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Introduction: Motivation to be physically active and sedentary is a transient state
that varies in response to previous behavior. It is not known: (a) if motivational
states vary from morning to evening, (b) if they are related to feeling states
(arousal/hedonic tone), and (c) whether they predict current behavior and
intentions. The primary purpose of this study was to determine if motivation
states vary across the day and in what pattern. Thirty adults from the United
States were recruited from Amazon MTurk.
Methods: Participants completed 6 identical online surveys each day for 8 days
beginning after waking and every 2–3 h thereafter until bedtime. Participants
completed: (a) the CRAVE scale (Right now version) to measure motivation
states for Move and Rest, (b) Feeling Scale, (c) Felt Arousal Scale, and (d) surveys
about current movement behavior (e.g., currently sitting, standing, laying down)
and intentions for exercise and sleep. Of these, 21 participants (mean age 37.7 y;
52.4% female) had complete and valid data.
Results: Visual inspection of data determined that: a) motivation states varied
widely across the day, and b) most participants had a single wave cycle each
day. Hierarchical linear modelling revealed that there were significant linear and
quadratic time trends for both Move and Rest. Move peaked near 1500 h when
Rest was at its nadir. Cosinor analysis determined that the functional waveform
was circadian for Move for 81% of participants and 62% for Rest. Pleasure/
displeasure and arousal independently predicted motivation states (all p’s < .001),
but arousal had an association twice as large. Eating, exercise and sleep
behaviors, especially those over 2 h before assessment, predicted current
motivation states. Move-motivation predicted current body position (e.g., laying
down, sitting, walking) and intentions for exercise and sleep more consistently
than rest, with the strongest prediction of behaviors planned for the next 30 min.
Discussion: While these data must be replicated with a larger sample, results
suggest that motivation states to be active or sedentary have a circadian
01 frontiersin.org
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waveform for most people and influence future behavioral intentions. These novel results
highlight the need to rethink the traditional approaches typically utilized to increase
physical activity levels.

KEYWORDS

affectively charged, motivation states, affect, arousal, exercise, physical activity, sedentary activity,

body position, sleep
Introduction

Levels of physical activity remain low and levels of sedentarism

remain high despite substantial efforts to improve these behaviors

on a national and global scale (1, 2). Sophisticated new models,

such as the Affect and Health Behavior Framework (AHBF)

(3, 4), Affective Reflective Theory of Physical Inactivity (ART)

(5), the dual process model from Conroy (6), and the behavior

change wheel (7) have all identified impulses and motivation

states as potential targets for intervention. This is in line with the

Research Domain Criteria (RDoC) from the National Institute of

Mental Health that has prioritized identifying behavioral

“elements” for further exploration (8). In this vein, the WANT

model (Wants and Aversions for Neuromuscular Tasks) was

recently developed to understand how motivation states for

movement and sedentarism operate (9). This model indicates

that they work loosely and asynchronously. For instance, one

may be high or low in motivation for both physical activity and

rest simultaneously, or one may have shifting motivation for

movement but not rest. These changes which facilitate flexible

and adaptive behavior in response to stressful situations (9).

Furthermore, using the CRAVE scale (Cravings for Rest and

Volitional Energy Expenditure) (10), it has been determined that

motivation states to move and rest morph quickly in response to

a variety of stimuli and situations, such as exercise or periods of

sitting, with effect sizes in the moderate to large range (10–12).

A key question currently centers on how motivation states vary

across the day and the pattern of that variation—linear, curvilinear,

or random/chaotic. Motivation to move and rest might follow a

circadian pattern (13), which may have a stronger level of

influence on behavior than many other factors. These assertions

are typically based on observations of rodents and other animals

(13), but little is known about daily fluctuations in human

motivation to move or rest. The primary source of information

comes from clinical populations, including those with Restless Leg

Syndrome (RLS), which demonstrate altered patterns of urges to

move with a circadian pattern peaking just after bedtime (14, 15).

In fact, the urge to move is the defining feature of this disorder.

In terms of physical activity itself, there have been recent calls to

understand movement and sedentarism from a 24-hour activity

perspective (16). These behaviors appear to have diurnal variation

for most people (17) with the majority of adults (ages 18–60 y)

having a relatively consistent pattern of activity from 10am to

6pm and of rest typically occurring from 11pm to 6am (18, 19). A

recent qualitative study with focus groups with 17 college honors

students found that a major theme surrounding motivation states

was “change and stability”. Some participants indicated
02
fluctuations in the desire to move and rest on a moment by

moment, hourly, and daily level (12), which was partially validated

with quantitative data collected pre- and post-interviews.

Alternatively, changes in motivation may be due to more

random processes related to shifting conditions. Resnicow (20)

argued that processes of change in motivation are chaotic. He

has argued for a more quantum perspective of behavior change,

and suggested that “motivation arrives as opposed to being

planned” (21), being often akin to a randomly-occurring

epiphany. They may also happen when certain tipping points are

reached, and this has been hypothesized by Inzlicht (22) in his

assertion that motivation changes in conditions of feeling

deprived or overly fatigued. A recent paper attempted to

reconcile these various perspectives and subsume them within

the construct of motivational drive (23). It is possible that all

these processes are at play, and they work in tandem and not

necessarily in direct opposition. Unfortunately, there are few data

in humans to make any meaningful conclusions about how

motivation to be physically active trends over time.

Another pressing issue is that motivation states have rarely been

linked concretely to future behavior in healthy populations. Until

such a link can be firmly established, there is limited usefulness

for the concept of highly transient motivation states for physical

activity. In clinical populations, such as those with RLS, anorexia

nervosa and akathisia, the connection between urges to move and

subsequent behavior is well established (14, 15, 24, 25). However,

in healthy populations, where there are less bothersome

sensations, the link has been largely ignored or even hypothesized

to not exist (26). Despite this large gap in knowledge, there are

data to support the idea that motivation states co-occur and

precede behavior if there are no barriers for subsequent behavior.

For instance, qualitative interviews identified that motivation

states are the result of previous behaviors and also result in

subsequent activity, especially when motivation is very strong, like

an urge or craving to work out after having been inactive for a

prolonged period of time (12). Further advancement in this area

is sorely needed.

Unresolved at this time is whether motivation states are most

closely aligned with factors like affect and emotion or to

cognitive processes (e.g., deliberation, reflection) and more stable

goals. Williams and Bohlen (26) opined that reflection is the

primary component of desires for physical activity and exercise,

further arguing against the idea that desires for activity might be

hedonic or appetitive in nature. Nonetheless, it seems clear that

desires and urges to move and rest may also be instigated by and

related to a variety of feeling and emotive states, such as elation

(9, 27, 28). This is further supported by qualitative data (12) and
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various models of emotion and motivation for physical activity,

such as the AHBF (3, 4), which predict that motivation states are

downstream byproducts of transient affect/feeling states. This has

a long precedent, perhaps starting with Festinger and the idea

that psychological dissonance is a motivation state in which

people make efforts to reduce tension (29).

More recently, Kavanaugh (30) coined the term “affectively-

charged motivation states” (ACMS) to typify motivation states

that are felt with a negative or positive tension. For instance,

when indoors and cooped up for long periods, one may feel antsy

or fidgety and have a “pressing readiness” to move and be active

(9). In response to pleasant music at a high beat rate, one might

feel compelled to move the body, which is called “groove” (31).

Taylor and colleagues (32) have argued that pleasure/displeasure

and arousal/activation are foundational to motivation for activity

and perhaps more so than reflective factors. They stated,

“Physiological responses to exercise and their generalized core

affective labels (i.e., states that vary simply on pleasantness and

activation) are motivationally salient because they form the basis

of desires that are often contrary to valued goals. Indeed, the

central purpose of affect associated with afferent bodily signals is

to motivate action” (33–35). In contrast to perspectives that focus

mainly on hedonic valence, Brehm and Self (36) have focused on

the interface between motivation states and arousal/activation in

the prediction of effort. Their concept of the momentary

magnitude of motivational arousal (MMMA) accounts for both
FIGURE 1

Theories of affect and motivation. In this illustration, affectively-charged motiv
motive state (37), affective valence, and arousal (38). ACMS is a construct dis
hedonic interface (39). A similar concept comes from Frijda (37) (States of Ac
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the motive and the amount of effort a person is able and willing

to expend on a task. [Interrelations between motivation, hedonic

valence, and arousal are demonstrated in Figure 1.] Currently, no

data link the experience of pleasure/displeasure and arousal/

activation with motivation states for movement and sedentarism.

However, Stults-Kolehmainen and colleagues (10) did find small

to moderate associations with energy and fatigue, which indicates

that such associations likely exist.

To address the gaps in the literature discussed above, we used

an Ecological Momentary Assessment approach (40), which is

designed to capture snapshots throughout the day—in this case,

urges to move and rest, arousal, affect, and behavioral intentions.

This approach captures inter-individual variability and dynamic

patterns of change.

We focused on the following research questions:

1. Do movement and sedentary wants/desires vary across the day?

If so, what is the pattern of change?

2. Are there associations with pleasure and arousal, and do these

interact?

3. Do previous behaviors impact these wants/desires?

4. Are these wants/desires associated with: (a) current body

position (i.e., at the moment of inquiry, such as lying down,

sitting, standing, et cetera), (b) current activities (i.e., eating,

exercise, and sleep), and (c) intentions for health behaviors

over the next few hours?
ation states (ACMS) (30) are the end product of interactions between the
tinct but related to the ideas of motivational arousal (36), affect and the
tion Readiness), which proposes how ACMS result in motivated behavior.
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We hypothesized that there is a high degree of variability

throughout the day but made no specific hypothesis for how

those changes might manifest. We also hypothesized that

previous behaviors would impact motivation states, and in turn,

motivation states would be associated with current behaviors and

intentions to be active. We lastly hypothesized that there would

be an association between feeling states (including hedonic

valence and arousal) and motivation states.
Methods and materials

Participants

Participants were 21 adults residing in the USA (mean age

37.7 y; 52.4% female, 29% people of color) who had complete

and valid data.
Procedures

Subject recruitment
Thirty participants were recruited through MTurk, Amazon’s

crowdsourcing platform. To complete the assignment,

participants had to reside in the USA and be at least 18 years of

age for reasons of consent. The data collected on MTurk

included participants’ race, gender, time zone, state/region of

residence, and typical wake up time and bedtime. The MTurk

assignment then directed the participants to an informed consent

on Google Forms, which included a link to a downloadable

informed consent document, as well as a version that could be

read on the form itself. Upon fully completing the study

according to terms in the consent, participants were awarded $50

USD (see below).
Data collection
After submission of informed consent, participants were

promptly emailed regarding when their first survey would be and

further instructions on how the study would be conducted. This

email included their own link to the main surveys on

SurveyMonkey, where two types of surveys were given.

A. The “PAST WEEK” type had two sets of motivation states

questions:

a. one set asking about motivation states “in the past week”,

and

b. one set asking about motivation states while the participant

took the survey (“right now”).

c. It also asked about Felt Arousal and Feeling “in the past

week” and “right now”.

B. The “NOW” type survey only consisted of questions pertaining

to motivation and affective states at the current moment (“right

now”).

Both surveys contained the 10 additional closed-ended questions

asking about felt arousal (current), hedonic valence (current),

sleep, eating, et cetera. Each participant took the first survey type
Frontiers in Sports and Active Living 04
(A) at the beginning and end of the study. Participants were

instructed to take the second survey type (B) 6 times per day for

8 days and were encouraged to take the survey once after waking

up, once before going to sleep, and to spread the other four

surveys apart throughout the day as much as possible. An

Amazon Web Services EC2 instance was used as an email bot to

remind participants to take surveys. Each participant was emailed

six times throughout the day with their survey link and a

reminder to spread the surveys apart and to take one after

waking up and one before going to bed.

To be deemed eligible for the $50 payout, certain standards had

to be met by each participant: (1) no less than 45 surveys

submitted, (2) both “past week” CRAVE surveys submitted (Type

A), (3) each survey took at least 30 s to complete (45 for Type A

surveys), (4) no less than 3 surveys were submitted on a

particular day, and (5) surveys were spread out across the day,

i.e., surveys should not be submitted more than once in a

particular 1-hour period. We chose the benchmark of 45 surveys

because this would result in between 5 and 6 surveys per day.

This would ensure that we received observations throughout each

day for all 8 days.

All data was collected between July 2nd, 2021, and July 11th,

2021, with the majority of data collected between July 2nd, 2021,

and July 9th, 2021. Around 1,400 surveys were collected, and

1,031 surveys were used for the study from 21 participants with

complete and valid data. Participants submitted an average of

49.1 surveys per person (SD = 1.41, range = 46–51).

Instrumentation
CRAVE scale: Levels of motivation states to move and rest were

self-recorded and submitted by participants using the Cravings for

Rest and Volitional Energy Expenditure (CRAVE) Scale, a 13-item

questionnaire consisting of statements regarding physical activity

and sedentarism attached to 11-point Likert items. A subset of

five items regard physical activity, e.g.,: “At this very moment, I

want/desire to move my body”. Another subset of five items

regard sedentarism, e.g.,: “At this very moment, I want/desire to

just sit down”. The last three items are filler items that are not

used for analysis. For each item, a participant would assign a

number from zero to ten showing their agreement with the

statement at the moment of taking the survey (“right now”).

Scores for both subscales range from 0 to 50 with very high

scores theoretically representing strong urges or cravings to move

or rest. Participants also completed the “past week” version of

the scale twice, which retrospectively assessed motivation states

for the week before the study and the week during the study.

These scales have excellent psychometric properties, as assessed

over a series of 6 studies (10, 12). For the remainder of this

paper “Move-NOW” and “Rest-NOW” refer to scores of the

right-now version of the CRAVE scale. Concordantly, the terms

“Move-WEEK” and “Rest-WEEK” refer to the scores of the

CRAVE scale that assess motivation retrospectively over the past

week.

Feeling Scale (FS): Affective valence (pleasure/displeasure), as

conceptualized from the Circumplex Model, was recorded with

the Feeling Scale (41). This is a single-item, 11-point bi-polar
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measure ranging from −5 (very bad) to +5 (very good); 0

represented neutral. The FS exhibits correlations ranging from

.52 to .88 with the valence scale of the Self-Assessment Manikin

(SAM) (42); and from .41 to .59 with the valence scale of the

Affect Grid (AG) (38). Affective valence is an effective measure

of pleasure/displeasure during exercise (43, 44).

Felt Arousal Scale (FAS): Activation/arousal was recorded with

the Felt Arousal Scale of the Telic State Measure (45). This is a

single-item self-report measure used extensively in exercise

research (44, 46, 47). This 6-point scale ranges from 1 (low

arousal) to 6 (high arousal). Correlations of the FAS with the

SAM arousal scale range from .45 to .70. Correlations with the

arousal scale of the AG range from .47 to .65.

Health behaviors over the last two + hours: Recent eating,

sleeping, and exercise behaviors were assessed with three similar

multiple-choice questions, with options indicating actions done

0–30 min ago, 30–60 min ago, 1–2 h ago, and 2 + hours ago.

Eating had the additional option of “I am eating right now” and

exercise had additional options of “I am exercising right now”

and “I haven’t exercised yet today”.

Health behavior intentions for the next two + hours: Future

eating, sleeping, and exercise intentions were assessed with 3

multiple choice questions, asking when participants next planned

to sleep, eat, and exercise. Options included “in 0–30 min”,

“in 30–60 min”, “in 1–2 hours” and “in 2 + hours”. For exercise,

there was an additional option of “I am not going to exercise for

the rest of the day”.

Body position: Body position was recorded with a multiple-

choice list of lying down, sitting, standing (while leaning on

something), standing (upright, not leaning), walking, exercising

(other than walking), and other (please specify).

Bathroom Urge: Additionally, participants recorded how much

of an urge they felt to use the restroom at the end of the survey on a

Likert scale of 1–5. The urge to urinate is highly related to desires

to move, which can confound data. It also was used as an indicator

of any problems with the other data.
Data analysis
To provide evidence bearing on the research questions outlined

above using longitudinal data, we utilized hierarchical linear

modeling (HLM, multilevel modeling) with observations

(Level 1) nested within participants (Level 2). This resulted in

1,031 observations nested within the 21 participants with

complete and valid data. We followed the recommendations of

Raudenbush and Bryk (48). Thus, we first computed an

intercepts only model to ensure that subsequent models provided

a better fit to the data. Concerning CRAVE move scores, the

intercepts only model showed that CRAVE scores significantly

differed [b = 17.71, p < .001, CI95% (15.68, 19.73)] in the absence

of any predictors. Between participant differences accounted for

12% of the observed variance in CRAVE move scores (ICC

= .12). Similarly, CRAVE rest scores significantly differed in the

intercepts only model [b = 21.43, p < .001, CI95% (18.01, 24.85)]

and showed more between subject variability (22%, ICC = .22)

than observed for CRAVE move scores.
Frontiers in Sports and Active Living 05
For each model containing a Level 1 predictor, we evaluated

both random intercepts and random coefficients models retaining

the model that provided the best fit to the data. To ensure

concise reporting all model information is presented in relevant

tables and text simply describes the nature of the observed

relationships. All analyses were computed in R (version 4.1.2

[2021-11-01] (49) using the LME4 package (50), which

incorporates Satterthwaite’s degrees of freedom method (51).

When using CRAVE scores to predict binary behavioral

intentions, we used the general linear model (glmer) and

specified the binomial family of distributions, which is

appropriate when conducting binary logistic multilevel models on

binary outcome data. Of note, odds ratio values less than one

indicate that an increase in the X variable results in a decrease in

the Y variable, and for odds ratios greater than one an increase

in X corresponds with an increase in Y. The odds ratios also

indicate the likelihood of an increase in Y given a one unit

increase in continuous X. For example, CRAVE move scores

significantly predict whether one intends to not stand (0) or

stand (1). We observed an odds ratio of 1.05. This indicates that

for every one unit increase in CRAVE move scores the likelihood

of intending to stand were 1.05 times higher compared to not

intending to stand.

Longitudinal data was also analyzed with Cosinor analysis to

determine if participants had a circadian waveform. This analysis

assumes either a normal or gamma distribution for outcomes.

Cosinor parameters include mesor, acrophase, amplitude, nadir,

and a test for rhythmicity. Such an analysis has been used for

diurnal variations in heart rate and sleep (52), salt sensitivity in

hypertension (53), peak expiratory flow in COPD (54), blood

cardiac troponin T concentration (55) and others. Each

participant’s data was analyzed separately per the method

developed by Doyle et al. (52). If either beta value was significant

(p < .05), it was considered a circadian curve. Data was visually

inspected with predicted curves for verification.
Results

Means, standard deviations, and correlations between outcome

variables for baseline and the final day are presented in Table 1.

Collapsed across all measurement periods, the mean (SD) for

Move-Now was 17.74 (SD = 12.97) and for Rest-NOW was 21.35

(SD = 16.25).
Do movement and rest wants/desires vary
across the day? How do they vary?

Hierarchical linear modelling
To determine the influence of time on CRAVE move and rest

scores we regressed the linear, cubic, and quadratic trends of time

on CRAVE scores while allowing intercepts to vary across

participants. When considering CRAVE move scores, we

observed significant linear [b = .024, p < .001, CI95% (.012,.035)]

and quadratic time trends (b =−0.0000000054, p < .001, CI95%
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TABLE 1 Correlation matrices demonstrating associations between CRAVE factors with pleasure/displeasure and arousal/activation, both as measured
“right now” (A) and “over the past week” (B).

(A) “Right
now” (RN)

CRAVE-
Move-RN
@baseline

CRAVE-Rest-
RN

@baseline

Pleasure/
displeasure-RN

@baseline

Arousal-RN
@baseline

CRAVE-
Move-RN
@last day

CRAVE-Rest-
RN @last

day

Pleasure/
displeasure-RN

@last day

Arousal-RN
@last day

CRAVE-Move-
RN @baseline

1 −0.68** 0.18 0.54* −0.01 −0.02 −0.16 −0.17

CRAVE-Rest-
RN @baseline

1 −0.38 −0.29 −0.10 0.54* −0.16 0.02

Pleasure/
displeasure-RN
@baseline

1 −0.13 0.14 −0.44* 0.51* 0.08

Arousal-RN
@baseline

1 0.25 0.05 −0.29 0.27

CRAVE-Move-
RN @last day

1 −0.55** 0.19 0.78**

CRAVE-Rest-
RN @last day

1 −0.58** −0.35

Pleasure/
displeasure-RN
@last day

1 0.32

Arousal-RN
@last day

1

Mean and
standard
deviation

21.48 ± 11.33 20.95 ± 15.33 2.14 ± 1.85 2.29 ± 1.01 21.19 ± 11.44 15.43 ± 13.11 2.24 ± 2.14 2.29 ± 1.35

(B) “Past
week” (PW)

CRAVE-
Move-PW
@baseline

CRAVE-Rest-
PW

@baseline

Pleasure/
displeasure-PW

@baseline

Arousal-PW
@baseline

CRAVE-
Move-PW
@last day

CRAVE-Rest-
PW @last

day

Pleasure/
displeasure-PW

@last day

Arousal-
PW @last

day
CRAVE-Move-
PW @baseline

1 −0.70** 0.53* 0.49* 0.55** −0.65** 0.31 0.63**

CRAVE-Rest-
PW @baseline

1 −0.49* −0.17 −0.35 0.87** −0.48* −0.42

Pleasure/
displeasure-
PW @baseline

1 0.01 0.26 −0.54* 0.45* 0.32

Arousal-PW
@baseline

1 0.48* −0.07 0.30 0.71**

CRAVE-Move-
PW @last day

1 −0.48* 0.33 0.52*

CRAVE-Rest-
PW @last day

1 −0.52* −0.33

Pleasure/
displeasure-
PW @last day

1 0.29

Arousal-PW
@last day

1

Mean and
standard
deviation

30.10 ± 8.68 17.14 ± 13.87 1.81 ± 1.91 3.33 ± 1.20 28.19 ± 9.39 16.00 ± 11.61 2.33 ± 1.77 2.71 ± 1.0

*p < .05.

**p < .01.
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[−0.0000000081, −0.0000000027]; the cubic time trend was non-

significant (p =.49). CRAVE move scores increased from 0000 h

until 1500 h and decreased from 1500 h to 0000 h (Figure 2A).

As shown in Figure 3, this pattern was consistent when both

collapsing across days and examining individual daily recordings.

Time also showed significant linear (b =−.030, p < .001, CI95%
[−0.044, −0.017] and quadratic trends [b = 0.0000000051, p = .002,

CI95% (0.000000018, 0.0000000083)] on CRAVE rest scores.

Examination of Figure 2B indicates that CRAVE rest scores

decreased from 0000 h until 1500 h at which time they increased

from 1500 h until 0000 h. This pattern also occurred both
Frontiers in Sports and Active Living 06
when collapsing across days and examining daily variation (see

Figure 4).
Cosinor analysis
Cosinor analysis found that 81% of participants had a circadian

curve for Move and 62% had one for Rest. See Figures 5A,B for

examples of these analyses for participant 17. Thus, both CRAVE

Move and Rest scores appear to vary across the day and exhibit a

quadratic pattern where scores increase or decrease early in the

day and then begin to reverse during mid afternoon.
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FIGURE 2

Linear and quadratic associations of time with motivation states to move (A) and rest (B). Note that on initial inspection, these figures seem to be perfect
mirrored images—which suggests that Move and Rest desire are measuring either end of a singular construct. However, looking closely at the colors
reveals that the rank order shifts across participants, and there is a smaller correlation between Move and Rest than at first glance.
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Is there an association with pleasure?

Move
At Days 1 and 8, Move-NOW correlations with pleasure

(assessed “now”) were small (Day 1: r = .18, Day 8: r = .19).
Frontiers in Sports and Active Living 07
The random coefficients model best fit the data when

using pleasure to predict CRAVE move scores (X2[2] = 62.29,

p < .001) with approximately 28% of the variance due to

participant clustering (ICC = .28). For each unit increase in

felt pleasure right now, CRAVE move scores increased 3.38 units
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FIGURE 3

Predicted changes in move motivation states over 8 days.

FIGURE 4

Predicted changes in rest motivation states over 8 days.
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[b = 3.38, p < .001, CI95% (2.40, 4.37)]. Importantly, this result was

similar even when controlling for linear and quadratic time trends

[b = 2.96, p < .001, CI95% (2.17, 3.76)].
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Rest
At Days 1 and 8, Rest-NOW correlations with pleasure were

small to moderate (Day 1: r =−.38, Day 8: r =−.58).
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FIGURE 5

Example cosinor analysis for participant 17 for move (A) and rest (B) over 200 h.
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Similarly, the random coefficients model presented the best

fit to the data when predicting CRAVE rest scores from felt

pleasure right now [X2(2) = 49.74, p < .001] with between

subject clustering accounting for approximately 27% of the

variance (ICC = .27). For each unit increase in felt pleasure

right now, CRAVE rest scores tended to decrease by 3.91 units

[b = −3.91, p < .001, CI95% (−5.02, −2.81)]. This finding also

held even when controlling for the linear and quadratic time

trends [b = −3.41, p < .001, CI95% (−4.31, −2.51)]. Therefore,

pleasure felt in the current moment explains unique variance

beyond that explained by the time trends in CRAVE move and

rest scores.

These finding suggest there is a relationship between pleasure,

and both CRAVE Move and Rest scores. Specifically, as felt

pleasure increases Move scores increase, and Rest scores decrease.
Is there an association with arousal?

Move
At Days 1 and 8, Move-NOW correlations with arousal/activation

(assessed “now”) were moderate (Day 1: r = .54, Day 8: r = .78).

The random coefficients model exhibited the best fit to the data

[X2(2) = 80.72, p < .001] with between-subject effects accounting

for 28% of the variance in CRAVE move scores (ICC = .28). In

this model each one unit increase in felt arousal right now

predicted a 6.39 unit increase in CRAVE move scores [b = 6.39,

p < .001, CI95% (5.03, 7.74)]; these results remained consistent

[b = 5.47, p < .001, CI95% (4.26, 6.67)] even when statistically

accounting for any potential influence of linear or quadratic time.
Rest
At Days 1 and 8, NOW correlations with arousal/active were

small (Day 1: r =−.35, Day 8: r =−.35).
When examining CRAVE rest scores, results suggest that the

random coefficients model best fit the data [X2(2) = 69.09,

p < .001]. Between-subject clustering accounted for 39% of the
Frontiers in Sports and Active Living 09
variance in CRAVE rest scores (ICC = .39). For each one unit

increase in felt arousal right now, CRAVE rest scores tended to

decrease by 6.49 units [b =−6.4, p < .001, CI95% (−8.14, −4.84)].
Importantly, these results held and were similar in magnitude

[b =−5.35, p < .001, CI95% (−6.83, −3.88)] even when statistically

controlling for both the linear and quadratic effects of time.

Together these results suggest that despite an observed time

variation in CRAVE move and rest scores, increased felt arousal

uniquely increases CRAVE move and decreases CRAVE rest scores.

Thus, arousal does associate with both CRAVE Move and Rest

scores in a similar pattern as observed for pleasure. As arousal

increased Move scores increased and Rest scores decreased.
Do pleasure and arousal interact on CRAVE
scores?

To explore whether pleasure and arousal present additive or

multiplicative effects on CRAVE scores we next examined more

complex models where pleasure, arousal, and their interaction

term predicted CRAVE scores. Concerning CRAVE move scores,

the random coefficients model provided the best fit to the data

[X2(5) = 112.58, p < .001]. The results suggested additive effects

such that both self-reported pleasure [b = 1.14, p = .011, CI95%
(0.26, 2.02)] and arousal [b = 5.46, p < .001, CI95% (3.97, 6.95)]

predicted increased CRAVE move scores. The pleasure and

arousal interaction failed to achieve significance in this model [b

= .13, p = .26, CI95% (−0.10, 0.36)].
When examining CRAVE rest scores, the random coefficients

model also represented the best fit to the data [X2(5) = 73.33,

p < .001]. In this model, increased pleasure [b =−2.14, p < .001,
CI95% (−3.21, −1.07)] and arousal [b =−5.90, p < .001, CI95%
(−7.69, −4.12)] predicted decreased CRAVE rest scores. The

interaction term also failed to achieve traditional significance

levels when examining the pleasure and arousal interaction in

this model [b = .17, p = .26, CI95% (−0.13, 0.47)]. These results

suggest that both perceived pleasure and arousal uniquely
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(additively) contribute variance when predicting CRAVE move and

rest scores.

Our results do not suggest a pleasure by arousal interaction on

CRAVE scores. Rather these results indicate that both pleasure and

arousal additively influence CRAVE.
Do previous behaviors impact wants/desires
for movement and rest?

To determine whether previous behaviors predicted CRAVE

move or rest scores we examined several outcomes of relevance.

For each of the analyses reported in the following, the predictor

variable was coded 0 (an absence of that behavior) or 1

(engaging in that behavior). In-text discussion is centered on

significant findings; however, full results for all predictor

variables are available in Table 2.

Participants who reported eating 1 to 2 h before the survey, not

exercising on the survey day, exercising while completing the

survey, sleeping 1 to 2 h before the survey, and sleeping over two

hours before the survey also reported higher CRAVE move

scores. Yet participants who ate over two hours before the

survey, exercised over two hours before the survey, and slept zero

to 30 min before the survey tended to report lower CRAVE move

scores. As shown in Table 2, all other variables failed to

contribute significant variance to predicting CRAVE scores.

Concerning CRAVE rest scores, eating during the survey, not

exercising on the day of the survey, exercising during the survey,

and sleeping over two hours before the survey each resulted in

lower CRAVE rest scores. Eating over two hours before the

survey and exercising over two hours before the survey resulted

in increased CRAVE rest scores. All other predictors failed to

explain unique variance in CRAVE rest scores. Overall, these

findings suggest some past behaviors do influence both Move

and Rest scores.
TABLE 2 Previous behaviors predicting CRAVE move and rest scores.

Predictor Variables CRAVE Move Scores

b CI95%
Currently Eating 2.63 −0.01, 5.27

Ate 0 to 30 Minutes Ago 0.88 −1.24, 2.99
Ate 30 to 60 Minutes Ago 2.02 −0.59, 4.63
Ate 1 to 2 Hours Ago 2.63 0.62, 4.65

Ate Over 2 Hours Ago −3.68 −6.31, −1.04

Did Not Exercise Today 4.80 1.23, 8.39

Exercising Now 16.94 11.70, 22.19

Exercised 0 to 30 Minutes Ago 0.71 −2.74, 4.17
Exercised 30 to 60 Minutes Ago 3.39 −0.05, 6.82

Exercised 1 to 2 Hours Ago −0.16 −3.30, 2.99
Exercised Over 2 Hours Ago −8.51 −11.01, −6.01

Slept 0 to 30 Minutes Ago −6.06 −9.74, −2.38

Slept 30 to 60 Minutes Ago −1.67 −6.62, 3.28
Slept 1 to 2 Hours Ago 4.60 1.02, 8.18

Slept Over 2 Hours Ago 2.77 0.98, 4.57

Note. Bold= significant at p < .05; underlined italics= p between .05 and .06.
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Do wants/desires for movement and rest
impact future behavioral intentions?
(multilevel logistic regression analyses)

As noted in the Data Analysis section, to determine whether

CRAVE move and rest scores influence behavioral intentions, we

entered both move and rest scores as predictors of the various

behavioral intentions in binary logistic multilevel models (0 =

absence of the behavior; 1 = presence of the behavior). We

observed that for each unit increase in CRAVE move scores the

likelihood of currently being in a standing position, currently

walking, engaging in other exercise, exercising now, exercising 0

to 30 min later, exercising 30 to 60 min later, and sleeping over

2 h later were higher. Alternatively, for each unit increase in

CRAVE move scores the likelihood of intending to sit during the

survey, sleep 0 to 30 min later, and sleep one to two hours later

was lower. We also observed that for each unit increase in

CRAVE rest scores, the likelihood of lying down during the

survey and to sleep zero to 30 min later were higher. Yet for

each unit decrease in CRAVE rest scores the likelihood of

intending to exercise one to two hours later, exercise over two

hours later, and sleep over two hours later were lower. Overall,

these results suggest that CRAVE scores likely can predict future

behavioral intentions. See Table 3.
Discussion

The current data provide novel insights into the dynamics of

motivation states for physical activity and rest—they vary

diurnally, are influenced by recent behaviors (e.g., exercise, eating

and sleep), and predict future intentions to be active.

Importantly, this is the first study to demonstrate that the

motivation to move and be sedentary in humans varies like a
CRAVE Rest Scores

p b CI95% p
.05 −4.00 −7.12, −0.89 .01

.42 −1.57 −4.06, 0.92 .22

.13 −1.53 −6.40, 1.55 .33

.01 −2.04 −4.42, 0.35 .09

.01 3.92 0.74, 7.10 .02

.01 −6.44 −10.31, −2.57 .001

<.001 −13.32 −19.58, −7.06 <.001

.69 −0.87 −4.95, 3.20 .67

.05 −2.88 −6.93, 1.18 .16

.92 1.09 −2.61, 4.80 .56

<.001 9.83 6.99, 12.66 <.001

.001 4.72 −0.13, 9.57 .056

.51 1.32 −4.84, 7.47 .68

.01 −3.59 −7.82, 0.65 .10

.002 −2.68 −4.80, −0.56 .01
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TABLE 3 CRAVE move and rest scores predicting body position, exercise and eating at the time of the surveys and future intentions to eat, exercise and
sleep 2 + hours into the future.

Dependent Variables CRAVE Move CRAVE Rest

Log-0dds Odds ratio Predicted % p Log-Odds Odds ratio Predicted % p
Lying Down −0.041 – – 0.07 0.072 1.07 0.52 <.001

Sitting −0.030 0.97 0.49 0.01 −0.017 – – 0.10

Leaning on Something 0.006 – – 0.81 −0.030 – – 0.16

Standing 0.052 1.05 0.51 0.005 −0.016 – – 0.31

Walking 0.118 1.13 0.53 <.001 0.004 – – 0.91

Other Exercise 0.131 1.14 0.53 0.036 −0.061 – – 0.49

Currently Eating 0.001 – – 0.97 −0.016 – – 0.27

Eating 0 to 30 Minutes Later −0.025 – – 0.22 −0.031 – – 0.07

Eating 30 to 60 Minutes Later 0.013 – – .40 0.015 – – 0.25

Eating 1 to 2 Hours Later 0.017 – – 0.19 −0.016 – – 0.16

Eating Over 2 Hours Later −0.012 – – 0.26 0.009 – – 0.31

Exercising Now 0.177 1.19 0.54 <.001 0.049 – – 0.21

Exercising 0 to 30 Minutes Later 0.098 1.10 0.53 <.001 0.004 – – 0.86

Exercising 30 to 60 Minutes Later 0.077 1.08 0.52 0.005 0.004 – – 0.86

Exercising 1 to 2 Hours Later 0.014 – – 0.45 −0.039 0.96 0.49 0.024

Exercising Over 2 Hours Later −0.010 – – 0.44 −0.033 0.97 0.49 0.004

Sleeping 0 to 30 Minutes Later −0.0279 0.76 0.43 <.001 0.08 1.08 0.52 0.005

Sleeping 30 to 60 Minutes Later −0.058 – – 0.28 0.074 – – 0.07

Sleeping 1 to 2 Hours Later −0.059 0.94 0.49 0.04 0.018 – – 0.39

Sleeping Over 2 Hours Later 0.150 1.16 0.54 <.001 −0.069 0.93 0.48 <.001

Note. Bold = significant at p < .05.
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biorhythm. Using both hierarchical linear modeling (HLM) and

Cosinor analysis, we found that desires/urges to move and rest

followed a circadian pattern, with a peak around 1500 h for

Move and a similar nadir for Rest. Also, for the first time, recent

eating and sleeping were found to be associated with current

motivation states to move and rest. Exercise was particularly

related with these desires. In logistic regression models,

motivation states to move and rest predicted current exercise and

body position (e.g., standing, walking), which is what one would

expect, thus providing additional validation of the CRAVE scale

(10). More importantly, motivation states predicted intentions to

exercise and sleep in the near term (i.e., 0–2 h). Of note, this is

the first study to make this conclusion in a healthy population.

Lastly, feeling states were associated with desire to move and rest,

with arousal/activation having nearly twice the influence as

pleasure/displeasure. These data compliment and augment what

we have found from 7 previous studies investigating motivation

states—specifically, people have transient desires to move and

rest that are influenced by previous behaviors (9–12, 14).

The major finding from this investigation was that motivation

states vary in a manner that is like a circadian curve. Cosinor

analysis found that 81% of individuals had a circadian curve for

Move and 62% for Rest. Why Rest was lower is difficult to

explain but may be due to the dysregulated sleeping patterns

commonly found today (56). Many biological variables are under

circadian control, including cortisol (with a peak 30 min after

awakening), blood pressure, sex hormones (e.g., testosterone

peaks in the afternoon), growth hormone (e.g., covarying with

REM sleep), body temperature, and other biomarkers (57–60).

Positive and negative affect (61), as well as sensations of energy,

fatigue, and pain, have also been found to vary in a circadian
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manner, for some individuals (59). Some researchers have

emphasized that changes in motivation are due to random

factors (20) or may be more functional, such as in deprivation

and satiation models (62), or toggle between states of exploration

(i.e., leisure) and exploitation (i.e., labor), as in the Elaborated

Process of self-regulation (22). Our data could be complementary

with these models, but they largely suggest that motivation states

are highly influenced by diurnal factors. See Stults-Kolehmainen

et al. (12) for greater discussion.

Recent (i.e., 0–2 h) exercise and sleeping behaviors were

associated with motivation states to move and rest in a very

complicated set of associations. As one might expect, during

exercise, desire to move was higher and desire to rest was lower,

both by more than one standard deviation. Two or more hours

after exercise, the opposite occurred (>½ standard deviation for

both). Between these times, there was no association. This pattern

may be due to differences in the transient feelings that follow

exercise. Some have an exercise afterglow with a bout of exercise,

while others are fatigued (63); numerous interpersonal and

exercise-related factors likely have an influence on motivation (64).

For sleep, it was clear that recent awakening was associated with

less desire to move and more to rest, which conforms to what is

known about sleep inertia (65). The reverse was true two hours

after awakening. These data are concordant with previous

investigations that periods of heightened movement and rest result

in changes in desire to move (10, 12). In these studies, however, we

found that maximal exercise had an immediate and large impact

on motivation states (i.e., Move decreases, Rest increases), and

periods of prolonged sitting resulted in small to moderate increases

in the desire to move. Further studies should elucidate how

different exercise modes and intensities may modulate these changes.
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Eating was associated with the desire to move and rest—also in

a complicated fashion. First, Move and Rest motivation states were

associated with current eating behavior– which is slightly counter-

intuitive as it seems like one would not want to be moving during

eating. There are various explanations for this observation. First, in

the modern era of multi-tasking, feeding times are frequently

utilized to watch media (66), complete various chores and

responsibilities, and prepare for upcoming important tasks (67).

Second, there may simply be greater energy availability from

ingesting nutrients, spurring motivation. Nevertheless, digestion

is a process that takes time, which is a counterargument. Third,

some data demonstrate that demonstrate that even a simple rinse

of carbohydrate in the mouth is sufficient to spur effort for

movement, perhaps by activating motivation centers of the brain

(68). Fourth, the simple movements of lifting the hand to the

mouth during eating might be construed as relevant by some

participants. Indeed, participants in former studies have indicated

this (12). Interestingly, having eaten 1–2 h ago was associated

with greater desire to move, but 2 + hours was associated with

less. Again, this might make sense from the standpoint of

digestion and blood glucose kinetics and autonomic responses

during digestion (69). There might be an optimal period of

energy availability, which would promote greater desire to move.

It also seems to align with advice with various sports nutrition

experts that meals should be timed appropriately before a

workout (70) depending upon the individual need of nutrients

and the exercise demands. Further research is warranted on this

issue given the complexity of these factors and their potential

interactions.

Current body position and future health behavior intentions

(for exercise and sleep) were predicted by motivation states to

move and rest. There was a clear pattern of influence of

motivation states to move on position of the body. Sitting was

associated with lower Move scores. Standing, walking, and

exercise were associated with higher Move (in that order). Lying

down, on the other hand, was associated with greater Rest.

Importantly, current exercise and future intentions for exercise

up to 1 h was predicted by Move, with exercising at the time of

the survey associated with the strongest desire to move, as one

might expect. Intentions for behavior greater than 1 h in advance

were not associated with Move and Rest, with the exception of

plans to sleep > 2 h, which were associated with greater Move

and less Rest desire. Log odds in the logistic regression indicate

that a one-point increase in motivation to move was associated

with a 1.10 times (53%) greater likelihood of intending to

exercise in the next 30 min and a 1.08 times (52%) greater

likelihood of intending to move in the next 30–60 min. Finally,

neither desires to move nor rest predicted future eating

intentions—a behavior most closely linked to the desire for

food (67).

The current study provides additional evidence of the validity

of the concept of ACMS for movement and rest, and for the

WANT model of motivated behavior for physical activity. These

postulates were supported: (A) that desires are separate, (B) they

are highly transient, (C) they change based on previous

behaviors, (D) they work loosely and asynchronously, and (E)
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they differ from emotions and psychosomatic sensations. Each

are explicated below.

A) As with previous studies (10–12), there were moderate

correlations (−.68, −.55) between desires to move and rest/

be sedentary.

B) There were significant linear and quadratic effects of time on

Move and Rest scores, indicating steady change across the day.

C) Eating, sleeping and exercise behaviors all influenced

subsequent CRAVE assessments.

D) The differential influences of motivation states for movement

and rest on health behaviors, particularly exercise and sleep,

provide some support for the tenet that ACMS work loosely

and asynchronously. While we found no evidence that they

were totally concordant (e.g., desires to move and rest

changing the same direction), there was evidence that body

position and exercise behavior had varying influences on the

desire to move or rest.

E) Motivation states were associated with both pleasure/

displeasure and arousal (activation). Furthermore, activation

had nearly twice the influence of feeling states. Our previous

studies have found that motivation states are also related to

perceived energy and fatigue (10). These data appear to

support the idea that motivation states have a strong affective

component, which may be felt as tension, and have been

called affectively-charged motivation states (ACMS) (30).

Perhaps it’s worth noting that while a substantial portion of

the variance was explained by affect and arousal, there was

substantial variance in CRAVE move and rest scores at

Level 2, the person level of analysis. This variance likely

reflects the influence of individual differences (e.g.,

personality, trait move/rest preferences) that may modify the

reported relationships—an avenue for future research (71, 72).

Motivation states likely derive from a variety of inputs, including:

(1) a basic drive to move (23, 73), (2) necessity of movement to

accomplish tasks (simple instrumental value), (3) reflection (26,

74), and (4) reward (75). These relationships may further differ

based on individual traits.
Study limitations

Despite the novelty and importance of these data, there were

some limitations. First, we did not screen for movement or sleep

problems or diminished or excessive urges for movement and

sleep, the so-called movement urge dysfunction disorders

(MUDD) (14, 15). Furthermore, we did not assess movement

and sedentarism with objective measures of exercise, physical

activity, sleep, et cetera, nor did we assess for exogenous sources

that may influence motivation states, like caffeine (76, 77),

medication use (78), or environmental factors known to strongly

affect motivation, like music (31). Unfortunately, little is known

about participants’ background (e.g., employment status, income,

occupation, normal work hours, and overall health status), all of

which may be relevant. For instance, nurses working third shift

have altered physical activity patterns (79), have a larger body
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mass index, and frequently suffer from fatigue and declining health

(80).

Additionally, the sample size at level two of our statistical

models was n = 21. The current literature has yet to delineate

clear guidelines regarding the optimal number of clusters

required for a multilevel model to be considered adequately

powered; suggestions range from as little as 10 clusters to as

many as 50 or more clusters depending on model complexity,

design, the number of observations within each cluster, and other

considerations (81, 82). We had 1,031 observations at level one,

and we did not test any level two predictors in our models.

Given that person-level (level two) variance explained

approximately 12% of differences in CRAVE-Move and 22% of

differences in CRAVE-Rest scores in the absence of predictors,

our models simply controlled for those person-level differences

(allowed individual slopes to vary) to focus on the relationships

among the level one predictor variables and CRAVE-Move and

Rest scores. Future research could build on this work by

examining person-level factors (i.e., individual differences, such

as personality, need for stimulation, et cetera) that influence

baseline CRAVE-Move and Rest score differences.

Still the current approach is valid given that modeling level two

variance (accounting for unmeasured individual differences) is

particularly important, especially when the numbers of clusters is

small (83). Our models also used restricted maximum likelihood

(REML) for estimation– a method shown to perform well even

with 10 or fewer clusters (83–85). Thus, our statistical approach is

consistent with recent suggestions in the literature for analyzing

multilevel data with small level two sample sizes. Similar work

examining the influence of variables nested within individuals

across time appears in the literature and reports similar level two

sample sizes as collected in this work (e.g., (83, 86, 87). Still, as

with any research, future work collecting larger samples is

necessary to further confirm these results and extend

generalizability to larger and more diverse populations. We

utilized two sophisticated analytic techniques, but each comes with

their own limits, and there does not appear to be a perfect

technique for the analysis of circadian data. For instance, the

cosinor approach may be too restrictive for some individuals, as it

assumes that the circadian pattern is always a cosine shape (19).
Future research

Future research possibilities have been extensively discussed in

our recent manuscripts (9, 10, 12, 14), but regarding these data,

several studies are suggested as follow ups.

1. Examine whether motivation states predict actual physical

activity and rest/sedentary behaviors with both experimental

procedures in the laboratory and in natural settings.

2. Understand why specific behaviors (e.g., eating, sleeping) seem

to hold influence relative to others on motivation states.

3. Determine the frequency of mismatch between desires to move

and the ability to move, given modern environments that

constrain movement.
Frontiers in Sports and Active Living 13
4. Compare the influence of avoidance motivation (e.g., aversions/

diswants) on activity and rest, as depicted by the WANT model,

in relation to approach motivation.

5. Examine motivation and affective states during task (i.e., during

exercise), which is now possible because single-item versions of

the CRAVE subscales were recently developed in both English

and Portuguese (11).

6. Understand how motivation states fluctuate during recovery

from exercise, because the experience of affect during this

period predicts future exercise behavior (88).

7. Calculate variations over other time frames, such as weekly,

seasonally or annually (89).

8. Conduct experiments to determine the relationship of

CRAVE (motivation to move and rest) with biomarkers that

also vary in a circadian pattern, such as sex hormones and

cortisol.

9. Understand whether various kinds of disease and disorders are

associated with disrupted circadian rhythmicity of motivation

states, such as Alzheimer’s (90).

10. Differentiate motivation states for various chronotypes,

including larks (morningness chronotype) vs. night owls

(evening chronotype), or alternatively, roadrunners (active in

the afternoon), penguins (low overall activity),

hummingbirds (high overall activity) and other proposed

chronotypes (19, 61).

11. Conduct just-in-time adaptive interventions (JITAI) (91) to

maximize opportunities when people experience “CRAVE

moments” (moments when the desire to move is high), and

perhaps intervene to promote desires when they are low.

12. Given the initial nature of this work, we did not conduct

cross-lagged analyses of the data; however, future work

should consider how CRAVE scores on one day influence

important outcomes on following days.

Application

These data likely have real world application for the

promotion of physical activity, exercise training and even

workplace productivity. For those wishing to maximize the

effectiveness of exercise, it may make sense to align training

sessions with a time frame when motivation for movement is

naturally high instead of attempting to generate motivation at

times when it is lacking. For an average person, peak

motivation to move is around 15:00 h, so it may make sense to

exercise on the incline before the peak (∼14:00–15:00 h) so

peak motivation coincides with the end of exercise. Working

out >2 h after awakening may be sufficient, at least not close to

bedtime. It also appears that motivation is higher in a window

of 1–2 h after eating.

Desire to move is associated with higher levels of pleasure/

lower levels of displeasure. More pertinently, higher levels of

arousal/activation are associated with the desire to move to an

even greater degree. This suggests that one strategy to improve

motivation to move is by promoting incidental affect, hedonic
frontiersin.org

https://doi.org/10.3389/fspor.2023.1094288
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Budnick et al. 10.3389/fspor.2023.1094288
tone and, perhaps, by energizing action. Psychological stress and

poor mood are well-established barriers for physically active

behaviors (12, 92–95). When faced with these situations, it would

be helpful to connect individuals who are suffering with

resources to help them cope, or to lower barriers elsewhere for

initiating physical activity. It seems likely that many individuals

are most motivated to move during the workday, and in the

evening time motivation to move is diminishing—the time when

most people attempt to go to the gym (96). Given this, it may

make sense to promote movement in the workplace. Such a

strategy may also improve workplace productivity (97). An

intervention may be as simple as encouraging workers to stand

up and move, which we demonstrated was associated with

greater desires to be physically active (but not lesser desire to

rest). While this is not a causal relationship, one might imagine

that the simple act of standing up might promote desires to

move, which can be taken advantage of later down the line.

Qualitative data supports the ideas of inertia and momentum as

strong forces impacting the desire to move (12). Finally, it is

important to consider aspects of the exercise regimen, such as

modality and intensity, which positively influence motivation for

exercise by eliciting a positive affective response (98).
Conclusion

This is the first study to investigate the natural variation of

motivation for movement and sedentary behaviors across the

day, finding that desires to move and rest resembled a

biorhythm. Individuals wanted to move the most around 3:00 in

the afternoon, approximately the same time their desire to rest

was at its lowest. As with our former investigations, recent

behavior (over the last 2 + hours) appeared to alter motivation

states. Specifically, in the case of recent exercise, we observed that

motivation states to move decreased (and to rest increased) two

hours after exercise, but there was no change immediately

afterwards. Current body position and current exercise behavior

was strongly predicted by desires to move and rest indicating

that when people are actually moving or in a state of readiness

to move, they want to move. To our knowledge, this is also the

first study to investigate the role of motivation states on future

exercise behavior. Importantly, motivation states to move and

rest predicted intentions for exercise and sleep in the near term

(0–60 min). While recent eating behaviors predicted desires to

move and rest, motivation states did not predict future eating

intentions. Finally, motivation states were associated with feeling

states, particularly arousal/activation. Overall, these data provided

support that motivation states may be affectively-charged, short-

lived, impacted by recent behavior, and associated with

intentions to behave, as predicted by the WANT model (9).
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