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Abstract

Attention is a limited resource that can become depleted after
extensive usage. Exposure to nature stimuli can help recover
attention depletion. More precisely, nature (vs. urban) benefits
have been reported for working memory, attention control and
cognitive flexibility, although these effects are the subject of
debate. This study aims at assessing whether nature can help
reduce cognitive fatigue as a consequence of attention
depletion. Participants performed a pretest working memory
and attention control task. Then, they went through a cognitive
fatigue task, followed by exposure to either nature or urban
images, and a posttest consisting of the pretest measures.
Measures of subjective fatigue were also collected throughout
the study. Pre- vs. posttest cognitive performance comparisons
failed to raise differences across conditions. Yet, subjective
fatigue was significantly improved by the nature intervention
but not by the urban intervention. Results are discussed in
terms of nature’s positive impact on subjective experience.

Keywords: cognitive fatigue; attention restoration; nature;
working memory; attention control; validation study

Introduction

Attention is a resource required for various tasks, including
executive functioning and self-regulation (Kaplan & Berman,
2010). However, attentional resources are limited and can be
depleted with usage, while cognitive efforts are deployed.
Attention depletion is a frequent challenge experienced in
many situations, across multiple domains, and can lead to
mental fatigue. Operators from high-stake domains such as
aviation (Dehais et al., 2014), command and control
(Hodgetts et al., 2017), and defence (Cooke et al., 2004), as
well as workers in more clerical jobs (Jett & George, 2003;
Mak & Lui, 2012), often experience attention depletion
because of the demands incurred by their work. The
attentional fatigue induced, however, can increase risks of
errors and, in cases of high-risk domains, may threaten the
security of populations and infrastructure.

Exposure to nature stimuli, both in the lab and in real-life
settings, has been shown to represent an efficient intervention
to help recover attention resources following a period of
cognitive depletion. The effects of this intervention have been

demonstrated in many studies (e.g., Atchley et al., 2012;
Berman et al., 2008; Berto, 2005; Duvall, 2011). According
to the attention restoration theory (ART; Kaplan, 1995),
nature’s positive outcomes on attention ensue from the
characteristics nature inherently possesses, more particularly
because of its capacity to promote effortless attention capture
and engagement, which in turn allows it to replenish (Marois
et al., 2021). Although beneficial effects of nature on
cognition represents a burgeoning fundamental research
field, nature applied as an intervention to help recover
attentional resources has great potential as a tool for multiple
groups, including workers. Such a technique could provide
an efficient alternative to provide workers with opportunities
to replenish their attention in periods of fatigue and, in turn,
to mitigate any negative effects on their work performance.
Some studies showed benefits for the integration of nature
patterns or interventions into academic and professional
settings (e.g., Craig et al., 2021; Gbetoglo, 2021; Marois,
2020). Still, no application has been developed to integrate
such a technique as a countermeasure tool to mitigate the
cognitive challenges experienced by workers, that is, when
attentional fatigue is detected. Such user-tailored approach
represents a key strategy for human factors and cognitive
systems engineering practices and is deemed efficient at
optimally supporting human activities in many domains and
contexts (see, e.g., Dehais et al., 2011, 2020; Karran et al.,
2019; Tejero Gimeno et al., 2006; Wang, Huang et al., 2014).
Performance improvements induced by nature attention
restoration were observed on multiple cognitive functions
including creative problem solving (Atchley et al., 2012),
inhibitory control (Berman et al., 2008; Chung et al., 2018),
memory (Berman et al., 2012; Shin et al., 2011; Szolosi et al.,
2014), and sustained attention (Berto, 2005; Pasanen et al.,
2018). A few meta-analyses, however, have raised questions
regarding the actual effects of attention restoration and the
type of cognitive tasks used to measure the behavioral effects
of the intervention (Bowler et al., 2010; Ohly et al., 2016).
Stevenson et al. (2018) conducted a meta-analysis that
evaluated the different processes to restore and the tasks that
showed potential to demonstrate such restoration. They also
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considered aspects related to pre-intervention fatigue,
baseline individual differences, and type of exposure. They
showed that attentional control (via the Necker Cube Pattern
Control, Attention Network Task, Multi-Source Interference
Task, and Stroop Task), working memory (using the Digit
Span Backward Task, Digit Span Forward Task, Forward
Spatial Span, and Reading Span Task), and cognitive
flexibility (measured with the Trail Making Task B and
Stroop Task) represented the three main processes that
showed benefit from nature exposure. The authors also
outlined that higher engagement toward a nature setting (e.g.,
exposure to real environments, potentially driven by
exposure duration/level of engagement, see, e.g., Browning
et al., 2020; Duvall, 2011; Lin et al., 2014; Marois et al.,
2021; Pasanen et al., 2018; Szolosi et al., 2014) were likely
to enhance restoration effects, especially for attentional
control and cognitive flexibility. Controlling for baseline
differences, when comparing nature and urban exposure
conditions, reduced the effects over attentional control, and
effects were diminished when a period of cognitive fatigue
preceded the intervention for working memory studies.
Overall, it seems that attentional control, working memory
and cognitive flexibility mostly profit from nature exposure,
but some confounding variables must be considered. Such a
conclusion however needs further empirical support. Besides,
the concept of cognitive fatigue remains quite vague, and it
is not clear whether the importance of cognitive fatigue prior
to nature interventions suggests that perceived fatigue can be
restored by nature stimuli. In that regard, a recent study by
Johnson et al. (2022) suggested that subjective reports of
restoration as well as markers of cognitive alertness could be
improved by exposure to nature environments. Reports of
restored state were higher for participants exposed to nature
compared with urban exposure. Objective measures of
alertness (i.e. performance on the sustained attention to
response task and pupillary dilation), however, did not
improve. Nonetheless, the study lacked self-reports of
fatigue, which may have been more sensible and appropriate
for assessing the subjective impact of nature. To better
understand the effects of nature interventions, there is a need
for such assessments using a variety of cognitive measures.

Study Goal

The present study represents a first step towards a more
holistic assessment of the potential of nature interventions to
mitigate cognitive fatigue through the combination of
objective and subjective measures of cognitive functioning
and fatigue. More precisely, the goal is to provide preliminary
proof-of-concept validation for examining the impact of a
nature intervention on cognitive functioning following a
period of cognitive resource depletion. Such depletion serves
to control for any difference in baseline, ensuring that all
participants are facing cognitive fatigue before being exposed
to the intervention (cf. Stevenson et al., 2018). To reach this
goal, participants performed a pretest measure of their
working memory and attention control abilities before having
to carry out a repetitive task imposing cognitive demands

upon them. Following this fatigue stage, they were exposed
to either nature or urban images. After the intervention, they
performed a posttest measure using the same set of tests used
at pretest. Across all these steps, they were asked
approximately every 10 min on their subjective fatigue level.
We hypothesized that participants exposed to nature would
experience lower subjective fatigue as well as improvements
on the working memory and attention control tests following
the intervention relative to urban images exposure.

Method

Participants

Forty-seven participants (Mage = 26.17, SD = 7.54; 33 men,
12 women, 2 not disclosed) took part in this study. All
reported normal or corrected-to-normal vision and audition.
The study was approved by the Université Laval Research
Ethics Committee (2022-352 / 22-09-2022).

Apparatus and Material

Participants performed the experiment in a dimly lit room. A
PC computer running E-Prime 3.0 (Psychology Software
Tools) was used for presenting the instructions, controlling
the tasks and measures, and presenting the intervention.

Working Memory and Attention Control Measures At the
beginning (pretest) and end (posttest) of the experiment,
measures of working memory capacity and attention control
were collected (Figure 1). Working memory capacity was
assessed using the Automated Operation Span task (OSPAN;
Unsworth et al., 2005). Participants were presented a series
of letters of various lengths with each letter being interleaved
with simple mathematical operations. Each letter was
presented for 1,000 ms. For each mathematical operation,
participants had to select if the suggested outcome was true
or false within a maximum of 3,000 ms. Once all the letters
of the series were presented, participants were asked to recall
them in their presentation order. OSPAN scores represent the
sum of all perfectly recalled sets for the 15 trials.

<+—True je—Left

Time “'\
\

[«—False te—Left

—RLW ... _ |«—Rignt

Figure 1: Depiction of the OSPAN task (A) and the ANT
(B) performed at pretest and posttest.
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To measure attention control, the attention network test
(ANT; Fan et al., 2002; Wang, Cui et al., 2014) was used. On
each trial (n = 120), after presenting a fixation cross for 1,000
ms, a cue could be presented either at the center, on the upper
part or the lower part of the screen for 1,000 ms. Following a
delay of 1,000 ms, the target (an arrow pointing either left or
right) appeared where the cue was presented or randomly
above or below the fixation cross if no cue was presented.
The target was surrounded with flankers (either neutral or
pointing to a congruent or incongruent direction with respect
to the target). Participants had to respond using the keyboard,
within 2,000 ms, depending on the direction of the target. We
employed Wang, Cui et al.’s (2014) method and computed
the following scores: a) mean accuracy; b) alerting effect; c)
orienting effect; d) conflict effect; e) alerting with conflict
effect; f) orienting with conflict effect; g) conflict with
alerting effect; and h) conflict with orienting effect.

Cognitive Fatigue Task The AX-CPT task was used to
induce fatigue. As shown in Figure 2, participants were
presented a 1,000-ms fixation, followed by a letter (the cue)
for 200 ms. Then, another fixation cross was presented for
1,000 ms followed by another letter (the potential target).
Participants had to press a specific key only when the cue was
an A, followed by the target letter (an X). In other cases, they
had to press another key. All 324 trials (comprised of the two
fixation crosses, the cue and the letter) were followed by an
interstimulus interval of either 1,500, 2,000 or 2,500 ms,
randomly generated.

[«— Target

Figure 2: Depiction of the AX-CPT task.

Restoration Intervention Following the fatigue task,
participants were exposed to the restoration intervention.
Half were assigned to the Nature condition and the other half
to the Urban condition. They were presented a series of 30
images, split into two blocks of 15 images. In the Nature
condition, nature images were presented, whereas images of
cities were presented in the Urban condition (images selected
from royalty-free websites (https://isorepublic.com/ and
https://unsplash.com/fr). Images across both conditions were

controlled for many properties: the season (Summer, Fall or
Winter), the type of view (straight, from above or from
below), the orientation (portrait vs. landscape) and the type
of visual effects (visual effects or not). This was to ensure
that visual properties would not impact their restorative
properties differently across groups (Berman et al., 2014).
For each image, participants completed the shortened
perceived restoration scale (PRS). It contained the following
statements: “This place has qualities that fascinate me”, I
would like to spend more time looking at the surroundings
here”, and “My attention is drawn to many interesting things
here”. Typically, higher scores on the PRS are linked with
restorative nature while lower scores are associated with low
restorative or nonrestorative environments (Korpela, 2013).
Figure 3 provides an example of the restoration intervention.

Time .
Time

Figure 3: Depiction of attention restoration intervention
with the PRS questions (A: Nature intervention; B: Urban
intervention).

Self-Reported Measures of Fatigue Participants were asked
to answer the Karolinska Sleepiness Scale (KSS), a 10-point
sleepiness subjective scale (Akerstedt & Gillberg, 1990).
Scoring goes from “Extremely alert” (1) to “Extremely
sleepy, can’t keep awake” (10). Higher KSS values indicate
higher fatigue levels.

Procedure

After having provided informed consent, participants were
explained the procedure. Then, they were asked to go through
the pretest tasks (task order was counterbalanced across
participants). After, they performed the cognitive fatigue task
followed by the intervention, either with nature or urban
images. After the intervention, participants performed the
posttest tasks (counterbalanced order). At the end of the
experiment, participants were debriefed, thanked and
received monetary compensation for their participation. The
KSS was completed as follows: (T1) prior to the pretest; (T2)
after the first task of the pretest; (T3) following the last task
of the pretest; (T4) after the first block of the cognitive fatigue
task; (T5) after the second block of the cognitive fatigue task;
(T6) after the last block of the fatigue task; (T7) after the first
block of the intervention; (T8) after the second block of the
intervention; (T9) following the first task of the posttest; and
(T10) after the last task of the posttest. Figure 4 summarizes
the experimental design.
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Figure 4: Stages of the experiment. Participants went
through either the Nature or Urban intervention. Note that
the KSS was completed approximately each 10 min through
the different stages.

Statistical Analysis

A manipulation check was performed by comparing the mean
PRS scores in both conditions using an independent samples
t-test to assess whether nature images provided more
perceived restoration. Then, performance measures on the
OSPAN and ANT tasks were compared between groups and
between pretest and posttest using a 2 x 2 mixed ANOVA
with the between-subjects factor Condition (Nature vs.
Urban) and the within-subject factor Time of measurement
(pretest vs. posttest). Performance on the AX-CPT was not
analyzed as it only served to induce fatigue. Reports of
fatigue were compared between conditions and across times
of reporting. Raw mean scores were reported, but baseline-
corrected KSS scores (i.e. corrected from the first KSS level
prior to the pretest) were compared using a 2 x 10 mixed
ANOVA with the between-subjects factor Condition (Nature
vs. Urban) and the within-subject factor Time of
measurement (T1 to T10). All alpha levels were set at 0.05
and Bonferroni corrections were used for multiple
comparisons. Bayesian-equivalent analyses performed with
JASP are also presented (van den Bergh et al., 2020). Four
participants were removed due to missing data, resulting in
23 participants in the Nature condition and 20 in the Urban
condition.

Results

Manipulation check

A first analysis assessed whether nature images were
perceived as more restorative than the urban ones according
to the mean PRS scores. On average, nature images were
rated at a level of 3.51 points out of 6 (SD = 1.09) while urban
images reached a mean level of 259 (SD = 0.86). An
independent samples t-test confirmed that nature images
were considered significantly more restorative than urban
images, t(41) = 3.20, p=.003, Cohen’s d = 0.99 (BFo1 = 0.07,
providing strong evidence against the null hypothesis).

Working Memory and Attention Control

Scores on the pretest for the OSPAN task were, on average,
of 39.22 (SD = 15.45) for the Nature condition and of 39.25
(SD = 12.59) for the Urban condition. At posttest, the Nature
condition reached a mean score of 43.70 (SD = 13.69) and the
Urban condition a score of 48.45 (SD = 16.12). The mixed
ANOVA revealed a main effect of Time of measurement,
F(1, 41) = 15.88, p < .001, n% = .279, but no effect of
Condition nor any two-way interaction (Fs < 1.90, ps > .175).
Multiple comparison tests showed that, in both conditions,
participants performed better at posttest. A Bayesian analysis
supported these results, suggesting strong probability for the
effect of Time of measurement given the data (p = .553), and
strong evidence against the null model (p = .009, BFp =
61.92, relative to the Time of measurement model).

Table 1 depicts all generated ANT scores. For all scores
but one, the mixed ANOVA raised no main effect of Time of
measurement, Fs(1, 41) < 1.59, ps > .214, ns%, < .038, of
Condition, Fs(1, 41) < 2.20, ps > .146, ns?, < .050, nor any
interaction, Fs(1, 41) < 3.45, ps > .070, ns% < .079. The
Condition effect on the orienting score reached significance,
F(1, 41) = 5.33, p = .026, 0% = .115. Overall, the Nature
condition (M = -0.01) had a higher score than the Urban
condition (M = -0.05). Bayesian analyses confirmed this
pattern, as supported by very strong evidence against the full
model comprised of both factors and their interaction (ps <
.068, BFso1 < 0.287, relative to the null model).

Table 1: Mean scores (SD) collected from the ANT task
across conditions and times of measurement.

i Condition

ANT scores me?sz]reeg“fe”t Nature Urban
Mean Pretest 97.54 (3.61) 96.13(5.98)
accuracy Posttest 96.85 (4.09) 96.33 (3.86)
Alerting Pretest -0.02 (0.04) 0.01 (0.07)

Posttest -0.01 (0.07) 0.00 (0.08)
Orienting Pretest -0.02 (0.05)  -0.05 (0.08)

Posttest 0.00 (0.07) -0.04 (0.07)
Conflict Pretest 0.28 (0.07) 0.32 (0.20)

Posttest 0.31(0.13) 0.29 (0.15)
Alerting with  Pretest 0.72 (7.18) -0.21 (7.56)
conflict Posttest -1.00(7.59) -0.60 (2.04)
Orienting Pretest -0.74 (14.77)  -0.63 (1.39)
with conflict  Posttest -1.74 (451) -0.65(2.02)
Conflict with  Pretest 0.08 (0.26) 0.07 (0.48)
alerting Posttest 0.28 (0.90) 0.17 (0.53)
Conflict with  Pretest -0.07 (0.35) 0.28 (1.29)
orienting Posttest -0.12 (0.37) 0.15 (0.39)

Self-Reported Measures of Fatigue

Mean levels of the KSS across conditions and times of
measurement are reported in Table 2. A decrease in KSS
scores was observed after the T6 for the Nature condition, i.e.
in the middle of the attention restoration intervention. In
contrast, the KSS level remained similar throughout the
experiment in the Urban condition.
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Table 2: KSS mean raw level (and SD) across conditions
and times of measurement (T1 to T10).

KSS time of Condition

measurement Nature Urban
T1 4.35 (1.67) 3.90 (1.61)
T2 4.70 (1.61) 4.57 (1.69)
T3 5.43 (1.90) 5.33(1.93)
T4 6.04 (1.64) 6.10 (2.02)
T5 6.70 (1.69) 5.76 (2.47)
T6 7.22 (1.62) 6.33 (2.58)
T7 6.00 (1.62) 6.00 (2.02)
T8 5.96 (1.87) 6.05 (2.11)
T9 5.70 (1.92) 6.14 (1.98)
T10 5.83 (1.61) 6.71 (1.59)

A correction was then applied to each KSS score using the
score collected before the pretest to account for the baseline
fatigue level reported (i.e. at T1). Figure 5 presents the
corrected KSS scores from T1 (i.e. baseline, score = 0) to
T10. The 2 x 10 mixed ANOVA raised a significant main
effect of Time of measurement, F(9, 369) = 16.88, p < .001,
n% = .292, no effect of Condition, F(1, 41) = 0.96, p = .333,
n% = .023, and a significant two-way interaction, F(9, 369) =
1.98, p = .041, n% = .046. A Bayesian analysis provided
positive evidence for the full model (p = .157, BFo1 = 3.84,
relative to the Time of measurement model), suggesting also
that this model was 2.41 x 10%° times more likely to be
observed than the null model.

A
30/ Condition

@ Nature
25 Urban 1/ =

2.0

Corrected KSS
N
o d

033 a1 5 & 7 8 9 1o

Times of measurement

Figure 5: Mean values of the corrected KSS across times
of measurement (T1 to T10) for both Nature and Urban
conditions. Error bars represent the standard errors of the
mean. Higher scores represent higher fatigue. The
intervention is presented after T6 up to T8.

Bonferroni-corrected decomposition of the interaction
raises differences across groups and times of measurement.
First, across both groups, a significant increase in KSS score
was observed from T1 to T6, that is, after the cognitive
fatigue task (AX-CPT; ps < .001). Both groups were at
similar KSS levels at T6 (p = .511). However, for the Nature
condition, a significant reduction in KSS score was observed

from T6 (M = 2.81, SD = 1.36) to T7 (M = 1.65, SD = 1.30),
that is, from the end of the AX-CPT to the middle of the
attention restoration intervention (p = .003). Such a decrease
in KSS scores was not found for the Urban Condition (T6: M
= 243, SD = 2.67; T7: M = 2,10, SD = 2.53; p > .999).
Although mean values in the Urban condition seemed to
increase from T6 up to T10, no significant difference was
found, and values remained as high as those collected at T6
(ps > .999). In the Nature condition, KSS scores remained
lower than T6 at T8 (p =.007) and T9 (p =.023). These scores
were also similar to T3 (i.e. pre-fatigue task level) at T8, T9
and T10 (ps > .999). Although the KSS score at T10 for the
Nature condition did not significantly differ from the one
collected at T6 (p = .324), it was significantly lower than the
one observed for the Urban condition at T10 (p = 0.18). This
means that, at the end of the posttest, participants from the
Nature condition reported lower fatigue levels on the KSS.

Discussion

As a first step towards a more holistic assessment of the
potential of nature interventions to mitigate cognitive fatigue,
this study assessed the effects of exposure to nature on
objective measures of cognitive functioning and subjective
measures of cognitive fatigue following a fatigue-inducing
period. Results showed that nature images, which were
perceived as more restorative than urban images, induced no
improvement in cognitive functioning, i.e. on working
memory and attention control. However, analysis of the KSS
showed that exposure to nature images significantly
improved subjective reports of fatigue. For the Nature
condition, reports of fatigue even remained at the pre-fatigue
task level following the intervention. Overall, these results
outline how nature exposure can provide subjective positive
effects for self-reports of fatigue.

The higher restorative evaluations reported for nature
images as well as the positive benefits raised for the KSS are
consistent with previous studies interested in subjective
measures of attention restoration including perceived
restoration (e.g., Chung et al., 2018; Yap et al., 2022; for a
meta-analysis, see Menardo et al., 2021) and mood and
affective measures (e.g., Hartig et al., 2003; Meidenbauer et
al., 2020; for a meta-analysis, see McMahan & Estes, 2015).
To our knowledge, however, self-reported improvements in
fatigue have scarcely been reported. For instance, Johnson et
al. (2022) compared KSS reports before and after exposing
participants to either urban, meadow or ocean images. They
failed to find any difference across groups while the KSS
scores increased in all conditions from pre- to post-
intervention measurement. The same absence of effect on
subjective fatigue, measured by the visual analog scale (VAS;
Ahearn, 1997), can be seen in Sun et al. (2022) for
participants being exposed to a 12-min viewing of natural
scenes. Imamura et al. (2022), reported improvements in the
VAS following an indoor forest bathing intervention, but also
failed to reach significant differences. Although our findings
will need to be replicated, they represent new evidence that
perceived fatigue may profit from exposure to nature.
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The improved rates of perceived fatigue are coherent with
how restorative nature engages one’s attention (Duvall, 2011;
Marois et al., 2021; Szolosi et al., 2014) without necessarily
imposing further attentional demands. Nature may encourage
one to actively explore and engage toward the exposed
setting, while properties inherent to nature (e.g., soft
fascination; see Berman et al., 2008; Kaplan & Berman,
2010) may facilitate this engagement. Contrary to urban
environments that contain bottom-up stimulation that
automatically captures attention and requires directed
attention to resist, nature’s “soft fascination” attracts
attention in a way that does not incur resistance nor
inhibition, given that it is coherent with top-down intentions
(Kaplan, 1995; Pearson & Craig, 2014). Such an absence of
effortful inhibition to “compete” with attraction driven by
nature may promote restoration of cognitive resources, in turn
improving self-reported measures and experience of fatigue.

The absence of effect on working memory and attention
control suggests, however, that nature images failed to exert
objective restorative effects. Such an absence of effect on
objective measures of cognitive functioning is not unheard of
(Johnson et al., 2022; Kimura et al., 2021; Ohly et al., 2016;
Yap etal., 2022). According to Stevenson et al. (2018), nature
exposure can induce improvements for working memory
tasks such as the Digit Span Backward and Forward Tasks,
as well as attention control effects on the ANT. Yet, these
effects may be moderated by multiple factors. Stevenson et
al.’s meta-analysis showed that higher engagement and pre-
intervention cognitive fatigue tend to augment restorative
impacts. Participants from our study had no specific task to
perform other than having to complete the PRS after each 20-
s image while being exposed to the nature or urban settings
on the computer. One could perhaps contend that
participants’ engagement toward nature images was
relatively low, as opposed to interventions with real
restorative environments such as forests and trails (Berman
et al.,, 2008; Browning et al., 2020) or interventions
characterized by increased awareness toward the setting
(Duvall, 2011; Lin et al., 2014; Macaulay et al., 2022). This
could explain the absence of objective restorative effects.

An alternative explanation could be that the tasks used
failed to either induce the desired effects of fatigue or that
they do not allow to measure cognitive fatigue properly and
objectively. It could indeed be the case that the AX-CPT was
not strong enough to exert objective effects that could be
measurable through the pre-post intervention differences.
The tasks used to measure the objective effects of fatigue, that
is the ANT and the OSPAN, might also be impervious to such
manipulation. Despite Stevenson et al.’s (2018) suggestions
that the ANT and that working memory tasks such as the
Digit Span Backward Task and the Digit Span Forward Task
can benefit from nature exposure, such tasks may be
insensitive to fatigue effects. Future studies should consider
alternative tasks that rely on similar cognitive mechanisms
(i.e., working memory and attentional control).

Overall, our results have implications for supporting
subjective fatigue in operational environments. As stated

earlier, fatigue is experienced in many situations including
high-stake domains (Cooke et al., 2004; Dehais et al., 2014;
Hodgetts et al., 2017), and even among clerical jobs (Jett &
George, 2003; Mak & Lui, 2012). Given the evidence
provided herein that nature can help improve perceived
fatigue, it seems that interventions with nature could
represent an interesting avenue to help replenish depleted
resources among these operational populations (cf. Marois,
2020). This aspect speaks to the domain of cognitive
augmentation, a domain interested in techniques and
interventions that promote improvements in cognitive
measures (Marois & Lafond, 2022). Although no
improvement in (objective) working memory or attentional
functioning has been observed, boosts on subjective fatigue
still suggest that nature interventions may represent a
technique of value for this field.

However, full benefits of nature on measures of cognitive
functioning must be better understood. Indeed, although
subjective experience may be improved, the absence of effect
on behavioral performance may represent a problem. A risk
may lie where an operator would feel (over)confident about
their performance capacity—due to improvements in
subjective fatigue—while not necessarily experiencing
improvements in their performance behavior. Such could
become a problem, especially for high-stakes domains where
errors can have dire consequences. As such, the development
of technologies equipped with cognitive state assessment
capacities could represent a great asset. For instance,
physiological sensing technologies could be used. This would
allow providing further (objective) evaluation of the actual
state of the person, as well as providing more information
about one’s mental state during nature exposure.

Conclusion

The study provides preliminary evidence that exposure to
nature images can help reducing cognitive fatigue, at least
from a subjective perspective. Interestingly, it also serves as
a manipulation check for the two types of images used (nature
vs. urban) to raise differences in perceived restoration. No
evidence of actual improvements in cognitive benefits were,
however, shown. The next step will aim at improving
statistical power in order to reach a closer sample size to other
studies interested in assessing the effects of nature
interventions over subjective and objective measures of
cognitive fatigue (e.g., up to 76 subjects in total, i.e. the
average sample size for all the studies reported by Stevenson
et al., 2018). Analyses of the physiological data collected
during the study will also represent an interesting avenue
given previous evidence that nature exposure can induce
changes in neurophysiological activity and that nature vs.
urban exposure differences across these measures may be
more detectable (e.g., Hartig et al., 2003; Hopman et al.,
2020; Imamura et al., 2022; Johnson et al., 2022; Kimura et
al., 2021; Marois et al., 2021; Olszewska-Guizzo et al.,
2018). Such could allow to investigate more thoroughly how
nature can influence one’s cognitive activity and how
ultimately such an intervention could be better harnessed.

5955



References

Ahearn, E. P. (1997). The use of visual analog scales in mood
disorders: A critical review. Journal of Psychiatric
Research, 31, 569-579.

Akerstedt, T., & Gillberg, M. (1990). Subjective and
objective sleepiness in the active individual. International
Journal of Neuroscience, 52, 29-37.

Atchley, R., Strayer, D. L., & Atchley, P. (2012). Creativity
in the wild: improving creative reasoning through
immersion in natural settings. PLoS One, 7, 51474,

Berman, M. G., Jonides, J., & Kaplan, S. (2008). The
cognitive benefits of interacting with nature. Psychological
Science, 19, 1207-1212.

Berman, M. G., Kross, E., Krpan, K. M., Askren, M. K,
Burson, A., Deldin, P. J,, et al. (2012). Interacting with
nature improves cognition and affect for individuals with
depression. Journal of Affective Disorders, 140, 300-305.

Berman, M. G., Hout, M. C., Kardan, O., Hunter, M. R.,
Yourganov, G., Henderson, J. M., et al. (2014). The
perception of naturalness correlates with low-level visual
features of environmental scenes. PLoS One, 9, e114572.

Berto, R. (2005). Exposure to restorative environments helps
restore attentional capacity. Journal of Environmental
Psychology, 25, 249-259.

Bowler, D. E., Buyung-Ali, L. M., Knight, T. M., & Pullin,
A. S. (2010). A systematic review of evidence for the
added benefits to health of exposure to natural
environments. BMC Public Health, 10, 456.

Browning, M. H. E. M., Mimnaugh, K. J., van Riper, C. J.,
Laurent, H. K., & LaValle, S. M. (2020). Can simulated
nature support mental health? Comparing short, single-
doses of 360-degree nature videos in virtual reality with the
outdoors. Frontiers in Psychology, 10, 2667.

Chung, K., Lee, D., & Park, J. Y. (2018). Involuntary
attention restoration during exposure to mobile-based 360
virtual nature in healthy adults with different levels of
restorative experience: event-related potential study.
Journal of Medical Internet Research, 20, e11152.

Cooke, N. J., Salas, E., Kiekel, P. A., & Bell, B. (2004).
Advances in measuring team cognition. In E. Salas, & S.
M. Fiore (Eds.), Team cognition: Understanding the
factors that drive process and performance (pp. 83-106).
Washington, DC: American Psychological Association.

Craig, C. M., Neilson, B. N., Altman, G. C., Travis, A. T., &
Vance, J. A. (2021). Applying restorative environments in
the home office while sheltering-in-place. Human Factors,
64, 1351-1362.

Dehais, F., Causse, M., & Tremblay, S. (2011). Mitigation of
conflicts ~ with  automation: Use of cognitive
countermeasures. Human Factors, 5, 448—460.

Dehais, F., Causse, M., Vachon, F., Régis, N., Menant, E., &
Tremblay, S. (2014). Failure to detect critical auditory
alerts in the cockpit: evidence for inattentional deafness.
Human Factors, 56, 631-644.

Dehais, F., Lafont, A., Roy, R., & Fairclough, S. (2020). A
neuroergonomics approach to mental workload,

engagement and human performance. Frontiers in
Neuroscience, 14, 268.

Duvall, J. (2011). Enhancing the benefits of outdoor walking
with cognitive engagement strategies. Journal of
Environmental Psychology, 31, 27-35.

Fan J., McCandliss, B. D., Sommer, T., Raz, A., & Posner,
M. 1. (2002). Testing the efficiency and independence of
attentional networks. Journal of Cognitive Neuroscience,
14, 340-347.

Gbetoglo, E. M. (2021). Les impacts de la biophilie et de la
connexion avec la nature sur la productivité et le bien-étre
des employés : une revue de portée de la littérature
[Unpublished master’s dissertation]. Université Laval.

Hartig, T., Evans, G. W., Jamner, L. D., Davis, D. S. et
Garling, T. (2003). Tracking restoration in natural and
urban field settings. Journal of Environmental Psychology,
23, 109-123.

Hodgetts, H. M., Vachon, F., Chamberland, C., & Tremblay,
S. (2017). See no evil: cognitive challenges of security
surveillance and monitoring. Journal of Applied Research
in Memory and Cognition, 6, 230-243.

Hopman, R. J., LoTemplio, S. B., Scott, E. E., McKinney, T.
L., & Strayer, D. (2020). Resting-state posterior alpha
power changes with prolonged exposure in a natural
environment. Cognitive Research: Principles and
Implications, 5, 51.

Imamura, C., Sakakibara, K., Arai, K., Ohira, H., Yamaguchi,
Y., & Yamada, H. (2022). Effect of indoor forest bathing
on reducing feelings of fatigue using cerebral activity as an
indicator. International Journal of Environmental
Research and Public Health, 19, 6672.

Jett, Q. R., & George, J. M. (2003). Work interrupted: a closer
look at the role of interruptions in organizational life. The
Academy of Management Review, 28, 494-507.

Johnson, K. A., Pontvianne, A., Ly, V., Jin, R., Januar, J. H.,
Machida, K., Sargent, D., et al. (2022). Water and meadow
views both afford perceived but not performance-based
attention restoration: Results from two experimental
studies. Frontiers in Psychology, 13, 809629.

Kaplan, S. (1995). The restorative benefits of nature: toward
an integrative framework. Journal of Environmental
Psychology, 15, 169-182.

Kaplan, S., & Berman, M. G. (2010). Directed attention as a
common resource for executive functioning and self-
regulation. Perspectives in Psychological Science, 5, 43-
57.

Karran, A. J.,, Demazure, T., Léger, P.-M., Labonté-
LeMoyne, E., Sénécal, S., Fredette, M., & Babin, G.
(2019). Toward a hybrid passive BCI for the modulation of
sustained attention using EEG and fNIRS. Frontiers in
Human Neuroscience, 13, 393.

Kimura, T., Yamada, T., Hirokawa, Y., & Shinohara (2021).
Brief and indirect exposure to natural environment restores
the directed attention for the task. Frontiers in Psychology,
12, 619347.

5956



Korpela, M. K. (2013). Perceived restorativeness of urban
and natural scenes — Photographic illustrations. Journal of
Architectural and Planning Research, 30, 23-38.

Lin, Y.-H., Tsai, C.-C., Sullivan, W. C., Chang, P.-J., &
Chang, C.-Y. (2014). Does awareness effect the restorative
function and perception of street trees? Frontiers in
Psychology, 5, 906.

Macaulay, R., Johnson, K., Lee, K., & Williams, K. (2022).
Comparing the effect of mindful and other engagement
interventions in nature on attention restoration, nature
connection, and mood. Journal of Environmental
Psychology, 81, 101813.

Mak, C. M., & Lui, Y. P. (2012). The effect of sound on
office productivity. Building Services Engineering
Research & Technology, 33, 339-345.

Marois, A., Charbonneau, B., Szolosi, A. M., & Watson J. M.
(2021). The differential impact of mystery in nature on
attention: An oculometric study. Frontiers in Psychology,
12, 759616.

Marois, A., & Lafond, D. (2022). Augmenting cognitive
work: A review of cognitive enhancement methods and
applications for operational domains. Cognition,
Technology & Work, 24, 589-608.

Marois, A. (2020). Restauration cognitive par la nature : vers
une intégration dans les milieux professionnels et scolaires.
Revue québécoise de psychologie, 41, 53-74.

McMahan, E. A., & Estes, D. (2015). The effect of contact
with natural environments on positive and negative affect:
a meta-analysis. Journal of Positive Psychology, 10, 507-
519.

Meidenbauer, K. L., Stenfors, C. U. D., Bratman, G. N,
Gross, J. J., Schertz, K. E., Choe, K. W., & Berman, M. G.
(2020). The affective benefits of nature exposure: What’s
nature got to do with it? Journal of Environmental
Psychology, 72, 101498.

Menardo, E., Brondino, M., Hall, R., & Pasini, M. (2021).
Restorativeness in natural and urban environments: A
meta-analysis. Psychological Reports, 124, 417-437.

Ohly, H., White, M. P., Wheeler, B. W., Bethel, A,
Ukoumunne, O. C., Nikolaou, V., et al. (2016). Attention
Restoration Theory: a systematic review of the attention
restoration potential of exposure to natural environments.
Journal of Toxicology and Environmental Health - Part B,
19, 305-343.

Olszewska-Guizzo, A. A., Paiva, T. O., & Barbosa, F. (2018).
Effects of 3D contemplative landscape videos on brain
activity in a passive exposure EEG experiment. Frontiers
in Psychiatry, 9, 317.

Pasanen, T., Johnson, K., Lee, K., & Korpela, K. (2018). Can
nature walks with psychological tasks improve mood, self-
reported restoration, and sustained attention? Results from
two experimental field studies. Frontiers in Psychology, 9,
2057.

Pearson, D. G., & Craig, T. (2014). The great outdoors?
Exploring the mental health benefits of natural
environments. Frontiers in Psychology, 5, 1178.

Shin, W. S., Shin, C. S., Yeoun, P. S., & Kim, J. J. (2011).
The influence of interaction with forest on cognitive
function. Scandinavian Journal of Forest Research, 26,
595-598.

Stevenson, M. P., Schilhab, T., and Bentsen, P. (2018).
Attention Restoration Theory Il: a systematic review to
clarify attention processes affected by exposure to natural
environments. Journal of Toxicology and Environmental
Health - Part B, 21, 227-268.

Sun, H., Soh, K. G., & Xu, X. (2022). Nature scenes counter
mental fatigue-induced performance decrements in soccer
decision-making. Frontiers in Psychology, 13, 877844.

Szolosi, A. M., Watson, J. M., and Ruddell, E. J. (2014). The
benefits of mystery in nature on attention: assessing the
impacts of presentation duration. Frontiers in Psychology,
5, 1360.

Tejero Gimeno, P., Pastor Cerezuela, G., & Chéliz Montafiés,
M. (2006). On the concept and measurement of driver
drowsiness, fatigue and inattention: implications for
countermeasures. International Journal of Vehicle Design,
42, 67-86.

Unsworth, N., Heitz, R. P., Schrock, J. C., & Engle, R. W.
(2005). An automated version of the operation span task.
Behavior Research Methods, 37, 498-505.

van den Bergh, D., van Doorn, J., Marsman, M., Draws, T.,
van Kesteren, E., Derks, K, ... & Wagenmakers, E. (2020).
A tutorial on conducting and interpreting a Bayesian
ANOVA in JASP. L’Année Psychologique, 120, 73-96.

Wang, Y.-F., Cui, Q., Liu, F., Huo, Y.-J., Lu, F.-M., Chen,
H., & Chen, H.-F. (2014). A new method for computing
attention network scores and relationships between
attention networks. PLoS One, 9, e89733.

Wang, Y.-T., Huang, K.-C., Wei, C.-S., Huang, T.-Y., Ko,
L.-w.,, Lin, C.-T., Cheng, C.-K., & Jung, T.-P. (2014).
Developing an EEG-based on-line closed-loop lapse
detection and mitigation system. Frontiers in
Neuroscience, 8, 321.

Yap, T., Dillon, D., & Chew, P. K. H. (2022). The impact of
nature imagery and mystery on attention restoration.
Multidisciplinary Scientific Journal, 5, 478-499.

5957





