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Abstract: Background: Many investigations have been performed on the effects of mental exertion
that consumes self-regulatory resources and then affects physical and/or cognitive performance
later on. However, the effect of manipulating self-regulation and interventions to attenuate this
negative effect remains unclear. Moreover, there is continuous controversy regarding the resource
model of self-regulation. Objective: We conducted a systematic review to assess the literature on
manipulating self-regulation based on four ingredients (standard, monitoring, strength, and motivation)
in order to counter mental exertion and improve physical and/or cognitive performance. The results
provide more insight into the resource model. Method: A thorough search was conducted to extract
the relevant literature from several databases, as well as Google Scholar, and the sources from the
references were included as grey literature. A self-regulation intervention compared to a control
condition, a physical and/or cognitive task, and a randomised controlled trial were selected. Result:
A total of 39 publications were included. Regarding the four components of self-regulation, the
interventions could mainly be divided into the following: (i) standard: implementation intervention;
(ii) monitoring: biofeedback and time monitoring; (iii) strength: repeated exercise, mindfulness, nature
exposure, and recovery strategies; (iv) motivation: autonomy-supportive and monetary incentives.
The majority of the interventions led to significant improvement in subsequent self-regulatory
performance. In addition, the resource model of self-regulation and attention-restoration theory were
the most frequently used theories and supported relevant interventions. Conclusion: In line with
the resource model, manipulating the four components of self-regulation can effectively attenuate
the negative influence of mental exertion. The conservation proposed in the strength model of
self-regulation was supported in the current findings to explain the role of motivation in the self-
regulation process. Future studies can focus on attention as the centre of the metaphorical resource in
the model.

Keywords: fatigue; mental exertion; ego depletion; self-regulation; intervention

1. Introduction

Self-regulation (SR) is defined as overriding or altering responses, predominantly
guided by standards of desirable responses, and includes the regulation of behaviour,
thoughts, and emotions [1]. It includes numerous tasks, such as determining which goal to
pursue, formulating a strategy for doing so, carrying out the strategy, and protecting the
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goals from competing concerns [2,3]. For example, setting a goal to exercise in the early
morning is an action of SR, as is fighting one’s urge to quit the plan when it is drizzling
and windy outside.

The resource model is perhaps the most well-known theory of SR. Baumeister and
Heatherton [4] initially proposed the model and hypothesised that regulation relied on
a limited or depletable resource, such as strength or energy. Two sets of laboratory ex-
periments [5,6] provided preliminary support for this resource hypothesis. Subsequently,
reduced self-regulatory capacity due to mental exertion (i.e., inhibition) was dubbed ego
depletion [5]. A meta-analysis [7] confirmed that the basic ego-depletion pattern has been
well replicated using a variety of methods. The resource model also proposes that the
self-regulatory resource is “global”, which indicates that all SR activities use the same
pool of resources. For example, managing an emotional response will have an impact on
performance in a completely irrelevant SR-demanding handgrip action [6,8]. Although the
self-regulatory resource model [5] has been the most widely used psychological paradigm
for addressing the performance decline caused by prior mental exertion, it has been met
with several challenges.

Firstly, the nature of the resource has been questioned by numerous scholars. It was
suggested that blood glucose may be the metaphorical resource in a study by Gailliot and
Baumeister [9]. Even though it had a strong intuitive appeal, this idea has never been
proven under scrutiny [10]. In addition, it failed replication in a rigorous test [11].

Secondly, motivation is placed at the centre of self-regulation, such as in the process
model of self-regulation [12,13]. Inzlicht et al. argued that performing an initial task
(i.e., a have-to task) leads to shifts in motivation. Thus, subjects are less motivated when
confronted with another have-to task, dispensing with the idea of the depleted resource.
However, subsequent studies have consistently not succeeded in finding evidence of
a change in motivation regarding the second task (see [14]). Based on this evidence,
Baumeister and Tice [15] argued that resources are different from motivation, and the focus
of the resource model was on the expenditure of depletable resources in self-regulation.
Thus, it is important to make clear exactly what the metaphorical resource is and the link
between the self-regulatory resource and motivation.

Based on the controversy surrounding the theory, the current review recognises that
SR encompasses four core ingredients: standard, monitoring, strength, and motivation [16].
“Regulation” is a change in order to comply with certain norms, which is challenging
without tracking or monitoring present conditions. For example, suppose a soccer player
wants to decrease his angry outbursts (standard) on the pitch when missing a key scoring
opportunity due to a foul by an opponent. In this case, the player must monitor his or her
behaviours, thoughts, and feelings to curb their display of dissatisfaction in the aftermath
of an unfavourable whistle sound. ‘Curbing’ is challenging and requires strength, while
motivation gives the impetus to change. In this instance, if the outbursts lead to a red card,
then the player will be punished by suspension for the next match. This situation can boost
the soccer player’s drive to change his behaviour.

Notably, Sun and Soh [17] recently conducted a systematic review based on the ingre-
dient of strength regarding interventions for mitigating prior mental exertion. The findings
of the review supported the strength model of self-regulation from two perspectives: (i) a
period of self-regulatory strength-training programs (e.g., 2 weeks of non-dominant hand
use) could significantly enhance cognitive or physical performance (e.g., by reducing ag-
gressive behaviour) [18]; (ii) the effects of training programs could be cross-domain. That
is, some investigations employed unmatched or unrelated types of tasks (e.g., cognitive vs.
physical tasks) between interventions and outcomes and showed dramatic enhancements in
performance. However, besides strength, it is necessary to obtain a clear picture of the other
three ingredients (standard, monitoring, and motivation). In particular, the manipulation
of strength might occur nor only at the stage of before mental exertion, but also after mental
exertion. That is, when fatigue develops after mental exertion is there a method that could
be used to recover and enhance the subsequent performance? Moreover, the cross-domain
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effect should be examined further regarding the “global” hypothesis in the strength model,
as suggested by the authors.

Humans must often regulate themselves with a SR resource and consciously utilise
mental exertion to attain their highest performance. For instance, to earn high scores
in school, students must focus on classes and exert mental effort to overcome potential
internal (boredom-induced) or external detractors to their success. The scenario is similar
for cyclists who have to use mental exertion to resist the impulse to slow down, even though
their body aches [19,20]. Likewise, soccer players have to retrieve and interpret relevant
information from complex, competitive environments for a prolonged period [21–23], as
does a basketball player who tries to shoot three points [24]. Over the past two decades,
numerous attempts were undertaken to synthesise the literature, both narratively [25,26]
and quantitatively [7,27,28]. These attempts demonstrated negative carryover effects, in
which the performance of cognitive activities results in an eventual decline in cognitive and
physical performance across a wide range of tasks, including aerobic, resistance, perceptual-
cognitive and sport-specific tasks. Nevertheless, none of these reviews (e.g., [21,27,28])
focused on interventions that could counteract the negative carryover effects of the prior
mental exertion and benefit subsequent performance. Future studies in this field should
focus on effective interventions, not just adverse effects. A recent review summarised all
the potential interventions that could be used as counteractive measures [29]. Even though
Proost et al. searched the literature with the keyword, “ego depletion”, and included
several relevant studies, they did not focus on self-regulation-based interventions that may
mitigate mental fatigue while improving cognitive or physical performance. As a result, a
comprehensive review of self-regulation-based interventions is necessary.

A growing number of studies examining the effects of mental fatigue on cognitive and
physical performance has emerged. Mental fatigue is a psychobiological state that results
in feelings of tiredness or lack of energy, caused by prior demanding cognitive activity [30].
Fatigue indicates a decrease in the amount of energy available for future self-regulation;
thus, an individual cannot maintain their current effort [14,31]. For example, performing
a resource-depleting task (i.e., Stroop task) causing mental fatigue impaired subsequent
performance in another resource-consuming soccer decision-making task [32,33]. Therefore,
it seems that ego depletion and mental fatigue can be linked together. Moreover, similarly
to the investigations examining ego depletion, participants in mental-fatigue studies com-
plete cognitively demanding tasks before performing a cognitive or physical task and are
simultaneously compared with a “control” condition. This investigating paradigm is the
so-called dual or subsequent task (mental exertion and performance task), which has been
used in both study fields [34–36].

Relevant evidence can also be found in neuroscience studies. For example, exerting
SR is associated with decreased activation in the areas responsible for the effortful control
of goal-directed behaviour, including the anterior cingulate cortex, alterations to which are
also related to mental fatigue [35]. Similarly, a consistent body of research has demonstrated
that inducing mental fatigue through effortful cognitive exertion leads to reductions in
activation among the brain regions known to play an important role in regulating effortful
behaviour, such the dorsolateral prefrontal cortex, the dorsal anterior cingulate cortex,
and the anterior insula [37]. Therefore, it is unsurprising, as Inzlicht and Schmeichel [13]
asserted, that “ego depletion is a type of short-term mental fatigue”, and Pattyn and Van
Cutsem [38] recognised that research on ego depletion is a seminal contribution to the
study of fatigue.

It is therefore unsurprising that several studies have started to merge this evidence
theoretically [39] and practically [27,28]. Notably, many studies showed that the lack of
interventions to mitigate mental exertion and enhance performance is the largest limita-
tion of the mental-fatigue research field [21,40]. Therefore, using the resource model to
investigate interventions on mental fatigue may give more insight and valuable sugges-
tions to future studies. The current review evaluates all the interventions manipulating
these four components of SR and presents a clear overall picture of ego-depletion and
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mental-fatigue interventions. The results also contribute to and advance the resource model
of self-regulation.

2. Methodology

PRISMA protocol checklist was utilised in the current review [41]. For publications
published since 1999, a comprehensive literature search was conducted using the following
databases: EBSCOhost (CENTRAL, Psychology and Behavioural Sciences Collection, and
SPORTDicus), PubMed, Scopus, and Web of Science (the first intervention based on the
strength model of SR was from Muraven et al. (1999)) up to February 2022. EBSCOhost
contains many sub-databases. Nevertheless, only three databases were chosen for inclusion
because of the relevance of their content: Psychology and Behavioural Science Collection,
and CENTRAL (the Cochrane Central Register of Controlled Trials). Furthermore, addi-
tional research was found by searching citations and reference lists. Figure 1 illustrates the
details of the search results. Expert librarians aided in the data search and confirmed the
validity of the search method.
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2.1. Eligibility Criteria

Using the PICOS method (Table 1), studies were eligible for the review if they: (i) eval-
uated one of four aspects related to interventions to improve SR in healthy humans with a
prior mental exertion task; (ii) included measures of physical and/or cognitive performance;
(iii) reported a randomised controlled trial; (iv) were published in English with peer-review
process; (v) consisted of records that were published throughout 1999–2022, as the first
intervention in the field is from [42].

Table 1. The PICOS method for the eligibility criteria (participation, intervention, comparison,
outcome, and study design).

PICOS Details

Participation Healthy humans
Intervention One of the four aspects of SR
Comparison Intervention vs. non-intervention groups
Outcome Physical and/or cognitive performance
Study design Randomised controlled trial

Moreover, studies that used bioactive substances to counteract mental exertion and
improve performance were excluded. The major reason for this was that bioactive sub-
stances, such as caffeine, may have strong side effects, such as coronary heart diseases,
elevation of cholesterol, or arterial hypertension [43,44]. Although rinsing the mouth with
caffeine–maltodextrin can prevent this negative effect and compensate for mental fatigue,
it is difficult to use in ecological settings [45].

2.2. Search Strategy and Selection of the Literature

Individually and in combination, keywords, truncation, and Boolean operators were
utilised to search six databases (Table S1). Furthermore, additional studies that may not
have been found in the primary databases were also sought out by focusing on the source
of citations of included studies.

Inclusion or exclusion of the articles was created by PICO method (Table 1). In addition,
the acute state of mental fatigue or ego depletion induced by prior mental exertion was
included, rather than chronic fatigue. A preliminary search was conducted by one reviewer,
who reviewed abstracts from 4449 articles eligible for inclusion. A 10% sample of the full
abstracts and titles was chosen at random, and the abstracts and titles were individually
examined by a second reviewer. After ensuring that there was less than a 5% disparity in the
results, a single reviewer performed a screening of all search results. A total of 301 articles
were chosen for full-text review after screening. The inclusion of these publications was
determined by two independent reviewers. A third reviewer was consulted in the event of
discrepancies.

2.3. Protocol and Registration

A PROSPERO (ref. CRD42020210280) record contains the details of the methods and
analyses of the current review. While some protocols examine the counteracting effects of
mental fatigue regarding the interventions, such as supplements and recovery strategies
for SR, none focus comprehensively on the four aspects of SR with regard to physical and
cognitive performance concurrently. Therefore, the proposed protocol was recognised on
the platform.

2.4. Quality Assessment

The quality of the methodology included in this review was assessed by “QuaISyst” [46].
The included studies were assessed with regards to the study design, selection bias, blind-
ing, sample size, analysis, confounders, etc.
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3. Results

After the screening, 42 studies met all the eligibility criteria. On assessment, four
studies were rated as high-quality, thirty-five as moderate-quality, and three as low-
quality. Therefore, 39 publications were included after deleting publications of low quality
(Table S2). The most prevalent reason for a quality rating being decreased was a lack of
subject blinding, which was difficult to establish in this type of intervention; 36 (85.71%)
were downgraded on this basis. The data for a meta-analysis were not pooled because
of the heterogeneity in the measurements and interventions. Consequently, only a narra-
tive synthesis of the included studies was developed; it is shown in the Supplementary
Materials (Tables S3–S7).

Various research contexts were detected. The effects of an intervention on health-
related behaviours [47–49], such as improving inhibitions to reject unhealthy food (i.e.,
high-calorie) and controlling body weight; and exercise or sport performance [50–57], such
as increasing the persistence time or total running distance in endurance tests. Several
others (Tables S3–S7: context of the study) showed the effect of interventions on the
context of social behaviours, such as delaying gratification without impulsive purchase.
Moreover, the majority of the participants in the included studies were undergraduates
(see Tables S3–S7: subject).

According to the four components of SR, the interventions can mainly be divided into
(i) standard: implementation of an intervention [58]; (ii) monitoring: biofeedback [57] and time
monitoring [47]; (iii) strength: repeated exercise (cognitive or physical) [8,18,42,48,50–52,59–63],
mindfulness [53,54,64,65], nature exposure [49,66–77], and recovery strategies [55,78]; (iv) motiva-
tion: autonomy-supportive [56], monetary incentives [79–81], and motivational instruction [82].

Moreover, the strength-based interventions (including repeated exercise and nature
exposure) seemed to be more reliable than the others in countering the negative effect
of prior exertion, as the number of investigations on strength-based interventions far
exceeded the others (strength-based intervention: N = 31 vs. the other three types of
interventions: N = 8). In addition, the resource model of SR and attention-restoration theory
(ART) were the most frequently used theories and supported the relevant interventions
(see Tables S3–S7: Intervention-Based Theory).

3.1. Interventions Based on the Standard Component

Only one study reported interventions regarding manipulations of the standard as-
pect. Webb and Sheeran [58] (second experiment) delivered a face-to-face intervention,
manipulated implementation intentions, and overcame ego depletion. An implementa-
tion intention is subordinate to goal/standard intentions and refers to statements in the
following form: “As soon as situation y occurs, I will initiate goal-directed behaviour
x” [83,84]. After the mental exertion, the subjects were instructed to form implementation
intentions. The results showed that subsequent cognitive performance was significantly
improved in the depleted groups when compared with the non-depleted groups in the
Stroop task in terms of reaction time (M = 11.62 ± 0.93 vs. M = 13.91 ± 1.23) and error rate
(M = 17.15 ± 5.05 vs. M = 27.57 ± 14.71) (Table S3).

3.2. Interventions Based on the Monitoring Component

Two studies reported interventions regarding the manipulation of monitoring [47,85].
Monitoring is the process of comparing the current state against the standard/goal to min-
imise discrepancies [86]. Wan and Sternthal [47] provided accurate time information after
a 10-min cross-off-the-letter task. The intervention benefited the cognitive task of puzzle
solution regarding the persistence time (F(1, 46) = 6.00, p < 0.02). In addition, Brown and
Bray [57] manipulated the monitoring process after a 10-min Stroop task with biofeedback
on heart rate (HR) on a cycle ergometer. The subjects who received the information about
their HR could adjust their performance in the endurance task better in terms of total
exercise load (p = 0.004). Both studies delivered face-to-face interventions.
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3.3. Interventions Based on the Strength Component

These publications manipulated the strength of SR before or after mental exertion.
Specifically, to deliver their intervention, Cranwell and Benford [8] employed smartphones
and conducted an internet-based training application. In the first stage, which took place
before the mental exertion, 12 studies recruited repeated-exercise training programs to
increase self-regulatory strength, including the cognitive and physical domains. Moreover,
the durations of the interventions were typically longer than those of the other categories
of intervention. The majority of the studies that manipulated the strength component of
SR recruited participants to undergo a 2-week repeated-exercise training program, such as
posture adjustment [42], modifying verbal mannerism [60], nondominant hand use [18,60],
and isometric handgrip exercise [51]. Moreover, an 8-week academic program [59], aerobic
exercise [50], and financial monitoring [61] can also improve the strength of SR and reduce
vulnerability to mental exertion.

By contrast, there was a study conducted by Miles, Sheeran [63] that showed nonsignif-
icant improvement in handgrip performance after 6 weeks of the repeated exercise training
program (i.e., nondominant hand use and Stroop and stop-signal trainings) compared with
the control group (F(1, 171) = 3.37, p = 0.07).

Regarding the recovery stage after mental exertion, several studies focused on inter-
ventions regarding mindfulness meditation [53,54,64,65], and more studies investigated
exposure to nature [49,66–71,73,74,87]. Specifically, Friese and Messner [64] explored short
periods of mindfulness meditation, which improved the cognitive and physical perfor-
mance of the handgrip task significantly (p < 0.05). By contrast, Stocker and Englert [53]
found no significant improvement (F(1, 30) = 0.10, p = 0.75) regarding the intervention. To
understand these contradictory results, Axelsen and Kirk [65] investigated subjects who
were either novices or experienced at mindfulness meditation. The results showed that
mental fatigue had the least effect on the SART %NoGo success rate in the experienced
mindfulness group, while mental fatigue had a negative impact on performance in both the
control group and the novice mindfulness group. Therefore, a background in mindfulness
meditation is crucial for the effect. Furthermore, Shaabani and Naderi [54] corroborated
that longer doses of mindfulness intervention are more effective at mitigating the effect of
prior mental exertion. All the mindfulness studies physically delivered the intervention in
a laboratory setting.

Regarding the nature-exposure intervention, four studies were conducted in real
outdoor conditions and showed consistent results. In one study, Berman and Jonides [68]
instructed subjects to walk in a natural environment for 50–55 min to mitigate the negative
effects of 35 min of a backward digit span task (directed attention measure) and successfully
compared them with an urban-exposure group (M = 9.40 ± 0.41 vs. M = 8.40 ± 0.33). In
addition, Lee and Williams [71], Evensen and Raanaas [72], and Zhang and Kang [75]
examined 40 s green roofs, interior plants, and 40 min of nature sounds (birds, water,
etc.), respectively. The subjects’ subsequent performance on cognitive tasks improved
significantly in these four studies.

Moreover, a milestone study was conducted by Berto [67], who showed that exposure
to nature can be conducted virtually. Specifically, Berto used 25 virtual nature photographs
as the stimuli and displayed them on a computer. The results showed that directed at-
tention (measured as the reaction time in the cognitive task) significantly increased after
viewing the virtual nature photographs on the computer compared with the control group
(M = 267.38 ± 73.78 vs. 299.61 ± 41.43). Many studies support this investigation. For exam-
ple, nature exposure with virtual photographs, improving cognitive performance regarding
inhibition, reasoning, and long-term memory significantly [69,70,73]. In particular, Berman
and Jonides [68] compared real and virtual nature directly, proving that the number of
correct trials on a digit-span task increased in both types of intervention compared to the
control groups.

Furthermore, the dose (duration) of the nature-exposure intervention and prior cogni-
tive tasks are crucial to improvement in subsequent tasks (see details in Table S6. Specifically,
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Laumann and Gärling [66] studied 20 min of nature exposure and found a significant re-
sult after 15 min of mental exertion (F(1, 26) = 27.52, p < 0.001), while Bennett [76] used
a 4-min intervention after 15 min of mental exertion; however, Bennett did not find an
improvement. In addition, Beute and de Kort [69] found that 3 min of nature exposure
after performing a typing task significantly increased cognitive performance in terms of
reaction time (M = 1355.56 ± 103.91 vs. M = 1436.87 ± 105.61, T(50) = 2.7, p = 0.009). A 4-
min Stroop task added to the prior mental exertion task with the same nature-exposure
intervention, on the other hand, did not show any improvement in terms of reaction time
(F < 0.3, p > 0.575) or omission (H(3) = 4.0, p = 0.263).

Overall, three types of intervention aiming at strength recovery received particular
attention in the relevant literature: repeated-exercise training programs, mindfulness, and
nature exposure. Notably, in addition to Miles and Sheeran [63], other studies showed
consistent improvement in self-regulatory strength and subsequent performance. Nature
exposure can enhance directed attention and facilitate the recovery of mental exertion; how-
ever, the dose (the duration of the intervention) is crucial. Furthermore, the psychological
background determines the effect of mindfulness interventions.

3.4. Interventions Based on the Motivation Component

Motivation is one important aspect of SR that was manipulated to buffer the effect of
prior mental exertion. These types of intervention mainly focused on monetary incentives,
including ideal money [79] and real money [80]. Moreover, subjects who receive autonomy-
supportive regulation freely can develop inherent satisfaction, which counteracts ego
depletion, improving their performance in subsequent endurance trials (F(1, 67) = 6.28,
p < 0.001) [56]. Consistently, subjects who had decreased motivation performed worse in
the subsequent task [82].

4. Discussion

In the current review, we aimed to assess the literature on the manipulation of SR
to mitigate mental exertion and enhance physical and/or cognitive performance. All the
investigations were categorised as four aspects regarding SR interventions.

Notably, interventions based on the strength component, especially repeated-exercise
training programs and nature exposure, were investigated more thoroughly than the others,
because the number of these two interventions was far greater than that of the others (see
Tables S5 and S6), and the interventions were comprehensively examined according to their
type (i.e., repeated training programs: financial monitoring, internet-based application
training, nondominant hand using, etc.; nature exposure: real and virtual).

One potential reason that most studies focused on the strength component was the
higher reliability of the resource model of SR. In the model, Strength, also known as energy,
is essential, and it can be temporarily depleted during self-regulation [16]. Over the last
two decades, the model has been widely utilised to explain performance declines due to
prior mental exertion [5,6].

Moreover, the results of the improvements were rather consistent in the standard,
monitoring, and motivation components, which can provide partial evidence for the cur-
rent theory of the resource model regarding SR. The following sections discuss this in
more detail.

4.1. Interventions Based on the Strength Component
4.1.1. Repeated-Exercise Training Programs

In a manner that is consistent with Sun and Soh [17], the current review also showed
that self-regulatory strength training programs can significantly enhance cognitive and
physical performance after mental exertion (see Table S5). Furthermore, the current review
highlights the conservation hypothesis regarding the controversy of the role of motivation
in self-regulation. Specifically, we noted that one important challenge proposed that motiva-
tion could explain the depletion effect [12]. Briefly, Inzlicht et al. argued that in a standard
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dual-task paradigm experiment, the first task is typically strenuous, or the participants
are unwilling. After performing the task, the participant loses the motivation to maintain
their performance on the subsequent task. In other words, the depletion effect is due to
a reduction in motivation rather than depleted resources. However, increasing numbers
of investigations show inconsistencies. For example, soccer players did not show motiva-
tional changes after depleting tasks, despite reductions in intermittent endurance [36] and
soccer technique [88]. Xiao and Dang [89] also did not find any indication of changes in
motivation in depleted conditions among participants. Thus, the evidence further supports
the updated conservation version of the resource model, which is that motivated people
may conserve more resources for the subsequent task and maintain their performance [90].
Miles and Sheeran [63] and the other studies shown in Table S5 may have inconsistent
results because of this conservation, caused by motivational differences.

The finding of conservation could be an explanation for why motivation has a counter-
active effect on depletion/mental exertion (shown in Table S7). However, if the depleted
strength is severe enough, could no amount of motivation make up for it? Future stud-
ies may investigate this amount more closely, since the current review shows consistent
improvement regarding the effects of motivation on interventions (see Table S7).

4.1.2. Nature Exposure Interventions

Exposure to nature is defined as “direct physical or sensory contact with the nat-
ural environment” (p. 137, [91]), and it positively influences psychological conditions
(well-being, mental fatigue, etc.) through perceived restorativeness [92,93]. Notably, all
13 investigations related to nature exposure recruited ART as the theory (see Table S6:
nature exposure), and two investigations combined the resource model and ART [69,70].

Following James’s distinction between voluntary and involuntary attention, ART
distinguishes between directed attention and involuntary attention. Involuntary attention
allows the attentional system to rest and recover, while voluntary attention requires effort
and can be exhausting. Therefore, Berto and Baroni [87] argued that ART offers an approach
to understanding what is being fatigued or depleted and suggest how this resource can
be restored. The effort of attention can be avoided if individuals can surround themselves
with enough involuntarily interesting things [94]. These interesting things mainly exist in
high-fascination environments, such as scenes of nature [67].

Previous studies only focused on the dual-task paradigm and tried to discover the
moderating or mediating variables [13,15], which cannot provide a clear picture, causing
continuous controversy regarding the theory of SR. By contrast, the counteractive effects
of relevant interventions are highlighted in the current review. If there is a resource that
can be limited and depleted among participants, we believe its replenishment would allow
us to uncover this mysterious and metaphorical resource. Surprisingly, nature exposure,
which is in the environmental psychology field, emerged in the current review, and it was
largely ignored by previous studies, which concentrated on the dual-task paradigm.

Thus, particular attention was paid to nature exposure in the current review. Natural
scenes attract involuntary attention and replenish directed attention; consequently, par-
ticipants can perform better in subsequent strenuous tasks. Moreover, there is evidence
showing that physical exercise [95,96] and cognitive tasks [97] are largely beneficial for
attention, which can support the improvement of SR after repeated-exercise training pro-
grams, which are shown in Table S5. Kaplan and Berman [98] used a similar description
with the resource model: “the term resource implies that there is something finite in quan-
tity and depleted by heavy demands”. In addition, James argued that this nebulous concept
is composed of more concrete processes such as attention. However, most previous studies
focused on the depleted resource of SR, which lacked the design features necessary to
disentangle the effects of attention from the actual effects of practice (see Tables S3–S7).
Although some studies noted that attention may influence the depletion of resources, the
attention argument only builds upon the motivational argument. For example, Inzlicht
and Schmeichel [12] indicated that depleted participants attended all the more to rewards,
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rather than task performance. Therefore, several questions are prompted. For instance,
what is the relationship between attention and the SR resource? Since attention is manipu-
lated by exposure to nature, it could benefit self-regulatory capacity; future studies could
further investigate attention as the centre of the SR.

Sun and Soh [17] corroborated the “global” hypothesis in the strength model of self-
regulation from the finding of the cross-domain effect of strength-based training programs.
The findings of the current review could further explain and prove the cross-domain
effect of the other three ingredients of the self-regulation process. Specifically, Table S6
(strength-manipulated interventions after mental exertion) shows that attention recovery
could improve physical performance, such as the Pland exercise: [53], basketball free
shooting [54], and working memory measured in backwards digit span [49]. Since attention
(e.g., directed attention) theoretically and practically overlaps with self-regulation [69,98],
it was unsurprising to find this cross-domain effect in the current review.

4.2. Interventions Based on the Other Three Components

Only eight studies were found that manipulated three components in the SR (i.e.,
standard, monitoring, and motivation), and the results were consistent. All of the studies
showed improvements in subsequent performance (Tables S3, S4 and S7). Therefore, it is
unsurprising that a cybernetic model was used to explain self-regulatory behaviour [99].
Carver and Scheier [100] proposed discrepancy-reducing feedback loops and explained the
model (see Carver and Scheier, Figure 1). According to the model, when a sense deviates
from a comparison value, the perception is compared via a comparator mechanism from
an input function. Next, the output function is turned on to reduce the discrepancy. The
overall aim is to minimise deviations from the standard of comparison. However, the
model only shows the loop, and the maintenance of the loop requires “energy”. The
cybernetic model highlights the monitoring component; however, the resource model of
SR, focuses more on strength, which is how much energy/resource is needed to eliminate
the discrepancy after finding the different states. This elimination may be controlled by
attention and influenced by motivation.

5. Implications and Future Directions

This review has a few limitations. First, because of the wide range of measurements
and training methods used, this review cannot be considered a meta-analysis. Selecting
only English-language publications may also have narrowed the scope of the findings.

The current review supports the resource model of SR and shows that it is still the
most reliable theory in this academic field. However, the metaphorical resource remains
unclear. Attention should be examined more closely in future studies. In particular, in
the design, it is necessary to disentangle the effects of attention from the actual effects
of practice.

Mental fatigue as a novel topic. It has been investigated particularly thoroughly in
sports, such as soccer [101], basketball [24,102], badminton [103], swimming [104], and
Australian football [105], showing that it impairs subsequent performance. Future studies
could consider further interventions to counter these adverse effects.

Notably, Martin and Thompson [106] conducted a preliminary investigation into SR
that may influence the impact of mental exertion on physical performance (i.e., endurance).
Thus, it may be promising for future studies to utilise some interventions from the ego-
depletion area shown in Tables S3–S7, which present a more holistic approach to capturing
daily SR.

6. Conclusions

In conclusion, the findings of the current review support the resource model of SR
and show that interventions manipulated using the four components of SR are effective for
improving subsequent outcomes. In addition, the conservation hypothesis could explain
the role of motivation in self-regulation. Future studies could investigate the relationship
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between different levels of motivation and depletion/mental exertion more closely. The
cross-domain effect of strength training on directed attention in the nature-exposure inter-
vention was highlighted again in the current review. Attention may be the centre of the
metaphorical resource in the model and a topic for future studies to investigate.
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