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Much research has examined the negative impacts of cognitive fatigue (CF) on
subsequent physical performance, yet little research has explored potential interven-
tions, such as virtual nature exposure (VNE), to disrupt these impacts and provide
recovery effects. Fourteen healthy adults (78% male; aged 28+8.1 years) completed
two online sessions, one week apart. Participants performed a Time-load Dual-back
(TloadDback) for eight minutes before watching either a nature (intervention) or
urban video (control). They then completed as many consecutive push-ups as pos-
sible and rated their perceived exertion (RPE). Participants reported more CF fol-
lowing the TloadDback, where this CF declined following the nature video but not
the urban video. There was no difference in push-up performance or RPE between
conditions. We showed that the TloadDback increased CF ratings, and CF recov-
ery was greater following VNE. While this recovery did not translate into better
push-up performance or lower RPE, it shows promise for continued investigation.

KEy Worps: Mental fatigue; executive function; physical performance, enduran-
ce, Sport psychology.

Cognitive fatigue (CF) is the feeling that your thinking is slowed, in-
effective, and simply not working properly. People report an inability to
concentrate, where even the simplest daily tasks seem to take forever. Often
described as ‘brain fog’, CF is a subjective state of exhaustion commonly
characterised by increased tiredness (Badin et al, 2016), decreased attention
(Boksem et al., 2005) and a decline in motivation (Barte et al., 2017). Per-
forming a cognitively demanding task over a prolonged period induces CF
due to the strain placed on several areas of the brain involved in executive
functions such as attention, coordinated movement, decision making, plan-
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ning and self-monitoring (Boksem & Tops, 2008; Hockey, 2013). The effects
of CF on performance have been observed in a variety of domains such as
driving (Saxby et al., 2013) and academia (Sievertsen et al., 2016). Recently,
work in athletic performance has shown that many aspects of physical per-
formance, such as endurance running (e.g., pacing; MacMahon et al., 2014),
push ups and sit ups to exhaustion (Dorris et al., 2012), technical and tactical
sporting performance (Coutinho et al., 2017; Trecroci et al., 2020), sprint-
start reaction time (Englert & Bertrams, 2014) and decision-making (Smith
et al., 2016), can all be negatively affected by CF.

Given the potential for CF to impair an athlete’s performance, it is im-
portant to determine techniques to minimise these effects. While recent re-
search has made attempts to better identify the factors involved in the rela-
tionship between CF and physical performance (MacMahon et al., 2021),
there are no current guidelines or best practices for the recovery of CE Sev-
eral recovery strategies have been examined over the years, with stronger
evidence for some than others (see Proost et al., 2022, and Sun, Soh, Roslan,
Wazir, Liu, et al., 2022, for reviews). Exposure to nature has been proposed
as one such possibility to facilitate the recovery of CF (Kaplan, 1995; Sun,
Soh, Roslan, Wazir, Mohammadi, et al., 2022), given the positive biophil-
ic interaction that occurs between humans and their natural environments
(Barbiero & Berto, 2021). According to the attention restoration theory (Ka-
plan, 1995), nature does not require the same level of directed attention as
other environments, and thus these environments inherently allow for rest
and recovery of cognitive processes, particularly our attentional capabilities.

The benefits of nature exposure for cognitive resources have been seen
in several domains, and most promisingly, through various media of nature
exposure. First-hand, in situ exposure to nature (like walking through an
arboretum or park) after a taxing cognitive task can lead to improvements
in mood (such as decreased anxiety and negative affect) and cognition (such
as short-term memory span and working memory; Bratman et al., 2015; Ber-
man et al., 2012). But less direct nature exposures have also shown similar
effects. Simply viewing photographs of natural environments (compared to
urban environments and geometric shapes) improved participant scores in a
sustained-attention test after CF (Berto, 2005) and when not fatigued (Fu &
Xue, 2023), and viewing nature images and videos led to greater mood and
feelings of restoration and social belonging (Neale et al., 2021). Brief breaks
(during a demanding sustained attention task) of watching nature videos also
helped decrease physiological arousal, which can be an indicator of stress
(Kimura et al., 2021). Nature exposure through virtual reality also appears
to have similar restorative effects after CF (Unal et al., 2022). The nature
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exposure does not even have to be visual: simply listening to an environ-
mental soundscape facilitated greater recovery for sustained reaction time
and short-term memory after CF (Shu & Ma, 2019), and natural smells, like
that of green leaves (also known as a Hex-Hex Mix), can help reduce the
impact of CF when completing multiple cognitive tasks (Saito et al., 2018).
Taken together, these findings suggest that exposure to nature, in a variety of
ways, can improve concentration, mood, perceptions, and our overall ability
to perform cognitively, even after an initial cognitively fatiguing task.

While there is good evidence that nature exposure can help rejuvenate
feelings of CF, there is less evidence about whether this leads to better sub-
sequent physical performance as well. In one of the few studies to investigate
physical performance following virtual nature exposure (VNE), Akers et al.
(2012) examined maximal cycling performance in participants who were
exposed to unaltered, greyscale, or red-hued nature images on a computer.
Although there were no reported differences in peak power output between
the conditions, the unaltered nature image condition produced lower per-
ceived exertion and negative mood ratings (Akers et al., 2012). This find-
ing highlights how nature exposure could aid in the relationship between
CF and physical performance, as models describing this relationship specify
perceived exertion/effort as a key mechanism. The psychobiological mod-
el (Marcora, 2008; Marcora et al., 2009) posits that the negative effects of
CF on physical performance are primarily driven by motivational limitations
and increased perceptions of effort, rather than any cognitive constraints.
An increased perception of effort following a cognitively fatiguing task may
negatively affect a performer’s motivation for undertaking a subsequent
physical task, and lead to the performer exerting less energy, resulting in
poorer performance (Marcora, 2008; see also Hockey, 2013, and Pattyn et
al., 2018). In line with this theory, nature exposure prior to sport or exercise
may contribute to recovery from CF (through improvements of mood and
perceptions of effort) and thus mitigate the negative impact of CF upon sub-
sequent performance.

The aim of this study was to investigate the effects of VNE (using vid-
eos) on CF and subsequent push-up performance. The design of this study
closely resembles that of Dorris et al. (2012), who had participants complete
push ups in a repeated-measures design: once after a mentally demanding
task, and once after a control task, one week apart. For our study, we used
a similar design, but with the addition of recovery videos (nature vs urban
scenes) in between the cognitive and physical tasks, to test whether there
was a rejuvenating nature effect that helped protect push up performance.
We hypothesised that the cognitively fatiguing task would cause an increase
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in CF (compared to baseline), while subsequent exposure to a nature video
(but not the urban video) was expected to provide recovery from this in-
creased CE. We also hypothesised that participants would complete a greater
number of push-ups and report lower perceived exertion ratings following
the nature video compared to the urban video.

Methods

PARTICIPANTS

Fourteen health participants (3 female, 11 male; M = 28.06 = 8.08 years, range = 23-53
years) volunteered to participate in the study. All participants reported engaging in at least
30 minutes (M = 194.29 + 123.08 minutes, range = 30-360 minutes) of exercise per week.
Thirteen participants reported participating in resistance training (i.e., strength training,
bodyweight training) at least once a week and 11 participants reporting participating in at
least one type of sport. Of those participants, six reported participating at a non-competitive
recreational level and five at a competitive level. The inclusion criteria were: 18-60 years old;
fluent in written English; normal or corrected-to-normal vision; non-smoker; and the ability to
complete a minimum of 5 push-ups in a row without stopping. All participants completed the
ESSA adult pre-exercise screening tool (Exercise and Sport Science Australia, 2011) to ensure
they were at lower risk of injury. Participants with a known history of psychiatric, neurolog-
ical, or medical conditions were excluded. Additional exclusion criteria were colour-blind-
ness and the occurrence of a concussion in the past three months. Participants were asked to
refrain from consuming caffeine and alcohol within 12 and 24 hours of testing, respectively.
Ethical approval was granted by the La Trobe University Human Ethics Committee (ethics
number HEC20217) in compliance with the National Statement on Ethical Conduct in Human
Research (The National Health and Medical Research Council, 2018). All subjects provided
written and informed consent before volunteering to participate in the study.

EXPERIMENTAL DESIGN

The study used a randomized, counter-balanced, repeated-measures design to investi-
gate the effect of VNE on CF recovery and subsequent push-up performance. Two experi-
mental sessions, involving exposure to nature or urban scenarios via videos, were completed
one week apart to allow time for muscle recovery.

MATERIALS

Video Intervention. During the two online testing sessions, participants were present-
ed with one of two 5-minute videos. The first video was a nature walk, which mimicked a
first-person walkthrough of green parkland and included the natural sounds of that area such
as running water, bird sounds, and steps through a grassy footpath (Figure 1a). This nature
video was chosen as it contained many elements identified as restorative in previous work,
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such as the visual elements of parkland (Laumann et al., 2001) and sounds of birdsong and
streams (Shu & Ma, 2018). The second video was an urban walk, mimicking a first-person
walkthrough of a populated city with little greenery, including sounds such as people talking,
pedestrian crossing indications, and cars travelling (Figure 1b).

MEASURES

Cognitive task. The Time-load Dual-back (TloadDback; Borragan et al., 2017) requires
participants to perform two components simultaneously. Alternating numbers and letters ap-
pear on a blank black screen (see Figure 2). When a number appears, participants indicate
whether the number is odd or even. When a letter appears, participants indicate whether the
letter is the same as the letter presented previously. This task has been used in previous work
to induce CF in a similar way to classically used computer-based tasks, but over a shorter
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Fig. 1 - Still Images from the Nature (a) and Urban (b) Video Interventions.
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Fig. 2 - Example Sequence from the Time-load Dual-back (TloadDback) Task.
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testing period that avoids an under-aroused state (O’Keeffe et al, 2020). Previous studies (e.g.,
Borragan et al., 2016, 2017) have individualised the speed of stimulus presentation for each
participant in an initial separate session. Given the online nature of this study, however, this
process was not feasible. Instead, a speed of 1000ms (where each number/letter stayed on
screen for 1000ms before switching) was used for all participants. This speed is similar to what
has been reported as the average individualised speed for this task (Borragan et al., 2017).

Push-up task. At the start of each session, participants were shown an exercise technique
video describing the physical task (push-up maximum repetitions to exhaustion). The video
included technical cues, an explanation of technical failure, and described the desired tempo,
which was two seconds in the up position (i.e., eccentric) and one second in the down posi-
tion (i.e., concentric). Prior to this push-up task, participants completed a short warm-up that
consisted of 10 arm circles forward, 10 backward, and 10 arm swings, followed by one warm-
up set of push ups using the prescribed technique (3-5 repetitions). Following the warm-up,
participants were reminded of proper set-up for push ups, how to perform them at the re-
quired tempo, and how to recognise technical failure. They were also given demonstrations
of incorrect technique as examples of what to avoid. To ensure consistency of performance
between conditions, participants were instructed to be conscious of their form during testing
and a metronome at 60 beats per minute was played to help maintain the required tempo.

Rating of cognitive fatigue (CF). Participants reported their subjective CF in response to
the question: “How cognitively fatigued do you feel right now? (i.e., how mentally tired or
drained do you feel?)” using a visual analog scale (VAS) from 0 (“Not at all”) to 100 (“Ex-
tremely”). A VAS was deemed suitable to measure subjective CF as previous work has shown
it to be a valid way of identifying changes in CF over time, while also being quick to administer
and easy to interpret (e.g., Smith et al., 2019).

Rating of Perceived Exertion (RPE). RPE was measured on a 10-point scale (Borg, 1998).
Participants rated how intense they found the set of push-ups following the physical task from
1 (“Very, very easy”) to 10 (“Maximal”).

PROCEDURE

Participants completed this study online. Upon enrollment in the study, participants ac-
cessed the online experimentation software platform Inquisit Web (https://www.millisecond.
com) on a computer or laptop. First, participants were shown the push-up technique video.
Following this video, participants reported their current CF levels using a VAS (Baseline CF).
Participants were then presented with instructions for the TloadDback. They completed a
2-minute practise of the TloadDback with immediate feedback indicating correct and in-
correct responses for familiarisation, before completing the full 8-minute version of the task.
Following the TloadDback, participants were asked to rate their CF levels for a second time
(post-TloadDback CF). Participants were then presented with their assigned video interven-
tion (i.e., nature or urban). This video occupied the entirety of their computer screen and
included audio as well. They were instructed to pay attention during the video so that after-
wards they could indicate the location they believed the video took place (Hawaii, Australia,
Greenland, or Russia). Participants then reported their CF levels for a third time after viewing
the video (post-video CF).

Participants then completed a warm-up task, followed by performing as many push-
ups as they could without stopping, until they were no longer able to complete a full push-
up. After completion of their push-ups, participants were asked to report their performance
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(repetitions to fatigue; RTF), along with their RPE. Upon completing these questionnaires,
participants were thanked for their time and reminded to complete their second session the
following week. Following their second testing session, participants were presented with a de-
briefing document which disclosed the true purpose of the study. This procedure is visualised
in Figure 3.

STATISTICAL ANALYSIS

All data analyses were completed using SPSS 27.0. Data were examined initially for
missing cases and the distribution checked for outliers and normality. No missing cases or
outliers were identified, and all data were normally distributed, so parametric analyses were
conducted. Subjective ratings of CF were analysed using a 3 (time: baseline, post-TloadD-
back, post-video) x 2 (condition: nature, urban) mixed model analysis of variance (ANOVA).
Paired-sample #-tests were used to compare total push-ups completed and RPE scores be-
tween the nature and urban conditions.

Results
CF RATINGS

To examine whether CF was successfully induced by the TloadDback,
and then successfully reduced by watching the videos, CF ratings were com-
pared at baseline, post-TloadDback, and post-video. This data is visualised
in Figure 4.

i Technique vas Nature Push-up ~ RPE

Session A P AS TloadDback VAS Video VAS tak RTF

; Technique vas Urban Push-up = RPE

Session B video /AS TloadDback VAS Video VAS task RTF
4 mins 8 mins 5 mins Until exhaustion

Note. VAS = visual analog scale; TloadDback = Time-load Dual-back; RPE = rating
of perceived exertion; RTF = repetitions to fatigue.
Fig. 3 - Experimental Procedure of the Study.
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Note. Data presented here are Mean + 95% Confidence Intervals; TLDB = TloadDback.
*p < .05; **p < .01; ns = non-significant.
Fig. 4 - Subjective Cognitive Fatigue Ratings at Each Time Point for Both Conditions.

A 3 (time) by 2 (condition) mixed model ANOVA revealed a significant
main effect of time, F(2,26) = 15.40, p < .001, n? = .54, and no main effect
of condition, F(1,13) = 0.20, p = .661, = .O2,i)ut this was qualified by a
significant interaction effect, F(2,26) = 4.28, p = .025, n? = .25. Simple main
effects of the interaction showed that was a significant cflange in scores over
time for both the Nature condition, F(2,12) = 5.73, p = .018, nzp = 49, and
the Urban condition, F(2,12) = 10.97, p =.002, nzp =.65. As shown in Figure
4, post-hoc analyses, with our o level adjusted using a Holm method for mul-
tiple comparisons (Holm, 1979), revealed a significant increase in CF from
baseline to post-TloadDback for both conditions (nature: p =.038, Cohen’s d
=0.74; urban: p = .001, d = 1.00). This was followed by a significant decrease
in CF from post-TloadDback to post-video in the nature condition (p = .008,
d = 0.98) but not in the urban condition (p =.100, d = 0.42). Additionally, in
the nature condition, post-video CF ratings returned to baseline CF levels (p
=.568,d =0.15), while in the urban condition CF levels were still significant-
ly higher at post-video than they were at baseline (p =.002, d = 1.07).
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Pusi-Up PERFORMANCE

Paired samples #-tests were conducted to examine the effect of CF on
RTF and RPE between the nature and urban conditions. The mean and stan-
dard deviations of RTF and RPE for both conditions are presented in Table
1. There was no difference between conditions for RTF, #13) = 0.27, p =
792, d = 0.08, or RPE scores, #(13) = 1.83, p =.090, d = 0.47.

Discussion

The aim of this study was to investigate whether exposure to a nature
video (compared to an urban one) could aid in reducing CE. Exposure to
nature was therefore expected to reduce the negative impact of CF on phys-
ical performance. Our findings partially supported our expectations: CF in-
creased following the cognitive task, then dropped significantly after watch-
ing the nature video but not the urban video, suggesting that nature videos
may facilitate recovery from CE This reduced level of CF, however, did not
translate to better push-up performance or RPE scores in the nature group
compared to the urban group.

Previous work has highlighted the cognitive benefits of being exposed
to nature, either through real exposure (e.g., Bratman et al., 2015) or ex-
posure through videos, photos, or soundscapes (e.g., Kimura et al., 2021;
Shu & Ma, 2019). Additionally, viewing nature photographs (Berto et al.,
2005) and walking in nature (Berman et al., 2012) have both been shown to
improve cognitive performance after being cognitively fatigued. Our results
support this literature, finding that the nature condition (in which partic-
ipants watched a first-person video of walking through nature) showed a
greater reduction in subjective CF ratings after a cognitive fatiguing task than
those in the urban condition (in which participants watched a first-person
video of walking through busy city streets). As highlighted by the attention

Mean Repetitions to Fatigue and Ratzgg/;}}(];; Igercez'ved Exertion for Both Conditions
Condition RTF RPE
Nature 2543 +8.21 7.29+1.94
Urban 2579 +8.92 636 £2.10

Note. All values expressed as Mean + Standard Deviation. RPE = rating of perceived exertion;
RTF = repetitions to fatigue.
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restoration theory (Kaplan, 1995), natural environments allow us to rest and
recover our cognitive processes, as viewing nature does not require the same
level of direct attention as other environments. Our findings thus support the
idea that exposure to nature (even virtually) can aid in recovery from CF, and
support the attention restoration theory in how nature exposure can recover
our cognitive resources.

Even though our nature condition showed better recovery from CF, this
did not translate to better physical performance on a subsequent push-up-to-
exhaustion task. Existing literature shows that sub-maximal aerobic exercise,
along with technical and tactical sporting performance, are susceptible to the
negative effects of CF (Aitken & MacMahon, 2019). Bodyweight exercises,
however, have been less extensively examined. While there is previous evi-
dence of impaired push-up performance under the influence of CF (Dorris
et al., 2012), this specific physical task is currently under examined.

The specific way in which the physical task was prescribed in this study
may have influenced why no difference between conditions was seen. While
we controlled the tempo of push-ups by having a 60 beats per minute metro-
nome play during the push-up task (a similar approach to that used by Dorris
et al., 2012), this study was self-administered by participants at home. As
such, we could not verify that the prescribed tempo was followed. Dorris et
al. (2012) carefully controlled the tempo, and thus a decline in performance
was more likely to occur due to an inability to rest during the exercise. It may
be that push-up performance is affected by CF but that there is a trade-off
between RTF and time-on-task, where the freedom to complete the task at
one’s own pace will result in more repetitions. This could relate to motiva-
tional theories of CF (e.g., Inzlicht et al., 2014), where a prescribed tempo
may lead to greater feelings of ‘have to’ motivation (rather than ‘want to’
motivation) and a greater impact on physical performance. To test whether
this trade-off does occur, future research should test bodyweight exercise
under CF and non-CF conditions, as well as performing the exercise with
and without a controlled tempo.

In addition to there being no difference between the nature and urban
conditions for push-up performance, there was also no difference between
groups for RPE scores. RPE has been identified as one of the main mecha-
nisms behind the effect of CF on physical performance (e.g., Marcora, 2008),
with more cognitively fatigued individuals expected to report higher RPE
scores. Previous work involving exposure to nature and physical perfor-
mance, though, showed lower RPE scores (for similar peak power outputs)
for participants exercising while exposed to imagery of natural, green envi-
ronments (Akers et al., 2012). In this ‘green exercise effect’, however, Akers
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et al. (2012) did not test cognitively fatigued individuals. Sun, Soh, and Xu
(2022) collected RPE after a cognitively fatiguing task and either nature or
urban images, but they examined subsequent performance on a computer-
ised decision-making task and found no change in RPE before and after this
task. Indeed, to our knowledge, this study is the first to examine whether
exposure to nature could limit the negative effect of CF on physical perfor-
mance specifically. As such, while RPE scores may be lowered due to nature
exposure in participants who have not engaged in demanding cognitive tasks
before a physical task (as seen in Akers et al., 2012), there may be a more
complicated effect in cognitively fatigued individuals. If RPE is often higher
when one is cognitively fatigued, as per the psychobiological model (e.g.,
Marcora et al., 2009), then it may be that nature exposure is not enough to
rejuvenate these feelings for a subsequent physical task. Additionally, the at-
tention restoration theory highlights that nature exposure primarily restores
attention specifically (Kaplan, 1995). A physical endurance task (like push
ups to exhaustion) may not require as much attentional capacity to perform,
so a nature exposure intervention would not be as beneficial for this type of
physical exercise. Physical activities that incorporate more attention and cog-
nitive demand, like decision-making in team sport, may benefit more from
nature exposure (e.g., Sun, Soh, Roslan, Wazir, Mohammadi, et al., 2022).
Further work in this area is needed.

This research has some limitations that should be considered when in-
terpreting the results. This study was conducted online, which gave us less
ability to control how participants completed the physical task (i.e., maintain
proper push-up technique). It also gave us less control over when partici-
pants completed the study, although participants were told to complete the
sessions one week apart, and to complete them both at roughly the same
time of day. To reduce the demand of how many sessions participants had
to complete online, we did not include a baseline measure of push up per-
formance. Given our design was repeated measures, we instead relied on the
two conditions eliciting different results, rather than comparing performance
of both conditions to a baseline level. This was also similar to the design of
Dorris et al. (2012). That being said, our sample consisted of recreationally
active participants, with a variety of average exercise time per week (ranging
from 30 mins to six hours), so future work could examine this effect with
either a more homogenous sample, or by including a baseline measure of
performance to better control for individual differences.

Another limitation may be the length of both the cognitive task and
video interventions used. While the TloadDback effectively induced CF in
participants, time-on-task may be a factor in the persistence of CE. Smith et
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al. (2019) reported that compared to a baseline rating, CF levels remained
elevated for anywhere between 10 and 60 minutes depending on the specific
cognitive task, but this was for tasks that were completed for 45 minutes. It
may be the case that CF induced from only eight minutes of the TloadD-
back, in comparison to the 16 minutes administered in previous studies (e.g.,
Borragan et al., 2017; O’Keeffe et al, 2020), did not persist for long enough
to negatively influence subsequent push-up performance. A greater exam-
ination of CF recovery time following the administration of cognitive tasks
in various lengths may help clarify our findings. Additionally, the length of
nature interventions has not been consistent in previous work. Sun, Soh, and
Xu (2022) had participants look at nature vs urban images for 4, 8, or 12
minutes, and found greater rejuvenating effects for the longer interventions,
particularly the 12-minute nature condition. As such, our 5-minute videos,
while appropriate for online testing in which potential distractions are not
controlled, may not have been long enough to elicit a strong recovery effect,
which may be why differences in push-up performance and RPE were not
seen.

Conclusion

We demonstrated that a nature video was effective at reducing CF com-
pared to an urban video, suggesting exposure to nature can improve recov-
ery from CFE These findings, however, did not translate into better physical
performance as expected. Regardless, this finding has possible applications
in the fields of health, exercise, and sport. Studies comparing the differences
between outdoor and indoor sport and exercise on mental wellbeing have
shown promising results for outdoor physical activity (Thompson Coon et
al., 2011). Indeed, the absence of restorative (natural) environments for indi-
viduals practicing sport indoors may serve as an inherent performance detri-
ment, an area which has not yet been explored. Using nature as a restorative
intervention may provide an edge for athletes competing in these environ-
ments. While we successfully conducted an online study in this space, the
effects we induced may have been subtle in their impact on physical perfor-
mance. More research is needed to determine the effects of exposure to na-
ture on physical performance after CF, investigating different fatiguing tasks
and lengths, and different physical outcome tasks. While there is evidence
that research is progressing in this direction (e.g., MacMahon et al., 2021),
it is clear that the specific underlying mechanisms implicated in the negative
effects of CF on physical performance require further investigation. Our
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hope is that looking deep into nature, as Albert Einstein said, will help us
understand everything better.

REFERENCES

Aitken, B., & MacMahon, C. (2019). Shared demands between cognitive and physical tasks
may drive negative effects of fatigue: A focused review. Frontiers in Sports and Active
Living, 1,45. https://doi.org/10.3389/fspor.2019.00045

Akers, A., Barton, J., Cossey, R., Gainsford, P., Griffin, M., & Micklewright, D. (2012). Visual
colour perception in green exercise: Positive effects on mood and perceived exertion.
Environmental Science & Technology, 46, 8661-8666. https://doi.org/10.1021/es301685g

Barbiero, G., & Berto, R. (2021). Biophilia as evolutionary adaptation: An onto-and phylo-
genetic framework for biophilic design. Frontiers in Psychology, 12, 700709. https://doi.
org/10.3389/fpsyg.2021.700709

Barte, J. C. M., Nieuwenhuys, A., Geurts, S. A. E., & Kompier, M. A. J. (2019). Motivation
counteracts fatigue-induced performance decrements in soccer passing performance.
Journal of Sports Sciences, 37(10), 1189-1196. https://doi.org/10.1080/02640414.2018.
1548919

Berman, M. G., Kross, E., Krpan, K. M., Askren, M. K., Burson, A., Deldin, P. J., Kaplan,
S., Sherdell, L., Gotlib, I. H., & Jonides, J. (2012). Interacting with nature improves co-
gnition and affect for individuals with depression. Journal of Affective Disorders, 140(3),
300-305. https://doi.org/10.1016/}.jad.2012.03.012

Berto, R. (2005). Exposure to restorative environments helps restore attentional capaci-
ty. Journal of Environmental Psychology, 25, 249-259. https://doi.org/10.1016/j.jen-
vp.2005.07.001

Boksem, M. A. S., Meijman, T. F,, & Lorist, M. M. (2005). Effects of mental fatigue on atten-
tion: An ERP study. Cognitive Brain Research, 25(1), 107-116. https://doi.org/10.1016/j.
cogbrainres.2005.04.011

Boksem, M. A. S. & Tops, M. (2008). Mental fatigue: Costs and benefits. Brain Research Re-
views, 59, 125-139. https://doi.org/10.1016/j.brainresrev.2008.07.001

Borragan, G., Slama, H., Bartolomei, M., & Peigneux, P. (2017). Cognitive fatigue: A time-ba-
sed resource-sharing account. Cortex, 89, 71-84.

Borragan, G., Slama, H., Destrebecqz, A., & Peigneux, P. (2016). Cognitive fatigue facilita-
tes procedural sequence learning. Frontiers in Human Neuroscience, 10, 86. https://doi.
org/10.3389/fnhum.2016.00086

Bratman, G. N., Daily, G. C,, Levy, B. J., & Gross, J. J. (2015). The benefits of nature expe-
rience: Improved affect and cognition. Landscape and Urban Planning, 138, 41-50. ht-
tps://doi.org/10.1016/j.Jandurbplan.2015.02.005

Coutinho, D., Gongalves, B., Travassos, B., Wong, D. P., Coutts, A. J., & Sampaio, J. E. (2017).
Mental fatigue and spatial references impair soccer players’ physical and tactical perfor-
mances. Frontiers in Psychology, 8, 1645. https://doi.org/10.3389/fpsyg.2017.01645

Dorris, D. C., Power, D. A., & Kenefick, E. (2012). Investigating the effects of ego depletion
on physical exercise routines of athletes. Psychology of Sport and Exercise, 13(2), 118-
125. https://doi.org/10.1016/j.psychsport.2011.10.004

Englert, C., & Bertrams, A. (2014). The effect of ego depletion on sprint start reaction time.
Journal of Sport and Exercise Psychology, 36(5), 506-515. https://doi.org/10.1123/
isep.2014-0029

Exercise and Sport Science Australia. (2011). Adult pre-exercise screening tool. Retrieved from
www.essa.org.au/Public/ ABOUT_ESSA/Pre-Exercise_Screening_Systems.aspx.



496 K. Ergene, B. Aitken, T. Pickering, L. Champion, C. MacMahon

Fu, H., & Xue, P. (2023). Cognitive restoration in following exposure to green infrastructure:
an eye-tracking study. Journal of Green Building, 18(2), 65-88. https://doi.org/10.3992/
igb.18.2.65

Hockey, R. (2013). The psychology of fatigue: Work, effort and control. Cambridge University
Press.

Holm, S. (1979). A simple sequentially rejective multiple test procedure. Scandinavian Journal
of Statistics, 65-70. https://www.jstor.org/stable/4615733

Kaplan, S. (1995). The restorative benefits of nature: Toward an integrative framework. Jour-
nal of Environmental Psychology, 15(3), 169-182.

Kimura, T., Yamada, T., Hirokawa, Y., & Shinohara, K. (2021). Brief and indirect exposure to
natural environments restores the directed attention for the task. Frontiers in Psychology,
12, 619347. https://doi.org/10.3389/fpsyg.2021.619347

MacMahon, C., Parrington, L., Pickering, T., Aitken, B., & Schiicker, L. (2021). Understan-
ding the effects of cognitive tasks on physical performance: A constraints framework to
guide further research. International Review of Sport and Exercise Psychology. https://
doi.org/10.1080/1750984X.2021.1907854

MacMahon, C., Schiicker, L., Hagemann, N., & Strauss, B. (2014). Cognitive fatigue effects
on physical performance during running. Journal of Sport and Exercise Psychology, 36(4),
375-381. https://doi.org/10.1123 /jsep.2013-0249

Marcora, S. M. (2008). Do we really need a central governor to explain brain regulation of
exercise performance? European Journal of Applied Physiology, 104(5), 929-931. https://
doi.org/10.1007/500421-008-0818-3

Marcora, S. M., Staiano, W., & Manning, V. (2009). Mental fatigue impairs physical performan-
ce in humans. Journal of Applied Physiology, 106(3), 857-864. https://doi.org/10.1152/
japplphysiol.91324.2008

Neale, C., Lopez, S., & Roe, J. (2021). Psychological restoration and the effect of people in
nature and urban scenes: A laboratory experiment. Sustainability, 13(11), 6464. https://
doi.org/10.3390/sul3116464

O’Keeffe, K., Hodder, S., & Lloyd, A. (2020). A comparison of methods used for inducing
mental fatigue in performance research: Individualised, dual-task and short duration
cognitive tests are most effective. Ergonomics, 63(1), 1-12. https://doi.org/10.1080/001
40139.2019.1687940

Pattyn, N., Van Cutsem, J., Dessy, E., & Mairesse, O. (2018). Bridging exercise science,
cognitive psychology, and medical practice: Is “cognitive fatigue” a remake of “the
emperor’s new clothes”? Frontiers in Psychology, 9, 1246. https://doi.org/10.3389/
fpsyg.2018.01246

Proost, M., Habay, J., De Wachter, J., De Pauw, K., Rattray, B., Meeusen, R., Roelands, B., &
Van Cutsem, J. (2022). How to tackle mental fatigue: A systematic review of potential
countermeasures and their underlying mechanisms. Sports Medicine, 52(9), 2129-2158.
https://doi.org/10.1007/540279-022-01678-z

Saito, N., Yamano, E., Ishii, A., Tanaka, M., Nakamura, J., & Watanabe, Y. (2018). Involve-
ment of the olfactory system in the induction of anti-fatigue effects by odorants. PLoS
One, 13(3), €0195263. https://doi.org/10.1371/journal.pone.0195263

Sievertsen, H. H., Gino, F,, & Piovesan, M. (2016). Cognitive fatigue influences students’
performance on standardized tests. Proceedings of the National Acadenry of Sciences,
113(10), 2621-2624. https://doi.org/10.1073/pnas.1516947113

Shu, S., & Ma, H. (2018). The restorative environmental sounds perceived by children. Jour-
nal of Environmental Psychology, 60, 72-80. https://doi.org/10.1016/j.jenvp.2018.10.011

Shu, S. & Ma, H. (2019). Restorative effects of classroom soundscapes on children’s cognitive
performance. International Journal of Environmental Research and Public Health, 16,
293. https://doi.org/10.3390/ijerph16020293



Effects of virtual nature exposure 497

Smith, M. R., Chai, R., Nguyen, H. T., Marcora, S. M., & Coutts, A. J. (2019). Comparing the
effects of three cognitive tasks on indicators of mental fatigue. The Journal of Psychology,
153(8), 759-783. https://doi.org/10.1080/00223980.2019.1611530

Smith, M. R., Zeuwts, L., Lenoir, M., Hens, N., De Jong, L. M. S., & Coutts, A. J. (2016).
Mental fatigue impairs soccer-specific decision-making skill. Journal of Sports Sciences,
34(14), 1297-1304. https://doi.org/10.1080/02640414.2016.1156241

Sun, H., Soh, K. G., Roslan, S., Wazir, M. R. W. N., Liu, F, & Zhao, Z. J. (2022) The coun-
teractive effect of self-regulation-based interventions on prior mental exertion: A sy-
stematic review of randomised controlled trials. Brain Sciences. 12, 896. https://doi.
org/10.3390/brainsci12070896

Sun H.,, Soh, K. G., Roslan, S., Wazir, M. R. W. N., Mohammadi, A., Ding, C., & Zhao, Z.
(2022) Nature exposure might be the intervention to improve the self-regulation and
skilled performance in mentally fatigue athletes: A narrative review and conceptual fra-
mework. Frontiers in Psychology, 13:941299. https://doi.org/10.3389/fpsyg.2022.941299

Sun, H., Soh, K. G., & Xu, X. (2022). Nature scenes counter mental fatigue-induced per-
formance decrements in soccer. Fromtiers in Psychology, 13:877844. https://doi.
org/10.3389/fpsyg.2022.877844

Trecroci, A., Boccolini, G., Duca, M., Formenti, D., Alberti, G., & Marocolo, M. (2020).
Mental fatigue impairs physical activity, technical and decision-making performance du-
ring small-sided games. PLoS ONE, 15(9), e0238461. https://doi.org/10.1371/journal.

_ pone.0238461

Unal, A. B., Pals, R, Steg, L., Siero, F. W., & van der Zee, K. I. (2022). Is virtual reality a
valid tool for restorative environments research? Urban Forestry & Urban Greening, 74,
127673. https://doi.org/10.1016/j.ufug.2022.127673

Manuscript submitted March 2023. Acceptedd for publication October 2023.



