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Abstract

Natural environments are beneficial for cognitive functioning and affect. Apprais-
als of such benefits can lead to the development of pro-environmental attitudes and
behaviors in the long run. This study aimed to investigate the effects of an indirect
exposure to a natural and urban environment during a short break in a school day,
using a ‘green’ video depicting a walk through a lush forest and comparing it to an
urban video portraying a walk through a busy city. We involved 91 fourth and fifth
graders in a within-participants design. Results show that students decreased their
performance in an arithmetic calculation task after watching the urban video, while
no significant differences were observed before and after the exposure to the green
environment. Students also reported experiencing more negative affect in relation
to the exposure to the urban than the natural environment. Moreover, the students
perceived the natural environment as more restorative than the urban environment.
Taken together, our findings suggest that exposure to urban environments, in con-
trast to natural environments, may have negative effects on cognitive and affective
functioning during school breaks. Educational implications suggest that when it is
not possible to stay in a natural environment around the school, or there is no access
to nature due to distance, videos of natural environments can be used during short
breaks. They have potential to cognitively and affectively benefit students’ who may
often be exposed to environmental stressors.
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Introduction

For various reasons children today spend more school time in artificially designed
environments and less and less time outdoor, especially in nature. Urban schools,
for example, may not have green areas or access to outdoor natural areas (parks, for-
ests) due to distance (Walker et al., 2021). Some exceptions are forest schools where
children develop a sense of belonging to a natural community by learning and expe-
riencing nature connection (Cudworth & Lumber, 2021; Sella et al., 2023), or out-
door education programs included in the school curriculum where children learn not
only knowledge for their ecological literacy, but also pro-environment attitudes and
behaviors (Braun & Dierkes, 2017; Gray & Martin, 2012). Educators, parents, and
child development researchers have raised concerns about the impact that the loss
of outdoor experiences in natural environments —which include green (park, forest)
and blue (sea, lake) areas— have on multiple psychological domains, including the
cognitive and affective (Gray & Martin, 2012; Howell et al., 2011). In the same vein,
psychological research has revealed the negative effects of city living and urban
upbringing on psychological well-being (e.g., Lederbogen et al., 2011), mainly due
to the larger incidence of exposure to chronic environmental stressors (e.g., noise,
traffic, crowding, and pollution). It is widely acknowledged that environmental stress
has detrimental effects on physiological states, cognitive performance, affective
states, and motivation (Bilotta et al., 2019), both in children and adults. Specifically,
increased blood pressure, lower ability to allocate attention, decreased memory,
more tension and anxiety, and lesser persistence in a task are commonly effects of
environmental stressors (Berto, 2014; Dettweiler et al., 2017, 2023; Mygind et al.,
2018). Related to the school experience that is important in the current study, there
is evidence that noise in classrooms impacts negatively on cognitive functioning
(Vettori et al., 2022) and motivation (Gilavand & Jamshidnezhad, 2016).

One of the ways to compensate and mitigate the detrimental effects of environ-
mental stressors is the exposure to restorative environments, defined as environ-
ments whose characteristics are likely to trigger physiological and psychologi-
cal restoration (Berto, 2014). Typically, natural environments tend to be more
restorative than built environments (Menardo et al., 2019). As the next section
will indicate, their restorativeness may occur through regeneration of our limited
attention resources after effortful cognitive activities, or through stress reduction
in favor of a calm and serene affective state.

Different areas of scientific research have documented the multiple benefits of
exposure to the natural environment for individuals at different age levels, includ-
ing preschool children (Garcia-Gonzalez & Schenetti, 2022; Sella et al., 2023),
and typical (Norwood et al., 2019) and atypical (Galbraith & Lancaster, 2020;
Taylor & Kuo, 2009) development populations. However, several aspects of that
environment like tree density, and vegetation diversity and composition (Sivara-
jah et al., 2018), or proximity to the built environment can moderate the positive
effects of nature (Leung et al., 2019).

The benefits of green environments during breaks in a school day are par-
ticularly relevant to the current study (Mason et al., 2022b). Interestingly, short
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exposures to the natural environment are beneficial even when students do not
directly interact with such environment as they do, for example, during an out-
door lesson to observe micro-invertebrates of the soil. Benefits regard cognitive
functioning, namely attention and working memory (Amicone et al., 2018; Berto
et al., 2015), and emotional well-being in terms of positive affective states like
calm and joy (Berman et al., 2008).

Even more interesting and relevant is that indirect or vicarious short exposures
to nature also have positive effects. The available evidence in the literature has indi-
cated the positive impact of indirect exposure on students’ attention and recovery
from stress. In this case, students view static or dynamic pictures of green environ-
ments. To the best of our knowledge, studies on indirect exposure to nature through
photographs or videos have only involved college students and used typical labora-
tory tasks to measure attention or working memory, and physiological parameters to
measure arousal and stress (e.g., Crossan & Salmoni, 2019).

For our study we moved from the broader context of environmental education that
aims not only to promote knowledge and understanding of the environment but also
sensitivity to, and awareness of, environmental challenges, attitudes of concern and
care, and motivation to act for the environment. We therefore considered the impor-
tance of supporting students, from primary school, in feeling connected to nature
to develop their pro-environmental attitudes and behaviors. Connection to nature
can be a consequence of experiencing its benefits, for example, for cognitive per-
formance and emotional well-being (Berto et al., 2015). Nowadays a growing con-
cern regards children’s lack of exposure to outdoor experiences in our urbanized and
technology-driven world, which may have worrisome consequences for their health
and well-being (Cudworth & Lumber, 2021). The increase of screen-based activities
and the decrease of outdoor-based activities, and parental concerns for children’s
safety outside the home, are contributing to the nature-deficit disorder (Cudworth &
Lumber, 2021). The increasingly reduced contact with nature may also lead in the
long run to a loss of support for environmental issues and nature conservation (Soga
et al.,, 2018). When children have no or minimal exposure to natural spaces, they
cannot develop a sense of attachment to nature and, as a consequence, comprehend-
ing its value and developing pro-environmental attitudes and practices become more
difficult (Schwass et al., 2021). Even if not every type of contact with natural areas
is conducive to connection to nature (Baird et al., 2020; Ives et al., 2018), expe-
riences in natural areas during school time are important for developing students’
engagement with environmental initiatives (Braun & Dierkes, 2017; Cudworth &
Lumber, 2021; Schwass et al., 2021).

Thus, in this study we focused on promoting a positive impact of exposure to
nature in children as a proximal aim for students’ and teachers’ awareness of the
relevance of natural environments also for improving cognitive functioning in a typi-
cal school task and reducing at least negative affective state (anxiety, sadness). The
long-term, distal aim is to contribute to students’ connection with nature (Braun &
Dierkes, 2017; Gal, 2023) and environmental self-identity, intention, and behavior
as future active citizens (Neville & Petrass, 2023; van der Werff et al., 2013).

Moreover, we considered that contact with nature during school time is limited in
many countries by weather conditions or difficult access to greenspaces. Similarly,
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students with mobility difficulties, in hospital, or recovering from injuries and ill-
ness may not have direct access to a natural environment. An indirect encounter
with nature through videos of natural environments can be a very feasible alterna-
tive, when a direct ‘green’ experience is not possible, to foster students’ subsequent
learning and emotional well-being. Systematic reviews indicate that nature simula-
tions via photographs or videos (Browning et al., 2021), or even virtual reality (Frost
et al., 2022) reduce negative affect (Frost et al., 2022) and restored attention, at least
to some extent, in adults (Browning et al., 2021).

For a novel contribution to this research area, the current study focused on stu-
dents of primary schools in Northern Italy. We compared two short video-breaks
during a school day, one representing a green environment, the other an urban envi-
ronment, to examine their effects on fourth and fifth graders’ performance in an
arithmetic calculation task, affective state, and perception of the restorative quality
of the environments.

Theories about the positive impact of nature

Studies on the benefits of contact with nature are grounded on two major theories:
the Attention Restoration Theory (ART) and the Stress Reduction Theory (STR),
which are briefly introduced for the rationale of our study. To understand the ART
(Kaplan, 1995), the distinction between involuntary and voluntary or directed atten-
tion is essential. The former is automatic, bottom-up attention that is captured by
stimuli of the environment without requiring the use of mental resources. For exam-
ple, students can pay involuntary attention when something interesting or unusual
happens, like when an unexpected person appears in the classroom (Kaplan & Ber-
man, 2010). In contrast, top-down, capacity-limited voluntary or directed attention
requires students’ effort to focus, for example, on what the teacher is explaining
even if it may be perceived uninteresting, too difficult or easy, and goal-directed
action to learn from what is paid attention to. It is students’ voluntary attention that
keeps under control various distractions that may happen in the classroom by exert-
ing inhibitory mechanism, and is susceptible to fatigue. Natural environments are
characterized by stimuli (e.g., water sound, bird songs) that can attract our involun-
tary attention and simultaneously minimize the use of voluntary attention required
to keep distractions under inhibitory control. Therefore, in a natural environment,
like a park, directed attention can be restored after intense cognition (Kaplan, 1995;
Kaplan & Berman, 2010), for example, demanding school activities, so that perfor-
mance in cognitive tasks increases after a green break during a school day (Mason
et al., 2022c). In contrast, research has indicated that urban environments deplete
mental and attentional resources (Schertz & Berman, 2019; Stevenson et al., 2019).
Yet, attention is a fundamental function required in learning activities. Students
must be focused and maintain attention to understand teachers’ explanations, to
solve a math problem, or to read a text to answer comprehension questions, just to
mention only few very common school activities (Mason et al., 2022a).

Stress Reduction Theory explains the benefits of nature on emotional functioning
(Ulrich, 1981; Ulrich et al., 1991). When an environmental stimulus threatens our

@ Springer



Journal of Outdoor and Environmental Education

well-being, we can generate a stress reaction on physiological, psychological, and
behavioral levels. Physiologically, for example, both the cardiovascular and neuroen-
docrine systems activate to cope with the environmental demands and the increased
arousal wastes many of our resources if it is prolonged. Psychologically, based on
the cognitive appraisal of the condition we try to cope with, we likely feel emotions
like anxiety, anger, or sadness. Behaviorally, our stress manifestations can lead to a
decrease in cognitive functioning and performance avoidance (Ulrich et al., 1991).
Of note, in contemporary urbanized contexts, acute and chronic stress, as well as
inadequate recovery from stress, are increasingly problematic and in the long-term
threaten our health. Stress is indeed related not only to mental but also various phys-
ical diseases (Tyrvéinen et al., 2014). SRT posits that experience with nature, unlike
that with urban environments, supports recovery from very high psychophysiologi-
cal arousal because, during human evolution, nature provided protection for safety,
and elicits a state of calm (Ulrich et al., 1991). Thus, the natural environments have
restorative power refueling the energy depleted in responding to stress, and enhance
emotional well-being. Alongside these advantages, interactions between humans
and nature can also result in various degrees of effects, including some negative
impacts on people’s health and well-being, especially when individuals have had
previous negative experiences in certain natural settings (see Soga & Gaston, 2022).
Therefore, it is worth noting that the benefits of exposure to nature may vary and
depend on a person’s environmental preferences (McMahan & Josh, 2017), which
are shaped by their past experiences and familiarity with natural environments.

ART and SRT are not incompatible as both assume that nature offers recovery
from mental fatigue or stress, respectively. A large number of studies documenting
the positive effects of experience with nature are based on ART, SRT or both. For
example, in the study by Chen et al. (2020), college students’ degree of recovery
from mental fatigue increased attention-related performance in a lab task that meas-
ures failures to maintain concentration. Even if other investigations did not reveal a
link between attention restoration and stress reduction (Crossan & Salmoni, 2019; Li
& Sullivan, 2016), it is conceptually legitimate to consider the link between increase
in attention and decrease in stress as effects of experiences with nature. For the cur-
rent study focused on indirect exposure to nature, we considered both its benefits in
terms of better performance in a school task requiring attention and less stress as
reflected in less negative affective state.

Exposures to natural environments during school time

Taking into account the school context, we can make a distinction between passive
long- and short-term exposure to nature and between direct and indirect exposure.
Long-term exposure may refer to an accumulated effect of the nature that surrounds
schools. To exemplify, Kuo et al. (2018) examined the relation between nature and
academic achievement for a large number of public elementary schools in Chicago.
They documented that school green area, especially with trees, was positively asso-
ciated with students’ school achievement, as reflected in their scores on standardized
tests of math, after accounting for indices of disadvantage, poverty, and minority
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status combined. Similar results in the United States for achievement in standardized
tests of English language arts, mathematics, and science were indicated by Lin and
Van Stan II (2020) when considering elementary schools in the metropolitan area of
Atlanta, and by Li et al. (2019) when considering ACT scores and college readiness
of public high school students in Illinois. Very recently, the association between
green and school achievement in standardized tests was indicated for third and sixth
graders in elementary schools at Ontario in Canada (Rakowska et al., 2023).

Long-term exposure to nature also refers to a series of traditional lectures that
take place outdoors. A systematic review of studies on regular classes taught out-
doors has revealed their benefits not only for academic achievements but also for
social and health psychological domains (Becker et al., 2017). An investigation
based on teaching regular lessons over a school term in nature, not in the classroom,
has highlighted that eighth graders spent more time on task and this positive out-
come maintained for weeks (Norwood et al., 2021).

Short-term exposure to nature mainly refers to a short break in a school day to
recover from mental fatigue and regenerate attention as a recent meta-analysis indi-
cates (Mason et al., 2022c). Green breaks had positive effects on cognitive functioning,
specifically on students’ attention restoration across grade levels, from primary school
to college. The reviewed studies compared a short recess in a green environment to a
recess in a built or urban environment measuring attention performance before and
after the recess, usually using lab tasks. For instance, in two studies Amicone et al.
(2018) found that after a break in the green school garden, fourth and fifth graders had
higher scores for both selective and sustained attention in a lab task than after a break
in the built environment of the courtyard in front of the school entrance. Moreover,
children perceived the school garden as more restorative than the courtyard. Recently,
short-term exposure to nature also includes the effects of a single regular lesson on a
school subject taught in the classroom and a similar lesson taught outdoor in a green
area. For instance, Mason et al. (2022b) documented the positive, cognitive and affec-
tive effects of a single lesson in the school garden compared to a similar lesson in the
usual classroom. Second and third graders had higher scores not only in a typical lab
task of attention but also in two typical school tasks of arithmetic calculation after
the teacher’s lesson in the green environment. Children with higher self-reported emo-
tional difficulties also reported more positive affective states and less negative affec-
tive states after the lesson in the green space than in the classroom. Thus, a single
lesson in a natural environment which requires students to pay attention to the teacher,
seems to deplete their attentional resources less (Kaplan & Berman, 2010).

It is also relevant qualitative research that explores children and youth perspec-
tives on the impacts of exposure to nature during outdoor experiential programs.
For instance, Baird et al. (2020) identified three main themes in the responses to
open-ended questions asked to participants after completing one of those pro-
grams: Appreciation of nature, awareness of the conditions of nature, and concern
for nature. Specifically, participants appreciated nature because they perceived it
not only in terms of danger but also of beauty and safety. They were aware of the
role of nature in the broader systems, and felt concerned for it to some extent.
Interestingly, the majority of the participants reported that they developed a con-
nection to nature through its appreciation, awareness, and concern. Some of them
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also expressed a clear intention for pro-environmental behavior (Baird et al.,
2020). In this regard, forest schools indicate how learning and achievement can-
not be only confined to perform well in tests. By experiential learning (Gray &
Martin, 2012), students in forest schools develop place attachment, caring attitude,
and nature connection in the natural learning environment that also supports their
health and well-being (Cudworth & Lumber, 2021).

The aforementioned long and short-term exposures to nature are based on direct
contact with nature. However, geographical location, unfavorable weather condi-
tions, or no access to nearby natural environments may allow only very limited direct
experience with nature during school time. A very feasible alternative could be indi-
rect or vicarious exposure through photographs or videos of natural environments.

In the literature, there are some studies with adults on indirect exposure to nature
using photographs, virtual reality (Marois et al., 2021; Mostajeran et al., 2021), or
simulated nature walk (Crossan & Salmoni, 2019). For example, Mostajeran et al.
(2021) compared exposure to a virtual forest and to a virtual urban environment
which were introduced as photograph slideshows or immersive 360° videos. Results
revealed that the natural environment had positive influence on cognition, specifi-
cally a mental arithmetic task. Photographs, regardless of the kind of environment,
were more effective than immersive videos in reducing physiological arousal.

Of note, however, there are currently no studies that have specifically examined
the effects of video exposure to natural and urban environments during classroom
breaks. As regular schools cannot use sophisticated technological equipment for
indirect exposure to nature, we considered the opportunity of using simple videos
of natural and urban environments to be used for short breaks after intense cognitive
activity in a school day. It is worth noting that that vicarious experiences of nature,
based on photographs or videos, have been suggested as effective in cultivating pro-
environmental behavior (Sun et al., 2023).

The current study: research questions and hypotheses

The current study sought to contribute in five different ways to the advancement of
knowledge on the benefits of contact with green environments by: (1) examining the
potential positive (and negative) impacts of indirect or vicarious exposure to natural
(and urban) settings by involving children of primary school in their regular class-
rooms (not in a lab), who were not considered in previous research, (2) comparing
a video of a green walk in a forest to a video of an urban walk during a break in a
school day, (3) focusing on a short break that is more feasible when considering the
succession of activities that require cognitive effort during school time, (4) using a
typical school task to measure the effect of a short break on cognitive performance
(arithmetical calculus) as well as self-reported positive and negative affective states
to measure the impact on affect in the school context, and (5) assessing the per-
ceived restorativeness of green and urban environments.
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Specifically, the study was guided by three research questions:

RQI. After cognitive activity, do short breaks in the classroom watching a video of
a natural environment and a video of an urban environment differentiate children’s
cognitive performance in an arithmetic calculation task carried out after watching
the videos?

We hypothesized that after cognitive activity, a short break with the video of the
green environment would have some restorative effect on children’s attention, or at least
would preserve cognitive resources available before the break. In contrast, a short break
with the urban video would lead to a decrease of cognitive functioning because of the
experience of stress. As a consequence, children would have lower scores in the arith-
metic calculation task, which requires sustained attention, after the urban video-break.
We based our hypothesis on the aforementioned research on direct exposure to a natu-
ral environment during breaks in primary school (Amicone et al., 2018) and indirect
exposure to nature in college students (Brancato et al., 2022; Mostajeran et al., 2021).
According to ART, nature attracts involuntary attention and at the same time allows
directed or voluntary attention to rest. In contrast, an urban busy environment is stress-
ful and taxes voluntary attention as multiple stimuli should be paid attention to (Schertz
& Berman, 2019).

RQ2. Do these short video-breaks also differentiate children’s positive and negative
affect?

We also hypothesized a negative impact of the urban video on children’s affective
states, at least some increase of negative affect compared to prior the break. In contrast,
the green video-break would reduce negative affect and increase, or at least preserve,
positive affective states. According to SRT, nature reduces physiological arousal and
leads to a state of calm and relaxation. We based our hypothesis on the aforementioned
literature on stress relief at different ages by direct experience with nature in children
(Berto et al., 2015; Dettweiler et al., 2023; Mygind et al., 2018) and adults (Tyrviinen
et al., 2014), and on indirect experience with nature by college students (Brancato et al.,
2022; Crossan & Salmoni, 2019; Mostajeran et al., 2021).

RQ3. Do these short video-breaks finally differentiate the perception of the restora-
tive quality of the environments?

We hypothesized that the environment of the green video would be perceived as
more restorative than the environment of the urban video. This hypothesis is based on
research with students of various ages, including children of elementary school who are
able to appreciate the restorative quality of greenspaces (Amicone et al., 2018; Berto
et al., 2015; Stevenson et al., 2019).
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Method
Participants and design

We involved 91 fourth and fifth graders (42 females and 49 males, age range=9-11
years old) from a primary school located in Northern Italy. After the approval by the
university ethics committee, we had permission from the school principal and teach-
ers. Children participated voluntarily upon written consent signed by their parents.
Most children’s first language was Italian. The twelve students whose mother tongue
was not Italian, had sufficient language knowledge to participate in the study. Stu-
dents were involved in a within-subjects pre-test/post-test research design.

Materials and instruments
Green and urban videos

The green video represented a walk through a lush forest with a very rich vegetation,
high trees, and torrents. No people appeared along the walk that was only accompa-
nied by natural sounds like the rustle of the leaves, the chirping of the birds, and the
sound of water flowing in the stream. Figure 1 shows a frame of the video with the
natural environment.

The urban video represented a walk through a busy city with buildings on both
sides of the roads, cars, buses, motorcycles, and pedestrians. Along the walk there
was traffic noise and the voices of the people walking. Figure 2 shows a frame of the
urban video.

Both videos were 5 min long. This short length was deemed the most appropri-
ate given the results of a pilot study in which we tested videos of different lengths
(5 and 10 min) with 62 children of the same age in a school that did not participate

Fig. 1 A frame of the green video
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Fig.2 A frame of the urban video

in the study. Children of the pilot study were observed by the researchers while they
watched the videos. According to their observations, the shorter videos kept children
involved in the virtual environments for the entire duration, whereas the longer vid-
eos made them less engaged after 5—6 min.

The videos were shown on the whiteboard in their usual classroom. Before
watching each video, the following instructions were given: “Now you can take a
rest from today’s school activities by watching a video. Please remain seated at your
place and watch the video”.

Measures
Arithmetic calculation tasks

Before and after watching each video, students were asked to perform as many of
64 row additions and subtractions as possible in a short time frame (three minutes);
half were additions and half subtractions (maximum score=64). Of note is that we
used an arithmetic task that all students were supposed to be able to perform as new
learning was not of interest in the current study. Four tasks with 64 operations on
each sheet were prepared, to be completed prior and after watching the green and
urban videos. In the four tasks the operations were not the same to avoid any possi-
ble repetition effect, but they were similar for the level of difficulty.

Positive and affective states

By using a short version of the Positive and Negative Affect Schedule (PANAS;
Watson et al., 1988) we measured students’ current mood before and after watch-
ing the videos. They rated on a five-point scale (O=not at all; 4 =extremely) a list
of six adjectives describing how they feel at the time. Three items referred to posi-
tive affect (PANAS-P; e.g., calm; maximum score=12) and three to negative affect
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(PANAS-N; e.g., nervous; maximum score= 12). The scale showed adequate reli-
ability for both green (PANAS-P, a=0.79; PANAS-N, a=0.69) and urban videos
(PANAS-P, a=0.80; PANAS-N, a=0.69).

Perceived restorativeness

We used the Perceived Restorativeness Scale - Children (PRS-ch) that was
designed for school children by Berto (2007; Berto et al., 2015), based on the
original adult version (Hartig et al., 1997). This self-report instrument includes
17 items measuring perceived restorativeness and 1 item on environmental pref-
erence, all to be rated on a five-point scale (0=completely disagree; 5=com-
pletely agree; maximum score =90). Based on ART (Kaplan, 1995), the PRS-ch
measures different restorative factors, including being away (PRS-BA: perception
of an environment different from the usual), fascination (PRS-FAS: the effortless
attraction to certain stimuli), coherence (PRS-COH: the perception that the envi-
ronment is compatible with one’s purposes), preference (PRS-PREF: the prefer-
ence for an urban or natural environment), and scope (PRS-SCOPE: the perceived
environmental characteristics that extend in time and space). In our study the
items were worded with reference to the videos. The PRS-ch subscales and a total
score exhibited good reliability for both green videos (PRS-BA, a=0.805; PRS-
FAS, a=0.844; PRS-COH, a=0.712; PRS-Total score, a=0.886) and urban vid-
eos (PRS-BA, a=0.823; PRS-FAS, «=0.922; PRS-COH, a=0.724; PRS-Total
score, «=0.937). The two subscales measuring PRS-SCOPE and PRS-PREF
were assessed using only one item each, as indicated in Berto et al. (2015).

Procedure

Data collection took place over three different sessions for each class. In the first ses-
sion, students familiarized with the researcher, generated their own code for anonym-
ity of the tasks, indicated their gender, and performed a series of tasks not consid-
ered for the goals of the study. The session lasted about 40 min. The second session
took place three days later. First, the classroom teacher gave lessons for around three
hours. Then, students completed the same cognitive task provided by the researchers
(i.e., an attention lab task or a text comprehension task). Afterwards, when the partic-
ipants were supposed to be mentally fatigued, they carried out the pre-test arithmetic
calculation task and completed the short questionnaire to indicate their affective state.
Then, they viewed the video of the green environment or the video of the urban envi-
ronment to rest from the school activities. After viewing the video, the participants
carried out another similar arithmetic calculation task, completed again the ques-
tionnaire about affect, and the scale for perceived restorativeness of the environment
watched on the video. The part of the session that succeeded the three hours of school
activities, lasted for about 30 min. The third session took place a week later and was
similar to the previous, except that the students watched the video of the other envi-
ronment. If they had the previous video-break in the natural environment, they were
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shown the video with the urban walk and vice versa, as we counterbalanced the video
presentations to avoid an order effect. This session also lasted about 30 min.

Statistical analyses

We used linear mixed-effects models (LMMs) to answer our research questions ask-
ing whether the indirect exposure to green and urban environments during a short
break in a school day would differentiate fourth and fifth graders’ arithmetic cal-
culation performance, affective state (positive and negative), and perceived restor-
ative quality. Participants were considered as a random factor in all models. The
models included: y~intercept+time (pre vs. post) * condition (green vs. urban)
(randomllparticipantNumber) to examine the influence of exposure on arithmetic
calculation performance and affect. We also conducted LMMs to investigate the
effects of exposure on perceived restorativeness (total score and subscales). The
model for perceived restorativeness included: y~intercept+ condition (green vs.
urban) (randomllparticipantNumber). All LMMs models were run in R software (R
Core Team, 2016) using the Ime4 package (version 1.1-31; Bates et al., 2015). .

Results

We report the results organized by the three research questions. Table 1 shows the
descriptive statistics for the examined variables.

Research question1: video-breaks and performance in arithmetical calculation
task

From the linear mixed model analysis, the main effect of condition emerged for
arithmetic calculation, B = -2.58, 95% CI [-3.90 — -1.27], p <0.001, indicating that,
overall, children who viewed the video of the urban environment reported lower
arithmetic performance compared to those who viewed the video of the green envi-
ronment. Additionally, the interesting significant time x condition interaction also
emerged, B = -2.13, 95% CI [-3.99 - -0.27], p=0.025, indicating that children who
watched the urban video had lower arithmetic performance at post-test than at pre-
test, that is after a vicarious break in a busy city area, compared to their performance
after watching the green video (see Table 1S in the Supplementary material). Fig-
ure 3 visualizes students’ arithmetical performance prior and after each video-break.

Research question 2: video-breaks and affective states

The analysis regarding the current affective states before and after watching
the videos revealed the main effect of environment for negative mood as chil-
dren reported, overall, higher scores when considering the session in which they
watched the urban video (B=0.64, 95% CI [0.08 1.20], p=0.026) compared
to the session in which they were indirectly exposed to the green environment
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Table 1 Descriptive statistics

G Urb.
(mean and standard deviations) reen roan
for arithmetic calculus, affective M SD M SD
states (positive and negative),
and perceived restorativeness Arithmetic calculus
Pre 26.033 10.460 23.451 7.725
Post 26.121 8.779 21.407 8.299
Affect (PANAS)
PANAS, Positive affect
Pre 8.275 2.741 7.714 3.246
Post 8.330 3.211 7.209 3427
PANAS, Negative affect
Pre 1.714 2.072 2.352 2.505
Post 1.835 2.377 2.824 2.972
Perceived restorativeness scale (PRS)
PRS-BA 15.867 5.661 13.593 6.125
PRS-FAS 16.989 6.311 15.110 8.012
PRS-COH 7.857 3.072 7.769 3.113
PRS-PREF 2.967 1.329 2.495 1.537
PRS-SCOPE 1.813 1.490 2.099 1.944
PRS-Total Score 45.560 13.993 40.923 17.208
Pre =before the video-break; Post=after the video-break; PRS-
BA=being away; PRS-FAS =fascination; PRS-COH =coherence;
PRS-PREF = preference; PRS-SCOPE =scope
Green Urban
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O 28- 28-
©
E
o)
+© 26- 26-
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Fig.3 Interaction between environment (green vs. urban) and time (pre vs. post) for arithmetic calculus
performance
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during the break. However, no significant main effect of time, nor time x con-
dition interaction emerged for negative affective states. Moreover, neither time,
nor the time x environment interaction significantly emerged for positive affec-
tive states (see Table 2S in the Supplementary material). Figure 4 shows negative
affect at pre and post-tests, that is before and after watching the videos.

Figure 5 shows positive affect at pre and post-tests.

Research question 3: video-breaks and perception of environmental
restorativeness

The main effect of environment emerged for the total score on PRS, B = -4.58,
95% CI [-6.98 — -2.19], p <0.001, indicating that after watching the urban video,
students reported lower overall perceived restorativeness than when they watched
the green video. More specifically, the main effect of environment emerged for the
subscales of Being Away (B = -2.17, 95% CI [-3.06 — -1.27], p <0.001), Fascina-
tion (B = -1.84, 95% CI [-2.96 — -0.72], p<0.001), and Preference (B = -0.47,
95% CI [-0.70 — -0.25], p<0.001) (see Table 3S in the Supplementary mate-
rial). When children were exposed to the video with the urban environment, they
reported lower feeling of psychological distance from the usual thoughts and con-
cerns, lower feelings of reduced fatigue, and lower preference for that place. No
significant effects of environment were observed for the subscales of Coherence
and Scope (B ranging from —0.11 to 0.29, all p> 0.05). Figure 6 shows the signifi-
cant differences between the green and urban environments watched in the videos,

Green Urban

©

9]

=
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)

2 -
= Condition
82- 21 ® Green
z 4 Urban
)

<

z

<

o

0- 0
Pre Post Pre Post
Time

Fig.4 Interaction between environment (green vs. urban) and time (pre vs. post) for PANAS - Negative
affective states
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Fig.5 Interaction between environment (green vs. urban) and time (pre vs. post-test) for PANAS - Posi-
tive affective states

globally (upper left) and specifically regarding the perception of being away
(upper right), fascination (median left), and preference (bottom left), as well as the
non-significant differences for coherence (median right) and scope (bottom right).

Discussion

Our study sought to contribute to current research by examining the effects of a
vicarious or indirect experience of exposure to nature in the regular classroom dur-
ing a short break of a day in elementary school. Our first research question asked
whether scores in the calculation task after the video break would differ in relation
to the environment represented. We hypothesized that after the green video-break
students would perform better or at the same level as before the short break in the
natural environment while they would have lower scores after watching the urban
video. Our hypothesis was confirmed as children’s performance was poorer after
being exposed to the video with the busy urban area, while their scores in the task
were similarly the same as before the green video-break. These findings are only
partially aligned with previous research on the effects of direct exposure to natural
and built environments in children (Amicone et al., 2018; Berto et al., 2015; Schutte
et al., 2017) and virtual exposure to urban, stressful environments in adults (Mosta-
jeran et al., 2021), which found a stronger benefit of virtual nature for cognitive per-
formance in lab tasks.

Our second research question asked whether the affective states reported by the
students would also differentiate in relation to the environment experienced during
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Fig.6 Perceived restorative quality of the green and urban environments (PRS total and subscales scores)

the video-break. Results show that after the indirect exposure to the urban envi-
ronment, the students reported more negative affect than before. Even if the green
video-break did not alter positively children’s mood, the urban video-break was not
beneficial, overall. Extant literature in other research areas more clearly indicates
that spending resting time in urban environments, compared to green ones, does not
permit students to recover from stress (e.g., Bailey et al., 2018; Mygind et al., 2018).

Our third research question asked whether children’s perception of the restorative
quality of the environment they were exposed to would differentiate between the two
videos. Our hypothesis was confirmed as the young students perceived the green
environment as more restorative; an outcome that provides further evidence to the
findings of previous studies that involved children of elementary school (Amicone
et al., 2018; Berto et al., 2015; Mygind et al., 2018; Stevenson et al., 2019). Looking
at the specific dimensions of perceived restorativeness according to the attention res-
toration theory (Kaplan, 1995), it emerges that children preferred the environment of
the green video as they perceived it as an opportunity to be away from the previous
source of fatigue and recover from depleted directed attention.
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Practical implications

Taken together, our results suggest that a stressful environment, even only virtual,
may have some negative effects on cognition and affect, as documented in other
research areas. The debate on increased stress has very recently reached the school
context, at least in our country. As biological systems are developing in childhood
and adolescence, if young students undergo to stressful experiences also when they
are at school because, for instance, they feel much pressure for school success, they
need to recover from stress once in a while during a day (Dettweiler et al., 2017). We
know that exposure to nature has positive effects on mental health of adults (Two-
hig-Bennett & Jones, 2018) and children (Norwood et al., 2019). To take breaks in
a school day is a basic student need at all grade levels. Funding available to schools
might also be used to improve the grounds they have. In this regard, experts in the
link between green areas and academic achievement wondered whether school per-
formance might grow on trees, given their documented positive effects (Kuo et al.,
2018). Direct experience with nature is essential to take advantage of its cognitive
and affective benefits. In our urbanized and technology-driven world, children spend
less and less time outdoor. Yet, they need contact with nature for health and well-
being (Flom et al., 2011). In this regard, school can play an essential role by provid-
ing them with experiential opportunities with nature (lawn, park) as a learning envi-
ronment or, at least, as an environment for short breaks in a school day. If resources
are available, they can be used to build a green area nearby school. The need for
child-nature connection is clearly stronger for children who live in urban contexts
where they miss experiences with natural spaces and could even perceive nature
as dangerous. However, videogames are also replacing outdoor games generally in
children’s leisure activities (e.g., Chawla, 2020), thus it becomes crucial to incorpo-
rate the ‘outdoors’ as a school space (Cudworth & Lumber, 2021).

Interestingly, when it is not possible to stay in a natural environment around the
school or there is no access to nature nearby school, virtual videos of natural envi-
ronments have some potential to support students’ cognitive functioning and mood.
Interventions of outdoor education are, of course, of vital importance for pro-envi-
ronmental attitudes and behaviors (Braun & Dierkes, 2017; Chawla, 2020; Chawla
& Cushing, 2007; De Dominicis et al., 2017). Even when such interventions are
not implemented, teachers can promote students’ connection to nature starting from
making them reflect on the personal benefits of being exposed to a natural environ-
ment compared to an urban one, even through short and indirect exposures (Sun
et al., 2023).

Limitations

As any study, the current has some limitations. First, we used the green and urban
videos in the regular classrooms for a rest. On the one hand, this characterizes the
ecological validity of our study; on the other hand, we used only the resources
available in the classrooms, that is, the videos were shown on the whiteboard. It
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has a limited size, thus the vision was very far from being immersive, and this
might have interfered with the results. In other words, the context for the indirect
exposure to nature was not optimal as it could be with more powerful technologi-
cal resources. Second, based on the pilot study, the video was short, so the effects
cannot be expected to be particularly strong. Five minutes is the typical duration
of videos or photograph shows that are used in studies with university students
(e.g., van Oordt et al., 2023). However, future research can further investigate the
most appropriate length of videos for younger students of elementary school by
varying the duration of videos systematically. Even a slight difference in length
could make a difference. Third, a possible negative interference was that children
remained in the classroom to watch the videos for the breaks, as classrooms were
the only spaces equipped with whiteboards. Future research on virtual contacts
with nature should provide some more effective experiences with natural envi-
ronments to make children appreciate all aspects that make a green environment
as restorative. Fourth, we did not consider students’ individual differences that
can moderate the effects of environment on cognition and affect. To shed more
light in this research areas, future investigations need to test possible moderating
effects of cognitive, motivational, or emotional characteristics of the participants.

Conclusions

Despite these limitations, the study has theoretical and practical significance. It
provides for the first time evidence that an indirect and short exposure to nature
on a video during a break in a school day has some potential to support elemen-
tary school students’ attention and affective state, and their perception of the
restorative quality of a green environment compared to an urban environment.
Such students’ appraisal can in the long run lead to feeling of connection with
nature and pro-environmental attitude and behavior. The study therefore also
has practical relevance as it is very feasible in the school context to have virtual
experiences with natural environments through short breaks. Importantly, virtual
experiences with nature are no-cost opportunities to sustain students’ cognition
and affect in a day of school activities that demand mental resources.
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