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Abstract

Many people have the intuition that interacting with natural environments bene�ts their psychological health.

But what has research actually demonstrated about the bene�ts of nature experience and the potential

mechanisms underlying those bene�ts? This article describes empirical research on the cognitive bene�ts of

interacting with natural environments and several theories that have been proposed to explain these e�ects.

We also propose future directions that may be useful in exploring the extent of nature’s e�ects on cognitive

performance and some potential mediating factors. Speci�cally, exposure to a variety of natural stimuli (vs.

urban stimuli) consistently improves working memory performance. One potential mechanism for this is the

perception of low-level features of natural environments, such as edge density in the visual domain. Although

low-level features have been shown to carry semantic information and in�uence behavior, additional studies

are needed to indicate whether perceiving these features in isolation is necessary or su�cient for obtaining

the cognitive bene�ts of interacting with nature.

As the world became increasingly urbanized, writers such as Thoreau and Murray began urging people to

spend more time in nature. More than ever, people are losing touch with nature, and their interactions with

nature have diminished (Kahn, Ruckert, Severson, Reichert, & Fowler, 2010). In response to our diminished

interaction with nature, there are no shortages of blog posts, magazine articles, and books continuing to extol

the advice to get out in nature. But what has psychological experimentation actually demonstrated in terms of

the bene�ts that nature experience can provide and the potential mechanisms underlying those bene�ts? This

article discusses research that has been performed that enumerates nature’s cognitive bene�ts and describes

current theories, which provide frameworks to explain the bene�ts. We also propose future research

directions to more fully understand the extent and mechanisms of nature’s e�ects on cognition.

We need the tonic of wilderness. . . . We can never have enough of nature.

—Henry D. Thoreau, Walden(1854/1993, pp. 261–262)

Go to the sea-shore, to the mountains, to the wilderness; go anywhere where you can forget your

cares and cast aside your burdens. . . . Let the old, old nurse, Nature, . . . take you to her bosom again;

and you will return to the city happier and healthier for the embrace.

—William H. H. Murray, Ministerial Vacations: Their Necessity and Value (1873, pp. 283–284)
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Cognitive Bene�ts of Nature

Correlational studies examining the in�uence of nature exposure on cognitive performance have found a

positive association between green space around schools and cognitive development in children (Dadvand et

al., 2015), as well as an association between green views at home and self-control behaviors in young girls

(Taylor, Kuo, & Sullivan, 2002). In a study with adults, researchers also found that residents of greener public-

housing buildings showed higher attentional functioning (Kuo & Sullivan, 2001). In both studies from Sullivan

and colleagues, it is important to note that residents of public housing were randomly assigned to the unit

they lived in, thus they did not self-select the greenness levels of the surrounding area. Experimental studies

have used a wide range of stimulus types, including images (e.g., Berto, 2005), sounds (e.g., Van Hedger,

Nusbaum, Clohisy, et al., 2019), and real-world exposure (e.g., Berman et al., 2012; Berman, Jonides, & Kaplan,

2008; Bratman, Daily, Levy, & Gross, 2015), to show that exposure to natural environments can improve

participants’ cognitive performance relative to exposure to urban environments. Several cognitive tasks, which

di�er in their working memory load, have been used in experimental work. The speci�c task showing the most

consistent improvement after nature exposure is the backward digit-span task, which requires participants to

repeat sequences of numbers, of varying length, in reverse order (Stevenson, Schilhab, & Bentsen, 2018). In

general, cognitive tasks that require working memory and cognitive �exibility improve most reliably after

nature exposure, with tasks requiring attentional control also showing some improvements. On the other

hand, tasks involving impulse control, visual attention, vigilance, and processing speed have not reliably

shown di�erences in performance following exposure to natural versus urban environments (Stevenson et al.,

2018).

Interestingly, the cognitive bene�ts of nature experiences do not seem to be driven by changes in mood

because changes in mood do not correlate with the cognitive bene�ts (Stenfors et al., 2019). Other studies

have tested individuals after walks in winter versus summer, and although mood signi�cantly improved in the

summer compared with the winter, the cognitive e�ects were not signi�cantly di�erent, which fails to support

the notion that these cognitive e�ects are mood driven (Berman et al., 2008, 2012). Thus, the data support the

idea that nature exposure may have separable bene�ts for cognition and a�ect.

As previously noted, in many studies, natural environments are being compared with urban environments. A

reasonable question then is whether nature is improving performance or whether urban environments are

worsening cognitive performance. It is di�cult to have participants engage in an attention-neutral

environment to the same degree that they would a real-world urban or natural environment to directly test

this question. However, within-subjects studies, in which participants were tested in both types of

environments, usually over two sessions, can provide some information. A review of studies from our lab

showed that practice e�ects were seen in the �rst session for both natural and urban environments, with

natural environments having only a slight advantage. However, in the second session, participants continued

to improve their cognitive performance only if they were in the natural environment, whereas participants in

urban conditions did not continue to improve (Stenfors et al., 2019), suggesting that the e�ect is more about

interactions with nature improving performance rather than urban environments worsening performance.

Studies from other labs using working memory and cognitive-�exibility tasks have also shown that participants
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seem to improve their performance after nature exposure but maintain performance after urban exposure

(Stevenson et al., 2018). However, tasks that involve attentional control tend to show bene�cial e�ects after

nature exposure and detrimental e�ects after urban exposure (Stevenson et al., 2018). This suggests that

multiple cognitive mechanisms may be involved in causing these environmental e�ects. Therefore,

researchers may need to utilize multiple cognitive tasks to untangle all of the underlying processes.

Current Theories for the Bene�ts of Natural Environments

There have been several theories proposed to explain why interacting with natural environments confer the

bene�ts covered above. Stress-reduction theory, proposed by Ulrich (1983), suggests that a positive emotional

response to nature allows a person to return from a stressful state to an unstressed state. That is,

nonthreatening natural environments reduce stress and negative a�ect while increasing positive a�ect. The

change in a�ect and reduction of the stress response then allow a person to maintain higher levels of

sustained attention, which leads to cognitive bene�ts (Ulrich, 1983). Although a recent meta-analysis shows

evidence for improvements in mood following exposure to nature (McMahan & Estes, 2015), our analyses

showed that mood e�ects are not correlated with cognitive bene�ts (Stenfors et al., 2019), thus countering the

idea that mood changes drive the cognitive e�ects, as posited by stress-reduction theory.

Attention-restoration theory, on the other hand, claims that perceptual features of natural environments

capture one’s bottom-up involuntary attention while simultaneously allowing �nite, top-down, directed-

attention resources a chance to replenish. This feature is called soft fascination. Other features of restorative

environments posited by attention-restoration theory are environments that provide (a) a sense of being away

(i.e., mental separation), (b) a feeling of extent (i.e., large enough environments to be explored), and (c)

compatibility with goals (Kaplan, 1995). The feature of compatibility is thought to be one way that the same

environment could have di�erent restorative e�ects for di�erent people or even for the same person at

di�erent times. For example, if you have a walking commute through a park, you are unlikely to feel the same

restorative bene�ts on days when you are running late for work. Thus, compatibility can be thought of as

shaping how a person interacts with his or her environment at a given time.

The perceptual-�uency account relates our positive a�ective responses to natural stimuli to the ease of

processing such stimuli and posits that attention restoration and stress reduction are by-products of this

processing �uency (Joye & van den Berg, 2011). For example, fractalness is proposed to be in�uential in

determining how �uent a scene is processed, because it increases perceptual predictability. The idea is that

�uency would induce less e�ortful processing; this is a similar concept to soft fascination in attention-

restoration theory. However, in the perceptual-�uency account, e�ortless processing increases positive a�ect,

which increases attention, and in attention-restoration theory, e�ortless processing acts directly to increase

attention. In both attention-restoration theory and the perceptual-�uency account, additional research needs

to be performed to determine the features that make an environment fascinating or �uently processed.

Prospect-refuge theory does not focus on an urban–nature dichotomy but rather on an aesthetic judgment of

landscapes. This theory suggests that people prefer landscapes that o�er both prospect (a clear �eld of view)

as well as refuge (places to hide; Appleton, 1975). Supporting this theory, research has shown that nature
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walks that had high prospect led to higher cognitive restoration compared with nature walks that had low

prospect (Gatersleben & Andrews, 2013).

Potential Mechanisms for the Bene�ts of Nature

One potential mechanism that has emerged for these e�ects involves the perception of the low-level features

of the environment. As discussed in the previous section, additional work is necessary to fully operationalize

what makes an environment softly fascinating (attention-restoration theory) or �uently processed (perceptual-

�uency account). In the visual modality, low-level features include color properties—such as hue, saturation,

and brightness (value)—as well as spatial properties—such as the density of straight and nonstraight edges

and entropy (see Fig. 1). These features allow us to quantify aspects of the visual environment. Interestingly,

these “low-level” features have also been found to carry semantic information (Berman et al., 2014; Kardan et

al., 2015; Kotabe, Kardan, & Berman, 2016a, 2016b). For example, some of these visual features can

signi�cantly predict people’s judgments about the perceived naturalness of and their preference for a wide

range of images. Natural environments in general have more nonstraight edges, less color saturation, and less

variability of hues. In addition, perceiving the low-level features of the environment can in�uence complex

cognitive and self-regulatory processes, such as thought content (Schertz et al., 2018) and the propensity to

cheat (Kotabe et al., 2016b). When shown images with a greater number of nonstraight edges, people were

more likely to think about topics related to spirituality and one’s life journey, compared with when they were

viewing images with fewer nonstraight edges, independently of the perceived naturalness of the scene

(Schertz et al., 2018).

Fig. 1. Example color and spatial properties of a single visual image. Individual properties of the original image (a) are

visualized separately: (b) brightness (value), (c) saturation, (d) straight (purple lines) and nonstraight (green lines) edges,Privacy
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Just as in the visual domain, audio research has found that participants show increases in working memory

performance after listening to nature sounds relative to urban sounds (Van Hedger, Nusbaum, Clohisy, et al.,

2019). There are also low-level acoustic features that can be quanti�ed, such as spectral entropy, a measure of

noisiness of the sound, and dominant frequency. Importantly, these features often signi�cantly di�er between

natural sounds and urban sounds and can be used to categorize sounds as originating from nature or urban

sources (Van Hedger, Nusbaum, Heald, et al., 2019). Additionally, people tend to have a preference for natural

sounds, but only when they can be identi�ed as such. Thus, when urban and natural sounds were presented

in an unidenti�able manner (i.e., thin-sliced to 100-ms duration), the low-level acoustic features remained

di�erent between nature and urban sounds, but importantly, preference levels did not di�er (Van Hedger,

Nusbaum, Heald, et al., 2019). This indicates that low-level acoustic features alone do not predict preferences

but rather interact with semantic information. The same could also be true for the cognitive bene�ts seen

after one interacts with nature and urban stimulation—in which cognitive bene�ts may or may not be seen

after perceiving natural features in isolation from semantic context.

Future Directions

To begin testing the e�ects of perceiving low-level features in isolation, we have created scrambled versions of

images (Fig. 2) that preserve certain low-level features but remove semantics and thus impair one’s ability to

identify the scenes. Participants may then be exposed to (a) the scrambled images (which contain only the

low-level features; e.g., Figs. 2b and 2c), (b) words such as river or road (which provide only overt semantic

information; e.g., Fig. 2d), or (c) intact images (which contain both; e.g., Fig. 2a) to see which type of stimulus

leads to working memory and mood improvements. This would help determine whether low-level features in

isolation or environmental identi�cation in isolation is necessary or su�cient for cognitive bene�ts.

Di�erential e�ects on a�ect and cognition using this paradigm may also be helpful in re�ning current theories

such as attention-restoration theory and the perceptual-�uency account.

and (e) circular hue. Heat maps in (b), (c), and (e) indicate areas with higher (1) to lower (0) brightness, saturation, and

circular hue, respectively.
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Di�erent natural environments (e.g., deserts and wetlands) may also have di�erent magnitudes of impact on

cognitive functioning because these environments may di�er in terms of low-level features while

simultaneously o�ering similar perceptions of higher level features such as naturalness, compatibility, and

extent. If we �nd evidence of di�erent e�ects, we may be able to determine whether the low-level perceptual

features are driving these di�erences. Other environments may have similar low-level features, such as a

mountain scene or a forest (e.g., similar fractalness), but have very di�erent semantic associations.

Mobile neuroimaging techniques could also be useful in determining how neural processing di�ers when

perceiving these environments. Di�erences in whole-brain activation patterns, such as scale-free brain

dynamics that have been linked to cognitive e�ort (Churchill et al., 2016; Kardan et al., 2019), could be used to

elucidate neural di�erences in responding to di�erent environments. In addition, eye-movement patterns that

signify more e�ortful processing could also be used to quantify the e�ort exerted to process di�erent

Fig. 2. Example images used to test the e�ects of perceiving low-level features in isolation: (a) an original image, (b) a

scrambled edge version of the same image, (c) a scrambled color version of the image, and (d) a semantic-only

presentation of the stimulus (i.e., without visual features).
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environmental stimulation. These neuroimaging and eye-tracking data could then be used to operationalize

ideas such as soft fascination and perceptual �uency.

Conclusions

Overall, there is compelling evidence to support the advice of Thoreau and Murray to spend time in nature.

Exposure to natural environments has been shown to improve performance on working memory, cognitive-

�exibility, and attentional-control tasks. These results come from studies conducted using a variety of

simulated environments (e.g., images, sounds, virtual reality) as well as real-world environmental exposure

(Schertz et al., 2018; Stenfors et al., 2019; Stevenson et al., 2018). By continuing to conduct laboratory and real-

world studies, researchers will maintain both experimental control and ecological validity.

This is not to say that all natural environments are universally good and all urban environments are

universally bad (Hartig & Kahn, 2016), because cities o�er bene�ts at individual and societal scales (Berman,

Kardan, Kotabe, Nusbaum, & London, 2019). However, there appears to be a growing consensus that

exposure to elements of more natural environments leads to cognitive gains. Future work aimed at

uncovering the mechanisms that elucidate these e�ects could help integrate natural elements into urban

environments (Berman et al., 2019). This integration would allow residents to experience the bene�ts that

nature and cities both have to o�er and inform the design of all built spaces to enhance human psychological

functioning.
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