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Abstract
People may be more or less vulnerable to changes in self-control across the day, depending on whether they believe
willpower is more or less limited. Limited willpower beliefs might be associated with steeper decreases in self-control
across the day, which may result in less goal-consistent behaviour by the evening. Community members with health goals
(Sample 1; N ¼ 160; 1814 observations) and students (Sample 2; N ¼ 162; 10,581 observations) completed five surveys
per day for one to three weeks, reporting on their recent physical activity, snacking, subjective state, and health
intentions. In both samples, more limited willpower beliefs were associated with less low- and moderate-intensity
physical activity, particularly later in the day. Limited willpower beliefs were also associated with more snacking in
the evenings (Sample 1) or overall (Sample 2). These behavioural patterns were mediated by differential changes in selfefficacy and intentions across the course of the day (in Sample 1), and the above patterns of low- and moderate-physical
intensity held after controlling for related individual differences, including trait self-control and chronotype (in Sample 2).
Overall, more limited willpower theories were associated with decreasing goal-consistent behaviour as the day progressed, alongside decreasing self-efficacy and weakening health-goal intentions.
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Pursuing a goal to make healthier choices often
requires self-control, but self-control sometimes feels
out of reach. Experiencing stress and demands
throughout the day can make some people feel
worn out by the evening – and that is when eating
chocolate and lying on the couch might seem especially appealing. Research on trait variation in selfcontrol has shown that low self-control is related to
more unhealthy eating, less physical activity, and less
successful weight loss (Adriaanse et al., 2014;
Crescioni et al., 2011; Willis et al., 2007). But selfcontrol does not only vary between people as a
stable trait; it is also affected by contextual variables,
resulting in substantial variation within each person.
In particular, the willingness or ability to exert selfcontrol might decrease across the course of the day,
potentially resulting in less health-focused choices as
the day progresses. Some people may be particularly
susceptible to this seeming decrease in self-control.
After people are exposed to temptations or use
self-control, their apparent abilities to use subsequent
self-control weakens, and tempting alternatives
appear increasingly desirable (Baumeister et al.,

2007; Baumeister & Heatherton, 1996; Blain et al.,
2016; Inzlicht et al., 2014). Experience sampling studies on everyday desires suggest that people’s abilities
to resist a goal-conflicting desire (e.g., unhealthy
food) change across the course of a day depending
on either how much self-control they previously
exerted or how many temptations they encountered
(Hofmann et al., 2012; Milyavskaya & Inzlicht, 2017;
Wilkowski et al., 2018). Temporary decreases in selfcontrol – whether due to experimental fatigue inductions (Sellahewa & Mullan, 2015) or due to fatigue
naturally accumulating across the day (Boland et al.,
2013) – are associated with making less healthy food
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choices. Furthermore, after experimental self-control
manipulations, some people sit longer in chairs
(Job, Bernecker, et al., 2015, Study 5) and persevere
less on their exercise routines (Dorris et al., 2012).
Accumulating fatigue may be one factor leading to
less healthy choices later in the day.
Across the course of the day, self-control failures
may increase not only due to accumulating fatigue,
but also due to an increasing necessity to use selfcontrol to make healthy decisions (Millar, 2017).
For example, evening meal choices are driven less
by habit than are morning meal choices (Khare &
Inman, 2006), suggesting that self-control may be
more important to make healthy choices as the day
progresses. Morning exercise is also more likely than
evening exercise to be done habitually (Suresh, 2015).
Furthermore, the relationship between stress and
hunger is particularly strong later in the day (Huh
et al., 2015), suggesting that people may require
more self-control in the evenings to overcome
emotion-driven hunger cues and resist overeating.
Unhealthy eating behaviours later in the day are of
particular interest because evening behaviours may be
more strongly associated with eating and health outcomes. Eating more later in the day has been associated with more food consumption overall (de Castro,
2004, 2009) and snacking late at night is associated
with higher rates of obesity, binge eating, psychological distress (Colles et al., 2007) and coronary heart
disease (Cahill et al., 2013).
Overall, self-control capacity may matter less in
the morning, when health behaviours are more
habit-driven and less likely to negatively impact overall health. Instead, self-control seems particularly
important later in the day. Unfortunately, if mental
fatigue also accumulates across the day, some people
may be particularly vulnerable to evening self-control
failures.

Willpower theories
While many people generally become more fatigued
across the course of the day – with potentially negative health consequences – people do not all experience mental fatigue equally. Lay theories of willpower
are one important factor in determining whether
someone is easily fatigued or is more resistant to
fatigue (Job et al., 2010; Salmon et al., 2014).
People who think of willpower as more limited believe
that using willpower is fatiguing, and that they need
rest after strenuous work. Those who believe that
willpower is less limited (more nonlimited), on the
other hand, do not think that mental work is fatiguing. Those on the far end of the continuum, who hold
a very nonlimited theory of willpower, believe that
using willpower is energizing: the more work they
do, the more they are prepared for further work
(Savani & Job, 2017).
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Willpower theories are associated with a variety of
real-world consequences (Francis & Job, 2018). When
under high demands, more limited willpower theorists
engage in more procrastination, eat less healthily, and
spend money more impulsively (Job, Walton, et al.,
2015). Particularly after demanding days, a more limited willpower theory is also associated with
decreased goal-striving (Bernecker & Job, 2015b),
which ultimately predicts lower subjective well-being
(Bernecker et al., 2017) and higher body mass indices
(BMIs; Bernecker & Job, 2015a). Generally, more
nonlimited willpower theories are associated with
more goal-consistent behaviours, specifically in
demanding and fatiguing situations.
While fatigue typically accumulates as the day progresses, we do not yet know whether willpower theory
moderates how fatigue and goal-related behaviours
change across the course of the day. People with
more limited willpower theories, who experience
decreased self-control after demanding situations,
may be uniquely vulnerable to the accumulation of
mental fatigue throughout the day. As a consequence,
those with more limited willpower theories may be
more likely to move around less and to snack more
as the day progresses and their self-control wanes,
particularly if being physically active or refraining
from snacking involves self-control. Those who
believe willpower is less limited (more nonlimited)
tend to experience less mental fatigue, and thus may
make more health-conscious choices later in the day,
even when these healthy choices require self-control.

Possible mechanisms
Several mechanisms could account for a moderating
effect of willpower beliefs on goal-related behaviours
throughout the day. First, limited willpower theorists
might fail to adhere to their goals due to reduced selfcontrol strength (Baumeister et al., 2018). If limited
willpower theorists have especially weakened selfcontrol later in the day, they may be unable to maintain their goals despite setting good intentions. This
might be reflected in a weaker relationship between
intentions and subsequent behaviour for limited willpower theorists, compared to nonlimited theorists,
especially later in the day.
Alternatively, willpower theories might affect how
people view themselves and their ability to succeed at
their goals. Self-efficacy – one’s belief in their ability
to succeed – is an important predictor of health
behavioural change (AbuSabha & Achterberg, 1997;
Nezami et al., 2016). Those with a more limited willpower theory might be aware that they tend to fail at
their goals later in the day, and might thus report
feeling less self-efficacious. Previous research has
documented reduced momentary self-efficacy among
limited theorists after exerting self-control, which
explained their reduced self-control performance
(Chow et al., 2015). Although behavioural effects of
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willpower theories are not mediated by differences in
overall trait self-efficacy (e.g., Bernecker & Job,
2015b), limited theorists may have lower momentary
self-efficacy during times of high demand, which may
contribute to setting less ambitious health intentions
for themselves. Failing to set intentions could
then affect their subsequent health behaviours
(McDermott et al., 2016; Papies, 2016). We will test
whether self-efficacy and health intentions vary across
the course of the day differently depending on one’s
willpower theory, and, if so, test whether these variables might mediate differences in health behaviour
patterns.
Finally, subjective feelings of fatigue or negative
affect might mediate patterns of goal-inconsistent
behaviour. More limited willpower theories tend to
be associated with higher reported fatigue and positive affect (Bernecker et al., 2017). Subjective affect,
in turn, can affect snack consumption; restrained
eaters eat more when experiencing negative affect,
and most populations eat more when experiencing
positive affect (Evers et al., 2018). Subjective affect
or fatigue could be separate mechanisms for changes
in behaviour across the course of the day.
Alternatively, these changes in subjective state might
co-occur with reduced self-control capacity or
reduced self-efficacy.

The current studies
Using experience sampling, two samples of participants recorded their physical activity, snacking, and
fruit and vegetable intake across the course of the
day, as well as their subjective emotions and their
health-related intentions. We focused on how changes
in behaviours across time-of-day are moderated by
theory of willpower. This is the first study, to our
knowledge, to examine whether willpower theories
might predict time-of-day effects on self-regulatory
behaviours; time-of-day effects are receiving increasing attention from both self-control and health
researchers (reviews in Curtis et al.,2014; Millar,
2017).
We predicted that stronger belief in a limited willpower theory would predict steeper declines in selfcontrol over the course of the day. Specifically, we
assumed that more limited theorists, relative to less
limited theorists, would report increases in healthgoal incongruent behaviours (snacking) across the
day, and relative decreases in health-goal congruent
behaviours (physical activity, fruit and vegetable
intake) across the day. Health intentions, selfefficacy, and subjective state were examined as potential mediators of changes in health behaviours.
These hypotheses were tested in two samples.
Sample 1 consisted of community members who
were recruited due to being unsatisfied with their current nutrition or physical activity. Our replication
sample (Sample 2) consisted of undergraduate
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students who were recruited for a study on academic
goals and achievements. Analyses done on the first
sample should be considered exploratory, while the
identical analyses conducted on the replication
sample should be considered confirmatory. Neither
study was preregistered. We present results from
both samples simultaneously, so that the findings in
Sample 1 are placed in the context of the replication
findings from Sample 2.

Methods
Participants
Sample 1. One hundred and sixty German-speaking
participants completed the Willpower Theory questionnaire (during the initial survey or, if not, at the
mid-experiment survey (N ¼ 11)) and at least one
experience-sampling survey. Two additional participants were excluded because their responses were
more than 6 h different than other participants’
(meaning they might have either been in other time
zones or using proxies). Participants’ were predominantly female (81%), and were between 18 and 65
years old (M ¼ 27.86, SD ¼ 9.74).
Across participants, 1814 experience-sampling surveys were completed, distributed across five survey
time-points per day (Table 1). Participants each completed between 1 and 48 experience-sampling surveys,
with a mean of 11.34 (SD ¼ 11.11) and a median of
seven surveys completed per participant. See
Supplemental Materials for recruitment procedure
(S1.1) and analysis of potential correlates of completion rates – survey completion was not significantly
related to BMI, willpower theory, or any other individual difference (S1.2). The overall completion rate
was quite low – in the first week of sampling, the
average completion rate was 26%. Only 47 participants returned for a second week, and completed
20% of their second week surveys. While survey completion was not related to individual differences, and
research suggests that completed surveys do not
noticeably differ from missed surveys (Sun et al.,
2020), we address this limitation by replicating analyses in a second sample with a higher survey completion rate.
Replication Sample 2. Undergraduate students
(N ¼ 162), with a mean age of 22.0 (SD ¼ 3.99) participated in this study for course credit or monetary
reimbursement of up to 170 Swiss Francs, depending
on the number of surveys completed. This dataset was
also used for Study 2 of Sieber et al. (2019). Like
Sample 1, this sample was predominantly female
(127 women, 27 men, 8 unspecified). Unlike the community member participants in Sample 1, student participants in Sample 2 were not recruited based on
having health improvement goals, and the sample
was significantly younger (d ¼ 0.79, p < .001) with
lower BMIs (d ¼ 0.80, p < .001).

Note. Behaviours are reported for the previous 2 to 3 h. Intentions are reported for the upcoming 2 to 3 h, except for during Time 1, where intentions refer to the entire upcoming day.

–
–
4.09 (3.25)
5.52 (3.05)

4.4 (3.09)

2.84 (2.84)

1.63 (1.78)

3.90 (3.36)

–

–

–
–
5.85 (3.29)
5.93 (3.09)

5.94 (3.30)

5.61 (3.41)

6.51 (3.82)

4.77 (3.08)

–

–

3.34 (14.73)
1.89 (10.44)
2.68 (10.48)
1.95 (10.11)

2.35 (9.64)

4.04 (14.57)

6.39 (18.98)

1.80 (9.16)

2.21 (10.98)

3.60 (15.55)

3.65 (17.93)
2.85 (11.45)
2.58 (13.45)
2.16 (10.92)
10.68 (21.86)
5.20 (11.90)

7.86 (23.23)

11.28 (21.88)

12.82 (43.55)

2.75 (12.01)

2166
0.55 (1.00)
7.51 (14.90)
355
0.75 (1.03)
14.98 (26.70)
418
0.45 (0.84)
10.72 (18.88)

355
0.62 (1.11)
13.59 (24.78)

346
1.19 (1.52)
19.31 (43.44)

340
2.62 (1.69)
19.46 (61.00)

2205
0.43 (0.87)
8.10 (12.80)

2135
0.45 (0.87)
7.71 (15.92)

2044
0.59 (1.02)
8.72 (18.86)

2031
0.58 (1.18)
8.12 (18.00)

401

No. of observations
Snacks consumed
Low-intensity phys.
act. (min)
Moderate-intensity
phys. act. (min)
High-intensity
phys. act. (min)
Intention to avoid
snacking (1–10)
Intention to be
phys. act. (10–10)

Time 1 M (SD) Time 2 M (SD) Time 3 M (SD) Time 4 M (SD) Time 5 M (SD) Time 1 M (SD) Time 2 (SD) Time 3 M (SD) Time 4 M (SD) Time 5 M (SD)

Sample 1

Table 1. Descriptive statistics for each reported behaviour and intention.

Sample 2
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Completion rates of Sample 2 were much higher
than Sample 1. Out of a possible 105 experiencesampling surveys per person (five times per day, for
three week-long periods), participants completed a
median of 75.5 surveys (M ¼ 65.31, SD ¼ 25.40),
ranging from 1 to 97 (72% completion rate).
Overall, 10,581 experience-sampling surveys were
completed. Due to the substantially higher number
of observations per person, Sample 2 had higher statistical power to provide confirmatory tests of the
within-subject effects found in Sample 1. Like in
Sample 1, survey completion was not related to any
analysed trait variable or to BMI (see Supplemental
Materials S1.2).
For both samples, all data collection was completed prior to any analyses being conducted. Sample
sizes were originally selected based on betweensubject hypotheses (e.g., N ¼ 160 has 80% power to
detect r ¼ .20).

Procedure
Participants provided informed consent and completed a set of initial questionnaires, including the willpower theories questionnaire and demographics
questions. Starting on the following Sunday, participants in Sample 1 were sent short surveys (4 to 5 min
long) via their smartphones five times a day, for seven
consecutive days. Each of the five daily surveys were
sent randomly to participants within five time blocks
throughout the day – between 8:30 a.m. and 11 a.m.,
11 a.m. and 1:30 p.m., 1:30 p.m. and 4 p.m., 4 p.m.
and 6:30 p.m., and 6:30 p.m. and 9:00 p.m. – with a
minimum of 30 min between surveys. Participants
had to respond within 45 min. These experiencesampling surveys asked about current feelings, intentions and behaviours from the previous 2 to 3 h,
among other items (see Supplemental Materials
S1.3). Participants in Sample 1 were invited back to
complete another seven days of identical experiencesampling surveys eight weeks later.1 Participants in
Sample 2 completed one week of experiencesampling surveys at the beginning of the term, one
week in the middle of term, and one week at the
end of term.

Measures
Willpower Theory. Willpower theories were measured
with a 16-item version of the extended Implicit
Theories of Willpower scale (Bernecker & Job,
2015a; Job et al., 2010), and treated as a continuous
variable for all analyses. The extended scale measures
the belief that engaging in four different types of
activities – mental effort, physical effort, resisting
temptations and overcoming tasks – results in exhaustion and a need for a break. Each item is measured on
a six-point scale, from strongly agree to strongly disagree, and half of the items are reverse-scored
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(Sample 1 M ¼ 3.61, SD ¼ 0.62, a ¼ .83, 95% CI [0.80,
0.87]; Sample 2 M ¼ 3.00, SD ¼ 0.58, a ¼ .80, 95% CI
[0.75, 0.85]). Items include, “After an activity I had to
overcome (e.g. tidying up or exercising), my willpower is exhausted and I have to rest to replenish it” and
“After a physically strenuous activity, I feel full of
energy and can go on with something very
demanding” (reverse-scored).
BMI. Participants reported their height (in meters)
and weight (in kg) in the initial set of questionnaires,
which we then used to calculate their BMI (kg/m2).
Chronotype, self-control, and depression (Sample
2). At baseline, participants in Sample 2 also completed the following related individual difference
measures: (i) the German translation of the 5-item
Reduced Morningness-Eveningness scale (Adan &
Almirall, 1991), scored such that higher values indicate more “morningness”, to determine chronotype
(a ¼ .66, 95% CI [0.65, 0.67]); (ii) the German brief
trait self-control scale (a ¼ .83, 95% CI [0.83, 0.84];
Bertrams & Dickh€auser, 2009; Tangney et al., 2004);
and (iii) the 20-item German Center for the
Epidemiologic Studies Depression scale to measure
depression (a ¼ .90, 95% CI [0.90, 0.91]; Hautzinger
& Bailer, 1993; Radloff, 1977). These measures were
analysed to ensure that any relationships between
willpower theories and health behaviours across the
day could not be better explained by related individual differences.
Momentary intentions. In the first survey of the
day, participants (in both samples) were asked
about the strength of their intentions to be physically
active, to do without snacks, and to look after their
fruit and vegetable intake that day. Each intention
was measured by one item (1 ¼ I do not have that
intention, 10 ¼ I have that intention very strongly).
Participants in Sample 1 were also asked about their
intentions at each of the other four surveys across the
day, where the question specifically asked about their
intentions for the upcoming 2 to 3 h, instead of about
their intentions for the upcoming day.
Momentary fatigue, affect, and self-efficacy. For
participants in both samples, subjective state was
measured using seven-point response scales (1 ¼ not
at all, 7 ¼ extremely), across 11 different emotional
adjectives. Three adjectives – worn-out, energized,
and relaxed – were aggregated as a measure of fatigue
(first survey Sample 1 a ¼ .87; first survey Sample 2
a ¼ .89). Five adjectives – content, depressed (reversescored), happy, sad (reverse-scored), and pleased –
were aggregated as a measure of subjective affect
(first survey Sample 1 a ¼ 0.85; first survey Sample 2
a ¼ .85). The other items, corresponding to goalrelated emotions (frustrated, ashamed, and guilty),
were not analysed.
In Sample 1 only, we also measured general selfefficacy by asking participants how much they felt
capable and able to do all of their tasks in the upcoming 2 to 3 h.
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Recent physical activity, snacking, and fruit and vegetable intake. In both samples, participants reported
on their actual health behaviours since waking up (for
the first survey of the day) or since the last survey
prompt (2–3 h prior). For physical activity, participants indicated how many minutes they had spent on
low-intensity physical activity (e.g., comfortable
walking, stretching), moderate-intensity physical
activity (e.g., fast walking), and high-intensity physical activity (e.g., jogging; Godin & Shephard, 1985;
adapted for experience-sampling by Mata et al.,
2012). For snacking behaviour, participants separately reported the number of salty, sweet, greasy, and
other snacks that they had consumed, where a
snack was defined as any food eaten outside of a
meal. For analysis, we summed these four categories
of snacks (excluding snacks of fruits and vegetables,
which were analysed separately). For fruits and vegetable consumption, participants indicated how many
servings of fruits or vegetables they had eaten, where
one serving was defined as the size of their fist.

Analysis
For each analysis, we examined how willpower
theory, time-of-day, and the interaction between willpower theories and time-of-day predicted the outcomes of health behaviour intentions and health
behaviours. Time-of-day was treated as a linear variable, based on the submission time of the survey
response, analysed in units of hours. See
Supplemental Materials (S2) for discussion of nonlinear time-of-day effects.
Analyses were conducted using multi-level models,
with observations nested within days within participants (random intercepts).2 For models that still
could not converge due to insufficient degrees of freedom, participant was the only random variable
(Jaeger, 2009; cf. Eager & Roy, 2017). Individual difference measures, including willpower theories and
age, were grand-mean centred. Level-1 predictor variables, like state self-efficacy and intentions, were
person-centred. Interactions were further analysed
using simple slopes (West et al., 1996). Time-of-day
was grand-mean centred (around 2 p.m.), so that the
time-of-day variable retained its meaning consistently
across participants. Results remained virtually identical when using a person-centred time variable.
Behaviour intentions, self-efficacy, and affect were
analysed using the lmer package in R (Bates et al.,
2015). Effect sizes are reported using the square
root of semi-partial R2 (Edwards et al., 2008).
Reported physical activity, snacks, and fruits and vegetable intake were non-normally distributed count
data, and intentions to be physically active were
also highly positively skewed, so analyses with these
outcome variables used the glmer function with a
Poisson distribution. Due to associations between
age and both BMI and physical activity (Colley
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et al., 2011), we controlled for age in all behavioural
analyses.
Analysis of the first sample was exploratory. After
finishing all analyses of the first dataset, we conducted
an identical set of analyses on the replication sample,
substantially reducing our analyses’ degrees of freedom and better controlling our error rate (Gelman &
Loken, 2013). We further conducted planned analyses
of Sample 2 to confirm that moderation by willpower
theory could not be better explained by moderations
by other related individual differences: trait selfcontrol, depression, or chronotype. When exploratory
analyses were conducted within the replication
sample, we have clearly identified them as such.
Study materials, data for the current analyses, and
R analysis scripts are available at: https://osf.io/
vyxw7/.

Results
Descriptives
Sample 1. In an average time period of 2 to 3 h, participants generally reported 15.40 min of low-intensity
activity (SD ¼ 37.54; median ¼ 5) and 9.39 min of
moderate-intensity activity (SD ¼ 26.18; 65% of surveys reported zero). Participants rarely engaged in
high-intensity physical activity and reported 0 min
on 90% of surveys. Per time period, community participants reported an average of 1.09 snacks
(SD ¼ 1.48). The data were right-skewed, such that
48% of reports indicated no snacks had been consumed in the specified time before the survey (see
Table 1 for means by time-point). See Table 1 for
descriptions at each survey.
Replication Sample 2. In the student sample, participants generally reported 8.03 min of low-intensity
activity (SD ¼ 16.19; 55% of surveys reported zero)
and 2.79 min of moderate-intensity activity
(SD ¼ 13.37; 88% of surveys reported zero).
Participants reported 0 min of high-intensity activity
93% of the time (leaving 754 non-zero instances).
Student participants reported snacking less than community participants, with an average of 0.51 snacks
(SD ¼ 1.00), including 67% of reports indicating no
snack had been consumed since the previous survey.

BMI
Sample 1. The community sample had an average
BMI of 24.61 (SD ¼ 4.93), with 35% of participants
being either overweight (n ¼ 38) or obese (n ¼ 14;
unknown BMI n ¼ 12). A more limited willpower
theory was associated with higher BMI (B ¼ 1.27,
SE ¼ 0.59, t(145) ¼ 2.16, p ¼ .032, r ¼ .18) after controlling for age (Bage ¼ 0.21, SE ¼ 0.04, F(1, 145) ¼
31.81, p < .001, r ¼ .42).
Replication Sample 2. Average BMI was considerably lower in Sample 2 (M ¼ 21.41, SD ¼ 2.80), with
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only 8.3% of participants being overweight (n ¼ 8) or
obese (n ¼ 3). Despite these differences, a more limited willpower theory was again correlated with higher
BMI (r ¼ .18, 95% CI [0.013, 0.340], p ¼ .035). This
relationship held when controlling for age, trait selfcontrol, chronotype, and trait depression (with covariates, Bwillpower ¼ 0.97, SE ¼ 0.43, t(125) ¼ 2.26,
p ¼ .026, r ¼ .20), none of which were significantly
related to BMI themselves (Table 2) except for age
(B ¼ 0.14, SE ¼ 0.07, t(125) ¼ 2.11, p ¼ .037, r ¼ .19).

Physical activity across the day
Sample 1. Using three-level hierarchical models and
specifying a Poisson distribution, we examined how
patterns of physical activity changed across the course
of the day depending on one’s willpower theory, controlling for age. Low- and moderate-intensity physical
activity both increased across the course of the day as
main effects (low B ¼ 0.035, SE ¼ 0.002, z ¼ 14.31,
p < .001; moderate B ¼ 0.058, SE ¼ 0.003, z ¼ 19.85,
p < .001). However, physical activity increased
across the course of the day to different extents
depending on willpower theories (Figure 1; lowintensity
interaction
B ¼ 0.017,
SE ¼ 0.004,
z ¼ 4.84, p < .001; moderate-intensity B ¼ 0.031,
SE ¼ 0.005, z ¼ 6.91, p < .001). Both low- and
moderate-intensity physical activity increased more
across the day for those with more nonlimited theories. For example, a nonlimited theorist (at 1 SD
below the mean) increased their low-intensity physical
activity by almost 5% per hour (B ¼ 0.045,
SE ¼ 0.003, z ¼ 13.66, p < .001), while a limited theorist (at 1 SD above the mean) increased their lowintensity physical activity by only 2.5% per hour
(B ¼ 0.025, SE ¼ 0.003, z ¼ 7.78, p < .001). Neither
low-intensity nor moderate-intensity physical activity
was related to willpower theories overall (low-intensity B ¼ 0.10, SE ¼ 0.27, z ¼ 0.37, p ¼ .71; moderateintensity B ¼ 0.35, SE ¼ 0.32, z ¼ 1.09, p ¼ .28).
Because participants recorded 0 min of highintensity activity 90% of the time, we conducted a
binomial multi-level analysis on whether or not any
high-intensity activity occurred. The occurrence of
high-intensity physical activity was only predicted
by time-of-day. Like lower intensities of activity,
high-intensity exercise was more likely later in the
day (B ¼ 0.15, SE ¼ 0.03, z ¼ 4.79, p < .001).
Willpower theory was not related to the occurrence
of high-intensity activity, neither overall (B ¼ 0.16,
SE ¼ 0.26, z ¼ 0.62, p ¼ .53) nor did it moderate the
increase in high-intensity activity across the course of
the day (Binteraction ¼ 0.04, SE ¼ 0.05, z ¼ 0.86,
p ¼ .39).
Replication sample. Reported minutes of physical
activity, of every intensity level, again typically
increased as the day progressed (low-intensity
B ¼ 0.009, SE ¼ 0.001, z ¼ 8.84, p < .001; moderate
B ¼ 0.04, SE ¼ 0.002, z ¼ 22.60, p < .001; high
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Table 2. Zero-order correlations between individual difference variables and person-means for dependent variables in Sample 2.
Variable

2

3

4

5

6

7

8

9

10

11

12

1. Limited willpower theory
2. Trait self-control
3. Morningness chronotype
4. Depression
5. BMI
6. Mean subjective fatigue
7. Mean subjective affect
8. Mean low-intensity phys. activity (min)
9. Mean moderate-intensity phys. activity (min)
10. Mean high-intensity phys. activity (binomial)
11. Mean snacks consumed
12. Mean fruits and vegetables consumed

.21

.21
.19

.21
.11
.19

.18
.01
.02
.04

.22
.12
.02
.33
.15

.23
.15
.06
.29
.16
.78

.05
.07
.05
.02
.17
.17
.06

.02
.01
.22
.04
.02
.12
.11
.33

.02
.23
.26
.06
.27
.19
.22
.16
.46

.14
.13
.05
.01
.00
.03
.01
.07
.12
.22

.00
.03
.15
.11
.08
.09
.10
.08
.11
.15
.40

Note. Means were calculated for each person, unweighted, regardless of time-of-day. Correlations above |r ¼.16| are significant at p < .05, and
correlations above |r ¼.21| are significant at p < .01.

Figure 1. Moderate-intensity physical activity reported across the day for more and less limited willpower theorists. Times-of-day
are presented in bins for illustrative purposes; analyses were all conducted with time-of-day as a continuous variable. Error bars show
the standard errors for willpower theory at that time-of-day. For simple effects, *p < .05.

B ¼ 0.06, SE ¼ 0.01, z ¼ 5.15, p < .001). Controlling
for age, there were again no significant main effects
of willpower theory on physical activity (low
B ¼ 0.15, SE ¼ 0.26, z ¼ 0.59, p ¼ .55; moderate
B ¼ 0.52, SE ¼ 0.37, z ¼ 1.41, p ¼ .16; high
B ¼ 0.16, SE ¼ 0.17, z ¼ 0.89, p ¼ .37).
As in Sample 1, levels of low-intensity physical
activity again increased differently across the course
of the day depending on the participant’s willpower
theories; those holding more nonlimited theories
reporting steeper increases in low-intensity activity
compared to those who held more limited theories
(interaction B ¼ 0.009, SE ¼ 0.002, z ¼ 5.14,
p < .001, only controlling for age). This directly replicated the finding from Sample 1. However, in this
sample willpower theory did not moderate the effect
of time-of-day on moderate-intensity activity before
controlling for other dispositional traits (B ¼ 0.002,
SE ¼ 0.004, z ¼ 0.62, p ¼ .53). Willpower theories

again did not significantly moderate the likelihood
of participants engaging in high-intensity exercise at
different times of day (B ¼ 0.01, SE ¼ 0.02, z ¼ 0.60,
p ¼ .55).
After controlling for moderations by chronotype,
trait self-control, and trait-depression, willpower
theory moderated the effects of time-of-day on both
low- and moderate-intensity physical activity
(Table 3), replicating Sample 1. Chronotype and
trait self-control also simultaneously moderated
time-of-day effects on both low- and moderateintensity physical intensity, and depression moderated
low-intensity physical activity (Table 3).

Snacking across the day
Sample 1. Snacking generally increased significantly
over the course of the day (B ¼ 0.19, SE ¼ 0.008,
z ¼ 25.30, p < .001), but this was especially true for
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Table 3. Simultaneous moderations of time-of-day effects by four individual difference measures in Sample 2.

Low intensity
physical act.

Mod. intense.
physical act.

Snacking

Simple effect of trait at 8 a.m.

Simple effect of trait at 8 p.m.

Trait measure

Time-of-day
interaction
z-score

B (SE)

z-score

B (SE)

z-score

Limited willpower theory
Trait self-control
Morningness chronotype
Depression
Limited willpower theory
Trait self-control
Morningness chronotype
Depression
Limited willpower theory
Trait self-control
Morningness chronotype
Depression

7.40***
5.61***
21.23***
4.47***
10.30***
14.95***
5.25***
0.25
3.80***
0.95
2.38*
0.48

0.06 (0.22)
0.33 (0.44)
0.00 (0.04)
0.00 (0.01)
0.18 (0.32)
0.66 (0.64)
0.10 (0.05)
–
0.22 (0.14)
–
0.003 (0.03)
–

0.67
1.07
1.16
0.14
0.55
1.03
1.84
–
1.61
–
0.14
–

0.23 (0.22)
0.61 (0.44)
0.08 (0.04)*
0.01 (0.01)
0.66 (0.32)*
0.54 (0.64)
0.07 (0.05)
–
0.04 (0.13)
–
0.01 (0.02)
–

1.07
1.40
2.32
0.37
2.06
0.84
1.25
–
0.29
–
0.40
–

*p < .05. **p < .01. ***p < .001.

Figure 2. Number of snacks reported across the day for more and less limited willpower theorists. Analyses were all conducted with
time-of-day as a continuous variable. Error bars show the standard errors for willpower theory at that time-of-day. For simple effects,
*p < .05. **p < .01. ***p < .001.

those with more limited willpower theories (Figure 2);
the interaction between willpower theory and time-ofday was significant (B ¼ 0.03, SE ¼ 0.01, z ¼ 2.50,
p ¼ .013). For example, controlling for age, a limited
willpower theorist (at 1 SD above the mean) would
report recently eating an estimate of 2.04 more snacks
at 8 p.m. compared to at 10 a.m. (SE ¼ 0.12,
z ¼ 19.61, p < .001). A nonlimited willpower theorist
(at 1 SD below the mean) would eat an estimated 1.59
more snacks at 8 p.m. compared to 10 a.m.
(SE ¼ 0.11, z ¼ 16.18, p < .001). There was no significant main effect of willpower theories (B ¼ 0.02,
SE ¼ 0.08, z ¼ 0.30, p ¼ .77) nor of age (B ¼ 0.0009,
SE ¼ 0.005, z ¼ 0.19, p ¼ .85).
Replication Sample 2. As in Sample 1, rates of
snacking significantly increased as the day progressed
(B ¼ 0.04, SE ¼ 0.004, z ¼ 11.52, p < .001). In this
sample, a more limited willpower theory was associated with more snacking overall (i.e., at the day’s mid-

point; main effect B ¼ 0.24, SE ¼ 0.11, z ¼ 2.12,
p ¼ .034). The change in snacking rates across the
day again depended on willpower theory (interaction
B ¼ 0.02, SE ¼ 0.006, z ¼ 3.07, p ¼ .002), but not in
the same way as in Sample 1. Unlike our hypothesis
and findings from Sample 1, those with more limited
theories of willpower snacked relatively more than
those with more nonlimited willpower theories earlier
in the day (Figure 2). This unexpected interaction did
not change after controlling for chronotype, depression, trait self-control, and the time-of-day interactions with these three variables (many of which were
significant; see Table 3).
One possible reason for the unexpected direction
of this effect is that the participants in Sample 2 generally had more prominent academic goals instead of
goals to avoid snacking. To examine whether snackavoidance goals might have contributed to this unexpected direction of the moderation, we conducted an
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exploratory analysis of a possible three-way interaction between time-of-day, willpower theory, and
snack intention (reported during the first survey of
the day only).
The three-way interaction (between time, willpower theory, and snack intention) did significantly predict snacks eaten (B ¼ 0.008, SE ¼ 0.003, z ¼ 2.45,
p ¼ .014). On days when participants had only a
weak intention to avoid snacks (2 on a 1–10 scale,
1st quantile), participants with more limited willpower theories consumed more snacks in the morning
than participants with more nonlimited theories
(two-way
interaction
B ¼ 0.03,
SE ¼ 0.009,
z ¼ 3.65, p < 0.001). On days when participants had
a greater intention to avoid snacks (7 on the 1–10
scale, 3rd quantile), there was no significant interaction between willpower theory and time-of-day
(B ¼ 0.011, SE ¼ 0.008, z ¼ 1.31, p ¼ .191). Instead,
those with more limited willpower theories were marginally more likely to snack more overall, and the
sample in general was marginally more likely to
snack later in the day. In other words, the unexpected
interaction between willpower theories and time-ofday (where a more limited theory was associated
with less healthy behaviour in the mornings, particularly) was primarily driven by days when participants
had weak intentions to avoid eating snacks.

Fruit and vegetable intake across the day
Finally, reported consumption of fruit and vegetables
increased throughout the day (B ¼ 0.07, SE ¼ 0.007,
z ¼ 10.44, p < .001), but the degree of this increase did
not vary based on willpower theories (interaction
B ¼ 0.01, SE ¼ 0.01, z ¼ 0.56, p ¼ .34). There was a
marginal relationship between willpower theories
and fruit and vegetables consumed, where a more limited willpower theory was associated with the consumption of somewhat fewer fruits and vegetables
(B ¼ 0.16, SE ¼ 0.09, z ¼ 1.79, p ¼ .07). However,
this association was not significant after controlling
for age (B ¼ 0.14, SE ¼ 0.10, z ¼ 1.52, p ¼ .129).
Sample 2 showed the same null patterns (see
Supplemental Materials S3).
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z ¼ 16.63, p < .001), those with a more limited willpower theory had more steeply weakening intentions
across the day (þ1 SD, B ¼ 0.113, SE ¼ 0.006,
z ¼ 20.29, p < .001).
While participants generally reported stronger
intentions to avoid snacking as the day progressed,
this effect was again significantly moderated by willpower theory (Table 4). Across the day, those holding
more nonlimited willpower theories increased their
intentions to avoid snacks (at 1 SD, B ¼ 0.073,
SE ¼ 0.023, p ¼ .002), but those holding more limited
theories had stable intentions across the day (at þ1
SD, B ¼ 0.003, SE ¼ 0.022, p ¼ .90).
Associations between intentions and later behaviour.
We conducted lagged analyses to confirm that withinparticipant intentions in each domain predicted the
actual reported behaviour at the following completed
survey (on the same day). We also tested whether the
strength of the association between intentions and
subsequent behaviours varied according to willpower
theory.
Low-intensity and moderate-intensity physical
activity were each predicted by intentions to be physically active (Blow ¼ 0.10, SE ¼ 0.004, z ¼ 26.01,
p < .001; Bmod ¼ 0.09, SE ¼ 0.007, z ¼ 13.22), and
these relationships were each moderated by willpower
theory (interaction Blow ¼ 0.02, SE ¼ 0.005, z ¼ 3.68,
p < .001; Blow ¼ 0.04, SE ¼ 0.006, z ¼ 6.63, p < .001;
two-level models). Unexpectedly, those with nonlimited willpower theories (i.e., at 1 SD) had somewhat
weaker associations between their intentions and their
subsequent actual activity levels (e.g., Blow ¼ 0.09,
SE ¼ 0.005, z ¼ 16.77, p < .001) and more limited willpower theorists (at þ1 SD) had slightly stronger associations (Blow ¼ 0.11, SE ¼ 0.005, z ¼ 24.56, p < .001).
Actual snacking was predicted by prior intention to
avoid snacking (B ¼ 0.06, SE ¼ 0.01, z ¼ 4.00,
p < .001), but this was not moderated by willpower
theory (interaction B ¼ 0.008, SE ¼ 0.02, z ¼ 0.31,
p ¼ .76). We were unable to test whether these associations further varied by time-of-day or when nested
within-day, due to insufficient observations. Across
behaviours, there was no evidence for the hypothesis
that those with more limited willpower theorists were
any less likely to adhere to their intentions.

Health intentions
Analyses of intentions across the course of the day
were conducted only on Sample 1, because Sample
2 participants only reported on their intentions once
per day.
Intentions to be physically active were significantly
affected by time of day and by willpower theories,
and these factors interacted. Overall, a more limited
willpower theory was associated with weaker intentions to be active, and intentions to be active generally
declined across the day. While even nonlimited willpower theorists’ intentions to be active decreased
across the day (at 1 SD, B ¼ 0.085, SE ¼ 0.005,

Subjective states
Sample 1. People generally felt more fatigued, less
self-efficacious, and less happy as the day progressed
(Table 4). All changes in subjective state across the
day were significantly larger for those with more limited theories of willpower. There were also significant
main effects of willpower theory; holding a more limited willpower theory was associated with more
fatigue, less happiness, and less self-efficacy on average (i.e., at day’s mid-point).
Replication Sample 2. Replicating Sample 1, people
generally felt more fatigued as the day progressed
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Table 4. Subjective states and intentions across time-of-day and moderations of these time effects.
Sample 1

Fatigue
Time of day
Lim. willpower theory
Trait self-control
Morning chronotype
Depression
Time  WP theory
Time  Self-control
Time  Chronotype
Time  Depression
Subjective affect
Time of day
Lim. willpower theory
Trait self-control
Chronotype
Depression
Time  WP theory
Time  Self-control
Time  Chronotype
Time  Depression
Self-efficacy
Time of day
Lim. willpower theory
Time  WP theory
Avoiding snacking intentions
Time of day
Lim. willpower theory
Time  WP theory
Physical activity intentionsa
Time of day
Lim. willpower theory
Time  WP theory

Sample 2

B (SE)

r

B (SE)

r

0.19 (0.02)***
1.71 (0.33)***
–
–
–
0.11 (0.03)**
–
–
–

.23
.38
–
–
–
.08
–
–
–

0.09
0.16
0.04
0.04
0.03
0.00
0.01
0.01
0.00

0.05 (0.02)*
1.35 (0.51)*
–
–
–
0.11 (0.04)*
–
–
–

.06
.21
–
–
–
.07
–
–
–

0.004 (0.003)
0.15 (0.10)
0.03 (0.20)
0.03 (0.02)
0.05 (0.01)***
0.01 (0.004)
0.01 (0.01)
0.001 (0.001)
0.000 (0.000)

(0.002)***
(0.08)*
(0.15)
(0.01)**
(0.01)***
(0.004)
(0.01)
(0.001)***
(0.00)

.42
.19
.02
.24
.53
.01
.02
.15
.01
.02
.13
.01
.14
.54
.02
.01
.02
.01

0.08 (0.01)***
0.30(0.14)*
0.03 (0.02)*

.22
.16
.05

–
–
–

–
–
–

0.04 (0.02)*
0.34 (0.31)
0.06 (0.03)*

.06
.08
.07

–
–
–

–
–
–

0.10 (0.004)***
0.19 (0.06)**
0.03 (0.007)***

.03
.05
.01

–
–
–

–
–
–

Note. All trait variables and interactions were tested as simultaneous predictors. Presented models did not include age as a covariate, although including
age did not substantially change any results or effect sizes.
a
Physical activity intentions were left-skewed, and were thus analysed with a Poisson distribution.
*p < .05. **p < .01. ***p < .001.

(Table 4). Affect, however, did not change across the
course of the day.
Participants with more limited willpower theories
again tended to report lower subjective affect and
more subjective fatigue overall (Baffect ¼ 0.28,
SE ¼ 0.10,
t(149) ¼ 2.66,
p ¼ .009,
r ¼ .21;
Bfatigue ¼ 0.22, SE ¼ 0.08, t(149) ¼ 2.86, p ¼ .005,
r ¼ .23). Unlike in Sample 1, where willpower theory
affected levels of subjective fatigue most in the evening, in this sample, willpower theory predicted subjective fatigue most in the morning. Participants in
general became more fatigued across the course of
the day, but more limited theorists started out more
fatigued (B ¼ 0.009, SE ¼ 0.003, t(8009) ¼ 2.84,
p ¼ .004, r ¼ .03) and showed less steep increases in
fatigue across the day (B ¼ 0.082 rather than
B ¼ 0.091, SE ¼ 0.007). Subjective affect did not
change across time any differently depending on willpower theory (interaction B ¼ 0.004, SE ¼ 0.004, t
(7920) ¼ 1.04, p ¼ .296, r ¼ .01).

After accounting for the related individual difference variables – trait depression, chronotype and
trait-self-control – willpower theories no longer significantly affected subjective affect, either overall or
at particular times-of-day (Table 4). After accounting
for other variables, a more limited willpower theory
was still associated with more fatigue, regardless of
time-of-day.
Because willpower theory did not predict changes
in self-reported affect or fatigue across the course of
the day, we did not consider self-reported affect or
fatigue as potential mediators of the behavioural
effects in Sample 2.

Mediation models (Sample 1)
Selecting mediators. We were next interested in
exploring potential mediators to explain the moderation of time-of-day by willpower theory (Figure 3(a)).
In Sample 1, fatigue, affect, self-efficacy and health
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Figure 3. Time of day moderation and the serial mediation model tested to explain the moderation. Panel (a) shows the original
moderation (m0). Panel (b) shows the tested double mediation model, with the proposed pathway a1-a3-b2 in black, and alternative
single-mediation models in grey. Dashed line is not statistically significant. Main effects of willpower theory, not shown, were included
in the models whenever moderations of willpower theory were tested. Coefficients and standard errors for each pathway and
confidence intervals for indirect effects are available in Table 5. Age was included as a covariate for all pathways. Pathways b1, b2, c’,
and m’ are lagged across time (i.e., where self-efficacy or health intention predicts behaviour reported at the subsequent experiencesampling survey on the same day).

intentions were all potential mediators of the willpower theory by time-of-day interaction, since all measures varied differently across time of day according to
willpower theory. We chose the best mediator by running three lagged-effect models predicting our dependent variables (low-intensity physical activity,
moderate-intensity physical activity, and snacking),
with each of the four candidate mediators (self-efficacy, affect, fatigue, and intentions; lagged from the
prior survey) as simultaneous predictors.
Out of the four candidate mediators, low-intensity
physical activity was most strongly predicted by prior
intentions to be active as reported at the prior survey
(B ¼ 0.10, SE ¼ 0.004, z ¼ 27.10, p < .001), although
each of prior self-efficacy, prior fatigue, and prior
affect were also significant simultaneous predictors
of later physical activity. Likewise, moderateintensity physical activity was most strongly related
to prior intentions to be active (B ¼ 0.11, SE ¼ 0.005,
z ¼ 25.16, p < .001), while also being simultaneously
predicted by prior self-efficacy, fatigue and affect. We
further wondered why people were setting more or
less ambitious intentions for themselves, and whether
these explicit intentions may have been related to
one’s subjective state. Indeed, these intentions to be
physically active were themselves most strongly predicted by state self-efficacy (B ¼ 0.11, SE ¼ 0.01,
z ¼ 8.54, p < .001), while also being related to one’s
momentary affect and fatigue (Baffect ¼ 0.01,
SE ¼ 0.005, z ¼ 2.51, p ¼ .012; Bfatigue ¼ 0.03,
SE ¼ 0.005, z ¼ 4.72, p < .001).
Snacking was most strongly predicted by prior
snacking intentions (B ¼ 0.06, SE ¼ 0.01, z ¼ 4.42,
p < .001); when prior snacking intention was a predictor, neither affect nor self-efficacy added any

additional predictive value (ps > .55) and prior fatigue
was a somewhat weaker predictor (B ¼ 0.03,
SE ¼ 0.01, z ¼ 2.55, p ¼ .011). Like intentions to be
physically active, intentions to avoid snacking were
also significantly predicted by momentary selfefficacy (Table 5). Interestingly, intentions to avoid
snacking were not related to momentary fluctuations
in affect nor fatigue (Baffect ¼ 0.005, SE ¼ 0.02, t
(1643) ¼ 0.24, p ¼ .811; Bfatigue ¼ 0.02, SE ¼ 0.02, t
(1616) ¼ 0.83, p ¼ .407).
Thus, for each of mild- and moderate-physical
activity and for snacking, our data suggested that
these patterns of health-related behaviours may be
best explained by prior intentions, which were themselves explained by momentary self-efficacy. Because
all of self-efficacy, intentions, and the ultimate behaviours changed across the course of the day differently
depending on one’s willpower theory, we tested
whether the original moderation (Figure 3(a)) could
be explained by changing self-efficacy and intentions
(Figure 3(b)).
Testing for indirect effects and mediation. After
determining that self-efficacy and intentions were
the most predictive mediators, we tested the proposed
moderated double mediation model shown in Figure
3(b). Indirect effects were calculated by bootstrapping
10,000 simulations with the Monte Carlo method
(Preacher & Selig, 2010). We were interested in
whether the original moderation (m0, Figure 3(a)) of
time-of-day effects by willpower theory would be
explained by the indirect mediation pathway through
self-efficacy and intentions (black pathways, a1-a3-b2
in Figure 3(b)), resulting in a reduction of the remaining direct moderation effect (m’ in Figure 3(b)). We
also tested single-mediator models (Table 5; light grey
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Table 5. Coefficients and standard errors for the double mediation model (Figure 3).
Model pathway
Willpower theory moderation on behaviour
Willpower theory moderation on self-efficacy
Willpower theory moderation on intention
Time on self-efficacy
Time on intention
Self-efficacy on intention
Self-efficacy on behavioura
Intention on behavioura
Time on behaviour (remaining)a
Willpower theory moderation
on behaviour (remaining)a
Indirect effects
Single mediator (self-efficacy) of
the moderation
Single mediator (intention) of the moderation
Double mediation of the moderation

Low-intensity
Figure label activityB (SE)

Mod-intensity
activityB (SE)

SnackingB (SE)

0.03
0.03
0.02
0.08
0.10
0.06
0.05
0.15
0.14
0.04

0.03
0.03
0.06
0.08
0.05
0.14
0.02
0.06
0.24
0.04

m0
m1
m2
a1
a2
a3
b1
b2
c’
m’

0.02
0.03
0.02
0.08
0.10
0.06
0.01
0.12
0.09
0.003

m1b1

95% CI
[0.001, 0.0003]

m2b2
m1 a3 b2

[0.005, 0.001]*
[0.006, 0.002]*
[0.005, 0.015]
[0.0005, 0.00002]* [0.0006, 0.00002]* [0.000014, 0.0007]*

(0.004)***
(0.01)*
(0.007)***
(0.01)***
(0.004) ***
(0.01)***
(0.01)
(0.004)***
(0.004)***
(0.005)

(0.005)***
(0.01)*
(0.007)***
(0.01)***
(0.004) ***
(0.01)***
(0.02)**
(0.005)***
(0.004)***
(0.007)***

95% CI
[0.004, 0.0001]

(0.01)*
(0.01)*
(0.03)*
(0.01)***
(0.02)**
(0.05)**
(0.03)
(0.01)***
(0.01)***
(0.02)*

95% CI
[0.003, 0.001]

*p < .05. **p < .01. ***p < .001.
a
Noted pathways are time-lagged, where self-efficacy or intentions reported at one survey predict reported behaviour at the subsequent survey (on
the same day).

arrows in Figure 3), with only intentions or only selfefficacy as the single mediator.
When the double mediation model was conducted
for the dependent variable of low-intensity physical
activity, we found that the double mediation indirect
pathway was significant (95% CI [0.0005,
0.00002]). The remaining direct moderation effect
was also reduced (from B ¼ 0.02 to B ¼ 0.003),
which suggests that the indirect mediation pathway
(through self-efficacy and health intentions) seems
to largely explain the original moderation effect.
When examining moderate-intensity physical activity,
the double mediation pathway for moderate-intensity
physical activity was again a significant indirect effect,
although this indirect effect did not reduce the magnitude of the original (m0) moderation (Table 5).
When we conducted the same model a third time,
examining the dependent variable of snacking, the
indirect effect of the double mediation pathway was
again significant (95% CI [0.000014, 0.0007]). In this
case, the remaining direct moderation of time-of-day
by willpower theory on snacking (m0 ) was again not
reduced in magnitude (Table 5).
Analyses for all three dependent variables support
the existence of these indirect effects – where willpower theory affects time-of-day changes on self-efficacy,
intentions to avoid snacking and ultimately
health-behaviours themselves. However, these indirect pathways only reduced the magnitude of the original moderations for low-intensity physical activity,
but not for moderate-intensity physical activity or
snacking (Rucker et al., 2011). Thus, the doublemediation process shown in Figure 3 seems to largely
explain the observed patterns of low-intensity

physical activity for more and less limited willpower
theorists across time, but willpower theory is still
associated with other behaviour changes across the
course of the day that are not explained by this indirect pathway of changing self-efficacy and intentions.

General discussion
While different times of day are indeed associated
with different choices and intentions about food and
physical activity, these daily fluctuations in selfregulation outcomes seem to vary depending on people’s beliefs about the nature of willpower. People
who hold theories of willpower as more limited
reported relatively weaker health intentions and less
goal-congruent behaviours as the day progresses,
compared to their nonlimited theorist counterparts.

Willpower theories and physical activity
In both samples, participants’ willpower theories
moderated how their levels of low-intensity physical
activity and moderate-intensity physical activity
changed across the day. Compared to participants
who held more nonlimited willpower theories, those
with more limited theories were relatively less likely to
be physically active later in the day (reporting fewer
minutes of low-intensity and moderate-intensity physical activity). These effects of willpower theory were
independent of moderations by chronotype, trait selfcontrol and depression symptoms. The reverse of this
finding is that those with limited willpower beliefs
were more likely to report sedentary behaviour, particularly later in the day. These findings are consistent
with experimental results showing that limited
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willpower theorists sit longer in chairs after exerting
self-control (Job, Bernecker, et al., 2015). In Study 1,
limited willpower beliefs were also associated with
weaker intentions to be physically active, particularly
later in the day. In lab settings and in the real world,
for both community participants with health goals
and students with academic goals, those with more
limited willpower theories seem to be less physically
active, especially in the evenings.
Notably, willpower theories were not related to
patterns of high-intensity physical activity in either
sample, though the occurrence of such physical activity was relatively rare. While the other behaviours –
snacking and low/moderate physical activity – are
likely to occur multiple times throughout the day,
most people only engage in high-intensity physical
activity (e.g., sports or exercise) up to once per day.
Due to this difference, high-intensity physical activity
may be less susceptible to changes in self-control fluctuations across the day, particularly since the timing
of these activities may often be externally driven (e.g.,
scheduled sports games or gym classes), habitual or
planned ahead of time. Limited willpower theorists
who are poor at self-regulation may, in fact, be
more like to plan their exercise for later in the day
(Delose et al., 2015), despite holding weaker intentions to be physically active and typically being
more sedentary during these later hours. Future
research should further explore how the processes
motivating organic daily physical activity (e.g., walking) differ from the processes motivating more intensive, perhaps formally scheduled exercises.

Willpower theories, snacking and the importance
of goal-relevance
While the results for physical activity levels were consistent between both samples, the results for snacking
diverged between the community sample with health
goals (Sample 1) and the student sample with academic goals (Sample 2). For community participants
in Sample 1, willpower theories predicted snacking
patterns that paralleled the physical activity patterns.
Particularly later in the day, more limited willpower
theorists less strongly intended to avoid snacking, and
ultimately snacked more. For participants with health
goals, then, endorsing a more limited theory of willpower was related to less health-goal adherence –
more snacking – later in the day.
The relationship between willpower theories and
snacking was different in Sample 2, where students
were generally less focused on health goals. In this
sample, a limited willpower theory predicted more
snacking overall, as a main effect, and the effect of
limited willpower theory was larger in the mornings
rather than in the evenings. The unexpected interaction was driven by participants who did not intend to
avoid snacking. From the differing results in Sample 1
and Sample 2, it is clear that believing willpower is
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limited does not always result in higher susceptibility
to late-night snacking. For students with no intention
to avoid snacking, in fact, eating a snack likely does
not represent a “self-control failure” at all
(Milyavskaya et al., 2019). Although some exploratory analyses suggest that the differences in health-goals
between samples partially explain the differing patterns in snacking behaviours, future research is
needed to discover the specific conditions under
which a limited theory is associated with more snacking overall or just more snacking in the evening.

Possible mechanisms of willpower theories
We hypothesized that willpower theories could affect
health behaviours through a few possible mechanisms, including by reducing people’s ability to
adhere to their set intentions, by affecting feelings
of momentary self-efficacy and intention setting, or
affecting people’s subjective affect and sense of
fatigue.
Those endorsing more limited willpower theories
did not seem any less able to fulfil their intentions,
relative to those endorsing more nonlimited theories.
Willpower theory did not significantly moderate the
association between intention to avoid snacking and
actual snacking; in fact, more limited theorists had
slightly stronger relationships between their physical
activity intentions and actual physical activity at the
subsequent survey – perhaps reflecting limited theorists having a more realistic view of themselves and
nonlimited theorists being unrealistically optimistic.
However, we were only able to test this hypothesis
in Sample 1, which had a limited number of observations from days where participants completed multiple surveys. Thus, this test was likely underpowered,
and the results should be interpreted with caution.
Preliminarily, however, this evidence is inconsistent
with the hypothesis of reduced self-control strength,
where limited theorists are less able to enact their
intentions.
Analyses from Sample 1 instead suggested that
willpower theory affected both self-efficacy and
intention-setting. A more limited willpower theory
was associated with less momentary self-efficacy
throughout the day, which was in turn associated
with progressively weakened intentions to be physically active and avoid snacking. In contrast, selfefficacy and intentions of more nonlimited theorists
became stronger over the course of the day, predicting
an increase in health-goal consistent behaviours. It is
noteworthy that people’s global state (overall selfefficacy) predicted more narrow domain-specific
intentions, perhaps through influencing people’s feelings of domain-specific self-efficacy (not measured).
This process, of limited theorists feeling relatively
less self-efficacious throughout the day and setting
lower expectations for themselves, could happen consciously or subconsciously. More limited theorists
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might be aware that they often become tired (and
more sedentary) in the evening, and may lower their
self-expectations accordingly. These low expectations
might then become a self-fulfilling prophesy, and may
even reinforce one’s theory of willpower. This pattern
of intention-setting in people’s daily life is consistent
with prior experimental work finding that people are
less inclined to plan when they are depleted (Sjåstad &
Baumeister, 2018). Both intention-setting and planning are similar future-oriented processes, and both
may be similarly affected by willpower theories. Of
course, the causal directions cannot be determined
from this design.
Finally, while believing that willpower is more limited was generally associated with more fatigue and
less positive subjective affect (main effects in both
samples), fatigue did not consistently accumulate
across the day more quickly for those who held a
more limited theory – this pattern of moderation
was significant in Sample 1, but not Sample 2. Why
are limited willpower theories associated with more
fatigue overall, even in the morning? Potentially, students with more limited willpower theorists may still
be feeling depletion-like effects from their efforts
during the previous day (Bernecker & Job, 2015b)
or may have procrastinated going to bed the night
earlier, resulting in having had less sleep (Bernecker
& Job, 2020). Subjective reports of fatigue might conflate feelings of sleepiness with feelings of mental
fatigue. Even among Sample 1, which did find more
limited theorists become particularly fatigued as the
day progressed, neither feelings of fatigue nor subjective affect consistently mediated the patterns of health
behaviours or intention-setting.

Practical implications
Fundamentally, these data find that willpower theories are related to both physical activity and snacking,
both of which are related to lifelong health outcomes.
The varying patterns of diet and exercise found in this
study likely contribute to the differences in BMI
(Bernecker & Job, 2015a), and perhaps even the differences in subjective well-being (Bernecker et al.,
2017), previously linked to willpower theory. In
both samples, the physical activity discrepancy
between more limited and more nonlimited willpower
theorists in the evenings mirrored the physical activity
discrepancy previously found between obese and nonobese individuals (Cooper et al., 2000) and – among
the sample of participants trying to improve their
nutrition – the time-of-day snacking patterns reported
by those who endorsed more limited theories of willpower more closely resemble the eating patterns associated with higher BMI, greater psychological distress
and higher overall caloric intake (Colles et al., 2007;
de Castro, 2004).
Willpower theories were not the only individual
difference to predict these variables – in fact,
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chronotype was a stronger predictor of low- and
moderate-intensity physical activity. Unlike chronotype, however, willpower theories are potentially malleable. Beliefs about willpower can be manipulated in
the lab (Job et al., 2010; Klinger et al., 2018), vary
across cultures (Savani & Job, 2017), and with experiences of autonomy (Job et al., 2018; Sieber et al.,
2019). Future interventions to modify willpower
beliefs could thus apply to the domains of diet and
exercise. Willpower beliefs may be a particularly good
target for interventions, since they seem to act by
influencing feelings of self-efficacy and intentions –
reflecting expectations of the self – rather than by
affecting underlying feelings of fatigue or depletion.

Limitations and future directions
This research is not without limitations. First,
because willpower theories were measured, not
manipulated, we cannot say that willpower theories
have a causal impact on health behaviours or other
outcomes. While Sample 2 suggests that willpower
theories are predictive above and beyond related constructs like trait self-control, chronotype and depression, we do not know whether interventions or
manipulations to change willpower theories would
causally affect health and well-being behaviours.
However, given that experimental evidence exists
demonstrating both directions of causality – willpower theories affecting experiences (Clarkson et al.,
2016; Job et al., 2010; Job, Bernecker, et al., 2015),
and experiences affecting willpower theories (Klinger
et al., 2018; Sieber et al., 2019) – interventions to
encourage nonlimited theories of willpower may be
a promising avenue for future research.
Each sample also had its own methodological
weakness, although each sample compensated for
limitations in the other. Sample 1 had low survey
completion rates (although completion rates were
not associated with willpower theory or other predictors; see Supplemental Materials S1.4) and did not
include related individual differences measures.
While Sample 2 had excellent survey completion
and included related covariates, most of the student
participants did not have health goals, and the study
did not include variables of potential mediators (like
self-efficacy and intentions). Because of our two
sample approach, results that were consistent across
samples – for instance, effects on low-intensity physical activity – are more likely to be robust and generalizable. Findings from single samples should be
treated as exploratory until replicated in future
research.
Next, both of our samples consisted of Western,
predominantly female participants. Other research
has often found gender differences in physical activity
levels (Hamrik et al., 2014), attitudes towards snacking (Grogan et al., 1997), and motivations for both
healthy eating and physical activity (Heaven et al.,
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2001; Lauderdale et al., 2015). Generally, women are
more likely to want to increase their physical activity
or change their eating habits to meet societal expectations or to change their outward appearance. These
external (or introjected) motivations are more likely
to result in snacking and physical activity being experienced as effortful self-control conflicts (Werner
et al., 2016), and thus may be more likely to be affected by willpower theories. In populations where physical activity is not seen as a self-control conflict, or
where baseline levels and types of physical activity
differ, willpower theories may not affect time-of-day
effects in the same way. Indeed, exploratory moderation analyses suggest that the men in these studies
(n ¼ 27 in each sample) did not show the same patterns as the women, although the small number of
men limits both the statistical power and generalizability of these three-way interactions. Like much
research on health goals, our results may be specific
to women. More broadly, as observed across the two
samples examined here, different populations can
have substantially different goals and lifestyles,
which can change how willpower theories and other
individual
differences
predict
self-regulation
outcomes.
Finally, this data relied on self-report. Although
the experience-sampling method meant that participants only recalled behaviours from the previous 2
to 3 h, there is still the potential for memory errors
or self-report biases.

Conclusions
Increases in snacking and insufficient physical activity
are risk factors for a variety of health conditions, and
are ultimately related to lower quality of life and
increased mortality (Housman & Dorman, 2005).
This study is the first to demonstrate that individuals
who believe that willpower is more limited are particularly susceptible to sedentary behaviour later in the
day, tend to snack more, and may generally be more
susceptible to behaviours inconsistent with their
health-goals as the day progresses. These differing
behavioural patterns may be because those who
believe willpower is more limited feel less selfefficacious and hold less ambitious intentions for
themselves later in the day. Encouraging beliefs in
nonlimited willpower may be one way to improve
health behaviours.
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Notes
1. Between the two weeks of experience-sampling surveys,
participants in Sample 1 completed three online modules
of one of three different interventions. Only 47 participants returned for the follow-up second week of
experience-sampling, and the intervention condition did
not significantly affect any measured variable. All available experience-sampling data, from both before and
after the interventions, were used for our analyses.
2. It is typically considered best practice to include random
slopes (along with random intercepts) for within-subject
factors like time-of-day, to avoid inflation of Type I
error (Barr, 2013). On the other hand, models with
random slopes and intercepts can have reduced statistical
power (Matuschek et al., 2017). In Sample 1, models that
included random slopes rarely converged, due to lower
response rates and fewer degrees of freedom. In Sample
2, we used and reported results from the same analyses as
used for Sample 1. However, the number of observations
in Sample 2 was sufficient for random slope models to
converge (as a two-level model with random slopes and
intercepts for each participant, but not typically as a
three-level model that considered day). Results of these
random slope models often, but not always, paralleled
results from the random intercept models.
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