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Boosts for walking: how humorous messages =

increase brisk walking among cognitively
fatigued individuals
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Abstract

Background A well-studied internal barrier to regular physical activity, and more specifically brisk walking, is cogni-
tive fatigue. However, thus far little research examined how cognitively fatigued individuals can be motivated to exer-
cise, more specifically to engage in brisk walking. This study investigates whether humorous intervention messages
might be an effective strategy to motivate cognitively fatigued individuals to brisk walk, and through which underly-
ing processes.

Methods An online experiment was performed in which variation in cognitive fatigue was induced through mental
arithmetic questions. Afterwards, participants (n =250) recruited through Prolific, randomly received either humorous
or non-humorous intervention messages related to brisk walking. Potential mediators of the relations between physi-
cal activity, humour and cognitive fatigue were measured, were self-efficacy, self-control, and motivation.

Results First, regression analyses confirmed that cognitive fatigue negatively influences brisk walking intentions

and that the perceived humour of the intervention messages moderated this relationship. Second, results showed
that self-control and self-efficacy are mediators explaining the relationship between cognitive fatigue and brisk walk-
ing intentions. Lastly, this study found that perceived humour of the intervention messages moderated the relation-
ship between cognitive fatigue and self-control, indicating that perceptions of self-control were positively changed
after receiving messages that were perceived as humorous compared to messages that were not perceived as humor-
ous, subsequently increasing brisk walking intentions.

Conclusions This study is the first to unravel the underlying relationship between humorous intervention messages
and brisk walking intentions through positive changes in perceptions of self-control within a cognitively fatigued
sample. Results of this study suggest that existing smartphone applications monitoring and promoting brisk walking
should integrate tailored message strategies within their cues to brisk walk by implementing humour as a strategy
to motivate users when they are cognitively fatigued.

Keywords Humorous intervention messages., Cognitive Fatigue., Brisk Walking Intentions., Self-Control., Smartphone
Application.
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often hinder individuals to be active regularly, such as
taking a recommended 30 min brisk walk each day [2—4].
Brisk walking can be defined as a moderate-intensity
activity where most adults walk at a pace of three to four
mph [5].

Until recently, most studies have only targeted external
barriers when trying to increase physical activity levels,
such as brisk walking behaviours [6]. For instance, to
overcome barriers like ‘I don’t have time to brisk walk
the studies of Lin and colleagues [7, 8] used data points
including GPS-location and electronic diary appoint-
ments to send a message motivating the user to engage
in brisk walking — thus fitted into the schedule of the
user. However, the targeting of internal barriers has been
mostly overlooked within physical activity interventions
overall, and thus also within brisk walking interventions
[9-11]. Hence, this paper focuses on (overcoming) a well-
studied internal barrier to brisk walking, and by exten-
sion physical exercise overall, namely cognitive fatigue
[12-14].

Cognitive fatigue can be understood as an intellectual
failure to complete mental tasks, which occurs after per-
forming mentally demanding tasks for a prolonged time,
for example when feeling mentally exhausted after exten-
sive work-related tasks, such as reading, writing, think-
ing, etc. These feelings of cognitive fatigue are known
to impede engagement in physically active behaviours
by influencing the intended willingness to exercise and
exercise intensity, which in turn lowers the actual exer-
cise performance [15, 16]. However, current research
has mostly examined the relationship between cognitive
fatigue and vigorous-intensity physical activities, like
running and cycling [12, 15, 17-19]. Therefore, within
this study we want to examine if cognitive fatigue is also
a perceived barrier for moderate-intensity activities, spe-
cifically brisk walking.

Further, current smartphone-based interventions that
try to increase physical activity levels by focussing on
brisk walking behaviours (e.g., measuring steps) mostly
rely exclusively on external data points, such as loca-
tion, in combination with predetermined activity goals,
like steps [6]. Subsequently, these health applications use
strategies and techniques that are tailored to these exter-
nal factors, including behavioural change techniques, for
instance, goal-setting [20]. Although advances in technol-
ogy are ensuring messages are increasingly personalised
and tailored to the user, the messages in themselves often
remain similar to each other and rather monotonous
by often relying on the same techniques, e.g., “Only 100
steps until you've reached your goal’. Therefore, it would
be beneficial for the user if smartphone-based interven-
tions would consider more specific (internal) barriers,
such as cognitive fatigue, and integrate specific solutions
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within their intervention messages trying to overcome
these barriers, thereby using more innovative strategies,
such as humour [9, 21].

Humour has been found to have the ability to change
perceptions of cognitive fatigue to baseline levels (i.e., a
cognitively vital state) [22]. In addition, it is found that
humour can work as an emotion regulator by down-
regulating negative and up-regulating positive emotions
when feeling cognitively fatigued [23]. Therefore, this
paper contributes to the literature by examining if mes-
sages that are perceived as humorous are more effective
in motivating cognitively fatigued individuals to brisk
walk compared to non-humorous messages. In addition,
converting from a negative cognitive state to a more posi-
tive state has a positive influence on several determinants
related to physical activities like brisk walking, such as
self-efficacy, self-control, and motivation [24-26]. At the
same time, these determinants are positively related to
exercise adherence [24—26] and negatively related to cog-
nitive fatigue [22, 27, 28]. More specifically, humour has
been found to increase levels of self-efficacy [29], levels
of self-control [30], and motivation levels [31]. As such,
this research aims to examine if and how these determi-
nants mediate the relationship between cognitive fatigue
and brisk walking behaviours, and, in addition, whether
humour (can) influence these determinants. In order to
maximise the success of future interventions, it is cru-
cial to determine if humour simply moderates the rela-
tionship between cognitive fatigue and brisk walking or
whether there is more to it.

Thus, the current study considers four objectives
(see Fig. 1). The main objective is to examine whether
feelings of cognitive fatigue negatively predict brisk
walking intentions. The second objective is to unravel
the process through which this happens; is it by (neg-
atively) influencing self-efficacy, self-control, and/or
motivation? Thirdly, we want to understand if interven-
tion messages that are perceived as humorous mod-
erate the relationship between feelings of cognitive
fatigue and brisk walking intentions. And lastly, if a
mediation of self-efficacy, self-control and/or motiva-
tion exists, we will test whether the perceived humour
of the intervention messages promoting brisk walking
behaviours moderates the aforementioned mediations.

Literature review

Physical (in)activity

Physical activity, defined as “any bodily movement pro-
duced by the contraction of skeletal muscle that increases
energy expenditure above a basal level’;, comes in three
levels: light, moderate, and vigorous [1, 32]. Recommen-
dations include engaging in light activities whenever pos-
sible and aiming for 150 minutes of moderate activity,
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or 75minutes of vigorous activity to maintain a healthy
lifestyle [1]. Failing to meet these guidelines constitutes
inactivity, a concerning trend with a 5 % increase from
2001 to 2016 [1]. Regular physical activity significantly
reduces the risk of chronic diseases and promotes mental
well-being [33, 34]. Despite these benefits, physical inac-
tivity remains a major public health issue, ranking as the
fourth leading cause of mortality, responsible for about
3.2 million deaths annually [35, 36]. Hence, there remains
a critical need for effective interventions to promote
physical activity for individual and population health.

Cognitive fatigue

As already mentioned in the introduction, the litera-
ture states that cognitive fatigue negatively influences
exercising intentions and behaviours. For instance, the
study of Martin and Bray [37] exposed participants to a
cognitively fatiguing task during a lab experiment, after-
wards exposing them to a 10-minute bicycle task. Cog-
nitively fatigued participants were found to exert lower
levels of exercise during the cycling task and were found
to be planning to exert less effort during an upcoming
cycling task, compared to a control condition. Similarly,
the study of Brown and Bay [19] exposed participants
to a cognitively demanding task whereafter they were
examined about their intended physical effort and their
total work for a 30-min self-paced exercise task. Findings
showed significantly greater cognitive fatigue, significant
reductions in intended physical exertion and signifi-
cantly less work performed during the exercise session
compared to the control condition. As such, it is evident

addressing cognitive fatigue is needed to help the public
become more active.

Further, cognitive fatigue often prompts a need for
recovery, which can be fulfilled in two ways: passive
activities like watching television or dynamic activities
like brisk walking [38—41]. Research suggests that physi-
cal activity can alleviate cognitive fatigue and reduce its
overall levels [42, 43]. However, individuals often prefer
passive activities, highlighting the need to motivate cog-
nitively fatigued individuals to engage in exercise [14].

As there exist several forms of physical activities,
within this paper we will focus on brisk walking behav-
iours. Brisk walking is found to produce substantial
health benefits, and beyond that, it is an easy-to-perform
activity for which you do not need any equipment, exper-
tise, preparations, or knowledge [5]. Brisk walking is
also used in other smartphone interventions that try to
enhance physical activity levels [10, 11], and also when
feeling cognitively fatigued [44]. Based on this knowl-
edge, we hypothesise the following relationship:

HI: Cognitive fatigue will negatively predict brisk
walking intentions.

Perceived humour of the intervention messages

that promote brisk walking behaviours

There are reasons to assume that humorous messages
can be especially persuasive in motivating cognitively
fatigued individuals. Humorous messages can elicit a
positive mood [45], which is found to alter individuals’
evaluations of their experienced cognitive fatigue [22],
and, according to the meta-analysis of Cameron and col-
leagues [46], positive mood interventions engender more
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favourable outcome expectancies concerning physical
activity. Additionally, research shows that altering peo-
ple’s perceptions of cognitive fatigue by inducing a posi-
tive state counteracts the effects of cognitive fatigue and
leads to replenishment [47, 48]. For instance, Egan and
Hirt [49] found that when participants are subject to a
cognitively fatiguing task and are afterward induced to a
positive state, their perceptions of cognitive fatigue were
significantly lower than those of participants who were
induced to a negative state. Moreover, the level of per-
ceived cognitive fatigue of participants who experienced
the positive state did not differ significantly from partici-
pants not exposed to a fatiguing cognitive task (control
condition). Additionally, when a user’s cognitive capac-
ity is reduced due to cognitive fatigue [22], less effort is
invested in seeing, reading, and interpreting messages
[50]. As a result, an easier, more surprising message
might be more effective in enhancing behaviours than a
more serious or informative message [51].

Although studies often compare humorous and non-
humorous messages, literature shows that perceived
humour should also be measured, as a humorous mes-
sage might not be perceived as humorous by everyone
[52]. Subsequently, studies show that perceived humour
plays a large role in determining whether the humorous
message is effective or not [53]. For instance, Skalski and
colleagues [54], did not find differences between humor-
ous and non-humorous messages in anti-binge drinking
ads on reactance. However, perceived humour was nega-
tively associated with reactance. The same was true for
the study of Pariera [29], who did an eight-week interven-
tion on parent-child sexual communication and found
no difference between humorous and non-humorous
messages but stated that perceived humour was posi-
tively associated with self-efficacy. Therefore, this study
focuses on perceived humour instead of solely examining
humorous vs. non-humorous messages. Departing from
the findings that messages that are perceived as humor-
ous are more effective in health interventions [29, 54],
and are able to alter individuals’ evaluation of their expe-
rienced cognitive fatigue [22, 49], we formulate the fol-
lowing hypothesis:

H2: Perceived humour of the intervention messages
that promote brisk walking behaviours will moder-
ate the relationship between cognitive fatigue and
brisk walking intentions so that humorous mes-
sages are more effective in promoting brisk walking
intentions in fatigued individuals compared to non-
fatigued individuals.
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Self-efficacy

Self-efficacy is derived from social cognitive theory
and can be described as “the believes an individual has
in their capacity to perform a behaviour” [55, 56]. The
discussion paper of Lee and Buchner [24] argues that
self-efficacy is strongly connected with the amount of
physical activity individuals undertake. Similarly, the
study of Depenbusch and colleagues [57] found that
lower levels of self-efficacy decreased patients’ inten-
tion and their likelihood to engage in physical exercise.
Also, Marcus & Owen [58] report that self-efficacy levels
among healthy individuals significantly differ depending
on the stage of physical activity change they are in, with
significantly higher levels in the regularly active stage.
Further, the review analysis of Williams and French [59]
looked at 27 unique studies among healthy adults. They
concluded that if a significant effect of an intervention
technique was found on change in self-efficacy, it tended
to be associated with a positive change in effect size for
physical activity. Furthermore, the study of Hejazizadeh
[27] examined the relationship between fatigue (physical
and cognitive) and self-efficacy amongst multiple sclero-
sis patients and found that higher mean scores of fatigue
resulted in lower mean scores of self-efficacy. In addi-
tion, the study of Haas [60] investigated 73 women that
were treated for breast cancer and suggested that cancer-
related fatigue (seen primarily as a psychological or thus
cognitive form of fatigue) is a potential barrier to engag-
ing in physical activity, mediated by self-efficacy, subse-
quently improving quality of life. The participants had to
fill out a questionnaire and structural equation modelling
showed the relations to be significant. Although these
findings are examined in patient populations, research
overall argues that the implementation of self-efficacy
enhancing techniques in intervention programs may help
to overcome psychological barriers, such as cognitive
fatigue, for increasing physical activity [60—62]. There-
fore, we hypothesise self-efficacy to be the first out of
three potential mediators:

H3,: Self-efficacy will mediate the relationship
between cognitive fatigue and brisk walking inten-
tions.

As already mentioned before, the study of Pariera
[29] found no difference between humorous and non-
humorous messages on self-efficacy but did find that
perceived humour was positively associated with self-
efficacy related to parent-child sexual communication.
Similarly, Bleakley and colleagues [63] did a study with
three experimental conditions (humour, fear, and nur-
turance) and one control condition, examining the effect
of different emotional appeals on the intention to drink
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sugar-sweetened beverages. The results showed that all
ads increased levels of self-efficacy compared to the con-
trol ad. Overall, when it comes to the perceived humour
of a message, a positive trend towards a positive relation
between humour and self-efficacy can be found [29, 54].
In combination with the negative relation between cog-
nitive fatigue and self-efficacy [27] and the interaction
effects between cognitive fatigue and humour [30], we
hypothesise the following relation:

H3y; Perceived humour of the intervention messages
that promote brisk walking behaviours will moder-
ate the relationship between cognitive fatigue and
self-efficacy so that perceptions of self-efficacy will be
positively changed after receiving messages that are
perceived as humorous compared to messages that
are not perceived as humorous.

Self-control

Self-controlled behaviour refers to “voluntary actions in
which individuals engage to advance personally valued
longer-term goals despite conflicting urges that are more
potent in the moment” [64] (e.g., exercising rather than
watching television). The study of Finne and colleagues
[65] found that high levels of self-control promote the
implementation of short-term exercise intentions. The
authors studied exercise intentions and levels of self-con-
trol amongst 259 participants for 13 weeks. They found
that weekly exercise intentions were only met when self-
control was high. Furthermore, within the meta-analysis
of Clarkson and colleagues [22] the relationship between
cognitive fatigue and self-control was examined based on
16 studies. The data support a significant impact on indi-
viduals’ perceptions of cognitive fatigue for subsequent
self-control exertion. As cognitive fatigue negatively pre-
dicts exercise intention and self-control [16, 22], and self-
control is positively related to exercise intention [65], we
predict the following relationship between these three
concepts, with self-control being the second out of three
possible mediators:

H4, Self-control will mediate the relationship
between cognitive fatigue and brisk walking inten-
tions.

Concerning the effects of humorous messages, the exper-
imental study of Cheng and Wang [30] found a causal
impact of humour on persistence behaviour, after induc-
ing participants to a cognitively fatigued state. First,
participants had to cross out the letter “e” of an essay to
induce a fatigued state, whereafter they were exposed
to either a humorous or a sad video. The authors found
a causal effect between humour and persistence with

replenishing effects of cognitive fatigue when watching
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a humorous video. This indicates an interaction between
humour and cognitive fatigue on persistence. Further,
they specify that this causal relationship is mediated by
perceived humour. Although this study did not explicitly
examine self-control, persistence towards a goal is only
possible when exerting sufficient self-control [66]. As
cognitive fatigue negatively influences self-control [22],
and humour directly affects self-control [30], and there
has been found an interaction between cognitive fatigue
and humour [30], we suggest the following:

H4,;: Perceived humour of the intervention messages
that promote brisk walking behaviours will moder-
ate the relationship between cognitive fatigue and
self-control so that perceptions of self-control will be
positively changed after receiving messages that are
perceived as humorous compared to messages that
are not perceived as humorous.

Motivation

Motivation is defined as “a driving force or forces respon-
sible for initiation, persistence, direction and vigour of
goal-directed behaviour” [67]. Motivation is found to
positively influence physical activity intention [68] and
is described as a central determinant in many programs
trying to enhance physical activity behaviours [69]. The
randomized crossover study of Marcora and colleagues
[12] shows that cognitive fatigue can negatively affect
motivation for subsequent performance. Also, the study
of Boksem and colleagues [70] found that fatigued partic-
ipants — who had to complete a two-hour task to induce
fatigue — could monitor their actions more adequately
after motivating them to perform the behaviour. How-
ever, a more recent systematic meta-analytic review (con-
sisting of eight papers) by McMorris and colleagues [28]
found rather mixed results considering the relationship
between cognitive fatigue and motivation. Therefore,
the authors suggest that more studies are needed. Based
on the knowledge that motivation positively influences
physical activity intention and might be negatively influ-
enced by cognitive fatigue, we predict motivation being
the third out of three possible mediators, suggesting:

HS,: Motivation will mediate the relationship
between cognitive fatigue and brisk walking inten-
tions.

The relationship between humour and motivation is
already well-established in the context of health care and
education [31]. It has been demonstrated that the use
of humour reduces anxiety, enhances participation, and
increases motivation when directly linked to the central
message one is trying to bring [71, 72]. It is found that
motivation does not directly cause learning but creates an
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environment that promotes learning, which could also be
true in the context of promoting physical exercise. How-
ever, when the humour used is not understood or per-
ceived as inappropriate, thus not perceived as humorous,
motivation will decrease [73]. Based on the knowledge
that perceived humour is positively related to motivation
[31], in combination with the negative relation between
cognitive fatigue and motivation [12], and the interaction
effects between cognitive fatigue and humour [30], we
suggest:

HS5,: Perceived humour of the intervention messages
that promote brisk walking behaviours will moder-
ate the relationship between cognitive fatigue and
motivation so that perceptions of motivation will be
positively changed after receiving messages that are
perceived as humorous compared to messages that
are not perceived as humorous.

Methods
Participants
This study consisted of an online experiment with a 2
(fatigue: fatigue manipulation, no manipulation) by 2
(activity message: humorous, non-humorous) between-
subjects design, administered through Qualtrics. An a
priori power analysis using G*Power 3.1 [74] for linear
multiple regression: fixed model, R? deviation from zero
considering eight predictors (fatigue, message, self-efficacy
(T1 and T2), self-control (T1 and T2), motivation (T1 and
T2)), indicated that with 160 participants an effect size of
0.15 could be captured with 95% of power [75].
Participants were recruited through Prolific, a database
with participants for online research [76]. Before mak-
ing the study available on Prolific, inclusion criteria were
added to reach a more coherent sample. As such, partici-
pants had to be citizens of the United Kingdom, fluent in
English, not have a student status, and experience similar
work conditions (working a 9 to 5 job, remotely and/or at
the office). Additionally, this study examined adults aged
between 25 and 45 years old as younger workers are more
prone to burnout resulting from prolonged fatigue [77]
Lastly, we indicated on the Prolific website we were look-
ing for a balanced sample (50% males, 50% females).

i i messages i i
Intention for Brisk Intention for Brisk
Walking Walking
Self-Efficacy Self-Efficacy
Self-Control Self-Control
Motivation Motivation
Non-

Humorous
Messages

Participants were asked to complete a 15-minute online
experiment and were compensated £2.40 per participa-
tion. The final sample size consisted of 250 individuals.
Informed consent was obtained from all participants
and study procedures were approved by the Independent
Ethical Advisory commission for research in Social and
Human Sciences (EA SHW _18_81).

Procedure

To better understand the procedure of this online experi-
ment, consult Fig. 2. When entering the online experi-
ment, participants had to answer some demographic
questions to be able to describe the study sample. In
addition, physical activity levels and cognitive effort after
a regular day at work were questioned. Afterwards, par-
ticipants were randomly assigned to one of two condi-
tions: either they had to solve math problems to ensure
that some of them felt cognitive fatigue, or they imme-
diately moved to the next part of the study [78]. Next,
all participants had to consider their current cognitive
fatigue measured from one to seven. Thereafter, they
were asked to answer their intention to go for a brisk
walk at that moment (7-point Likert scale), measures of
self-efficacy to brisk walk, self-control to brisk walk and
motivation to brisk walk. Subsequently, participants
were either exposed to a sequence of nine humorous or
nine non-humorous messages motivating individuals to
brisk walk (see Additional file 1). Humorous messages
consisted of cat pictures with congruent text, as cats are
found to easily embody human feelings and behaviours in
a humoristic fashion accessible to a broad audience [79].
The non-humorous messages consisted of the same text
but displayed a neutral white sports shoe instead of cats
[44]. Lastly, participants’ likeliness to go for a brisk walk,
levels of self-efficacy to brisk walk, self-control to brisk
walk and motivation to brisk walk were asked again after
seeing the messages.

Measures

Demographic questions

Participants were asked: “What gender do you identify
most with?” (male or female); “What ethnic group do
you belong to?” (Black, White, Asian, mixed, prefer not
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to answer, or other); “What is your year of birth?”(open
question); “What is your highest qualification?” (lower
than secondary education, secondary education/equiva-
lent, academic, or professional bachelor/advanced bach-
elor/equivalent, master/post-master/equivalent, or PhD);
“What is your employment status?” (full-time 100% or
more, more than half time, half-time, less than half-time,
or do not work).

Physical activity

Participants were asked how much time they spent seated
on an average working day (more than 50%, approxi-
mately 50%, less than 50%), how many days per week they
went for a brisk walk! during the last 3 months (times per
week ranging from one to seven), how many minutes per
day they went for a brisk walk in the last 3 months (open
question), and how many minutes on average they spent
on brisk walking the preceding week (open question).
Similar questions to examine exercise behaviours were
asked by Gillebaart & Adriaanse [80].

Cognitive effort after work

The question “Overall, how mentally exhausted do you
feel at the end of your working day?” tried to understand
how mentally exhausted participants felt after a regular
working day. Participants could indicate their answers
with a slider from one to seven.

Cognitive fatigue (independent variable)

Before (T1) and after the manipulation (T2,), or just after
the demographic questions when there was no manipula-
tion (T2,), participants were asked to indicate their cur-
rent level of cognitive fatigue® with a slider ranging from
1 (= not cognitively fatigued at all) to 7 (= extremely
cognitively fatigued) [81]. This resulted in a continu-
ous variable where both cognitive fatigue levels after the
manipulation (T2,) and cognitive fatigue levels without
manipulation (T2;) were measured.

Intention to brisk walk (dependent variable)

Participants were asked the following, before and after
the humorous or non-humorous messages were shown:
“Considering your current mental state, and only your
mental state, how likely is it that you would go for a

! Brisk walking was defined as follows: a moderate-intensity physical activ-
ity where one walks at an average pace of 3.5 miles/hour - or, on average,
100 steps per minute. It increases heart rate and breathing rates but does
not render one out of breath. A single brisk walk lasts 20—30 minutes.

% Fatigue was explained as a combination of physical and cognitive fatigue,
explaining this study was only interested in the cognitive part of fatigue,
namely: Cognitive fatigue can be better defined as mental weakness - if one
has been doing something tedious like reading or calculating numbers all
day long, they would most likely feel mentally drained afterwards.
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brisk walk at the moment?”. Their answers varied from
extremely unlikely to extremely likely on a 7-point Likert
scale [82].

Self-efficacy (mediator)

Based on the study of Hagger and colleagues [83] and
the book of Brug and colleagues [84], items to measure
self-efficacy before and after the messages were: “If is
easy for me to go for a brisk walk’, “It is hard for me to go
for a brisk walk’; “I am confident that I can go for a brisk
walk’, and “I am able to go for a brisk walk”. Responses
were given on a 5-point Likert scale (1 =strongly disagree
to 5=strongly agree) and the internal consistency of this

scale was satisfactory (ap; =0.91; a 1, =0.89).

Self-control (mediator)

The 5-Item Scale for Measuring Momentaneous Self-
Control Capacity (SMS-5) was used to measure self-
control before and after viewing the activity messages,
considering participants’ current state. The items con-
sisted of “I feel drained’, ‘I feel calm and rational’, “I feel
lazy”; “I feel sharp and focused’, and “I feel like my will-
power is gone” [85]. Participants had to answer if they
agreed or disagreed with each statement on a 7-point
Likert scale ranging from strongly disagree to strongly
agree. The scale proved reliable with a Cronbach’s
ar;=0.85and ap,=0.83.

Motivation (mediator)

Motivation to exercise was measured with the Self-
Determination Motivation Scale for Exercise-2 (SMSE-2)
using the intrinsic motivation and amotivation subscales.
The intrinsic motivation subscale asked participants how
much they agreed with the following statements consid-
ering their current state: “Brisk walking itself is fun’, “I can
focus on my routine while going for a brisk walk’ “Brisk
walking is an activity that makes me feel satisfied, “It
gives me pleasure to learn about brisk walking, whereas
the amotivation subscale items were: “I do not know why
I brisk walk’; “I cannot see why I should brisk walk’, “I do
not have any reason to brisk walk” [86]. The latter three
items were recoded, and all items together resulted in a
reliable scale with a Cronbach’s a; =0.84 and a,=0.85.
All items were measured on a 5 point-Likert scale.

Perceived humour (moderator)

Participants had to indicate if they perceived the mes-
sages as not funny — funny, not amusing — amusing, not
entertaining — entertaining, not humoristic — humoristic
[87]. Cronbach’s proved the scale to be reliable: a =0.98.



Symons et al. BMC Public Health (2024) 24:128

Statistical analyses

In the result section, we will present the findings of our
analyses, which were all conducted using SPSS version
28. Additionally, we employed the PROCESS macro
developed by Hayes [88] to explore mediation and
moderation effects in our study. Our analyses will be
divided into several subsections, each addressing specific
research objectives and hypotheses. First, descriptive sta-
tistics and Pearson correlations, as well as an overview
of the manipulation checks will be discussed. The fol-
lowing part consists of hypothesis testing, organised by
hypothesis.

In order to exert more control over individuals’ states
and to make sure there was enough variation in cogni-
tive fatigue measures, we opted to use a manipulation.
Manipulations of cognitive fatigue are common, how-
ever, there is not one method that is used as the preferred
option [78, 89, 90]. Based on a comparison of different
papers and the feasibility of the manipulation within an
online experimental context, we decided to use math-
ematical additions and subtractions to increase levels
of cognitive fatigue [91]. One group of participants ran-
domly got exposed to the manipulation and had to report
current levels of cognitive fatigue before and after the
manipulation. The other group (no manipulation) only
had to report current levels of cognitive fatigue. Partici-
pants were asked not to use any aids in solving the ques-
tions, additionally, each addition or subtraction was only
shown for 10seconds and thereafter the next addition or
subtraction was shown automatically. To assess whether
the manipulation of cognitive fatigue was effective or not,
we relied on a one-way ANOVA. As such, we wanted
to understand if baseline levels of cognitive fatigue dif-
fered between the two groups. Therefore, a One-Way
ANOVA with group (0=no manipulation; 1 =manipula-
tion) as independent variable and baseline levels of cog-
nitive fatigue as dependent variable was performed. Next,
a Repeated Measures ANOVA with the first measure
of cognitive fatigue (T1 - before manipulation) and the
second measure of cognitive fatigue (T2a - after manip-
ulation) as dependent variables was performed to under-
stand whether there was an increase in cognitive fatigue
after the manipulation or not. Lastly, we wanted to know
if there was a significant difference between both groups
after the manipulation. A One-Way ANOVA with group
(0=no manipulation; 1=manipulation) as independ-
ent variable and levels of cognitive fatigue as depend-
ent variable was performed. After randomly exposing
participants to either the humorous messages or the
non-humorous messages, we asked them if they per-
ceived the messages as humorous or not based on a per-
ceived humour scale used by Nabi and colleagues [87].
A One-Way ANOVA with the condition (0=receiving
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non-humorous messages, and 1=receiving humorous
messages) as independent variable and perceived humour
as dependent variable was performed to understand if
individuals subjected to the humorous messages also per-
ceived the messages as significantly more humorous than
the individuals in the non-humorous condition. In order
to answer the first hypothesis, that cognitive fatigue neg-
atively predicts brisk walking intentions, we performed
a linear regression with cognitive fatigue as independent
variable, and brisk walking intentions (T1- before view-
ing messages) as dependent variable (assumptions of
independency, multicollinearity, linearity, normality, and
homoscedasticity were met).

Next, we wanted to understand if the perceived
humour of the intervention messages that promote brisk
walking behaviours moderates the relationship between
cognitive fatigue and brisk walking intentions so that
humorous messages are more effective in promoting
brisk walking intentions to fatigued individuals com-
pared to non-fatigued individuals. Therefore, a mod-
eration analysis was performed with cognitive fatigue as
independent variable, intentions to brisk walk (T2 — after
receiving messages) as dependent variable, perceived
humour as moderator and intention to walk (T1) as
covariate (Model 1-10,000 bootstrap intervals - BC 95%
confidence intervals).

Further, to test hypotheses H3a, H4a, and H5a and
thus understand if self-efficacy, self-control, and motiva-
tion mediate the relationship between cognitive fatigue
and intention to brisk walk (T1), we looked at media-
tion effects with PROCESS [88] (model 4—-10,000 boot-
strap intervals - BC 95% confidence intervals). Cognitive
fatigue was used as independent variable, brisk walking
intentions (T1) as dependent variable, and self-efficacy
(T1), self-control (T1), and motivation (T1) as mediators.

To understand if the (humorous) messages were effec-
tive in enhancing levels of self-efficacy (T2), self-control
(T2), and motivation (T2) and thereby increase brisk
walking intentions (T2) whilst experiencing cognitive
fatigue (H3b, H4b and H5b), we calculated the differ-
ence between self-efficacy (T1) and self-efficacy (T2),
self-control (T1) and self-control (T2), motivation (T1)
and motivation (T2), and brisk walking intentions (T1)
and brisk walking intentions (T2). This results in four
new delta variables, namely self-efficacy (AT), self-con-
trol (AT), motivation (AT) and brisk walking intentions
(AT). These delta variables are used because only in this
way the effectiveness of the moderator (ie., perceived
humour of the intervention messages) can be meas-
ured with impact, namely understanding the change in
self-efficacy, self-control, motivation, and brisk walking
intentions, following viewing either humorous or non-
humorous messages. Using these delta variables, we
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Table 1 Characteristics of the sample
Continuous Study Variables M SD
Age (years) 356 59
Mental exhaustion at the end of the working day (0-7) 45 1.5
How many days per week do you go for a brisk walk (past 3 weeks) (0-7) 33 19
How many minutes per day do you go for a brisk walk (past 3 weeks) 452 92.1
How many minutes did you walk at brisk pace during the week preceding this day 103.2 112.5
Categorical Study Variables N %
Gender
Men 125 50.0
Women 125 50.0
Ethnic Grouping
Black 12 4.8
White 213 85.2
Asian 18 7.2
Mixed 6 24
Prefer not to answer 1 04
Education
Lower than secondary education 1 04
Secondary Education or equivalent 63 252
Academic bachelor or professional bachelor or equivalent 134 53.6
Academic maser or post-master or equivalent 49 19.6
PhD 3 1.2
Employment Status
Employed full-time (100% or more) 207 82.8
Employed more than part-time (>50%) 20 8.0
Employed part-time (50%) 14 56
Employed less than part-time (< 50%) 8 32
Not employed 1 04
Perceived Sitting Time at Work
More than 50% of the time 177 70.8
About 50% of the time 42 16.8
Less than 50% of the time 31 124

tested hypotheses H3b, H4b and H5b, looking at moder-
ated mediation of perceived humour of the intervention
messages that promote brisk walking behaviours on the
mediation of self-efficacy, self-control, and motivation
with PROCESS (model 7-10,000 bootstrap intervals - BC
95% confidence intervals). Cognitive fatigue was used as
independent variable, brisk walking intentions (AT) as
dependent variable, self-efficacy (AT), self-control (AT),
and motivation (AT) as mediators and perceived humour
as moderator.

Results

Descriptive statistics

Participants (n=250) were on average 36years old
(Mage=35.62; SD=5.89), 50% of the sample were males
and 50% were females. Most individuals identified as
‘white’ when asked about ethnic grouping (85.2%) and

the highest level of education was mostly academic bach-
elor, professional bachelor or equivalent (53.6%). Most
participants indicated to work full-time or more (82.8%),
are sitting equal to or more than 50% of the time at work
(87.6%) and are brisk walking for about 135 minutes per
week (3 days multiplied by 45 minutes per day). Consider-
ing the guidelines of the World Health Organization, this
sample can be viewed as sedentary and inactive [1, 3]. For
more details concerning the characteristics of the sample,
see Table 1.

Pearson correlations

Correlations between cognitive fatigue, perceived
humour and all dependent variables can be found in
Table 2. All dependent variables that significantly corre-
late with cognitive fatigue, indicate a very weak or weak
negative correlation with cognitive fatigue, except for
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Table 2 Pearson correlations
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1 2 3 4 5 6 7 8 9 10
1 Cognitive Fatigue 1
2 Perceived Humour -08 1
3 Self-Efficacy (T1) —30%* .06 1
4 Self-Efficacy (T2) —.20%* 7% 8% 1
5 Self-Control (T1) —.58%* 4% A48** A44%* 1
6 Self-Control (T2) —A2** 18** A6** 50%* 83** 1
7 Motivation (T1) -04 10 A5** S51** 26%* 28** 1
8 Motivation (T2) -03 23%* A% 54%*% 22%% 34%% 87%* 1
9 Brisk Walking Intentions (T1) —.18** 12% J2** 65 44%% 36%* 56%* 59%* 1
10 Brisk Walking Intentions (T2) 014 38%* A5%% 58%* 23%% 32%% 56%* 58%* 58** 1

* Correlation is significant at the 0.05 level (1-tailed)

** Correlation is significant at the 0.01 level (1-tailed)

self-control (T1 and T2) where the correlation is also
negative but moderate. All other significant correlations
between variables are positive. Strong and very strong
correlations are found between time one and time two
measurements, such as the correlation between self-
control (T1) and self-control (T2) (r=.83, p<.001). Also,
there is a strong correlation between brisk walking inten-
tions (T1) and self-efficacy (T1 and T2) (r;=.72, p<.05;
rry=.65, p<.05).

Manipulations

Cognitive fatigue

The results of a One-Way ANOVA show that baseline
levels of cognitive fatigue were not significantly differ-
ent between both the manipulated and non-manipu-
lated group (F(1,248)=.15, p=0.696, 11p2=0.00). Next,
Repeated Measures ANOVA resulted in significant differ-
ences between time one and time two (F(1,121) =54.81,
p<0.000, iypz =0.31). Additionally, mean scores revealed
that cognitive fatigue increased from time one to time
two (M, =3.73, SD;,; =145 and My, =4.44; SD;,=1.53).
The results of the last One-Way ANOVA show that
there is a significant difference between the two groups,
where the manipulated group experienced more cogni-
tive fatigue compared to the non-manipulated group
(F(1,247)=11.32, p < 0.001, 77,>=0.04; Mysipusation =444
SD = 1.53; Mo Maniputation=3-81, SD=1.43). These results
indicate that the manipulation of cognitive fatigue suc-
ceeded. In the continuation of the statistical analyses, the
effect of cognitive fatigue on walking intentions is exam-
ined using self-reported cognitive fatigue as a continuous
variable.

(Humorous) messages
A One-Way ANOVA showed that the individuals sub-
jected to the humorous messages also perceived the

messages as significantly more humorous than the indi-
viduals in the non-humorous condition (F(1, 248) =93.76,
p<0.001, 17p2=0.27; Mymowr=529, SDponr=1.74; M,
numor=23-20, SD, 1.0, =1.67). As already mentioned in
the literature part that perceiving something as humor-
ous or non-humorous is a rather individual experience
[52], we will use the continuous variable ‘perception of

humour’ in all upcoming analyses.

Hypothesis testing

Hypothesis 1

The overall regression (Fig. 3) was statistically significant
(R?=0.03, F(1, 247) =7.86, p=0.005). Individuals’ current
levels of cognitive fatigue are a significant and negative
predictor for brisk walking intentions (8 =—.22, SE=.08,
p=0.005), thus accepting our first hypothesis.

Hypothesis 2

The overall moderation model (Fig. 4) was significant
(R*=0.47, F(4, 244)=55.13, p<0.001). Further, the
model showed that the covariate intention to walk (T1)
is a significant predictor of intentions to brisk walk (T2)
(#(244)=11.72, p<.001, b=.50, SE=.04).

Additionally, the direct effects of cognitive fatigue
(t(244)=-1.07, p=.286, b=—.13, SE=.12) and perceived
humour (#(244)=.21, p=.831, b=.02, SE=.12) on brisk
walking intentions (T2) were insignificant, but the inter-
action between cognitive fatigue and perceived humour

Cognitive Brisk Walking
. — p=—22"  —> .
Fatigue s Intentions (T1)
p < .000 = **x
p < 010 =
p<.050=*

Fig. 3 Visual presentation of H1



Symons et al. BMC Public Health (2024) 24:128

Page 11 0f 18

Perceived Brisk Walking
Humour Intentions (T1)
I 7
. b=.50""
=07 v
Cognitive :Iz _ Brisk Walking
Fatigue b==13 Intentions (T2)
P < .000 = **x
p<.010 =**
p<.050=*
Fig. 4 Visual presentation of H2
Self-Efficacy
1 \
/ Self-Control
/ (T1) \ S
/TjQ . é\\ \J\*"*
N o o
. 55 Motivation )
Ay —7| (T1) S~—
_04 =27
b=""
Cognitive be 11 Brisk Walking
Fatigue T Intentions (T1)

Standardised coefficients
p < .000 = ***

p < .010 = **

p < .050 =*

Fig.5 Visual presentation of H3,, H4,, H5,

was positive and significant (£(244)=2.67, p=.008,
b=.07, SE=.03), which indicates a moderation of per-
ceived humour on the relationship between cognitive
fatigue and brisk walking intentions (T2).

More specifically, based on the Johnson-Neyman sig-
nificance regions, we can understand that only when
perceived humour scores at least 3.63 out of seven
points, perceived humour and cognitive fatigue are sig-
nificantly related (£(244)=1.97, p=.050, b=.11, SE=.06),
and thus only when a message is perceived as humorous
enough (= starting from 3.63 out of seven), an interac-
tion between perceived humour and cognitive fatigue
takes place. As perceived humour increases, the relation-
ship between cognitive fatigue and perceived humour
becomes more positive, with seven being the highest pos-
sible value for perceived humour (£(244)=3.97, p<.001,
b=.34, SE=.09).

These results indicate that the more the participants in
our study experienced the intervention messages to be
humorous in combination with higher levels of perceived

cognitive fatigue, the more the intervention message
positively influenced their intentions for brisk walking,
accepting our second hypothesis.

Potential mediators self-efficacy, Self-Control & Motivation
(H3,, H4,and H5,)

The overall mediation model (Fig. 5) was statistically
significant (R*=0.60, F(4, 244)=93.14, p<0.001). Based
on the standardised indirect effects of cognitive fatigue
on brisk walking intentions (T1), we can conclude that
self-efficacy (T1) (b=-.16, SE=.04; BC 95% CI [-.24 to
—.09]) and self-control (T1) (b=-.09, SE=.03; BC 95%
CI [-.16 to —.03]) are significant mediators, however,
motivation (T1) is not (b=-.01, SE=.0; BC 95% CI [-.05
to .03]). The direct effects of cognitive fatigue on self-
efficacy (¢(247)=-4.86, p<.001, b=-.30, SE=.04]) and
self-control (#(247)=-11.30, p<.001, b=-.58, SE=.04])
are significant and negative, meaning that the more an
individual feels cognitively fatigued, the less self-efficacy
and self-control they will experience. Higher levels of
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Fig. 6 Visual presentation of H3,, H4,, H5,

self-efficacy (#(244)=11.11, p<.001, b=.55, SE=.09])
and self-control (£(244)=2.80, p=.005, b=.15, SE=.09])
are directly and positively related to intentions to go for
a brisk walk (T1), as is motivation (£(244)=6.01, p<.001,
b=.27,SE=.11]).

The direct effect of cognitive fatigue on walking inten-
tions (T1) is insignificant (¢#247)=1.75, p=.081, b=.11,
SE=.06]). Cognitive fatigue does not significantly affect
motivation (£(247)=-.62, p=.535, b=-.02, SE=.03]).
Based on these results we can accept hypotheses H3, and
H4,, however rejecting H5,.

Moderation of perceived humour of the intervention
messages that promote brisk walking behaviours (H3,, H4,,
and H5,)

When looking at the index of moderated mediation,
the model (Fig. 6) shows a significant interaction for
the a-path and a significant B-path for self-control (AT)
(b=.01, SE=.01; BC 95% CI [.00 to .04]), but not for self-
efficacy (AT) (b=.00, SE=.01; BC 95% CI [—.02 to .02])
and motivation (AT) (b=.00, SE=.00; BC 95% CI [-.01
to .01]) indicating a significant moderated mediation for
self-control (AT), but not for self-efficacy (AT) nor moti-
vation (AT).

The model indicates that the interaction between cog-
nitive fatigue and perceived humour on self-control (AT)
is positive and significant (¢£(245)=1.98, p=.050, b=.03,
SE=.01), more specifically, according to the Johnson-
Neyman significance regions, only when perceived
humour scores at least 2.01 out of seven points, perceived

humour and cognitive fatigue are significantly related
(1(245)=1.97, p=.050, b=.08, SE=.04), meaning that the
interaction only takes place when individuals perceive
the messages humorous enough (i.e., 2.01 out of seven
points). As perceived humour increases, the relation-
ship between cognitive fatigue and perceived humour
becomes more positive, with seven being the highest pos-
sible value for perceived humour (£(245)=4.71, p<.001,
b=.22, SE=.05). This indicates that the more individuals
feel cognitively fatigued in combination with the more
they experience the messages to be humorous, the more
they perceive a positive change in levels of self-control
(R2=0.01, F(1, 245) =3.90, p=0.050).

As a result, we can conclude that there is a moder-
ated mediation of perceived humour on the relationship
between cognitive fatigue and self-control (AT), but not
on the relationship between cognitive fatigue and self-
efficacy (AT) or cognitive fatigue and motivation (AT).
These results indicate that hypothesis H4y is supported,
however hypotheses H3, and H5, are not. Further, the
model indicates a significant mediation for self-efficacy
(AT) (Perceived humour=4.50, b=.06, SE=.03; BC
95% CI [.01 to .12]) and self-control (AT) (Perceived
humour=4.50, b=.08, SE=.03; BC 95% CI [.02 to .14])
starting from a value of 4.50 for perceived humour, but
not for motivation (AT), which is insignificant at all lev-
els (Perceived humour=1.75, b=.00, SE=.01; BC 95%
CI [-.02 to .04]). The direct effect between cognitive
fatigue and brisk walking intentions (AT) is insignificant
(£(244) =1.68 p=.095, b=.11, SE=.07).
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Discussion

The current study had four objectives: First, we wanted
to examine if feelings of cognitive fatigue negatively
predicted brisk walking intentions (H1). Secondly, this
paper tried to unravel the process through which this
happened. Therefore, we investigated if self-efficacy,
self-control, and motivation mediated the relationship
between cognitive fatigue and intentions to brisk walk
(H3,, H4,, H5,). Thirdly, we wanted to understand if
intervention messages that are perceived as humorous
moderate the relationship between feelings of cognitive
fatigue and brisk walking intentions (H2). Lastly, we also
wanted to examine if these (potential) mediation effects
were influenced by viewing intervention messages that
were perceived as humorous, thus examining moder-
ated mediation of perceived humour of the intervention
messages that promote brisk walking behaviours on the
aforementioned mediations of self-efficacy, self-control
and/or motivation (H3,, H4,, H5).

This study confirms that cognitive fatigue negatively
predicts physical activity intentions, more specifically
brisk walking intentions (H1), which was also reported by
several studies in the past [12, 19, 37]. Next, our results
showed that the perceived humour of the intervention
messages that promote brisk walking behaviours moder-
ates the relationship between cognitive fatigue and brisk
walking intentions, so that humorous messages become
more effective in promoting physical activity, compared
to non-humorous messages as cognitive fatigue increases
(H2). Thus, we can conclude that humour appears to
be beneficial in encouraging exercise in those who feel
cognitively fatigued opening possibilities to tackle the
problem of worldwide inactivity. However, to develop
a full picture of how humorous messages are effective
in motivating cognitively fatigued individuals to brisk
walk, additional studies will be needed to expand the
age category, ethnic grouping, and education levels. This
is because the perception of humour is dependent on
multiple demographic factors [52]. When we can under-
stand what types of humour work best for what groups,
we will be able to better individualise smartphone-based
interventions in the future. Further, our study examined
mediation effects for self-efficacy (H3,), self-control
(H4,) and motivation (H5,) and found that self-efficacy
(H3,) and self-control (H4,) mediated the relationship
between cognitive fatigue and brisk walking intentions.
However, no significant effects were observed for moti-
vation (H5,). The mediation effect of self-efficacy fulfils
expectations as it was already previously found within
patient populations [60] and suggested to be researched
within healthier populations [29, 36]. The mediation
effect of self-control confirms the expected associations
between cognitive fatigue, self-control, and brisk walking
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intentions based on previous findings [16, 22, 65]. These
findings provide an opening into the investigation into
other variables, next to self-efficacy and self-control, who
might (even better?) explain why cognitively fatigued
individuals are not willing to exercise. Furthermore, the
mediated moderation model (H3,, H4,, H5,) showed
only a significant mediated moderation for self-control
(H4y), stating an interaction between cognitive fatigue
and perceived humour of the intervention messages that
promote brisk walking behaviours on self-control. As the
study of Cheng and Wang [30] already found a causal
impact of humour on persistence for cognitively fatigued
individuals, and persistence is only possible when exert-
ing sufficient self-control [66], these findings correspond
to expectations based on previous findings. A future
study with a focus on different physical activities, consid-
ering different intensity levels, is suggested to understand
if these findings (the mediations and the moderated
mediation of self-control) are related to the type of physi-
cal activity or not.

A possible explanation for the repeated significance
of self-control in the tested models might be due to the
high cohesion between the concepts of cognitive fatigue
and self-control. As such, definitions of cognitive fatigue
and self-control are sometimes rather closely aligned,
centred around either the problem of control and/or
the management of energetic resources. For instance,
some scholars refer to cognitive fatigue as the result of
a conflict between competing goals, more specifically a
competition between doing one thing or another [92].
Similarly, self-control is mostly defined as “the capacity
of the individual to alter, modify, change, or override his
or her impulses, desires, and habitual responses” [93] —
and according to this theory, “self-controlled behaviour is
voluntarily choosing for the personally valued longer-term
goal despite conflicting urges that are more potent in the
moment” [64]. With regard to the management of energy,
both cognitive fatigue and self-control are sometimes
viewed as a loss of energy caused by the exhaustion of
mental resources — both are depicted as batteries that can
run down [94-96]. In conclusion, both cognitive fatigue
and self-control appear to be depleted resources when
having a hard time choosing between a long-term invest-
ment goal, such as taking a brisk walk, and a short-term
‘treat; such as watching television [65, 97]. Although their
similarities, this paper is not trying to claim both con-
cepts are equal. As such, the correlations between both
concepts were moderate and negative, indicating that
when one variable increases, the other decreases. More-
over, studies clearly state a direct relationship between
both concepts, such as Clarkson and colleagues [22] who
report that individuals who are less cognitively fatigued
elicit more self-control, which is similar to our findings.
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Nevertheless, more research is recommended concerning
the differences and similarities between cognitive fatigue
and self-control, and more specifically about their rela-
tionship to physical activity intentions and subsequent
behaviours. Lastly, the parallels between cognitive fatigue
and self-control may underlie why the perceived humour
of the intervention messages that promote brisk walking
behaviours have similar effects on cognitive fatigue and
self-control. However, as self-efficacy was also found to
be a significant mediator between cognitive fatigue and
physical activity intentions, other types of messages
might be effective in interacting with cognitive fatigue
and at the same time increasing levels of self-efficacy.
Further research can examine other types of humour or
other content of messages overall.

Limitations & strengths

The current study is subject to certain limitations. For
instance, this study was an online experiment, which
means the design did not permit the researchers to
measure actual behaviours, but rather intentions. Fur-
ther, within this study we have focused on one particu-
lar form of moderate-intensity physical activity, namely
brisk walking. As such, results concerning other mod-
erate-intensity activities may be different, possibly also
when participants are allowed to choose their own activ-
ity. In addition, we used cat memes as stimulus materi-
als for humorous messages within this experiment. As a
result, we are unable to generalise about different types of
humour. Although participants’ perceptions of humour
were solicited, their real preferences for humor - or
physical activity messages generally - were not taken into
consideration.

Nevertheless, as the main aim of this paper was to
examine underlying effects, the design chosen is the most
appropriate to examine these processes and ensure high
external validity at the same time. In addition, one of
the greatest strengths of our study is the success of the
manipulation and thereby being able to investigate brisk
walking intentions under a particular state. Another
strength of this study was the repeated measurement of
the same variables (self-efficacy, self-control, and moti-
vation) at different points in time (before and after the
messages were viewed) allowing causal effects to be
attributed to the messages.

Practical implications

Interventions aiming at promoting physical activities like
brisk walking can be considerably more effective when
taking into account the impact of cognitive fatigue, self-
efficacy, and self-control in brisk walking intentions.
Health professionals, educators, and policymakers can
use this knowledge to design workshops and campaigns
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that inform participants about the negative effects of
cognitive fatigue on physical activity while also offering
strategies to combat it by enhancing self-efficacy and
self-control when it comes to brisk walking. Health pro-
fessionals can also create customised treatments for dif-
ferent groups using this knowledge. For instance, their
advice can be tailored to a person’s level of self-efficacy,
self-control, and cognitive fatigue. By understanding
these mediating factors, interventions can be more pre-
cise and effective. As a result, our research adds to the
ongoing demand for more precise targeting, customiza-
tion, and personalization of physical activity interven-
tions, particularly for physical activity messages within
smartphone-based interventions [9, 98].

Further, this study demonstrates how humour can
increase brisk walking intentions in people who are
cognitively fatigued. This implies that using humour to
motivate individuals to exercise can be a successful strat-
egy for health and fitness programmes. Humour can be
used in marketing campaigns and health and wellness
programmes to make their message more appealing and
compelling. Existing mobile applications, for instance,
may employ humour as a motivator by adding humorous
achievements and notifications for reaching milestones
in brisk walking. Likewise, existing health trackers, such
as Fitbit, can also incorporate humorous elements into its
app and devices to make the user experience more engag-
ing. For example, it could include funny achievement
badges or humorous messages in order for users to reach
their daily step goals. This can boost motivation and
make the fitness journey more enjoyable. In other words,
as opposed to exclusively relying on behaviour change
techniques [99, 100], applications should focus more on
specific barriers, such as cognitive fatigue, and integrate
specific solutions within their messages, such as humour,
which respond to those barriers.

Lastly, this study’s focus on the underlying process
reveals that humorous messages can positively impact
self-control, which, in turn, increases intentions to brisk
walk. This insight can guide the development of inter-
ventions that specifically target self-control mechanisms.
It suggests that interventions can be created to support
people in strengthening their self-control abilities, mak-
ing it simpler for them to stick to a regular brisk walking
schedule. As a result, online and/or offline training mod-
ules can be created that explicitly target the improvement
of self-control, for example, by monitoring a person’s
self-control development and intention to brisk walk.
Furthermore, data collected by tracking devices could be
used to provide personalized recommendations based
on a user’s self-control and cognitive fatigue levels. For
instance, it could suggest different walking strategies for
days when users report feeling fatigued, emphasizing
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the importance of self-control in maintaining consistent
walking routines.

Conclusions

This study is one of the first to explain why cognitive
fatigue negatively influences brisk walking behaviours,
as it shows that self-efficacy and self-control mediate the
relationship between cognitive fatigue and brisk walk-
ing intentions. Further, the results of this study redisplay
that humorous messages are effective in enhancing brisk
walking intentions in cognitively fatigued individuals
overall. Moreover, this study is the first to unravel this
underlying process, and thereby the first to understand
that humorous messages can create positive changes in
levels of self-control, thereby increasing intentions to
brisk walk.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-023-17464-z.

[ Additional file 1. }

Acknowledgments
Not applicable.

Authors’ contributions

Conceptualization: MS, HV, KP. Funding Acquisition: HV, KP. Methodology
(design, operationalization): MS, HV, KP. Data Collection: MS. Data Analysis: MS.
Writing — Original Draft: MS. Writing — Review & Editing: MS, HV, KP.

Authors’information

MS

MS is a postdoctoral researcher affiliated with the Department of Com-
munication Sciences (MIOS research group) at the University of Antwerp.

She obtained her doctoral degree in September 2023. Her doctoral research
focused on identifying effective messages to motivate cognitively fatigued
individuals to engage in regular physical activity. She is currently (co-)develop-
ing experiments for social media on a variety of health-related subjects.

HV

HV (Ph.D.) is Full Professor at the Department of Communication Studies at
the University of Antwerp (Belgium). Her research focuses on different forms
of online aggression (e.g., cyberbullying, online sexual harassment, online
hate speech) and on evidence-based, technological health interventions (e.g.,
serious games, reflective interfaces, apps) on topics such as (cyber)bullying,
slut-shaming, physical activity, food intake, radon exposure, and chemsex.

KP

KP (Ph.D.) is a professor of Strategic Communication and Persuasive Technolo-
gies at the Department of Communication Studies, University of Antwerp,
Belgium and member of the research group MIOS (Media & ICT in Organiza-
tions & Society). She is currently the Chair of the Department of Communica-
tion Studies and is actively involved in research on online (commercial) media
environments and ‘complex’communication.

Funding
BOF—GOA Grant of the University of Antwerp: NudJIT Project with project-
number: 36102.

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available due to participants only agreeing to share data with the
contributing researchers, corresponding to the ethical guidelines applied by

Page 150f 18

the University of Antwerp, but are available from the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate

Informed consent was obtained from all participants and all methods were
carried out in accordance with relevant guidelines and regulations. Study
procedures were approved by the Independent Ethical Advisory commission
for research in Social and Human Sciences (EA SHW_18_81).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 21 November 2022 Accepted: 12 December 2023
Published online: 09 January 2024

References

1. WHO. Physical activity. www.who.int. 2022. Available from: https://
www.who.int/news-room/fact-sheets/detail/physical-activity.

2. Venditti EM, Wylie-Rosett J, Delahanty LM, Mele L, Hoskin MA, Edelstein
SL. Short and long-term lifestyle coaching approaches used to address
diverse participant barriers to weight loss and physical activity adher-
ence. Int J Behav Nutr Phys Act. 2014;12(1):11. https://doi.org/10.1186/
1479-5868-11-16.

3. WHO. Global recommendations on physical activity for health 2010.
Available from: https://www.who.int/publications/i/item/97892
41599979.

4. Arzu D, Tuzun E, EKER L. Perceived barriers to physical activity in univer-
sity students. J sports sci med. 2006;5(4):615-20.

5. Johansson M, Hartig T, Staats H. Psychological benefits of walking: mod-
eration by company and outdoor environment. Appl Psychol: Health
Well-Being. 2011,3(3):261-80.

6. Hardeman W, Houghton J, Lane K, Jones A, Naughton F. A systematic
review of just-in-time adaptive interventions (JITAIs) to promote physi-
cal activity. Int J Behav Nutr Phys Act. 2019;16(1)

7. LinY, Jessurun J, De Vries B, Timmermans H. Motivate: Towards context-
aware recommendation mobile system for healthy living. In: IEEE. 5th
International Conference on Pervasive Computing Technologies for
Healthcare (PervasiveHealth) and Workshops; 2011. p. 250-3.

8. LinY. Motivate: a context-aware mobile application for physical activity
promotion. Eindhoven: Technology University Eindhoven; 2013.

9. Shanil, Smith SN, Spring BJ, Collins LM, Witkiewitz K, Tewari A, et al.
Just-in-time adaptive interventions (JITAIs) in Mobile Health: key
components and design principles for ongoing Health behavior
support. Ann Behav Med. 2017;52(6):446-62. https://doi.org/10.1007/
$12160-016-9830-8.

10. Romeo A, Edney S, Plotnikoff R, Curtis R, Ryan J, Sanders |, et al. Can
smartphone apps increase physical activity? Systematic review and
Meta-analysis. ] Med Internet Res. 2019;21(3):e12053. https://doi.org/10.
2196/12053.

11. Feter N, dos Santos TS, Caputo EL, da Silva MC. What is the role of
smartphones on physical activity promotion? A systematic review and
meta-analysis. Int J Public Health. 2019,64(5):679-90. https://doi.org/10.
1007/500038-019-01210-7.

12. Marcora SM, Staiano W, Manning V. Mental fatigue impairs physical
performance in humans. J Appl Physiol. 2009;106(3):857-64. https://doi.
org/10.1152/japplphysiol.91324.2008.

13. Zheng J, You L-M, Lou T-Q, Chen N-C, Lai D-Y, Liang Y-Y, et al. Develop-
ment and psychometric evaluation of the Dialysis patient-perceived
exercise benefits and barriers scale. Int J Nurs Stud. 2010;47(2):166-80.
https://doi.org/10.1016/j.ijnurstu.2009.05.023.


https://doi.org/10.1186/s12889-023-17464-z
https://doi.org/10.1186/s12889-023-17464-z
http://www.who.int
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://doi.org/10.1186/1479-5868-11-16
https://doi.org/10.1186/1479-5868-11-16
https://www.who.int/publications/i/item/9789241599979
https://www.who.int/publications/i/item/9789241599979
https://doi.org/10.1007/s12160-016-9830-8
https://doi.org/10.1007/s12160-016-9830-8
https://doi.org/10.2196/12053
https://doi.org/10.2196/12053
https://doi.org/10.1007/s00038-019-01210-7
https://doi.org/10.1007/s00038-019-01210-7
https://doi.org/10.1152/japplphysiol.91324.2008
https://doi.org/10.1152/japplphysiol.91324.2008
https://doi.org/10.1016/j.ijnurstu.2009.05.023

Symons et al. BMC Public Health

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

(2024) 24:128

Sonnentag S. The recovery paradox: portraying the complex interplay
between job stressors, lack of recovery, and poor well-being. Res Organ
Behav. 2018;38:169-85. https://doi.org/10.1016/j.riob.2018.11.002.
Harris S, Bray SR. Effects of mental fatigue on exercise decision-making.
Psychol Sport Exerc. 2019;44:1-8. https://doi.org/10.1016/j.psychsport.
2019.04.005.

Van Cutsem J, Marcora S, De Pauw K, Bailey S, Meeusen R, Roelands B.
The effects of Mental fatigue on physical performance: a systematic
review. Sports Med. 2017,47(8):1569-88. https://doi.org/10.1007/
540279-016-0672-0.

MacMahon C, Schiicker L, Hagemann N, Strauss B. Cognitive fatigue
effects on physical performance during running. J sport exercise psy-
chol. 2014;36(4):375-81. https://doi.org/10.1123/jsep.2013-0249.
Pageaux B. The psychobiological model of endurance performance: an
effort-based decision-making theory to explain self-paced endurance
performance. Sports Med. 2014;44:1319-20. https://doi.org/10.1007/
540279-014-0198-2.

Brown DMY, Bray SR. Effects of Mental fatigue on exercise intentions
and behavior. Ann Behav Med. 2018;53(5):405-14. https://doi.org/10.
1093/abm/kay052.

Michie S, Wood CE, Johnston M, Abraham C, Francis JJ, Hardeman W.
Behaviour change techniques: the development and evaluation of a
taxonomic method for reporting and describing behaviour change
interventions (a suite of five studies involving consensus methods,
randomised controlled trials and analysis of qualitative data). Health
Technol Assess. 2015;19(99):1-188. https://doi.org/10.3310/hta19990.
Lister C, Royne M, Payne HE, Cannon B, Hanson C, Barnes M. The laugh
model: reframing and rebranding public Health through social media.
Am J Public Health. 2015;105(11):2245-51. https://doi.org/10.2105/
Ajph.2015.302669.

Clarkson JJ, Otto AS, Hassey R, Hirt ER. Perceived Mental fatigue and
self-control. Self-regulation and Ego. Control. 2016:185-202. https://doi.
0rg/10.1016/B978-0-12-801850-7.00010-X.

Samson AC, Gross JJ. Humour as emotion regulation: the differential
consequences of negative versus positive humour. Cognit Emot.
2012;26(2):375-84.

Lee |, Buchner DM. The importance of walking to public Health. Med
Sci Sports Exerc. 2008,40(Supplement):S512-8. https://doi.org/10.1249/
MSS.0b013e31817¢65d0.

de Ridder DTD, Lensvelt-Mulders G, Finkenauer C, Stok FM, Baumeister
RF. Taking stock of self-control: a meta-analysis of how trait self-control
relates to a wide range of behaviors. Personality and Social Psychology
Review: An Official Journal of the Society for Personality and Social
Psychology, Inc [Internet]. 2012;16(1):76-99. Available from: https://
pubmed.ncbi.nim.nih.gov/21878607/

Sevil-Serrano J, Aibar A, Abés A, Generelo E, Garcia-Gonzalez L. Improv-
ing motivation for physical activity and physical education through a

school-based intervention. J Exp Educ. 2020;15:1-21. https://doi.org/10.

1080/00220973.2020.1764466.

Hejazizadeh N, Pazokian M, Nasiri M. The relationship between fatigue,
self-esteem and self-efficacy in patients with multiple sclerosis. J Adv
Pharm Educ Res. 2020;10(S5):183-91.

McMorris T. Cognitive fatigue effects on physical performance: the role
of Interoception. Sports Med. 2020;50(10):1703-1708. PMID: 32661840.
https://doi.org/10.1007/540279-020-01320-w.

Pariera KL. The influence of humor and amusement on mother-ado-
lescent sexual communication. Humor. 2017;30(3) https://doi.org/10.
1515/humor-2016-0046.

Cheng D, Wang L. Examining the energizing effects of humor: the influ-
ence of humor on persistence behavior. J Bus Psychol. 2014;30(4):759—
72. https://doi.org/10.1007/510869-014-9396-z.

Savage BM, Lujan HL, Thipparthi RR, DiCarlo SE. Humor, laughter, learn-
ing, and health! A brief review. Adv Physiol Educ. 2017;41(3):341-7.
https://doi.org/10.1152/advan.00030.2017.

Booth FW, Roberts CK, Laye MJ. Lack of exercise is a major cause of
chronic diseases. Comprehensive Physiol. 2012;2(2):143-1211. https.//
doi.org/10.1002/cphy.c110025.

Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activ-
ity: the evidence. CMAJ:.Canad Med Assoc j de I'Assoc med canad.
2016;174(6):801-9. https://doi.org/10.1503/cmaj.051351.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

Page 16 of 18

Mammen G, Faulkner G. Physical activity and the prevention of
depression: a systematic review of prospective studies. Am J Prev Med.
2013;45(5):649-57. https://doi.org/10.1016/j.amepre.2013.08.001.
WHO. The Global Health Observatory: physical inactivity [internet] 2023.
Available from: https://www.who.int/data/gho/indicator-metadata-
registry/imr-details/3416#:~:text=Rationale%3A attributable%20t0%
20insufficient%20physical%20activity.

Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Effect

of physical inactivity on major non-communicable diseases world-
wide: an analysis of burden of disease and life expectancy. Lancet.
2012;380(9838):219-29. https://doi.org/10.1016/50140-6736(12)
61031-9.

Martin Ginis KA, Bray SR. Application of the limited strength model of
self-regulation to understanding exercise effort, planning and adher-
ence. Psychol Health. 2010;25(10):1147-60.

Ragsdale JM, BeehrTA, Grebner S, Han K. An integrated model of
weekday stress and weekend recovery of students. Int J Stress Manag.
2011;18(2):153-80. https://doi.org/10.1037/a0023190.

Sonnentag S, Fritz C. The recovery experience questionnaire: develop-
ment and validation of a measure for assessing recuperation and
unwinding from work. J Occup Health Psychol. 2007;12(3):204-21.
https://doi.org/10.1037/1076-8998.12.3.204.

Zijlstra FRH, Sonnentag S. After work is done: psychological per-
spectives on recovery from work. Europ J Work Organ Psychol.
2006;15(2):129-38. https://doi.org/10.1080/13594320500513855.
Rieger D, Reinecke L, Frischlich L, Bente G. Media entertainment and
well-being-linking hedonic and eudaimonic entertainment experience
to media-induced recovery and vitality. ) Commun. 2014;64(3):456-78.
Feuerhahn N, Sonnentag S, Woll A. Exercise after work, psychological
mediators, and affect: a day-level study. Europ J Work Organ Psychol.
2014;23(1):62-79. https://doi.org/10.1080/1359432X.2012.709965.

de Vries JD, Van Hooff ML, Guerts SA, Kompier MA. Exercise to reduce
work-related fatigue among employees: a randomized controlled trial.
Scand J Work Environ Health. 2017;43(4):337-49. https://doi.org/10.
5271/sjweh.3634.

Symons M, Poels K, Vandebosch H, Rudnicki K, Cutello C. Motivate: if a
message can make you laugh, can it also make you physically active?
In: International communication association (ICA) 72nd annual ICA
conference. Paris, France. Available from: https://drive.google.com/
file/d/1VseJc1c7w8mLwuKm 1JSHCU-51Xs9smiu/view.

Djambaska A, Petrovska I, Bundalevska E. Is humor advertising always
effective? Parameters for effective use of humor in advertising. J Manag
Res. 2016;8(1):1-19. https://doi.org/10.5296/jmr.v8i1.8419.

Cameron DS, Bertenshaw EJ, Sheeran P. The impact of positive affect on
health cognitions and behaviours: a meta-analysis of the experimental
evidence. Health Psychol Rev. 2015;9(3):345-65. https://doi.org/10.
1080/17437199.2014.923164.

Thayer RE. Energy, tiredness, and tension effects of a sugar snack versus
moderate exercise. J Pers Soc Psychol. 1987;52(1):119-25. https://doi.
0rg/10.1037//0022-3514.52.1.119.

Tice DM, Baumeister RF, Shmueli D, Muraven M. Restoring the self: positive
affect helps improve self-regulation following ego depletion. J Exp Soc
Psychol. 2007;43(3):379-84. https://doi.org/10.1016/}.jesp.2006.05.007.
Egan PM, Hirt ER. Flipping the switch: power, social dominance, and
expectancies of mental energy change. Personal Soc Psychol Bull.
2015;41(3):336-50. https://doi.org/10.1177/0146167214565054.
Diamond BJ, Johnson SK, Kaufman M, Graves L. Relationships between
information processing, depression, fatigue and cognition in multiple
sclerosis. Arch Clin Neuropsychol. 2008;23(2):189-99. https://doi.org/10.
1016/j.acn.2007.10.002.

Van Dantzig S, Bulut M, Krans M, van der Lans A en de Ruyter B. Enhanc-
ing physical activity through context-aware coaching. 2018. In Perva-
siveHealth '18: Proceedings of the 12th EAl International Conference on
Pervasive Computing Technologies for Healthcare 187-190 https://doi.
org/10.1145/3240925.3240928

Ruch W.The perception of humor. Emotions Qualia, and Consciousness.
2001:410-25. https://doi.org/10.1142/9789812810687_0032.

Nabi RL. Laughing in the face of fear (of disease detection): using
humor to promote Cancer self-examination behavior. Health Commun.
2015;31(7):873-83. https://doi.org/10.1080/10410236.2014.1000479.


https://doi.org/10.1016/j.riob.2018.11.002
https://doi.org/10.1016/j.psychsport.2019.04.005
https://doi.org/10.1016/j.psychsport.2019.04.005
https://doi.org/10.1007/s40279-016-0672-0
https://doi.org/10.1007/s40279-016-0672-0
https://doi.org/10.1123/jsep.2013-0249
https://doi.org/10.1007/s40279-014-0198-2
https://doi.org/10.1007/s40279-014-0198-2
https://doi.org/10.1093/abm/kay052
https://doi.org/10.1093/abm/kay052
https://doi.org/10.3310/hta19990
https://doi.org/10.2105/Ajph.2015.302669
https://doi.org/10.2105/Ajph.2015.302669
https://doi.org/10.1016/B978-0-12-801850-7.00010-X
https://doi.org/10.1016/B978-0-12-801850-7.00010-X
https://doi.org/10.1249/MSS.0b013e31817c65d0
https://doi.org/10.1249/MSS.0b013e31817c65d0
https://pubmed.ncbi.nlm.nih.gov/21878607/
https://pubmed.ncbi.nlm.nih.gov/21878607/
https://doi.org/10.1080/00220973.2020.1764466
https://doi.org/10.1080/00220973.2020.1764466
https://doi.org/10.1007/s40279-020-01320-w
https://doi.org/10.1515/humor-2016-0046
https://doi.org/10.1515/humor-2016-0046
https://doi.org/10.1007/s10869-014-9396-z
https://doi.org/10.1152/advan.00030.2017
https://doi.org/10.1002/cphy.c110025
https://doi.org/10.1002/cphy.c110025
https://doi.org/10.1503/cmaj.051351
https://doi.org/10.1016/j.amepre.2013.08.001
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/3416#:~:text=Rationale%3A,attributable%20to%20insufficient%20physical%20activity
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/3416#:~:text=Rationale%3A,attributable%20to%20insufficient%20physical%20activity
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/3416#:~:text=Rationale%3A,attributable%20to%20insufficient%20physical%20activity
https://doi.org/10.1016/S0140-6736(12)61031-9
https://doi.org/10.1016/S0140-6736(12)61031-9
https://doi.org/10.1037/a0023190
https://doi.org/10.1037/1076-8998.12.3.204
https://doi.org/10.1080/13594320500513855
https://doi.org/10.1080/1359432X.2012.709965
https://doi.org/10.5271/sjweh.3634
https://doi.org/10.5271/sjweh.3634
https://drive.google.com/file/d/1VseJc1c7w8mLwuKm1JSHCU-51Xs9smiu/view
https://drive.google.com/file/d/1VseJc1c7w8mLwuKm1JSHCU-51Xs9smiu/view
https://doi.org/10.5296/jmr.v8i1.8419
https://doi.org/10.1080/17437199.2014.923164
https://doi.org/10.1080/17437199.2014.923164
https://doi.org/10.1037//0022-3514.52.1.119
https://doi.org/10.1037//0022-3514.52.1.119
https://doi.org/10.1016/j.jesp.2006.05.007
https://doi.org/10.1177/0146167214565054
https://doi.org/10.1016/j.acn.2007.10.002
https://doi.org/10.1016/j.acn.2007.10.002
https://doi.org/10.1145/3240925.3240928
https://doi.org/10.1145/3240925.3240928
https://doi.org/10.1142/9789812810687_0032
https://doi.org/10.1080/10410236.2014.1000479

Symons et al. BMC Public Health

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

72.

73.

74.

75.

76.

(2024) 24:128

Skalski P, Tamborini R, Glazer E, Smith S. Effects of humor on presence
and recall of persuasive messages. Commun Q. 2009;57(2):136-53.
https://doi.org/10.1080/01463370902881619.

Bandura A. Guide for constructing self-efficacy scales. Self-efficacy
beliefs of adolescents. 5(1):07-337.

Everett B, Salamonson Y, Davidson PM. Bandura’s exercise self-efficacy scale:
validation in an Australian cardiac rehabilitation setting. Int J Nurs Stud.
2009,46(6):824-9. https://doi.org/10.1016/jijnurstu.2009.01.016.
DepenbuschJ,Haussmann A, Wiskemann J, Tsiouris A, SchmidtL, Sieverding
M, et al. The relationship between exercise self-efficacy, intention, and
structural barriers for physical activity after a Cancer diagnosis. Cancers.
2022;14(10):2480.

Marcus BH, Owen N. Motivational readiness, self-efficacy and decision-
making for Exercisel. J Appl Soc Psychol. 1992,22(1):3-16. https://doi.org/
10.1111/5.1559-1816.1992.tb01518.x.

Williams SL, French DP. What are the most effective intervention techniques
for changing physical activity self-efficacy and physical activity behaviour-
-and are they the same? Health Educ Res. 2011,26(2):308-22.

Haas BK. Fatigue, self-efficacy, physical activity, and quality of life in women
with breast Cancer. Cancer Nurs. 2011;34(4):322-34. https://doi.org/10.
1097/NCC.0b013e3181f9a300.

Lee JK, Hecht ML, Miller-Day M, Elek E. Evaluating mediated perception of
narrative Health messages: the perception of narrative performance scale.
Commun Methods Meas. 2011,5(2):126-45. https://doi.org/10.1080/
19312458.2011.568374.

Pereira H, Gongalves VO, Assis RM. Burnout, organizational self-efficacy and
self-esteem among Brazilian teachers during the COVID-19 pandemic.
Europ J Investig Health Psychol Educ. 2021;11(3):795-803.

Bleakley A, Jordan AB, Hennessy M, GlanzK, Strasser A, Vaala S. Do emotional
appeals in public service advertisements influence adolescents'intention
to reduce consumption of sugar-sweetened beverages? J Health Com-
mun. 2015;20(8):938-48. https://doi.org/10.1080/10810730.2015.1018593.
Duckworth AL, Steinberg L. Unpacking self-control. Child Dev Perspect.
2015,9(1):32-7.

Finne E, Englert C, Jekauc D. On the importance of self-control strength for
regular physical activity. Psychol Sport Exerc. 2019,43:165-71. https.//doi.
0rg/10.1016/j.psychsport.2019.02.007.

Muraven M, Baumeister RF. Self-regulation and depletion of lim-

ited resources: does self-control resemble a muscle? Psychol Bull.
2000;126(2):247-59.

Colman AM. The dictionary of psychology. Appl Cogn Psychol.
2001;15(3):349-51.

Gonzélez-Cutre D, Sicilia A, Beas-Jiménez M, Hagger MS. Broadening the
trans-contextual model of motivation: a study with Spanish adolescents.
Scand J Med Sci Sports. 2013,24(4).e306-19.

Schwarzer R, Lippke S, Luszczynska A. Mechanisms of health behavior
change in persons with chronic iliness or disability: the Health action
process approach (HAPA). Rehabilit Psychol. 2011;56(3):161-70.

Boksem MAS, Meijman TF, Lorist MM. Mental fatigue, motivation and action
monitoring. Biol Psychol. 2006;72(2):123-32. https;//doi.org/10.1016/].
biopsycho.2005.08.007.

Strick M, Holland RW, van Baaren RB, van Knippenberg A. The puzzle of jok-
ing: disentangling the cognitive and affective components of humorous
distraction. Eur J Soc Psychol. 2009;40(1) https://doi.org/10.1002/ejsp.720.
Teslow JL. Humor me:a call for research. Educ Technol Res Dev. 1995,43(3):6-
28. https://doi.org/10.1007/BF02300453.

Wanzer MB, Frymier AB, Irwin J. An explanation of the relationship between
instructor humor and student learning: instructional humor processing
theory. Commun Educ. 2010;59(1):1-18. https://doi.org/10.1080/03634
520903367238.

Faul F, Erdfelder E, Lang A-G, Buchner A. G*power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical sci-
ences. Behav Res Methods. 2007;39(2):175-91.

Head KJ, Noar SM, lannarino NT, Grant HN. Efficacy of text messaging-
based interventions for health promotion: a meta-analysis. Soc Sci Med.
1982;2013(97):41-8. https.//doi.org/10.1016/j.socscimed.2013.08.003.
Prolific | Online participant recruitment for surveys and market research
[Internet]. www.prolific.co. Available from: https.//www.prolific.co

78.

79.

80.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Page 17 of 18

Mental Health UK. Forward together. Mental Health UK. Available from:
https//mentalhealth-UK.org

Zyma |, Tukaev S, Seleznov |, Kiyono K, Popov A, Chernykh M, et al. Elec-
troencephalograms during Mental arithmetic task performance. Data.
20194(1):14.

Thibault M, Marino G. Who run the world? Cats: cat lovers, cat memes, and
cat languages across the web. Int J Semiot Law - Revue internationale de
Sémiotique juridique. 2018;31(3):473-90.

Gillebaart M, Adriaanse MA. Self-control Predicts Exercise Behavior by Force
of Habit, a Conceptual Replication of Adriaanse et al. Front Psychol.
2014;2017:8.

Shahid A, Wilkinson K, Marcu S, Shapiro CM.Visual analogue scale to evaluate
fatigue severity (VAS-F). STOP, THAT and one hundred other sleep scales.
New York, NY: Springer; 2011. p. 399-402.

Alley SJ,Vandelanotte C, Duncan MJ, Short CE, Maher JP, Schoeppe S, et al.
Should I sit or stand: likelihood of adherence to messages about reducing
sitting time. BMC Public Health. 2019;19(1)

Hagger MS, Chatzisarantis N, Biddle SJH. The influence of self-efficacy and
past behaviour on the physical activity intentions of young people. J
Sports Sci. 2001;19(9):711-25.

Brug J, Van Assema P, Kremers S, Lechner L. Gezondheidsvoorlichting en
gedragsverandering : Een planmatige aanpak. Assen: Uitgeverij Koninkli-
jke Van Gorcum; 2022.

Lindner C, Lindner MA, Retelsdorf J. Die 5-Item-Skala zur Messung der
momentan verfligbaren Selbstkontrollkapazitat (SMS-5) im Lern- und
Leistungskontext. Diagnostica. 2019,65(4):228-42.

Matsumoto H, Taniguchi A, Nishida J. A revised self-determined motivation
scale for Exercisewith integrated regulation inclusion. J Health Psychol Res.
2021;34(1):13-22.

Nabi RL, Moyer-Gusé E, Byrne S. All joking aside: a serious investigation into
the persuasive effect of funny social issue messages. Commun Monogr.
2007;74(1):29-54.

Hayes AF. Introduction to mediation, moderation, and conditional process
analysis: a regression- based approach. Guilford Press; 2013.

Mehta RK, Agnew MJ. Influence of mental workload on muscle endurance,
fatigue, and recovery during intermittent static work. Eur J Appl Physiol.
2011;112(8):2891-902.

Li G, LuoY, Zhang Z, Xu, Jiao W, Jiang Y, et al. Effects of Mental fatigue

on small-world brain functional network organization. Neural Plas.
2019;2019:1-10.

Herlambang MB, Cnossen F, Taatgen NA. The effects of intrinsic motivation
on mental fatigue. Steinborn MB, editor. PLOS ONE. 2021;16(1)https://doi.
org/10.1371/journal.pone.0243754.

Hockey GRJ. A motivational control theory of cognitive fatigue. In: Ackerman
PL, editor. Cognitive fatigue: Multidisciplinary perspectives on current
research and future applications; 2011. p. 167-87. https://doi.org/10.1037/
12343-008.

Baumeister RF, Heatherton TF. Self-regulation failure: an overview. Psychol
Ing. 1996;7(1):1-15.

llies R, Huth M, Ryan AM, Dimotakis N. Explaining the links between work-
load, distress, and work-family conflict among school employees: physi-
cal, cognitive, and emotional fatigue. J Educ Psychol. 2015;107(4):1136-49.
https://doi.org/10.1037/edu0000029.

Baumeister RF, Bratslavsky E, Muraven M, Tice DM. Ego depletion:is the active
self a limited resource? J Pers Soc Psychol. 1998,74(5):1252. https://doi.org/
10.1037/0022-3514.74.5.1252.

Heatherton TF, Vohs KD. Interpersonal evaluations following threats to self:
role of self-esteem. J Pers Soc Psychol. 2000;78(4):725-36.

Zering JC, Brown DMY, Graham JD, Bray SR. Cognitive control exertion
leads to reductions in peak power output and as well as increased
perceived exertion on a graded exercise test to exhaustion. J Sports Sci.
2016;35(18):1799-807. https://doi.org/10.1080/02640414.2016.1237777.
Conroy DE, Hojjatinia S, Lagoa CM, Yang C-H, Lanza ST, Smyth JM. Personal-
ized models of physical activity responses to text message micro-inter-
ventions: a proof-of-concept application of control systems engineering
methods. Psychol Sport Exerc. 2019;41:172-80. https://doi.org/10.1016/j.
psychsport.2018.06.011.

Abraham C, Michie S. A taxonomy of behavior change techniques used in
interventions. Health Psychol. 2008;27(3):379-87. https://doi.org/10.1037/
0278-6133.27.3.379.


https://doi.org/10.1080/01463370902881619
https://doi.org/10.1016/j.ijnurstu.2009.01.016
https://doi.org/10.1111/j.1559-1816.1992.tb01518.x
https://doi.org/10.1111/j.1559-1816.1992.tb01518.x
https://doi.org/10.1097/NCC.0b013e3181f9a300
https://doi.org/10.1097/NCC.0b013e3181f9a300
https://doi.org/10.1080/19312458.2011.568374
https://doi.org/10.1080/19312458.2011.568374
https://doi.org/10.1080/10810730.2015.1018593
https://doi.org/10.1016/j.psychsport.2019.02.007
https://doi.org/10.1016/j.psychsport.2019.02.007
https://doi.org/10.1016/j.biopsycho.2005.08.007
https://doi.org/10.1016/j.biopsycho.2005.08.007
https://doi.org/10.1002/ejsp.720
https://doi.org/10.1007/BF02300453
https://doi.org/10.1080/03634520903367238
https://doi.org/10.1080/03634520903367238
https://doi.org/10.1016/j.socscimed.2013.08.003
http://www.prolific.co
https://www.prolific.co
https://mentalhealth-uk.org
https://doi.org/10.1371/journal.pone.0243754
https://doi.org/10.1371/journal.pone.0243754
https://doi.org/10.1037/12343-008
https://doi.org/10.1037/12343-008
https://doi.org/10.1037/edu0000029
https://doi.org/10.1037/0022-3514.74.5.1252
https://doi.org/10.1037/0022-3514.74.5.1252
https://doi.org/10.1080/02640414.2016.1237777
https://doi.org/10.1016/j.psychsport.2018.06.011
https://doi.org/10.1016/j.psychsport.2018.06.011
https://doi.org/10.1037/0278-6133.27.3.379
https://doi.org/10.1037/0278-6133.27.3.379

Symons et al. BMC Public Health (2024) 24:128

100. Middelweerd A, Mollee JS, van der Wal CN, Brug J, te Velde SJ. Apps
to promote physical activity among adults: a review and content
analysis. Int J Behav Nutr Phys Act. 2014;11(1) https.//doi.org/10.1186/
512966-014-0097-9.

Publisher’s Note

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

Page 18 of 18

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1186/s12966-014-0097-9
https://doi.org/10.1186/s12966-014-0097-9

	Boosts for walking: how humorous messages increase brisk walking among cognitively fatigued individuals
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Literature review
	Physical (in)activity
	Cognitive fatigue
	Perceived humour of the intervention messages that promote brisk walking behaviours
	Self-efficacy
	Self-control
	Motivation

	Methods
	Participants
	Procedure
	Measures
	Demographic questions
	Physical activity
	Cognitive effort after work
	Cognitive fatigue (independent variable)
	Intention to brisk walk (dependent variable)
	Self-efficacy (mediator)
	Self-control (mediator)
	Motivation (mediator)
	Perceived humour (moderator)

	Statistical analyses

	Results
	Descriptive statistics
	Pearson correlations
	Manipulations
	Cognitive fatigue
	(Humorous) messages

	Hypothesis testing
	Hypothesis 1
	Hypothesis 2
	Potential mediators self-efficacy, Self-Control & Motivation (H3a, H4a and H5a)
	Moderation of perceived humour of the intervention messages that promote brisk walking behaviours (H3b, H4b and H5b)


	Discussion
	Limitations & strengths
	Practical implications

	Conclusions
	Anchor 44
	Acknowledgments
	References


