Questionnaire        

(TEOSQ). The TEOSQ (Duda & Nicholls, 1992) comprises 
two scales that assess ego orientation with 6 items (e.g., “I 
feel most successful in a sport when others mess up but I 
do not”) and task orientation with 7 items (e.g., “I feel most 
successful in a sport when I do my very best”). Responses 
are given on a 1 (strongly disagree) to 5 (strongly agree) 
Likert scale. The range of internal consistencies was .89 ≤ ⍵ 
≥ .90. 
2x2 Achievement Goal Questionnaire Sport (AGQS).       

The AGQS (Conroy et al., 2003) is a 12-item instrument 
with four scales measuring mastery approach (e.g., “It is im
portant to me to perform as well as I possibly can”) and 
mastery avoidance (e.g., “Sometimes I’m afraid that I may 
not perform as well as I’d like”) as well as performance ap
proach (e.g., “It is important to me to do well compared 
to others”) and performance avoidance goals (e.g., “I just 
want to avoid performing worse than others”). Responses 
are given on a 1 (not at all like me) to 7 (completely like me) 

Likert scale. The range of internal consistencies was .82 ≤ ⍵ 
≥ .93. 
Preference for and Tolerance of the Intensity of Exer        

cise Questionnaire (PRETIEQ).   The PRETIEQ (Ekkekakis 
et al., 2005) is an instrument for assessing the preference for 
intensive exercise (e.g., “The faster and harder the workout, 
the more pleasant I feel”) and tolerance of intensive exercise 
(e.g., “While exercising, I try to keep going even after I feel 
exhausted”) with 8 items per scale. Responses are given on 
a 1 (I totally disagree) to 5 (I totally agree) Likert scale. The 
range of internal consistencies was .87 ≤ ⍵ ≥ .91. 
Exercise Addiction Inventory (EAI).    The EAI (Terry et 

al., 2004) is an instrument for assessing exercise addiction 
with 6 items (e.g., “Exercise is the most important thing in 
my life”). Responses are given on a 1 (strongly disagree) to 
7 (strongly agree) Likert scale. The internal consistency was 
⍵ = .76. 
Bored of Sports Scale (BOSS).     The BOSS (Wolff, 

Bieleke, et al., 2021) measures individual differences in trait 
exercise boredom with 11 items (e.g., “Exercising bores 
me”). Responses are given on a 1 (strongly disagree) to 5 
(strongly agree) Likert scale. The internal consistency was 
⍵ = .96. 
Mental Toughness Questionnaire (MTQ-10).    The 

MTQ-10 (Papageorgiou et al., 2018) measures individual 
differences in mental toughness with 10 items (“e.g., I gen
erally cope well with any problems that occur”). Responses 
are given on a 1 (strongly disagree) to 5 (strongly agree) 
Likert scale. The range of internal consistency was ⍵ = .91. 

Analytic Approach   

The analyses were conducted with R (Version 4.2.2; R 
Core Team, 2022). 

Studies 1-3: Basic Psychometric Properties      

We hypothesized that the VoPE scale constitutes a uni
dimensional construct. To examine the one-factor structure 
of the scale, we conducted confirmatory factor meta-analy
sis using the metaSEM package (Version 1.3.0; Cheung, 
2015). We used the two-stage structural equation modeling 
approach (TSSEM): First, we pooled the correlation matri
ces obtained in the three studies (total N = 1364) based on a 
fixed-effects model, as we expected that the studies shared 
the same true effect size. Second, we fitted a one-factor
ial model with weighted least squares based on the pooled 
matrix. Additional measurement invariance tests explored 
construct comparability across the three studies. Model fit 
was assessed using the root mean square error of approx
imation (RMSE), the standardized root mean square resid
ual (SRMR), the comparative fit index (CFI) and the Tucker-
Lewis index (TLI). Good model fit was assumed for RMSEA ≤ 
0.06, SRMR ≤ 0.08, and CFI/TLI ≥ 0.95 (Hu & Bentler, 1999). 
Invariance was evaluated based on changes in Δχ² (signifi
cance), fit indices (ΔCFI ≤ 0.01, ΔRMSEA ≤ 0.015; F. F. Chen, 
2007), and fit-complexity tradeoff (ΔBIC; van de Schoot et 
al., 2012). 
To investigate the validity of the VoPE scale in our 

datasets, we meta-analyzed its associations with external 
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variables using the meta package (Version 6.2-1; Balduzzi 
et al., 2019) based on a fixed-effects model. Specifically, 
we tested the correlation (Pearson’s r) of the VoPE score 
with exercise volume and the standardized mean difference 
(Hedges’ g) in VoPE scores between participants with no 
competition experience versus some experience. 

Study 2: Test-Retest Reliability and Forecasting       
Behavior  

We investigated the test-retest reliability of the VoPE 
scale by administering it twice in Study 2 (N = 197) with an 
interval of 5 to 6 weeks between the two assessments. We 
then conducted a Bland-Altman analysis (Bland & Altman, 
1999), in which the individual means of the two assess
ments are plotted against the differences between them. 
This yields insight into potential bias (i.e., non-zero differ
ence between the measures) and how it changes as a func
tion of the mean of the measures. Here, we show the Bland-
Altman plot and report the bias of the test and retest scores 
of the VoPE scale along with its 95% confidence interval. 
We additionally determined the intraclass correlation co
efficient (ICC) with the ICC() function of the psych pack
age (Version 2.3.3, Revelle, 2023) using a single-rating, ab
solute-agreement, two-way mixed-effect model (Koo & Li, 
2016). An ICC of less than .50 indicates poor test-retest re
liability, ICCs between .50 and .75 indicate moderate reli
ability, ICCs between .75 and .90 indicate good reliability, 
and ICCs greater than .90 indicate excellent reliability (Koo 
& Li, 2016). 
To examine the predictive validity of the VoPE scale in 

Study 2, we regressed measures of physical (in-)activity as
sessed with the IPAQ and exercise volume measured with 
GSLTPAQ assessed at T2 on the VoPE scale assessed at T1. 
We report standardized regression coefficients along with 
their standard errors and the 95% confidence intervals, as 
well as a robustness check in which we adjusted for so
ciodemographic variables. 

Study 3: Psychometric Network Modeling and Out-      
of-Sample Predictions   

We relied on a psychometric network approach (for an 
overview, see Borsboom et al., 2021) to explore the nomo
logical network of the VoPE scale in Study 3 (N = 805). Psy
chometric networks display the strength of conditional as
sociations (edges) between a set of variables (nodes). We 
used the EBICglasso() and the qgraph() function of the 
qgraph package (Version 1.9.3; Epskamp et al., 2012) to es
timate and visualize the network. Estimation relies on the 
graphical least absolute shrinkage and selection operator 
(GLASSO; Friedman et al., 2008) to estimate regularized 
partial correlation networks. It then selects a model based 
on the extended Bayesian Information Criterion (EBIC; J. 
Chen & Chen, 2008), for which we set the hyperparameter γ 
to 0.5. To examine the importance of the nodes in the net
work, we determined different centrality indices (see Ep
skamp et al., 2018): strength (i.e., the magnitude of the 
direct connections of a node to other nodes), closeness 
(i.e., how quickly a node can reach all other nodes in the 

network), betweenness (i.e., how often a node lies on the 
shortest path between two other nodes). We additionally 
report the expected influence (i.e., the influence of a node 
on other nodes in the networks), which is recommended 
when a network contains both positive and negative edges 
(Robinaugh et al., 2016). Finally, we used the bootnet() 
function of the bootnet package (Version 1.5; Epskamp et 
al., 2018) to bootstrap the network 1,000 times to deter
mine the 95% confidence intervals around edge weights in
volving the VoPE scale. 
Next, we investigated which scale best predicts partici

pants’ experience with sports competitions in our data (bi
nary coded as 0 = no experience and 1 = some experience). 
We chose experience with sports competitions as the crite
rion for several reasons. First, participating in competitions 
requires a level of performance that is difficult to recon
cile with a purely instrumental view on effort (e.g., train
ing to impress others, being active to stay healthy), mak
ing it plausible that the value of effort plays a role. Second, 
it should be straightforward for people to recall and report 
their competition experience, increasing confidence in the 
validity of the criterion. Third, experience with competi
tions has been used as a criterion in the development and 
validation of other scales (e.g., Schüler et al., 2023), facili
tating a comparison with findings in the present research. 
We turned to a machine learning approach, which is be

coming increasingly popular in psychological science when 
the focus is on out-of-sample predictions and generaliz
ability (for an overview, see Pargent et al., 2023; Yarkoni 
& Westfall, 2017). Specifically, we used regularized regres
sion, which penalizes the number of coefficients in a re
gression model by effectively shrinking them towards zero 
(ridge), forcing them to zero (lasso) or a mixture of both 
(elastic net; Hastie et al., 2009). Regularized regression is 
implemented in the package caret (Version 6.0-93; Kuhn, 
2022). Here, we specified participants’ standardized scores 
on each scale as the feature matrix of the regression model. 
We then randomly split the data in a training set (80%) and 
a test set (20%). A Generalized Linear Model (GLM) was 
trained with 10-fold leave-one-out cross-validation (LOO-
CV; Bischl et al., 2012). We performed hyperparameter tun
ing with a grid search for the hyperparameters α (between 
0 and 1) and λ (between 10-5 and 105). We report the confu
sion matrix for the best performing model along with sev
eral performance metrics (e.g., accuracy, sensitivity, speci
ficity) to quantify the model’s performance in terms of 
out-of-sample prediction. We then determined the impor
tance of the questionnaires and scales in the model using 
the (normalized) absolute values of the model coefficients. 

Results  

Studies 1-3: Psychometric Properties of the VoPE        
Scale  

Figure 1a shows the distribution of VoPE scores across 
studies (N = 1364). There are two noteworthy observations: 
First, participants across all three studies tended to value 
physical effort on average, as indicated by a moderate 
agreement with the items on average (pooled M = 4.66, SD 
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= 1.42). Second, we observed a larger number of low VoPE 
scores in Study 2, which drew upon a more representative 
sample compared to a student sample (Study 1) and a sam
ple screened for a minimum level of activity (Study 3). This 
suggests that the VoPE scale is sensitive for the entire spec
trum from not valuing physical effort at all to valuing it 
highly. 
The internal consistency of the scale was good (pooled 

Ω = 0.89, 95% CI [0.88, 0.90]). A confirmatory factor meta-
analysis (meta-CFA; Figure 1b) suggested that all four items 
loaded on a common factor across studies, χ2(2) = 0.54, p = 
0.763, CFI = 1, TLI = 1, SRMR = 0.003, RMSEA = 0.000, 95% 
CI [0.000, 0.036], attesting to the unidimensional structure 
of the VoPE scale. The standardized factor loadings ranged 
from 0.66 to 0.91, indicating that all four items substan
tially contribute to the VoPE score. 
Configural, metric, and scalar invariance models fit well 

(CFI ≥ 0.990, TLI ≥ 0.982, RMSEA ≤ 0.064, SRMR ≤ 0.038). 
Although Δχ² was significant (metric: Δχ²(6) = 27.11, p < 
.001; scalar: Δχ²(6) = 19.26, p = .004), changes in fit indices 
were mostly within acceptable limits (metric: ΔCFI = -0.006, 
ΔRMSEA = 0.060; scalar: ΔCFI = -0.004, ΔRMSEA = 0.004) 
and the tradeoff between model fit and model complexity 
consistently improved (metric: ΔBIC = -15.74, scalar: ΔBIC 
= -23.38), indicating construct comparability across studies. 
Attesting to the validity of the scale in our data, higher 

VoPE scores were associated with higher weekly exercise 
volume (frequency x duration; Figure 1c). In line with the 
correlations in each study, the pooled correlation was pos
itive and significant (Figure 1e), r = .32, 95% CI [.27, .37], 
z = 12.31, p < .001. Additionally, we observed higher VoPE 
sores among people with some sports competition experi
ence compared to participants with no experience (Figure 
1d). In line with the standardized mean difference in each 
study, the pooled standardized mean difference was signifi
cant (Figure 1f), SMD = 0.63, 95% CI [0.49, 0.78], z = 8.68, p 
< .001. Finally, we observed significant pooled correlations 
of VoPE score with age, r = −0.09, 95% CI [−.14, −.04], z = 
3.41, p < .001, gender (0 = female, 1 = male), r = 0.22, 95% 
CI [.17, .27], z = 8.19, p < .001, income, r = 0.19, 95% CI 
[.13, .25], z = 6.41, p < .001, education, r = 0.09, 95% CI [.03, 
.14], z = 12.31, p = .005, and subjective SES, r = 0.19, 95% 
CI [.13, .24], z = 6.21, p < .001. Most individual correlations 
were in line with these meta-analytic findings, except non-
significant links between VoPE and age in Study 1 and be
tween VoPE and education in Study 2 (see OSF for detailed 
results). 

Study 2: Test-Retest Reliability and Forecasting       

We examined the test-retest reliability and the predic
tive validity of the VoPE scale in Study 2 (N = 197). We 
found a moderate correlation between the VoPE scores over 
the course of 5 to 6 weeks, ICC = 0.77, 95% CI [.71, .82], at
testing to the test-retest reliability of the VoPE scale. The 
Bland-Altman-Plot (Figure 2) shows that the difference in 
VoPE scores between the two measurements was normally 
distributed around a non-significant bias of 0.004, 95% CI 
[−0.149, 0.157] across the possible values of the VoPE scale. 

Next, we turned to forecasting and regressed measures 
of physical activity from the IPAQ (vigorous activity, mod
erate activity, walking, sitting) and measures of physical 
exercise from the GSLTPAQ (strenuous exercise, moderate 
exercise, mild exercise, and sweating) on the VoPE score 
measured several weeks before. As shown in Table 4, the 
VoPE score predicted more vigorous and more moderate 
physical activity as well as more walking 5 to 6 weeks later, 
and less time spent sitting. Moreover, the VoPE score pre
dicted strenuous, moderate, and mild physical exercise sev
eral weeks later as well as more occasions of working up a 
sweat through exercise. In line with the conceptualization 
of the value of physical effort, the VoPE score explained 
more variance for vigorous forms of activity (15%) and exer
cise (19%) as well as occasions of working up a sweat (16%) 
than of moderate or mild forms of activity (9%) and exercise 
(2 – 11%). Adjusting for sociodemographic variables (age, 
gender, income, education, employment, and subjective so
cio-economic status) had negligible effects on our results. 
The only change in terms of significance was that the VoPE 
score no longer predicted mild physical exercise measured 
with the GSLTPAQ, β = 0.13, SE = 0.09, p = 0.138, 95% CI 
[−0.04; 0.30]. 

Study 3: Psychometric Network and Out-of-     
Sample Prediction   

The estimated psychometric network consisted of 27 
nodes representing the questionnaires and their scales 
(Figure 3a). It comprised 160 non-zero edges out of 351 
(45.6%) with a mean weight of 0.026. Higher scores on the 
VoPE scale were associated especially with a higher prefer
ence for exercise intensity (PRETIEQ-PREF), a higher incli
nation for exercise addiction (EAI), and a higher intrinsic 
motivation for stimulation (BRSQ-IMST), and less exercise-
related boredom (BOSS). The magnitude of the regularized 
partial correlations did not exceed values of about .2 (Figure 
3b), indicating that the VoPE scale makes unique contribu
tions over and above the set of sport psychological ques
tionnaires used in the present research. Figure 3c addition
ally suggests that the VoPE scale has a rather pronounced 
betweenness centrality (i.e., it is often located on the short
est path between two other nodes), while other centrality 
measures had average levels. To facilitate comparisons with 
the existing literature, we additionally determined bivariate 
correlations between all scales and provide them on OSF. 
The regularization with the elastic net regression shrunk 

12 of 27 coefficients to zero (44%). Of the non-zero coeffi
cients in our data (see Figure 3d), the VoPE scale emerged 
as the most important predictor of competition experience 
(b = 0.29, OR = 1.34), followed by tolerance for the intensity 
of effort (b = 0.18, OR = 1.20) and performance approach 
goals (b = 0.18, OR = 1.19). Other important predictors of 
competition experience were general intrinsic motivation 
(b = 0.10, OR = 1.11) as well as intrinsic motivation for stim
ulation (b = 0.11, OR = 1.12) and knowledge (b = 0.07 OR = 
1.07), and social affiliation goals (b = 0.08, OR = 1.08). In
trojected regulation (b = −0.11, OR = 0.90), task orientation 
(b = −0.09, OR = 0.91), performance avoidance orientation 
(b = −0.05, OR = 0.95), and exercise-related boredom (b = 
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Figure 1. Establishing the basic psychometric properties of the VoPE Scale across Studies 1, 2, and 3.                
Note. a) Density plot showing the distribution of VoPE scores in Studies 1 to 3. b) Results of the confirmatory meta-analysis with standardized factor loadings. c) Scatterplot of the 
weekly exercise volume as a function of the VoPE score. Lines represent locally estimated scatterplot smoothing (LOESS). d) Raincloud plots showing the distribution of VoPE scores 
for participants with no versus some competition experience in Studies 1 to 3. e), f) Forest plots of the individual (squares) and the pooled (diamonds) association between VoPE 
scores and exercise volume (Pearson’s r) and competition experience (Hedges g), respectively. Total N = 1364. 

Figure 2. Bland-Altman plot showing correspondence     
between the test-retest scores of the VoPE scale over          
the course of 5 to 6 weeks in Study 2.           
Note. The shaded regions correspond to 95% confidence intervals. N = 197. 

−0.05, OR = 0.95) predicted a lower likelihood of competi
tion experience. 
Turning to the out-of-sample prediction, the most accu

rate model was associated with the hyperparameters α = 0.2 
and λ = 0.056. The model achieved an accuracy of 0.62, 95% 
CI [0.54, 0.70], which was significantly higher than the no-

information rate of 0.55, p = .047 (Figure 3e). The model 
had a sensitivity of 47.2% and a specificity of 74.2%. 

Discussion  

Across three independent studies, we have developed 
and validated the Value of Physical Effort (VoPE) scale. The 
instrument demonstrated desirable psychometric proper
ties in terms of reliability and validity in all datasets. More
over, the VoPE scale performed well in forecasting self-
reported sport and exercise behavior and made the most 
substantial contribution to a model for out-of-sample pre
dictions regarding experience in sporting competitions. 
The instrument allows researchers to assess individual dif
ferences ranging from not valuing physical effort at all to 
valuing it highly. 

Implications  

Our research fills an important gap in the still young lit
erature on the value of effort, which has traditionally fo
cused on the cognitive domain (e.g., Inzlicht et al., 2018). 
This work has been inspired by the need for cognition scale 
(Cacioppo & Petty, 1982), which allows researchers to as
sess individual differences in the value of cognitive effort. 
In contrast, relatively little attention has been paid to the 
value of effort in the physical domain (Stähler et al., 2025), 
which is likely due to a lack of measurement instruments. 
By introducing the VoPE scale, we demonstrated that peo
ple differ in their valuation of physical effort as well, and 
that these individual differences are related to sports be
havior and outcomes, exercise volume, and physical ac
tivity. Our findings are consistent with research using the 

Development and Validation of the Value of Physical Effort (VoPE) Scale

Collabra: Psychology 8

https://collabra.scholasticahq.com/article/140736-development-and-validation-of-the-value-of-physical-effort-vope-scale/attachment/288637.png?auth_token=-P638FI7gN1uT1NlNVvx
https://collabra.scholasticahq.com/article/140736-development-and-validation-of-the-value-of-physical-effort-vope-scale/attachment/288638.png?auth_token=-P638FI7gN1uT1NlNVvx


Figure 3. Characterizing the psychometric network of the VoPE scale and examining its performance in out-of-sample predictions in Study 3.                   
Note. a) Psychometric network of the questionnaires and scales included in Study 3. The layout is based on the Fruchterman-Reingold algorithm implemented in the qgraph package. Nodes represent questionnaires and scales, edges represent regularized partial correla
tions. Line thickness and color code the magnitude (thicker = stronger) and direction (green = positive, red = negative) of the association. b) Standardized z-scores of the four centrality indices determined for each node in the psychometric network. c) Averaged boot
strapped and sample values of the weights of the edges connecting the VoPE scale with all other questionnaires and scales. The shaded area represents the bootstrapped 95% interval. d) Variable importance in terms of the normalized absolute model coefficients of the 
best performing model predicting competition experience. e) Confusion matrix for the best performing model in the out-of-sample prediction of competition experience. The arrows in each panel indicate the row-wise or column-wise computation of percentages. N = 
805. 
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Table 4. Forecasting physical activity and exercise behavior using VoPE scores in Study 2.             

Physical Activity (IPAQ) at T2 Physical Exercise (GSLTPAQ) at T2 

Vigorous Moderate Walking Sitting Strenuous Moderate Mild Sweating 

β 0.39 0.30 0.30 −0.25 0.44 0.33 0.14 0.40 

SE 0.07 0.07 0.07 0.07 0.06 0.07 0.07 0.07 

95% CI 

LL 0.26 0.17 0.16 −0.39 0.31 0.20 0.00 0.27 

UL 0.52 0.44 0.43 −0.12 0.56 0.46 0.28 0.53 

p <.001 <.001 <.001 <.001 <.001 <.001 .047 <.001 

R2 0.15 0.09 0.09 0.06 0.19 0.11 0.02 0.16 

adj. R2 0.15 0.09 0.08 0.06 0.19 0.10 0.02 0.16 

N 194 194 194 197 197 197 197 197 

Note. β = standardized coefficient, SE = standard error, CI = confidence interval, LL = lower limit, UL = upper limit. 

recently introduced Physical Effort Scale (PES; Cheval et 
al., 2024), which demonstrates individual differences in ap
proach and avoidance tendencies towards physical effort. 
The development of instruments tapping into various 
facets of liking effort leverages research on the commonal
ities and differences between the value of cognitive versus 
physical effort (Wolff et al., 2024). 
We used a psychometric network approach to explore 

empirically how the value of physical effort relates to con
structs commonly used in sport psychological research. The 
strongest associations emerged with the preference for ex
ercise intensity (Ekkekakis et al., 2005) and the inclination 
for exercise dependence (Terry et al., 2004). We also found 
evidence for a negative link between the value of physical 
effort and exercise-related boredom (Wolff, Bieleke, et al., 
2021). Boredom is a value-based experience (Martarelli et 
al., 2023), and most theories of boredom assume that low 
levels of value give rise to boredom (for an overview, see 
Bieleke et al., 2024). This implies that people should get 
bored by effortful sports and exercise activities when they 
ascribe little value to the physical effort that is commonly 
involved in these activities. Further, people tend to avoid 
and escape boring activities (Bieleke et al., 2022), making 
boredom a likely mechanism involved in the negative asso
ciation between VoPE scores and sports and exercise behav
ior. 
The longitudinal design of Study 2 allowed us to gauge 

the stability of the VoPE scale over time. The observed cor
relation was moderate, suggesting that to some extent the 
VoPE scale captures changes in the value of physical effort. 
Indeed, it is plausible to assume that value changes: For 
instance, the learned industriousness theory asserts that 
effort becomes valuable when it is repeatedly followed by 
rewards (Eisenberger, 1992). Conversely, it should become 
less valuable when no reward is available. It would be inter
esting to test whether the VoPE scale is sensitive to changes 
in value, for instance, in experimental manipulations of ef
fort-contingent rewards. On a related note, accounting for 
individual or contextual differences in the value of physical 
effort might help to advance theoretical models of physical 
activity behavior, such as the theory of effort minimization 
in physical activity (Cheval & Boisgontier, 2021). In line 

with predictions derived from this theory, a stronger incli
nation to approach (vs. avoid) physical effort has already 
been shown to foster the link between the intention to be 
physically active and physical activity (Maltagliati et al., 
2024). It is plausible that people who assign greater value 
to physical effort also tend to approach effort more readily. 
Testing ideas like this and locating the value of physical ef
fort in theoretical models is thus a promising endeavor for 
future research. 
Finally, our results suggest that viewing effort solely as 

costly and explaining its expenditure in purely instrumen
tal terms might be an overly narrow perspective. Our re
sults suggest that some people value the physical effort 
involved in sports and exercise to some degree, possibly be
cause effort is commonly followed by rewards, making it 
a secondary reinforcer (Eisenberger, 1992). This is in line 
with research showing that consistently rewarding effort 
can lead people to choose more effortful activities (e.g., 
Clay et al., 2022), although valuing effort for its own sake 
still remains the exception rather than the rule (e.g., David 
et al., 2022; Wolff et al., 2024). What contributes to the 
costs and value people associate with effort thus remains 
an open question, and the VoPE scale hopefully assists re
searchers in disentangling these contributions further. 

Limitations and Future Directions     

First, the VoPE scale is a self-report instrument and 
should therefore be complemented by objective indicators 
of behavior in future research. For instance, one might use 
behavioral tasks in which participants make enforceable 
decisions to invest physical effort and relate these decisions 
to their answers in the VoPE scale. This would be a promis
ing step for future research, as linking VoPE scores to be
havior in standardized tasks, such as the Effort Expenditure 
for Rewards Task (Treadway et al., 2009), the Progressive 
Ratio Task (Hodos, 1961), or the Ring Task for effort pref
erences (Wolff et al., 2024) would further advance our un
derstanding of how a dispositional valuation of physical ef
fort exerts its effects on human behavior. In addition, VoPE 
scores might be correlated with indicators of sports and ex
ercise behavior or physical activity that are measured by 
devices such as sports and fitness watches. For instance, 
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collecting accelerometer data and conducting ecological 
momentary assessments could provide valuable insights 
into the weak link between VoPE scores and self-reported 
mild forms of exercise and physical activity observed in this 
study. 
Second, we used a rather broad framing of physical effort 

in terms of sports for designing the VoPE scale in the pre
sent research. However, it is plausible that people value dif
ferent aspects of physical effort differently. For instance, 
runners might ascribe particularly high value to the effort 
involved in endurance performance, while weightlifters 
might ascribe higher value to the effort involved in strength 
performance. Also, we found that the VoPE scale explained 
little variance of mild forms of exercise and activities, 
which might be due to its focus on sports rather than on 
physical activity. Future research might adapt the VoPE 
scale to different forms of physical effort to scrutinize po
tential inter- and intraindividual differences in their valua
tions. 
Third, the present research capitalized on student and 

adult samples without dedicated sports experience. How
ever, it is well-known that elite athletes differ in their phys
ical (e.g., maximal power output; Lorenz et al., 2013) and 
mental configuration (e.g., trait self-control; Wolff et al., 
2019) from non-elite athletes, and these differences are 
likely to be even more pronounced in comparison to hobby 
athletes. Therefore, it seems promising to compare athletes 
at different performance levels with regard to their answers 
on the VoPE scale. Similarly, investigating changes in the 
VoPE scale in these populations over longer time scales 
would be worthwhile. 

Conclusion  

The VoPE scale is a short and economical instrument 
for assessing individual differences in the value of physical 
effort. It can be administered to investigate differences in 
the valuation of various kinds of effort (e.g., cognitive ver
sus physical) and our data suggest it predicts behavior in
volving physical effort (e.g., sports and exercise, physical 
activity). Moreover, the VoPE scale could be used to mea
sure changes in the value of physical effort and determine 
the effectiveness of interventions in future research. Fi
nally, the VoPE scale help to shed light on various value-

based constructs, such as exercise-related boredom, and 
their consequences for behavior. 
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